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Abstract

A panel of novel D2 and D3 dopamine receptor selective antagonists, partial agonists and full
agonists have been evaluated for the ability to attenuate L-dopa associated abnormal involuntary
movements (AIMSs) in 6-hydroxydopamine (6-OHDA) unilaterally lesioned male Sprague Dawley
rats, which is an animal model of L-dopa-induced dyskinesia (LID). LID is often observed in
patients with Parkinson’s Disease following chronic treatment with L-dopa. The intrinsic activity
of these dopaminergic compounds was determined using a forskolin-dependent adenylyl cyclase
inhibition assay with transfected HEK 293 cells expressing either the human D2Long or D3
dopamine receptor subtype. For the initial experiments the 5-HT1A receptor selective partial
agonist buspirone was used to verify our ability to quantitate changes in total AIMs and AlMs
minus locomotor scores. Two D2 dopamine receptor selective antagonists, SV156 and SV293,
were evaluated and found to minimally attenuate AIM scores in these animals. Four members of
our WC series of D3 dopamine receptor selective compounds of varying intrinsic activity at the
D3 dopamine receptor subtype, WC 10, WC 21, WC 26 and WC 44, were also evaluated and
found to attenuate AIM scores in a dose dependent manner. The in vivo efficacy of the compounds
increased when they were administered simultaneously with L-dopa, as compared to when the
compounds were administered 60 minutes prior to the L-dopa/benserazide. It was also found that
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the D3 receptor antagonist WC 10 could inhibit the involuntary movements after they had
achieved maximum intensity. Unlike the D1-like dopamine receptor selective agonist SKF 81297
and the D2-like dopamine receptor agonist bromocriptine which can precipitate abnormal
involuntary movements in these unilaterally lesioned animals, abnormal involuntary movements
were not observed after administration of our D3 receptor selective agonist WC 44. In addition,
we evaluated the effect of these four D3 dopamine receptor selective compounds for their effect
on a) spontaneous locomotion and b) coordination and agility using a rotarod apparatus. We also
used a cylinder test to assess the effect of L-dopa on spontaneous and independent use of each of
the rat’s forelimbs in the presence or absence of test compound. The results of these studies
suggest that substituted phenylpiperazine D3 dopamine receptor selective compounds are potential
pharmacotherapeutic agents 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 characterized by the
loss of midbrain dopamine neurons of the nigrostriatal pathway resulting in resting tremor,
rigidity, bradykinesia and postural instability (Deumens et al., 2002). PD is generally
diagnosed after substantial (70 to 80%) loss of dopaminergic neurons in the nigrostriatal
pathway has occurred. Since deficits of >50% in the nigrostriatal pathway can be
accommodated without the manifestation of symptoms of PD, there must be compensatory
responses by the surviving dopaminergic neurons and other striatal cells to mitigate the
effects of the progressive loss of dopaminergic innervations. Compensatory responses may
include changes in postsynaptic dopamine receptor density and/or sensitivity of D1-like and
D2-like dopamine receptors in PD patients. Animal studies suggest that this compensatory
response might include denervation supersensitivity (Lee et al., 1978).

Although L-dopa treatment is the most effective therapy for PD, a common motor side effect
in humans is the progressive development of involuntary movements, known as L-dopa-
induced dyskinesia (LID) (Bezard et al., 2001). Since the prevalence of LID increases with
the duration of treatment, which puts early onset PD patients at increased risk.

The discovery of multiple subtypes of D1-like (D1a and D1b) and D2-like (D2, D3 and D4)
dopamine receptor subtypes necessitates a re-evaluation of the role of dopamine receptor
subtype selective agonists, partial agonists and antagonists as therapeutic agents for the
treatment and management of neurodegenerative disorders (Hermanowicz, 2007, Luedtke
and Mach 2003). Several studies have suggested a role for the dopamine D3 receptor
subtype in LID (Bezard et al., 2003; Hsu et al., 2004; Guigoni et al., 2005; Bordet et al.,
1997). While it is generally accepted that the highest levels of D3 dopamine receptor
subtype expression is in the limbic areas, the neuroanatomical distribution of D3 receptor
MRNA expression in the human brain using in situ hybridization indicates a heterogeneous
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expression of D3 receptor mRNA throughout the human brain (Bouthenet et al., 1991).
Thus, the D3 dopamine receptor may play a role in pyramidal motor functions (Suzuki et al.,
1998).

While previous research has suggested that there are differences in the neuroanatomical
distribution and pharmacological properties of the D3 dopamine receptor system in rodents
and primates, there are also fundamental similarities (Sanchez-Peraute et al., 2007).
Therefore, efforts have been made to develop non-primate animal models of PD to a)
provide insights into the possible pathological mechanisms of the disease and b) assist in the
screening/development of new therapeutic strategies for the treatment of PD. Despite
differences in the dopaminergic pathways of primates and rodents, rat models provide an
economical model system to investigate the mechanisms that lead to Parkinsonian-like
pathologies and a mode for testing new therapeutic strategies for the treatment of this
disorder (Deumens et al., 2002; Metz et al., 2005). The most common experimental strategy
has been the use of the catecholamine neurotoxin 6-hydroxydopamine (6-OHDA), which is
transported into both dopaminergic and noradrenergic neurons leading to neurodegeneraton
of the nerve terminals and cells bodies. The most commonly used model involves a
unilateral lesion of the medial forebrain bundle (MFB) which results in a) the destruction of
A9 and A10 cell groups, b) depletion of dopamine in the ipsilateral caudate-putamen and c)
denervation supersensitivity of the postsynaptic dopamine receptors in the ipsilateral
caudate-putamen. It also results in a characteristic turning behavior following the
administration of amphetamine or apomorphine (Ungerstedt 1968; Ungerstedt 1976).

A model of LID has been described for the L-dopa-dependent abnormal involuntary
movements (AlIMs) found in rats with unilateral 6-OHDA lesions. Following chronic
administration of L-dopa, rats exhibit abnormal movements and postures reminiscent of LID
in primates (Schallart et al., 2000). The rat AIMs predominantly affect the side of the body
contralateral to the lesion. The severity of rat AIMs can be quantified using a rating scale
somewhat analogous to that used for clinical studies. L-dopa-induced axial, limb and
orolingual AIM scores can be significantly reduced by the acute administration of
antidyskinetic drugs that are used in PD patients and/or nonhuman primates (Carta et al.,
2006; Lundblad et al., 2002). Further validation of the rat dyskinetic model as an authentic
model for identifying and evaluating candidate antidyskinetic compounds has been provided
by the studies of Dekundy and colleagues (2007). These studies demonstrate the potential
use of this rat model for the screening and discovery of novel anti-dyskinetic agents.

Because of the high degree of homology between the binding sites of the D2 and D3
dopamine receptor subtypes, it has been difficult to develop bona fide D2 or D3 receptor
subtype selective compounds (Boundy et al., 1993; Luedtke and Mach, 2003). We reported
the synthesis and pharmacological characterization of a panel of 2-methoxy substituted
phenyl-piperazine compounds with high affinity (nM) and > 30-fold binding selectivity at
the D3 dopamine receptor compared to the D2 receptor subtype (Chu et al., 2005) with
varying intrinsic activity. In addition, we recently published a description of the first panel
of antagonists that bind selectively (up to 100-fold) at D2 receptors compared to the D3
receptor subtype (Vangveravong et al., 2006).
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In this communication we report our finding on the ability of our D2 and D3 dopamine
receptor subtype selective compounds to modulate AlIMs in unilaterally lesioned rats. Our
results suggest that while our D2 receptor selective antagonists did not effectively attenuate
AlIMs score in unilaterally lesioned rats, our novel D3 receptor selective compounds may be
candidates for the development of pharmacotherapeutic agents that can be used 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 MFB by injection of 6-hydroxydopamine (Charles River) as previously described
(Kumar et al., 2009). Upon arrival, animals were housed under a 12 hr light:12hr dark cycle
with free access to water. The animals’ food was restricted to maintain their weights at
approximately 350 grams. The treatment of the animals and the experimental procedures
were approved by the appropriate university Institutional Animal Care and Use 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

The evaluation of test drugs was performed as previously described (Kumar et al., 2009).
Briefly, 8 mg/kg L-dopa with 8 mg/kg benserazide in sterile saline (9g NaCl/liter) was
administered to each rat as a daily intraperitoneal (i.p.) injection for 21 consecutive days to
induce the stable development of L-dopa-induced AIMs. The test compounds were prepared
at a concentration of 10 mg/ml in either sterile saline or water containing 5%
dimethylsulfoxide (DMSO: Sigma). The injection volume was generally 0.3 ml. For the
rotarod experiment haloperidol was dissolved (5 mg/ml) in an aqueous solvent system that
contained 25% DMSO with 0.024 N HCI.

Test compounds and buspirone were evaluated using an observer blind, randomized design,
whereby half of the rats were administered test drug or vehicle followed by L-dopa (8 mg/kg
combined with 8 mg/kg benserazide). Throughout the course of these studies each animal
received a minimum of two doses of L-dopa/benserazide (8 mg/kg each) per week to
maintain the dyskinetic-like behaviors.

AlMs ratings

AlIMs ratings were quantified as described previously (Kumar et al., 2009). Briefly, AIMs
scored were determined by observing the animals in their home cages until the AIMs
subsided. AlMs were scored in four categories, as discussed by Dekundy and colleagues
(2007): 1) axial AlMs, 2) limb AIMs, 3) orolingual AIMs and 4) locomotive AlMs. Each of
the four categories were scored on a severity scale from 0 to 4.
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Adenylyl cyclase whole cell assay

Whole cell cyclic AMP accumulation was measured by an adaptation of the original method
of Shimizu, Daly and Creverling (1969) (Su et al., 1976; Luedtke et al., 2000). Transfected
HEK-293 cells expressing either the human D2L or D3 dopamine receptor were treated with
serum-free medium containing 2,8-3H-adenine (Perkin-Elmer) (37 °C for 75 minutes). The
media was then replaced with serum-free media containing 0.1 mM 3-isobutyl-1-
methylxanthine (Sigma) and drugs for a total of 500 pul and incubated at 37 °C for 20 min.
The reaction was stopped by addition of 500 pl of 10% trichloroacetic acid and 1 mM cyclic
AMP. After centrifugation, the supernatants were fractionated using Dowex AG50W-X4
and neutral alumina to separate the 3H-ATP and the 3H-cyclic AMP (Saloman et al., 1974).
Individual samples were corrected for column recovery spectrophotometrically (OD 259
nm).

Rotarod Test

A rotarod test was used to assess the effect of test drug on motor performance and
coordination (Lundblad et al., 2003; Cenci and Lundblad 2005; Dekundy et al., 2007). The
rotarod test was performed as previously described (Kumar et al., 2009; Cenci et al., 2005)
using a gradually accelerating rotarod apparatus (AccuScan Instruments Inc., Columbus,
OH) set to accelerate from 0 to 40 rpms over 90 seconds. Two training sessions were
performed per day. On the fourth, sixth, eighth and tenth days rats were administered test
drug i.p. at a dose equal to the 1Cs5q valued for the inhibition of AIM scores and then
evaluated at 30 and 60 minutes post drug administration. On the fifth, seventh, ninth and
eleventh days rats were tested after administration with a similar volume of the matched
vehicle. On the twelfth day animals were administered haloperidol at a dose of 5 mg/kg and
on the following day animals were administered an analogous volume of vehicle. The data
from the rotarod experiments is expressed as the mean number of seconds the lesioned
animals were able to remain on the rotarod before falling (latency to fall).

Spontaneous locomotor activity

Spontaneous locomotion was examined at concentrations of 3.0 and 10 mg/kg of test
compounds (i.p.) using an injection volume of 1.0 ml/kg using nonlesioned animals.
Different cohorts of animals were used to test each compound. Within each cohort, rats were
randomly assigned to groups that received either 10 mg/kg of test compound or vehicle (n =
6 to 10). Immediately after the injection the rats were placed into Plexiglas cages (44x24x20
cm for 1 hour) equipped with two sets of photocells and light sources located 21 cm apart
and 4 cm above the floor of the cage. A computer-automated system recorded the number of
times the photobeams were broken consecutively by the animal movement (crossovers).
After a minimum of one week, the animals that had been treated previously with vehicle
now received 3 mg/kg of the test compound and those that had previously been given the
test compound now received vehicle and were immediately evaluated for locomotor activity
(Khroyan et al., 1998; Khroyan et al., 1999).
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Cylinder Test

A cylinder test was used to assess the spontaneous and independent use of each of the rat’s
forelimbs in the context of an instinctive rearing behavior, with the rat standing on its hind
legs and leaning on its forelimbs on the enclosing walls (Schallert and Tillerson, 2000;
Cenci et al., 2005) as previously described (Kumar et al., 2009) using an open-ended
Plexiglas cylinder (21x34 cm). The animal’s performance was based on the first forelimb to
make contact (left, right or both) with the Plexiglas walls. Asymmetrical forelimb usage was
calculated as the percentage of total performance, over a 5 minute time interval.

Statistical Analysis

Results

AlMs test

SPSS 16 software was used for statistical analysis of the AIM scores and crossovers.
ANOVA was used to determine the level of significant difference between the test drug
treated and vehicle treated groups. In addition, the change in crossovers from controls was
calculated for each test compound dosage group by subtracting the average number of
crossovers of the respective vehicle group from the number of crossovers of individual
subjects in the test compound dosage groups. The latter measure is graphed to illustrate the
effects of the compounds on locomotion. Main effects and interactions were analyzed using
tests of simple main effects and pair-wise Newman-Keuls tests. In the figures, the data
points are generally presented as the mean values + S.E.M. that was obtained for each
treatment group and data is often expressed as a normalized (to 100) value.

For the rotarod experiment an ANOVA analysis with repeated measures was performed
using Systat (Systat Software, Inc., San Jose, California). A probability value of p < 0.05
was the minimum value considered to indicate significance.

We examined conditions that might influence the expression of AIMs. First, during the
consecutive 21 day administration of L-dopa with benserazide it was noticed that a) all
animals exhibited some form of AIMs by the fourth day of L-dopa administration and b) at
some time points, after day seven and through day twenty one, any given animal might not
exhibit AIMS, even though the majority of animals exhibited intense involuntary
movements (data not shown). Based upon that observation, any data obtained from an
animal injected with vehicle and L-dopa/benserazide that did not exhibit AlMs was
eliminated from the data set. Data from any animal injected with test drug that did not
exhibit any AIMs was eliminated only if that animal seemed to be unique in the data set.
However, results from test drugs administered at lowest doses for the dose response curves
were retained.

Second, we observed that feeding the animals prior to the administration of L-dopa/
benserazide (both at 8 mg/kg) resulted in a reduction in the observed involuntary behaviors.
Figure 1 shows a scatter gram comparison of the total AIMs score for rats that had received
rat chow the previous day (hungry animals) and for the same animals that were fed with
approximately 30—-40 grams of rat chow one hour prior to L-dopa administration (fed
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animals). The mean total AIMs score for the fed animals was 7.8 + 4.3, while the mean total
AlIMs score for the hungry animals was 43.9 £ 1.6 (n = 9). Based upon those results, we
initiated experiments in the morning and animals were fed in the afternoon of the previous
day (always after L-dopa administration).

We selected a dosing regimen of 10 mg/kg injected i.p. 60 minutes prior to L-dopa/
benserazide administration for our preliminary studies for comparing the ability of our D2
and D3 dopamine receptor selective compounds to attenuate the involuntary movements in
our unilaterally lesioned animals (Kumar et al., 2009).

Dekundy and colleagues (2007) reported that for unilaterally lesioned dyskinetic rats the
administration of buspirone (4 mg/kg) i.p. 30 minutes prior to L-dopa/benserazide (6 mg/kg
and 12-15 mg/kg) led to an 83% decrease in axial, limb and orolingual AIM scores, without
a decrease in L-dopa induced locomotor scores. For the animals used for this set of
experiments we found that administration of buspirone (4 mg/kg) by i.p. injection 60
minutes prior to L-dopa/benserazide (8 mg/kg each) resulted in a 42.1 + 8.7% reduction in
the total AIM scores and a 41.1 + 8.1% reduction in AIM scores minus the locomotor
component. We also administered buspirone (4 mg/kg) by i.p. injection 30 minutes prior to
L-dopa/benserazide (8 mg/kg each) and found that it resulted in a 52.1 + 28.9% reduction in
the total AIMs score and a 53.1 + 6.9% reduction in AIMs score minus the locomotor
component. Therefore, although we confirmed that buspirone could attenuate AIM scores,
we were not able to achieve the magnitude of attenuation previously reported (Figure 3).

It has been suggested that locomotive AIMs may not provide a specific measure of
dyskinesia. Therefore, for this communication we provide our initial data for each drug as
the a) AlMs score minus the locomotor component and b) locomotor component for our
compounds. However, in general the magnitude of attenuation of scores by test drugs and
the overall shape of our temporal plots were essentially identical if we plotted total AIMs or
AIMs minus locomotor scores.

D2 dopamine receptor selective compounds

Figure 2 shows the structure and pharmacological profile at D2-like dopamine receptors of
two of our novel D2 receptor selective antagonists, SV 156 and SV 293. We have evaluated
several examples of this class of compounds, including SV 293, and none of them exhibit
any intrinsic activity (agonist, partial agonist or inverse agonist activity) at D2 receptors.
Therefore, we classify them as neutral antagonists at D2 receptors. SV 156 has
approximately 40-fold binding selectivity for D2 dopamine receptors compared to the D3
receptor subtype, while SV 293 is approximately 100-fold selective. These compounds a)
bind with low affinity to human D4 dopamine receptors and b) have log P values < 2.5,
which indicates that they likely readily cross the blood brain barrier (Vangveravong et al.,
2006).

Figure 3 shows a comparison of the effect of SV 156 and SV 293 (10 mg/kg) to buspirone (4
mg/kg, 60 minute pre-administration) on L-dopa-dependent a) AIMs score minus the
locomotor component (Figure 3A) and b) locomotor component (Figure 3B). Our D2
receptor selective compounds showed only a marginal ability to attenuate the L-dopa-
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dependent AIMs in our lesioned animals (15% attenuation). At this dose of SV 293 some of
the animals exhibited neuroleptic-like effects, in so much as animals were less mobile than
their vehicle control counterparts, while able to respond to external stimuli (moving or
tapping on the plastic cage). Some, but not all, of the animals exhibited a flat posture-like
behavior. We noticed that these adverse effects appeared maximally at 20 to 40 minutes
after the administration of the test drug. Based upon these results we did not feel that our
novel D2 selective antagonists represented viable candidates for further evaluation as
candidate anti-dyskinetic compounds.

D3 dopamine receptor selective compounds

The structure and affinity profile of four of our D3 receptor selective compounds of varying
intrinsic activity is shown in Figure 4 (Chu et al., 2005). These compounds exhibit >20-fold
binding selectivity for the D3 dopamine receptor compared to the D2 receptor subtype. The
intrinsic activity of the compounds at human D2 and D3 dopamine receptors using an
adenylyl cyclase inhibition assay with stably transfected HEK 293 cells is shown in Figure
5. The intrinsic activity was measure relative to the full D2-like receptor agonist quinpirole.
The ability of these compounds to influence the expression of L-dopa dependent AIMs is
shown in Figure 6 using 10 mg/kg of compound administered i.p. 60 minutes prior to the
administration of L-dopa. The following is a summary of our observations:

WC 10—WC 10 exhibits higher intrinsic activity at D2 receptors (33.3 = 4.5% of maximum
stimulation) compared to D3 receptors (19.5 + 2.4%). We classify this compound as an
antagonist/weak partial agonist at the D3 dopamine receptor subtype. It is approximately 40-
fold selective for the binding of D3 receptors compared to the D2 receptor subtype (Figure
4). We find a 50% reduction in the AIMs and locomotor scores (Figure 6). No abnormal
behavior was observed in the test animals during the 60 minute pretreatment period.

WC 44—We classify WC 44 as a full agonist at D3 receptors and a partial agonist at D2
receptors in our adenylyl cyclase inhibition assays. WC 44 is 23-fold selective for the
binding of D3 receptors compared to the D2 receptor subtype (Figure 4). We find a 40%
reduction in the AIMs and locomotor scores (Figure 6). It is worth noting that the
administration of this full agonist at D3 dopamine receptors did not trigger any involuntary
AIM-like movements in the test animals during the 60 minute pretreatment period.

WC 26—We classify WC 26 as a partial agonist (68.7 + 4.1% of maximum stimulation) at
D3 receptors and a partial agonist at D2 receptors (29.8 = 6.8%) for adenylyl cyclase
inhibition (Figure 5). It is approximately 50-fold selective for the binding of D3 receptors
compared to the D2 receptor subtype and exhibits an 80% reduction in the AIM scores. It
also attenuates the locomotor scores by approximately 80% (Figure 6). Several of the
animals exhibited neuroleptic-like effects that we observed for the D2 receptor selective
compounds, which included reduced mobility. Several of the animals also exhibited a slit
eye (ptosis) appearance, in contrast to the roundness observed in the control animals.
However, animals remained conscious and responded to our tapping on the side of the
plastic cage. WC 26 did not trigger any involuntary AlMs-like movements.

Neuropharmacology. Author manuscript; available in PMC 2014 July 22.
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WC 21—We classify WC 21 as a partial agonist at D3 receptors (47.2 + 5.6% of maximum
stimulation) and a weak partial agonist at D2 receptors (21.8 + 2.9%) for adenylyl cyclase
inhibition (Figure 5). It is 40-fold selective for the binding of D3 receptors compared to the
D2 receptor subtype. We found this compound exhibits the greatest attenuation of the AIM
scores (approximately 90% reduction), however, it also attenuates the locomotor scores
(Figure 6). WC 21 altered mobility and several of the animals also exhibited ptosis. These
effects appeared to be more intense than those observed for WC 26 at the same dosage (10
mg/kg). WC 21 did not trigger involuntary AIMs-like movements in the test animals.

The effect of these four D3 receptor selective compounds is shown using a dose of 10 mg/kg
with a 60 minute pretreatment on L-dopa dependent total AIM scores minus the locomotor
component (Figure 6A) and locomation (Figure 6B). No preferential attenuation of the AIM
components (forelimb movement, torso twisting, orolingual or locomotion) by the four
different D3 receptor selective compounds was observed.

The magnitude of the AlMs score attenuation increased if test drug was administered
simultaneously with the L-dopa, compared to administering test drug 60 minutes prior to L-
dopa administration (Figure 7) for all compounds except WC 26. Therefore, subsequent
dose response curves were carried out using a 0 minute pretreatment regimen.

The data for the dose response curves for WC 10 fit well to a straight line with an 1C5q value
of 6.6 mg/kg (Figure 8A). When the data was plotted as a temporal plot we found that
increasing doses of WC 10 attenuated the magnitude of the AIMs score but at doses of 3 and
6 mg/kg there appeared to be a slight increased in the duration of the AIMs (Figure 8B). We
then asked whether WC 10 could stop the involuntary movements once they had reached
their greatest intensity. For this experiment WC 10 was administered 35 minutes after the
administration of L-dopa/benserazide. A dramatic and rapid reduction of involuntary
movements was observed (Figure 9).

A dose response curve for the D3 receptor agonist WC 44 was performed and the data fit to
a straight line (IC5¢ = 5.5 mg/kg) (Figure 10A). The temporal plots for WC 44 (Figure 10B)
provided no evidence of a prolongation of the involuntary movements, that was observed for
WC 10. Since, theoretically, an antagonist would be expected to inhibit the activity of an
agonist, the in vivo effect of combining WC 10 and WC 44 was examined. When WC 10
and WC 44 were administered simultaneously an additive effect on L-dopa-dependent AlMs
was observed (Figure 11).

Concurrently, the in vivo activity of our partial agonists WC 21 and WC 26 were evaluated
by performing dose response curves (Figure 12 and Figure 13). As with WC 10 and WC 44,
the dose response data for the two partial agonists fit reasonably well to a straight line. The
ICsq values for WC 21 and WC 26 were calculated to be 3.8 mg/kg and 5.8 mg/kg,
respectively (Figure 12A and Figure 13A). We observed less of the neuroleptic-like side
effects when WC 21 or WC 26 were administered at doses of 3 mg/kg or 6 mg/kg, compared
to when these compounds were administered at a dose of 10 mg/kg (Figure 6). Although
WC 21 was our most potent compound for inhibiting the AIMs, at a dose of 10 mg/kg with a
0 minute pretreatment, it decreased locomotor activity and had sedative-like properties.
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Spontaneous locomotor activity

To further investigate possible motor side effects of our compounds, the effect of test drug
on spontaneous locomotor activity was evaluated as the number of crossovers from the one
end of the locomotor activity chambers to the other end after the administration of either 3
mg/kg or 10 mg/kg of our WC series compounds in non-lesioned rats (Figure 14). The
antagonist WC 10 was the most potent inhibitor of spontaneous locomator activity since
both doses produced a time-dependent decrease in crossovers relative to controls (p < 0.05).
This decrease was most evident during the first 10 minutes of testing at the 3 mg/kg dose of
WC10 and during the first 40 min at the 10 mg/kg dose. At a dose of 10 mg/kg the agonist
WC 44 produced a time-dependent decrease in crossovers relative to controls (p < 0.005)
and to the 3 mg/kg dose (p < 0.001). The time course of the decrease in crossovers appeared
biphasic with a smaller decrease during the first 20 minutes of testing relative to WC 10.
This effect was followed by a) a return to control levels during the next 10 minutes of
testing, b) another decrease in crossovers observed during the next 20 minutes of testing and
c) a return to control levels during the last 10 minutes of the session.

At a dose of 10 mg/kg the partial agonist WC 26, decreased crossovers relative to controls (p
< 0.005) and relative to the 3 mg/kg dose (p < 0.05) throughout the first 50 min of testing. A
similar pattern was observed with 10 mg/kg of the partial agonist WC 21 relative to controls
(p < 0.05). However, relative to the 3 mg/kg dose a decrease was only observed during the
first 40 min (p < 0.001). There were no significant differences among the controls and the
animals that were administered 3 mg/kg of WC 21 or WC 26.

Rotarod evaluation

A rotarod evaluation of our lesioned animals in the presence or absence of test drug was
conducted to determine the effect of test drug on motor performance and coordination of the
unilaterally lesioned animals (Carta et al., 2006). Each test drug was administered at a dose
equal to its in vivo ICgq value. After six training sessions performed over three days,
lesioned animals were administered test compounds in a sequential manner (day 4, WC 44;
day 6, WC 26; day 8, WC 21; day 10, WC 10) based upon decreasing intrinsic activity at D3
dopamine receptors. Rotarod performance was evaluated at both 30 and 60 minutes post
injection. On the intervening days (days 5, 7, 9 and 11) animals were administered vehicle
that was used on the previous day (Figure 15). First, we found no statistical difference (p >
0.05) between the 30 minute and the 60 minute time points for the test compounds. Second,
we found no significant difference (p > 0.05) when we compared the amount of time that
animals were able to stay on the rotarod when injected with vehicle compared to the training
session. Therefore, vehicle administration did not appear to be a factor in the latency to fall.
Third, we found no significant difference in the mean latency to fall times for WC 44, WC
26 and WC 21 compared to vehicle or to the training session. Finally, there seemed to be a
decrease in latency to fall when animals were administered WC 10 (6.6 mg/kg) compared to
its vehicle (a 25% reduction), which is due in part to the fact that there was a 15% to 20%
increase in the latency to fall for this vehicle compared to the a) last two days of the training
session or b) the previous three vehicles (days 5, 7 and 9) that were administered. However,
no significant difference (p > 0.05) criteria of significance) was observed when WC 10 was
compared to the training session or all the test drug vehicles. On the final two days of the
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experiment the effect of the administration of haloperidol (5.0 mg/kg) was evaluated. A
>50% reduction in the latency to fall compared to its matched vehicle was observed, which
was significantly different from both the a) matched vehicle control, b) training session and
c) mean values for all the vehicle controls.

Cylinder test

Test drugs were administered at a dose equal to the calculated ICsg value. Animals were
evaluated at a 12 and 20 minute time point post drug injection with either a) vehicle or b) L-
dopa/benserazide (8 mg/kg) in the presence or absence of test drug. For this group of
animals, administration of vehicle resulted in a marked preferential use of the ipsilateral,
uncompromised (left) forelimb (>95% preference). At the 12 minute time point post L-dopa
administration, animals increased their use of their compromised forelimb. Animals injected
with L-dopa and test drug (WC 10, WC 21, WC 26 or WC 44) exhibited forelimb usage
similar to that observed for the vehicle control animals (Figure 16A). At the 20 minute time
point, animals that were administered both L-dopa and test drug exhibited nonpreferential
use of their forelimbs (Figure 16B). It was not possible to measure forelimb usage at the 20
minute time point when animals were administered L-dopa/benserazide in the absence of
test drug due to the intensity of the AIMs.

Discussion

There are several pathways within the basal ganglia that likely contribute to the expression
of LID in humans. Following neurodegeneration there is an imbalance between direct and
indirect neuronal circuitry in the basal ganglia (Bezard et al., 2001; Brotchie, 2005;
Dekundy et al., 2007). An over-activity of the direct striatal output pathway, providing direct
GABAergic connection, may lead to a striatal inhibition of the output of the basal ganglia,
internal globus pallidus and substantia nigra pars reticulata (Fabbrini et al., 2007). In
addition, there is probably involvement of glutamatergic transmission, since the majority of
excitatory pathways in the basal ganglia utilize glutamate. There is also evidence for N-
methyl-D-aspartate (NMDA) receptor involvement since NMDA antagonists have been
shown to reduce motor complications associated with L-dopa (Bibbiani et al., 2005). In
addition, there is evidence that dopamine can be synthesized and released from surviving
serotonergic neurons causing an unregulated release of dopamine when an insufficient
number of dopaminergic neurons are available (Bibbiani et al., 2001; Carta et al., 2007; Oh
et al., 2002).

The observation that LID develops gradually during the course of L-dopa therapy suggests a
possible denervation supersensitivity of the D1-like and/or D2-like dopamine receptors that
might contribute to the development of L-dopa-dependent dyskinetic movements (Sanchez-
Pernaute et al., 2007). Studies by Sokoloff and co-workers indicate that D3 dopamine
receptor expression may play a role in the development of LID because L-dopa
administration was reported to up-regulate D3 receptors in the striatum of 6-OHDA lesioned
animals (Bordet et al., 1997; Bordet et al., 2000). There is also experimental evidence to
suggest that there might be an interplay between the D1 and D3 dopamine receptor subtypes
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when they are co-expressed (Schwartz et al., 1998a; Schwartz et al., 1998b; Sanchez-
Pernaute et al., 2007).

The studies reported in this communication were designed to investigate the potential of D2
or D3 receptor selective compounds as antidyskinetic drugs for the treatment of LID in
patients with Parkinson’s Disease. In vitro and in vivo pharmacological studies were
undertaken to determine if there is a correlation between the dopamine receptor subtype
selectivity or intrinsic activity with the ability to attenuate AIM scores in rats.

For these studies we used an established rat model of LID, which uses unilateral 6-OHDA)
lesions (Schallert et al., 2000; Deumens et al., 2002; Metz et al., 2005). Further validation of
the rat 6-OHDA unilateral lesion model as an authentic animal model for identifying and
evaluating potential antidyskinetic compounds has been provided by Dekundy and
colleagues (2007).

Before initiating our studies on the effect of our novel D2 or D3 receptor selective
compounds on AIM scores, we noticed that the interval between feeding and L-dopa/
benserazide administration was an important factor in the manifestation of abnormal
movements. Animals fed 1-2 hours prior to L-dopa administration appeared to have reduced
AIM scores compared to animals fed 12 to 18 hours prior. This observation is consistent
with several studies in Parkinson’s patients indicating that consumption of neutral amino
acids, such as phenylalanine, leucine or isoleucine, can interfere with the transport of L-dopa
from the plasma to the brain (Nutt et al., 1984; Eriksson et al., 1986; Stout et al., 1998;
Carter et al., 1989; Pincus and Barry, 1987). It is also consistent with the observation of
Mizuta and Kuno (1993) that pretreatment of unilaterally lesioned rats with high doses of
amino acids reduces L-dopa induced rotations. Therefore, for these studies animals were
always fed >12 hours prior to testing.

Initial studies with our D2 dopamine receptor selective antagonists, SV 293 and SV 156
(Vangveravong et al., 2006), showed minimal effects on L-dopa-dependent abnormal
movements. At a dose of 10 mg/kg, reduced locomotor effects and a slit eye appearance
were observed 20 to 40 minutes after the administration of the test drugs. Based upon these
observations, we discontinued further in vivo testing of these compounds.

Concurrently, we evaluated the effect of our novel D3 receptor selective substituted
phenylpiperazine compounds (Chu et al., 2005). This panel of compounds exhibited varying
levels of intrinsic activity at D3 dopamine receptors when evaluated in vitro using a
forskolin-dependent inhibition of adenylyl cyclase assay. The dissociation constants for
these compounds at D3 receptors ranged from 0.6 to 2.4 nM and the D3 versus D2 receptor
selectivity ranged from 23- to 53-fold.

Each of the novel D3 dopamine receptor selective compounds was capable of attenuating the
AIM scores in our unilaterally lesioned rats. With the possible exception of WC 26, each of
the compounds appeared to be more effective if administered simultaneously with L-dopa,
when compared with a 60 minute pretreatment regimen. 1Cgq values for these compounds
ranged from approximately 4 to 7 mg/kg. There was no obvious correlation between the in
vivo ICgq values and a) D3 receptor affinity, b) D2 to D3 receptor selectivity or ¢) intrinsic
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activity for adenylyl cyclase inhibition at D3 receptors. The magnitude of the attenuation
was essentially the same for both total AIMs and AIMs minus locomotor scores for all of the
substituted phenylpiperazines that were tested. These two methods of scoring the abnormal
movements were examined because it has been suggested that the locomotor component
may not be an appropriate correlate of the dyskinesia (Cenci and Lundblad, 2005; Lundblad
et al., 2002; Lundblad et al., 2005).

Using WC 10, we found that the dyskinetic-like movements of our 6-OHDA lesioned
animals could not only be prevented, but could also be rapidly and dramatically reversed by
the administration of our D3 receptor selective antagonist. This observation is noteworthy
because it indicates a dynamic and active process is occurring which can be halted even
when it has reached its maximum intensity.

It was pharmacologically perplexing to find that each of our four D3 receptor selective
compounds were able to attenuate AIM scores despite that fact that they exhibited variations
in the intrinsic activity in an adenylyl cyclase assay. Despite this variation in intrinsic
activity each of the compounds have 1Csq values within the same order of magnitude. We
had anticipated that in vitro intrinsic activity at adenylyl cyclase might be an indicator of in
vivo efficacy. Clearly that was not the case.

It is known that D2-like dopamine receptors are linked to several different second messenger
systems besides the inhibition of adenylyl cyclase (Chio et al., 1994; MacKenzie et al.,
1994; Asghari et al., 1995; Watts & Neve, 1997; Robinson & Caron 1997), including
mitogenesis (Pilon et al., 1994; Griffon et al., 1997; Schwartz et al., 1998a), activation of G-
protein-coupled inward rectifier potassium (GIRK) channels (Kuzhikandathil & Oxford,
2000; Kuzhikandathil et al., 1998; Kuzhikandathil et al., 2004) and activation of the
phospholipase D (PLD) enzyme (Everett and Senogles, 2004; Senogles, 2003; Senogles,
2000). Classical receptor theory has generally assumed that a compound has essentially the
same efficacy for all effector pathways linked to a receptor. However, there is now evidence
that ligands can have differing efficacy and/or potency for different effector pathways. This
revision of classic receptor theory is termed functional selectivity (Gay et al., 2004; Kenakin
2002; Clarke 2005). Therefore, a compound, such as WC 44, that is classified as a partial
agonist at D2 receptors maybe be a full agonist at the D3 receptor subtype. In addition, a
compound that is an antagonist for one receptor linked second messenger system may
demonstrate intrinsic activity for a different pathway.

One possible reason that both our D3 antagonist, WC 10, and our agonist, WC 44, are both
capable of attenuating the AIM scores in the unilaterally 6-OHDA lesioned animals is that
their intrinsic activity has thus far only been defined using an adenylyl cyclase assay but
their in vivo efficacy for this experimental behavior system may not directly involve the
modulation of adenylyl cyclase activity. The in vivo co-administration of WC 10 and WC 44
was found to be additive in the attenuation of the AIMs score, rather than being competitive
or synergistic. This result suggests a common mechanism of action for the two compounds
in this behavioral paradigm.
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It has been previously reported that the nonselective dopaminergic agonist apomorphine, the
D1-like dopamine receptor selective agonist SKF 81297 and the D2-like dopamine receptor
selective agonist bromocriptine can precipitate AIMs in these unilaterally lesioned animals.
It is worth noting that although we found that WC 44 was a full agonist for the adenylyl
cyclase inhibition, there was no indication that this compound could precipitate abnormal
involuntary movements when administered alone. In addition, neither of the two partial
agonists, WC 21 and WC 26, induced involuntary movements in our 6-OHDA unilaterally
lesioned animals. These observations were in contrast to our preliminary studies indicating
that subcutaneous (s.c.) administration of the putative D3 dopamine receptor selective
agonist (+)-PD-128907 (1 and 3 mg/kg) can precipitate AIMs in lesioned animals, although
those scores were predominated by increased locomotor activity with mild forelimb dystonic
movements.

To characterize potential motor side effects of our compounds we tested their effects in a)
nonlesioned rats using an automated locomotor activity chambers and b) unilaterally
lesioned rats using a rotarod apparatus. Compounds were tested for effects on spontaneous
locomotion at doses of 3.0 mg/kg and 10.0 mg/kg. At the higher dose we found that each of
the compounds appeared to attenuate spontaneous locomotion, especially within the first 20
minutes of the 60 minute session. However, at the lower dose spontaneous locomotion
approached normal values. Similarly, when WC series compounds were tested at doses
equal to their AIMs ICsq values there was little to no difference observed in rotarod
performance, with the possible exception of compound WC 10.

A cylinder test was used to investigate if our D3 dopamine receptor selective compounds
might interfere with the beneficial effects of L-dopa in our unilaterally lesioned animals.
The results of the cylinder test suggest that while the WC series compounds may have
delayed the onset of the beneficial effects of L-dopa on forelimb preferential usage (at 12
minutes post L-dopa administration), by 20 minutes the animals were utilizing their
forelimbs in a manner similar to that observed previously in unlesioned animals.

Other potential side effects were observed in the present study with both D2 and D3 receptor
selective compounds, including reduced locomotion, flat posture and ocular ptosis. Flat
postures were observed in some, but not all, animals, suggesting a possible pharmacogenetic
effect. Ocular ptosis and reduced locomotion were prominent when the D2 receptor selective
compounds were administered, suggesting that co-blockade of D2 receptors in vivo by our
D3 receptor subtypes selective WC series compounds may be responsible for these adverse
side effects that were primarily observed at the highest dose tested (10 mg/kg). These
observations suggest that adverse effects may be minimized if compounds with increased
D2:D3 affinity ratios were used in future studies.

WC 44, WC 26 and WC 21 had little to no effect on rotarod performance when administered
at a concentration corresponding to their ICsq values. The administration of WC 10 resulted
in a 15-25% reduction of rotarod performance, depending on which controls were used for
the comparative analysis. There appeared to be no significant difference when the results
from WC 10 were compared to a) baseline training session values, b) the mean of the
matched vehicle controls or ¢) the mean of all of the vehicle controls. However, significance
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was achieved when the WC 10-dependent values were compared to its matched vehicle
control group that had slightly elevated latencies compared to all other control values.

In conclusion, we evaluated a panel of novel D2 receptor antagonists and D3 dopamine
receptor selective antagonists, partial agonists and full agonists for the ability to attenuate L-
dopa associated AlMs in unilaterally lesioned male Sprague Dawley rats. Two D2 dopamine
receptor selective antagonists were found to minimally attenuate AIM scores. Four D3
dopamine receptor selective compounds were found to attenuate AIM scores in a dose
dependent manner. The in vivo efficacy of the compounds increased when they were
administered simultaneously with L-dopa, as compared to when the compounds were
administered 60 minutes prior to L-dopa/benserazide. It was also found that the D3 receptor
antagonist WC 10 could inhibit the involuntary movements after they had achieved
maximum intensity. AIMs were not observed after administration of our D3 receptor
selective agonist (WC 44) or partial agonists (WC 21 and WC 26) alone. Although varying
degrees of locomotor side effects were observed with these D3 receptor selective
compounds at high doses, these studies suggest that the development of D3 dopamine
receptor selective compounds may represent a viable strategy for the identification of
pharmacotherapeutic agents that can be used to treat/manage L-dopa-associated dyskinesia
in patients with Parkinson’s Disease.
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6-OHDA 6-hydroxydopamine
AIM abnormal involuntary movement
DMSO dimethylsulfoxide
i.p intraperitoneal
LID L-dopa-induced dyskinesia
NMDA N-methyl-D-aspartate
MFB medial forebrain bundle
MPTP 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
PD Parkinson’s Disease
S.C subcutaneous
TMS transmembrane spanning
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Figure 1. Comparison of AIM Scores Before and Sixty Minutes After Feeding Animals
This figure shows a comparison of the effect feeding on the AIM scores of unilaterally

lesioned rats administered L-dopa. Animals were administered a mixture of L-dopa (8
mg/kg) and benserazide (8 mg/kg) in sterile saline (9 g/L NaCl in water) by i.p. injection.
Rats were either fed approximately 24 hours prior to L-dopa administration (Hungry, @) or
fed (approximately 30-40 grams of rat chow pellets) 1 hour prior to L-dopa administration
(Fed, A).
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The dissociation constants (nMolar values) for the binding of the D2 receptor selective
antagonists, SV 156 and SV 293, to human D2long, D3 and D4.4 dopamine receptors expressed
in HEK 293 cells is presented as the mean + S.E.M for n > 3 experiments. Values were derived
from competitive radioligand binding experiments using "’ I-IABN as the radioligand (Luedltke et
al, 2000). Affinity and log P values are taken from Vangeravong et al., 2006 and the descriptors
in parentheses are how these compounds are designated in that publication.

Figure 2. Structure and Pharmacological Profile of SV Series D2 Receptor Subtype Selective
Compounds

The dissociation constants (nMolar values) for the binding of the D2 receptor selective
antagonists, SV 156 and SV 293, to human D2long, D3 and D4.4 dopamine receptors
expressed in HEK 293 cells is presented as the mean = S.E.M. for n > 3 experiments. Values
were derived from competitive radioligand binding experiments using 12°I-IABN as the
radioligand. Affinity and log P values are taken from Vangeravong et al., 2006 and the
descriptors in parentheses are how these compounds are designated in that publication.
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Figure 3. Effect of D2 Dopamine Receptor Subtype Selective Antagonists on L-Dopa-Dependent
Abnormal Involuntary Movements

The effect of buspirone (4 mg/kg) and the novel D2 dopamine receptor selective antagonists
SV 293 and SV 156 (10 mg/kg) on (A) AIMs minus locomotor score and (B) locomotor
score is shown. Each of the test drugs were administered i.p. 60 minutes prior to L-dopa
administration. For this experiment L-dopa and benserazide were used at a dose of 8 mg/kg
each. Values are the normalized mean scores + S.E.M. (n = 8). For buspirone the
significance level for all three values is p < 0.002. For the SV compounds the significance
level is p > 0.01 for the total AlMs score, p > 0.01 for AIMs minus locomotor activity and p
> 0.07 for the locomotor score. Data is presented as the summation of the total AIM scores
for eight (n = 8) animals as a function of time.
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The dissociation constants (nMolar values) for the binding of the D3 receptor selective
compounds, WC 10, WC 26, WC 21 and WC 44, to human D2long, D3 and D4.4 dopamine
receptors expressed in HEK 293 cells is presented as the mean + S.E.M. for n > 3 experiments.
Values were derived from competitive radioligand binding experiments using '’I-IABN as the
radioligand (Luedtke et al., 2000). Affinity and log P values are taken from Chu et al., 2005 and
the descriptors in parentheses are how these compounds are designated in that publication.

Figure 4. Structure and Pharmacological Profile of the WC Series D3 Receptor Subtype
Selective Compounds

The dissociation constants (nMolar values) for the binding of the D3 receptor selective
compounds, WC 10, WC 21, WC 26 and WC 44, to human D2long, D3 and D4.4 dopamine
receptors expressed in HEK 293 cells is presented as the mean = S.E.M. forn >3
experiments. Values were derived from competitive radioligand binding experiments

using 1251-1ABN as the radioligand (Luedtke et al., 2000). Affinity and log P values are
taken from Chu et al., 2005 and the descriptors in parentheses are how these compounds are
designated in that publication.
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Figure 5. Intrinsic Activity of D3 Receptor Selective Compounds Using an Inhibition of
Forskolin-Dependent Stimulation Adenylyl Cyclase Assay

The intrinsic activity of the D3 dopamine receptor compounds at both human D2 (solid
black) and D3 (hatched) receptors is shown as the mean values + S.E.M (n = 3). Values
were obtained using stably transfected HEK 293 expressing either the human D2 or D3
dopamine receptor subtype. All values were compared to the observed effect using the D2-
like dopamine receptor full agonist quinpirole at a concentration = 10x the Ki value obtained
using radioligand binding studies. A whole cell adenylyl cyclase assay was used in which
quinpirole and the tested compounds were evaluated for the ability to inhibit forskolin-
dependent stimulation of adenylyl cyclase activity.
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Figure 6. Effect of D3 Dopamine Receptor Subtype Selective Compounds on L-Dopa-Dependent
Involuntary Movements with a 60 Minute Pretreatment Time

The effect of buspirone (4 mg/kg) and the novel D3 dopamine receptor selective
compounds, WC 10, WC 21, WC 26 and WC 44 (10 mg/kg) on (A) AIMs minus locomotor
score and (B) locomotor score is shown. Each of the test drugs were administered i.p. 60
minutes prior to L-dopa/benserazide (8 mg/kg each) administration. Values are the
normalized mean scores + S.E.M. The number of independent experiments used to calculate
the mean values is n > 8 for each compound except WC 21 (n = 5). For WC 44 the
significance level for the total AIMs and the AIMs minus locomotor activity is p < 0.001
and for the locomotor activity it is p < 0.01. For WC 10, WC 21 and WC 26 the significance
level for each of the scores is p < 0.0001.
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Figure 7. Comparison of the Effect of Zero and Sixty Minute Pretreatment Time for WC 44, WC
10, WC 26 and WC 21 on the Attenuation of AIM Scores

The effect of novel D3 dopamine receptor selective compounds, WC 44, WC 10, WC 26
and WC 21 (10 mg/kg, i.p.) on total AlMs score is shown. Each of the test drugs were
administered i.p. at either 60 minutes prior (solid bars) or simultaneously (zero minutes:
hatched bars) to L-dopa/benserazide i.p. administration (8 mg/kg each). Values are the
normalized mean scores + S.E.M relative to vehicle controls (Control) normalized to 100.
The number of independent experiments used to calculate the mean values is n > 8 for each
condition except for WC 26 at 60 minutes (n = 5). There is a significance level between the
vehicle control values and the 60 minute pretreatment is p < 0.01 and the level of
significance between the control values and the 0 minute pretreatment time is p < 0.0001.
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Figure 8. Dose Response Dependence of WC 10 for the Attenuation of Total AIM Scores
A. Determination of 1C50 value: Unilaterally lesioned rats were injected (i.p.) with varying

doses of WC 10 (0 to 10 mg/kg) followed immediately with a constant dose of L-dopa and
benserazide (8 mg/kg each). The percent of the normalized mean total AIMs score = S.E.M.
(n = 8) relative to vehicle controls as a function of the dose of WC 10 is shown. The mean
values + S.E.M. for the normalized total AIMs values as a function of WC 10 concentrations
are as follows: a) 1 mg/kg, 107 £ 11.4, b) 3.0 mg/kg, 92.6 + 8.2, ¢) 6 mg/kg, 61.3 + 9.2 and
d) 10 mg/kg, 9.5 + 4.7. A graph of the percent change in the AIMs score minus the
locomotor component as a function of the dose of WC 10 is essentially identical to the one
shown in this figure. The calculated 1Csgg value for this data was found to be 6.6 mg/kg using
a linear regression analysis (r2 = 0.99). B. Temporal plot: The variation in the total AIMs
score as a function of time is shown using zero time pretreatment with an i.p. injection of
WC 10 at 10 mg/kg (), 6 mg/kg (), 3 mg/kg (M), 1 mg/kg (@) 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 AIMs scores for a total of 8 animals at each observation time point for
each dose of WC 10. However, the temporal plot for the vehicle control curve is the mean
value for all four experiments.
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Figure 9. Ability of WC 10 to Reverse the L-Dopa Associated Abnormal Involuntary Movements
in Unilaterally Lesioned Rats
The temporal variation in the total AIMs score as a function of time is shown using 10

mg/kg WC 10 (@) or vehicle control (O) thirty five minutes after I-dopa/benserazide (8
mg/kg each) administration. Each point is the summation of total AlMs score for a total of
10 animals at each observation time point. The time (minutes) denotes the amount of time
after the administration of the L-dopa/benserazide and the arrow marks the time of the
administration of WC 10.
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Figure 10. Dose Response Dependence of WC 44 for the Attenuation of Total AIM scores

A. Determination of 1C50 value: Unilaterally lesioned rats were injected (i.p.) with varying
doses of WC 44 (0 to 10 mg/kg) followed immediately with a constant dose of L-dopa and
benserazide (8 mg/kg each). The percent of the mean total AIMs score + S.E.M. (n = 9)
relative to vehicle controls as a function the dose of WC 44 is shown. The mean values £
S.E.M. for the normalized total AIMs values as a function of WC 44 concentrations are as
follows: a) 1 mg/kg, 91.4 £ 5.5, b) 3.0 mg/kg, 68.8 £ 10.1, ¢) 6 mg/kg, 41.4 + 7.4 and d) 10
mg/kg, 14.6 + 5.5. The calculated 1Cgq value for this data was found to be 5.5 mg/kg using a
linear regression analysis (r2 = 0.98). B. Temporal plot: The variation in the total AIMs
score as a function of time is shown using zero time pretreatment with an i.p. injection of
WC 44 at 10 mg/kg (OJ), 6 mg/kg (a), 3 mg/kg (M), 1 mg/kg (@) 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 AIMs score for a total of 9 animals at each observation time point for
each dose of WC 44. The temporal plot for the vehicle control curve is the mean value for
all four experiments.
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Figure 11. The Effect of Co-Administration of WC 10 and WC 44 on Total AIM Scores
A comparison of the effect of combining WC 10 and WC 44 in the total AIMs score is

shown relative to the administration of each compound alone. Each drug was administered
at a dose of 3 mg/kg i.p. L-dopa/benserazide was then immediately administered at a dose of
8 mg/kg, each. The normalized AlIM scores + S.E.M. were a) WC 10,92.6 +8.2 (n=10;p =
0.6), b) WC 44, 68.8 £ 10.1 (n = 10; p = 0.02) and ¢) WC 10 plus WC 44,314+ 7.0 (n=9;
p <0.0001).
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Figure 12. Dose Response Dependence of WC 21 for the Attenuation of Total AIM Scores
A. Determination of 1C50 value: Unilaterally lesioned rats were injected (i.p.) with varying

doses of WC 21 (0 to 10 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 (n = 8) relative to
vehicle controls as a function of the dose of WC 21 is shown. The mean values + S.E.M. for
the normalized total AlMs values as a function of WC 21 concentrations are as follows: a) 1
mg/kg, 81.0 + 7.7, b) 3.0 mg/kg, 51.2 £ 9.7, ¢) 6 mg/kg, 24.9 + 7.0 and d) 10 mg/kg, 1.8 =
1.5. The calculated ICsq value for this data was found to be 3.8 mg/kg using a linear
regression analysis (r2 = 0.96). B. Temporal plot: The variation in the total AIMs score as a
function of time is shown using zero time pretreatment with i.p. injection of WC 21 at 10
mg/kg (O), 6 mg/kg (), 3 mg/kg (M), 1 mg/kg (@) 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 AIMs score for a total of 8 animals at each observation time point for each dose of WC
21. The temporal plot for the vehicle control curve is the mean value for all four
experiments.
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Figure 13. Dose Response Dependence of WC 26 for the Attenuation of Total AIM Scores

A. Determination of 1C50 value: Unilaterally lesioned rats were injected (i.p.) with varying
doses of WC 26 (0 to 10 mg/kg) followed immediately with a constant dose of L-dopa and
benserazide (8 mg/kg each). The percent of the mean total AIM score (n = 10) relative to
vehicle controls as a function of the dose of WC 26 is shown. The mean values + S.E.M. for
the normalized total AlMs values as a function of WC 26 concentrations are as follows: a) 1
mg/kg, 86.5 £ 4.9, b) 3.0 mg/kg, 69.7 £ 6.3, ¢) 6 mg/kg, 45.0 £ 9.5 and d) 10 mg/kg 21.8 +
4.7. The calculated 1Cgq value for this data was found to be 5.8 mg/kg using a linear
regression analysis (r2 = 0.99). B. Temporal plot: The variation in the total AIMs score as a
function of time is shown using zero time pretreatment with an i.p. injection of WC 26 at 10
mg/kg (O), 6 mg/kg (4A), 3 mg/kg (M), 1 mg/kg (@) 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 AlIMs score for a total of 10 animals at each observation time point for each dose of
WC 26. The temporal plot for the vehicle control curve is the mean value for all four
experiments.
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Figure 14. Effects of WC 10, WC 44, WC 26 and WC 21 on spontaneous locomotor activity of
non-lesioned rats

To investigate the effect of the compounds on spontaneous locomotor activity, the mean
difference in crossovers (£ SEM) from the vehicle-pretreated controls is illustrated. This
difference value was calculated by subtracting the average number of crossovers of the
respective vehicle group from the number of crossovers of individual subjects in the WC10
(A), WC44 (B), WC26 (C) and WC21 (D) dosage groups. The horizontal line provides a
reference point for controls relative to the drug dosage groups. Doses of 3 (0) and 10 (@)
mg/kg, IP were examined for each compound. For a more direct comparison to controls, the
average number of crossovers of the combined control groups (<)is shown across time in
10-min periods (E). Asterisks (*) designate a difference from vehicle controls and a plus
sign (+) designates a difference from the 3 mg/kg dosage group (p < 0.05).
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Figure 15. Rotarod evaluation of WC Series Compounds
A rotarod apparatus was used to assess the effect of the WC series compounds on motor

coordination and agility of unilaterally lesioned rats in the presence or absence of test
compound. The data is presented as the mean amount of time the animal remained on the
rotarod before falling (Latency to Fall; in seconds) £ S.E.M. The acceleration conditions for
the rotarod test were 0 to 44 rpms in 90 seconds. This experiment was performed on 13
consecutive days. Days 1 through 3 were training sessions that were conducted either in the
morning or afternoon (T1m through T3a, respectively). After the training session was
completed, lesioned rats were administered a test compound (i.p.) at a dose equal to the
IC50 value for the inhibition of total AIMs score and evaluated at 30 minutes (30/) or 60
minutes (60’) post drug administration: a) agonist WC 44, 5.5 mg/kg, day 4 (WC44 30’ and
WC 44 60"), b) partial agonist WC 26, 5.8 mg/kg, day 6 (WC26 30’ and WC26 60’), c)
partial agonist WC 21, 3.8 mg/kg, day 8 (WC21 30’ and WC21 60’) and d) antagonist WC
10, 6.6 mg/kg, day 10 (WC10 30’ and WC10 60’). Haloperidol (hal) was included as a
positive control (5 mg/kg, day 12 (hal 30’ and hal 60/). On the days following the
administration of test compound (days 5, 7, 9, 11 and 13), the appropriate matched vehicle
(vc) was administered and animals were evaluated at 30 minutes (30’) or 60 minutes (607)
post vehicle administration (vc 30’ and vc 60”). An ANOVA with repeated measures was
used for the statistical evaluation of the data using Systat software. An asterisk (*) indicates
significance (p < 0.05) when comparing the effect of the mean values for the test drug to
either a) its matched vehicle control or b) the mean of the training sessions. A number
symbol (#) signifies significance (p < 0.001) for the comparison of the values for the test
drug (here haloperidol) compared to values for the matched vehicle control. The dotted line
parallel to the x-axis is the mean value (34.60 seconds) for the training session.
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A. 12 minutes post L-dopa administration.
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B. 20 minutes post L-dopa administration.
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60

Data not
obtainable

40

due to
intense
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Figure 16. Cylinder Test Evaluation of the Effect of the WC Series compounds at a dose equal to
the 1C5q Values

The cylinder test was performed to assess the independent use of each forelimb in the
context of the rat’s natural rearing/exploratory behavior. The data shown is the mean percent
preferential usage of either the left (L), right (R) or both (B) forelimbs + S.E.M. Unilaterally
lesioned animals were administered either a) saline (control), b) L-dopa and benserazide (L-
dopa) at a dose of 8 mg/kg each, c) L-dopa and benserazide with the antagonist WC 10 (L-
dopa/WC 10) at a dose equal to the calculated ICsg value (6.6 mg/kg), d) L-dopa and
benserazide with the agonist WC 44 (L-dopa/WC 44) at a dose equal to the calculated 1Cgg
value (5.5 mg/kg), e) L-dopa and benserazide with the partial agonist WC 21 (L-dopa/WC
21) at a dose equal to the calculated 1Csq value (3.8 mg/kg) or f) L-dopa and benserazide
with the partial agonist WC 26 (L-dopa/WC 26) at a dose equal to the calculated I1C5q value
(5.8 mg/kg). Animals were evaluated at (A) 12 minutes and (B) 20 minutes post injection.
At 20 minutes post L-dopa/benserazide administration data on forelimb usage was not
obtainable due to the intensity of the L-dopa-dependent abnormal involuntary movements.
At the 12 minute time point, animals were evaluated for a total of 5 minutes and then
returned to their home cage for 4 minutes. At the 20 minute time point animals were further
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evaluated for 5 minutes. The number of independent experiments is twelve (n = 12) for all
drugs tested, except for WC 21 where n = 11.
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