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ABSTRACT

Glutamate is the major excitatory transmitter in the brain. Recent developments in
the molecular biology and pharmacology of the a-amino-3-hydroxy-5-methylisoxa-
zole-4-propionic acid (AMPA)-subtype of glutamate receptors have led to the discovery of
selective, potent and systemically active AMPA receptor potentiators. These molecules
enhance synaptic transmission and play important roles in plasticity and cognitive pro-
cesses. In the present studies we characterized a novel AMPA receptor potentiator,
LY503430, on recombinant human GLU,, , and native preparations in vitro, and then
evaluated the potential neuroprotective effects of the molecule in rodent models of Parkin-
son’s disease. Results indicated that at submicromolar concentrations LY 503430 selec-
tively enhanced glutamate-induced calcium influx into HEK293 cells transfected with
human GLU,,, GLU,,, GLU,;, or GLU,, AMPA receptors. The molecule also poten-
tiated AMPA-mediated responses in native cortical, hippocampal and substantia nigra
neurones. LY503430 had good oral bioavailability in both rats and dogs. We also report
here that LY503430 provided dose-dependent functional and histological protection in
animal models of Parkinson’s disease. The neurotoxicity following unilateral infusion of
6-hyrdoxydopamine (6-OHDA) into either the substantia nigra or the striatum of rats and
that following systemic 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) in mice
were reduced. Interestingly, LY503430 also had neurotrophic actions on functional and
histological outcomes when treatment was delayed until well after (6 or 14 days) the
lesion was established. LY 503430 also produced some increase in brain derived neurotro-
phic factor (BDNF) in the substantia nigra and a dose-dependent increase in growth asso-
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ciated protein-43 (GAP-43) expression in the striatum. Therefore, we propose that AMPA
receptor potentiators such as LY503430 offer the potential of a new disease modifying
therapy for Parkinson’s disease.

INTRODUCTION

In the last 30 years there has been a huge increase in our knowledge of the role of glu-
tamate in the central nervous system. Glutamate acts at both ionotropic and metabotropic
receptors, controls fast synaptic transmission in the brain and also plays a key role in plas-
ticity (11,45). In the late 1980s and early 1990s a major focus of research was the study of
NMDA and AMPA antagonists as neuroprotective agents for the treatment of acute
ischemic injury (40). This research proved futile as the side effects profiles (14) of many
of these agents and the poor preclinical and clinical study design led to disappointment for
many major pharmaceutical companies (40). However, many of these research efforts pro-
vided novel pharmacological tools that helped us explore the role of various glutamate re-
ceptors in detail. This research indicated that blocking excitatory amino acid transmission
produced cognitive deficits (36) and generated functional data that indicated hypogluta-
matergic function in disorders such as schizophrenia (12,55,56). It is also clear that in ad-
dition to Alzheimer’s disease (AD) there are cognitive deficits in schizophrenia and in
neurological disorders such as stroke and late stage Parkinson’s disease.

Based on this evidence, several companies have developed molecules that can boost
glutamatergic transmission in the brain (20,32,41). One approach was to potentiate AMPA
receptors and early molecules such as CX-516 emerged which were shown to enhance
LTP (53) and memory formation (21,22,54) in rats and were progressed for human trials
(31). Several newer molecules have been developed that are more potent positive alloste-
ric modulators of AMPA receptors (41,47), and these are currently being developed as
cognitive enhancers and may also have utility in other CNS disorders (32,41,61). Recent
advances in our understanding of the molecular biology and gating of ionotropic gluta-
mate receptors (25,34,48,58) are also helping with the design of better ligands.

At Eli Lilly & Co. Ltd. we have developed a novel series of biarylpropylsulfonamides
(44) including LY392098, LY404187, LY503430, LY451395, and LY450108, which are
potent potentiators of AMPA receptors in vitro (18,35), have functional CNS activity after
systemic administration (4,5,60) and are active in rodent models of cognition (41,47) and
depression (29,30,51). Based on the fact that these agents were able to enhance endo-
genous signaling in the brain (28,60), as well as to increase neurogenesis (3) and growth
factor expression (28,33) we hypothesized that they may also improve outcome after CNS
injury (41). Results indicated that LY503430 provided functional and histological im-
provement in rodent models of Parkinson’s disease (PD). In the present review article, we
summarize the in vitro profile of LY503430 at cloned and native AMPA receptors, de-
scribe its pharmacokinetics in rats and dogs and provide preclinical data in PD models that
suggest that LY503430 may be useful in the treatment of this desease.
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Fig. 1. The structure of LY503430.

CHEMISTRY

LY503430 (Fig. 1) is a sulfonamide with the chemical name (R)-4'-[1-fluoro-1-me-
thyl-2-(propane-2-sulfonylamino)-ethyl]-biphenyl-4-carboxylic acid methylamide; its
CAS registry number is 625820-83-9. The compound is non-hygroscopic and crystalline
and is stable in solid state as well as in solutions. LY503430 has a pK, = 6.706 = 0.051, a
log P =1.802 + 0.177 and its molecular weight is 392.49.

IN VITRO PHARMACOLOGY

In Vitro Effects at Cloned Human
Inotropic Glutamate Receptors (iGluRs)

LY503430 has been tested on human cloned iGIuR receptors expressed in HEK293
cells as described by Murray et al. (37). The compound enhanced glutamate-induced cal-
cium influx at recombinant human GLU,, , receptors. LY503430 was markedly more
potent on “flip” splice variants and showed greater potency on GLU ,, and GLU, , than on
other subunits (Table 1). LY503430 had no effects on kainate-mediated responses in
HEK?293 cells transfected with GLUy 5, GLUyg, or GLUyg ¢, subunits.

In Vitro Effects on Native Tissue Preparations

LY 503430 potentiated AMPA-evoked responses in a range of rat neuronal preparations
(substantia nigra, cortical, Purkinje, hippocampal, and striatal neurons). When applied in
the presence of AMPA, LY503430 produced concentration-dependent potentiation of the
evoked current in substantia nigra (Fig. 2A) and striatal giant aspiny neurons (Fig. 2B).
The ECs, values for LY503430 were estimated to be 2.7 uM in substantia nigra and
1.7 uM in giant aspiny neurons, respectively.

CNS Drug Reviews, Vol. 11, No. 1, 2005
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TABLE 1. Invitro profile of LY503430 at various neurotransmitter receptors

ECj, at human Crossreactivity Cross reactivity at
AMPA receptor at other glutamate other receptor subtypes
Receptor subtype subtypes (nM) receptors subtypes (LM) (uUM)
Functional effects on ion channels
GLU,, flip 475
GLU,, flop 4200
GLU,, flip 33
GLU,, flop 2250
GLU ; flip 233
GLU,; flop 3660
GLU,, flip 98
GLU,, flop >5000
GLUy; >100
GLUg, >100
GLUgg/x2 >100
Ca>* >10
Na* >10
K* >10
Binding to other neurotransmitter receptors
AMPA >100
Kainate >100
NMDA >100
a,-adrenergic >10
a,-adrenergic >10
B-adrenergic >10
Dopamine D, >10
Dopamine D, >10
5-HT, >10
Histamine H, >10
Muscarinic >10
Nicotinic (CNS) >10
GABA >10
Benzodiazepine >10
p-opioid >10
K-opioid >10
d-opioid >10
Calcium L-channel >10

Cross Reactivity with Other Neurotransmitter Receptors

LY503430 had no effect on sodium, calcium, and potassium channels measured using
patch clamp electrophysiology in acutely isolated cortical neurons. In addition, LY503430
was profiled on 18 different neurotransmitter receptors using radiolabeled receptor
binding assays. Assays were performed according to standard procedures available in the
literature. Membrane homogenates obtained from frozen rat brain tissue or commercially

CNS Drug Reviews, Vol. 11, No. 1, 2005
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Fig. 2. Effects of LY503430 on native AMPA receptor activity in vitro as measured using patch clamp
electrophysiology. The concentration-response profile for LY503430 (0.01-10.0 uM) potentiation was assessed
by measuring the responses of acutely isolated substantia nigra dopamine neurons (A) or striatal giant aspiny
neurons (B) to 5uM AMPA alone and in the presence of a potentiator. Data points in plots represent
means + S.E.M.

available transfected cell lines were used as a receptor source. Results indicated that at
10 uM LY'503430 had no affinity for the receptors listed in Table 1.

Effects on BDNF Levels in Cortical Neurons

In addition to their crucial role in synaptic transmission, activation of AMPA receptors
has been reported to increase the expression of brain derived neurotrophic factor (BDNF)
in vitro (27,28) and in vivo (33). This effect appears to be mediated by voltage-gated
L-type calcium channels (28), activated as a consequence of the AMPA receptor-induced
membrane depolarization, and by activation of Lyn, a member of the src-family of protein
tyrosine kinases (23), which can physically associate with AMPA receptor subunits.
LY 503430 produced a large increase in BDNF levels (400 to 1000%) when applied to cor-
tical neurons (Fig. 3), but in most experiments LY 503430 had a bell-shaped dose-response
curve. Similar increases in BDNF expression were also observed in hippocampal cultures
treated with LY 503430.

PHARMACOKINETICS

Rats

The oral bioavailability of LY503430 in rats is 84% (Table 2, Fig. 4). Male F344 rats
(n=3) were dosed orally with 3 mg/kg of LY503430 in a 0.5% sodium carboxymethyl
cellulose/0.25% Tween 80/water vehicle, and intravenously with 0.5 mg/kg in a 5%
Solutol/5% ethanol/5% propylene glycol/85% water vehicle. Plasma was collected at

CNS Drug Reviews, Vol. 11, No. 1, 2005



82 M. J. O'NEILL ET AL.

1600
g *
c
(5 1
o
a 1200 -
(@]
£
D
o
LZL 800 *
o
o
o *
[&]
% 400
> 4
i [1[]

0 — — T T T 1
Veh 0.1 0.3 1.0 3.0 10.0

Concentration of LY503430 (uM)

Fig. 3. The concentration-response profile for LY503430 (0.1-10.0 uM) for increase of BDNF expression in
cortical neurons. * Significantly (P < 0.05) different from vehicle.
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Fig. 4. Plasma levels of LY503430 in rats after a single 3 mg/kg p.o. dose or a 0.5 mg/kg i.v. dose of
LY503430. Vertical bracket-like lines indicate S.E.M.

TABLE 2. Pharmacokinetic parameters of LY503430 in rats*

Dose AUC,_, C Clearance

Route (mg/kg) (ng-h/mL) (ng}nrsz) x4, (0)  (mL/min/kg)  F (%)
Lv. 0.5 1087 820 0.08 1.2 8 —
p.o. 3 5487 604 2 34 — 84

* Mean values for three animals.

CNS Drug Reviews, Vol. 11, No. 1, 2005
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Fig. 5. Brain and plasma levels of LY503430 in rats (n = 3) after a single 3 mg/kg p.o. dose of LY503430.
Vertical bracket-like lines indicate S.E.M.

regular intervals over 24 h after treatment. The plasma elimination half-life was 1.2 hours
after intravenous and 3 to 4 h after oral treatment.

Rat brain levels of LY503430 were approximately 20% of the plasma levels over the
eight hour post-dosing interval as shown in Table 3 and Fig. 5. The half-life of LY503430
in brain was ~1 h.

Dogs

The oral bioavailability of LY503430 in dogs is 66 + 15% (Table 4, Fig. 6). Dogs (2
males and 1 female) were dosed orally with 1 mg/kg of LY503430 in a 0.5% sodium car-
boxymethyl cellulose/0.25% Tween 80/water vehicle, and intravenously with 0.1 mg/kg
of LY503430 in a 5% Solutol/5% ethanol/5% propylene glycol/85% water vehicle.
Plasma was collected over the 0.5-24 h post dosing interval. The mean plasma elimi-
nation half-life was two hours after intravenous dosing and 4.7 h after oral dosing.

TABLE 3. Brain and plasma levels of LY503430 in rats*

Time after treatment (h)

2 4 6 8
Brain (ng/g) 122+ 13 62+ 10 17+ 3 5+ 3
Plasma (ng/mL) 621+ 75 272+ 43 95+ 16 32+ 6
Brain/plasma 0.2 0.2 0.2 0.2

* Mean values (= S.E.M.) for 3 rats at hours after single 3 mg/kg oral dose of the drug.

CNS Drug Reviews, Vol. 11, No. 1, 2005
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Fig. 6. Plasma levels of LY503430 in dogs after a single 1 mg/kg p.o. dose or a 0.1 mg/kg i.v. dose of
LY503430. Vertical bracket-like lines indicate S.E.M.

IN VIVO PHARMACOLOGY

In Vivo Effects of LY503430 on Prefrontal Cortical Neurons

LY503430 (0.01-10 pg/kg i.v.), potentiated the probability of spike discharge evoked
in prefrontal cortical (PFC) neurons by submaximal stimulation of the ventral subicu-
lum in a dose-dependent manner. The threshold dose (0.1 pg/kg) for potentiation by
LY 503430 of synaptic responses in PFC (Fig. 7) was identical to that for potentiation of
iontophoretically applied AMPA-evoked firing of CA1 hippocampal neurons. In contrast
to the effects on synaptic responses, LY503430 did not significantly enhance the sponta-
neous activity of PFC neurons. Furthermore, by systemic administration LY503430
(0.01-10 ug/kg, i.v.) also enhanced responses of hippocampal neurons to iontophoretical-
ly applied AMPA in a dose-dependent manner (37). These data indicate that the brain
levels of LY503430 after i.v. administration of the drug at the above listed doses were suf-
ficiently high to produce functional effects.

TABLE 4. Pharmacokinetic parameters of LY503430 in dogs™

Dose AUC, 5, Croax Clearance
Route (mg/kg) (ng-h/mL) (ng/mL) ‘max ™ 11 (M) (mL/min/kg)  F (%)
Lv. 0.1 150+ 8 55+7 0.08 2.0+0.3 11 —
p.o. 1 974 £ 177 1424+£25 1.7+07 47+1.2 — 66 +15

* Mean values = S.E.M. for 3 dogs after i.v. or p.o. administration of LY503430.

CNS Drug Reviews, Vol. 11, No. 1, 2005
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Fig. 7. Histograms summarizing the effects of LY503430 on evoked synaptic responses to submaximal hippo-
campal stimulation (A) and the spontaneous firing rate in the single PFC neurons (B). Note that LY503430
potentiated the hippocampal evoked PFC synaptic responses dose-dependently (with the threshold dose at
0.1 pg/kg) (A), but this AMPA potentiator did not change significantly the spontaneous firing rate of the same
PFC neurons (B). * Significantly (P < 0.05) different from control. Vertical bracket-like lines indicate S.E.M.

Effects in Parkinson’s Disease (PD) Models

LY503430 was studied in a variety of rodent models of Parkinson’s disease (62). The
compound had no acute effects on rotational behavior (either alone or in combination with
L-DOPA or pergolide) but provided robust functional and histological protection after
chronic administration. In this section some of the data generated in rodent PD models are
reviewed.

Acute effects on rotational behavior

LY503430 (0.5 mg/kg s.c.) was evaluated for acute effects on baseline rotational be-
havior after a unilateral nigral 6-hydroxydopamine (6-OHDA) lesion in rats. In all experi-
ments 4 pg of 6-OHDA was infused. At this dose 6-OHDA produced a large loss in
dopaminergic neurons within 4 to 7 days (42). In all cases the rats were returned to home
cages for 14 days before behavioral testing. Only rats that showed good responses to am-
phetamine or apomorphine were used in the assessment of new drugs (including
LY503430). Acute treatment with LY503430 (0.5 mg/kg s.c.) had no effect on asymmetry
scores (Fig. 8B). The effects have been compared with those of amphetamine in the same
animals (Fig. 8B).

In order to assess the effects of LY503430 on rotational behavior during dopaminergic
stimulation, the acute effects of the drug in combination with L-DOPA or pergolide were
evaluated. Baseline rotations were measured and the rats then received L-DOPA or
pergolide and 20 min later were given LY503430 and rotations measured for a further
110 min. The results indicated that both L-DOPA and pergolide produced a robust rota-
tional response, and that this response was not altered by LY 503430 (Fig. 9).

In a final series of studies unilateral lesioned rats were sensitized with amphetamine
and the effects of LY503430 studied after 7 days of sensitization. Data indicated that at
0.5 mg/kg LY503430 did not alter amphetamine-sensitized rotational behavior (Fig. 10).
Recently, Hess and co-workers (24) reported that AMPA potentiators (CX546 and CX614)
from a different class were able to alter methamphetamine-induced circling behavior in
methamphetamine-sensitized rats (24). This is of interest, since it suggests that two dif-

CNS Drug Reviews, Vol. 11, No. 1, 2005
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Fig. 8. The effects of acute administration of LY503430 (A) or amphetamine (B) on rotational behavior of rats
one month after unilateral infusion of 6-hydroxydopamine into the substantia nigra. Amphetamine produced a
robust negative asymmetry score, while LY503430 had no effect on rotational counts. ***p <0.001 vs. non-
lesioned. Vertical bracket-like lines indicate S.E.M.
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Fig. 9. The effects of LY503430 (0.5 mg/kg s.c.) and LY404187 (0.5 mg/kg s.c.) on basal and L-DOPA-
(25 mg/kg i.p. = 6.25 mg/kg benserazide i.p.) or pergolide (0.1 mg/kg i.p.)-stimulated rotations. Results indi-
cated that acute injection of LY503430 or LY404187 had no effect on the rotational behavior induced by
L-DOPA or pergolide. Vertical bracket-like lines indicate S.E.M.

ferent chemical classes of potentiators (from Cortex and Lilly) may have different func-
tional effects in some brain areas.

Taken together, the data suggest that LY503430 has no acute effects on rotational be-
havior. This is not unexpected as there is little evidence that acute activation of AMPA re-
ceptors increases dopamine release. Therefore, LY 503430 would not be expected to have
any acute symptomatic effects in PD.

CNS Drug Reviews, Vol. 11, No. 1, 2005
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Effects in a mouse MPTP model

In 1979, several young adults in the California region were hospitalized with motor
problems of an unknown cause: resting tremor, bradykinesia, rigidity, and postural insta-
bility (13,26). These symptoms are classic hallmarks of Parkinson’s disease and they re-
sponded well to L-DOPA, the primary therapy used in PD. It was subsequently discovered
that these individuals had received MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)
as a contaminant of the drugs they were abusing. It was then determined that MPTP is a
potent neurotoxin even at low concentrations (13,26). Post-mortem studies carried out
when some of those afflicted died from drug overdose revealed that damage to the brain
induced by MPTP was remarkably similar to the neurodegeneration observed in PD. Since
then many models of PD have been developed using MPTP administered to mice or non-
human primates (6,46,52). The majority of MPTP animal models use acute administration
at doses such as 4 injections of 20 mg/kg (in mice) over one day to produce damage to
nigrostriatal dopaminergic neurons and achieve a model of end-phase PD within a few
days (8,9). We used this model to assess the effects of LY503430 and a related compound
LY404187. LY503430, daily for 11 days at 0.5 mg/kg s.c., prevented the loss of tyrosine
hydroxylase immunoreactivity (TH-IR) in the striatum (Fig. 11A) and substantia nigra
(Fig. 11B) of MPTP-treated mice. Since it has been reported that the severe dopamine de-
pletion in this “acute” MPTP model is transient and animals recover over time, we also de-
veloped a “subchronic” model of MPTP in which the toxin is administered at 30 mg/kg
for 8 days. Using this model we found a significant protective action of LY503430 that
was administered using the same protocol. These data provide evidence that LY503430
can be neuroprotective in various mouse MPTP-induced neurotoxicity models.

Effects in a retrograde 6-OHDA model

LY503430 was evaluated for its ability to protect against damage to nigral cells fol-
lowing infusion of 6-OHDA into the striatum. In the initial studies we found that 10 pg of
6-OHDA infused unilaterally into the striatum produces a slow, partial retrograde degener-

CNS Drug Reviews, Vol. 11, No. 1, 2005
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Fig. 12. The effects of LY503430 or LY404187 (0.5 mg/kg s.c. for 28 days starting 1 day after infusion of
6-OHDA into the striatum) on the number of TH immunoreactive cell bodies per slide in the substantia nigra at
5.00 mm caudal to bregma (magnification of 125x). Both LY503430 and LY404187 provided protection against
nigral loss (A) and the number of intact TH immunoreactive nigral cell bodies was significantly higher in
LY503430 and LY404187 treated animals (p < 0.05). Data are based on 8 animals per group. **p <0.01 vs. sham
control, *p < 0.05 vs. vehicle control. Vertical bracket-like lines indicated S.E.M.

ation of the cell bodies in the substantia nigra resulting in an approximate 50% loss in
tyrosine hydroxylase (TH) positive cells at 4 weeks and marked ipsiversive rotations in re-
sponse to amphetamine (5 mg/kg i.p.). This partial retrograde model is thought to mimic
some aspects of PD as it has a slow progressive nature. Using this model, we found that
dosing with LY 503430 (0.5 mg/kg s.c.) for 28 days attenuated amphetamine-induced ipsi-
versive rotations and provided significant protection against the loss of TH positive nigral
cell bodies (Fig. 12). Similar protection was observed with the related AMPA receptor
potentiator LY404187 suggesting that this class of potentiators is capable of providing
neuroprotection in this model.

Effects in unilateral 6-OHDA nigral lesion model

Our laboratory had also established a more severe 6-hydroxydopamine model, and
LY503430 was evaluated in several studies using this model In initial studies, 4 pug of
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immunoreactivity in the dorsal and ventral striatum. Results indicate that both LY503430 and LY404187 pro-
vided a significant correction of apomorphine-induced rotational asymmetry (A) and loss of TH staining (B) in
both dorsal and ventral striatum. Data are based on 8 animals per group. ***p <0.001 vs. baseline rotations or
TH, *p <0.05, ©p < 0.01 vs. vehicle treated animals. Vertical bracket-like lines indicate S.E.M.

6-OHDA infused into the substantia nigra produced a loss of cell bodies over the next 4
days and striatal terminals over the next 5 to 6 days, resulting in an 85-90% loss in nigra
cell bodies, 80 to 90% loss of TH-IR in the dorsal striatum and 50-60% loss of TH-IR in
the ventral striatum.

Subcutaneous and oral efficacy studies

Using this model, we initially demonstrated that LY503430 (or L'Y404187) adminis-
tered at 0.5 mg/kg s.c. for 14 days starting one day after 6-OHDA was able to provide
functional improvements (Fig. 13A) and associated preservation of striatal dopaminergic
terminals (Fig. 13B). We then carried out a series of experiments to evaluate the effects of
LY503430 (0.05, 0.1, 0.2, and 0.5 mg/kg p.o. for 10 days, starting on the first day after
6-OHDA) on functional outcome at 12 to 14 days and histological outcome at 13 to 15
days after 6-OHDA. Results of the first experiment indicated that at 0.2 or 0.5 mg/kg p.o.
LY503430 prevented apomorphine-induced rotations (Fig. 14A) and provided significant
protection in the dorsal and ventral striatum (Fig. 14B). Further examination of the dose-
response studies indicated that the minimal effective dose was 0.08 mg/kg p.o. These ef-
fects were accompanied by only a modest effect on the number of TH positive cells in the
substantia nigra (37).

Effects of delayed treatments with LY503430

The large functional improvements and preservation of striatal terminals suggested that
the compound had a trophic mechanism of action. To explore this further we carried out an
additional series of experiments in which the treatment with LY503430 was delayed for
various time intervals after 6-OHDA. Results indicated that LY503430 was able to
provide functional and histological benefits when administration began at 3 or 6 days after
infusion of 6-OHDA (Fig. 15). There was also a significant effect when treatment was
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Fig. 15. The effects of delayed treatment with LY503430 (0.5 mg/kg s.c. for 14 days starting either 3 or 6 days
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control.

started at 14 days after lesion (37). These data suggest that LY 503430 is acting on either
the remaining substantia nigra neurons, the striatum or other brain regions, to activate
these areas or to promote reinnervation of the terminal dopaminergic areas.

Effects on growth factors and neurite outgrowth

Several adjacent sections of striatum were harvested from the oral dose-response and
efficacy studies mentioned above. These sections were immunostained for a range of
growth factors and growth associated protein—43 (GAP-43), a marker of neurite outgrowth
(7). Results indicated that there were no significant differences in growth factor ex-
pression in the striatum between 6-OHDA lesioned animals treated with vehicle or with
LY503430 at 12 days. However, there was a dose-dependent increase in GAP-43 in the
lesioned striatum with LY 503430 (Fig. 16). This finding suggests that new terminals have
been formed and explains the large improvement in functional outcome. We also observed
some increases in BNDF expression in the substantia nigra after LY503430 (37) and in the
hippocampus after LY404187 (33). It is possible that to further understand the mecha-
nisms involved more detailed evaluation of transcription and growth factors at earlier time
points is required.

Washout study with LY503430

In another experiment we administered LY503430 for 14 days starting one day after
6-OHDA and then stopped treatment (washout). Animals returned to their home cages and
were left untreated for the following 28 days prior to evaluating the functional and histo-
logical outcome. Using this experimental design we observed significant functional and
histological improvements (Fig. 17), suggesting that chronic dosing with LY503430 in-
creases terminal outgrowth and that this effect persists for some time. The data do not
mean, however, that only a short period of treatment is required for long lasting effects in
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human PD, because in the current study the toxin was administered once and then re-
moved from the system, while in PD there is a progressive degeneration.

DISCUSSION AND SUMMARY

Parkinson’s disease (PD) is a progressive, neurodegenerative disorder of the basal
ganglia. There is a large loss of dopaminergic cells in the substantia nigra, which project
to the terminal rich caudate and putamen of the corpus striatum. Clinical symptoms are
manifested when approximately 60% of cell bodies have degenerated and initial symp-
toms of PD include tremor at rest, muscular rigidity, bradykinesia, postural abnormalities
and instability. The available pharmacotherapies involve dopamine replacement. These
drugs reduce symptom severity, but do not dramatically affect disease progression.
Therefore, in order to maintain an acceptable quality of life for patients with PD, therapies
that slow or stop disease progression are needed (15,43,49).

A variety of growth factors, including glial derived neurotrophic factor (GDNF) and
BDNF, have been reported to promote the survival of dopaminergic neurons in culture
(38) and to protect against neurotoxin-induced lesions of the nigrostriatal system (1,2,17,
50). A major drawback of growth factors as therapeutic agents is the need for their central
application. Many investigators have reported that antioxidants, nitric oxide synthase in-
hibitors, antiinflammatory agents, nicotine, immunophilins, and related molecules can
provide protection in rodent models of PD (15,43,49).

Another approach would be to boost endogenous neurogenesis, plasticity and growth
factor expression with small molecules. The data presented in this review suggest that
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AMPA receptor potentiators such as LY503430 may act by this mechanism. It is possible
that the reinnervation and sprouting of the dopamine-depleted striatum in the rodent
model may also occur in PD patients. If so, an agent such as LY503430 while not pro-
ducing any acute symptomatic effect may over time increase striatal innervation, slow
disease progression and improve function. Other recent studies have reported that AMPA
can protect cultured neurons against glutamate excitotoxicity through a phosphatidylinosi-
tol 3-kinase-dependent activation of extracellular signal-regulated kinase leading to upre-
gulation of BDNF gene expression (59) and that AMPA receptor potentiators are neuro-
protective against lesions in neonatal mouse brain (16).

Advances in imaging techniques have allowed clinical trials to assess disease pro-
gression (10). The REAL PET study suggested that there was slower progression of Par-
kinson’s disease with ropinirole versus levodopa (57). The technology can also be used to
visualize new dopaminergic terminals following infusion of GDNF in Parkinson’s disease
(19) and functional receptors after fetal dopaminergic transplantation (39). It should,
therefore, be possible to study the disease modifying (neuroprotective) or enhanced
sprouting (neurotrophic) actions with agents such as LY503430 in the clinical situation.

CONCLUSIONS

LY503430 is a novel brain penetrant AMPA receptor potentiator. The compound pro-
vides robust functional and histological benefits in rodent models of PD. These effects
appear to be neurotrophic in nature and, therefore, agents such as LY503430 may be able

to slow progression or enhance brain repair and may offer a new approach to the treatment
of PD.

Addendum. Chemical names of compounds mentioned in the text:

AMPA, o-amino-3-hydroxy-5-methylisoxazole-4-propionic acid; MPTP, 1-methyl-4-phenyl-1,2,3,
6-tetrahydropyridine; 6-OHDA, 6-hydroxydopamine; GAP-43, growth associated protein-43;
BDNEF, brain derived neurotrophic factor; MAPK, mitogen activated protein kinase; GDNF, glial de-
rived growth factor; CX-516, 1-(quinoxalin-6-ylcarbon-yl)piperidine; CX-546, 1-(1,4-benzodioxan-
6-ylcarbonyl)piperdine; CX-614, 2H,3H,6aH-pyrrolidino[2"”,1"-3",2']-1,3-0xazino[6',5'-5,4]ben-
zo[e]1,4-dioxan-10-one; LY404187, N-2-(4-(4-cyanophenyl)phenyl)propyl 2-propanesulfonamide;
LY392098, N-2-(4-(3-thienyl)phenyl)propyl 2-propanesulfonamide; LY503430, (R)-4'-[1-fluoro-1-
methyl-2-(propane-2-sulfonylamino)-ethyl]-biphenyl-4-carboxylic acid methylamide; LY450108,
N-[4-[(1R)-1-methyl-2-[[(1-methylethyl)sulfonyl]amino]ethyl]phenyl]-3,5-difluorophenylcarboxamide;
LY451395, [(2R)-2-[4-[4-[2-[(methylsulfonyl)amino]ethyl]phenyl]propyl][(1-methylethyl)sulfonyl]-
amine.
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