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AMPA receptors consist of a family of hetero-oligomeric (tetrameric) receptors arising from four genes, each of which encodes
a distinct receptor subunit (GluA1-4). Recombinant homo-tetrameric AMPA receptors, comprising four identical subunits, are
functionally active and have been used in in vitro assays. However, the many different subunit permutations make possible the
functional and anatomical diversity of AMPA receptors throughout the CNS. Furthermore, AMPA receptor subunit stoichiom-
etry influences the biophysical and functional properties of the receptor. A number of chemically diverse positive modulators
of AMPA receptor have been identified which potentiate AMPA receptor-mediated activity in vitro as well as improving
cognitive performance in rodents and non-human primates with several being taken further in the clinic. This review article
summarizes the current status in the research on positive allosteric modulation of AMPA receptors and outlines the challenges
involved in identifying a chemically distinct series of AMPA receptor positive modulators, addressing the challenges created by
the heterogeneity of the AMPA receptor populations and the development of structure-activity relationships driven by
homomeric, recombinant systems on high-throughput platforms. We also review the role of X-ray crystallography in the
selection and prioritization of targets for lead optimization for AMPA receptor positive modulators.
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AMPA receptors

AMPA (a-amino-3-hydroxy-5-methyl-4-isoxazole propionic
acid) receptors are the most highly expressed ionotropic
glutamate receptors in the mammalian brain and are respon-
sible for the majority of fast synaptic transmission (Ozawa
et al., 1998). All AMPA receptors are a tetrameric combination
of four subunits (GluA1-4, previously known as GluR1-4 or
GluRA-D, see Alexander et al. 2009 and Collingridge et al.,
2009), each encoded by a separate gene, allowing a wide
variety of different subunit combinations and diverse func-
tion (Greger et al., 2003). Additional complexity arises from
alternative splicing of RNA, which gives rise to flip and flop
variants of each subunit (Seeburg et al., 1998). Each subunit
contains approximately 900 amino acids and exhibits around
65–75% sequence homology to other subunits (Hollmann
and Heinemann, 1994). Subunits are glycosylated and possess

a long extracellular amino-terminus, a short intracellular
carboxy-terminus and three membrane-spanning hydropho-
bic domains (M1, M3 and M4), as well as one intra-membrane
re-entrant loop (M2) (Bennett and Dingledine, 1995). Further-
more, RNA editing results in a positively charged arginine (R)
residue replacing the genomically encoded glutamine (Q) in
the M2 re-entrant loop of the GluA2 subunit, which reduces
both passage of divalent cations and block by intracellular
polyamines (Sommer et al., 1991). GluA2 subunits in mature
brain generally (>95%) contain the R residue, thus restricting
Ca2+ flux through the channel and essentially rendering the
receptor permeable to just Na+ and K+, which is deemed
crucial for adult synaptic function and plasticity (Seeburg
et al., 2001).

Recombinant homotetrameric AMPA receptors, comprising
four identical subunits, are functionally active and can be
used in various in vitro assays. However, the functional and
anatomical diversity of AMPA receptors throughout the CNS
is manifested by the different possible subunit permutations.
AMPA receptor subunit stoichiometry influences the bio-
physical and functional properties of the receptor by modify-
ing parameters such as receptor kinetics (Leever et al., 2003),
channel open time (Klein and Howe, 2004), internalization
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and trafficking to and from the postsynaptic membrane (Col-
lingridge et al., 2004; Greger et al., 2007), all of which are
involved with fast excitatory synaptic transmission. In this
respect, during periods of repetitive glutamatergic afferent
input, AMPA receptor-mediated synaptic transmission acti-
vates the N-methyl D-aspartate (NMDA) subtype of glutamate
receptor, relieving the voltage-dependent Mg2+ block of its
channel and enabling Ca2+ influx into the postsynaptic
neurone. This influx triggers Ca2+-dependent signal-
transduction cascades, trafficking of extrasynaptic AMPA
receptors and high conductance GluA1 homomers (Passafaro
et al., 2001) to the postsynaptic density, leading to the induc-
tion of forms of synaptic plasticity, such as long-term poten-
tiation (LTP), that are believed to be important in mnemonic
processing. AMPA receptors further contribute to the mainte-
nance of synaptic potentiation as more stable, GluA2-
containing, receptors are recruited into the postsynaptic
density of activated synapses (see Derkach et al., 2007).

A family of transmembrane AMPA receptor regulatory pro-
teins (TARPs), which bind to the cytoplasmic carboxy-
terminus domain (Barry and Ziff, 2002), has been identified.
These AMPA receptor auxiliary subunits are intimately
involved with not only the chaperoning of AMPA receptors to
the synapse under both normal synaptic transmission and
increased synaptic activity (Nicoll et al., 2006), but also with
fundamental AMPA receptor properties such as open prob-
ability and channel kinetics (Milstein et al., 2008), single
channel conductance (Tomita et al., 2005) and sensitivity to
polyamine block (Soto et al., 2007), thus playing a crucial role
in synaptic transmission of the CNS.

AMPA receptor positive modulators

Dysfunction of the glutamatergic system has been implicated
in numerous psychiatric disorders, such as schizophrenia,
Alzheimer’s disease, depression, anxiety and attention-deficit
hyperactivity disorder (ADHD) (see Javitt, 2004 for review).
Re-instating the loss of glutamatergic function in such disease
states via alterations in AMPA receptor function can be
achieved by either direct agonism or positive modulation.
Direct agonist-induced activation of AMPA receptors globally
activates the CNS, thereby losing spatial and temporal aspects
of AMPA receptor activation that are critical to generating a
sufficient signal to noise ratio to enable appropriate CNS
processing of sensory information. The alternative approach
of positive modulation of AMPA receptors by, for example,
slowing the rate at which the receptor (i) desensitizes in the
continued presence of glutamate; or (ii) deactivates after
removal of glutamate, enhances and/or prolongs glutamater-
gic synaptic currents, thereby promoting synaptic transmis-
sion and plasticity, without corrupting spatial and temporal
information. This more attractive approach has been pros-
ecuted extensively over the years, in order to identify a range
of positive modulators of AMPA receptors. Such molecules
potentiate AMPA receptor-mediated activity in vitro, exhibit
selective potentiation at all AMPA receptor subunit types,
compared to other ionotropic glutamate receptors, with little
or no specificity for one particular subunit. Different chemical
classes of modulator selectively and reversibly enhance AMPA

receptor-mediated responses recorded from both recombi-
nant AMPA receptor subunits and native AMPA receptors,
slowing the rate at which responses desensitize and/or pro-
longing response deactivation (Arai et al., 1996; Quirk and
Nisenbaum, 2002). In hippocampal slice recordings, polysyn-
aptic circuit facilitation was increased to a greater degree than
monosynaptic potentiation in the presence of AMPA receptor
positive modulators, suggesting that such molecules amplify
neurotransmission across a synaptic network (Sirvio et al.,
1996). Additionally, AMPA receptor modulators lower the
induction threshold, enhance the amplitude and increase the
duration of LTP, widely viewed as the mechanism underlying
many forms of learning and memory (Lynch, 2002; Arai et al.,
2004). Brain derived neurotrophic factor (BDNF), which
enhances synaptic plasticity and activates mechanisms that
regulate induction, as well as early and late maintenance
phases of LTP (Bramham and Messaoudi, 2005), is also
up-regulated by AMPA receptor modulators in neuronal cul-
tures (Legutko et al., 2001) and in vivo (Woolley et al., 2009).
AMPA receptor positive modulators also improve cognitive
performance in behavioural models in rodents, including
improvement in olfactory discrimination, radial arm maze
(Staubli et al., 1994), conditioned fear (Rogan et al., 1997),
water maze performance (Zivkovic et al., 1995; Quirk and
Nisenbaum, 2002), delayed non-match to sample (Hampson
et al., 1998), novel object recognition (Lebrun et al., 2000),
passive avoidance (Lebrun et al., 2000; Quirk and Nisenbaum,
2002) and attentional set shifting (Woolley et al., 2009). Simi-
larly, in non-human primates, improved performance has
been reported in the reversal of impaired multiple schedule
task (Thompson et al., 1995), delayed match to sample in
young (Buccafusco et al., 2004; Porrino et al., 2005) and aged
rhesus monkeys (Buccafusco et al., 2004) and alleviation of
sleep deprivation-impaired performance of delayed match to
sample (Porrino et al., 2005). As well as cognition, preclinical
data has suggested a role for AMPA receptor positive modula-
tors in treatments for a range of diseases including depression
(Quirk and Nisenbaum, 2002; O’Neill and Witkin, 2007),
Huntington’s disease (Simmons et al., 2009) stroke (Dicou
et al., 2003) and Parkinson’s disease (Bloss et al., 2008).

AMPA receptor positive modulators –
clinical landscape

The first generation of AMPA positive modulators were
derived from aniracetam, a nootropic compound shown to
improve different phases of learning and memory impair-
ment in rats and mice (Cumin et al., 1982). From that point,
a number of AMPA receptor modulators have progressed into
clinical evaluation (Figure 1). One of the earliest, CX516, was
shown to improve cognitive performance in healthy volun-
teers (Ingvar et al., 1997), elderly subjects (Lynch et al., 1997)
and schizophrenic patients (Goff et al., 2001), but failed to
improve cognition or schizophrenic symptoms when added
to antipsychotics (Goff et al., 2007). This molecule is weakly
potent and has a very short half life in humans, and both
could be major contributing factors to the study not achiev-
ing a statistically significant end point.
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Subsequently, however, more potent molecules have been
identified with longer half lives, which have been or are
currently in Phase II for the treatment of psychiatric and
neurological disorders. Schering-Plough (formerly Organon),
under license from Cortex, was developing farampator
(Org24448; CX691; SCH900460), one of two lead, orally
active, CX516 follow-on compounds, for the potential treat-
ment of depression. However, by September 2008, the only
apparent ongoing treatment trial, a phase II trial for the short-
term treatment of depression sponsored by The National
Institute of Mental Health, had been suspended, pending the
results of an on-going follow-up study on cardiac safety, being
carried out by Organon/Schering-Plough, in patients who had
previously been treated with the compound. Farampator had
previously also been in development for the potential treat-
ment of schizophrenia, as a cognition enhancing agent in
schizophrenia, and for the treatment of Alzheimer’s disease.
Schering-Plough is also developing ORG26576 for the poten-
tial treatment of depression and ADHD.

Cortex Pharmaceuticals has been the most active player in
the field of AMPA positive modulators (see Table 1). CX717
has been registered for six Phase IIa clinical studies for Alzhe-
imer’s disease and respiratory depression and Cortex is also
developing an intravenous formulation of the compound. A
follow-on compound, CX1739, is also in a Phase II study for
sleep apnoea, with trial completion expected in late 2009 and
further plans to initiate another Phase II study in adult ADHD
in the US within 2009. Other molecules such as CX701 have
been reported to enter development, although they have not
progressed to Phase II evaluation.

LY451395 is an AMPA receptor potentiator under develop-
ment by Lilly for the treatment of Alzheimer’s disease (see
Table 1). This compound has been in Phase II development
since 2002 and is currently undergoing a Phase II trial in 180
patients with Alzheimer’s disease; completion is expected in
November 2010. Another molecule, LY450108, was evaluated
in parallel with LY451395 in Phase I.

In addition to these compounds in clinical assessment, a
number of other compounds exist in the pre-clinical phase of
research, and published reviews give a comprehensive over-
view of the pre-clinical and clinical chemotypes in this area
up to 2006 (Francotte et al., 2006; Morrow et al. 2006 and
references within). Subsequently, further publications and
patents have described newer analogues from within existing
AMPA receptor chemical space as well as, more interestingly,
some recent novel chemotypes from GlaxoSmithKline, Lilly,
Pfizer and Cortex. A representative from each of these novel
chemotypes across the most diverse of the new structures is
represented in Figure 2.

Challenges of identifying new AMPA
positive modulators

The approach of enhancing AMPA receptor function to ame-
liorate a number of psychiatric and neurological conditions is
clearly well validated by extensive pre-clinical results.
However, despite the extensive number of molecules that
have been taken into various clinical studies by Cortex,
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Figure 1 Structures of clinically evaluated AMPA receptor positive modulators.
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Organon, Servier, GlaxoSmithKline and Lilly, there are disap-
pointingly few positive findings, and no molecules have been
identified which have progressed successfully into Phase III
trials. A number of molecule-specific explanations have been
provided for these failures, but nonetheless, they constitute,
overall, a significant body of negative or equivocal data which
frustrates assessment of the true clinical potential of AMPA
receptor positive modulators. One of the major challenges to
understanding these negative data relates to the lack of biom-
arker or translational approaches to assess the magnitude as
well as spatial and temporal pattern of activation of AMPA

receptor positive modulation that is observed for a given
clinical dose, and thus to the ability to thoroughly interrogate
and learn from the negative clinical outcome. Although a
preliminary study with one class of AMPA modulator has
shown changes in blood oxygenation levels using pharmaco-
logical magnetic resonance imaging in rat (Jones et al., 2005)
and another chemotype increased regional cerebral glucose
metabolism rates in non-human primates measured using
positron emission tomography (Porrino et al., 2005). Further-
more, as has already been detailed, the very large number of
reported AMPA positive modulators has, until recently, fallen

Table 1 On-going Phase II trials with AMPA receptor positive modulators

Drug Current phase Summary

CX717
Cortex

Phase-II Phase II Alzheimer’s disease trial started (July 2005); however the FDA placed CX717 on clinical hold in April
2006 based on preclinical data. In July 2007, following an FDA data package review, the company
announced that it was to resume its phase II Alzheimer’s disease trial.

In March 2006, Cortex completed a phase II trial of CX717 in adult ADHD; however in October 2007, the
FDA rejected an IND for a phase IIb study and Cortex inactivated its application.

On October 2008 Cortex reported positive top line results from the company’s placebo-controlled,
double-blind, randomized two-way crossover phase IIa CX717-RD-01 study of CX717 in opioid-induced
respiratory depression.

LY451395
Eli Lilly

Phase-II LY451395 was negative in phase II trial for improving cognitive deficits in Alzheimer’s disease (June 2003,
published in Chappell et al., 2007).

Trial is currently open in 180 patients with Alzheimer’s disease, to assess LY451395 3 mg b.i.d orally for 12
weeks on the symptoms of aggression and agitation. Completion is expected in Nov 2010
(ClinicalTrials.gov, 23 Apr 2009, NCT00843518).

ORG26576
Schering-
Plough

Phase-II In October 2007, a phase I/II trial in patients with major depressive disorder was initiated. Completion
expected in December 2008.

In January 2008, a phase II trial in adult ADHD subjects was initiated. Completion expected in March 2009.
CX1739

Cortex
Phase-II Currently under evaluation in a proof-of-concept Phase II trial in sleep apnoea. Top-line results are expected in

mid-2009 (Press release, Cortex, 14 Apr 2009).
A US Phase II trial in patients with ADHD to evaluate efficacy is expected to start in late 2009 (Press release,

Cortex, 6 Sep 2008).
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into only three major chemotype groupings, and the majority
of clinical trials reported have originated from CX516 and its
close analogues.

Nevertheless, despite this potentially discouraging clinical
landscape, there are still several active research programmes
seeking to identify new AMPA receptor positive modulator
chemotypes, as well as the active development programmes,
detailed earlier. However, as would be assumed from the lack
of chemical diversity in the clinical portfolio of AMPA recep-
tor positive modulators, identification of new chemotypes to
explore new chemical space is both desirable and challenging.
As mentioned previously, the heterogeneity of the AMPA
receptors, together with the various splice variants, sites of
post-translational modification and well characterized acces-
sory proteins in a native system combine to render replication
in a recombinant cell-line extremely difficult. Indeed, the
rationale of using homomeric recombinant cell lines for high
throughput screening, whilst attractive in terms of the poten-
tial high volume of molecule screening, is questionable in
terms of interpretation of data output and translation to the
native system. Nonetheless, workers at Lilly have extensively
described their chemical series which led to LY451395 and
LY450108, and whose origin was identified by use of high-
throughput screening technology against homomeric GluA4
(flip splice variant) using FLIPR technology (Figure 3) (Orn-
stein et al., 2000). This assay measured responses mediated
through AMPA receptors by 100 mM L-glutamate in HEK293
cells by determining changes in concentration of calcium
ions by means of a Ca2+-sensitive fluorescent dye relative to a
positive control (100 mM cyclothiazide). From this, they were
able to identify sets of molecules that were very potent poten-
tiators of AMPA receptors in recombinant and native forms.

Structural studies of AMPA receptors

Structural biology has a well-established role in lead optimi-
zation and discovery for soluble proteins (Congreve et al.,
2005), and is used for nearly all soluble targets within Glaxo-
SmithKline. However, despite recent advances in membrane
protein crystallography (Gouaux and MacKinnon, 2005;
Rosenbaum et al., 2009), it is still unusual to be able to estab-

lish a robust crystallization system for routinely determining
high resolution complexes of lead molecules to support lead
discovery and optimization for an ion channel. However, the
characterization of an isolated soluble ligand binding domain
(LBD) for the GluA2 receptor has enabled many ligand-bound
structures to be determined (Chen et al., 1998; Sun et al.,
2002; Jin et al., 2005; Ptak et al., 2009).

The AMPA receptors have a modular structure (Mayer,
2006) with the extracellular region containing a LBD respon-
sible for agonist binding and an amino-terminal domain
(ATD) (Figure 4). Recent structures of the amino terminal
domain of GluA2 (Clayton et al., 2009; Jin et al., 2009) show
a dimer that is important in guiding subfamily specific recep-
tor assembly. The three subfamilies of ionotropic glutamate
receptors (AMPA, kainate and NMDA) all form tetramers,
which appear to be composed of a dimer-of-dimers with
twofold (not fourfold) symmetry (Tichelaar et al., 2004).

In the full-length receptor, the LBD is tightly coupled to the
ion channel domain. However, LBD constructs, in which
membrane spanning helices M1 and M3 are deleted and
replaced by a short loop (dotted red line Figure 4), and in
which the carboxy-terminal membrane spanning region (M4)
is also deleted, give soluble protein and well-diffracting crystals
(Chen et al., 1998; Sun et al., 2002). We followed this literature
precedent and solved in house over 40 high resolution struc-
tures of the GluA2 LBD bound with ligands from a wide variety
of chemotypes (one such ligand is shown in Figure 5).

Structural studies on the GluA2 LBD showed how the
binding of glutamate causes the clam-shell-like domain to
close (in Figure 4, the arrows on the apo structure show the
direction of domain movement on binding glutamate). The
LBD forms a dimer and the binding of glutamate increases
the distance between the parts of the LBD that are covalently
linked to the membrane-spanning helices in the full-length
receptor (Figure 4) leading to the opening of the ion channel
(Mayer, 2006). In the desensitized state, in which the
glutamate is still bound but the ion channel is closed, the
dimer interface observed between the two LBDs in crystal
structures is broken. An L483Y mutation that stabilizes the
crystallographic LBD dimer (Sun et al., 2002) greatly decreases
AMPA receptor desensitization (Stern-bach et al., 1998). Many
AMPA receptor positive modulators bind at the interface
between the LBDs (Figure 5), increasing the stability of the
glutamate-bound dimer and reducing the level of desensitiza-
tion (Ptak et al., 2009). Aniracetam binds at this dimer inter-
face and preferentially slows deactivation by stabilizing the
clam-shell in its closed cleft, glutamate-bound, conformation
(Jin et al., 2005). The compound binding site on the twofold
axis of the GluA2 LBD dimer is formed by residues that act as
‘hinges’ between the two structural domains of each LBD.
Modulators binding at this site can modulate deactivation as
well as desensitization of the receptor (Jin et al., 2005).

GlaxoSmithKline approaches to identify new
AMPA receptor positive modulators

The approaches at GlaxoSmithKline to identify new AMPA
receptor positive modulators paralleled the approach of Lilly
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Figure 3 Schematic representation of FLIPR assay to detect new
AMPA receptor positive modulators:

• Intracellular calcium change can be detected by calcium-
sensitive dyes using the fluorescent imaging plate reader (FLIPR).
hGluA2(flip) Q/R edited to allow Ca2+ permeability

• HEK293 cells expressing hGluA2 receptor are loaded with
Fluo4-AM

• AM-ester is cleaved by intracellular esterases
• Fluo4 binds to intracellular Ca2+ and increases fluorescence.
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to run a high-throughput screen to identify new chemotypes.
The screen was again established using a FLIPR/Ca2+ assay in
384 plate format with a dual addition protocol. This allowed
for direct Ca2+ measurements with a good dynamic range for
positive modulators, although there was a low signal for
agonist addition. In contrast to Lilly’s screen against the
homomeric GluA4 homomer, we opted to screen against
homomeric GluA2 (flip splice variant) given the relative dis-
tribution patterns of the two subunits (GluA2 is more highly
expressed in cortical and subcortical brain areas than GluA4
which is predominant in the cerebellum (Petralia and
Wenthold, 1992; Beneyto and Meador-Woodruff, 2004).

This assay allowed us to successfully establish a high-
throughput screen and identify novel chemotypes and also to
establish structure–activity relationships (SAR) within the
chemical series. Nonetheless, we were cognizant of the limi-
tations of this high throughput, recombinant cell-line assay
to represent the situation in vivo with heterogeneous AMPA

subunit receptors, the presence of splice variants and post-
translational modifications and various accessory proteins.
Furthermore, the molecules that had been reported as pro-
gressing to Phase II evaluation, cover a range of potencies in
these FLIPR assays from low (e.g. CX516, CX691) to high (e.g.
LY451395), but the efficacious doses in behavioural models of
cognition do not necessarily correlate with these marked dif-
ferences. With this in mind, we established a screening
cascade as represented in Figure 6 in which molecules were
progressed through a number of steps to profile the activity
firstly in the recombinant FLIPR hGluA2 (flip) assay, then
using more detailed conventional patch clamp electrophysi-
ology evaluation to probe the AMPA receptor potentiation
more fully in terms of effects on deactivation and desensiti-
zation. Importantly, this biophysical profile was conducted
both on the recombinant cell line (to give confidence of
eventual activity in man) and in rat neuronal cell cultures (to
give confidence of efficacy in preclinical development).

Figure 4 A model of the GluA2 receptor incorporating dimeric crystal structures of the amino-terminal domain (ATD – pdb code – 3h5v) and
the ligand binding domain (LBD). Apo structure on left, ligand-bound structure on right, structures determined in GlaxoSmithKline. Two
subunits are shown, one in blue and one in green.

Figure 5 A view along the twofold axis showing a crystal structure of LY450108 binding to the GluA2 ligand binding domain. Glutamate
molecules are shown in red.
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To both assist us in the rapid optimization of our early hit
series and to be able to maximize the use of available infor-
mation and technologies, we established a complementary
crystallographic assay, as described earlier. This allowed us to
generate regular ligand-bound crystal structures of our new
AMPA receptor positive modulators in the GluA2-LBD con-
structs to facilitate our optimization strategies. By making a
specific number of probing analogues to test the SAR, we were
able to develop hypotheses of where modifications would be
tolerated in the molecules and to identify the key protein-
interacting residues to maintain. This composite of FLIPR
data, electrophysiological characterization on recombinant
and native systems coupled with structural evidence for the
binding of the AMPA receptor modulators gave us a powerful
set of lead optimization tools and allows informed navigation
of the route through to molecules which can be taken on into
downstream assays.

To illustrate this process, from our described high-
throughput screen, we were able to identify a starting hit

molecule, GSK-1 (Figure 7), which had modest potency in our
hGluA2 FLIPR assay. However, there were limited analogues
available around this molecule to establish an understanding
of the SAR for the AMPA receptor. In order to focus our
medicinal chemistry activities, we were able to generate a
high resolution X-ray crystal structure of GSK-1 bound into
the GluA2-LBD construct, and from there propose analogues
to address potency and improve its potential for develop-
ment. This sequence led to the preparation of new analogues,
including GSK-2, for which we again generated a high reso-
lution X-ray structure (Figure 8) from which we were able to
make hypotheses regarding future analogue preparation and
in particular to identify key conserved interactions. This work
was then able to progress, through further iterations includ-
ing GSK-3, towards a development candidate. This regular
cycle of molecule design, biological profiling and X-ray crys-
tallography with complete method description will be
described fully in a later publication.

Following assessment of the molecules in these assays, as
well as assays designed to understand the physicochemical
and pharmacokinetic properties and so assess the molecule’s
development potential, we were then able to proceed to
evaluation in appropriate pharmacodynamic and behavioural
models such as passive avoidance (Zivkovic et al., 1995) and
novel object recognition (Woolley et al., 2009). For us, it was
pivotal to the progression of both the molecules and the
overall programme that we were able to use an in vivo elec-
trophysiology readout, following previously reported proto-
cols (Vandergriff et al., 2001), to establish a functionally
relevant pharmacodynamic outcome to build confidence that
the molecules were able to enhance neuronal transmission
through AMPA receptors in vivo.

Conclusions

AMPA receptor positive modulators have the potential to be of
value in treating a number of psychiatric and neurological con-
ditions which is validated by an extensive body of preclinical
data. The clinical scenario is more equivocal, with some early
positive clinical data being superseded by later negative trial
outcomes and thus preventing any molecules from progressing

Figure 6 Screening cascade for identification of clinical candidates
from new AMPA receptor positive modulators.
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into large scale Phase III patient trials, which would better
illustrate the true clinical potential of these molecules.

Nonetheless, a number of companies have expended con-
siderable effort to identify new and differentiated AMPA
receptor positive modulators and with the advent of high-
throughput screening technologies, a broadening of the
diversity of chemotypes has been reported.

Our in-house approaches at GlaxoSmithKline have been to
combine biological characterization with routine high resolu-
tion X-ray crystal structure determinations, and this is the
first report we are aware of where this has successfully been
done prospectively to design new analogues for an ion
channel programme.
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