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ABSTRACT

This invention relates to compounds, pharmaceutical compositions and methods for use
in the prevention and treatment of cerebral insufficiency, including enhancement of
receptor functioning in synapses in brain networks responsible for basic and higher order
behaviors. These brain networks, which are involved in regulation of breathing, and
cognitive abilities related to memory impairment, such as is observed 1n a variety of
dementias, in imbalances in neuronal activity between different brain regions, as 1s
suggested 1n disorders such as Parkinson’s disease, schizophrenia, respiratory depression,
sleep apneas, attention deficit hyperactivity disorder and affective or mood disorders, and
in disorders wherein a deficiency in neurotrophic factors is implicated, as well as 1n
disorders of respiration such as overdose of an alcohol, an opiate, an opioid, a barbiturate,
an anesthetic, or a nerve toxin, or where the respiratory depression results form a medical
condition such as central sleep apnea, stroke-induced central sleep apnea, obstructive
sleep apnea, congenital hypoventilation syndrome, obesity hypoventilation syndrome,
sudden infant death syndrome, Rett syndrome, spinal cord injury, tfraumatic brain injury,
Cheney-Stokes respiration, Ondines curse, Prader-Willi’s syndrome and drowning, hi a
particular aspect, the invention relates to bicyclic amide compounds useful for treatment

of such conditions, and methods of using these compounds for such treatment.
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BICYCLIC AMIDES FOR ENHANCING
GLUTAMATERGIC SYNAPTIC RESPONSES

Field of the Invention

This invention relates to compounds, pharmaceutical compositions and methods for use 1n the
prevention and treatment of cerebral insufficiency, including enhancement of receptor
functioning in synapses in brain networks responsible for various behaviors. These brain
networks are involved in basic functions such as breathing, to more complex functions such
as memory and cognition. Imbalances in neuronal activities between different brain regions
may lead to a number of disorders, including psychiatric and neurological disorders, including
memory impairment, Parkinson’s disease, schizophrenia, attention deficit and affective or
mood disorders, respiratory depression and in disorders wherein a deficiency in neurotrophic
factors is implicated. In a particular aspect, the invention relates to compounds useful for

treatment of such conditions, and methods of using these compounds for such treatment.

Related Applications

This application claims the benefit of priority of provisional patent application serial number
US60/964,362, filed August 10, 2007 of identical title, the entire contents of which are

incorporated by reference herein.

Backeround of the Invention

The release of glutamate at synapses at many sites in mammalian forebrain stimulates two

classes of postsynaptic 1onotropic glutamate receptors. These classes are usually referred to as
AMPA and N-methyl-D-aspartic acid (NMDA) receptors. AMPA receptors mediate a voltage
independent fast excitatory post-synaptic current (the fast EPSC), whereas NMDA receptors
generate a voltage-dependent, slow excitatory current. Studies carried out 1n slices of
hippocampus or cortex, indicate that the AMPA receptor mediated fast EPSC is generally the
dominant component by far at most glutamatergic synapses, and activation of AMPA

receptors 1s usually a prerequisite for NMDA receptors activation.

AMPA receptors are expressed throughout the central nervous system. These receptors are

found 1n high concentrations in the superficial layers of neocortex, in each of the major

synaptic zones of hippocampus, and in the striatal complex, as reported by Monaghan et al.,
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in Brain Research 324:160-164 (1984). Studies 1n animals and humans indicate that these
structures organize complex perceptual-motor processes and provide the substrates for
higher-order behaviors. Thus, AMPA receptors mediate transmission in those brain networks
responsible for a host of cognitive activities. In addition, AMPA receptors are expressed 1n

brain regions that regulate the inspiratory drive responsible for control of breathing (Paarmann

et al, Journal of Neurochemistry, 74: 1335-1345 (2000).

For the reasons set forth above, drugs that modulate and thereby enhance the functioning of
AMPA receptors could have significant benefits for intellectual performance as well as
reversal of respiratory depression induced by pharmacological agents such as opioids and
opiates, or other means. Such drugs should also facilitate memory encoding. Experimental
studies, such as those reported by Arai and Lynch, Brain Research 598:173-184 (1992),
indicate that increasing the size of AMPA receptor-mediated synaptic response(s) enhances
the induction of long-term potentiation (LTP). LTP 1s a stable increase 1n the strength of
synaptic contacts that follows repetitive physiological activity of a type known to occur 1n the

brain during learning.

Compounds that enhance the functioning of the AMPA subtype of glutamate receptors
facilitate the induction of LTP and the acquisition of learned tasks as measured by a number
of paradigms. See, for example, Granger et al., Synapse 15:326-329 (1993); Staubli et al.,
PNAS 91:777-781 (1994); Arai et al., Brain Res. 638:343-346 (1994); Staubhi et al., PNAS
91:11158-11162 (1994); Shors et al., Neurosci. Let. 186:153-156 (1995); Larson et al., J.
Neurosci. 15:8023-8030 (1995); Granger et al., Synapse 22:332-337 (1996); Arai et al., JPET
278:627- 638 (1996); Lynch et al., Internat. Clin. Psychopharm. 11:13-19 (1996); Lynch et
al., Exp. Neurology 145:89-92 (1997); Ingvar et al., Exp. Neurology 146:553-559 (1997);
Hampson, et al., J. Neurosci. 18:2748-2763 (1998); Porrino et al., PLoS Biol 3(9): 1-14
(2006) and Lynch and Rogers, US Patent 5,747,492, There is a considerable body of evidence
showing that LTP is the substrate of memory. For example, compounds that block L TP
interfere with memory formation in animals, and certain drugs that disrupt learning in humans
antagonize the stabilization of LTP, as reported by del Cerro and Lynch, Neuroscience 49: 1-6
(1992). Learming a simple task induces LTP in hippocampus that occludes LTP generated by
high frequency stimulation (Whitlock et al., Science 313:1093-1097 (2006)) and a
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mechanism that maintains LTP sustains spatial memory (Pastalkova, et al., Science 313:1141-
1144 (2006)). Of significant importance to the field of leaming is the finding that in vivo
treatments with a positive AMPA-type glutamate receptor modulator restores stabilization of

basal dendritic LTP 1n middle-aged animals (Rex, et al., J. Neurophysiol. 96:677-685 (2006)).

Drugs that enhance the functioning of the AMPA receptor can effectively reverse opioid- and
barbiturate-induced respiratory depression without reversing the analgesic response (Ren et
al, American Journal of Respiratory and Critical Care Medicine, 174: 1384-1391 (2006).
Therefore these drugs may be useful in preventing or reversing opioid-induced respiratory
depression and for alleviating other forms of respiratory depréssion including sedative use and
sleep apnea. Excitatory synaptic transmission provides a major pathway by which
neurotrophic factors are increased within specific brain regions. As such, potentiation of
AMPA receptor function by modulators has been found to increase levels of neurotrophins,
particularly brain derived neurotrophic factor, or BDNF. See, for example, Lauterborn, et al.,
J. Neurosci. 20:8-21 (2000); Gall, ez al., U.S. Patent 6,030,968; Lauterborn, et al., JPET
307:297-305 (2003); and Mackowiak, et al., Neuropharmacology 43:1-10 (2002). Other
studies have linked BDNF levels to a number of neurological disorders, such as Parkinson’s
disease, Attention Deficit Hyperactivity Disorder (ADHD), autism, Fragile-X Syndrome, and
Rett Syndrome (RTT). See, for example, O'Neill, et al., Eur. J. Pharmacol. 486:163-174
(2004); Kent, et al., Mol. Psychiatry 10:939-943 (2005); Riikonen, et al., J. Child Neurol.
18:693-697 (2003) and Chang, et al., Neuron 49:341-348 (2006). Thus, AMPA receptor
potentiators may be useful for the treatment of these, as well as other, neurological diseases

that are the result of a glutamatergic imbalance or a deficit in neurotrophic factors.

A prototype for a compound that selectively facilitates the AMPA receptor has been described
by Ito et al., J. Physiol. 424:533-543 (1990). These authors found that the nootropic drug
aniracetam (N-anisoyl-2-pyrrolidinone) increases currents mediated by brain AMPA receptors
expressed in Xenopus oocytes without affecting responses by y-aminobutyric acid (GABA),
kainic acid (KA), or NMDA receptors. Infusion of aniracetam into slices of hippocampus was
also shown to substantially increase the size of fast synaptic potentials without altering resting
membrane properties. It has since been confirmed that aniracetam enhances synaptic

responses at several sites in hippocampus, and that it has no effect on NMDA-receptor
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mediated potentials (Staubli et al., Psychobiology 18:377-381 (1990) and Xiao et al., Hip-

pocampus 1:373-380 (1991)).

Aniracetam has been found to have an extremely rapid onset and washout, and can be applied
repeatedly with no apparent lasting effects, which are desirable features for
behaviorally-relevant drugs. Aniracetam does present several disadvantages, however. The

peripheral administration of aniracetam is not likely to influence brain receptors. The drug

works only at high concentrations (approx. 1000uM), and about 80% of the drug is converted
to anisoyl-GABA following peripheral administration in humans (Guenzi and Zanetti, J.
Chromatogr. 530:397-406 (1990)). The metabolite, anisoyl-GABA, has been found to have
less activity than aniracetam. In addition to these issues, aniracetam has putative effects on a
plethora of other neurotransmitter and enzymatic targets in the brain, which makes uncertain
the mechanism of any claimed therapeutic drug effect. See, for example, Himon, ef al.,
Pharmacology Biochemistry and Behavior 47:219-225 (1994); Pizzi et al., J. Neurochem.
61:683-689 (1993); Nakamura and Shirane, Eur. J. Pharmacol. 380: 81-89 (1999); Spignoli
and Pepeu, Pharmacol. Biochem. Behav. 27:491-495 (1987); Hall and Von Voigtlander,
Neuropharmacology 26:1573-1579(1987); and Yoshimoto et al., J. Pharmacobiodyn.
10:730-735(1987). |

A class of AMPA receptor-enhancing compounds that does not display the low potency and

inherent nstability characteristic of aniracetam has been described (Lynch and Rogers, US

Patent 5,747,492). These compounds, termed "Ampakines", can be substituted benzamides
which include, for example, 6-(piperidin-1-ylcarbonyl)quinoxaline (CX516; Ampalex®).
Typically, they are chemically more stable than aniracetam and show improved bio-
availability. CX516 is active in animal tests used to detect efficacious drugs for the treatment
of memory disorders, schizophrenia, and depression. In three separate clinical trials, CX516
showed evidence for efficacy in improving vanous forms of human memory (Lynch et al.,

Internat. Clin. Psychopharm. 11:13-19 (1996); Lynch et al., Exp. Neurology 145:89-92
(1997); Ingvar et al., Exp. Neurology 146:553-559 (1997)).

Another class of Ampakines, benzoxazines, has been discovered to have very high activity in
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in vitro and in vivo models for assessing the probability of producing cognition enhancement
(Rogers and Lynch; US Patent # 5,736,543). The substituted benzoxazines are rigid

benzamide analogues with different receptor modulating properties from the flexible

benzamide, CX516.

Certain substituted 2.1.3 benzoxadiazole compounds have been found to be significantly and
surprisingly more potent in amimal models of attention deficit hyperactivity disorder (ADHD),
schizophrenia and cognition than previously disclosed compounds in US 2002/0055508 and
US 2002/0099050. This new and novel class of bicyclic amides (A), described in greater
detail herein, display significant activity for enhancing AMPA mediated glutamateric synaptic

reSponses.

O
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Summary of the Invention

The present invention therefore, includes, in one aspect, a compound as shown by structure A
and other structures and described in Section II of the Detailed Description, which follows.
Adminmstration of compounds of this class has been found to enhance AMPA mediated
glutamatergic synaptic responses and significantly improve the behavior of rodents in the d-
amphetamine stimulated locomotion assay. This behavioral assay has proven useful in
assessing the efficacy of neuroleptic drugs for the treatment of schizophrenia and ADHD.

The compounds are significantly and surprisingly more potent than previously described com-
pounds In increasing glutamatergic synaptic responses in vivo. This activity translates into
pharmaceutical compounds and corresponding methods of use, including treatment methods,
which utilize significantly lower concentrations of the present compounds compared to prior
art compositions. In addition, compounds within the present invention demonstrate improved

pharmacokinetic properties compared with previously described compounds and have good

oral bioavailability.
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The ability of the compounds of the invention to increase AMPA receptor-mediated responses
makes the compounds useful for a variety of purposes. These include facilitating the learning
of behaviors dependeﬁt upon glutamate receptors, treating conditions in which AMPA
receptors, or synapses utilizing these receptors, are reduced in numbers or efiiciency, and
enhancing excitatory synaptic activity in order to restore an imbalance between brain sub-

regions or increase the levels of neurotrophic factors.

In another aspect, the invention includes a method for the treatment of a mammalian subject
suffering from a hypoglutamatergic condition, or from a deficiency in the number or strength
of excitatory synapses, or in the number of AMPA receptors, such that memory or other
cognitive functions are impaired. Such conditions may also cause a cortical/striatal

imbalance, leading to schizophrenia or schizophreniform behavior.

In another aspect, the invention includes a method for reducing or inhibiting respiratory
depression in a subject having respiratory depression, compnsing administering to the
subject an amount of a compound of the invention, the amount being sufficient to reduce or
inhibit respiratory depression. In one embodiment of the invention, the subject is a human.
In another embodiment, the subject is a mammal. Also claimed 1s a method for reducing or
inhibiting respiratory depression comprising administering to the subject an amount of a
compound of the invention in combination with an opioid analgesic; examples of such

opiates include but are not limited to, alfentanil and fentanyl.

In another aspect, the invention includes a method for reducing or inhibiting breathing -
related sleep disorders or sleep apnea in a subject having sleep apnea, comprising
administering to the subject an amount of a compound of the invention, the amount being

sutficient to reduce or inhibit the breathing related sleep disorder.

According to the methods, such a subject is treated with an effective amount of a compound
as shown by structure I, and described in Section II of the Detailed Description, following, in
a pharmaceutically acceptable carrier. These and other objects and features of the invention
will become more fully apparent when the following detailed description of the invention is

read in conjunction with the accompanying drawings.
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Detailed Description of the Invention

I. Definitions
The terms below have the following meanings unless indicated otherwise. Other terms that
are used to describe the present invention have the same definitions as those terms are

generally used by those skilled in the art.

The term "alkyl" 1s used herein to refer to a fully saturated monovalent radical containing
carbon and hydrogen, and which may be a straight chain, branched or cyclic. Examples of

alkyl groups are methyl, ethyl, n-butyl, n-heptyl, 1sopropyl, 2-methylpropyl.

The term “cycloalkyl” 1s used herein to refer to a fully saturated monovalent radical
containing up to 8 carbons and hydrogen 1n a nng. Examples of cycloalkyl groups are

cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl.

The term “bicycloalkyl” 1s used herein to refer to a fully saturated monovalent radical
containing up to 10 carbons and hydrogen in a bicyclic nng. Examples of bicycloalkyl

groups are bicyclo[2.2.2]octyl, bicyclo[2.2.1]heptyl and bicyclo[2.2.3]nonyl and
bicylo[3.2.1]octyl.

The term *“‘azabicycloalkyl” is used herein to refer to a fully saturated monovalent radical
containing up to 10 carbons and hydrogen and 1 nitrogen atom in a bicyclic ring. Examples
of azabicycloalkyl groups a include 1-azabicyclo[2.2.2]octyl, 2-azabicyclo[2.2.2]octyl, 1-
azabicyclo[2.2.1]heptyl, 2-azabicyclo[2.2.1]heptyl and 1-azabicylo[3.2.1]octyl.

The term "alkenyl" 1s used herein to refer to a monovalent radical containing carbon and
hydrogen that contains one or two sites of un-saturation, and which may be a straight chain,
branched or cyclic. Examples of alkenyl groups are ethenyl, n-butenyl, n-heptenyl,
iIsopropenyl, cyclopentenyl, cyclopentenylethyl and cyclohexenyl. “Alkynyl” refers to a

monovalent radical containing carbon and hydrogen as described above which contains at

least one triple bond.
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The term “substituted alkyl” refers to alkyl as just described including one or more functional
groups such as lower alkyl containing 1-6 carbon atoms, aryl, substituted aryl, acyl, halogen
(1.e., alkyl halos, e.g., CF3), amido, thioamido cyano, nitro, alkynyl, azido, hydroxy, alkoxy,
alkoxyalkyl, amino, alkyl and dialkyl-amino, acylamino, acyloxy, aryloxy, aryloxyalkyl,
carboxyalkyl, carboxamido, thio, thioethers, both saturated and unsaturated cyclic

hydrocarbons, heterocycles and the like.

The term "aryl" refers to a substituted or unsubstituted monovalent aromatic radical having a
single ring (e.g., phenyl) or multiple condensed rings (e.g., naphthyl). Other examples include
heterocyclic aromatic ring groups having one or more nitrogen, oxygen, or sulfur atoms 1n the
ring, such as oxazolyl, isoxazolyl, pyrazolyl, thiazolyl, thiadiazolyl, tetrazolyl, pyridazinyi,
pyrimidyl, benzofuryl, benzothienyl, benzimidazolyl, benzoxazolyl, benzothiazolyl, quinolyi,
isoquinolyl, imidazolyl, furyl, pyrrolyl, pyridyl, thienyl and indolyl.

The term ““substituted” as used 1n the term “‘substituted aryl, substituted aromatic, substituted
heteroaryl, or substituted heteroaromatic™ herein signifies that one or more substituents may
be present, said substituents being selected from atoms and groups, which when present do
not prevent the compound from functioning as a potentiator of AMPA receptor function.
Examples of substituents that may be present in a substituted aromatic or heteroaromatic
group include, but are not limited to, groups such as (C;-C;) alkyl, (C;-C5) acyl, aryl,
heteroaryl, substituted aryl and heteroaryl, halogen, cyano, nitro, amido (optionally substituted
with one or two C;-C5 alkyl groups), thioamido (optionally substituted with one or two C;-C;
alkyl groups), azido, alkynyl, (C,-C;) alkylhalos (e.g., CF3), hydroxy, (C;-C5) alkoxy, (C,-Cs)
alkoxyalkyl, amino, (C,-C5) alkyl and dialkyl amino, (C,;-C;) acylamino, (C;-C;) acyloxy,
aryloxy, (C,-C5) aryloxyalkyl, (C;-C;) carboxyalkyl, carboxamido, thio, (C;-C;) thioethers,
both saturated and unsaturatéd (C3-Cs) cyclic hydrocarbons, (C3-Cs) heterocycles and the like.

It 1s noted that each of the substituents disclosed herein may themselves be substituted.

"Heterocycle" or "heterocyclic" refers to a carbocylic ring wherein one or more carbon atoms

have been replaced with one or more heteroatoms such as nitrogen, oxygen or sulfur.
Examples of heterocycles include, but are not limited to, piperidine, pyrrolidine, morpholine,

thiomorpholine, piperazine, tetrahydrofuran, tetrahydropyran, 2-pyrrolidinone, 8-
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valerolactam, o-valerolactone and 2-ketopiperazine.

The term “substituted heterocycle” refers to a heterocycle as just described which contains or
1s substituted with one or more functional groups (as otherwise described herein) such as
lower alkyl, acyl, aryl, cyano, halogen, amido, thioamido, azido, hydroxy, alkoxy,
alkoxyalkyl, amino, alkyl and dialkyl-amino, acylamino, acyloxy, aryloxy, aryloxyalkyl,
carboxyalkyl, carboxamido, thio, thioethers, both saturated and unsaturated cyclic

hydrocarbons, heterocycles and the like, as otherwise described herein.

The term “compound” 1s used herein to refer to any specific chemical compound disclosed
herein. Within 1ts use in context, the term generally refers to a single stable compound, but
In certain instances may also refer to stereoisomers and/or optical isomers (including
enantiopure compounds, enantiomerically enriched compounds and racemic mixtures) of

disclosed compounds.

The term "effective amount" refers to the amount of a selected compound of formula I that is
used within the context of its intended use to effect an intended result, for example, to
enhance glutamatergic synaptic response by increasing AMPA receptor activity. The precise
amount used will vary depending upon the particular compound selected and its intended use,
the age and weight of the subject, route of administration, and so forth, but may be easily
determined by routine experimentation. In the case of the treatment of a condition or disease
state, an effective amount 1s that amount which is used to effectively treat the particular

condition or disease state.

The term "pharmaceutically acceptable carrier" refers to a carrier or excipient which is not
unacceptably toxic to the subject to which it is administered. Pharmaceutically acceptable

excipients are described at length by E.W. Martin, in "Remington's Pharmaceutical Sciences."

A "pharmaceutically acceptable salt” of an amine compound, such as those contemplated in
the current invention, is an ammonium salt having as counter ion an inorganic anion such as
chloride, bromide, iodide, sulfate, sulfite, nitrate, nitrite, phosphate, and the like, or an organic

anion such as acetate, malonate, pyruvate, propionate, fumarate, cinnamate, tosylate, and the
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like.

The term “patient” or “subject” is used throughout the specification to describe an animal,
generally a mammalian animal, including a human, to whom treatment or use with the
compounds or compositions according to the present invention 1s provided. For treatment or
use with/or of those conditions or disease states which are specific for a specific amimal
(especially, for example, a human subject or patient), the term patient or subject refers to that

particular animal.

The term “‘sensory motor problems™ is used to describe a problem which arises 1n a patient or
subject from the inability to integrate external information derived from the five known
senses 1n such a way as to direct appropriate physical responses involving movement and

action.

The term ““‘cognitive task™ or “cognitive function” is used to describe an endeavor or process
by a patient or subject that involves thought or knowing. The diverse functions of the
association cortices of the parietal, temporal and frontal lobes, which account for
approximately 75% of all human brain tissue, are responsible for much of the information
processing that goes on between sensory input and motor output. The diverse functions of the
association cortices are often referred to as cognition, which literally means the process by
which we come to know the world. Selectively attending to a particular stimulus, recognizing
and 1dentifying these relevant stimulus features and planning and experiencing the response

are some of the processes or abilities mediated by the human brain which are related to

cognition.

The term “brain network™ is used to describe different anatomical regions of the brain that

communicate with one another via the synaptic activity of neuronal cells.

The term “AMPA receptor” refers to an aggregate of proteins found in some membranes,

which allows positive ions to cross the membrane in response to the binding of glutamate or

AMPA (DL-a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid), but not NMDA.
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The term “excitatory synapse™ 1s used to describe a cell-cell junction at which release of a
chemical messenger by one cell causes depolarization of the external membrane of the other
cell. An excitatory synapse describes a postsynaptic neuron which has a reversal potential that
1s more positive than the threshold potential and consequently, in such a synapse, a
neurotransmitter increases the probability that an excitatory post synaptic potential will result
(a neuron will fire producing an action potential). Reversal potentials and threshold potentials
determine postsynaptic excitation and inhibition. If the reversal potential for a post synaptic
potential (“PSP”) is more positive than the action potential threshold, the effect of a
transmitter is excitatory and produces an excitatory post synaptic potential (“EPSP”) and the
firing of an action potential by the ncuron. If the reversal potential for a post synaptic
potential is more negative than the action potential threshold, the transmitter 1s inhibitory and
may generate inhibitory post synaptic potentials (IPSP), thus reducing the likelihood that a
synapse will fire an action potential. The general rule for postsynaptic action 1s: if the reversal
potential is more positive than threshold, excitation results; inhibition occurs if the reversal
potential 1s more negative than threshold. See, for example, Chapter 7, NEUROSCIENCE
edited by Dale Purves, Sinauer Associates, Inc., Sunderland, MA 1997.

The term “motor task™ 1s used to describe an endeavor taken by a patient or subject that

involves movement or action.

The term “perceptual task™ 1s used to describe an act by a patient or subject of devoting

attention to sensory inputs.

The term *“‘synaptic response’ 1s used to describe biophysical reactions in one cell as a

consequence of the release of chemical messengers by another cell with which it is in close

contact.

The term “hypoglutamatergic condition” 1s used to describe a state or condition in which
transmission mediated by glutamate (or related excitatory amino acids) is reduced to below
normal levels. Transmission consists of the release of glutamate, binding to post synaptic
receptors, and the opening of channels integral to those receptors. The end point of the

hypoglutamatergic condition 1s reduced excitatory post synaptic current. It can arise from any
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of the three above noted phases of transmission. Conditions or disease states which are
considered hypoglutamatergic conditions and which can be treated using the compounds,
compositions and methods according to the present invention include, for example, loss of
memory, dementia, depression, attention disorders, sexual dysfunction, movement disorders,
including Parkinson’s disease, schizophrenia or schizophreniform behavior, memory and
learning disorders, including those disorders which result from aging, trauma, stroke and
neurodegenerative disorders, such as those associated with drug-induced states, neurotoxic
agents, Alzheimer’s disease and aging, respiratory depression and sleep apnea. These

conditions are readily recognized and diagnosed by those of ordinary skill in the art.

The term ““‘cortico-striatal imbalance” is used to describe a state in which the balance of

neuronal activities in the interconnected cortex and underlying striatal complex deviates from
that normally found. 'Activity' can be assessed by electrical recording or molecular biological
techniques. Imbalance can be established by applying these measures to the two structures or

by functional (behavioral or physiological) critena.

The term “affective disorder” or “mood disorder’” describes the condition when sadness or
clation 1s overly intense and continues beyond the expected impact of a stressful life event, or
arises endogenously. As used herein, the term “‘effective disorder” embraces all types of mood
disorders as described 1n, for example, Diagnostic and Statistical Manual of Mental

Disorders, Fourth Edition (DSM 1V), pages 317-391.

The term “schizophrenia” i1s used to describe a condition which is a common type of
psychosis, characterized by a disorder in the thinking processes, such as delusions and
hallucinations, and extenstve withdrawal of the individual’s interest from other people and the
outside world, and the investment of it in his or her own. Schizophrenia is now considered a
group of mental disorders rather than a single entity, and distinction is made between reactive
and process schizophrenias. As used herein, the term schizophrenia or “schizophreniform”
embraces all types of schizophrenia, including ambulatory schizophrenia, catatonic
schizophrenia, hebephrenic schizophrenia, latent schizophrenia, process schizophrenia,
pseudoneurotic schizophrenia, reactive schizophrenia, simple schizophrenia, and related

psychotic disorders which are similar to schizophrenia, but which are not necessarily
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diagnosed as schizophrenia per se. Schizophrema and other psychotic disorders may be
diagnosed using guidelines established in, for example, Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM 1V) Sections 293.81, 293.82, 295.10, 295.20, 295.30,
295.40, 295.60, 295.70, 295.90, 297.1, 297.3, 298.8.

The term “brain function” is used to describe the combined tasks of perceiving, integrating,

filtering and responding to external stimuli and internal motivational processes.

The term “impaired” is used to describe a function working at a level that 1s less than normal.
Impaired functions can be significantly impacted such that a function 1s barely being carried
out, 1s virtually non-existent or is working in a fashion that 1s significantly less than normal.
Impaired functions may also be sub-optimal. The impairment of function will vary in severity

from patient to patient and the condition to be treated.

The term "respiratory depression” as used herein refers to a variety of conditions characterized
by reduced respiratory frequency and inspiratory drive to cranial <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>