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METHOD FOR TREATING APATHY SYNDROME

FIELD OF THE INVENTION
The present invention concerns the use of a 2-oxopyrrolidine compound in the
treatment of apathy syndrome. The present invention is exemplified by the nefiracetam

compound.

BACKGROUND OF THE INVENTION

Apathy syndrome is a loss of motivation often attributable to a CNS disorder, often
involving frontal-subcortical system dysfunction (Van Reekum, et al., J. Neuropsychi. Clin
Neurosci., 17 (1): 7-19, 2005). The terms “apathy” and “apathy syndrome” as used herein
are not to be confused with apathy as a symptom, which is defined a loss of motivation
atiributable to emotional distress or diminished level of consciousness. The syndrome is
primarily characterized by a diminution in goal-directed overt behaviors. In the
differential diagnosis of apathy syndrome (hereinafter “apathy™), akinesia and akinetic
mutism, depression, dementia, delirium, despair, and demoralization must be ruled out.
Apathy is also significantly associated with older age and cognitive impairment. Although
major depression can be associated with an increased frequency of apathy, depression and
apathy can exist independent of one another (Marin, et al. J. Nerv. Ment. Dis. 1994
182(4):235-9 (1994)). Apathy is significantly associated with specific cognitive
impairments, and can have a different mechanism than depression (Starkstein, et al., J.
Neuropsychiatry Clin. Neurosciences, 4: 134-139 (1992)).

Apathy has been linked to a variety of adverse outcomes. For example, apathy is
associated with functional impairment among patients and elevated stress among their
caregivers. As a consequence, hospitalization is prolonged, therapeutic responses diminish,
and institutionalization occurs earlier. Apathy represents a form of executive cognitive
dysfunction. Over the past decade, validated criteria and rating scales for apathy have
been published. Two of these, described below, are the Apathy Evaluation Scale (AES)
and the less comprehensive Apathy Scale.

As indicated above, apathy is common across a number of CNS disorders, often
those associated with or characterized by frontal-subcortical system dysfunction. These
include but are not limited to stroke, Alzheimer’s disease (Landes), Pick’s disease,

Binswanger’s encephalopathy, Parkinson’s disease, Huntington’s disease, traumatic brain
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injury, Wernicke-Korsakoff syndrome, Kluver-Bucy syndrome, hydrocephalus, pituitary
adenoma and other brain tumors, major depressive disorder, schizophrenia, multiple
sclerosis, carbon monoxide poisoning, and chronic cerebral (Lyme disease, hepatitis C,
HIV) infection (Duffy). In addition, apathy has been described secondary to various
medical disorders (hypothyroidism, pseudohypoparathyroidism, and testosterone
deficiency) and drug usage (neuroleptics, selective serotonin uptake inhibitors, marijuana).
Combined, it has been estimated that apathy afflicts over 10 million Americans.

Apathy syndrome frequently occurs in stroke patients and can be accompanied by
cognitive impairment, depressive state, or other signs of frontal lobe dysfunction.
Hypoactivity in the frontal lobe and anterior temporal regions can contribute to the clinical
appearanceof apathy after stroke. Apathy also affects over 70% of individuals with
Alzheimer’s disease (AD) and is the most common neuropsychiatric symptom reported in
AD patients, but is under-recognized.

Apathy in Parkinson’s disease can be distinguished from other psychiatric
symptoms and personality features that are associated with the disease, and it is often
associated with cognitive impairment. Apathy is one of the major negative symptoms of
schizophrenia, which is among the world's top ten causes of long-term disability.
Symptoms of schizophrenia include psychosis, apathy and withdrawal, and cognitive
impairment, which lead to problems in social and occupational functioning as well as self-
care. Apathy is estimated to affect up to 90 percent of schizophrenic patients. Apathy is
also frequently associated with major depressive episodes. Depending on the type and
severity of comorbid condition, apathy can occur in as many as 86% of patients with
depression.

Apathy is one of the primary neuropsychiatric manifestations of frontal system
dysfunction and has been associated with neuropathological changes in frontal brain
regions. Indeed, frontal—subcortiqal system dysfunction has been implicated in the
causation of apathy; apathy subtypes based on the various frontal-subcortical loops can
thus exist. As noted above, both focal lesions (e.g., stroke or traumatic injury) and diffuse
neurodegenerative processes (e.g., Alzheimer and Parkinson disease) can produce apathy
and other personality changes based on the interruption of projections within or between
prefrontal cortex or subcortical structures that comprise the frontal-subcortical circuits.

Functional disorders, such as schizophrenia, involving frontal-subcortical neurocircuitry in

2
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association with characteristic changes in specific neurotransmitters can also give rise to
apathy.

Although apathy can occur in association with disorders where frontal-subcortical
system dysfunction has not been implicated, frontal-subcortical circuits provide a
comprehensive framework for understanding the anatomy, biochemistry, and
pharmacology of apathy and certain other human behaviors. The three principal
behaviorally relevant circuits originate in the dorsolateral prefrontal cortex, orbitofrontal
cortex, and anterior cingulate cortex, respectively. System-specific marker behaviors
associated with each circuit are executive dysfunction (dorsolateral prefrontal-subcortical
circuit), disinhibition and OCD (orbitofrontal-subcortical circuit), and apathy (medial
frontal-subcortical circuit). The actions of PCP, LSD, serotonergic antidepressants,
anxiolytics, sedative-hypnotics, antipsychotic agents, and ethanol can all be partially or
primarily mediated through transmitter systems and receptor effects expressed through
frontal-subcortical circuits.

Recent research has identified neurotransmitters mediating synaptic transmission in
the frontal-subcortical pathways. These transmitters include acetylcholine and
monoamines, especially serotonin, dopamine and norepinephrine. Drugs affecting one or
more of these transmitter systems might thus be linked to the clinical appearance of
apathy. Conversely, pharmaceutical agents that benefit apathy might be expected to affect
these systems.

At present, there is no FDA approved medication for apathy. There is also no
proof of efficacy for any drug in current (off-label) use. Some preliminary results suggest
that treatment efficacy can exist for some dopaminergic drugs and amphetamines
(Czernecki, et al., Neuropsychologia, 40:2257-67, 2002; Guttman, et al., Parkinsonism
Relat Disord. 7:231-234, 2001). Some preliminary results indicate that treatment efficacy
for apathy in association with Alzheimer’s disease can exist with acetylcholinesterase
inhibitors (Cummings, et al., Am J Geriatr Pharmacother., 3: 137-48, 2005; Wynn, et al.
Dement Geriatr Cogn Disord. 17:100-8, 2004; Boyle, et al., Dement Geriatr Cogn Disord.
17:91-9,2004). Other preliminary results indicate treatment efficacy for apathy in
schizophrenia can exist with atypical antipsychotics (Sumiyoshi T, et al., Int J
Neuropsychopharmacol. 8:451-5, 2005; Goldstein, Drugs Today (Barc), 35:193-210
(1999); Tollefson, et al., Am J Psychiatry. 54: 466-74, 1997).
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There is thus a need for an effective treatment for apathy syndrome in human

subjects.
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SUMMARY OF THE INVENTION
The invention provides a method of treating apathy syndrome in a human subject. In
one embodiment, the subject suffers from conditions associated with or characterized by
frontal-subcortical dysfunction. In another embodiment, the subject suffers from a stroke,
Alzheimer’s disease, Parkinson’s disease, traumatic brain injury, depression,
schizophrenia, or chronic hepatitis C viral infection. The subject is first evaluated to

determine whether one or more behavioral characteristics of apathy are present. If such
4
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characteristics are observed, the subject is administered a pharmaceutical composition
comprising a 2-oxopyrrolidine compound of general Formula (I), such as nefiracetam,
piracetam, aniracetam, pramiracetam, nebracetam, fasoracetam, levetiracetam, or
oxiracetam, in an amount effective to produce an improvement in such characteristics.

A preferred compound is nefiracetam. The effective amount of nefiracetam is in the
range of about 300 to about 1800 mg/day for an adult subject, preferably in the range of
about 600 mg to about 1200 mg/day, the administering can be by oral administration, and
can be carried out over an extended period of at least several days to several weeks or several
months.

Evaluating the human subject to determine whether the subject shows one or more
behavioral characteristics associated with apathy can be carried out through application of
the diagnostic criteria for apathy and by determining the subject’s score on the Apathy
Scale or Apathy Evaluation Scale. The method can further include periodically testing the
subject to determine to subject’s score on the Apathy Scale or Apathy Evaluation Scale,
and adjusting the dose, if necessary to achieve a desired degree of improvement in such
score.

The method can also be effective to improve frontal or executive cognitive functions
in the subject, as evidenced, for example, by an improvement in the subject’s score on the
symbol digit modality test (SDMT).

These and other objects and features of the invention will become more fully

apparent from the following detailed description of the invention.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

When present, unless otherwise specified, alkyl groups are from 1 to 12 carbon
atoms, either straight chained or branched, preferably from 1 to 8 carbon atoms, and more
preferably 1 to 6 carbon atoms.

Apathy syndrome is a clinical syndrome primarily due to lack of motivation,
especially in comparison with the patient’s previous level of function or standards
appropriate for their age and culture. In addition, apathy syndrome is further characterized
by a diminution in goal-directed behavior (for example, reduced effort or an increased
dependency on others to structure activity) and in goal-directed cognition (for example,

reduced interest in learning new things or a loss of concern about one’s personal problems)
5
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as well as in the concomitants of goal-directed behavior (for example, a lack of emotional
responsively to positive or negative events). This clinical state is a source of distress and
is associated with impairment in social, occupational or other important areas of
functioning. Apathy syndrome is not attributable to emotional distress, intellectual
impairment, a diminished level of consciousness or to the direct effects of a substance (for
example, a medication or a drug of abuse). Terms which are related to apathy, or which
may be synonymous with apathy, include abulia (sometimes reflecting severe apathy) and
amotivational states. Apathy syndrome, as used herein, often, but not always, involves
frontal-subcortical system dysfunction (van Reekum, et al., J Neuropsychiatry
ClinNeurosci. 17:7-19, 2005; Marin., J Neuropsychiatry Clin Neurosci. 3:243-54, 1991).

Apathy Evaluation Scale (AES) is used as a measure of apathy severity. Items and
factor structure of AES are listed in Marin, et al. (Psychiatry Res. 1991; 38(2):143-62).
The assessment, the impairment, as well as and the need of recovery of apathy and
cognitive function after stroke are illustrated by Robert G. Robinson "The Clinical
Neuropsychiatry of Stroke", 1998, Cambridge University Press, pages 143, 222-225 and
292-293.

Apathy Scale (AS) is an abbreviated version of the AES. Items and scoring of
Papthy Scale can be found, for example, at Starkstein, et al., J., Neuropsychiatry Clin.
Neurosciences, 4: 134-139 (1992).

Frontal-subcortical dysfunction means signs and symptoms associated with a loss or
impairment of normal neuronal activity in frontal brain regions and in their connections to
structures beneath the frontal cortex including the thalamus, basal ganglia and amygdala.

A CNS disorder associated with or characterized by frontal-subcortical dysfunction
means a disorder that injures, destroys or impairs the activity of neuronal systems largely
projecting within and between the frontal lobe and subcortical structures including the
amygdala, basal ganglia, and thalamus.

Cognitive function can be measured using a tool called the symbol digit modality
test (SDMT). In this test, patients have a legend which links each digit to a specific
graphical, non-text symbol. The patients have a pre-specified, fixed period of time to
match, in writing, as many digits to a list of symbols as possible. The number of correctly
matched digits to symbols provides a measure of a range of cognitive functions, including
executive fanction, attention, memory, and motor function (Joy, et.al. Arch Clin

Neurapsychol. 19:759-67, 2004; Joy, et.al. Clin Neuropsychol. 17:182-94; 2003)
6
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Nefiracetam refers to compound having the chemical structure (N-(2,6-
dimethylphenyl)-2-(2-oxo-1-pyrrolidinyl) acetamide), and includes derivatives of
nefiracetam having minor chemical-group substitutions, e.g., on the pyrrolidine or phenyl
rings, that do not significantly alter the physicochemical properties of the compound or its
activity. For example, the pyrrolidine ring can be substituted at positions 3, 4 or 5 with a
methy] or other small radical group, e.g., methyl or OH group, or the phenyl ring can be
substituted at its 2 and/or 6 positions to replace the methyl'groups with a hydrogen atom or
other small radical group, or substituted at one or more of its 3, 4, or 4 positions.

Pharmaceutically acceptable salts are salts that retain the desired biological activity
of the parent compound and do not impart undesired toxicological effects.
Pharmaceutically acceptable salt forms include various polymorphs as well as the
amorphous form of the different salts derived from acid or base additions. The acid
addition salts can be formed with inorganic or organic acids. Ilustrative but not restrictive
examples of such acids include hydrochloric, hydrobromic, sulfuric, phosphoric, citric,
acetic, propionic, benzoic, napthoic, oxalic, succinic, maleic, malic, adipic, lactic, tartaric,
salicylic, methanesulfonic, 2-hydroxyethanesulfonic, toluenesulfonic, benzenesulfonic,
camphorsulfonic, and ethanesulfonic acids. The pharmaceutically acceptable base addition
salts can be formed with metal or organic counterions and include, but are not limited to,
alkali metal salts such as sodium or potassium; alkaline earth metal salts such as

magnesium or calcium; and ammonium or tetraalkyl ammonium salts, i.e., NXs" (wherein
XisC 1_4).

Applicants have discovered a method of treating apathy syndrome of any cause in a
human subject. The method comprises: (a) evaluating a subject to determine whether the
subject shows one or more behavioral characteristics of apathy, and (b) if the subject shows
one or more said characteristics, administering to the subject a 2-oxopyrrolidine compound

of general Formula (I), or a pharmaceutically acceptable salt thereof, in an amount effective

to produce an improvement in said characteristics,
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R“
wherein R is hydrogen, hydroxy or aminomethyl;

R' is hydrogen or piperidinocarbonyl group;

R" is hydrogen, aminocarbonylalkyl optionally N-substituted with a di(C;-
Cy)alkylamino-(Cy-Cy)alkyl group, anilinocarbonylalkyl optionally mono or disubstituted
on the benzene ring with methyl, methoxy, or halogen; benzyl, optionally mono or
disubstituted on the benzene ring with methyl, methoxy, or halogen;

wherein one or two of R, R’, and R" is hydrogen;

with the provisos that when R’ is other than hydrogen, then R and R" are both hydrogen,
and when R is other then hydrogen, then R' is hydrogen, or a pharmaceutically

acceptable salt thereof.

Examples of 2-oxopyrrolidine compound of general Formula (I) useful for the
present invention are:
piracetam, wherein R=R'=H, R"= CH,CONH, (aminocarbonylmethyl);
aniracetam, wherein R=R'=H, R”= CH,C¢H4-pOCHj3 (4-methoxybenzyl);
oxiracetam, wherein R=0H, R’=H; R”’= CH,CONH_;
pramiracetam, wherein R=R'=H, R”= CH,CONHCH,CH,N[CH(CH3),],, (2-
disiopropylaminoethyl)aminocarbonylmethyl;
nefiracetam, wherein R=R'=H, R”= CH,CONH-(2,6CHj3)C¢H; (anilinocarbonylmethyl);
nebracetam, wherein R= CH,NH, (aminomethyl), R'= H; R”= CH,CHjs (benzyl);

fasoracetam, wherein R= R”=H, R' = piperidinocarbonyl;
O
N/U/I,'II !
H N (0]
H

fasoracetam

levetiracetam, wherein R=R'=H; R”= 1-aminocarbonylpropyl;
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H,C NH,

levetiracetam

Preferred compounds include nefiracetam, piracetam, aniracetam, and oxiracetam,

of which nefiracetam is most preferred.

In one embodiment, the present methods treats apathy syndrome in a human
subject suffering from conditions associated with or characterized by frontal-subcortical
dysfunction, for example, a CNS disorder. In one embodiment, the present methods treats
apathy syndrome in a human subject suffering from a stroke, Alzheimer’s disease,
Parkinson’s disease, traumatic brain injury, depression, schizophrenia, chronic hepatitis C
infection, or HIV infection. Such patients can be identified by standard diagnostic tests for
any of these conditions. The present invention is particularly useful in treating apathy
syndrome in a human subject suffering from a stroke or depression.

The method involves first evaluating the subject to determine whether one or more
behavioral characteristics of apathy are present. This evaluation is typically done using the
standard Apathy Evaluation Scale or the more abbreviated Apathy Scale, and identifying
apathy syndrome by the score achieved by the subject in one or more of the apathy critetia.
Subjects scoring above normal on one or more of the apathy critetia are identified as
candidates for treatment.

The compound is administered to the human subject in an amount effective to
produce an improvement in characteristics associated with apathy, and in particular, in
those subject characteristics identified by the initial evaluation. Thus, after a period of
several days to several weeks or several months of treatment, the subject can be re-
evaluated, e.g., using the AES or Apathy Scale, to determine whether one or more of the
original characteristics of apathy has been reduced, as evidenced by a lower apathy score.
Depending on the degree of improvement, the compound dose can be changed, e.g.,
increased, until 2 desired improvement in apathy score is observed. According to another

feature of the invention, the treated subject can also show an improvement in cognitive
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function, as measured, for example, by the symbol digit modality test (SDMT) described
above.

The compound can be administered to the human subject in the form of tablets,
capsules, suppositories, syrups, aqueous or oily suspensions, gels, dispersible powders,
granules, or emulsion. Oral composition of the compound can be prepared in a manner
well known per se in the pharmaceutical art and usually include the Formula (T)
compound, e.g., nefiracetam, as an active ingredient, in admixture or otherwise in
association with a pharmaceutically acceptable carrier or diluent thereof. For making
those formulations said active ingredient will usually be mixed with a carrier, or diluted
with a diluent, or enclosed or encapsulated in a capsule, sachet, cachet, paper or other
suitable container. Suitable carriers and diluents are known per se.

The amount of the Formula (I) compound, such as nefiracetam, administered in
oral form will vary and can be any effective amount according to the physician's
prescription. Normally, depending upon the patient and the mode of administration, the
quantity of compound administered orally can vary over a wide range to provide from
about 1 mg/kg to about 25 mg/kg, usually 5 mg/kg to 20 mg/kg of body weight of the
patient per dose. Unit doses of Formula (I) compound, such as nefiracetam, in the oral
pharmaceutical compositions can contain, for example, from about 50 mg to about 1800
mg for an adult subject, usually from 600 to 1200 mg of the compound and can be
administered 1 to 4 times daily, usually 2 times daily. These dose levels are adjusted
accordingly for smaller patients or children, and similar dose can apply to related 2-
oxopyrrolidine compounds useful in the invention. The treatment is typically continued
over a period of at least several days to several weeks or several months, and depending on
the underlying brain disorder, can be continued over the lifetime of the subject.

The compounds of the present invention can be administered by any of the
accepted modes of systemic administration including oral, parenteral, intravenous,
intramuscular, and subcutaneous, transdermal, transmucosal, and rectal; with oral
administration being preferred.

Any pharmaceutically acceptable mode of administration can be used, including
solid, semi-solid, or liquid dosage forms, such as, tablets, suppositories, pills, capsules,
powders, granules, liquids suspensions, injections, or the like, preferably in unit dosage
form suitable to single administration of precise dosages, or in sustained or controlled

release forms for prolonged administration of the compound at a predetermined rate. The
10
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compositions typically include a conventional pharmaceutical catrier or excipient and the
active compound and, in addition, can include other medicinal agents, pharmaceutical
agents, carriers, etc. Many examples of such pharmaceutically acceptable vehicles can be
found in Remington’s Pharmaceutical Sciences (17™ edition (1985)) and other standard
texts. These preparations can be prepared by any conventional methods.

The carriers useful for these preparations include all organic or inorganic carrier
materials that are usually used for the pharmaceutical preparations and are inert to the
active ingredient. Examples of the carriers suitable for the preparation of tablets capsules,
granules and fine granules are diluents such as lactose, starch, sucrose, D-mannitol,
calcium sulfate, or microcrystalline cellulose; disintegrators such as sodium
carboxymethylcellulose, modified starch, or calcium carboxymethylcellulose; binders such
as methylcellulose, gelatin, acacia, ethylcellulose, hydroxypropylcellulose, or
polyvinylpyrrolidone; lubricants such as light anhydrous silicic acid, magnesium stearate,
talc, or hydrogenated oil; or the like. When formed into tablets, they can be coated in a
conventional manner by using the conventional coating agents such as calcium phosphate,
carnauba wax, hydroxypropyl methylcellulose, macrogol, hydroxypropyl methylphthalate,
cellulose acetate phthalate, titanium dioxide, sorbitan fatty acid ester, or the like.

Examples of carriers suitable for the preparation of syrups are sweetening agents
such as sucrose, glucose, fructose, or D-sorbitol; suspending agents such as acacia,
tragacanth, sodium carboxymethylcellulose, methylcellulose, sodium alginate,
microcrystalline cellulose, or veegum; dispersing agents such as sorbitan fatty acid ester,
sodium lauryl sulfate, or polysorbate 80; or the like. When formed into syrups, the
conventional flavoring agents, aromatic substances, preservatives, or the like can
optionally be added thereto. The syrups can be in the form of dry syrup that is dissolved or
suspended before use.

Examples of carriers used for the preparation of suppositories are cocoa butter,
glycerin saturated fatty acid ester, glycerogelatin, macrogol, or the like. When formed into
suppositories, the conventional surface active agents, preservatives or the like can
optionally be admixed.

When formed into injections, the compound is dissolved in a suitable solvent for
injection, to which can optionally be added the conventional solubilizers, buffering or pH
adjusting agents, isotonic agents, preservatives and other suitable substances. The

injections can be in the solid dry preparations, which are dissolved before use.
11
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For solid compositions, conventional non-toxic carriers include, for example
mannitol, lactose, starch, magnesium stearate, sodium saccharin, talcum, cellulose,
glucose, sucrose, magnesium carbonate, and the like can be used. The active compound as
defined above can be formulated as suppositories using, for example, polyalkylene glycols
such as propylene glycol as a catrier. Liquid pharmaceutical compositions can, for
example, be prepared by dissolving, dispersing, etc. an active compound as defined above
and optional pharmaceutical adjuvants in a carrier to form a solution or suspension. If
desired, the pharmaceutical composition can also contain minor amounts of non-toxic
auxiliary pH buffering agents and the like, for example, sodium acetate, sorbitan
monolaurate, triethanolamine oleate, etc. Actual methods of preparing such dosage forms
are known, or will be apparent to those skilled in this art; for example, see Remington's
Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., 15th Edition, 1975. The
composition or formulation to be administered will, in any event, contain a quantity of the
active compound(s) in an amount effective to alleviate the symptoms of the subject being
treated.

Dosage forms or compositions contain active ingredient of Formula (I) compound
in the range of 0.25 to 95% with the balance made up from non-toxic carrier can be
prepared. For oral administration, a pharmaceutically acceptable non-toxic composition is
formed by the incorporation of any of the normally employed recipients, and can contain
1%-95% active compound(s), preferably 5%-50%.

Parenteral administration is generally characterized by injection, whether
subcutaneously, intramuscularly, or perineurally. Injectables can be prepared in
conventional forms, either as liquid solutions, suspensions, or emulsions. In addition, the
pharmaceutical compositions can also contain minor amounts of non-toxic substances such
as wetting or emulsifying agents, auxiliary pH buffering agents and the like, such as,
sodium acetate, sorbitan monolaurate, triethanolamine oleate, etc.

The percentage of active compound contained in such parenteral compositions is
dependent on the specific nature thereof, as well as the activity of the compound and the
needs of the subject.

For delayed release, the compound can be formulated in a pharmaceutical
composition, such as in microcapsules formed from biocompatible polymers, nanomilled
active compound, or in liposomal carrier systems according to methods known in the art.

For continuous release of active agent, the compound can be covalently conjugated
12
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to a water soluble polymer, such as a polylactide or biodegradable hydrogel derived from
an amphipathic block copolymer, as described in U.S. Patent No. 5,320,840. Collagen-
based matrix implants, such as described in U.S. Patent No. 5,024,841, are also useful for

sustained delivery of therapeutics.

The following examples further illustrate the present invention. These examples
are intended merely to be illustrative of the present invention and are not to be construed

as being limiting.

EXAMPLES
Example 1. Treatment of Apathy in Post-Stroke Patients
The activity of nefiracetam to improve apathy and/or cognitive function in post-stroke
patients has been demonstrated by a controlled clinical trial against placebo. In this trial,
nefiracetam was administered orally to 103 post-stroke patients, who all have some degree
of depression, for up to twelve weeks after the vascular event. Concurrently, 56 patients
received placebo (placebo group). Of the 103 post-stroke patients treated with
nefiracetam, 55 received 600 mg daily (600 mg group), and 48 received 900 mg daily (900
mg group). The three groups of patients were followed for up to 12 weeks, and evaluated
at the end of week 4, the end of week 8, and the end of week 12, by measuring the Apathy
Evaluation Scale (a symptom scale for measuring apathy), and by measuring SDMT (for
measuring cognitive function).

There was a dose-dependent and time-dependent change in apathy syndrome for
the nefiracetam-treated patients in comparison to the placebo group, where larger numeric
changes mean larger improvements in apathy. As of the last visit (12 weeks), the 900 mg
group showed an average improvement of 3.4 points, the 600 mg group showed an average
improvement of 2.1 points, and the placebo group showed an average improvement of 1.4
points. In comparison, at 4 weeks, the 900 mg group showed only a 1.9 point
improvement in apathy, the 600 mg group showed only a 1.9 point improvement, and the
placebo an average improvement of 1.4 points.

The change in apathy was also more marked for patients who were treated within
28 days of'the stroke, where the 900 mg group showed an average improvement of 6.1
points, the 600 mg group showed an average improvement of 1.3 points, and the placebo

group showed an average improvement of 0.6 points. Nefiracetam worked particularly
13
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well in improving apathy for patients who had suffered cortical strokes. At the last visit
carried forward, the 900 mg group of cortical stroke patients showed an average
improvement of 5.2 points, compared with 3.4 for the 600 mg group and 1.0 for placebo.
Last visit carried forward is a standard method of data analysis whereby patient drop-outs
are dealt with by using the value obtained at the patient’s last actual visit as the value for
all subsequently scheduled, but missed, visits when no data could be collected.

When patients with cortical strokes and significant baseline apathy (greater than
18) were studied, the improvement in apathy in the 900 mg group was 11.7 points at the
last visit, compared with 9.4 points in the 600 mg group and 5.4 points in the placebo
group.

Nefiracetam also showed dose-dependent and time-dependent improvements in
cognitive function as measured by the SDMT. As of the last visit, the 900 mg group
showed an average improvement of 6.6 points, the 600 mg group showed an average
improvement of 5.7 points, and the placebo group showed an average improvement of 4.2
points. In comparison, at 4 weeks, the 900 mg group showed only a 4.4 point change, the
600 mg group showed only a 4.1 point change, and the placebo group showed only a 3.2
point change. The improvements in cognitive function were more marked for patients
with cortical strokes. The improvement seen in the SDMT scale in the 900 mg group for
patients with cortical strokes was 14.2 points at week 12, in comparison with 7 points in

the 600 mg group at week 12, and 2.7 points for the placebo group at week 12.

The clinical findings thus show that in the treatment of post-stroke patients, the
treatment should be initiated as early as possible, preferably within the first few months,

and preferably as soon as possible, e.g., within the first month following the stroke cvent.

Example 2. Treatment of Apathy in Depression Patients

In 151 post-stroke patients having moderate to severe depression, the intervention-
free data of Apathy Scale (AS), as a valid measure of apathy, and of Hamilton Rating
Scale of Depression (HAM-D) and Beck Depression Inventory (BDI), as valid measures of
depression, were collected and analyzed using the method of confirmatory factor analysis.
HAM-D and BDI are fully validated and are widely used measures of the severity of
depression. HAM-D (Hamilton, J. Neurol. Neurosurg. Psychiatry. 23:56-62, 1960) is
rated by a professional. BDI (Arch Gen Psycfllziatry. 4:561-571, 1961) is rated by a patient.
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The 151 patients, who were evaluated at least once after treatment, included the
103 patients studied in Example 1. The 151 patients were divided in three groups each
orally receiving placebo (51 patients) or nefiracetam at 600 mg/day (54 patients) or
nefiracetam at 900 mg/day (46 patients).

The data at the end of 12 weeks were analyzed and summarized as follows:
(a)  As time went, patients’ apathy measured by the‘ Apathy Scale declined from pre-
treatment for patients on active treatments as well as for patients on placebo; however,
patients on active treatment, especially on the high dose medication, showed more
reduction in apathy than did patients on placebo. This finding is consistent across patients
with moderate to severe depression and patients with severe depression, and the treatment
effect appears to have occurred early for more depressed patients;
(b)  As time went, patients’ apathy measured by the Apathy Scale declined from pre-
treatment for patients on active treatments as well as for patients on placebo; however,
patients on active treatment, especially on the high dose medication, showed more
reduction in apathy than did patients on placebo. This finding is consistent across patients
with various severity of baseline apathy, and the treatment effect appears to have been
slightly large for more severe patients.
(c) As time went, patients’ depression measured by HAM-D declined from pre-
treatment for patients on active treatments as well as for patients on placebo; however,
unlike the treatment effects observed on patients’ apathy, patients on placebo showed
slightly more reduction in depression than did patients on active treatment. This finding is
consistent across patients with various severity of baseline apathy, and the placebo effect
appears to have been slightly larger than the treatment effect, especially for patients on the

lower active dose. The results indicate apathy and depression are distinguishable entities.
Although the invention has been described with respect to particular embodiments

and applications, it will be appreciated how various changes and modifications can be

made without departing from the invention.
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WHAT IS CLAIMED IS:

1. A method of treating apathy syndrome in a human subject comprising:

(a) evaluating a subject to determine whether the subject shows one or more
behavioral characteristics of apathy, and

(b) if the subject shows one or more said characteristics, administering to the subject
a 2-~oxopyrrolidine compound of general Formula (1), or a pharmaceutically acceptable sate

thereof, in an amount effective to produce an improvement in said characteristics,

R'/\ :N: o O

Rll
wherein R is hydrogen, hydroxy or aminomethyl;

R’ is hydrogen or piperidinocarbonyl group;

R" is hydrogen, aminocarbonylalkyl optionally N-substituted with a di(C;-
Cy)alkylamino-(C,-Cy)alkyl group, anilinocarbonylalkyl optionally mono or disubstituted
on the benzene ring with methyl, methoxy, or halogen; benzyl, optionally mono or
disubstituted on the benzene ring with methyl, methoxy, or halogen;

wherein one or two of R, R', and R" is hydrogen;

with the provisos that when R' is other than hydrogen, then R and R” are both hydrogen,
and when R is other then hydrogen, then R' is hydrogen, or a pharmaceutically

acceptable salt thereof.

2. The method according to Claim 1, wherein said human subject suffers from

conditions associated with or characterized by frontal-subcortical dysfunction.
3. The method according to Claim 1, wherein said human subject suffers from a
stroke, Alzheimer’s disease, Parkinson’s disease, traumatic brain injury, depression,

schizophrenia, chronic hepatitis C infection, or HIV infection.

4, The method according to Claim 3, wherein said human subject suffers from

depression.

16
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5. The method according to Claim 3, wherein said human subject suffers from a
stroke.
6. The method according to Claim 1, wherein said 2-oxopyrrolidine compound is

nefiracetam, piracetam, aniracetam, pramiracetam, nebracetam, fasoracetam, levetiracetam,

or oxiracetam.

7. The method according to Claim 4, wherein the 2-oxopyrrolidine compound is
nefiracetam.
8. The method according to Claim 7, wherein the effective amount of nefiracetam is in

the range of about 300 to about 1800 mg/day for an adult subject.

9. The method according to Claim 8, wherein said effective amount of nefiracetam is

in the range of about 600 mg to about 1200 mg/day for an adult subject.

10.  The method according to Claim 1, where said administering is carried out over an

extended period of at least several weeks.

11.  The method according to Claim 1, wherein said administering is oral

administration.

12.  The method according to Claim 1, wherein said subject is evaluated by determining

the subject’s score on the Apathy Scale or Apathy Evaluation Scale.

13. The method according to Claim 12, which further comprises the steps of
periodically testing the subject to determine to subject’s score on Apathy Scale or Apathy
Evaluation Scale, and adjusting the dose of the compound, if necessary, until an

improvement in said score is observed.

14. The method according to Claim 1, which is effective on improving cognitive
function in the subject.

17
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15.  The method according to Claim 14, wherein the subject’s score on the symbol digit

modality test is improved.

18
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