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DESCRIPTION
METHOD FOR TREATING NEURODEGENERATION

TECHNICAL FIELD

The present invention concerns the use of a cyclic gamma-aminobutyric acid
(GABA) derivative, namely N-(2,6-dimethylphenyl)-2-(2-oxo-1-pyrrolidinyl)acetamide,
for the preparation of medicaments for the treatment of neurodegeneration, particularly
after a stroke, for improving the Activities of Daily Living (ADL) after a stroke or for
recovering, or at least for improving the recovery of, a post-stroke patient.

The present invention also concerns novel antineurodegenerative pharmaceutical
compositions comprising, as an active ingredient, N-(2,6-dimethylphenyl)-2-(2-oxo-1-
pyrrolidinyl)acetamide. |

BACKGROUND ART

It is known that a way to assess physical impairment in post-stroke patients,
besides the neurological motor and sensory examination, is to quantitate deficits in the
performance of daily activity (ADL) according to assessment scales, such as the John
Hopkins Functioning Inventory (JHFI) or analogous ones, which determine the patients'
ability to accomplish normal operations, in particular keeping the sitting or standing
position, walking, washing, dressing, undressing, taking the meals, bath and using
lavatory. The assessment, the impairment, as well as and the need of recovery of ADL
after stroke are illustrated by Robert G. Robinson "The Clinical Neuropsychiatry of
Stroke", 1998, Cambridge University Press, pages 143, 222-225 and 292-293).

Depression is the main disorder associated with stroke and there is a correlation
between the severity of depression and the severity of impairment in ADL. For the
improvement in the impairment of ADL and, as a consequence, for the improvement in
the recovery from stroke, patients are mainly treated with antidepressant dnigs and,
according to the above cited reference, there are no documented pharmacological
treatments, apart from said antidepressants treatments, which improve physical or
cognitive recovery from completed stroke (Robert G. Robinson, loc. cit., page 293).

Cyclic GABA derivatives, more particularly 2-oxopyrrolidine derivatives, are
compounds extensively used in pharmaceutical compositions for the improvement of
memory and attention and are known as mnemotonic or nootropic agents. Typical
drugs of this class include 2-oxo-1-pyrrolidineacetamide (piracetam), 1-(4-
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methoxybenzoyl)-2-pyrrolidinone (aniracetam) and 4-hydroxy-2-oxo0-1-
pyrrolidineacetamide (oxiracetam).

It is known (BE 883791 - US .4341790) that anilides of 2-oxo-1-
pyrrolidineacetamide show central vasoactive and tranquillizing properties as well as
the ability of regulating the metabolism and inhibiting thrombocyte agglutination. Thus,
said compounds are deemed to be useful for the treatment of cerebro-ischaemic or
atrophic diseases, brain irrigation disorders, brain atrophic crises as well as of brain
aging processes. Among these anilides of 2-oxo0-1-pyrrolidineacetamide, the 2,6-
dimethylanilide, i.e. N-(2,6-dimethylphenyl)-2-(2-oxo-1-pyrrolidinyl)acetamide, known
and hereinafter referred to as nefiracetam, represented by the formula (A)

N o H3

CH2CONH-

@)
has been reported to be effective in prolongmg the survival tlme upon a decrease in
blood oxygen level and in rehevmg failure of memory due to cerebropathy

. The literature extensively discloses (see for example E. Ohtomo et al., J Clin.
Exp. Med., Suppl., 1994, 170/9, 777-816) the usefulness of nefiracetam in improving
psychiatric disorders associated with cerebrovascular diseases such as stroke (cerebral
infarction or cerebral hemorrhage) this activity being a consequence of the favorable
action of nefiracetam on the cerebral irrigation, as suggested by BE 883791.

It is also known (K. Hirata et al., Brain Topography 1996, 8/3, 279-284) that
nefiracetam acts as a cerebral metabolic enhancer in improving the mental function
impairment in stroke patients, thus confirming the suggestion of BE 833791 which
disclosed the metabolism-regulating properties of the compound. Hirata et al., however,
conclude that the i improvement of mental function tests was not significant.

Mo_reover; it is known (US 5886023) that nefiracetam improves symptoms of
cerebrovascular or Alzheimer's type dementia due to a decline in mental function.

All these documents indicate that the efficacy of nefiracetam in the symptomatic
treatment of impaired mental function is due to its ability in improving the cerebral
irrigation or to its metabohsm-regulatmg propemes Psychiatric symptoms and
cognitive impairment are frequently observed following stroke and negatively affect
both the patient and the caregiver.
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In the above-cited article of Ohtomo et al., the global results of a clinical study,
conducted in two groups of patlents to- whlch nefiracetam and, respectively, placebo
were administered after a stroke (celebral infarction or celebral hemorrhage), showed
that the compound i lmproves the psycluatnc symptoms but concluded that there was no
significant difference between the two groups as far as the activities of daily living were
concerned. Thus, according to t_l;_ese ‘results nefiracetam appeared as inactive in
improving the disturbarices of the activities of daily living in post-stroke patients. A
positive effect in this indication could suggest a curative use of a drug for the recovery
from a stroke or, at least, for an lmproved recovery ﬁ'om stroke '

 DISCLOSURE OF INVENTION
It has now surprisingly been found that, if nefiracetam is administered to
a patient, suffering from the consequences of a stroke, early after the event or at the
most within the first six months after the stroke, a s1gmﬁcant improvement with regard
to the global disturbancies of the activities of the daily living is obseved.

More partlcularly, it has been found that nefiracetam is able to induce an
improvement in the recovery of post-stroke patients, provnded that said nefiracetam:-is
administered early after the event, at the most w1thm the first six months after said event.

Moreover, it has surpnsmgly been found that nefiracetam possesses  a
remarkable neurotrophic activity which allows the regeneratlon of damaged ‘nieurons,
thus being able to combat neurodegeneratmn and that nefiracetam is. particularly
effective when the neurodegeneratlon isdueto a stroke (cerebral infarction or cerebral
hemorrhage).

~ Thus, it is an object of the present mventnon to prov1de the use of neﬁracetam for
the preparation of a medlcaments for the treatment of neurodegeneratlon '

The mechanism by which nefiracetam acts on' the neurodegeneratlon, thus
allowing, for example, a recovery or at least an improvement in the recovery from
stroke, is unknown because neﬁracetam does not possess known biochemical activities
which are predictive and known for this action such as, for example an agonism for the
SHT1-A receptor or a positive modulation of AMPA-sensitive glutamate receptors
(AMPA indicates a-ammo-3-hydroxy—S-methyl-4-1soxazoleproplomc acid).
| The neurotrophlc 'in particular antmeurodegeneratlve property of nefiracetam
was inferred on the basls of the clinical evidence of a ‘'significant improvement in the
Activities of the Daily anmg and conﬂrmed by blochemlcal and animal tests
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Thus, it is another ,object of the present mventnoq to provide the use of
nefiracetam for the preparatlon of medicaments for 1mprowng the Activities of Daily
Living (ADL) in a post-stroke patient. The treatment comprises administering to a
patient an effective dose of nefiracetam, said administration being initiated within the

first six months after the stroke.

In order to display the best activity, nefiracetam will be administered early or at
least as soon as possible, advantageusly within three month, preferably within one
month after a stroke.

Nefiracetam can be administered in various manner to achieve the desired effect,
for example for improving ADL in a post stroke patient or for the recovery of, or at least
for improving the recovery of; a post-stroke patient. The compound can be administered
alone or in the form of pharmaceutical compositions comprising a phamacologically
effective amount of nefiracetam as an active ingredient and a pharmaceutical acceptable
carrier to the patient to be treated, preferably orally. The oral amount of nefiracetam
administered 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 may vary over a wide range to provide from
about 1 mg/kg to about 20 mg/kg, usually 1.5 mg/kg to 15 mg/kg of body weight of the
patient per dose. Unit doses of nefiracetam in the oral Pharmaceutical compositions may
contain, for example, from about:50 mg to about 1200 mg, usually from 100 to 600 mg
of the compound and may be administerd 1 to 4 times daily. .

‘The activity -of nefiracetam to improve ADL in post-stroke patients has been
dlsoovered during a controlled clinical trial against placebo. The compound has been
administered orally to 32 post-stroke patients within six months after the event whilst,
concurrently, 27 patients received placebo. The two groups of patients were followed
during at least 8 weeks and followed up at the end of week 4 and at the end of week 8
on a symptom scale measuring Activities of Daily Living. The nefiracetam-treated
patients showed a moderate or remarkable improvement, whereas no patient in the
group treated with placebo showed an improvement. Among the above 59 patients, 19
received nefiracetam and 10 received placebo within three months after stroke. Some
70% of the nefiracetam-treated patients showed a moderate or remarkable improvement
whilst no improvement has be noted in the patients who received placebo. The
difference was significant (p = 0.035, %2 test). Thus, unlike what the literature seemed
to suggest, it has been discovered that nefiracetam has the surprising and unique
property of showing a dramatically good activity when given early after stroke.
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According to the results of this study, the early t"reatmeht with nefiracetam after stroke
objectively improves the recovery. from: stroke; as shown by the fact that, ‘beside
psychiatric symptoms such as emotional disturbance and reduced spontaneity,- also
intellectual dysfunction dramatlcally improved in a hxgh percent of nefiracetam-treated
patients whilst no improvement was noted in the placebo-treated patients. Moreover,
nefiracetam surprisingly tends to-improve neurological signs and incontinence of urines.
Thus nefiracetam, when administered early after the event, appears to be the first drug
which is able to induce a recovery from stroke or, at least, to 1mprove the recovery from
stroke. : '
The mechanism of action of nefiracetam for this indication, which is not bound
to the nootropic activity of the drug, is unknown, but it is believed that its surprising
effect in improving ADL of a patient after a stroke or in the recovery of, or at least in

- improving the recovery of, a post-stroke patlent is due to an action agamst the

neurodegeneration and a true brain repair. :
Biological in vitro studies carried out on pnmary cultures of hippocampal -and
cortical rat embrio neurons showed that nefiracetam, at concentrations of 0.1, 1, 10 and

100 micromoles/l, displays a neurotrophic effect on said neurons: by ‘significaritly

increasing neurite outgrowth. This effect is similar to that induced by basic Fibroblast
Growth Factor (bFGF), for which a function as a neurothrophic factor in the brain has
been suggested (R.S. Morrison et al., Proceedmgs of the Natlonal Academy of Siences,
1986, 83, 7537-7541; K. Abe et al, 1990, 33, 221-227) and such an effect”is
surprisingly potentiated by bFGF in hippocampal ‘neurons. This finding strongly
suggests that nefiracetam, which is  well absorbed ‘and crosses the hematoencephalic
barrier, should allow the regeneration of damaged brain neurons in mammals, for
example after a stroke, thus favorising brain repair and can be used for combating
neurodegeneration in mammals, particularly after a stroke. '

This assumption is confirmed by the effect of nefiracetam on spatial learning
and retention in rats with cerebral embolisin, treated for 9 days with nefiracetam or
vehicle, starting within 24 hours of embolization. More paltlcularly, a clear difference
between nefiracetam and’ vehicle-treated animals was observed in the place-learning
watermaze task 7 to 9 days after embolization. Moreover, the effect of nefiracetam is
maintained even after washout (at day 17 after embolizatit)'n).' This result is predictive of
a brain repair effect and shows that the administration of nefiracetam after a stroke
provoked by an embolism induces a recovery of the cognition after the stroke.
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. Thus, it is a thlrd object of the present mventxom to provide the use of
nefiracetam for the prepamxon of medicaments for the recovery or at least for
improving the recovery of, a post-stroke patient. The treatment consists of administering

‘to a patient an effective amount of nefiracetam, said administration being initiated

within six months, advantageously within three months, preferably within one month,
from the stroke. More particularly, the medicament consists of a ‘pharmaceutical

" composition containing a pharmacologically effective amount of nefiracetam, as an

active ingredien‘t and a pharmaceutically acceptable carrier. Said effective amount of
nefiracetam is advantageously from 50 to 1200 mg, preferably from 100 to 600 mg per
unit dose. L :
It is a fourth obJect of the present invention to provide a pharmaceutiacal

- composition for treating neurodegeneration comprising a pharmacologically effective

amount of nefiracetam, as an active ingredient, and a pharmaceutically acceptable
carrier. : _ _
It is a fifth object of the present invention to provide a pharmaceutical
composition for the improvement of ADL in post-stroke patients, comprising a
pharmacologically effective. amount of nefiracetam, as an active ingredient, and a
pharmaceutically acceptable carrier. _

It is a sixth object of -the .present .invention to provide a pharmaceutical
composition for the recovery of; or at least for improving the recovery of, a post-stroke

 patient, comprising a pharmacologically effective amount of nefiracetam, as an active

ingredient, and a pharmaceutically acceptable carrier.

As set forth above, said compositions are preferably in orally administrable
dosage unit form, said dosage unit forms advantageously containing 50-1200 mg,
preferably 100-600 mg, of nefiracetam per unit dose. -

Itis a seventh object of the present invention to provide a method for treating
neurodegeneration in a mammal which comprises administering to said mammal in
need of said treatment an effective amount of nefiracetam, more particularly a
pharmaceutical composition comprising a pharmacological effective amount of
nefiracetam, as an active ingredient, and a pharmaceutically acceptable carrier.
According to a preferred method, nefiracetam is administered to treat neurodegeneration
as a consequence of a stroke. Preferred mammals to be treated are post-stroke human
patients, advantageously post-stroke patients having impaired ADL.

It is a eighth object of the present invention to provide a method for i improving
ADL in a post-stroke patient which comprises administering to said patient an effective
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amount of nefiracetam, said administration being initiated within six months,
avantageously within three months, preferably within one month after stroke.
‘It is a ninth object of the present invention to provide a method for recovering,

" or at least for lmprovmg the recovery of, a post-stroke patient which comprises

administering to said patlent an effective amount of nefiracetam, said administration
being initiated within six months, avantageously wntlun three months, preferably within
one month after stroke. - :

These methods are carried out by admnmstenng nefiracetam in pharmaceutical
compositions as illustrated above. : : '

Tt is a tenth object of the present invention to provide the use of nefiracetam for
the preparation of a medicament for the early treatment of stroke

The oral pharmaceutical compositions in which form nefiracetam will normally
be utilized, are prepared in a manner well known per se in the pharmaceutical art and

usually comprise nefiracetam, as an active ingredient, in admixture or otherwise in -

association with a pharmaceutically acceptable additives. For making those
formulations said active ingredient will usually be mixed with, such as, excipients,
distintegrator or disintegrating.aids, binders, lubncants, coatmg agents colonng agents
and diluents. : :

As pharmaceutically acceptable additives for the manufacture of pharmaceutlcal "
compositions, for example, excipients such as glucose,: lactose D-mannitol, starch, and
crystalline  cellulose; - disintegrators =~ or disintegrating  aids such “as
carboxymethylcellulose, starch, and carboxymethylceltulose calcium; binders such as
hydroxypropylcellulose, - hydroxypropylmethylcellulose, polyvinylpyrrolidone, and
gelatine; lubricants such as magnesium stearate and talc; and coating agents such as
hydroxypropylmethylcellulose saccharose, polyethylene glycol and titanium oxide

may be used. .
The compositions may be administered to the post-stroke patient for example in

the form of tablets, capsules powders, subtilized granules, granules, dragees, solution,
Syrups or suspensions. '

-The example of the pharmaceutical composmon

Tablets
Nefiracetam ' - 100 mg
Lactose SR o - 60 -mg
Cornstarch ' ' 30 mg
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) Hyroxypréj)quellulqe 4.5 mg

Low substituted hydroxypropylcellulose - 5 mg
- Magnesium stearate _ L  05mg
200 mg

BESIMQDE_EQR.CARRXIN&.Q}ILINMENIIQN

- The following Example illustrate the invention without, however, limiting it.
Effect of Nefiracetam on Spatial Learning of Rats with Cerebral Embolism

In male Wistar rats weighing 190-220 g a total of 700 microspheres (48 um in
diameter) were injected into the right common carotid artery of each animal, whereby a
quasi-immediate embolism occurs. The embolized animals were randomly.divided into
2 groups, each of 13 animals with same neurological deficit, designated as "Control"
(embolism plus Vehicle), or "Nefiracetam" (embolism plus nefiracetam 10 mg/kg/day).
In addition, a group of 13 "Normal (Sham)" non-embolized animals were used. The
administration of nefiracetam or of its vehicle started within - the same day of
embolization and treatment lasted 9 days. Seven days after embolization, the embolized
rats were submitted to a watermaze test, said. watermaze being adapted from the Morris
water task. The time taken to find the platform (latency) was determined. If a rat failed -
to find the platform within 180 seconds, the trial was terminated and the rat was
assigned a score of 180 seconds. The experiment was carried out- in two different
sessions.  In the first session, at the seventh day embolized rats were submitted to the
spatial learning test performed three trials per day for three days (from day 7 to day 9).
In the second session, one week after the last day of spatial learning test (i.e. on day 17),
a retention test was performed whereby each rat was given three consecutive trials to
learn and remember the location of the platform. Table 1 shows the average htency (in
seconds) to reach the platform in both spatial'“lear'niﬁ_g and retention tests. This table
shows the cle_hr difference in learning ability:b_etWeen'neﬁracetam- and vehicle-treated
(control) brain-injuried animals when tested at days 7-9 post-embolism. This difference
is statistically significant (p < 0.05 compared to control, t-test). This table also shows a
clear effect of nefiracetam in the retention test, wherein a remakable difference between
the nefiracetam- and vehicle-treated, embolized animals is observed.
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Table 1

Group n | Spatial learning test | Retention test
. Day7 Day 8 Day 9 | Day 17 -

Normal (Sham) |13 | 13094168 6124150  225+59 | 31.7+131

Control 13 159.7 ;_]1.4 1460+ 13.0 127.5+17.0].133.4+15.0

Nefiracetam 13 | 14764141 - 8374174  93.1+162| 7224170

- Table 2 summarizes the number of animals whieh, _under the above-desbribed
conditions, failed to ﬁhdih"_e paltform within 180 seconds. '

10

Group n Spat1al learning test | Retention test |
' _ | Day7 Day8  Day9 Day17

Normal(Sham) |13 |5 1 0_ 1

Control (13 |10 7 5 71

Nefiracetam |13 |8 2 2 2

Table 2 shows the ielear difference between the heﬁ’_r_écetam—treated' ammals and

the controls.

N-(2 6-d1methylphenyl)—2-(2-oxo-l-pyrrohdmyl)acetanude is " used for the -
preparatlon of medlcaments, partlcularly of pharmaceutlcal compositions- eontalmng it
as an active ingredient, for the treatment of neurodegenerahon, in particular in post- _

 stroke ‘human pat1ents “The early adxmmstratnon of neﬁracetam in the pharmaceutleal

composmons after a stroke allows an 1mprovement of the Acivities of Daily Living and
the recovery, or at least in 1mprovement in the recovery of, post-stroke patients




10

15

20

25

30

35

WO0.01/622 : IR PCT/JP01/01342

10.
11.

12.

13.

14.

15.
16.

17.

) O

Use of nefiracetam for the prepartion of a mediciiént for the treatment of
neurodegeneration. _ .

The use of claim 1, in which said neurodegeneration is a post-stroke
neurodegeneration.

The use of claim 2, in which said treatment is an early treatment of post-stroke
neurodegeneration. -

The use of claims 2 or 3, for the preparation of a medicament for improving ADL
in a post-stroke patient.

- The use of claim 2 or 3, for the preparation of a mediciment for the recovery, or

at least for improving the recovery, of a post-stroke patient.

A pharmaceutical composition for the treatment of neurodegeneration comprising
a pharmacologically effective amount of nefiracetam, as an active ingredient, and
a pharmaceutical accepteble carrier. _

The composition of claim 6, for the treatment of post-stroke neurodegeneration.
The composition of claim 6 for the treatment of impaired ADL in post stroke
patients. .

The composition of claim 6 for the recovery, or at least for improving the
recovery of, post-stroke patients. -

The composition of claims 6-9 which is in an orally administrable unit dose.

The composition of claim 10 in which said unit dose comtains from 50 to 1200
mg of nefiracetam.

The composition of claim 11, in which said unit dose contains from 100 to 600
mg of nefiracetam.

A metod for treating neurodegeneration in a mammal which comprises
administering to said mammal in need of said treatment an effective dose of
nefiracetam.

The method of claim 13 in which said neurodegeneration is a consequence of a
stroke.

The method of claim 14 in which said mammal is a post-stroke human patient.
The method of claim 15 in which said mammal is a post-stroke patient having an
impaired ADL

A method for improving Acivities of Daily Living (ADL) in a post-stroke patient
which comprises administering to said patient an effective amount of nefiracetam,
said administration being initiated within six months after said stroke.

10
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A method for recoveﬁﬂg, or at least for improving the recovery of, a post-stroke
patient which comprises administering to said patient an effectve amount of

nefiracetam, said administration being initiated within six months after said stroke. -
The method of ¢laim 17 or 18 in which said treatment is initiated within three

months after said stroke _

The method of clalm 17 or 18 in which said tretment is initiated within one month
after said stroke.

The method of claim 13-20 in which said effective dose is administered in form of
a pharmaceutical composition comprising a pharmacologically effective amount
of nefiracetam, as an active ingredient, and a pharmaceutical accepteble carrier.
The method of claim 21 in which said composition is in oral unit dose form. .

The method of claim 21 in which said effective amount is from 50 to 1200 mg of
nefiracetam per unit dose.

The method of claim 23 in which said effective amount is from 100 to 600 mg of

nefiracetam per umt dose.
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