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in the treatnment of neurodegenerative di seases Technical field The present
invention relates to the use of N [2-hydroxy-3-(1-piperidinyl)-

pr opoxyj - pyri di ne-| - oxi de- 3- car boxi m doyl chloride in the treatnent of

neur odegenar ati ve di seases. Background art As it is known, neurodegenerative
di seases are progressive, devastating, chronic age related disorders. Wth
increasing |ife expectancy the incidence of these age-related diseases wl|
be dramati cavOygoesimasssasi ng in the next decades. The tPEEHEIBNY/0008t hese

mal adies currently is only synptomatic, causal therapy does not exist due
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(AD), Parkinson's disease (PD). Miultiple sclerosis (MS), Neuropathies,
Huntington's di SeaseI.fs'é'@fmﬁHﬂGQHIPQBH‘Bahdﬂt‘}"érgbt|ve?ﬁ|tr%l‘?§étﬁweﬁt%f5) - my
differ, there are nmany co points in the disease development, and in the
i ntracel | ul ar events. Although pewadeganemtvsdiseasesbeen nade in the
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still a huge, unnet need for pharnacol ogi cal and bi ophar macol ogi cal
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neurodegenarative diseases.

Background art

As it is known, neurodegenerative diseases are progressive, devastating,
chronic age related disorders. With increasing life expectancy the incidence
of these age-related diseases will be dramatically increasing in the next
decades. The treatment of these maladies currently is only symptomatic,
causal therapy does not exist due to the largely unknown cause(s) of these
multietiological diseases. Though the etiology and the actual localization of
cell damage and loss in the central nervous system (CNS) in these disorders
- like Alzheimer's disease (AD), Parkinson’s disease (PD), Multiple sclerosis
(MS), Neuropathies, Huntington's disease (HD), Amyotrophic lateral
sclerosis (ALS) - may differ, there are many common points in the disease
development, and in the intracellular events. _
Although great progress has been made in the symptomatic treatment of a
number of neurodegenerative disorders, there is still a huge, unmet need for
pharmacological and biopharmacological treatments that will slow and
possibly halt the progress of these diseases.

AD is the most common neurodegenerative disease and the most common
form of dementia (responsible for about 80 % of all cases). AD is
characterized by memory loss, language deterioration, impaired visuospatial

skills, poor judgment, indifferent attitude, but preserved motor function.



Al zhei ner' s di sease synptons appearing first as nenory decline and, over
several years, destroying cognition, personality, and ability to function.
Confusi on and restl essness may al so occur. Anyloid plaques and
neurofibrillary tangles in the brain are the distinctive characteristics of
the 5 disease, there is also a loss of nerve cells in areas of the brain
that are vital to nenory and other nental abilities. The di sease usually
begins after age 60, and risk goes up with age. Wile younger people also
may get Al aepese41%s it is nmuch | ess comon. About 3 PEVEEN4/006098en and
wonen ages 65 to 74 have AD, and nearly half of those age 85 and ol der 10
may have the disease. There is no cure today for Al zheiner's disease and
patients usually live about 8 to 10 years fromthe tinme of diagnosis. There
are a nunber of drugs on the market, which may hel p prevent sone synptons
fromworsening for a limted tine. In addition, sone nedicines may hel p
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There is no cure today for Alzheimer's disease and patients usually live
about 8 to 10 years from the time of diagnosis. There are a number of drugs
on the market, which may help prevent some symptoms from worsening for a
limited time. In addition, some medicines may help control behavioral
15 symptoms of AD.
Presently there are four drugs approved by the FDA to treat the symptoms of
mild-to-moderate AD. These medications are known as cholinesterase
inhibitors, which research suggests, act to prevent the breakdown of
acetylcholine, a brain chemical believed to be important for memory and
20  thinking. Although none of these medications stops the disease itself, they
can help delay or prevent symptoms from becoming worse for a limited time
and may help maintaining independence for a longer period of time. As the
disease progresses, the brain produces less and less acetylcholine, and the
medications may eventually lose their effect. Exelon and Reminyle are the
25 most successful and marketed drugs of this class (See: Neurodegenerative
Disorders: The world market 2002- 207; a Visiongain Report;
VISIONGAIN™, 2003; see also: Temy AV and Buccafusco JJ: The
cholinergic hypothesis of age and Alzheimer's disease related cognitive
deficits: recent challenges and their implications for novel drug development;

30 The Joumal of pharmacology and experimental therapeutics, 306: 821-27,



30, The Journal of pharmacol ogy and experinental therapeutics, 306: 821-27,
WO 20051041965 PCT/ HU20041000095 3 2003; and Cunmings JL: Use of
cholinesterase inhibitors in clinical practice: evidence based
recommendations; AmJ Geriatr Psychiatry 11: 131- 45, 2003.). Oher
treatnment trials for AD include the G nko biloba extract - as an 5

anti oxi dant, but the studies so far do not denonstrate clear efficacy anong
AD patients. Nonsteroidal anti-inflamatory agents tested until today did
not proved wo Be&/04@6f ective. Newl y approved in Eur ope PCERR®4/0MNant i ne), a
non-specific NVMDA 10 antagoni st that is being marketed by Merz and
Lundbeck, is set to conpete wth the reguted gold standard in treatnent,
Aricept. Cinical trials have vyielded positive results thus far (M ntzer
JE: The search for better noncholinergic treatnent options for Al zheiner s
di sease, J din Psychiatry 64, suppl 9:18-22, 2003; 15 and Reisberg B et
al .. Memanti negg@3@ﬁ£€bﬁ{r\n ltoé’s.ﬁ_e eof’%h&li?l%ht@?dseslnan&ﬁ@ﬁ?c]m%aﬁ&%ﬂo& Med
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Newly approved in Europe, Ebixa (Memantine), a non-specific NMDA
10  antagonist that is being marketed by Merz and Lundbeck, is set to compete
with the reputed gold stancard in treatment, Aricept. Clinical trials have
yielded positive
results thus far (Mintzer JE: The search for better noncholinergic treatment
options for Alzheimer’s disease, J Clin Psychiatry 64, suppl 9:18-22, 2003,
15 and Reisberg B et al.:. Memantine in moderate to severe Alzheimer's
disease, N Engl J Med 348:1333-41, 2003.). Another, until now controversial
approach was the immunization as to develop drugs that is able to
decreasing amyloid beta
production, and clearing the amyloid deposits by immunization.
20
PD is the second neurodegenerative disorder in incidence and importance.
Parkinson's occurs when certain brain cells in an area of the brain known as
the substantia nigra die or become impaired. The exact cause of neuronal
death is unknown, but oxidative stress and mitochondrial electron transport
25 chain dysfunction — especially the decreased activity of complex | — is widely
accepted. These neurons produce an important chemical known as
dopamine, a chemical messenger responsible for transmitting signals
between the substantia nigra and the corpus striatum.
Symptoms of Parkinson's disease include the followings: tremor, or the

30 involuntary and rhythmic movements of the hands, arms, legs and jaw, is a



dopam ne, a chem cal nessenger responsible for transmtting signals between
the substantia nigra and the corpus striatum Synptons of Parkinson's

di sease include the followings: trenor, or the 30 involuntary and rhythmc
novenents of the hands, arns, legs and jaw, is a Wc) 2005/041965

PCT/ 11U2004/ 000098 4 primary feature. Classically, trenor appears while the
i ndividual is at rest and inproves with intentional novenent; G adual |oss
of spontaneous novenent, which often leads to a variety of problens such as
"freezing", wdeemseasesd nental skill or qui ckness, voi ceCTUHHZIg&00098Nd
decrease facial 5 expression; Miscle rigidity, or stiffness of the |inbs,
occurs in all nuscle groups but is nost gommon in the arnms, shoul ders or
neck; Postural instability, or a stooped, flexed posture with bending at

t he el bows, knees and hips; G adual |oss of automatic novenent, including
eye blinking and decreased frequency of swallow ng; Unsteady wal k;
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nunber of treatnent “options his nunber will also be rising steadily
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10  dementia.
Patients of the disease currently have a large number of treatment options
and this number will also be rising steadily over the next 10 to 15 years. The
first effective therapy for the treatment of Parkinson’s, carbidopa/levodopa
(Sinemet-Bristol Myers Squibb), was introduced in 1970 and revolutionized
15 treatment of the disease. The therapy proved very effective in controlling
symptoms such as
tremor, bradykinesia, balance, and rigidity. However, dyskinetic side-effects
and reduced effect with prolonged treatment proved the need for alterative
treatments and/or ancillary drugs to offset side-effects. Dopamine agonists,
20  which entered the market in the 1980s, filled this need. These drugs have
proved effective as a type of dopamine regulator and as a monotherapy in
delaying the need for carbidopa/levodopa therapy in newly diagnosed
Parkinson's patients. Other newly developed therapies such as COMT
inhibitors, anticholinergics, and selegiline/deprenyl have also had an effect,
25 although less marked, on the PD market (See: Neurodegenerative Disorders:
The world market 2002- 207; a Visiongain Report; VISIONGAIN™, 2003.).

Amyotrophic lateral sclerosis (ALS), sometimes called Lou Gehrig's disease,
is a rapidly progressive, invariably fatal neurological disease that attacks the
30 nerve cells (nheurons) responsible for controlling voluntary muscles. The



I nhibitors, anticholinergics, and sel egiline/deprenyl have al so had an
effect, 25 although | ess nmarked, on the PD nmarket (See: Neurodegenerative
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2003.). Amyotrophic lateral sclerosis (ALS), sonetinmes called Lou Gehrig's
di sease, 1is a rapidly progressive, invariably fatal neurol ogical disease
that attacks the 30 nerve cells (neurons) responsible for controlling

vol untary nuscles. The WD 2005/ 041965 PCT/ HU2004/ 000098 5 disease is the
nost conmon wi@iesesiesr on di sease, which i s charact eri zed/mHizgostob@osyr adual
degenerati on and death of notor neurons (Rowl and LP, Schnei der NA:
Anyotrophic |l ateral sclerosis. N Engl N?d 344:1688-1700, 2001.). Motor
neurons are nerve cells located in the brain, brainstem and 5 spinal cord
that serve as controlling units and vital connunication | i nks between the
nervous system and the voluntary nuscles of the body. Messages from notor
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10 and the lower motor neurons degenerate or die, ceasing to send messages
to muscles. Unable to function, the muscles gradually weaken, waste away
(atrophy), and twitch (fasciculations). Eventually, the ability of the brain to
start and control voluntary movement is lost. Most people with ALS die from
respiratory failure, usually within 3 to 5 years from the onset of symptoms.

15
The cause of ALS is not known. However, an important step toward
answering that question came in 1993 when scientists discovered that
mutations in the gene that produces the SOD1 enzyme were associated with
some cases of familial ALS (Rosen D R et al.: Mutations in Cu/Zn

20 superoxide dismutase gene are associated with familial amyotrophic lateral
sclerosis. Nature, 362: 59-62, 1993.). This enzyme is a powerful antioxidant
that protects the body from damage caused by free radicals. Free radicals
are highly unstable molecules produced by cells during normal metabolism
(the major source is the mitochondrion). If not neutralized, free radicals can

25 accumulate and cause random damage to the DNA, membrane lipids and
proteins within cells. Although it is not yet clear how the SOD1 gene mutation
leads to motor neuron degeneration, researchers have theorized that an
accumulation of free radicals may result from the faulty functioning of this

gene.



that protects the body from danage caused by free radicals. Free radicals
are highly unstabl e nol ecul es produced by cells during nornmal netabolism
(the major source is the mtochondrion). If not neutralized, free radicals
can 25 accumul ate and cause random damage to the DNA, nenbrane |ipids and
proteins within cells. Although it is not yet clear how the SODL gene
mutati on |eads to notor neuron degeneration, researchers have theorized
that an accunulation of free radicals nmay result fromthe faulty

functi oni ng wé 2eehpL95gene. W c) 2005/ 041965 PCT/ HU2004PQUBU0$t/080098A t hough
many distinct features are present in the neurodegenerative diseases,
common feature is, the cell |oss, gradual6and progressive degeneration of
certain central nervous system areas. |nbal ance in reactive oxygen species
(ROS) production and neutralization capacity is increasing 5 with ageing,
and neur odegenerative di seases morsen this. The role of SOD in ALS was
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27: 245-50, 2003.). In AD the exact initiating events leading to disease

development are complex, but it is widely accepted that neuronal death is

mediated partly by free radical injury (Pratico D and Delanty N: Oxidative

injury in diseases of the central nervous system: Focus on Alzheimer's
15 disease, Am J Med 109: 577-85, 2000.)

Currently the only proven therapy for patients suffering from ALS, Riluzole,
extents survival by approximately 3 months. (Miller,R.G., Mitchell,J.D.,
Lyon,M. & Moore,D.H. Riluzole for amyotrophic lateral sclerosis (ALS)/motor
20  neuron disease (MND). Cochrane. Database. Syst. Rev. CD001447 (2002)).
Therefore, the identification of new therapeutic strategies to employ for the
treatment of ALS remains a priority.
it is known from WO 97/16439 that several types of hydroxylamine
derivatives enhance chaperon expression in cells exposed to a physiological
25 stress and are useful in the treatment of diseases connected with the
function of chaperon system. Various new categories of hydroxylamine
derivatives are disclosed in this published patent application. A certain class
of hydroximic acid halides N-[2-hydroxy-3-(1-piperidinyl)-propoxy}-pyridine-1-
oxide-3-carboximidoyl chloride belongs to is also defined but N-[2-hydroxy-3-
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(1- pi peridinyl)-propoxy]-pyridine-I|-oxide-3-carboxi m doyl chloride is not
mentioned explicitly.

N-[ 2- hydr oxy- 3- ( 1- pi peri di nyl) - propoxy] - pyri di ne- 1- oxi de- 3- car boxi m doyl
chloride is fir i 3 e n
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An ot her uti
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chl oride as 1gct Isyﬂthétid protgduee offitsepreparatiamate atsoadestiitycin gieymm‘rpaperf fect is
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carboximidoyl chloride in diabetic therapy especially in the therapy of type |i
(non-insulin dependent, NIDDM) diabetes is described in WO 03/026653.
The invention disclosed here relates to an orally applicable
15 antihyperglycemic composition containing a combination of metformin and N-
[2-hydroxy-3-(1-piperidinyl)-propoxy]-pyridine-1-oxide-3-carboximidoy!
chloride as active principle. The outstanding antihyperglycemic effect is
based on synergism deriving from the combination of the two active agents.
None of the patent publications relating to N-[2-hydroxy-3-(1-piperidinyl)-
‘ 20  propoxy}-pyridine-1-oxide-3-carboximidoyl chloride suggests the use of this
compound outside of the diabetes therapy.

Disclosure of invention

25 We have found that N-[2-hydroxy-3-(1-piperidinyl)-propoxy]-pyridine-1-oxide-
3-carboximidoyi chloride has biological properties making it useful in the
therapy of neurodegenerative diseases. In a research study, conducted on
mSOD1®*™  transgenic mice,  N-[2-hydroxy-3-(1-piperidinyl)-propoxy]-
pyridine-1-oxide-3-carboximidoyl chloride prevented the progressive loss of



None of the patent publications relating to N[2-hydroxy-3-(1-piperidinyl}
20 propoxy]-pyridine-I-oxi de-3-carboxi m doyl chloride suggests the use of
this conpound outside of the diabetes therapy. Disclosure of invention 25
We have found that N-[2-hydroxy-3-(1-piperidinyl)-propoxy]-pyridine-|-oxide-
3-ear boxi m doyl chloride has biological properties nmaking it useful in the

t herapy of neurodegenerative diseases. In a research study, conducted on
nSOD1i mai transgenic mce, N-[2-hydroxy-3-(1-piperidinyl)-propoxy]-

pyri di ne- 1- owodesB41e6r boxi m doyl chlori de prevented t heCHHEXP#WEPYe | 0ss of
WD 2005/ 041965 PCT/ HU2004/ 000098 8 notoneurons and nuscl e function that
normal |y occurs in this nouse nodel of ARS. Based on the above recognition
the invention provides a new use of N [2-

hydr oxy- 3- (1- pi peri di nyl ) - propoxy] - pyri di ne-1| - oxi de- 3- car boxi m doyl chl oride
5 in the preparation of pharmaceutical conpositions for the treatnent or

prevention of newLRHBGRAS Al inYicRi faRGRAIhatideiamabtdurs inidisi YEY medelpr ovi des
a new use of N-[2-hydroxy-3-(1-
pi peri di nyl) - pr opfAb8-- pyri di ne- 1- oxi de- 3- car boxi mi doyl chloride in the

preparation of pﬁéféaa&?ﬂ{é SdveCraBition! tAB Snvention Brovidedad RBRtusarofN-grention
10 of anyotrophic lateral sclerosis. Further, the invention provides a

met hod of tr eat nbysrosr3-Hriperidinbrprepoxyheyriding=hande-3rearkoximideys cdlofder ei n a

therapeutical{y @f {RChHipGrfABRUS pRimdceutical compositions for the treatment or
[ 2- hydr oxy- 3-% 1-@i per Pdﬁbn{;ﬁ - pr oBoxy] - pyridi ne-pl - oxi de- 3- car boxi m doyl
chloride is admi pleyertioa®f ngurgdeganeeaiive dissagasef er abl y, the invention provides

a method of 1reapRibg! R BRI RbvidePt AAPNLSe | of ABL-nRALEBH-S
erein a therapeutically effective anount of N
[ 2- hydr oxy- 3- ( 1- pippadinyd-prepoxyppwisine | -oxgdeBcianeoximigeylide -chlogide boin i ey
chloride is adm Brjeﬁél%rti&q of Bhgm%tebﬁd%‘ compositions for the treatment or prevention
10  of amyotrophic lateral sclerosis.
| Further, the invention provides a method of treatment or prevention of
neurodegenerative diseases wherein a therapeutically effective amount of N-
[2-hydroxy-3-(1-piperidinyl)-propoxy]-pyridine-1-oxide-3-carboximidoyl
chloride is administered to a patient.
15 Preferably, the invention provides a method of treatment or prevention of
amyotrophic lateral sclerosis wherein a therapeutically effective amount of N-
[2-hydroxy-3-(1-piperidinyl)-propoxyl-pyridine-1-oxide-3-carboximidoyl
chloride is administered to a patient.
in respect of the invention the term N-[2-hydroxy-3-(1-piperidinyl)-propoxy}-
20  pyridine-1-oxide-3-carboximidoyl chloride relates to N-[2-hydroxy-3-(1-
piperidinyl)-propoxy}-pyridine-1-oxide-3-carboximidoyl chloride as a free
base, a pharmaceutically acceptable acid addition salt thereof formed with a
mineral or organic acid as well as the racemic compound and each of the
optically active enantiomers and mixtures of enantiomers and
25 pharmaceutically acceptable salts of the optically active enantiomers or
enantiomer mixtures.
it is to be remarked that N-[2-hydroxy-3-(1-piperidinyl)-propoxy]-pyridine-1-
oxide-3-carboximidoy! chloride is preferably used in form of an acid addition
salt. It is to be remarked further that optically active forms of this compound
30 are preferable, especially (+)-R-N-[2-hydroxy-3-(1-piperidinyl)-propoxyl-



In respect of the invention the term

N-[ 2- hydr oxy- 3- (1- pi peri di nyl)-propoxy]- 20 pyridine-I-oxide-3-carboxi m doyl
chloride relates to N-[2-hydroxy-3-(1-

pi peri di nyl)-propoxy]-pyri di ne- 1- oxi de- 3-car boxi mi doyl chloride as a free
base, a pharmaceutically acceptable acid addition salt thereof fornmed with a
m neral or organic acid as well as the racem c conpound and each of the
optically active enantiomers and m xtures of enantionmers and 25

phar maceut i Gad do¥seaessspt abl e salts of the optically actroumEHen@w0BTErS OF
enantiomer mxtures. It is to be remarked that

N-[ 2- hydr oxy- 3- (1- pi peri di nyl) - propoxy] - py%i di ne-1- oxi de-3-car boxi m doyl
chloride is preferably used in formof an acid addition salt. It is to be
remar ked further that optically active forns of this conpound 30 are
preferable, especially (+)-R N[2-hydroxy-3-(1-piperidinyl)-propoxy] WO
2005/ 041965 PCT/ HU2Q04/ 0000 9 ridi ngr li-0oxhge-3- i mi.d ori de.
More preferable B u?%éoéa&gﬁc%%ﬁ%ﬂgﬂf sggﬁof‘%&oW%ep{ege[r eé %?St ;ﬂ%:/éalﬁy active
enanti oner and t Radities balfy offties attereoptically active enantiomer and the most preferable

(+)-R- N[ 2-hydroxy-3-(1-pi Laibnyl) - pr.opoxy] - i di ne-1-0xide- 3.

car boxi m doyl chPéPi dés Ci {ﬁ'j%'ggfzg&#?ﬁ’tsé@?ﬂ"%%\9%9‘@8%‘%&/%@‘?@g‘ggg g)g%es%" refers
to known types ofarberiidsleasioadediirate. di seases i ncl udi ng anyotrophic |ateral
sclerosis (ALS), __ Al zhei nmer's di seas A Par kinson: s di seas PD
Huntington's &i sé&8e te'(‘WD)-"‘?HE‘P‘?‘?gﬁP%ragﬁée P&é?? ( VRETS o104 6&‘3 nou§p%§/p L of

neur opat hi es. 10 Refidefdiittatie @isédses nacladihg taegyotroptdatiatoral Bolerdsid (AVB)Ng

bi ol ogi cal tests were carrjed Oé{ W}Dt B(r%% R—.N%SZ-Mr Xﬁ:B-é 1- di

pi peri di nyl ) - pr o¥EOpIroeRs digease. ARy PREdnsop s Yissashi Gl NUMNH R ISPt e as a
tést conpound. TQHE?Lﬁﬂﬂiﬁiecﬁerﬁﬁs’fmﬁdn@héﬁoub&yp’&f(ﬂhéﬁdpbmiess compound A. 15
Taansgeni ¢ nSOD1"3A1 m ce of both sexes were used in this study. All

experinmental aninmals were treated daily with conpound A (10nmg/ kg, i.p.)
10 Best mode of carrying out the invention

The following biological tests were carried out with (+)-R-N-[2-hydroxy-3-(1-

piperidinyl}-propoxy]-pyridine-1-oxide-3-carboximidoyl chloride citrate as a

test compound. This chemical compound will be referred to as compound A.
15

Transgenic mSOD1®A mice of both sexes were used in this study. All
experimental animals were treated daily with compound A (10mg/kg, i.p.)
from 35 days of age, following a similar regime to that previously described
( by Zhu et al 2002 (Zhu,S. et al. Minocycline inhibits cytochrome ¢ release
20 and delays progression of amyotrophic lateral sclerosis in mice. Nature 417,
74-78 (2002)).

Assessment of muscle function and motor unit number

Live, in-vivo electrophysiological assessment of hind limb muscle function
was carried out on the extensor digitorum longus (EDL) muscies in both hind
25 limbsto determine the exient of disease progression.lsometric tension

recordings and assessment of motor unit number

Both transgenic animals and their wildtype littermates were anaesthetized
with chloral hydrate (4% chloral hydrate; 1ml/100g body weight, i.p.), and the



from 35 days of age, following a simlar regime to that previously described
by Zhu et al 2002 (Zhu,S. et al. Mnocycline inhibits cytochrome c rel ease
20 and del ays progression of anmyotrophic lateral sclerosis in mce. Nature
417, 74-78 (2002)). Assessnent of nuscle function and notor unit nunber
Live, in-vivo el ectrophysiol ogi cal assessnment of hind |inb nuscle function
was carried out on the extensor digitorumlongus (EDL) nuscles in both hind
25 linbsto determ ne the extent of di sease progression. |Isonmetric tension
recordi ngs awmd2@ssassment of notor unit nunber Both trB¢RHENP4L008088 nal s and
their wildtype littermates were anaesthetized wth chloral hydrate (4%
chloral hydrate; 1 ml/100g body weight, i.jp.), and the WO 2005/ 041965

PCT/ HU2004/ 000098 10 EDL nuscles were prepared for in vivo assessnent of
their contractile properties and notor unit nunber. The distal tendons of
t he EDL nuscles were di ssected and attached to isonmetric force transducers

(Dynanmonet er bgge\a}‘%gz& fﬁér% ﬁl'eggreﬁhfo?Qstch%%bs]sﬁﬁﬁt WP iffeif 'cehﬁlé%uesecur ed

to the table with e sciatic nerve was di ssected free its
branches, apart bmmﬂsrmmm ung numberDTherdistal dendens of the EPhemusclesal end

of the nerve was [ e

| ength of the nugJeP%Q\'Nas EH‘% us#gah%dnﬁgfginﬁgc%%% tkﬁhgavm(%rgﬁé\//vas r%%-ﬂced
upon nerve st i nmull Denices) da sitkt thieads.dnth iegsiwere ﬂﬂlélyeseeulledlt@ﬁwibylesmtmm ating
the cut end of the 2 ani c
contractions &eré""ér [ ié'l te%ﬂg'ﬁ%&‘éﬁéﬁ%ﬂ %f ?%éea@\gfgh %g&ae% ig?n g§mand 100
Hz for 500 ns. Tmeesemem thet EBL musblerweré cu’ot'l'be dmlnltemdlqﬁtrmmﬁwmeltlmn t he

motor nerves of F‘?%u%]ég e%r\’\?fvgr %Iécmﬂlgst eﬁweeié%% of the %'E!.Eclét\hég“ us

strength was gre? Wé“a 0 obtarn epw se¥i ncrements of
ten5| ons, as 15 |ar1;ﬂ|ste|dduatil thetmaxnmmbtmtohewas rpeaduced amonThmelLshlbmiatloh

stepwi se | ncremept o, a3, Gofbetwb 8lctSd B) sillatR) the*lut'dha SHRBHotS! MOt OF

units present in
10 nerve using a pulse width of 0.02 ms. Tetanic contractions were elicited by

stimulating the EDL muscle at 40, 80 and 100 Hz for 500 ms.

To estimate the number of motor units in each muscle, the motor nerves of

the EDL muscles were stimulated every 4 s. The stimulus strength was

gradually increased to obtain stepwise increments of twitch tensions, as
15 individual motor axons were recruited. The number of stepwise increments

was counted to give an estimate of the number of motor units present in

each muscle.

(Dick,J., Greensmith,L. & Vrbova,G. Blocking of NMDA receptors during a

critical stage of development reduces the effects of nerve injury at birth on
20  muscles and motoneurones. Neuromuscul. Disord. 5, 371-382 (1995)).

From recordings of twitch tension we assessed some of the contractile

characteristics of EDL muscles in treated and untreated mSOD1(¢%®~

fransgenic mice including the half relaxation time of EDL, a measure of the
25 time it takes for the muscle to relax after contraction.

Fatigue pattern
Since EDL is normally a fast muscle it fatigues quickly when continuously
stimulated to produce a characteristic fatigue pattem. To examine the fatigue
30 pattern of EDL in these experiments, the muscles in both hind limbs were



each nuscle. (Dick,J., Geensmth,L. & Vrbova, G Bl ocking of NVDA receptors
during a critical stage of devel opnent reduces the effects of nerve injury
at birth on 20 nuscles and notoneurones. Neuronuscul. Disord. 5, 371-382
(1995)). Fromrecordings of twitch tension we assessed sone of the
contractile <characteristics of EDL nuscles in treated and untreated
nS0D1( G 93A) transgenic mce including the half relaxation tinme of EDL, a
nmeasure of the 25 time it takes for the muscle to relax after contraction.
Fati gue pattwomoSimwse EDL is nornmally a fast nuscle i tPGTAHY294080088,i ckl y when
continuously stinulated to produce a characteristic fatigue pattern. To
exam ne the fatigue 30 pattern of EDL injjhese experinents, the nuscles in
both hind Iinbs were WD 2005/ 041965 PCTI HU20041000098 11 stinul ated at 40Hz
for 250nms, every second for 3 minutes and nuscle contractions were
recorded. Muscle histology 5 At the end of the experinent the EDL nuscles in

both | egs were rgiRVGBRd aNdoME 18h28omaneverp aRcbidF6mM3i Mintkdst hid nueent ane.
The nuscles were 'stored at -80 until processing for histological analysis.

Assessnent of noconfastions werevesdred.0 Fol | owi ng conpl etion of the
physi ol ogi cal experinments, notoneuron survival was assessed by counting the
nunmber of notoneurons in the sciatic notor pool in the ventral horns from
cross sections of | urusclespsteldgycord. (Wiite,C.M, Geensnmith, L. &

Vrbova, G Re|to 2t §€ %,E: tbﬁW#;f H-L L xpr¥ieAt th@:ﬁ%ﬂ% %us%l%ﬁﬁ%ofFEFe@Q%r@'ﬂ?rﬁ&%dh in

adult rats: I num t oxi ol  owed 15 g_ artla
denervation. Neumodoveighed, @Bd mﬂrqzmgm(mgmg )lsoment@nm Be \ipuselesdwerst y

anaest heti zed (4% 9&1 Jolg V| {M'Q?&%sg‘"w B ight, ip.) and perfused
ning 4% para

tr(anscar dially WI fixa cont or mal dehyde. The

Assessment of motoneuron survival .

10 Following completion of the physiological experiments, motoneuron survival
was assessed by counting the number of motoneurons in the sciatic motor

pool in the ventral homs from cross sections of lumbar spinal cord.
(White,C.M., Greensmith,L. & Vrbova,G. Repeated stimuli for axonal growth
causes motoneuron death in adult rats: the effect of botulinum toxin followed

15 by partial denervation. Neuroscience 95, 1101-1109 (2000)). The mice were
deeply anaesthetized (4% chloral hydrate,1 mi/100g body weight, ip.) and
perfused transcardially with a fixative containing 4% paraformaldehyde. The
spinal cords were removed and the lumbar region postfixed for 2 h in the
same fixative, cryoprotected in sucrose (30% in MPB) and frozen transverse

20 sections cut on a cryostat at 30 um and collected onto subbed slides. The
sections were then lightly counterstained with a Nissl stain (gallocyanin). The
number of Nissl stained motoneurons in both ventral horns was counted
under a light microscope. In order to avoid counting the same cell twice in
consecutive sections, motoneuron survival was assessed in the sciatic motor

25 pool in every 3" section of the lumbar region of the spinal cord between
levels L2-1.5. Only those neurons in which the nucleolus was clearly visible at

high magnification were included in the counts.

30



spinal cords were renoved and the | unbar region postfixed for 2 h in the
sane fixative, cryoprotected in sucrose (30%in MPB) and frozen transverse
20 sections cut on a cryostat at 30 pm and col |l ected onto subbed slides. The
sections were then lightly counterstained with a Nissl stain (gallocyanin).
The nunber of Nissl stained notoneurons in both ventral horns was counted
under a light mcroscope. In order to avoid counting the sane cell twice in
consecutive sections, notoneuron survival was assessed in the sciatic notor
25 pool in euefwsidises section of the |lumbar region of tRE/EEPHALr d bet ween
| evel s L2-1-5. Only those neurons in which the nucleolus was clearly visible
at high. nmagnification were included in the counts. 30 WO 2005/ 041965

PCT/ HU2004/ 000098 12 Statistical analysis For all paranmeters assessed, the
results were anal yzed using the Mann- Wiitney U-test for conparison of

I ndependent sanples. Two-tailed tests were used in all instances, and
significance was set ﬁéﬂi&-a@élysé Results At 35 days of age nSCD1"93Al
transgenic mce al ready show mcroscopic features of | unbar notoneuron
degener ati on, anHobgll Pacaroeips assessefbh tﬁ? esuts Werg anaiyzef susing thenMeBest . The

ef fect of real Mgy ) (L RPTROLApdAboft GNinkbSShdohBames! aubuid faws vel

as notor unit and notoneuron surVival was assessed 120 days of age when
nSOD1( GO3A~ t r anwgenised inal instances,randisignifigarse Wasspt abP<P19S. di sease. Mot or
unit survival <15 In wild-type mce there are normally 28 +/-0.6 (nean
+/-S.EM, nzil) notor units in EDL nmuscles. In nSOD1(c93Al transgenic m ce
at 120 days of age tResuswere only 8.3 +/-0.7 (nean +/-S.E.M, n=10) notor

units. However, At 35 days of age mSOD1°® transgenic mice already show
{ microscopic features of lumbar motoneuron degeneration, and by 110 days
of age hind limb paralysis is manifest. The effect of treatment with compound

10 A on hind limb muscle function as well as motor unit and motoneuron

survival was assessed at 120 days of age when mSOD1®* transgenic

mice are in the later stage of the disease.

Motor unit survival
15 In wild-type mice there are normally 28 +/-0.6 (mean +/-S.E.M., n=11)
motor units in EDL muscles. In mSOD1®**® transgenic mice at 120 days of
age there were only 8.3 +/-0.7 (mean +/-S.E.M., n=10) motor units. However,
in mSOD1®™A transgenic mice treated with compound A there is a
significant improvement in motor unit survival, and 14.3 +/-0.6 (mean +/-
( 20 S.EM., n=10) motor units survived at 120 days of age (p=0.003).
Contractile characteristics of EDL muscles
i) Half relaxation time of EDL muscles
From recordings of twitch tension we also examined some of the
contractile characteristics of EDL muscles in treated and untreated
25  mSOD1® transgenic mice. EDL is nommally a fast, fatigable muscle and in
wild-type mice the half relaxation time of EDL, a measure of the time it takes
for the muscle to relax after contraction, is 25.8ms +/-2.4 (mean +/-S.E.M.,
n=10). In conirast, in untreated mice, the half relaxation time slows as a
consequence of denervation and muscle atrophy and was found to be
30 43.3ms +/-6.93 (mean +/-S.E.M., n=10). However, in mice treated with



I n. M50OD1( PB3A) transgenic mice treated with conpound A there is a
significant inprovenent in notor unit survival, and 14.3 +/-0.6 (nean +/- 20
S.E.M, n=10) notor units survived at 120 days of age (p=0.003). Contractile
characteristics of EDL nuscles i) Half relaxation tinme of EDL nuscles From
recordings of twitch tension we al so exam ned sonme of the contractile
characteristics of EDL nuscles in treated and untreated 25 nSODItcs3A>
transgenic mce. EDL is normally a fast, fatigable nmuscle and in wld-type
m ce the halwWo res/exsi on tine of EDL, a nmeasure of thePGT/HE094000%es for
the nmuscle to relax after contraction, is 25.8nms +/-2.4 (nean +/-S.E. M,
n=10). In contrast, in untreated mce, thgshalf relaxation tinme slows as a
consequence of denervation and muscle atrophy and was found to be 30 43. 3ns
+/-6.93 (nean +/-S.E.M, n=10). However, in mce treated with WD 2005/ 041965
PCT1RU2004/ 000098 13 conmpound A the half relaxation tinme was significantly

i(rm(r) 0\6385 and) Wg%om e At thebﬁhlﬁ%(lj&aﬁon"hmb Was (srgamaamly ﬁqﬁoxmld,, anglwas oL
p=0. i atigue pattern an tig D scles Since i's
normal |y a fast fﬁﬁ‘%l@bﬁﬁzf%ﬁ'ﬁ t{u‘e@oéﬂ‘?q{kﬁsﬁm ne t&’?b@g]é)y 5 stinul at ed
to produce a charact ei_[)'F%hgt&‘e I)aiﬁén%ﬁﬁ% &@fnﬂex&f@Dl[ﬁidsGI@,Q pattern of EDL
nmuscl es was examned in wld e, nBODL(P3A). transgenic and treated

mBODLI c93A)  t r anSiERi EPkile @Or"'FH 3jtast @&@(@lel i fqtlgng; GHiCkly pvghenscontinueislys of

stinul ation wgs @Eﬁﬁuf&dto%}éd&ef@bhau&emﬂeréud@ ﬁatl%?ﬂ CtHedthfigle pattern of
nSOD1( P3A) transgenic mce at 120 g(% agle the EDL.aMscl e becomes 10
fatigue resi st antEDhs MiisEles y|waspexafpin é’ﬂlr"ﬂw BEeMIMPTOn. HRIFGRNISIa%h and

consequent changggaied mﬁsﬁf*‘;‘*"”bﬁ&sE&ﬁ@%b&Be Th&Ndecreade FEGBHLIGH Hibr 3
transgenic mce at 120 gla of age has a fatigue |ndex of 0.255 +/ 0. 04
o é%ﬁ%l

(mean +/-S.E. M, mieites of & av@uwe%n@aewsdﬁnd@ @ﬂeuq indax (B)) cyjopdated. B=10) in
Wil d-type mce. HoysypeRnimnghofic Migahterboidyd GUFRIHEOEDR Rlkad Becdnes

10 fatigue resistant as a result of motoneuron degeneration, denervation and
consequent changes in muscle fibre phenotype. Thus, in mSOD1 €%
transgenic mice at 120 days of age EDL has a fatigue index of 0.255 +/-0.04
(mean +/-S.E.M., n=10), compared to 0.848 +/-0.028 (mean +/-S.E.M, n=10)
in wild-type mice. However, in mice treated with compound A EDL has a

15 fatigue index of 0.416 +/-0.07 (mean +/-S.E.M., n=10). Thus, the fatigue
index of EDL was significantly improved in treated mSOD1(A transgenic
mice compared to untreated mSOD1C%A jittermates (p=<0.05).

Motoneuron survival

( 20 Following completion of the physiological experiments, motoneuron
survival was assessed by counting the number of motoneurons in the sciatic

motor pool in the ventral homns from cross sections of lumbar spinal cord.
Corresponding with the increase observed in motor unit survival, the number
of motoneurons surviving in the sciatic motor pool of treated mSOD1©%A
25 transgenic mice was also significantly increased compared to their untreated-
mSOD1(%3A |itermates. In wild-type mice there were 593 +/-15.8 (mean +/-
S.E.M., n=13) motoneurons in the segment of the sciatic motor pool
examined. In untreated mSOD1°®* transgenic mice at 120 days of age a
significant number of motoneurons have died, and only 237 +/-14 (mean +/-

30 S.E.M., n=7) motoneurons survive. However, in mSOD1®®* transgenic



15 fatigue index of 0.416 +/-0.07 (nean +/-S.E.M, n=10). Thus, the fatigue
I ndex of EDL was significantly inproved in treated nSOD1(&3A) transgenic
m ce conpared to untreated nSOD1(c93A) littermates (p=<0.05). Mbtoneuron
survival 20 Followi ng conpletion of the physiological experinents,

not oneuron survival was assessed by counting the nunber of notoneurons in
the sciatic notor pool in the ventral horns fromcross sections of |unbar
spinal cord. Corresponding with the increase observed in notor unit
survival , tweonesshasss of not oneurons surviving in the BEVHVIRY/MMO¥Hr pool of
treated nSOD1( &@3A) 25 transgenic mce was also significantly increased
conpared to their untreated- nBSODL(&P3A) ljgtermates. In wild-type mce
there were 593 +/-15.8 (nmean +/- S.E.M, n=13) notoneurons in the segnent of
the sciatic notor pool examined. In untreated nSOD1l ®3A) transgenic m ce
at 120 days of age a significant nunber of notoneurons have died, and only

237 +/-14 (mean 4.3%eStel Win colipoundOA ARENEI 9 RSdrathaté itreddaViR \idtondufon
nSOD1( 693A) transgeni ¢ WD 2005/ 041965 PCTJHU2004/ 000098 14 mice treated

with conpound A sundvabwith 432t/ 28atmean Hc}-EdbenT4H meloppwians sUrvingyieven wit h

412 +/-28 (nean +f- §f dsdb=0BbHneur ons surviving, even at 120 days of
age (p=0.002). Thééggorﬁggéu?tésbéghow t%at followng daily tre@&mnt of
-P.)
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transgenic mce a ays of age, I'n a separated group of mce we
e>éam' ned whether treatnent with conmpound A woul d have an effect on the

| i fespan of Life Span

10 In view of the significant improvements in motor unit number and
motoneuron survival observed in treated mSOD1®®* transgenic mice at
120 days of age, in a separated group of mice we examined whether
treatment with compound A would have an effect on the lifespan of
mSOD1CSA transgenic mice. We found that untreated mSOD1C3
15 transgenic mice had an average lifespan of 125 +/-1.8 (mean +/- S.EM,,
n=18) days, as determined by both an inability of the mouse to right itself
when put on its side and the loss of approximately 20% body weight.
However, in the group treated with compound A the decline in body weight

was delayed and lifespan was significantly improved, and mSOD1C%A mice
20 lived on average for 153 +/-2.6 (mean +/- S.E.M., n=7) days. This

represents a significant increase in lifespan of over 22% (p=<0.001).

The above biological properties make N-[2-hydroxy-3-(1-piperidinyl}-
propoxy]-pyridine-1-oxide-3-carboximidoyl chloride useful in the treatment of
25 neurodegenerative diseases. Although all kinds of neurodegenerative
diseases can be taken into account, the compound of the invention is
particularly useful in the treatment of ALS. The dose of the compounds
depends on the condition and the iliness of the patient, and the daily dose is
0.1-400 mg/kg, preferably 0.1-100 mg/kg body weights. In human therapy,
30 the oral daily dose is preferably 10-300 mg. These doses are administered in



nSOD1( 3A) transgenic mce. W found that untreated nSOD1"93Al1 15
transgenic mce had an average lifespan of 125 +/-1.8 (nean +/- S.E M,
n=18) days, as determ ned by both an inability of the nouse to right itself
when put on its side and the | oss of approxinmately 20% body wei ght.
However, in the group treated with conpound A the decline in body weight
was del ayed and lifespan was significantly inproved, and nSODll 93al m ce 20
lived on average for 153 +/-2.6 (nean +/- S.E. M, n=7) days. This
represents QWEQ?&&ﬁ&ﬁa”t increase in |lifespan of over PREH(P&x000001). The
above bi ol ogi cal properties make N-[2-hydroxy-3-(1-piperidinyl}

propoxy] - pyri di ne- 1- oxi de- 3- car boxi m doyl .ghl oride useful in the treatnent
of 25 neurodegenerative di seases. Althou al | kinds of neurodegenerative
di seases can be taken into account, the conmpound of the invention is
particularly useful in the treatnment of ALS. The dose of the conpounds

depends on the condition t , i|y dose
is 0.1-400 ng/ ké’ 98%?%#‘3%%, v@u?T 'JT%)f)BgﬁMyed' ﬁéhgﬂérdc’g?gftrgrgr%ﬁa%)}herapy,
30 the oral dail yn certin casepy es‘pemalwrysolﬂi@éﬂnevg These doses are adm ni stered
in WD 2005/ 041965 PCTBU2004/ 000098 15 unit dosage fornms, which may be
divided into 2-3 snmaller doses for each day in certain cases, especially in

oral treatnment. Rreferibhbithe stehenisoimer @bitteorasemicf cdrhmundcmdstpxeterddwme nost
f bly th + t tit
SRR N B R IR R T L T

treatment. The aithinethe abotelimits wilkbe Beffitientiot tiectrbatméent. t he usual
pharmaceutical conpositions in a manner known in the art. These
pharmaceutical 10 conpositions contain, in addition to the usual auxiliary

substances and camei gétive substance can be formulated lnto the usual pharmaceutical

N-[ 2- hydr oxy-3- (1 idin r opo ridi oxi,de- 3- car box

i m doyl - chl ori de C&E‘Pgﬂ@ %fté Bashen, %‘8 ‘BF A Aege aBRTTRRIER] ¢ of

one of themigas cafiposifionsaoding it saddition to the usual auxiliary substances and
carriers,  N-[2-hydroxy-3-(1-piperidinyl)-propoxyl-pyridine-1-oxide-3-carbox-
imidoyl-chloride or one of its stereoisomers, or an acid addition salt of one of

them, as active ingredients.

15 The phammaceutical compositions can be prepared in the form of a solid or
fiuid preparation generally used in the therapy. Simple or coated tablets,
dragées, granulates, capsules, solutions or syrups can be prepared for oral
administration. These medicines can be produced by the usual methods.
The products can contain filling materials such as microcrystalline cellulose,

( 20 starch or lactose, lubricants such as stearic acid or magnesium stearate,
coating materials such as sugar, film forming materials such as hydroxy-
methyi-cellulose, aromas or sweeteners such as methyl-paraben or
saccharine, or coloring substances.

25



15 The pharnmaceutical conpositions can be prepared in the formof a solid or
fluid preparation generally used in the therapy. Sinple or coated tablets,
dragees, granul ates, capsules, solutions or syrups can be prepared for oral
adm ni strati on. These nedi ci nes can be produced by the usual nethods. The
products can contain filling materials such as mcrocrystalline cellul ose,
20 starch or lactose, lubricants such 46 stearic acid or nmagnesi um stearate,
coating materials such as sugar, filmformng materials such as hydroxy-

met hyl - cel | ul ose, aromas or sweeteneCpaAsM&h as net hyl - paraben or

saccharine, or coloring substances. 25 16 CLAIMS 1. Use of a chem cal

subst ance

pi peridi n>1/1 4epoﬁ{3ecgl>%&'§0%g§/é&%ngé Q#Qaé:&)géﬁ@ﬁ glf% Bg%%i%%&pfﬂ]%ﬁ%oﬁ}B nS

opti cal | ypipetidivigl)-pesprixy/]-pyfidine -oxide- Biearbokintidayl tchlvmile sart dyticelly acthvd a
pharmaceutical ly acceptable salt of the racemc or optically actjiv
conpound Fwnflﬂ@ermrerﬁaﬂg@ iod ﬁn%moaleﬁw&?wa kg Mmawﬁﬁ@& Gcgptabls salt g

treat ment 40 gﬁglﬁ{ o bsg.apccording to
claim1l err%(%%ﬁ%lﬁmﬁtﬁﬁ ca u tance t?lglp%lﬁ)) 15 %ngha%}agxy (1-

pi peri di nydmpgsitamdioy thepseatnaém er pregntiba- o?manoldegenmadwthseﬁﬂemrl de. 3. Use
accor di ng to claim2 wherein the chem cal substance is a salt of (+)-R N-[2-
hydr oxy- 3- ( 1- pi peri di nyl)-propoxy] - pyri di ne-1-oxi de- 3- car boxi ni doyl|

gg; ori de. %gUshey re%xggfg%t(éiw It Rh&EA A SheMeAIShBstRe iS PO SR AhSkANE- i S

pi peri di npipridinplppxgfoxp}pyudine- loxidd-earboximibopichlodidg! chl ori de citrate. 5.
An use in any of clains 1 to 4 wherein the neur odegenerati ve di sease is
anyotrophic lateral sclerosis, A zheiner's disease, Parkinson's disease,

Hunt i ngt 08 GsediceSraffy to3RFm Z”Nhér!eih' tBe SldnitASUBstarke 148 @alﬁ&ﬁ@ﬁ-@l Rg[pto claims
wherein the neurodegenerative disease is anyotrophic |ateral scler05|s

hydroxy-3-(1-piperidinyl)-propoxy]-pyridine-1-oxide-3-carboximidoyl chloride.

4. Use according to claim 3 wherein the chemical substance is (+)-R- N-[2-hydroxy-3-(1-

piperidinyl)-propoxy]-pyridine-1-oxide-3-carboximidoyl chloride citrate.

5. An use in any of claims 1 to 4 wherein the neurodegenerative disease is amyotrophic
lateral sclerosis, Alzheimer’s disease, Parkinson’s disease, Huntington’s disease, and

multiple sclerosis.

6. Use according to claim 5 wherein the neurodegenerative disease is amyotrophic lateral

sclerosis.



