WD 2011/ 157642PCT/ EP2011/ 059665 1 ACETYL- CARNI TINE FOR USE I N A METHOD FOR

| NCREASI NG NEUROGENESI S | N NEURAL TI SSUE FI ELD OF THE | NVENTI ON The
present iwoeniim4eel ates to the use of al kanoyl L- car niPCrmee201i059665
i ncreasi ng neurogenesis. In particular, the present invention relates

to the use of acetyl Lcarnitine or propionyl L-carnitine or a salt thereof,
for i ncreasitngamattog)ene Sk 1BACKERKIINE O ndkia sk MY EiNTREENES T8 IN NEURAL

Neur ogenessuwE, or the birth of new neuronal cells, was thought to occur only
i n devel opi ng organi sns. However, recent research has denonstrated that
neur ogenesi s does indeed continue into and throughout adult life in both

vertebrate andFIEIRQEFHEJINVENTION Neural stemcells (NSC) are a source

for new neurons in the mammal i an central nervous SYSt em (CNS). NSC are

| ocat ed wi t hi MThéehpressHdpventiondraatesbe dherusuphealkaneyl(lsvarnitingséon he

| ateral ventricle (Cell 1999; 97:703-716; Cell 1999; 96:25-34) and in the
dent at e gycoeasangirmneggpes®apal formation (J. Neurobiol. 1998;

36: 249- 266) . Studi es have reveal ed the potential for several additional

| ocati ons of NBCpartitular; HbeapdrdsenENBventioNetelates to 1989 ust90B48ety84197) .
Asymretric division of NSC maintains their starting nunber, while

gener at i naraitineuloat ippopofnyladi-dayniding domga psatturtdmreofyr for ogereasingcel | s
(Cell 1999; 96:25-34). The progenitor cells respond to a range of cues that
di ct at e trduregearsisof their proliferation and their fate, both in terns of
differentiation and positioning. The NSC of the ventricular systemin the
adult are | i KBACKGROUNDrOF THE INVENTIONI c ventricul ar zone stemcells
lining the neural tube. The SUBSTI TUTE SHEET (RULE 26) WO

2011/ 157642PCNidgeheSfs9685 tBe birth of new neuronal cells, was thought to

occur only in developing organisms. However, recent research has
demonstrated that neurogenesis does indeed continue into and
throughout adult life in both vertebrate and invertebrate organisms.
Neural stem cells (NSC) are a source for new neurons in the mammalian
central nervous system (CNS). NSC are located within the ependymal
and/or subventricular zone (SVZ) lining the lateral ventricle (Cell 1999;
97:703-716; Cell 1999; 96:25-34) and in the dentate gyrus of the
hippocampal formation (J. Neurobiol. 1998; 36:249-266). Studies have
revealed the potential for several additional locations of NSC within the
adult CNS (J. Neurosci. 1999; 19:8487-8497). Asymmetric division of NSC
maintains their starting number, while generating a population of rapidly
dividing precursor, or progenitor cells (Cell 1999; 96:25-34). The
progenitor cells respond to a range of cues that dictate the extent of their
proliferation and their fate, both in terms of differentiation and
positioning.

The NSC of the ventricular system in the adult are likely counterparts of

the embryonic ventricular zone stem cells lining the neural tube. The

SUBSTITUTE SHEET (RULE 26)



progeny of these enbryonic cells mgrate away to formthe CNS as
differentiated neurons and glia (Devel opnental Neurobiol ogy. 1991; pp 401-
451). NSGvpeosliistesen the adult |ateral ventricle wall (P¢WEP2@@089684 i Ng
neuronal progenitors that mgrate down the rostral mgratory streamto the
5 olfactory bulb. There, they differentiate into granule cells and

peri gl onmerul ar neurons (Proc. Natl. Acad. Sci. USA 1993; 90:2074-2077).
Substantial neuronal death occurs in tile olfactory bulb, creating a need
for continuous replacenent of |ost neurons which is satisfied by the

m gr at i ngrggeagendft ahesdeemtbagohiconedllke migpatdNeawagcito fath. tROOCNS as
291:17-20). In addition, there 10 are indications that |ost neurons from

ot her br differeagia®es neditohe arrﬁpgﬁae(d)d@ﬂdyrﬁgﬁmltm&d‘m&@gzhe99\1ly\lptldwat)1-

differentiate into the phenotype of the | ost neurons with appropriate

neur onal 4p1pj &de Bgérﬁm iBy RBRSaguW thtdrBP weorttietd Wwan 9givwe! lgehyperingr oc.
Nat|. Acad. Sci. USA 1997; 94:11663-11668; Nature 2000; 405:951-955). 15 In

Vi tro cubbi¥ebAiOPrdRSHHYrgUes t hAYE Be R vas 1RE hshad hRrhfsgt if¥athe et er nal

signals involved in the regulation of NSC proliferation ahd differentiation

(Cells 198%5@@%3?&1%4@1%@,; biffReEntid®fhto hlﬁé'cléﬁé)andT i@rigi&ﬁeﬁﬂ r EGF

and basic F ow ce ul ture expansion of neural progenitors 1solated
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1999 97, 08 { Rom the LAV NS oser, Tett. 2000; 291:17-20). In addition, there
10 are indications that lost neurons from other brain regions can be replaced by
progenitors from the LVW that differentiate into the phenotype of the lost
neurons with appropriate neuronal projections and synapses with the correct
target cell type (Proc. Natl. Acad. Sci. USA 1997; 94:11663-11668; Nature
2000; 405:951-955).
15 In vitro cultivation techniques have been established to identify the external
signals involved in the regulation of NSC proliferation and differentiation (Cell
1999; 96:25-34; Exp. Cell Res. 1999; 253:733-736). The mitogens EGF and
basic FGF allow cell culture expansion of neural progenitors isolated from the
ventricle wall and the hippocampus (Science 1997; 276:66-71; Exp. Cell Res.
20 1999; 253:733-736). These dividing progenitors remain in an undifferentiated
state, and grow into large clones of cells known as neurospheres. Upon the
withdrawal of the mitogens and the addition of serum, the progenitors

differentiate into neurons, astrocytes and oligodendrocytes, which are the

three cell lineages of the brain (Cell 1999; 97:703-716; Cell 1999; 96:25-34).



WO 2011/ 157642PCT/ EP2011/ 059665 3 Specific growmh factors can be added to
alter the proportions of each cell type fornmed. For exanple, CNTF acts to
di rect thwoneuwrahesprogenitors to an astrocytic fate (Gemres/EDeotl1/03596;

10: 3129-3140; J. Neurosci. 1998; 18:3620- 3629). The thyroid hornone,
triiodothyronine (T3), pronotes oligodendrocyte 5 differentiation (Genes
Dev. 1996; 10:3129-3140), while PDGF enhances neuronal differentiation by
progenitor cells (Genes Dev. 1996; 10: 3129-3140; Neuron 1997; 18:553-562).
Recently, it has been shown that indeed adult regenerated neurons are

I nt egr at 8petificogtomehefeicsdrisnearbbaiatdud tualtey thapdopertiondof eadlo cell type

anel i orating neurol ogical deficits (Cell 2002; 110:429441). 10

| nt er est targhed. GbseéxahFMSOmvre a&lts ot hivectt flaé Newr:09pRegdritdrs escatiri ng
not only at the | evel he ol factory bul b and hi ppocanpus. In this

respect hktrdaptiOesie @Hagesbed. 199s; 1031 1W-Gaess & Nealosei. aeys; 18136he- adul t
nouse substantia nigra, opening up a new field of investigation for the

treat mang6gb é"tﬁﬁ'_ﬂﬁdsnéjﬂn%&@éetrﬁgagfh yrORihe ’f‘\@a(fyro%tes YHB80dORdrocyte
100: 7925- 793 he ability to expand neura progenitors and nani puI ate
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neur ol ogl ca | Seases ere specitic ce types dar e t Par ki nson's

di sease” (D}on 10, ﬁ%@gﬁgﬁon.b} EPAURALE dARY ondlegener abkoRoof, slorguiyner gi ¢

neurons in ra ni evi ous t anspl an ion rrents for PD
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striatal neurons, thelr normal synaptic tar restor 1 he
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W th si gnl ficant functl onal benefits to the patient (Prog.. Neurobiol. 1994,
44: 1185) Intgsoabingly, ohsehraiansfase 41é9a$hQW1§sﬁlP@t|%elF1i%eP€§ISbiﬁ EEIEANS
consi derations and a lack of donor tissue. The expansi on and mani pul ation
of adul t nRbenkaAt sbe deal afithelingtaey Bulaagd BiPPRcRMRUarlactds irgsedidt| s
for 5 transpl ant-based strategies for neurodegenerative di sease such as PD.
To this hembedre supgesidd ¢hat dhivfprbgessocanaatbopacoways thamtadydvanauséie
proliferation and differentiation of neural cell types is fundanentally

i npor t ansubstantia nigra, opening up a new field of investigation for the treatment of

Parkinson's disease (Proc. Natl. Acad. Sci. USA 2003; 100:7925-7930).

15 The ability to expand neural progenitors and manipulate their cell fate
has enormous implications for transplant therapies for neurological diseases
where specific cell types are lost. Parkinson's disease (PD), for example, is
characterized by degeneration of dopaminergic neurons in the substantia
nigra. Previous transplantation treatments for PD patients have used fetal

20 tissue taken from the ventral midbrain at a time when substantia nigra
dopaminergic neurons are undergoing terminal differentiation (Prog.
Neurobiol. 1994; 44:1-35). These cells have been grafted onto the striatum
where they form synaptic contacts with host striatal neurons, their normal

synaptic target. This restores dopamine turnover and release to normal levels



St udi es have shown that intraventricular infusion of both EGF and 10 basic
FGF induces proliferation in the adult ventricle wall cell population. In
t he case wb 2BGA57@32t ensi ve m gration of progenitors intecrthrngiogibori ng
striatal parenchyma has been observed (J. Neurosci 1996; 16:2649-2658; J.
Neurosci 1997; 17:5820-5829). EGF increases differentiation into glial

| i neage and reduced the generation of neurons (J. Neurosci 1997; 17:5820-
15 5829). Additionally, intraventricular infusion of BDNF in adult rats

i ncreases the nunber of newy generated neurons in the olfactory bulb and
rostral wmigr atignificaht elamctmmcl i berpefitentdytil patientt(Bres, Nencobidl.nd 90He
striatum septum thal anus and hypot hal anus (J. Neurosci. 2001

21: 6706- 841i35) ThHsweserertale sdradigg bavetahowsstibats t Henipsd! biereghican of
progenitors within 20 the SVZ of the LVWcan be stinulated and that their

li neage egnsideraibalsdriddanavkdradofsr Gkkak. ThEaSpa¥Rion iRl MU 0N
factors known to affect neurogenesis in vivo is small and their effects are

adverse gf gyl NSt can pot&ﬁiaﬁ%ﬂfp@reﬁ%l@ é‘%‘ﬁ%e e elidemdiddieatdprent Hactors
and pat hways that govern the profiferation and differentiation of neural
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t he nedi use o L-carnitine or propionyl
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t he use ace -car i ne h therape a rea patients

and pr oo BRI TS R0yEnahet crreRob b an Shnfier kS T ciiha’ oF SoiEBladil o”

US 4343816 rel ates to the use of acetyl L-carnitine for the therapeutical
t reat nent™BPTEaY i ents with peripheral vascul ar di seases such as 10

typically, Raynaud's, disease. ) ; ; ;
yp y gtu ies have shown that intraventricular infusion of both EGF and

10  basic FGF induces proliferation in the adult ventricle wall cell population. In
the case of EGF, extensive migration of progenitors into the neighboring
striatal parenchyma has been observed (J. Neurosci 1996; 16:2649-2658; J.
Neurosci 1997; 17:5820-5829). EGF increases differentiation into glial
lineage and reduced the generation of neurons (J. Neurosci 1997; 17:5820-

15 5829). Additionally, intraventricular infusion of BDNF in adult rats increases
the number of newly generated neurons in the olfactory bulb and rostral
migratory stream, and in parenchymal structures, including the striatum,
septum, thalamus and hypothalamus (J. Neurosci. 2001; 21:6706-6717).
Thus, several studies have shown that the proliferation of progenitors within

20 the SVZ of the LVW can be stimulated and that their lineage can be guided to
neuronal or glial fates. Yet, the number of factors known to affect
neurogenesis in vivo is small and their effects are adverse or limited.

As mentioned above, the identification of factors and pathways that

govern the proliferation and differentiation of neural cell types is



WD 9857629 relates to the use of acetyl L-carnitine for the therapeutical
treatnent of young individuals suffering fromnood disorders classifiable
as dyst hywoao(1D¥®4bV) and a depressive, irritable, cycl eCmpreaipsyssonal ity
or tenperanent on the basis of DM5S IV and AXIS Il 15 cl assifications,

i nvol ving definite abuse of psychotropic substances. WO 03066041
relates to the use of acetyl L-carnitine for the therapeutical treatnent of
depression in non denmented geriatric subjects having nmaj or depressive

di sorder (NDG NMDD) . EP 0256999 relates to the use of acetyl
L- car ni t funeddmientdidy 20pbhemapautheaakdidaddicilent of patients affected by
acute or chronic peripheral neuropathy. EP 0498144 relates to the use

of acetyl L-cahsivusaneffaletyihe-ddiaiapews pabpiohghleatnithet innyhatmedkama. |n
this publication is also reported that acetyl L-carnitine is able to

i ncr easefithrafehrbhdl Kelowad flow WO 2011/ 157642PCT/ EP2011/ 059665 6 ( CBF)
nmeasured by means of SPECT (Single-Photon Em ssion Conputed Tonography).

EP 0793962 t hgguse3ph1@7ORERI¥S kocahpi tide BpraééﬁﬁiﬁﬁﬁbﬁﬁﬁﬁE'Qbr the
arteriosclerosis obliterans in patients with severély disabling 5

I ntersm tyent el #dl ¢ 'tﬁ%nﬁ of éoc?tféﬁtﬁhﬁi%hQHﬁgai% er%%trﬁplﬂe%ﬁﬁgﬁé absew
neurons are generated in the ul't hippocarpus throughout Tife by neural

st e progenihak i{ieﬂﬂes?t(a%‘(?sv%} se DAY @‘Fgéesnﬂqsg%éﬁ&%%@ﬁ{v\é&ﬁ&g%‘?ﬁ i
responsi ve to external stimull, rnvolved in ning, nmenory and noo

regul atign, . rogenesi.s i tthefore 10 believed to be an inportant form
™ Ng#grlgﬁqSSﬁfleéiﬁé%?ril ?%' organi sns to adapt to environnental

1
of neura re%e

changes t hroughou i The rate of hippoc al neur.ogenesi s

S on T cant | yOonandiola seltrsl 8 B oRpabhorogpLal THFHERCAET - ShEh as
physi cal activity, environnmental  enrichment, stress, od,.di sorders, ageing
and 15 nErGRsysical Sieaiment o madiedits) QFTIRATR &a%‘&ggﬁ&ls‘%angéﬁesq Eiy
age-related decline in _adult neurogenesis. This decline is nostly related
to db¢r ebaigally oRayeeadsghseaisoci ated to decreased stimulation to
proliferate in an ageing brain. Natural or stinulated hippocanpal

neur ogenesi s PlQy W@Q&orf@iﬁ’tesr olce the twee cof npealyl eflferiirgtipe for the

anti depressants and possibly reduced
therapeutical treatment of young individuals suffering from mood disorders

classifiable as dysthymia (DMS IV) and a depressive, irritable, cyclothymic
personality or temperament on the basis of DMS IV and AXIS 1II
15 classifications, involving definite abuse of psychotropic substances.

WO 03066041 relates to the use of acetyl L-carnitine for the
therapeutical treatment of depression in non demented geriatric subjects
having major depressive disorder (NDG-MDD).

EP 0256999 relates to the wuse of acetyl L-carnitine for the

20 therapeutical treatment of patients affected by acute or chronic peripheral
neuropathy.

EP 0498144 relates to the wuse of acetyl L-carnitine for the
therapeutical treatment of traumatic coma. In this publication is also

reported that acetyl L-carnitine is able to increase the cerebral blood flow



20 neurogenesis may be involved in brain areas (including hippocanpus)
atrophy associated with depression. In Al zheiner's Di sease (AD), there is
al so evi dwoee1iBresdecr eased neurogenesi s, that acconpanipes/Brb@1nsasbonal

| oss characteristic of the disease. In the nmedical field is felt a

percei ved need to have avail able new WD 2011/ 157642PCT/ EP2011/ 059665 7
conpound, or a new use of known conpound, useful for stinulating

neur ogenesi s for the prevention of neurenal |oss in normal or pathol ogical
processes in the brain. DESCRI PTION OF THE FI GURES 5Fi gure 1 describes that
ALC has &BBhcentastired- dependeninsst oEngbREQTg (8iriglet Photéhe Emission
differentiation of stemcells/adult progenitors to mature and i nmature

neur ons. Joimpaeed FhGogaspayhmr ked concentrati on-dependent hi ppocanpal
neurogeni ¢ activity as denonstrated by the increase in the percentage of

MAP- 2 posi ti VEPCElZoS B2 ¢heng¥e NsfUpLRSioryl I-WarwifinelfdrHr@utihg chironsct he
hi ppocanpal neurogenic activity of ALC (MAP2- positive cells evaluated by

MAP- 2 st gi-filii@sd1Br&silst Uo®litBEAR NS iy bﬁ'ﬂi@ﬁ%' U%ﬁ%cegéxﬁ‘er%‘lﬁi n&%blﬂ‘x‘ﬁ' ei
were stained wth Dragb.. Figures 3 and 4 describe that the

neur ogen} gt At itVdA Y cRfudieStich not correl ated to neuroprotective activity.
In fact, at t 1e con%erﬁra& ons that 15 induced neurogenesis, ALC (100 pM

o000 OF & T pkcpsh FRIVERARARIBHAREDAMRLELE QULELCHELS
Flgure Syhg S804 HipoRBeThbhkCusiddtoud’ 1fd-GyCRetfhl Stdh /b5 QM PorS LRRES
(NSCs). Neurogenesis is a regenerative process responsive to external stimuli,
involved in learning, memory and mood regulation. Neurogenesis is therefore
10  believed to be an important form of neural regeneration, enabling organisms
to adapt to environmental changes throughout life.

The rate of hippocampal neurogenesis significantly changes on
physiological or pathological influences, such as physical activity,
environmental enrichment, stress, mood disorders, ageing and

15 neurodegenerative disorders. Indeed, during ageing, there is an age-related
decline in adult neurogenesis. This decline is mostly related to decreased
proliferation, associated to decreased stimulation to proliferate in an ageing
brain. Natural or stimulated hippocampal neurogenesis play an important
role in the clinical effects of antidepressants and possibly reduced

20 neurogenesis may be involved in brain areas (including hippocampus)
atrophy associated with depression. In Alzheimer’s Disease (AD), there is also
evidence for decreased neurogenesis, that accompanies the neuronal loss
characteristic of the disease.

In the medical field is felt a perceived need to have available new



of differentiation. In order to better understand Figure 5 it is inportant
to 20 clarify that "Nestin", an internmediate filanment protein predom nantly
expressedwbyponesrak stem cells was used as a specific mechap20mn/ofmes, only
nestin-positive (nestin+) cells form spheres when placed in the culture
conditions used for neural stemcells. In particular, mature neurons are
positive for MAP2 and negative for nestin, immture neurons are positive
for WO 2011/ 157642PCT/ EP2011/ 059665 8 both MAP2 and nestin, stem
progenitor cells are negative for MAP2 and positive for nestin, progenitor
cel I s ar eomguairid/e ok orn betksh WP2ofarkthovest compeemnd;i geefilSYor |stilaudgatieg6 i s
shown that PLC and ALC are activator of NPC neuronal 5 differentiation. In

fact PLCnenes ik tine theniefenfiohodthnedtorigl [R8r BNSioxfAthli APl logRIal ONsS
and reduced the nunber of a subpopul ation of undifferentiated stenfneural

progeni t gr§cesdel MQUBB Hraim | esser extent conpared to ALC. On the contrary,
LC had no effect. Moreover the results denonstrated that ALC and PLC

effects on NPHENCRIBPFROIROF AHE FMATRERt due to neuroprotective effects
on newy generated i mature or mnature neurons.

5 Figure 1 describes that ALC has a concentration-dependent
strengthening effect on the differentiation of stem cells/adult progenitors to
mature and immature neurons. In fact, ALC has a marked concentration-
dependent hippocampal neurogenic activity as demonstrated by the increase
in the percentage of MAP-2 positive cells (i.e. new neurons) in culture.

10 Figure 2 shows the hippocampal neurogenic activity of ALC (MAP2-
positive cells evaluated by MAP-2 staining in cultured neurons by
immunofluorescence staining. Nuclei were stained with Drag5..

Figures 3 and 4 describe that the neurogenic activity of ALC is not
correlated to neuroprotective activity. In fact, at the concentrations that

15 induced neurogenesis, ALC (100 uM; 300 pM or 1 mM) did not reduce the
percentage of apoptotic nuclei (Fig. 3) or even the activity of the LDH enzyme,
an index of necrosis (Fig. 4).

In Figure 5 is shown the specific effect of ALC on cells at various stages
of differentiation. In order to better understand Figure 5 it is important to

20 clarify that “Nestin”, an intermediate filament protein predominantly
expressed by neural stem cells was used as a specific marker In fact, only
nestin-positive (nestin*) cells form spheres when placed in the culture
conditions used for neural stem cells. In particular, mature neurons are

positive for MAP2 and negative for nestin, immature neurons are positive for



(Synonynous: acetyl L-carnitine=ALC=ALCAR=L-acet; propionyl
Lcarnitine=PLC=L-Prop; LC=L-carnitine=L-car). DESCRI PTI ON OF THE | NVENTI ON
15The presenbi/Bvanti on relates to an al kanoyl L-carnit ipog/EPes1185%as t
thereof, for use for increasing neurogenesis in neural tissue. It is
therefore an object of the present invention acetyl L-carnitine or
propionyl L-carnitine or a salt thereof, for use for increasing
neurogenesis in neural tissue. 20It isg further object of the present
invention acetyl L-carnitine or propionyl L-carnitine, for use as a

medi canebbtlorMaPRoadds upptiaestent @rogawitensietly asiregenesi forl MARRIrsahd
tissue; in which said increased neurogenesis is useful for preventing
central pesiiusiocryatetindipsogetetsr cblls isreanéghtivie foobjoels tMAP2 Aad priestgmt

i nvention acetyl L-carnitine or WD 2011/157642PCT/ EP2011/ 059665 9

propi onylsele-Kiglié t5).ne, for use as a nedi cament or a food supplenent for

i ncreasi ng neurogenesis in neural tissue; in which said increased

neur ogengsi gighge Usfsukhb@m RhEYeptE NEngeAtcakhroes Matsos Vst P SQndes due
to ageing or genetic predisposition. 5t is a further object of the present

i nvens i og;GehyihtionC anNtddtNBLE increased the number of both mature neurons

and immature neurons and reduced the number of a subpopulation of
undifferentiated stem/neural progenitors, although in a lesser extent
compared to ALC. On the contrary, LC had no effect.

Moreover the results demonstrated that ALC and PLC effects on NPC

10 differentiation were not due to neuroprotective effects on newly generated
immature or mature neurons.

(Synonymous: acetyl L-carnitine=ALC=ALCAR=L-acet; propionyl L-
carnitine=PLC=L-Prop; LC=L-carnitine=L-car).

DESCRIPTION OF THE INVENTION

15 The present invention relates to an alkanoyl L-carnitine, or a salt
thereof, for use for increasing neurogenesis in neural tissue.

It is therefore an object of the present invention acetyl L-carnitine or
propionyl L-carnitine or a salt thereof, for use for increasing neurogenesis in
neural tissue.

20 It is a further object of the present invention acetyl L-carnitine or
propionyl L-carnitine, for use as a medicament or a food supplement for
increasing neurogenesis in neural tissue; in which said increased
neurogenesis is useful for preventing central nervous system disorders.

It is a further object of the present invention acetyl L-carnitine or



propi onyl L-carnitine, for use as a nedicanent or a food supplenent for the
prevention of diseases or disturbances of the central nervous system in
whi ch saiwlodbsigdsas or di sturbances are caused by the | ess/Epbomesrens due
to age or genetic predisposition. 10lt is a further object of the present
invention acetyl L-carnitine or propionyl L-carnitine, for use as a

nmedi canent or a food supplenent for the prevention of diseases or

di sturbances of the central nervous system in which said diseases or

di sturbances respond to an increased neurogenesis. It is a further object
of the ppesgiohyl Mveatnidimet fer usse afs aceatedicdmehd araanfdodheupplanent doyl
L-carnitine, or a salt thereof, for preparing a nedicanent or a food
suppl enenicreasingncheasédihe’dedr genasiral i nisyewr alint iwBldl kaidwhitdreased

i ncreased neurogenesis 1s useful for preventing central nervous system

di sor der peytbgdriesds f3nbbRI fObpL&ler@ingd ben RAEAERIoUSTYRNENOfisbh@erds@u o
acetyl L- 20 carnitine or propionyl L-carnitine, or a salt thereof, for

prepari ngdogingesh samu Rpgdigp(f)gggnsuppl ement for increasing neurogenesis in
n whic id i

neural tissue; | sai d increased neurogenesis is useful for

preveqting cefpt {sf"ta REHRYSo¥et &P ﬂﬁé%x@?élﬁ%qi"l@eﬁﬁoﬁg&éé’c 1 QL c9EREHC or

pr edi sposi tion. is a further object o e present invention the use of

| L- 1 P ich ] [
£ car ni ¢ ProStoSP EotAmiite Rl RERis de i KR bR o BRR 2By the
preventign G§e r_dist of t-hg cen ner vous

i ch sapie et S gRelhet o iAo il Th A PEREUE TR ale
o age oL enetis Lol shOslilhObarRl drd Aulsa P ORIaSSr SLuldlg s
age or genetic predisposition.

10 It is a further object of the present invention acetyl L-carnitine or
propionyl L-carnitine, for use as a medicament or a food supplement for the
prevention of diseases or disturbances of the central nervous system, in
which said diseases or disturbances respond to an increased neurogenesis.

It is a further object of the present invention the use of acetyl L-

15 carnitine or propionyl L-carnitine, or a salt thereof, for preparing a
medicament or a food supplement for increasing neurogenesis in neural
tissue; in which said increased neurogenesis is useful for preventing central
nervous system disorders.

It is a further object of the present invention the use of acetyl L-

20 carnitine or propionyl L-carnitine, or a salt thereof, for preparing a
medicament or a food supplement for increasing neurogenesis in neural
tissue; in which said increased neurogenesis is useful for preventing central

nervous system disorders due to ageing or genetic predisposition.

It is a further object of the present invention the use of acetyl L-



carnitine or propionyl L-carnitine, for preparing a nedi canent or a food
suppl enent for the prevention of diseases or disturbances of the central
nervous swetenyisréazwhi ch sai d di seases or di sturbances presmPda1os9can

i ncreased neurogenesis. 10lIt is a further object of the present invention a
met hod for preventing central nervous systemdisorders, by admnistering to
a patient in need thereof an anount of acetyl L-carnitine or propionyl
L-carnitine, suitable for increasing negrogenesis. It is a further object

of the present invention a nethod for preventing 15 central nervous system
di sor der sarhi¢inico oageropjonyl decwtnitinpy ddr gpephtringna hyeddameinst @r iandodvd a
patient in need thereof an anount of acetyl L-carnitine or propionyl

L-carnit isﬂpﬁle&ﬁéf&ﬁlﬂ)ﬁ ther pr@ieersl Y dRaOGERESUSturbanced of i thea cbitraller
obj ect of the present invention a nethod for increasing neurogenesis, by

admi ni st geingid Bydtepdl ireWrhich seieddideasesiradisuh i@ s28ravnuBed Ay aset vl
L-carnitine or propionyl L-carnitine, for preventing central nervous system

di sorder §ss of neurdns du@ té ﬁfgébﬁrg&ﬁtﬁ%reﬂﬁsﬁdﬁti%?sem i nvention a nethod
for increasing neurogenesis by admnistering to a patient in need thereof a

Lol Ut h SGR dnggl e S OR Aok SRLIE D adst

0 50 % Bl 2P MR SRRl 8L WA mcnientpl Son L R,

o ch S2%gblisRP T Y BRSRRR T APEhl 8" (VG AR reRlY ebalaf vove
nervous system, in which said diseases or disturbances respond to an
increased neurogenesis.

10 It is a further object of the present invention a method for preventing
central nervous system disorders, by administering to a patient in need
thereof an amount of acetyl L-carnitine or propionyl L-carnitine, suitable for
increasing neurogenesis.

It is a further object of the present invention a method for preventing

15 central nervous system disorders due to ageing or genetic predisposition, by
administering to a patient in need thereof an amount of acetyl L-carnitine or
propionyl L-carnitine, suitable for increasing neurogenesis.

It is a further object of the present invention a method for increasing
neurogenesis, by administering to a patient in need thereof a suitable

20 amount of acetyl L-carnitine or propionyl L-carnitine, for preventing central
nervous system disorders.

It is a further object of the present invention a method for increasing

neurogenesis by administering to a patient in need thereof a suitable amount

of acetyl L-carnitine or propionyl L-carnitine, for preventing central nervous



5 need thereof a suitable anobunt of acetyl L-carnitine or propionyl
L-carnitine. It is a further object of the present invention a nethod
for increaeizog/mesrogenesi s, in which said increased nepcogep@siososss usef ul
for preventing central nervous system di sorders due to ageing or genetic
predi sposition, by chronically adm nistering to a patient in need thereof a
sui tabl e anount of 10 acetyl L-carnitine or propionyl L-carnitine.

The di seases or disturbances due to gemetic predisposition and/or linked to
agei ng, that can be prevented according to the present invention are

sel ect edsystem tdiwrdessigueansHgelinggr @enetiepredapeséaiat.i ve di sorders,

Par ki nson' s di sease and Par ki nsoni an di sorders, Huntington's di sease, 15

Al zhei mer' s ditsigas durtRdrt dljeet o€ ltRE Gsdesen B my@ir e iaCredhed alor S8LEFRIHS
ShyDrager syndrone, Lewy body di sease, spinal ischema, ischenic stroke,

cer ebr al neit@gcitds®), ind@hidth Idafd dBERMIsEd, nQhfsenes@Nist 11¥&ful MBRIPrERAt §ngnd
depr essi on. It is evident that according to the present invention

are not Lol Patd@n aisthacha s LiauiBie adhhINBARGAS Obatibht ET ves

(for exanple injured nerves) or of the CNS (for exanple traumatic conm).

" Neur ogepgsy %Befé)f%eéﬁlﬂﬁgle%%hﬁt St al%ﬁh'Lf LALL PR Ol’dfr)]lt({}fﬁéﬁylt Labk-Aftine.

m gration, surviva a neural cel in vivo or tro. In a preferred
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chronically administering to a patient in need thereof a suitable amount of

10  acetyl L-carnitine or propionyl L-carnitine.

The diseases or disturbances due to genetic predisposition and/or
linked to ageing, that can be prevented according to the present invention are
selected from the group consisting of: neurodegenerative disorders,
Parkinson's disease and Parkinsonian disorders, Huntington's disease,

15 Alzheimer's disease, multiple sclerosis, amyotrophic lateral sclerosis, Shy-
Drager syndrome, Lewy body disease, spinal ischemia, ischemic stroke,
cerebral infarction, geriatric dementia, other cognitive impairments and
depression.

It is evident that according to the present invention are not included

20 patients who have traumatic disturbances of the nerves (for example injured
nerves) or of the CNS (for example traumatic coma).

"Neurogenesis" is defined herein as proliferation, differentiation,
migration, or survival of a neural cell in vivo or in vitro. In a preferred

embodiment, the neural cell is an adult, fetal, or embryonic neural stem cell



The adm ni stration of acetyl L-carnitine or propionyl L-carnitine, may be
systemic or direct into the CNS of a patient. Routes of adm nistration

i ncl ude owel2p11983beant aneous, transdernal, intraperitonealpcTipreoansmesl ar, in
vein, intracerebroventricular, intraparenchymal, intrathecal, intracranial,
10 buccal, nucosal, nasal, pulnonary, and rectal adm nistration or

adm nistration by a |iposone delivery system Preferably, the

pharmaceuti cal conposition is used to prevent diseases by stimnulating
neurogenesis (i.e., cell growth, proliferation, mgration, survival and/or
di f f er enbr proge)itofoell. Nevekenesis dsoertferd tofa hbkirnoreast iropell muaabpr bses
adm nistering to the subject an effective anount of a pharnaceuti cal
conposi t hafetl ifkedkidth a€ikisyirvivatasdivisedeherein PINGC 0ROl GACKIdE, € leadt, A
dosage range of 0.1 g/day to 4.00 g/day; preferably in a dosage range of 1

to 2.00 gfidanin Besh dRf anatiain brog@hiday céils,arkd AOI a0 predhider@etgse.
20The conposition of the invention may furt her conpri se physiol ogi cally

accept abl e cafy ikR{Sdisclosure ARer@rRE HRiechlBe I 850Plet BUENL A% the same
phyS|oIog|caIIy acceptable carriers may be any carrier known in the field
as sutapl g pharmaceutical (i.e., topical, oral and parenteral)

appl i catl on S I tabl e pharmaceutical carriers

20111 157642PCHLERRRAKL0T300R 4 4R b B BE 005 ﬁéﬁ@%% Bk Omay

exanple, in Renln Rar macau Ci ences narr

1995 h t.h f th
{vent i oRenBy bEg 'na%rg% ighE by ysana% spstientniiplsgrcalhtfaiadn, "°
di d k di Ki | ud
Par ki nELH@CHF esbEiB '335‘% a3ne hﬁﬂgm?ﬁ S Bl ™Y
par ki nsoni sm .dru duced novenent disord ncl udi arklnsonls
acute dy¥¢tohi éntr?g?liﬂ%g"?f%’f& RGi ANMTZRATH BHPé t|”8trﬁéﬂg@*ﬂan‘cn E%&Pb

Hunti ngton's disease (Huntington's chorea; chronic progressive chorea
her el t aP}CERlor emuicogal.i r nasdl achbneRanusi 8R4l Eciek) adfipisiation of

administration by a liposome delivery system.

Preferably, the pharmaceutical composition is used to prevent diseases
by stimulating neurogenesis (i.e., cell growth, proliferation, migration,
survival and/or differentiation). For prevention, a method of the invention

15 comprises administering to the subject an effective amount of a
pharmaceutical composition including acetyl L-carnitine, or propionyl L-
carnitine, in a dosage range of 0.1 g/day to 4.00 g/day; preferably in a
dosage range of 1 to 2.00 g/day; most preferably 1.5 g/day in a single or
multiple dose.

20 The composition of the invention may further comprise physiologically
acceptable carriers.

According to the present invention physiologically acceptable carriers
may be any carrier known in the field as suitable for pharmaceutical (i.e.,

topical, oral, and parenteral) application. Suitable pharmaceutical carriers



10 Al zhei ner's di sease; non-Al zhei ner's denentias, including Lewy body
denentia, vascul ar denentia, Binswanger's denentia (subcortical

arteri osavenoti/7@pcephal opat hy), denmentia pugilistica, POU/EPROHPEBESUr €
hydr ocephal us, general paresis, frontotenporal denentia, multi-infarct
denmentia, and AIDS denentia; age-associated nmenory inpairnment (AAM); 15
ammesi as, such as retrograde, anterograde, global, nodality specific,
transient, stable, and progressive amesi as, and Korsakoffs di sease.

O her di seases and di sorders include idiopathic orthostatic hypotension,
Shy- Dr agead feynditlatiens pregiesssibee, Somperammpleamn Rahsygton's Pharmaceutical
(St eel eRi chardson-d szewski syndrone); structural |esions of the

cer ebel | Balerfdsi19th ad.)t(Besaras seki(2098) Mddk PabRsEng, CHSBHUstGAJPS.). Of
tunors; spinocerebel |l ar degenerations such as those associated with

Friedreich's ah@dfahcahetaldPopint piveafion (Rydbe uBagI8HrEENZ WRlyenStondr one,
vitamn E deficiency), Refsum s disease (phytanic acid storage disease),

cerebel | gf sahaxka®gidaldisPA& ¥ SdiSHRIA! 5QPRYad Phi-vpReM OcrsLRe! {s"l"lraking
atrophy), ataxia- "W 2011/ 157642PCT/ EP2011/ 059665 14 tel angi ectasi a, and

m t ochondp{ . m, di éggg.l' c LS 'ﬂ@%ﬁ@@g&ﬁﬁ{wﬁ'tis
(post?nf ctﬁ’u@eﬁggﬁgﬁonﬁf IP'[I S ?Oggrgﬁgfgé’kiﬁstrog an@ SRS

adr enony r ny ‘s heredit i hy.: a i d
vl opat s LasBRRRE pakifertisE UL Hduclll bRl Mol e HigEIdhE
anyotrophic |ateral sclerqsi .progressive bul bar | s pDrogr essi v

miscul af ekt REUR A7L R PAURR WRRBC BT e BEOS BT b

pal sy, and i nal scul ar ,atr.ophi es..such as ty | spinnal .muscul ar .atrophy
(Ver dni g YBfraRR dieztogons distate (Hndmaans Eiotsa ndh OIS BICRCsiF o phy,
type 111 i nal ,muscul ar atrophy (Wohlfart-Kugel ber g- Wl ander di sease), and
10 type F%g’éfﬁ’nQFr 2y &%Oé?zsop%?l.lrmm 6}"’1“7‘]-"‘?‘9 Cr?é’?ﬂ%’%’?\%f Stlaﬁ%)’ig\?/@ﬁpit@n can
be used to treat any manmal, including humans, cows, horses, dogs, sheep,
and &t sAlghedmer gh| §iseass MePYHEnMatfe Aamemtiasn dneludieg (L6vEr ehpdy
humans. | n one aspect, the invention provides a regenerative prevention for
neur ol ogfealendiasor gassulsy 13ledpeniinat | Riroeanger(se. gdementim cdspayornticagr ow,
proliferate, mgrate, survive, and/or differentiate to replace neural cells
t hat havertssmsclessticorentmpthadyrathy)n demsndia npugilissivaef rarshaleptdssufe. g. ,
stemcells) can be acconplished by locally adm nistering (via any route)

t he neur bydnesiphalodul genargl agenesisf froatotensiiadbn demaritéa,c etniudtiiinfanet
appropriate formul ati on. 20Pharmaceutical conpositions suitable for use in
t he presdameamienin@mMIDS dementia; age-associated memory impairment (AAMI);

15 amnesias, such as retrograde, anterograde, global, modality specific,
transient, stable, and progressive amnesias, and Korsakoffs disease.

Other diseases and disorders include idiopathic orthostatic
hypotension, Shy-Drager syndrome, progressive supranuclear palsy (Steele-
Richardson-Olszewski syndrome); structural lesions of the cerebellum, such

20 as those associated with infarcts, hemorrhages, or tumors; spinocerebellar
degenerations such as those associated with Friedreich's ataxia,
abetalipoproteinemia (e.g., Bassen-Kornzweig syndrome, vitamin E
deficiency), Refsum's disease (phytanic acid storage disease), cerebellar

ataxias, multiple systems atrophy (olivopontocerebellar atrophy), ataxia-



i ncl ude conpositions wherein the active ingredients are contained in an
effective anobunt to achieve its intended purpose. Mre specifically, a

t her apeutwoabiyisedsbect i ve anpbunt neans an anount effect iPce/greoopsiceml | y
stinmulate (e.g., stemcell or progenitor cell) proliferation. It will be
appreciated WD 2011/157642PCT/ EP2011/ 059665 15 that the unit content of
active ingredient or ingredients contained in an individual dose of each
dosage formneed not in itself constituge an effective anount since the
necessary effective anmount can be reached by administration of a plurality
of dosageclangiestdssachndsmitaphohesiab mtitiEystemodisbrdensbiacaté dissenhigraged ) . | n
addition, it is understood that at sone dosage |evels, an effective anount

may not shedpldiyniRasiy abdairgbtacts (éhe:preasualitie);ehfiegiolequbdydieopiagk of
deterioration) until after a week, a nonth, three nonths, six nonths or a

year or pmEe AdrcheagRlomet AIgHIARL | DAbEFs t hRrediies! | yHamuRiSny;s Mely-

within the capability of those skilled in the art. e 10 specific dose

level fops@daR@Y hiyelbFHthyS e dMd1tiPeP SRR reHan n?ot&ﬁ%‘rﬂeft‘}rlﬁn0$11st)9&ér%r Such
including the age the physical activity level, genera heal th, and the

severty  of Hircdqatéral bEIRF&M nt}?ﬂ) essive, bulb@ ]?ﬂ)égl ?}Eﬂg‘t‘ Bkivi he

therapeutl ca ectl Ve dose can Be lestinmated initial In cel
culture 3 fetﬁnaf;faat@ﬁ@e um%B”%%e?fé??n%'ﬁé%S”bﬁa 2 ?.sé;?és s on
ot or m nee e e R BEl S Eh e r°9h1?§ Sa% Gib P%Rf il %sﬁf?ﬁ 480 eci se
i sease. VEFETednaR RS oo Lo %5‘1‘35 pgﬁ‘v&éfe 20 R BB of
sensi 1 virresd! SBhiel Been e;{régéesr@%oﬁ%ara%a@”a St °§eé%E> end

determ ned by routine experinmentation and is within the judgenent of the
cli nii afyPe INDSPORI/MG6UPPEI &2011/ 059665

The methods of the invention can be used to treat any mammal,
including humans, cows, horses, dogs, sheep, and cats. Preferably, the
methods of the invention are used to treat humans. In one aspect, the
invention provides a regenerative prevention for neurological disorders by

15 stimulating cells (e.g., stem cells) to grow, proliferate, migrate, survive,
and/or differentiate to replace neural cells that have been lost or destroyed.
In vivo stimulation of such cells (e.g., stem cells) can be accomplished by
locally administering (via any route) the neurogenesis modulating agent of
the invention to the cells in an appropriate formulation.

20 Pharmaceutical compositions suitable for use in the present invention
include compositions wherein the active ingredients are contained in an
effective amount to achieve its intended purpose. More specifically, a
therapeutically effective amount means an amount effective to optimally

stimulate (e.g., stem cell or progenitor cell) proliferation. It will be appreciated



16 What is neant by salt of acetyl L-carnitine or propionyl
L-carnitine, is any salt with an acid that does not give rise to toxic or

si de ef f ewD2011/157642 Non-1lim ting exanpl es of such saltsparEpr2@hlosssssie,

brom de, orotate, aspartate, acid aspartate, acid citrate, nmagnesi um
citrate, phosphate, acid 5 phosphate, fumarate and acid fumarate, nmagnesi um
fumarate, lactate, naleate and acid nal eate, oxal ate, acid oxal ate,

panpate, acid panoate, sul phate, acid s®l phate, glucose phosphate, tartrate
and acid tartrate, glycerophosphate, nucate, nagnesiumtartrate,

2- am no- ehdanks uhpttonan ntmaf) eesivemirkradient- et Hageslieptoaheained in an

nmet hanesul phonate, choline 10 tartrate, trichloroacetate, and

trifl uor gadieidai. dose of edech ideisagé f6RA- B¢ Bvedn dbsulNBeastitictal dry ctfeetipé abl e
salts is given in the publication Int. J. of Pharm 33 (1986), 201-217.

Acetyl Lagafuht | 8@1cel HeOPhebydsaryCadfiictivee @an@ulkiovehrfomeouRdehaad biel r
preparation process is described in US 4,254, 053. Their procurenents 15

L her ef or 84 hfinkRFYEADE o PRRAILS bidod hRSEnRSAdUEN Sad BUBSRRS 0B 1BRs BRI ket

now for a long tinme and are of "a grade suitable for human adm nistration.

As shown cb@ﬁiﬂ&ti@fi@eﬁﬂé@% aly pé&&it{)oﬁgglftgi’s"};ldr{HérQﬁ)JcP!thQ‘{"i dt9sohfe dogHEe9eni ¢

activity of acetyl L-carnitine or nyl L-carnitine according to“the

Present QRN LN din Rt ALGEhALEAy! QknEhbuISHIPRLOLEGHIYE BHbLY (o 20

In fact, at tUhe concentrations i nduced neur ogenesr s carnitine
and, rOPLAILsboRPLLL 5,81 U8l CEHVRRANRGRLSSILANG SO R fypuct o
Himiti ngtﬁlg(e%r’r}%llo%s[hfs,u rsi[xh%oriltlhlsugrt Bagfgart Qre rril(g%e(r)] iugg'ge. Determination of the
effective amounts is well within the capability of those skilled in the art. The
10  specific dose level for any particular user will depend upon a variety of
factors including the age, the physical activity level, general health, and the
severity of the disorder to be prevented.
For any compound, the therapeutically effective dose can be estimated
initially either in cell culture assays or in animal models, usually mice or
15 rats.
The animal model may also be used to determine the appropriate
concentration range and route of administration. Such information can then
be used to determine useful doses and routes for administration in humans.
The precise effective dose for a human subject will depend upon the
20 severity of the disease state, general health of the subject, age, weight, and
gender of the subject, diet, time and frequency of administration, reaction
sensitivities, and tolerance/response to therapy. This amount can be

determined by routine experimentation and is within the judgement of the

clinician.



WD 2011/ 157642PCT/ EP2011/ 059665 17 EXAMPLE 1 In vitro ALC nodul at es
neuronal differentiation of adult neural progenitors taken fromthe nouse
hi ppocanpwe.201 INFR@DUCTI ON  5Conpl ex set of events rel at edTiEP2€121059665
proliferation, differentiation, mgration and survival that characterize
adult neurogenesis starting fromneural stemcells takes place even during
adul t hood. These events take place principally in two separate regi ons of
the brain: the subgranular zone in thei§ascia dentata hi ppocanpi
(SubGranul ar Zone, S&) and the subventricular 10 zone in the wall of the

| at eral ventrWheg icSue¥anthy sait af ateny, L-S¥fhitinder @roperey/lils chehitieredst o be
a favourable m croenvironnent (niche) that enables the stemcell to survive
and di vi daypeii @tihcah lacidfbafdyesrabe gﬁz’ﬁ tiye 8 (OXig orl S@ele@fetapi dl y dividing
progenitors sone of which nove towards neuronal differentiation

15MATERI ALS ANBnMEFIHERS Arimiples anduheRalat afn ehlofidepasainaie, neotegpher es

in culture. The adul t stemcells fromthe nouse hi ppocanpus were
prepar ed,gpgrtaBd, n&é’iﬁ“ﬁ@péﬂa@éﬂ 5&66&&5&&%&@&&&% RBHLAS pgﬁas@ﬁl@t% dgseri bed
previ ousl y | n Denis-Donini S. Neur osci ence, I'n particul ar,

mal e a ”%HHI h r n t nmal
experi meﬁt at on%’a\f\’tggla%?% i rafgf%{ﬁ f?) stem ce?gﬁgagﬁ?t IéMra;[{alura p?%g%ﬂr%: tors.

maleate and acid maleate, oxalate, acid oxalate, pamoate, acid pamoate,

sulphate, acid sulphate, glucose phosphate, tartrate and acid tartrate,

glycerophosphate, mucate, magnesium tartrate, 2-amino-ethanesulphonate,

magnesium  2-amino-ethanesulphonate, = methanesulphonate, choline
10 tartrate, trichloroacetate, and trifluoroacetate.

A list of FDA-approved pharmaceutically acceptable salts is given in
the publication Int. J. of Pharm. 33 (1986), 201-217.

Acetyl L-carnitine or propionyl L-carnitine are known compounds and
their preparation process is described in US 4,254,053. Their procurements

15 therefore is very easy, inasmuch as these products have been on the market
now for a long time and are of a grade suitable for human administration.

As shown in the experimental part reported in the following, the
neurogenic activity of acetyl L-carnitine or propionyl L-carnitine according to
the present invention is not correlated to their neuroprotective activity.

20 In fact, at the concentrations that induced neurogenesis acetyl L-
carnitine and propionyl L-carnitine did not reduce the percentage of
apoptotic nuclei or the activity of the LDH enzyme, an index of necrosis.

The following non limiting examples further illustrate the invention.



Neur ospheres with passages of between 4-12 were dissociated and plated at a
density of 1X105 cells/m in a 96-well plate in ALC (0.1-2 nM at WO
2011/ 1576420/ 1ERA011/ 059665 18 di fferent concentrati on®CUEP20NBRIGES €.
After 24, 48, 72 and 96 hours, the cells were processed to neasure the
anount of cell ATP present using the Cell Titer-d owlIM Lum nescent kit
(Pronega). Differentiation of stemcells/adult neural progenitors. 5For
differentiation, the cells derived fromythe hi ppocanpal neurospheres wth
passages of between 4-12 were dissociated and plated on Lab-Tek 8-well

per mnox chanBXIAMPLEes (Nunc, W esbaden, Germany) previously coated with
nmouse lamnin (2.5 jug/cn2, Sigma) at a density of about 40,000 cells/cnR.
The conposi tinn vitré NALGI hicdwlatest héardwdl diffepentiabiode wfohdai ndural
suppl enent B27, glutamine 2 mM 100 U 100 jug/ ml penicillin/streptonycin.
ALC (0. 1p2ogdhitors 2akehi frbth the motsd Hippdtampisum After 24 hours the
cells were washed and fixed in 4% par af or mal dehyde for 20 mn for
subsequent angy¥RoDYETiION Munof | uorescence. 15Anal ysis using

i mrunof | uorescence. The cells fixed after differentiation in the presence
of ALE a vehephfek L&f Qireprend YRR fo WAINGHdliNesid, TRirdBnfEHoAN

permeabi |l i zed by ‘1 ncubation tor 5 mn, roomtenperature
suppl em%iﬁ%t%ﬁ r-!amd survival that characterize adult neurogenesis starting from

neural stem cells takes place even during adulthood. These events take place
principally in two separate regions of the brain: the subgranular zone in the
fascia dentata hippocampi (SubGranular Zone, SGZ) and the subventricular
10 zone in the wall of the lateral ventricle (SubVentricular Zone, SVZ), where
there is believed to be a favourable microenvironment (niche) that enables
the stem cell to survive and divide periodically and asymmetrically giving rise
to rapidly dividing progenitors some of which move towards neuronal
differentiation.
15 MATERIALS AND METHODS
Animals and preparation of hippocampal neurospheres in culture.
The adult stem cells from the mouse hippocampus were prepared and
maintained in culture in the form of neurospheres as described previously in
Denis-Donini S. et al. J. Neuroscience, 2008. In particular, male CD1 mice
20 aged 3-5 months were used, in accordance with the animal experimentation
laws.
Proliferation of stem cells/adult neural progenitors.
Neurospheres with passages of between 4-12 were dissociated and

plated at a density of 1X105 cells/ml in a 96-well plate in ALC (0.1-2 mM) at



0.48% (vol/vol) Triton X-100 (Sigma). Subsequently the cells were incubated
20 with the following prinmary antibodi es: anti-nestin nouse nonocl onal

ant i body,wd:2020B7648bcam Canbridge, MA); anti-MAP-2 (r alpbrtEpp@ilpsdcenal

anti body, 1:600, Chemi con). The cells were incubated in the primry

anti body for 150 mn at roomtenperature in a solution containing 8%
(vol/vol) of goat serum The secondary anti bodi es used were: Alexa Fluor
WO 2011/ 157642PCT/ EP2011/ 059665 19 5944igonj ugat ed donkey anti - nobuse

anti body (1:1400, Mol ecul ar Probes), Al exa Fluor 488-conjugated donkey

ant i - r abliffereht toGaéntristbioasubraa viehddies\fter 243 43112 bad 26 Hiairsi tige t6Ms
(vol/vol) of donkey serum The nuclei were then counterstained wth Dragb

(1: 2000, wirexpsoddiseedietd calesury eppar ednotinPBSE. elIThg Pslprdesnmeligings seebl ed
usi ng Fl uorescent Munting Medi um ( DakoCyt omati on, d ostrup). In each

exper i meglelITitee GRWIM Afurdindseant ki (Prehféghyel | (corresponding to about 150
cells), were quantified if positive to one or nore phenotypical narkers

used to di stipgteadniatidzeor stem caﬂdlééﬁ&%aﬁleﬁ@eg@twsogem tor 10
cells, immture neurons mat ure neurons. The cell's were counted by an

operagor (blig fgf‘? o1, OfthEhecéﬂseatdE?’ﬂzteziNl %g\lrﬂonﬂré)y }hEgoE&‘n

using an ECLIP E uor escence m croscope enza

wth a 69&%8§bﬁ@ﬁ£'wﬁﬁﬂ%§s@§@é Df “c&ze%ﬁ'lf‘i%t%gré)ﬂ sastociaq@atar{d faredl én

preparation experi ITEI’lt al poln
Lab-Tek 8-well permanox chamber slides (Nunc, Wiesbaden, Germany)

previously coated with mouse laminin (2.5 ug/cm?, Sigma) at a density of
about 40,000 cells/cm?. The composition of the differentiation medium was:

10 Neurobasal-A, supplement B27, glutamine 2 mM, 100 U/100 ug/ml
penicillin/streptomycin. ALC (0.1-2 mM) or a vehicle was added to the
medium. After 24 hours the cells were washed and fixed in 4%
paraformaldehyde for 20 min for subsequent analysis using
immunofluorescence.

15 Analysis using immunofluorescence.

The cells fixed after differentiation in the presence of ALC, a vehicle or
reference drugs were washed three times in PBS and permeabilized by
incubation for 5 min, at room temperature with PBS supplemented with
0.48% (vol/vol) Triton X-100 (Sigma). Subsequently the cells were incubated

20 with the following primary antibodies: anti-nestin mouse monoclonal
antibody, 1:1200, Abcam, Cambridge, MA); anti-MAP-2 (rabbit polyclonal
antibody, 1:600, Chemicon). The cells were incubated in the primary
antibody for 150 min at room temperature in a solution containing 8%

(vol/vol) of goat serum. The secondary antibodies used were: Alexa Fluor



15Assessnment and Cell Survival. After differentiation in the presence of
ALC, a vehicle or reference drugs, the nmediumwas collected and the
activity wooheskdbl enzyne was determ ned using the Cyt ecosmpestipsdees ecti on
Kit LDH (Roche Applied Science), follow ng the manufacturer's instructions,
to quantify death due to necrosis. 20 In parallel, to assess al so apoptotic
death, after fixation, the cell nuclei were marked with 0.8 ng/m Hoechst
(Sigma-Aldrich) diluted in PBS. The apoptic nuclei were counted by an
operator (blind to the nature of the treatnment undergone by the cells)
usi ng an58@LedrFhgktRD ddnicsye soaieronse rastiopdy (U KEN), Cddbkeonino, Prbbas)y)
with a 60X lens. Al experinents were conducted WO

2011/ 157 842RCTF 120 88 a9 bigatetD donkaly dre@shbbitvd : edd0,pMebeiaht ®idbedy, t h
each experinmental point in triplicate. RESULTS
in a solution containing 16% (vol/vol) of donkey serum. The nuclei were then
counterstained with Draq5 (1:2000, Alexis Biochemicals) prepared in PBS.
5 The slides were assembled wusing Fluorescent Mounting Medium
(DakoCytomation, Glostrup).

In each experiment, the cells of at least 5 fields/well (corresponding to
about 150 cells), were quantified if positive to one or more phenotypical
markers used to distinguish between them: undifferentiated stem progenitor

10 cells, immature neurons, mature neurons. The cells were counted by an
operator (blind to the nature of the treatment undergone by the cells) using
an ECLIPSE E600 fluorescence microscope (NIKON, Calenzano, Italy) with a
60X lens. All experiments were conducted on at least five cell preparations,
with each experimental point in triplicate.

15 Assessment and Cell Survival.

After differentiation in the presence of ALC, a vehicle or reference
drugs, the medium was collected and the activity of the LDH enzyme was
determined using the Cytotoxicity Detection Kit LDH (Roche Applied Science),
following the manufacturer’s instructions, to quantify death due to necrosis.

20 In parallel, to assess also apoptotic death, after fixation, the cell nuclei were
marked with 0.8 ng/ml Hoechst (Sigma-Aldrich) diluted in PBS. The apoptic
nuclei were counted by an operator (blind to the nature of the treatment
undergone by the cells) using an ECLIPSE E600 fluorescence microscope

(NIKON, Calenzano, Italy) with a 60X lens. All experiments were conducted



In this study the mcrotubul e associ ated protein 2 (MAP2) was used as a
neuron-specific marker. MAP-2 is the major m crotubul e-associated protein 5
of brai n wosuels7éibere is sone indication that MAP2 i s expmessie@dsswss hi gher

| evel s in sone types of neurons than in others. MAP2 is known to pronote

m crot ubul e assenbly and to form side-arns on m crotubules, which is an
essential step in neurogenesis. It also interacts with neurofil anents,
actin, and other elenments of the cytoskel eton. 10l n adult neurospheres from
t he nouse hi ppocanpus conpared to valproic acid (VPA), a positive

neur ogenenis laastufied oell prephagidres witke raohtasqicetnéhed pdlitt hasriplicate.
dose-dependent strengthening effect on the differentiation of stem
cells/adult pRE®ULT®Srs to nature and i mmature neurons (Fig. 1). In fact,
ALC has a nmarked concentrati on-dependent 15 hi ppocanpal neurogenic activity

as denonst rat iy dtdely ther A& tLBUl8sHETISRIH pEstel 2MAPAROPREEIIMR] 661 | S
in culture. The hi ppocanpal neurogenic activity of ALC was al so

eval uat eg r%hﬂ%l?slge(ﬁﬁé‘irﬁéﬂ&r( A LLM) id theCH s BHARULRAS aR¥%ociated protein
i mmunof | uor escence staining. Nuclel were sgalned with Dragb (Fig. 2). 20The

neur ogeng,e b‘?‘&ﬁ{é‘ffsﬁs&epfﬁéﬁ& isSsdif iiﬁ&?c{ﬁl&% at ‘R/Iﬂﬁﬁ”igpé%r%i%—%d’ %{%itgh\éi*t y.

In fact, at t concentrations tha uced neur ogenesi 00 pM 300

pM or 1 i@%lﬁjﬁﬂ s 91{1? @ﬁ"’%&cg{ E{éﬁlerBﬁEﬁ%%aﬂ? o%el%p%ég’%i & RHELS! +d ?rgrlnr?is%

or
even reduce e ac enzyme, anin of necrosi he

cul ture ned] Flg. . 4). 11/ 157 PCT[ EP2011 65 21 .. . Nestin,
an | nt or HEGr AT Bashion g YorBlSHRRaPF, o Bl 20RHSS waiet oS m
cells was al so .used as a specifi.c rker. In fact,  onl stinpositive
ol I3 1 ofnnepin SEh, AR At becteis Ml inted @k Reic BRine RS oty a
stemcells. | articular, mature neurons are positive for MAP2 and 5
negat i veapgrOtE‘@gteﬁerﬂqemﬁr‘éﬁmeecﬂé’ﬁkg]ﬁéo%re positive for both MAP2 and
nestin, sterﬂfrogeni tor cells are negative for MAP2 and positive faor
nestith, and plbgehilt opceersphesee fiaghtthge MPSeHRPRATPLHI CRERATRI( 1P g.

>)- valproic acid (VPA), a positive neurogenesis modulator, it has been
demonstrated that ALC has a dose-dependent strengthening effect on the
differentiation of stem cells/adult progenitors to mature and immature
neurons (Fig. 1). In fact, ALC has a marked concentration-dependent

15 hippocampal neurogenic activity as demonstrated by the increase in the
percentage of MAP-2 positive cells in culture.

The hippocampal neurogenic activity of ALC was also evaluated by
MAP-2 staining (green) in cultured neurons by immunofluorescence staining.
Nuclei were stained with Draqb (Fig. 2).

20 The neurogenic activity of ALC is not correlated to neuroprotective
activity. In fact, at the concentrations that induced neurogenesis, ALC (100
pM; 300 uM or 1 mM) did not reduce the percentage of apoptotic nuclei (Fig.
3) or even reduce the activity of the LDH enzyme, an index of necrosis, in the

culture medium (Fig. 4).



Treatnment with ALC increased the nunber of mature neurons in a
concentration-dependent manner, as well as the nunber of inmature 10

neur ons; wbGohad7eae ef fect on the nunber of sten progenipteEpre@llosssand
decreased the nunber of progenitor cells. The experinental data
reported in Figures 1-6 show that ALC and PLC are able to pronote the
neuronal differentiation of adult nouse hi ppocanpal neural progenitors. In
particul ar, ALC increases the nunber oplboth mature 15 neurons and i nmmature
neurons; reduces the nunber of a subpopul ation of undifferentiated

st em neural pNegen] aor $nteantediater fikaneont paptaat pwidomirfzattly sxprdssddebyo its
neur oprotective effect. EXAWMPLE 2 In vitro conparison of ALC PLC

and LC onect@aluk@inh aelef wasudigbahselD o 4 f@yeemid abhhderofinaget t oNBuUhaktin-
progenitors taken fromthe nouse hi ppocanpus. In exanple 2, by using the

same expebsiRet lPrOeadisiesedswhen sxeal & the thgtaet cyhlitics Ab&d (BFN) as
a nodul ator of adult hippocanpal neurogenesis in an in vitro nodel of adult

neural phegesi 5 C@lilsS 1HasaRReNaf ONRAL8E HeiroM® are positive for MAP2 and
2011/ 157642PCT/ EP2011/ 059665 22 that of propionyl-L-carnitine (PLC)

(0.3 'é’-”%e%&ﬁvé—f&ahgéﬁijl,n%éﬁfg@lré Qedrdidhre sft‘?\%)fdrggoﬂ}f‘MAlgyéﬁd %es@z‘?t[rpar ed

to ALC, PLCT appeared to ess potent activator NPC neur ona

O et bRy BB A B EEP B O Bl AL 4"
progenitor cells are negative for both MAP2 and nestin (Fig. 5).

Treatment with ALC increased the number of mature neurons in a

concentration-dependent manner, as well as the number of immature
10 neurons; ALC had no effect on the number of stem/progenitor cells and
decreased the number of progenitor cells.

The experimental data reported in Figures 1-6 show that ALC and PLC
are able to promote the neuronal differentiation of adult mouse hippocampal
neural progenitors. In particular, ALC increases the number of both mature

15 neurons and immature neurons; reduces the number of a subpopulation of
undifferentiated stem/neural progenitors; and carries out an activity that is
not due to its neuroprotective effect.

EXAMPLE 2

In vitro comparison of ALC PLC and LC on modulation of neuronal

20 differentiation of adult neural progenitors taken from the mouse
hippocampus.
In example 2, by using the same experimental procedures as for example 1,

the activity of ALC (1mM) as a modulator of adult hippocampal neurogenesis

in an in vitro model of adult neural progenitor cells has been compared to



5 subpopul ation of undifferentiated stem neural progenitors, although in a
| esser extent conpared to ALC. On the contrary, LC had no effect. Moreover
t he resulwe 2emBneier at ed that ALC and PLC effects on NPEcaidrbenesdesat i on
were not due to neuroprotective effects on newy generated i mmature or
mature neurons. 10 WD 2011/ 157642PCT/ EP2011/ 059665 23 CLAI M5 1. Acetyl
L-carnitine or propionyl L-carnitine or a salt thereof, for use for

i ncreasi ng neurogenesis in neural tisspe. 52. Acetyl L-carnitine or

propi onyl L-carnitine, for use as a nedi canent or a food suppl enent for

i ncr easi tgatnefipagdorgi-B-dapnitéte dPLE) @sBelmM) amd Theegaiitiné (IcC s 84l mM).

neur ogenesis is useful for preventing central nervous systemdisorders. 3.
Acetyl LAgarfeioktdteid fighire M, asthphr&BifiALICIEPLE aippisgedstoabd @ Ieedi seennt or
a food suppl enent for increasing neurogenesis in neural tissue; in which
sai d i ncpegse@drnUNPgenestendlsditeeéttiafion. i EMENPLOYi@BASE tREM{AUBesySt €M
di sorders due to ageing or genetic predisposition.

of both mature neurons and immature neurons and reduced the number of a
5 subpopulation of undifferentiated stem/neural progenitors, although in a

lesser extent compared to ALC. On the contrary, LC had no effect.

Moreover the results demonstrated that ALC and PLC effects on NPC

differentiation were not due to neuroprotective effects on newly generated

immature or mature neurons.

10



4. Acetyl L-carnitine or propionyl L-carnitine, for use as a 15 nedi canment
or a food supplenent for the prevention of diseases or disturbances of the
central nwovousissgastem in which said di seases or di st urbamresi1assesaused
by the | oss of neurons due to age or genetic predisposition. 5. Acetyl
L-carnitine or propionyl L-carnitine, for use as a 20 nedi canent or a food
suppl enent for the prevention of diseases or disturbances of the central
nervous system in which said diseases2®r disturbances respond to an

i ncreased neurogenesis. 6. Use according to any of the preceding clains,
in which the salt of acetyl L-carnitine, or propionyl L-carnitine, is
selected fromthe group WD 2011/157642PCT/ EP2011/ 059665 24 consi sting of:
chloride, brom de, orotate, aspartate, @uAiMSpartate, acid citrate,
magnesi um citrate, phosphate, acid phosphate, fumarate and acid funarate,

magnesi um f ugpr at epcdt@riatSniffBkest prapdndtitdcaplitialeeor @XshRt @herdsf, dor
oxal ate, panvate, acid panpate, sul phate, acid sul phate, 5 glucose

phosphat e, t@ag¢ Fat £1c2B&kiAGI itk 1RkENASS indh &R QRRegPhat e, nucate, magnesium
tartrate, 2-am no-ethanesul phonate, nagnesi um 2- am no- et hanesul phonat e,

net hanesul phgnat e, I ne st r at t.rd oac . Or i orQacget at e.
as p %i A&é’c% E%a&?}h‘iﬁﬁ@ or .ﬂﬂoﬁ&}@iﬁ WEL %{aﬁﬁmeéhf(gli 6%1:' Ee 1&6

7. Use according to a of the preceding cl ains, . L-
300 ol day;  BrSiERERM br & BRLLabRRmA SR TR SUAL FlrBetn S ottt 2
00 ! el P U B ol & JRRATEPISLO . ™
central nervous system disorders.
3. Acetyl L-carnitine or propionyl L-carnitine, for use as a
10 medicament or a food supplement for increasing neurogenesis in neural

tissue; in which said increased neurogenesis is useful for preventing

central nervous system disorders due to ageing or genetic

predisposition.
4. Acetyl L-carnitine or propionyl L-carnitine, for use as a
15 medicament or a food supplement for the prevention of diseases or

disturbances of the central nervous system, in which said diseases or

disturbances are caused by the loss of neurons due to age or genetic

predisposition.
5. Acetyl L-carnitine or propionyl L-carnitine, for use as a
20 medicament or a food supplement for the prevention of diseases or

disturbances of the central nervous system, in which said diseases or
disturbances respond to an increased neurogenesis.
6. Use according to any of the preceding claims, in which the salt of

acetyl L-carnitine, or propionyl L-carnitine, is selected from the group



carnitine, or propionyl L-carnitine, are adm nistered by an enteral or 15
parenteral route selected from oral, subcutaneous, transdernal

i ntraperiwonealis7é4dt ranuscul ar, in vein, intracerebroverCriEP2dans9ces

i ntraparenchymal , intrathecal, intracranial, buccal, nucosal, nasal,

pul nonary, rectal or |iposomal adm nistration. 9. Use according to any of
the preceding clainms, in which the 20 di seases or di sturbances due to
genetic predisposition and/or |inked te4ageing, that can be prevented
according to the present invention are selected fromthe group consisting
of : neur odegemesiatihy eofd ichturdees, ShrdPaidd, reotute, dispaasee ancidPasamae)iaid

di sorders, Huntington's disease, Alzheiner's disease, nmultiple sclerosis,

anyot r ophi c tiataEAlmSsghediasl itraW) BRdIHRSIELRETHERSOHAI) F060 26 and
Shy- Drager syndrome, Lewy body di sease, spinal ischem a, ischem c stroke,

cerebral i nfagigt fi@Rarddel haddrsid@MmithhfateQld@ht€ 0RRlddty &aridTBaid FRNESteand
depression. 10. Met hod f or preventing central nervous system di sorders, by

5 admi ni st er ygato émﬁ%k&l@%e ' ﬁaﬂl%%@etQ&Heﬁénﬁﬁté‘”Qngiha% aefd Bé'ull?hate
Lcarnitine, or proplony L-carnitine or a salt thereof, suitable

| ncr easi ng ”g%{cggén hajcé Methad afnd! abf 10ar-Lte IggsgaletrB t@;?ﬁé&'

nervous syst 1 SO er are due to agel ng or genetl c’

1012. Met hod &Q{cgtg,%%%ﬂeQM%&%%@,eﬁ.'aﬁmrme&ldarﬂe%%ﬁaﬁ&%, tRaghesium 2-

amino-ethanesulphonate, methanesulphonate, choline tartrate,
trichloroacetate, or trifluoroacetate.
7. Use according to any of the preceding claims, in which acetyl L-
10 carnitine, or propionyl L-carnitine, are administered in a dose of 0.1 to
4.00 g/day; preferably in a dose of 1 to 2.00 g/day; most preferably in a
dose of 1.5 g/day, in a single or multiple dose.
8. Use according to any of the preceding claims, in which acetyl L-
carnitine, or propionyl L-carnitine, are administered by an enteral or
15 parenteral route selected from: oral, subcutaneous, transdermal,
intraperitoneal, intramuscular, in vein, intracerebroventricular,
intraparenchymal, intrathecal, intracranial, buccal, mucosal, nasal,
pulmonary, rectal or liposomal administration.
9. Use according to any of the preceding claims, in which the
20 diseases or disturbances due to genetic predisposition and/or linked to
ageing, that can be prevented according to the present invention are
selected from the group consisting of: neurodegenerative disorders,
Parkinson's disease and Parkinsonian disorders, Huntington's disease,

Alzheimer's disease, multiple sclerosis, amyotrophic lateral sclerosis,



patient in need thereof a suitable anmount of acetyl L-carnitine, or
propionyl L-carnitine, or a salt thereof, for preventing central nervous
syst em diwordews764213. Met hod of claim 12, in which thepcempreah/opstyous
system 15di sorders are due to ageing or genetic predisposition. 14. Method
for increasing neurogenesis, in which said increased neurogenesis is useful
for preventing central nervous systemdisorders, by chronically
adm nistering to a patient in need thepgof a suitable anmount of acetyl
L-carnitine, or propionyl L-carnitine, or a salt thereof. 2015. Met hod of
cl ai m 14, i nSihibindedresyedtome, newyo bodsy diseasd] spinel $sdfegnidyeistheadei ng
or genetic predisposition.

stroke, cerebral infarction, geriatric dementia, other cognitive

impairments and depression.

10. Method for preventing central nervous system disorders, by

5 administering to a patient in need thereof an amount of acetyl L-
carnitine, or propionyl L-carnitine or a salt thereof, suitable for
increasing neurogenesis.

11. Method of claim 10, in which the central nervous system
disorders are due to ageing or genetic predisposition.

10 12, Method for increasing neurogenesis, by administering to a
patient in need thereof a suitable amount of acetyl L-carnitine, or
propionyl L-carnitine, or a salt thereof, for preventing central nervous
system disorders.

13. Method of claim 12, in which the central nervous system

15 disorders are due to ageing or genetic predisposition.

14. Method for increasing neurogenesis, in which said increased
neurogenesis is useful for preventing central nervous system disorders,
by chronically administering to a patient in need thereof a suitable
amount of acetyl L-carnitine, or propionyl L-carnitine, or a salt thereof.

20 15. Method of claim 14, in which the central nervous system

disorders are due to ageing or genetic predisposition.



