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METHODS AND COMPOSITIONS FOR THE TREATMENT OF
CNS-RELATED CONDITIONS 5 10 FIELD OF THE INVENTION This
invention relates to methods and compositions for treating CNS-related
conditions, such as Alzheimer's disease. BACKGROUND OF THE
INVENTION 15 Acute and chronic neurological and neuropsychiatric
diseases are among the leading causes of death, disability, and
MEJJRORRE ARpe (e MRGSTNTQINS ROE IRHE [TRIAS M ENEGE GNSeRELATED
fourth leading cause of death in%’%l% y there is no known cure
for this chronic degenerative ailment, which directly affects millions of
people throughout the world. Other diseases and disorders of the central
nervous system also result in substantial 20 suffering and cost for those
afflicted by the ailments as well as their families and providers. Numerous
drugs exist in the market today to treat the symptoms or manage the
progression of these diseases, but most have modest or limited efficacy.
Frequently, polypharmacy is employed to optimize therapy to the specific
needs of patients at different stages of the disease. One of the key
challenges in treating these disorders is the high degree 25 of interplay
amongst the pathways that control both normal and abnormal neuronal

functions. The therapeJfidBnadcFaE: Y YANd Fi¢tions is typically
detepminedieiah iNating Hhatapemtis 5%1%?19}8%%%% ¢ U8 related

m_inimizin% the debilitating side effects of the therapies. ort’is
condifiopisinb s AdrlisiBIenmEiseatftiple therapeutics are employed. Improved
therapeutics for treatment of these diseases and disorders are needed.

30 SUMMARY OF THE INVENTION In general, the present disclosure
provides methods &M EHBSLHIORS QI trEHE AN ¥E PO nting

CNRriplaiRe oA BB HUSR ASAE URLSHISRAIAINCAQNIINS 48:0ns the leading

Alzheimer's | disease and Parkinson's disease) and pain, by

causc b HatertigaR s Bl compRstIRRTBYT i therioTé Breteatinchidesmer's
diseabbMeHiioRrhIpadiatecHRaeRiofdMME A FYAJONRLANL:A RECPRIRICE . for

this uch.as acetylcholingsterase inhibitor ﬁACheI). The administration of the
AR iresHE el e AR e reiRctediinetly ahiecinavillinns ahnceriodhmmelsrut the

worl &Yy DfHendseases and disorders of the central nervous system also result in substantial
suffering and cost for those afflicted by the ailments as well as their families and providers.
Numerous drugs exist in the market today to treat the symptoms or manage the
progression of these diseases, but most have modest or limited efficacy. Frequently,
polypharmacy is employed to optimize therapy to the specific needs of patients at different
stages of the disease. One of the key challenges in treating these disorders is the high degree
of interplay amongst the pathways that control both nermal and abnormal neuronal functions.
The therapeutic management of these functions is typically determined such that the
therapeutic effects are maximized while minimizing the debilitating side effects of the
therapies. This effort is usually more complex when multiple therapeutics are employed.

Improved therapeutics for treatment of these diseases and disorders are needed,

SUMMARY OF THE INVENTION

In general, the present disclosure provides methods and compositions for treating and

~ preventing CNS-related conditions, such as neurodegenerative conditions (e.g., Alzheimer’s
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5 associated with or arising from CNS-related conditions such as
Parkinson's disease or Alzheimer's disease including, for example, loss of
memory, loss of balance, hallucinations, delusions, agitation, withdrawal,
depression, communication problems, cognitive loss, personality change,

.__confusion.and insqmnia. comblnatlons fo the present disclosure may
ciseq3g TSR AUBHEE BB Bh EO PN ST A B Roed freot

combissticiates withuddzheibievisthl disgageand resspads ooRihelpfuHiapdaet and a

tr atm nd pre eadac cere ascular diseases, motor
SECONG BFER" Gt sgela easce@ﬁf}:@#ﬁxgg{]eﬁ%s& gﬂ%ﬁéﬁ%‘% admygiigion of the
combnmimmi&sdxﬁmdhﬁcﬁimuiﬁjﬂdﬂmm&m%ﬁ gtrébe:ﬁwﬂ@@%@ﬂﬁmms

nervpus,system, cr, n|aI f ders myelo thies, traumatic brain
assods: (g‘ﬁfﬁg?écor STl aﬁ 5 ﬂnﬂﬂ: ﬁﬁm% sease or

Alzhpmsen’n eis Rt mjmﬂrfgn&r priamslisdase of mmyﬁiﬂﬁydia@i @EMSaldRce, hallucinations,

r<';1d|culn;|{:1sa neuro&aétrhles |n S ndromes, axonic, brain damage,

delusions, SRR R A SIGERYS 1c Rt 190 PRI GRS RIS o Fg8Rtive loss,
pers@nabt;s@haygﬁzegmém;ﬁn and ma@@méﬁ%bmbﬂwwwmﬁmapmm isisdlegure may
or both a ent may b n an amount similar to, that
be uStef/p ca#f g&mlnls ere O%S%BJECF %UB ?&‘7{ TRBAHR AR TiRLeR Risnpzheimer s
diseaammgkmat Abe eClebifidribotheapemntsanibyndepamitistase Hdadashagount
Qr less 2 than the ountt at is typicall ministered to
core S O R R ARG es i tve Cscases
strokghmmm@s@dupommn Wsaﬂimndherdm@mﬁﬂﬁ DR H0RGOBIBE system,
thes e therapeutic effect for treatin
e e A T L I o relition b
injurigtrmmi$telcestierosis, abﬁemmngﬁmmmﬂmat&e&sébmﬁﬂﬂﬁﬁordem
. . i ical 2 osition is less than the amount
- TR e S S KR S R
faﬁgqpe%ﬂ@gomﬁpmvehimkjceﬂism@e@@ﬂaduxmﬂiﬂmgﬂhimmtlm@@hgld@endence
a N r antagonist., Optionall
dﬁf@'ﬁ%ﬁﬁz’%ﬁ?&ﬁ X&H&? oﬁl F% U5 %2% éggdﬁ%ﬁn amount

NMDAr antagonis eI OF both aré Presant

similgn e tglpiéﬁmﬂd&‘rﬂdmamrﬁd mmects foOpspediic thermitmmt 6ithe NMDAr
f NMDAr anta
et L e sl el Sl ess
than theagmpupifhss ivapicaliv edisinittertipic bz rﬁ@dpmmihyjmhninimeeédhe
Nt BsRRi BpRORt- i alian s MIaH | N IIRIONRD [OMUIAA0 o
to

described herein. A higher dose amo ran?agon%nt in‘the
antagprésiaraEied 38 grani Spisa e Ay the wherctheratowir effise ffritaing or

preveglc%ﬁ%ﬁ‘gm%%&f aniRsSiiciant Whgp &2 '519%%%1‘9@ 1 IR AGISUPin e
absence of the AChel. Alternatively, the amount of the AChel in the pharmaceutical
composition is less than the amount of the AChel required in a unit dose to obtain the same
therapeutic effect for treating or preventing a CNS-related condition when the AChel is
administered in the absence of the NMDAr antagonist. Optionally, the NMDAr antagonist,
the AChel, or both are present at a higher dose than that typically administered to a subject
for a specific condition. For exampie, the amount of memantine (an NMDAr antagonist)
required to positively affect the patient response (inclusive of adverse effects) may be 2.5-80
mg per day rather than the typical 10-20 mg per day administered for presently approved
indications i.e. Without the improved formulations described herein. A higher dose amount of

the NMDATr antagonist in the present disclosure may be emploved whereas a iower dose of
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therapeutic effect in the patient. Optionally, lower or reduced amounts of
both the NMDAr antagonist and the AChel are used in a unit dose relative
to the amount of each agent when administered as a monotherapy. In a
preferred embodiment, the amount of the NMDAr 5 antagonist in the
harmaceutical composition is equal to Cérﬁ%eater than the amount

the FPRERTHISTERE TS U LB Y RSP PR dBHR s 4l to achieve 2
therafEio kO A thesamapiopbiie 1 8&dedindha- B arBasRUIcRbth the NMDAr

composition is less than the amount typically administered to a_ subject for
entagguist g &?&ﬁ‘éﬁﬁ %Iﬁ&%ﬂ@ab%mt gaea.%%a@&%tbﬁam@éaﬁeaw agent when
admig@sepgsificnidabibeligesan MdbAd thpstagenistianthRRAehele NMDAr
ﬁgg%gl é%pharmac,eu ically agcceptable carrier is included. Althoug

¥e) h
antagy THAPEAY SO AR IR GBS I PRt dharle Amaiy typically
admiaireaiticholinpsiefase SpTlosIBheD Loy mbeen FiFHI0sAAHE 8nMSt of the

104/0087658), the problem of providing release of the NMDAr o
A TP RN 3 T L I SRGAN fstered to o

subjetyoptoshsitirdamdgintg effects of an underlying disease while 15 avoiding
u %'?,iéab e side effects e.g. CNS side effects) when present as a
combBingd tHeafy  hBO RO badhairpeasien prpmmositien thaeipebutsntiy NMDAT

antagtwddtainé dosatiefomisiohdly|RAhaniaganicis neeskitbr agmirisierefided,

frequently, and require dose escalati the initiation of therapy to avoid
si Eg&c%’%%% é?&&%ﬁffﬁlﬁﬂﬁﬁige%(%é\{&%@ﬂ?&% ficesgerieepRisuch as
acetyiehdidesthiffieuihhibiashieUheg HatagUsienpdiiclobed @RANS 004008 58), the

further exacerbated b the_complicated dosing schedules of i
Brob g S L ATEITER VBt AV AAT AOURAT o) R R (o in an
amowdishigieenotipistprobiesyhanmeto damagidigssiedtiothe corie ko disease while

. providing. an, NMDAr.antagonist.as a,combined therapy. Providing a,
ol AR ICE PSSRt W AHCKC RS TEL PG A oimed therapy
has nisirbestatidiramselitte phairnreoftio eties prndyertidinbiddesaye Agentsfiniiized
to be taken,info account, for instance o ensure that the amount and . .
e L L AR S S e TSRO 0P PP U e tion o
therapshits trvoiidi side rdgfectawssdinig adatihiiedtiside pétentsto Bur theramaitionlyedo This
the rmacokinetic .properties of each of the.drugs (e.q. Tmax, dru
e e B el igmepmca o
the camplitetiedalfisitieschainpicsithgriactoic 3tohnkbtiastssbietntheriscal or
rQVi armaceptical ¢ sition.comprising: (a). memantine ora . ..
e e e R e R AR G i
an NMhbibitentagohish) ayhereimbisid h&hpy.is selected
Providing a NMDAT antagonist in combination with an AChel requires careful
formulation and the pharmacokinetic properties of the two agents will need to be taken into
account, for instance to ensure that the amount and rate of release of each of the agents is
sufficient for a therapeutic benefit whilst minimizing or avoiding undssired side effects.
Further, not only do the pharmacokinetic properties of each of the drugs (e.g. Tmax, drug
half-life etc.) need to be considered, but any interaction between the two agents is a further

complicating factor.
in a first aspect, there is provided a pharmaceutical composition comprising:

(a} memantine or a pharmaceutically acceptable salt thereof; and

(b} an acetylcholinesterase inhibitor (AChel) wherein said AChel is selected



3 from donepezil, rivastigmine, galantamine, tacrine, metrifonate, or
huperzine-A, wherein the memantine or pharmaceutically acceptable salt
thereof is provided in an extended release dosage form and wherein the
pharmaceutical composition is for oral administration. In a second aspect,
there is provided a kit comprising: (a) memantine or a pharmaceutically
acceptable salt thereof; and (b) an acetylcholinesterase inhibitor (AChel)
wherein said AChel is selected from donepezil, rivastigmine, galantamine,
tacrine, metrifonate, or huperzine-A, wherein the memantine or

pRABasaIdioaly aceeRiab e palihsre dfdsravidedinRnHendede-A, wherein

release dosage form and wherein the memantine or pharmaceutically
AT BISTABIE RARTRREBISSHHCTHY HERIRHB AR dherasbimmitdr it vo pYraded

aclmaisi sisadionfokmanildinchasne dhc thiererscpravided apdsrieh mespantine or a
pgar.maceutically acceptable salt thereof in the manufacture of a
HOUCSHR S or treating or preventing a CNS-related condition wherein
said treatingamporespentinteeoinprisédethe larabadiminigtration of the
memaniing or pharmaceyically ageepiable salt ihergofin.an gytended
release dosage form and the Oral admrnistration of an ’
acetylctiolimesteisageolinititess whdriedn SHihATKbtisisekedtaiedns selected from
989&5%%',%{%@&&%@ aﬁﬁ@%"f’l@'&%riﬁé%@@ﬁ%@,fgp% efline-A, wherein the
huperzine-A. In‘a fourth aspect, there i1s provided a use of memantine or a

prearATAss sty Maceiraliieeeipitldecnlidheremn samytidrdlimesterderded release
infuhitoroin-themaRiactn e.h AnMrAic3MeRLIAL HERUNG QL RIAYERINGA o f and

CNS-related condition by oral administration, whereir the memantine or

BieprraceiriEnnessedphabifesir freredmadmniirei®Bnded release

dosageifermirangpehieirin sajgAcetilchelinesierasainipiotis salectedily
from donepezjl, rivastigmine, galantamjne, tacrine, metrifonate, or i
FERSRISIS S ISP B HSTUTR Brb A0 SGb oF BFFtne or preventing a
anetyieholinesiarase witikiiosdni theatmaoufaetereinl acmpdieammed{or

ggna%};]r}%IO{i grrle%vﬁgtiggea aptNS-re;Iz?grgd condtitio wherein sai treatirég. or
BrOVERtRY Compree Tl UHS CAERRHTERIGH oY e R A TSR A
mheoidod arlehtheloraleatiminist! dtooralf einantirieros faphesmiaheliticatysse
AqaERIADIG salt, hereghyand whetendBe memanting L aharmageutically..
acceptable salt thereofiisinan 3a

tacrine, metrifonate, or huperzine-A.

In a fourth aspect, there is provided a use of memantine or a pharmaceutically
acceptable salt thereof and an acetylcholinesterase inhibitor in the manufacture of a
medicament for treating or preventing a CNS-related condition by oral administration,
wherein the memantine or pharmaceutically acceptable salt thereof is in an extended
release dosage form, and wherein said acetylcholinesterase inhibitor is selected from
donepezil, rivastigmine, galantamine, tacrine, metrifonate, or huperzine-A.

In a fifth aspect, there is provided a use of an acetylcholinesterase inhibitor in the
manufacture of a medicament for treating or preventing a CNS-related condition wherein
said freating or preventing comprises the oral administration of the acetylcholinesterase

inhibitor and the oral administration of memantine or a pharmaceutically acceptable salt

thereof, and wherein the memantine or pharmaceutically acceptable salt thereof is in an

3a



extended release dosage form, and wherein said acetylcholinesterase
inhibitor is selected from donepezil, rivastigmine, galantamine, tacrine,
metrifonate, or huperzine-A. In a sixth aspect, there is provided a
pharmaceutical composition comprising memantine or a pharmaceutically
acceptable salt thereof in an extended release dosage form for use in
treating or preventing a CNS-related condition, wherein said treating or
prereaddih s anepitsagd fieror anddnhisisinatioh e@:feﬂjl&iliﬁﬁﬁh%t‘ﬁié& ditAbitor is selected
ar aceutlcallly o%ﬁ‘table aI thereo and the oraglﬂadmlnl ration of&
acoe Choinésedrased! Betoga Pt s&%%%elﬂl Pl 8%%&%
is SeleCIﬂGi frierh d{pmepelzd;ermashgmma pgataﬂniamrm,l tagfifesition comprising
metrrfonate or h zine- A a seve ct th re is rovréi C?
AP R ARG R Ao Y S SRAE GhAb SLFISE Aris doseee
fﬁrms&rmﬁeaimgaon@mm%m;a@@&l&ﬁe@bcooddioln wihergiin ssaddreating or
treatin reventln comprises the oral aggknlstratron of the
A R R e A S e P g gieels
acpdf;aabiacsehtthaﬂ;oamépiﬁalnimlsaimheseeﬁcanolf\amacemithelmm&aﬁenehlbltor
or salt ther%of IS ncha)rir ex en%gd ele se do 9%{3! %nd Whe ein sard
aceefy?clno eSS MATBITOT s 8 ec el fron é%"éz P?RP&%% Hrvﬁ%mmlm
galantammimne manmaemmeﬂofmrnate: hm;iwmezrﬂe -A. In one embodrment the
NNMA. antagg ist, the A elléri')r br%t‘t}l ??ie ?nﬁl%)‘/ibetp quded |nta o
controlled or exflen(’fi“e%li3 reIea form Sr i an fmftediate fele5y rising an
cempehehhastarzieri thiisod uizestha therdgpe ati pﬂaeare:&uhg)ﬁéaéﬁ rethitel condition,

eﬁumnﬁq g\g Fé;”fg side e\fffe ts assocraéﬁeesd |tha A‘u 0 9

? f%‘ ﬁfgféﬁgfél%%ﬁ(@}ngs use herern mMnadiate re Sase

facenyildtdnicreters ol foomandtthe @bhbhadactiverphanmaceuhinsiwegredient

th t releases greater t rce e actrve harmac utrcal
e O e o S B Y RS e Bl ot

rwrenmdbj/measmdmwfm:fum‘r mrdaadmmamrahmduﬁmﬁwﬂraih/mh@ﬁor is

relea fthe active ingredient in an immediate release farmulation.is

R T e e O hperzine-a.

When tﬂlegleedgl%% émggro%gw%gr oral form nggutht?e b%n%frt of

controlled-or exten rélease com one ere ease

tPERERORAY hepravidea dy 4 eﬁaarelleri g s&%&@rrﬁ%ﬁ%‘re@% é’e@é%m&ﬁe‘? an
TS A8 CARRPOSHORBLIARINYRNLAD MAK SRR Blirapeutic benefit of each, while

reducing unwanted side effects associated with each.
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10 NMDAr antagonist and a sustained release component, such as a
coated sustained release matrix, a sustained release matrix, or a

w§ustainadgelease bead matrix. In one example, memantine (§-§4238% 013506
mgq) is formulated without an immediate release component using a

polymer matrix. (e.g., Eudragit), Hydroxypropyl methyl cellylose (HPMC .

B B S R R R i B s G actve

phamumgrs essedintzsolidtafleteopgraaufesn $6 Gptiarialltha soatinghanehceutical

. Sure e(n) i . sed herein the terms."extende

e ] T R R S T AR R R b e

manpdhsagedosagefonetcimgiikbiexggssiths trenabaddnfichargeabyatient in an

innﬂ@cﬁlé{g%e &%@%&Hﬁ'ﬂﬁ%&\g?é%xﬁﬁ%%g ! %%??ﬁﬁ@%se tasrﬁic’ 38 St%glctgg S gures
released over an extended period of time. The term “extende release

1A a1sbiid be understood in contrast to 20 immediate release and, in

\ indi {1 i | the full
Fo kR inlte o BRRIAL R (MU QRAREAACHIEEATE clifitblled or

extepdchsdedesagapfmentsiyiivaly stlovsewl mulistospitddsing fhedpodydinads over a

%ch as a

peri&@%ﬁﬂé?tﬂ?%@?ﬁgﬁgg %ﬁs,%ﬂ@‘é%ﬁ | &?l!i Sé?gﬁefl WA W% Bontain an
rm. eage

solution or an immediate release dosage e extended rel

NMBnantaggevt e amistonedristeass rnmpeligtd, ralchse compuhasta2Bd release
mat:RPHNN- theFompasitian desclibad bereit s @é?&%&ﬂé Y Makatpie,

least one of said NMDAr antagonist or said AChel has an in vitro

merssEBA o proflenglis feamr et sheutrauimiessisiarcBoss rompotminsing a
polyﬁ{@lalﬁtff?{éég%d&é%tﬁ%%%ﬂf tefe ?Péﬁ%d&%ﬁmé i a gf)laymer

measured using a USP typé 2 (paddle) dissolution system at 50 rpm,
coatipd{Seafiidras 7 urhy KRS arelRuBRISeTFPHdara el Bhtaatserjgranules.

OptiBRIRY a CoARIE LR thasreatatianal AR @glRRharmaceutical

mgredlent in a biological sample, such as a patient sample (e.g. blood,

seryfiiwAdesiashedpima fritndrhekusedanegrofeunthécaniplivdrelease dosage
formPIRIREGAL SHEPIR A BEEISUPSR B ROLSANGRIR ASSRYI IO oeably and

known in the art. The term "Cmax" refers to the maximum concentratio

inchifecsiomges A rsenhee the sciicoi 355 rae he dubytanghsenaistenssiddruer an
exteA G HORY SR EANRE: £AS IRt Re AN J&ISIR 10488 vRYEIGS in contrast to

concentration of the drug in the sample over time. Cmax and Cmean may

immpdistaisiaassemine dnBadiane dewlne indicpendi futavardation does not release
the fﬁﬂ%ﬁ@%@&f&@%ﬁf@@ieﬁhﬁrﬁﬂé@i&%ﬂ“gﬁ& %Eﬁ?ﬁc@{l&ﬁ B release dosage

concentration ("Cmax") in a particular patient sample type is 5 referred to
formg dsipisatinpdlew predigEATs IBIIORIEHBIAIIY A RO BRI dacilad piesented by a

conviafidulatiRRAge form such as a solution or an immediate release dosage form. The
extended release forms may or may not comprise an irnmediate release component.

Optionally, the composition described herein is formulated such that at least one of
said NMDAr antagonist or said AChel has an in vitro dissolution profile less than 70% in one
hour, less than 90% in two hours, greater than 40% in six hours, and greater than 85% in 12
hours as measured using a USP type 2 (paddle) dissolution system at 50 rpm, at a temperature
of 37+:0.5° with water as a dissolution medium.

As used herein, “C” refers to the concentration of an active pharmaceutical ingredient
in a biological sample, such as a patient sample (e.g. blood, serum, and cerebrospinal fluid).
The concentration of the drug in the biological sample may be determined by any standard

assay method known in the art. The term “Cmax” refers to the maximum concentration
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that reduce the variability of the ratio of the concentrations of the active
agents over a period of time, thereby maximizing the therapeutic benefit

W&/%I@(;Blpgmlzmg the side effects. In a preferred embodiment, %%5%% 13506
form is provided in a non-dose escalating, twice per day or once per ay )

form. In such cases, the concentration ramp (or Tmax effect) 10 ma
reachish o € T ACHS LA MUBIREFA SABIPSs o RSEHBn GMsE @ faﬂ the
averiggalteiedioarRdustier dlipinate: t‘fhﬁlknwd&v@ dose Q%ﬁ@ig&d@ﬁé&gnﬁﬁf be further
requctiop in dC/dT. may be acc ished, for example, by increasing the .
serlggiEionin I may b sccpmianed, o sxanile, reasng e
reqﬂﬁetdnaﬁaaax el wea ki Ir echue e aio (bgmaﬁm)imqt@iﬁ@iia@me@i Zample type is

the N Ar a,mt onlst ma vided so that it is released
re e 1 1o o R S R G RS el agplations
that ikgdeshg @éﬁﬁhimﬂafane mo@nﬁeﬁo@ﬁt&ymﬂwﬁ' ofiabe ddiBre agents over a period

of (O e RNE B DGTEDSAB RID hOTVS B AERARE LR FHECE
asseciatedaed eﬁmmdmr@hﬁidﬂhm@ yran ﬁaqimwﬁapmemmatﬁise&ﬁﬁlatmg,

twic(e):'lgf gaZS 0.5, or at Ie%ﬁs) In cel rtain e odlmen s, this is ffoct
S BN Sh STy PFE 48% tﬂé 505> foﬂﬁe‘? 4080 (Gbaa¥ effect)
maythe ﬂdmad&rsarﬁ&g dimsihamgdlm airaeiatativnrkn atﬁaicﬁyni@ﬁtmﬁﬂdm’d@) is altered to
i SliSHch aminishaton. The provision of suehnonidase sscalaing o,
osage forms are particularly tse hey provide the drug
accaimptsmbedsital l;xeﬂwm\myammasiﬁmﬁtﬁmmnmmﬁmwammmeronal manner.

i Ilance an adherence and abl chievement
ACCH%H{%%P a%p%%gtl%cn ﬁ?p% aﬁec}%ve s%eaaé{y s?a e ca %:een ration iﬁy gPu(g)]xilﬁn gtely a
factehofibr ﬁbuﬂ;dfmﬂﬁM@AEmstagsuim maarbegandieidiibisocttioni oisetleativd aes sate that

is sz%ﬂ? ﬁ%ﬁ%@%ﬁe %1[% %a%fg ?gﬁggﬁ éh%h%gﬁnaslﬁ}t dgsa mar\]%th

eretimelis o e essence ermore, the c pOSIfIOFIS (0}
assothetegrdelentiirthentimax byl hwmt@nmh@md@@gmmmmmmgb@fcdmést@i to provide

dw% oy Q e nGeasing ;‘}S i
. Sh}alﬁqca\nts, or a \%ar%{%f |nd|c&aht§ign%§g§0 If eswed’ the N A%lr ;éﬁ]at%f %}El%%o?h ©
aSSOm@WGh@Mf@ encibinamsrbishe ke fséer W@I&Jrgﬁbreﬁ@@d?ﬂlﬂe%l% 0.25, 0.5, or at

1eas§@§vefnr@é?téﬂi3&@&%ﬁ E‘{&ﬂsf%@lé'@é@&%ﬁ@heed%ﬁx%@@n@%@y %8%61% 50%,

the same quantity of the antagonist. The releaserate Is measured as thé
75%6 08T ox/8p% aéfitr MProduiEmmitdnte HrdcorolatoTyrpaforaheyiem within one
homf%méﬁtmgﬁﬁoﬂ?/ﬂ rate is less than 5 WO 2006/121560
PCT/US2006/013506 about 80% of the rate for the IR formulation. In
soresrdidsitrafisiehaeiefgrerasealsiagglosage forms are particularly useful as they

provide the drug at a therapeutically effective amount from the onset of therapy further

improving patient compliance and adherence and enable the achievement of a therapeutically
effective steady-state concentration of the drug in a shorter period of time. This results in an
earlier indication of effectiveness and increasing the utility of these therapeutic agents for
diseases and conditions where time is of the essence. Furthermore, the compositions of the
present invention, by virtue of their design, allow for higher doses of the drug to be safely

administered, again increasing the utility of these agents for a variety of indications.

If desired, the NMDAr antagonist or the AChel of the combination is released into a
subject sample at a slower rate than observed for an immediate release (IR) formulation of
the same quantity of the antagonist. The release rate is measured as the dC/dT over a defined
period within the period of 0 to Tmax for the IR formulation and the dC/dT rate is less than
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than about 60%, 50%, 40%, 30%, 20%.or 10% of the rate for the IR
formulation. Similarly, the AChel may also be released into a patient

Waqm;;?z%% slower rate than observed for an IR formulation qjé*i‘ﬁ@?@'&‘ﬁo 13506
quantity wherein the release rate is measured as the dC/dT ovér a MR

defined period within the period of 0 to Tmax for the IR. formulation and
abogh 8 JCd Theatetésfoeti tHafoabulnt BOY168%e50%604096080%e 2056 Torate is less

thamBAwGoNE 5085, tsIhe i3, fomulgtion il SANENMPAY AMAYARSE. Similarly,

over the first 1, 2, 4, 6, 8, 10, or 12 hours. Optionally, the sustained
the pdiasberorahindiaisieasddtntplasiseoricenie aorskuroesathdbang stialed for an IR

form 1kl IFiRnAHTS Allak AP RIS LR 40 OMis; 2L AdUNISHALIAR)AT over a
slopes 10 less than 75%, 50%, 40%, 30%, 20% or 10% of those for an IR

defipsehigried i shiméhs asriodsddlio Iiass Sarike RDRPalatigiois ther@C/dT rate is
less PHERISSoBIONR 05 glivetsindividyabyvilovary: aecording 4 ReN MR formulation

antagonist being used, the quantity delivered, or other factors, including,

of the sagmbMEie Pragamsiedhaded; wifethed the patediavs eaten or

notoRaLRAINEHOset R 0SS FRRLRMRAADAYEHIPRSIOPE VAt ation curves
directly in relations E{q’go dose. 15 Using the sustained release

h
havigginifia 68 dBerBdwweraiisT alminirationie gameroritgadnistration) slopes

less iBaghssa3beranpyticedy, effertve sigatmstatep AsMasARGRMEAUINHE Gme
subject within_the course of the first five, seven, nine, ten, twelve, fifteen,

dosagefdhesaRy IOV AR AHEERIsh. MSIEsERToRR fom B S dded il fvary

accdigiginowineN IbRNigieiachat Beizghiantialy canstpabiaiegaseotBed factors,
) emaptine at a dose ranging between 15 mg and 80 20 mg and
inclyfirgy Tﬂ§%ﬁﬁ8‘éﬁeﬂ£‘§ﬁﬁﬁﬁ@}‘ﬁfﬁ AR e RT RS EhianaicibaREirg or not. For

othegdoseEatiomite anpROXINBABYYVEOHs §0pes 9889,dRY1 BRI MaSE PhéNBse.
tim fgflﬂ%uired to rea hiuchﬂ lasma concentration when ysing a dose

esCAiHA Y Pl dReAS SRR R SR RBN Lk s MD i gntagonist or
the A0l RaiibBsS fRéespedtically HtciGadteadwhish mashiictnata@aitiein a subject

...combination of drugs is.released, transported jnto the 25 circulator
W e S ST S PR B K JELEe B PN e
adminverdimisHer stabilje, the Oraiidfootbdeoritiddiiosia debenibeaingeiad at a

In some embodiments, it is preferred to reduce or even minimize th
subs PSR i YRSt £ VIR B FRRgacls e and 80
mg slebprifedilgraityter 26leasd proflasnf each actbudyphaspheatticalcentration in
ingredient yé)& ifie gduce nearly constant Cratigs, thereby 30
DD HSIG AR iO1h ERLBC o R0 P WA TSP Plasma
concantagom stiacutieg Adbsl eranlntitkediymiffierent, e.g. by a factor of two or
mp&%@t?ﬁg.{d %?I{}?ed crgrlxggz:?t%a%.ﬁ)(glsl %? {V#g a“g%:%% Pne adéSSI@II%Eilcar}l?srqgfeged 1o as the
minimize the relative variability of the active agents between
“Cratio,” which may fluctuate as the combination of drugs is released, transported into the
circulatory system or CNS, metabolized, and eliminated. An objective of the present
invention is to stabilize the Cratio for the combinations described herein. In some
embodiments, it is preferred to reduce or even minimize the variation in the Cratio (termed
“Cratio,var”). Employing the methods described herein, the release profiles of each active
pharmaceutical ingredient may be modified to produce nearly constant Cratios, thereby
minimizing Cratio, var. In cases where the Tmax and T1/2 of the NMDAr antagonist and the
AChel are markedly different, e.g. by a factor of two or more, the desired release profiles will
likely be dissimilar in order to minimize the relative variability of the active agents between

doses.
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doses. 6 WO 2006/121560 PCT/US2006/013506 The present invention
therefore features formulations of combinations directed to dose

wORBlRIZaten or release modification to reduce adverse effects;agsp6ialed 13506
with separate administration of each agent. The combination of the

NMPAr antaganist and the AChel may result jn. an additive or synerqistic

e R S S e e R A SR e a0
dosabeast-5060, B0 RA% 795 catieoagentidiiyeall ofr tae B Assantaigd mwsthineparate

the pharmageutical ¢ sition,may. be Vi in a controlled rejeas
s e I B B S & SO TR R et may
resulirtagoniktitomainynirgiiexepded, doskgerformbeimshour following

introduction of .the pharmagseutical compaQsition. iptq.a |egt. NMDAr ..

OB SR P AR SRE AT KRR 35 15 SR Whtieny
of the AANIBAL Zrtigiwsst mpbroxhmmele@ihelrsitpatilbastByie; 1oy Ribhoussontrolled

e Ar_antagonist Is:| u int ject. Chel ma .

rele e S A O SR RIS A IR remains
in thg0Rended, 18894e 9095, @B%our feiswmaiytailoétive AChe piraynbeutical

- atroll f ion. If ' h, :

cor 3 £ SR RS AP B R R M proxianately
2, 16,216, [bds 1 55 BB pﬁdﬁ'ﬁh&f&l}}ﬁ@ih‘@@tﬁéﬁ@_h@t@&é@ 6! B:230§.16, d22Heuns after the
NM@(}@GI egf't%ng%%ﬂs' %@&Eﬂf&%&%ﬂtﬂ‘&%&bj@u{?] eﬁ{_e E@n@ﬂyfy%%&iﬂ&@ ina

agents may be administered to the patient in a mannerthat reduces the

COﬁW@ﬁbMﬁ@ﬁ@@@aﬁMhé‘ e cdirratioPi ob tfre d0HuSalertelerRY’s, or
esseﬂﬁ,mgzﬂf AR A@@Pﬁﬁ%?%ﬁie&ﬂge@ SstQ%EﬂRf‘dﬁéa ?&@%g %%%lation. If provided

minimizing the side effe 20 present invention differs from prior

as sughicibe A Brbmaikpie e e binatiimPBErwBIEY fdrinbidtidnk bfl 3, 1.2 or less,
apprARRinadonaiasiariaHese, oplimization Ahialedss MOABERIAN i oduced into a

reduce adverse effects associated with each agent. Optionally, the
subjegiatio,var of the NMDAr antagonist and the AChel is less than 100%,

e.0.7iessdl ﬁ%a@%cﬁ%?b&g%%fﬁég%ﬁﬁgemg RABPSRBNEIN a manner that

reached steady-state 25 conditions. Optionally, the Cratio,var of the

reducgs B vaHakER of Mhriratie AEThSIceneadmtigns1fobe, sstivsassatapvanaperiod of
time? 8 %reB) a2 B0briRk HmErHRA R Mok LA QUSROS AN M ISHALARRS. The

the agents. In some embodiments, the Cratig,var is less than about 90%

presgatgnyeaton dH&Eolipropr e Bodiss Sam visking seirlsembimionyse well as

fornSARRACHY ombinations directed to dose optimization or release modification to reduce
adverse effects associated with each agent.

Optionally, the Cratio,var of the NMDAr antagonist and the AChel is less than 100%,
e.g., less than 70%, 50%, 30%, 20%, or 10% after the agents have reached steady-state
conditions. Optionally, the Cratio,var of the NMDAr antagonist and the AChel is less than
100%, e.g. less than 70%, 50%, 30%, 20%, or 10% during the first 24 hours post-
administration of the agents. In some embodiments, the Cratio,var is less than about 90%
(e.g., less than about 75% or 50%) of that for IR administration of the same active
pharmaceutical ingredients over the first 4, 6, 8, or 12 hours after administration.

In all foregoing aspects of the invention, the NMDAr antagonist may be an
aminoadamantine derivative including memantine (1-amino-3,5-dimethyladamantane),
rimantadine (1-(1 -aminoethyl)adamantane), or amantadine (1-amino-adamantane). The

AChel, an acetylcholinesterase inhibitor, may be, e.g., donepezil/ARICBPT®,
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pharmaceutical ingredients over the first 4, 6, 8, or 12 hours after
administration. 30 In all foregoing aspects of the invention, the NMDAr

wanlagewnistnay be an aminoadamantine derivative including W@%H&%BS%
(1-amino-3,5-dimethyladamantane), rimantadine (1-(1 o

SRR B o s 6 AT TN

hupelanepaz VAR GERT{e) e MOn2806/ IS0 R2G R S0060h3bAG Hne while the
rivastigmine/EXELON, galantamine/REMINYL(c), tacrine/COGNEX,,

A B re R R s B LGRS, (RONHEIAF A
antageomst snhedhactisetadhiie/fhel rAGhebis dottepedihelivastiginingnts are

lan ine,.tacrine, metrifonate, or huperzine-A. In some embadiment
forn e B, B B R i g ermal, or
inhabetihnintebvenouBhtepibakgattanselimddiepicahtagiscfithelialc Subdeumalnsion,
Lo lation delivery..Thus, th ents described herein may be )
cap R e e, DA AR e L ST, R plapiabl deivery
devide vicen(inbya] aisulpdermally degitadidineNddDinntdevice: andthinhdlatianay be
.If desired, the NMDA antagonist and the AChel may pe admixed
B 4 A B R ARCIRARUR RIS AerS R R R Earace
fornyd pticatesdaubmriinliia ionsiteg ventially, oroimmsotideduryteihburss thedeours, or
24 H [ .1 ES: r. If administered .
S e, A OO SR M R st o
the sgutoe: diderenbistuiaion tihmintvheson daypetiices a day, tvnceaddgypure a day, or

r i t 0 rovi
ovo LR NN SR N M R A NS e oot
kit. Rewherhhe SroVidéd v antreodissagd foerd IS Lutesrs videshivi sevd fidvsdgaliorm.
techiiral 3nd SEISOHIRteAMe YSaehRATGINAYE G SRS %@E{ﬁgﬁﬁve the same

commonly understood by one of ordinary skill in the art to

meaHP8icRIBBIHE SnAfustaaghbmnensodoadiganatkiibis ik tordigivhleivention
belolRiN0sRIAGEARER TR SO VSEc it m%ﬁ?ﬁlgﬁt% I 5@989&1%%(1 herein can

invention, stitable methods and materials are described below. A

be upshirHiropracHetenttappie afighsinysming, shnbnmetbadsmsbmatgrials are
deSCMiaa@qz.hgmi?ﬂ&mg?%%ﬁg%ﬁ%&%&ﬁ?%ﬁ*@@iméj{&&r%;@&ceg

case of conflict, the present Specification, including definitions, will

mentigpedhepsBdaritsomerseddrarsioagroadhenentixeinpledha eanuefreamBict, the

pres&{ﬂﬁﬁmﬂ&@ﬁifﬂ?ﬁ@ﬁﬂiﬁ?g%ﬂﬁﬁi&%, Alipasis.and Iﬁ%&ﬁﬂ@‘%?ﬁe HBdMALs, methods,
weight unless otherwise specified. BRIEF DESCRIPTION OF THE
and exaygsgre illustrative only and not intended to be limiting. All parts and percentages

are by weight unless otherwise specified.
BRIEF DESCRIPTION OF THE FIGURES

FIGURE 1A is a graph showing that the controlled release formulation of memantine
{Namenda) and sustained release formulations of memantine (NPI-6601, NPI-6701, and NPI-
6801). The sustained release formulations contain 22.5 mg of memantine. These dissolution
profiles were obtained from a USP II Paddle system using water as the medium.

FIGURE 1B is a graph showing predicied plasma blood levels for 24 hours of dosing
with an immediate release formulation of memantine (Namenda) and sustained release
formulations of memantine (NPI-6601, NPI-6701, and NPI-6801), obtained using the Gastro-
Plus software package v.4.0.2. The sustained release formulations contain 22.5 mg of

memantine.
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25 FIGURE IA is a graph showing that the controlled release formulation
of memantine (Namenda) and sustained release formulations of

wismaying, (NPI-6601, NPI-670 1, and NPI- 6801). The sustay&elqﬂ BASH3506

formulations contain 22.5 mg of memantlne These dissolution profiles

i B G A eSSt T ASLat A B S G PR BTy o immediate

releleuisohiioringf dtewithiar (Namﬂtdt@ aﬁteasﬁefmrem wddinye Grmealdaine’

N rele atipns of, memantine (NPI1:6601
mer%iagﬂg(? E%Pﬁagﬁglbﬁame %gl# ‘tﬁgp as rgsl %so %véoep%s Software
pa kmage)xzmasmmamd fe#eaﬁetn‘mmnﬂathinﬁkdn@mﬂﬁﬁmgmﬁ

02 06/ 1560 6/013 FIG
gragmﬁ(?fr:%/ plasfﬁsé)t ﬁ %iﬁe%a%i Siat qg)r AN .ﬁ?f%; He atine (fast) ~
Imme@@sd?kimml@ﬂi&jﬂhﬂmhﬁﬁﬁé@@hdﬁh&ﬁ(dﬁd@ﬂ&méﬂ&@l&aﬁw IR Donepezil
tlon antlne 6 PI-670 80 1),
(NP](E)OI:(?%?QZ usi% e aéafr% (C‘g) S ftv(\)/%{reB %‘é‘*&i?a"é‘e@w QShe sustained
reléﬁéﬂfﬁﬁrﬁjmsiwniaﬁvﬂ 5 fitg of AyiRavtimen iR GORE-SBhows:pezil

(fas medlatz@ %g?glg% nepe(;l Rele 6?%?%%%1&%#&@ 6271), C) SR

MemarfsﬂOWRw[ﬁih&wzﬂJe@ﬂl{’fasﬁibﬁPéf@@)SR Memantine (slow) - IR

e L S L Rpeeres

meiteg (hh1- @R%&ﬂeﬁ%ﬂﬁa@n}mrémsém) eﬁsmm@mah&mmsr@ammm)
C) s%ﬁ%%%ﬁﬁé‘kﬂ _(l\kiﬁ'@{ﬂ%eﬂ REAS Iutlon profile of A)

SR Memantine (fa epezi medlu 72) B) SR
MeF4HIRE éﬁédmssshtmrmg’é wﬁmwmn Bpstcy SR Doneperzil

(sloMERBRNS {5y krNRRoneRe ghiman mésﬂ'i’d&gél%l & 81%5%%151 995 ¢) SR

dissolution profile of A) SR Memantlne(ast) SR Donepezil 15 (slow)

Mergautirg1GBwiy §B< Mk@@w@@&ﬁlﬂé@ -Donepezil (Slow)
(NRHEZTBY £dneRs MERANIR &RIeHbnSh RARAREHILFIWNEHES (3hware

FIGURE 6 showséplasma concentrations obtained using the GastroPlus

packaprad p iU lowinerermROfIENING cofalissnshgeAfasik— IR Donepezil

il
(NPgl(oﬁrE@pj;m Slow%r?ﬁ%lag %@%)Sgﬁaﬁemﬁtﬁléﬁ %\%‘gﬁi%? @ggtﬁ{%mm

(megigpppesh (rapdisgn 43 B)@ﬂ%@%éﬁt%@mae ({grhomrréBeEwnepezﬂ
(NPI-6370), E) SR Memantme (Slow) SR Donepezil (slow) (NPI-6373).

FIGURE 7 shows plasma concentrations obtained using the GastroPlus software
package v.4.0.2 for an SR Memantine — SR Donepezil forumulation (NP1-6272) and an IR

Memantine — IR Donepezil formulation.
FIGURE 8 shows pharmacokinetic properties of various IR formulations and SR

formulations of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides methods and compositions for treating or preventing
CNS-related conditions, including psychiatric disorders (e.g., panic syndrome, general
anxiety disorder, phobic syndromes of all types, mania, manic depressive illness, hypomania,
unipolar depression, depression, stress disorders, PTSD, somatoform disorders, personality

disorders, psychosis, and schizophrenia), and drug dependence {(e.g., alcohol,
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(NPI-6370), E) SR Memantine (Slow) SR Donepezil (slow) (NPI-6373).
FIGURE 7 shows plasma concentrations obtained using the GastroPlus

wSolas shackage v.4.0.2 for an SR Memantine - SR Donepezily 1ison06/013506
forumulation (NPI-6272) and an IR Memantine - IR Donepezil formulation.

5 FIGURE 8 shows pharmacokinetic prqperties of various JR. . .

PV GRERAIS ok ST LN S A bPaedn TRUEH R DR r5pilss.
headdBSCRIRTHAIN, CFoREpdiYENTdRMEhe prasamdmwent)aeprovigdesncluding
Aizr@%h,%%% a%ﬁ'T Goov &%ﬁk"&%so‘}%’é%éeg}ﬁ %Pﬁ%‘é%ﬁ‘é%%%m?OFESNc%iﬁ%%%‘%Qon igcludes a

conaitions, iic uding psychiatric disorders (€.g., panic syndrome, genera
firstagristhaisoraeN SPdbiersyponttesiohall Gieé e madimepranid d Pl ERe
.. jlln @, i Ird%aﬂ'wﬁbe ressi di
rlva%@e%%@)@ﬁm %#gﬂ(;%'le%rlsn,epe rsonallt;'/ d%((?%%ée?g %%ﬁ%%sé? é%?fgﬂate’ o
hupseinzephréhta)ombihdiiog Gependéioedewrh dled bot, o up®126@640CiaBE0vith CNS-

oSO ISR SRR £ ORI Rl o
CN$aétnted opodiiniess, redrebdrigebienhiy, cidhme nfidetintidhegnial raivsartth agents,

is fo}fﬁ}l gﬁ%?%&&&éﬁ%%%%éﬁ%qwglgﬁﬁg Eloéb%c-g 2530 Q%?%?&aired time

es a firstagentt Ar antagonist and an AChel (e.g.,

perigibtupés HisiReOERIT (9, b8 thenspieyrinsdlEXCOR Bt low enough to reduce or avoid
advERAam QSS{WMQ&E%%&%/ fé‘%ﬁ NF%%@MQE&H‘E@H %ﬂ%’sﬁf)j ect. Preferably, the

huperzine-A). The combination is administered such that the symptoms
compgsiisiated thiriPEest instensdcairditon dated levicsdlop pragentedioprratio

vari HRED N bre SRR BHBFAG RS P1AAL HEn S EslaiRg 89?949%@ for

reduced. Desirably, either of these two agents, or even both agents, is
fornfalatignadiesr BRIGRHEMBRESEE OTHEYIRPE SVIIAGCAds iR enteatrsles el ease form.

desired time 10 period that is high enough to be therapeutically effective

but low enough to reduce or avoid adverse events associated with
NMPyeedapegenisis of either agent in the subject. Preferably, the

COMRONIONSAQ' IhG RySSeakibEaN Ak RIERbACLh IO BIYRIBNS of the

concentration ratio variability over the dosing interval that is less than that

invegHeprpatlisrIsrbatbase fort #pmemationie WhnirassditRdhe sorphinatienrbiiy
inveRHSLOMHRABER MG AR andedy 8RS0 thsel i N M RAANA8 QRS hate any

subsgigae that has book spbroved by 1o Unifed Siates £ood aad Drog Administation
("FDAY") for administration to humans or, in keeping with established regulatory criteria and
practice, is susceptible to approval by the FDA or similar regulatory agency for any country
for administration to humans or animals.

The NMDAr antagonist may be an amino-adamantane compound including, for
example, memantine (1-amino-3,5-dimethyladamantane), rimantadine (1-(1 ~
aminoethyl)adamantane), amantadine (! -amino-adamantane), as well as pharmaceutically
acceptable salts thereof. Memantine is described, for example, in U.S.Patent Nos. 3,391,142;
5,891,885; 5,919,826; and 6,187,338. Amantadine is described, for example, in U.S. Patent
Nos. 3,152,180; 5,891,885; 5,919,826; and 6,187,338, Additional aminoadamantane
compounds are described, for example, in U.S. Patent Nos. 4,346,112; 5,061,703; 5,334,618;
5,382,601; 6,444,702; 6,620,845; and 6,662,845. All of these patents are incorporated herein

by reference.
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invention, particularly those that are non-toxic when used in the
combination of the invention. The term "nontoxic" is used in a relative
w§Shse3Ndds intended to designate any 20 substance that ha§{?{e@g2 06/013506
approved by the United States Food and Drug Administration ("F A'('S ?or’ )
administrati ans or, in keeping with sitfaglis ed regulatory criteria .
o B R AR R i
elipegéln tfpforahly dountlyinaradaviasiletiomtgigimandwobniméisiEhehencyclidine,
o MDA ARlEOR0ISLMAY Be-anATIcadaman ane compondindudino. for
1 Bl dimetryladanm

25 example, memantine (1-amino-3,5-dime alnténe‘ﬁ, Amantadine

dextpprpetherphiod(tiytiatizdiextaNe)ctimbmcapinea()-andits mdamaitadeXtasphan ((+)-
. S "Mﬂﬁﬁﬂ. a I | reqf. tine, i

3 hygg%({:?i%\gd, for exang E}% lé‘llr% g@%%%%%é%}g%g% i%gfen%ggg 1 %sg%r thereof, or a
metaoligmeeirsptios a87 B 3Be frsgatagine is described, for example, in U.S.

Patefl Nasna ool BomadeiBh 3 8L 3R0uARd & G4 RR0paaanal, an

aminoadamantane 30 compounds afe described, for example, in U.S.
amopigsnasbawae il ;b ieng/dey. 5,384, 61 8125188 0600204120 meatay;

, : t ' t remn . b
e 3 D P L COL L0 ZR RSO ¥ 100
and 3PRmsiiars o deiiegmsthemprayagtnetdetioraxagrsioy tedminky 000 mg/day, 1
and eliooadi;dsnnmsil,g 'g@@k@gﬂ%;{%?é@@ e danayigine glMaR doses will
aptlggtﬁnel, pﬁencyclldlne, flupirtine, celfotel, felbamate, neramexane,

r

typicgilsrRedevspéipridhosc esemipnshinr agekisoRepreigative dosing can be found in

the HOR-Byhuslroney SNimathylraophinan) and its metabolite, dextrorphan ((+) 5
3-h droxi/-N-methyImorphinan) a pharmaceutically acceptable salt or

esteitholebo s sXvHRkbD e geeanasn snaliy RIPRRETRY 688ing Pkeand T1/2) of

menRREHBAGRMICAL SO MROSHIRAtABY:De formulated to provide memantine in
an amount ranging between | and 80 mg/day, 5 and 40 mg/day, or 10 and

20 mg/day; amantadine in an amount ranging between 25 and 500

TabPQ/dPKaZm 26l 3URURAT A i%%%%ﬁQ@&QQIW@%ﬁB%Ar antagonists

= -inan amount.ranging between 1 an 0 mg/day, 1
°“’£‘r’1"d“ioo§ m";@é’ty, 15650 d 800 Ay, or 20Ue4KeralsH mglday. Pediatric
doses will Bpiéaly béTower thaPthose determint for adults

Represehtafive dosing can| be found in the PDR by anyone skilled in the
Memgptind able 1 $Aowd exémplaiy-thegharmpbekineticqproperties (e.g., Tmax

and T1/3) of starting at Smg | required, hallucination
Amantadine 15 3 100-300 mg/day | Hallucination
Rimantadine 25 6 100200 mg/day | Insomnia

Acetylcholinesterase Inhibitor

The AChel of the combination described herein is an acetylcholinesterase inhibitor
(e.g., donepezil/ARICEPT®, rivastigmine/EXELON®, galantamine/REMINYL®,
tacrine/COGNEX®, metrifonate, or huperzine-A).

Donepezil, described in US Patent 4,895,841, galantamine, described in US Patent
4,663,318, and rivastigmine, described in US Patent 4,948,807, are all presently approved by
the United States FDA for the treatment of mild to moderate Alzheimer’s disease. The use of
these AChels commonly results in severe nausea, diarrhea, vomiting, and other side effects,
including cardiovascular side effects, most of which are dose dependent. Furthermore, the
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15 memantine, amantadine, and rimantadine. Table 1. Pharmacokinetics
and Tox in humans for selected NMDAr antagonists Compound Human
WJ%%_mllg\&grmal Dose Dependent PK (t%) hrg Dose Tpx in hﬁ:’l‘lvszommisso()
Memantine 60 3 10-20 mg/day, Dose escalation starting at 5mg required,
. hallucination Amantadjne 15 3 100-300 mg/day Hallycination
e R R 48 G RUCR DB RSP THEBHNIE b AR UM lowest Tovels
(Amlrthibil@hTHhes AChe B 65 Thg 2@ BHindlidndescriedhemimis alerate chronic AChel
th aeetylcholinesterase inhibitor (e.g., donepezil/ARICEPT(r),
em}lia\yastigmine/EXELON(r), galantamine/REMINYL(r), tacrine/COGNEX(r),
meilifopdenacdupet anepikiDonepe b, desaribed o MSREtdohepezil in an

4,895,841, galantamine, described jp US Patent 25 4,663,318, and. . . .
oo B R b AT ARt FO A B8 o8 FNE oA Ao agtimine
in arbymthenUnitesh StetesEDiAafal 1Revigahtym 2 rindf tnitd/taynod@raid 5 mg/day; or

Alzheimer's disease. The use of these AChels commonly results,in
sale g A e T B S A PR AR TR R or 2 ana 12
mg/d&erdibvdsdtritad side eifegisicaibsbolomkicth andlieseldepeimdror adults.

Furthermoye,.the 11 WQ 2006/121 PCT/uS2006/Q13508 interruption
Repig BTG o B TG ECPER B R RRe R e e (e

leVEbI¢Alsh&Fame:Rhysa88(1) [i366iAR0IA068Y) priipenate e, paliems sahiddt2) of

t te chronie AC%IA | therapy. T, harmaceutical composition may be
doneﬁgﬁlf%%fg{gs } pl%lg\’/i eaé]c%)%l‘%elfane%ﬁlllgqagr]f%f ?azr{#g?ﬁt ranging between 1 and 10

mg/day, 2 and 5 mg/day, or 2 and 4 mg/day; rivastigmine in an amount

Tah{%%%%%ﬁﬂét?&%ﬁ PR B 1%%2%%%%}; gdl 5 mg/day; or

antamine In_ an amount ranging between ay, 2 and 16

Comppitpfdlay, or 2 and™ P Rig/day] Pedibic dobdermilypically be| P pteRfeendent
those determing@4dradults. | Representative dosing can be fouwrkis Bret

AricERRY.gRyone BKilled in the art. 10 Tablel Z-showsexemplaryNhees, diarhes,
pharmacokinetic properties (g.g., Tmax and T1/2) of donepeZiksomnia

H ++ H 1 + H (| H A
EXEI.:B&%!%S%EI{’FH{G (ﬂﬂslldl e, dai I(f_f!')u PerLnn IB'I'E._lz mg/day Nausez, vomiting
REMINYL " /Gatantamine | 7 1-2.5 16-24 mg/day Nauses, vomiting,
anorexia
HUPERZINE-A 4.3 1.3 100-400 pg/day Nausea, hyperactivity,
dizziness

Making Controlied Release Formulations

A pharmaceutical composition according to the invention is prepared by combining a
desired NMDAr antagonist or antagonists with one or more additional ingredients that, when
administered to a subject, causes the NMDAr antagonist to be released at a targeted
concentration range for a specified period of time. The NMDAr antagonist may be provided
so that it is released at a dC/dT that is significantly reduced over an instant release (so called
IR) dosage form, with an associated delay in the Tmax. The pharmaceutical composition
may be formulated to provide a shift in Tmax by 24 hours, 16 hours, 8 hours, 4 hours, 2
hours, or at least 1 hour. The associated reduction in dC/dT may be by a factor of
approximately 0.05, 0.10, 0.25, 0.5 or at least 0.8. In addition, the NMDAr antagonist may

be provided such that it is released at rate resulting in a Cpay /C mean Of approximately 2 or less
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Table 2. Pharmacokinetics and Tox in humans for selected Achels
Compound Human PK Tmax (hrs) Normal Dose Main Dose-Dependent
dverse Event ARICEPT /Donepezil 70 3-4 5-10 mg/da o
W gﬁd’s@e{ag?sﬁérrhea, insomnia ERELON /Rivastigmine 1.5 1-2. %'!irvésze{w{n3306
- ..mg/day Na iting REMINYL /Galantamine +.1-2.5 16-24 mg/d .
for B e S e R D I b ey e ed o
subjMdusea, hyperactivity, dizziness 15 Making Controlled Release
Formulations AhaImaAe S HOrLASERING IR M8 IMVESRHONAS ot o rat
p(epglre(gil %y c’om}l}ﬁr:fl\%]ga %e_gég%?ﬁf%@& %?ggbnis%%ﬁ%gig%%%%%h aharate
resubing 6 more-4d aitiopbRinypadiemednBat Wkeforappioidroatad e Asubjectt least 8
houSPHRSSHD R R AL ADAAANRIRE i%ﬁd%&%%%j%gﬁﬂig%% the sustained

concentration range for a specified period of time. The NML tagonist
relesp@iopapabiorieekubitiesnis celsasbatiecdORS YA S RiRile@ntiyom 2 hours

after SAHGELONRIAD INRIARS IlGARR{RARANRH) @ﬁ%@%@&eﬂfﬁﬂ%‘%@% ®R, 40%, 30%,

associated delay in the Tmax. The pharmaceutical composition may be

20%emA Qfatetithe ssréviae BRshrmmlainnobihe sanrdosasemiiks smedid@Ar

antaEBHirs%: ZHAQMER; AR A8E & DMk iﬂﬁﬁzﬁ%ﬁ?%ﬁ%%&&ﬁi‘dg A Ny,
e by a factor of 25 approximately 0.05, 0.10, 0.25,70.5 or at [east 0.8. In

antageiRtidreiRgar e mIen Athen iRg s pa Biding whethse themaenbhasigatenaisaef. For

othcRURER resuliingdha fvaxy/ %%@aﬂ@gl%ﬁgm@ﬁ&%qﬁlﬁéﬁi%ﬂﬁgo dose. The
2006/121560 PCT/US2006/013506 for approximately 2 hours to at |éast 8

deteppinatisna! imdinhongsAialsmacrfmmbgtieads i & iehifutexanaliubn US

PatctIMIRAS 20iaG0RIS W@%@féﬁliﬁeﬁf&'%@m itis released at arate
resulting in a Cmax IC mean o ap‘%roximately 2 or less for approximately

f
2 hOBHOR A Bt amppitinn drsstibedlipipin isfRupslsiedisurk B b An
antaBcH8ES M PHORAY Vi s SisiansTle RIRARET UM | AtRRSBYNIRIEPIRIMNI% in two

concentration curves haying initial (e.g., from 2 hours after administration

housg, arerier daRdOLH iR RAHER PafbRe iRl o9, L3 osra s gnagssped using a

USP type 2 (paddle) dissolution system at 50 rpm, at a temperature of 37+0.5° with water as

a dissolution medium..

Desirably, the compositions described herein have an in vitro dissolution profile that
is substantially identical to the dissolution profile shown for the formulations shown in
FIGURES 1A and 2 - 5 and, upon administration to a subject at a substantially constant daily
dose, achieves a plasma concentration profile that is substantially identical to those shown in
FIGURES 1B,6, and 7.

A release profile, i.e., the extent of release of the NMDAr antagonist over a desired
time, can be conveniently determined for a given time by calculating the Cpay/C mean for a
desired time range. For example, the NMDAr antagonist can be provided so that it is
released at Cpax /C mean Of approximately 2 or less for approximately 2 hours to at least 6
howurs after the NMDAr antagonist is introduced into a subject. One of ordinary skill in the
art can prepare combinations with a desired release profile using the NMDAr antagonists and
formulation methods described below.

Optionally, the AChel may also be prepared as a controlled release formulation as
described above for the NMDAr antagonist.
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20% or 10% of those for an IR formulation of the same dosage of the
same NMDAr antagonist. The precise slope for a given individual will vary

W 8%?)%.'?19 &E the NMDAr 10 antagonist being used or other faci)tg{% S2006/013506
including w

ether the patient has eaten or not. For other doses, e.g.,

thoge Meplioned ABRYS: Héﬁc 13peRrary dieglivin relatipnshi é}é’a% ved while
i The Je err_ngna;mn -Of Initial slopes ot p asma oncen%ratlon | eSscCri eg,
minjgriekgriphdiiingSideatneN i 9e3in6dvranwsivjaiedonpbratedediate release

fordGlarence FORignallY, H&%EQ&HR%%‘E%Q&?&%Mﬁé‘%m}%ﬁ%‘wlﬁ ne%,%g); ma

the NMDAr 15 antagonist has an in vitro dissolution pro esst

levappafdhnautersisdlinancnded ietind Hdums, yrdwmdraranuinlinedlrdtorslasma level,
the ?gg%%f ?3% SAN83dRR AU 8% Madsed using ﬁwigéc‘&@g)%ﬁ%ﬁge, thereby

) ddle) dissolution system at 50 rpm, at a temperature of 370.
ImpERXIEE R3tiang @@anlmqméi afheRssirdily cormepilsitivstadadibing psychosis
and lasgﬁarﬁméf@ﬁgas%&@aﬂéww% 9&9&4&&9&&&%@1@%@5&%&%'&@ be

to the dissolution profile shown for the formulations shown in FIGURES F’A

lesseirgl _ssvsrdy apdiretiensistiaasahdhs webidaant Bebselenigpeibadsdhet shift the
Tm&ail 15088 arRIGKeR Sy AR S ACRLIALIOR ROHIE I IS SRS RRTRIMT of the

identical to those shown in FIGURES 1B,6, and 7. A release profile, i.e.,
drugmetsabhinsrraientasrhuvmsdwsatis s s vepesruation apEmasanshsduces

the OSEQUYBRIGHINASISIMIASd faha %4%%%%&%%%%% e )% Seing treated

mean for a_desired time range. For example, the NMDAr antagoniist can
overR Prsined s iir 1 derdaste atemarverkisatperishrolimasing. M6¢h regards

to tHeSeUREIARRY Rximaleln? hewsdR AL eastSulhentsialier tRe MNHRAF cardiovascular

antagaqnist is introduced into a subject. One of ordinary skill in the art can

or gREHICEHASH Afd R ALY FegiPEENtElease profile using the NMDAr
antagamisidRash3Qjesmelainbmatbesaisassei ae-brl v nBRIRRARNEIE of a first

hel may also be prepared as a contrglled release formulation as

NMBEAHReOaH Rk HE-NRNBRY Dddsaidediipeime des poalg oL @ test
combBaditiSa0 4RLERDEMIS g-iedeimuai s desesteeddRIRIM, lessen the

therapeutic leyels may.be achieved while minimizing debilitating .
Sy R T Ty e S AR LA e ean which a lover

theripemidaliprefcEtivihaione ofmha reauivefihe deaicton s the AiTeIqsqptaimnt
relaﬁfgaégé%%rgﬁﬁ:%é&r:% t&%&%ﬁg&%ﬁéﬁﬁ%ﬁﬁ%@l %?e%ggg %qtur}?ed to obtain
the same effect when each agent is tested separately.

The amounts and ratios of the NMDAr antagonist and the AChel are conveniently
varied to maximize the therapeutic benefit and minimize the toxic or safety concerns. The
NMDATr antagonist may range between 20% and 200% of its normal effective dose and the
AChel may range between 20% to 200% of its normal effective dose. The precise ratio may
vary according to the condition being treated. In one example, the amount of memantine
ranges between 2.5 and 80 mg per day and the amount of donepezil ranges between 1 and 20
mg/day.

Whén the memantine is in a controlled-release form, the preferred dosage range is
10mg to 80mg per day; daily doses of about 22.5, 27.5, 32.5, 37.5, 42.5, 47.5, 52.5, 57.5,
62.5, 67.5, 72.5, 77.5 mg are particularly preferred. When the donepezil is in a controlled-
release form, the preferred dosage range 1mg to 10mg per day; daily doses of about 1.0, 1.2,
14,1.6,1.8,2.0,2.2,2.4,2.6,2.8,3.0,3.2,34,3.6,3.8,4.0, 4.2, 44, 4.6, 4.8, 5.0 mg per day
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5 the dosage frequency may be reduced to, for example, once or twice
daily dosage, thereby improving patient compliance and adherence. For

w853 Iﬁ,sﬁ',de effects including psychosis and cognitiye defic_{; T/US2006/013506
assocfliated with the administration of NMDAr antagonists may be U206 ’

[ ' thr of controlled-relea -
o O R s 1550
45 rog thrs devgiaRetichegieationdits shivneperilginst ofl-rcrezdes, Tdwainistered as

2 six%-lr% AsQsedHeasS G dugcongentiation.at Tmax apd J%Bﬁ%iotp%osage form

ax/Cmean ratio providing a more constant amount of drug to the

preferjschaseineiaieed sdceveioargiatiope dedratmansiand pagpeitpalivbrsaich that the
dissENRIYS AN BRI BQ30th MR SR A5 10 IBRAGNEL NG GWeEpeciatly with

dC/dT and Cmean will result in a lower incidence of cardiovascular or

regagdsifdhsdenstredts'Ghnemuixaddpsdhadone of A dgitengoniseandet fibel) in a

nur@MPinationsslisclased HRiRiny COMBINRIANS Med e RARHEGNMP Moperties, in
antagonist and the AChel may be identified by testing the ability of a test

vitrq.disgahEinsnre bl esrddalsnNmMBisiEtagonist and one or more AChels to
lessgn tersymrianael e aerelatrsshisorden migfedad IDAUADSE  mulated

are those in which a lower therapeutically effective amount of the NMDAr

into heads Hine U Gr dracnibsbhracira it sebrniioll X st aitsolwienrrefiles. More
prefeRgbNVIAI S BOIstSS BREIRE THR NRNBIRAHT SR AP LRRIN LG 328 es similar to

effect when each agent is tested separately. The amounts and ratios of

that FhoWR IONRSFEBSIEt Bt A erbissredivebredgr psilets &f Arnepambare

prepiiedRaianedtisoneneifis: ARk HRITIZ & HH Ao BRIRNGRAAGH e Wfie figure. The
NMDAr antagonist may range between 20% and 200% of its normal

prefamed Redels a5 ARETMEBA AT hé FRESARRTHS BeRidR APRIOSBatly% o g sremantine
or dPRERBHIEHRCING FORG IBR JUEEFRIGHR MM REBREANGLG HiSrilled into gelatin

condition being treated. In one example, the amount of memantine

capslRg BY BRAYeEAWDH A atietethe Brfoard esapbustniaa&i P45 mg per

capsiaBYRsEMNERRIlANAA s HEY days N ER B MERBIMIMENS ik fhantine 3.6 mg
controlled-release form, the preferred dosage range is 30 10mg to SOm%)

donqReH SPTRRifly s BS b PaBER P BIbIIE: 390gnamantine bengs ayiby
dondRA1 Bdads fiteacl é:pJM8, AfaRALEHIBIRORafemeshWhrnthadanepazilds

in a_ controlled- release form, the preferred dosage range Img to 10mg per
donepezil hepdsiBee@BiYBout 1.0, 1.2, 1.4, 1.6,1.8, 2.0, 2.2, 2.4, 2.6, 2.8, 3.0,

3.2A34ti3:0119,Biffderdt. doldade Hrofife8 (S QdNDARENEHRYalmMW Utical ingredient may
be prze%%% Zajﬁgé:%nﬁggég %Zgrggégllag ?‘gtios to adjust the release profile for each of the
ingredients, enabling the more rapid development of formulations for development purposes
or specialized formulations for individual products.

For a specified range a physician or other appropriate health professional will
typically determine the best dosage for a given patient, according to his sex, age, weight,
pathological state, and other parameters. In some cases, it may be necessary to use dosage
outside of the range stated in pharmaceutical packaging insert to treat a subject. Those cases
will be apparent to the prescribing physician or veterinarian.

In some embodiments, the combinations of the invention achieve therapeutic levels
while minimizing debilitating side-effects that are usually associated with immediate release

formulations. Furthermore, as a result of the delay in the time to obtain peak plasma level

and the potentially extended period of time at the therapeutically effective plasma level, the
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are particularly preferred. In a particularly preferred embodiment the
memantine dose is 30 - 45 mg per day, taken in combination with a

wdop&pezigose of 2 - 4 mg/day, administered as a single dosgg;la”fg%bﬁ/mﬁ%
with no dose escalation over time. The combination dosage form )

o S b e AR ROy
imprgpiag avsicptarmetianes saeisdiolitiseregards to the Tmax, dC/dT
(norpalizeddnr, the dessiRfiNYAnapagist AnAGRAUNA A MU nist and the

For memantine and donepezil, which have similar pharmacokinetic

AChsbiochaesipinisiiis HissoromsHsstiebabimmsy pe afiisnsy. andaprids rdesirable
sideesﬂ@&gimart@ﬁm;g.inﬁ&ﬂé%ﬁ@@l@@%@&&&%ﬁ{h@ﬁ%{j@%g@;mwgﬁﬁve

10 into beads or pellets (as described herein) with substantially similar

defigiisasmrrdrptotid<hrptaipitreian pf PRdEY srapirasiys memnbminsecaed in severity
and BFQRRIRY Withw HlissalstionRiafies SRk i, AL DA IR MEMaNtNG dnger

igure 4B and, separatelé beads or pellets of donepezil are prepared

F
ﬁme\ﬁ;i ey NELBINHREARSHE S hnhe JFig. sRedBE ths ki of tredsugmot only

incréigieierhie, Mreiersad RRlie s AmR R MalRbh A TRE LA RARLEOHRIN
approximately 60 g memantine 15 or donepezil and easily characterized
Cnessaih

TAYOIREUIE Sig BREE S PRS P Bt 6 Gumin hepdusst hsyng treated

oveRaSSeN SUHBOOF ihachiavedhany efriad Masseliemantinend3thdd oifilarly,
., per capsules and donepezil of 2-4 mg per capsule. For example, a 42 m
s1deﬁ% ﬁ%equency

FeaTe R Y B RR PR IO MBI AlSS Berpiupsdaf Sy S Bk

throd @0 doemArinelbardsMiti60 donepezil beads in each capsule,
equivalent.to ZEOE%% memantine heads plus 24 mg 2_0_done§pezil beads

perB&SEGHE. 9 aiy: BirePeb RagRs Bkl AsTitig pllrghve Additivity is
achiphalipeeniitalipghedianisugsnbapienared irid combisreirpresadbatlogies.

atios t just the release prafile for each of the ingredients, enabling the )
In o R R AR GG B B B Ceoined actve
pharspeeiatizsiddgradidations fssindivid dahpritbdotsledb: Formauspesiieptiatige the

hysician or other approptiate health professional will typically,determine )
Db s Ao PSR B S EH R L e P Gt B Crasio
overftatieol@yidat statef anatiothaigdameters dafbordeicRsesidtimamblee a concerted

essary to use d e _outside af the range stated in rmaceutical

ofteq e M ALTTS ant TR OE Fiee 8 Bbpin SpLgor. The
Cratprescribihigypfigsiciarva’”yetdefiacihins 80 ktaniand devimiimeiisetiies of Cratios

combinations of the inventign ieve.therapeutic, leve hile mjnimizi
ke A AR e A R Sl g R oo
The Cratio for the controlled release formulation of drugs with significantly different

pharmacokinetic properties is more consistent than for the IR administration of the same
drugs over any significant time period, including shortly after administration and at steady

state.

Modes of Administration

The combination of the invention may be administered in either a local or systemic
manner or in a depot or sustained release fashion. The two agents may be delivered in an
oral, transdermal or intranasal formulation. In a preferred embodiment, the NMDAr
antagonist, the AChel of the combination, or both agents may be formulated to provide

controlled, extended release (as described herein). For example, a pharmaceutical
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formulations. Furthermore; as a result of the delay in the time to obtain
peak plasma level and the potentially extended period of time at the

- (ga?pﬁlllgi&glly effective plasma level, the 15 WO 2006/1215 TUS2006/013506
PCT/US2006/013506 dosage frequency may be reduced to, for exampl/e, )

comPRSRIOE MiEe Hailyed 95@9&1@@%@4%3imﬁmﬁmgg&@@m@%n or both

adherence. Accordingly, the combination of the invention allows the
mayNpRIpy AP HATL s btk AleHerk s gsatamenata e e corsieaitshtional

ingrth@tdmpieyssrefisacy-and-avaidssupdesiahle oBl0R §featR ALBRRAIHYSs 1o be

For example, side effects including psychosis and cognitive deficits

releassd i afoaaried tAE SfipRsHEtSPETIRIVIS Arsntdde R esagraysraa Psetredy

admimiSRYEH Y ARMiiRauenerdbraughdheses efeepiialictiiaieashmeiidSgents in
that shift the Tmax to longer times, thereby reducing the dC/dT of the

the cpmgineliancifg inaadieydhe St andrer ed daRptitkadairdiale psingiko
forntERUERSHHISE ke CARGRRTAIRNT b NaNREY. radcehibR A L MAXKe RS X tniently

ratio providir]%da more constant amount of drug to the subject being

sub-ivided BRGNS S PUAOI S FRRTIERI Sttty aalBre dstapdssecond agents.
The 28S0SRIRA Vi desing, BiMilanyiside Aflertvassasiatad mith e usaef

AChels may alsq be reduced.in severity and frequency through controlled

apPrORHALS G shHeR eRmiRCsHiptiRet s8R d ETn i K fREtEovidhe active

ingrédiditiyenefiecisitAdelifivitsiss iraatieverd dycambieing.te@elive MegalSicular
w%i%%ut requiring controlled release technologies. In other embodiments,
need ol 06 CORAHRB P EHIE Bisaitiacokinetic profiles of the combined active

phaxkeasetitien), ingsUigmie aregissiniad, taeICHerofleasenidimuEiians not be
. OéJtimg%ﬁh?}g%harmacok'neti s of the actjve pharmaceutical a e%ts tg
MIXEEATER HEVERLBTRPOPIRC IS o0 aP . REHUHEASFC AP mation
encorapisiily e Ardaiinetidioth PRND enatitgaisonckied\heltestfavilded in
agents over that time, maximizing the effectiveness of the combinati
sepeig NG AT B OB ReEAOE o T SXATRr BN b
antagosésiend tieraiiis] takgrbevdmingieadperihd aftijse dpdecac Pyitienmahiys, 1 day,
of th Cratios multiplie 100%,. The Cratio for the contrglled release
18 St PGS Q)RR BRI G ST RGO e i et may
be pieviime inonsisieln] thaficforihddRoadiblsistiaticneoidnentamed 2opdiagdy to the
.over significant ti iod,.includin rtly after administration and
subj %‘ft's i e%%ém%a 8&%8;%&40!?; 1 raﬁ:ﬁ%?r%lﬁl([) #13 I%ge AT 56 separa{ec} o tach other
in a pharmaceutical composition such that they are not mixed until after the pharmaceutical
composition has been introduced into the subject. The mixing may occur just prior to
administration to the subject or well in advance of administering the combination to the
subject.

If desired, the NMDAr antagonist and the AChel may be administered to the subject
in association with other therapeutic modalities, e.g., drug, surgical, or other interventional
treatment regimens. Accordingly, the combination described herein may be administered
simultaneously or within 14 days, 7 days, 5 days, 3 days, one day, 12 hours, 6 hours, 3 hours,
or one hour of additional therapeutic modalities. Where the combination includes a non-drug
treatment, the non-drug treatment may be conducted at any suitable time so long as a

beneficial effect from the co-action of the combination and the other therapeutic modalities is

achieved. For example, in appropriate cases, the beneficial effect is still achieved when the
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The combination of the invention may be administered in either a local or
systemic 30 manner or in a depot or sustained release fashion. The two

W n%ﬁ(%ﬁ gf%% be delivered in an oral, transdermal or intranasai fgr IZ%H(%BS%

m
_rie e_rred embodiment, the NMDAr antagonist, the_ AChel of the
nonSAMPINAIRR,PROIN,BERS MY Redormulated 19 :rovde eanirallec C%Jltic agents,

extended release (as described herein). For example, a pharmaceut
Perhpgs HHBIOSFIVERETRIST/US2006/013506 composition that provides

confiplleebralaass of fna:MMRAIANAGeRISh e ggﬁ&ﬁ%ﬂ%@l‘ﬁoﬂ@.@‘eﬁ&om 10

prepared by combining the desired agent or agents with one or more

thosg fitEMan theradieriglhal thmerssahdlisderee 1dienusjdethpitsedanérmulation
and FRERBEHYAIBHGRL G5 IERISHERE HEIEAIRIU RIS JAMESBE Brharmacy,

specified period of time. The two agents are %gerabl 5 administered irf a
Twepiisthdidiionorbirpiaceit Waliraw &ddiinam thiladsinhin Bdcohebljpmapsules,
pms@ppékxel@@p%%ﬁ\@l@j deptienallys the:fist andserpnd Agents ﬁ{gﬁ%ﬁ@é}' injections,

into a single formulation before theg are introduced into a subject. The

InhalHAARG RSFPRYL e CorRisRpkER @%-unit doses containing
aprrofiate-Akaatitesof theritehand s86aBchbageis: INGLRHAN3G6n described

form may be, for example, a capsule or tablet itself or it can be an 10

herein, 366 B iribRInGY Yngls eortpesHoRRmIsEREER ROmBOPHDBUantity of
“PhiheRetivealiRose tieHE BldgiballJosagRa N EM s BN RS RISE: P L AStiS o

accordin\c};gto the particular need of the condition being treated.

COmRANHOTSHBR ARG K DI AICE AR AOVREICA AU HRACAE REIH HE ¥aidh Bragtion When

admingyenal eamaiechliH afiek Hheyarspideducetpnienthe-aubia AENB able
the r

C the,ter "combinaﬂo ) 1? encompasses embodiments where \ Ar
A RGP AR AR BT b FOORAEHIIR T S MR ARG S 3 antifumgal
el may be IS E160 10 the Subiect capRratoly AN 2 oy 1
el may be nistered to the sybject separately within 2 days, 1 day,
o RS S RULFE] BFLFOS R R g A BT o5 RO et s any

conatittnd actdagen genyisiacprapitdiete nnube k(BB G RaRSIIeE Qsdaklels
that are adminjstered separately to g;\f 0 subject. Alternatively, the
eSS ARESGEATGE A NG ARLAE At QRIS TGP SUHER S also be
incopiaatad ¢etidel eanypeitas, StilkthaktheyAle Aotepiabid galikafienibe acid
.pharmaceutical. compgsition has been introduced into the subject, ‘I)}:e .
S S TPV AR G M o R b STy rockiloic
or plashphnoe afidsimiristéring:dhie ecidiasatoricimihgicswriagt, mandelic, and the like.
Salts formed with the free carboxyl groups can also be derived from inorganic bases such as,
for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such organic

bases as isopropylamine, trimethylamine, histidine, procaine and the like.

Formulations for Oral Administration

Combinations can be provided as pharmaceutical compositions that are optimized for
particular types of delivery. For example, pharmaceutical compositions for oral delivery are
formulated using pharmaceutically acceptable carriers that are well known in the art and
described further below. The carriers enable the agents in the combination to be formulated,
for example, as a tablet, pill, capsule, solution, suspension, powder, liquid, or gel for oral

ingestion by the subject.
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25 If desired, the NMDAr antagonist and the AChel may be administered
to the subject in association with other therapeutic modalities, e.g., drug,

Wé%g{;fﬁll%ﬁ other interventional treatment regimens. Accordiq,%h tgﬁ)(]é/(]l%()()
combination described herein may be administered simultaneously or "

W'WH@%@W&&%&,Q%’%@H@@@ t@ﬁ’l@&%i&% QPH&% gggﬁfg ﬁ‘ia%’ be provided

hours, or one hour of additional therapeutic modalities. Where the

in a gapipsiHedicicirrdigdaslierse fRaru g monfeammane. fdasho@fagWeathidnt 96%, 97%,
98NP RSEONURIRM @LARY suatienime 894 RdiasAi RePsiN A &ffeCl i nded

the co-action of the combination and the other therapeutic modalities is

releageiiaiags eoReARTHEsS IS ropFatBeayisst tadememriheMdd santagonist or
the ACREVOENNERHRE thicVehy B06LRERRARCTALRAR00RL 3306 0aR:EH40

treatment is temporally removed from the administration of the therapeutic

calculgHREs e Evprfsrioy HA GG H TR BIESTRGPRIGYSragSPBRCute or chronic stcady

statd@wma,@@uﬁﬁ@bﬁwbﬁima.cqiﬁgégzabgﬁm@ﬁﬁﬂﬁﬁﬁﬁ&pms%j&B@e;eeggfa mammal

skill in the art in light of the present disclosure. General techniques for

suchyg A AR S5 S LPasTB ridah ‘Rerm glomrTReBERiideS, 2. 1.5, or

1.0 a’-}ﬁ!ﬁoﬁlk fﬂﬁ‘ﬂﬁl? of ‘{’%alrﬁéﬁ% ﬂS‘%FIH&@EIE,@ i?i,omj l—#}&h@ﬁﬁ@%ﬁ@fﬁ‘?o‘?ﬁowing such
Wilkins, Philadelphia, PA. Tablets, capsules, pills, powders, granules,

ﬂmmﬁgaae?gﬁ%m‘?ﬁe@e TSRS e NAYEAS Sapipeaitstime he cierpphasic or

multiphaten(s. andipkserg/shMte-examnple s ohst eiopnlationNge s extended release
embodiments, thég;sé(;agent nd second agent of the combination

COmBOUHRBT B R oprR AR RARA S Singief ot -SePhrale approximately 1, 1.5, 2

hourphaemraeLsics)| LoMpu&itans: 2PhairsdeRoticalwonPharmrealegisahéct. One of
. Acceptahle’, includes molecular entities and .compositjons that do.not

ordifey Rl Ay otk S B PRI ORONI4 ABSERE ToUSh profile using the

NMbdminisigrenttoaad theimahdradivnaniatsappiapdaleowhaimacettcdiycribed

Acceptable Carrier" includes any and all solvents, dispersion media,

belo‘c?:Vc')atings, antibacterial and antifungal 15 agents, isotonic and absorption

delayisipagentTzblesthadike, Hegphmenatskidktioddia Hnek afbotartars of both
o EIYRFESEL S bR vl poum e o BseLse
conviergeatlip ntldtsadse mvhleydhesayauistastitposinms i @nfﬂﬁs_mmdn extended
e T e N T ——
concagitiom Satteramoahvibichmnaifobered twiftr inottganiccacid slswoicasinfdtistration.
o T e L
administration of the same active pharmaceutical ingredients over the first 4, 6, 8, or 12 hours
after administration. Preferred Cratio,var values are less than about 100%, 70%, 50%, 30%,
20%, 10%.

Formuiations that deliver this constant, measurable profile also allow one to achieve a
monotonic ascent from an acute ratio to a desired chronic ratio for drugs with widely varying
elimination half-lives. Compositions of this type and methods of treating patients with these
compositions are embodiments of the invention. Numerous ways exist for achieving the
desired release profiles, as exemplified below.

In some embodiments, the first agent and second agent of the combination described
herein are provided within a single or separate pharmaceutical compositions.

“Pharmaceutically or Pharmacologically Acceptable” includes molecular entities and
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Salts formed with the free carboxyl groups can also be derived from
inorganic bases such as, for example, sodium, potassium, ammonium,

W&gl'ﬁj%%bo&}ferric hydroxides, and such organic bases as isoq;e;e?ﬂqg’pg{ﬁhss%

trimethylamine, histidine, procaine and the like. 25 Formulations for

compaRiRIsIalipASRANRIPALINS CRR AePrKided As,Rharmase it Alaction when

compositions that are optimized for particular types of delivery. For

admRistarsd [, AR AE A1 HBRIBo ARBIS BT ikl (RNvaRgeaeicelin diasaptable
Cari#&inghphREnaseutiaally Reeariabiseasiarhtrl e wel KDoA IREDE A1l antifungal

and 30 described further below. The carriers enable the agents in the
ABOENHISINRED A s TEHAR Alay R ragRaihpne, ths Hitanibheie ofsyghemedia and

ageRQIEIQMhassBeRNANanoWAabstiantich Rhe8] fefoalidnge SOt dheinsofar as any
subject. 18 WO 2006/121560 PCT/US2006/013506  The NMDAr

ConENaYHigtedi ok FratdF iRermpaRblnv Bk Bitrreteniaeredicnb Biovrbthe
thergpeani&reldgghogiiendpdialeagadean JippnRemexample ot Isast aitlts 88%aiso be
95%, 96%, 97%, 98%, 99%, gr even in excess of 99% of the NMDAr

IncorpRIAlEhIGies e SOTIBASHIGRS extatiEcruleally dyssirhienialisrdieiude acid
addipiafilalts endheheoiient efnaleesaoiibeMMRAUa8HRERIYopeRaNEIAGY 8 ochloric

ver a desired time, may be conyveniently determined for a given time E/,t,h ik
& 1Ke.

or pRATRHRIHACIHE STUSyETENR 26198 HeRSFEg-thRelG gaRcarkiRdelis,
Saltagsiged whiomie Steadybstatefaipsaonicesation paaliten ThugaHRIMIBEsuch as,

e GRIEERUER S8 e [ S Mo Sh B2 NISTL 1S e
based £k agpropnhatahe 1k ot dustiitast fro8aife kad18e Zkeor 24 hours

ol S pastaten, Lot e R e MDA ) o
ageﬂtsmy%@t‘xaﬁdmﬂ;ﬁxbmmaﬂ%%m&ﬁdmm@mmiﬁe&_,in U.S.P.N.
e e I T R e .
multelnimigtfation! iiendubjédth@meudfpbidinatyiskilidutie adaeahprepatencapsulated
i SRS RS eI N o
stonsheborilibe abitmlv(sAs Showwaripkabiésdna die tHethhrrhaobkinetc line 10 and
conaJl'5 155 90 e e ALRRD GRS YAK IPRARMN A RGP or
microencapsulated units contains cross-sectionally substantially homogenous cores
containing particles of a sparingly soluble active substance, the cores being coated with a
coating that is substantially resistant to gastric conditions but which is erodable under the
conditions prevailing in the small intestine.

The combination may alternatively be formulated using the methods disclosed in
U.5.Patent No. 4,769,027, for example, Accordingly, extended release formulations involve
prills of pharmaceutically acceptable material (e.g., sugar/starch, salts, and waxes) may be
coated with a water permeable polymeric matrix containing an NMDAr antagonist and next
overcoated with a water-permeable film containing dispersed within it a water soluble
particulate pore forming material.

One or both agents of the combination may additionally be prepared as described in
U.S.P.N. 4,857,268, involving a biocompatible, biodegradable microcapsule delivery system.

Thus, the NMDAT antagonist may be formulated as a composition containing a blend of free-
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conveniently selected to achieve nearly constant concentration profiles
over an extended 20 period (preferably from 8 to 24 hours) thereby

W ﬁ:ﬁwgﬁw%g both agents in a constant ratio and concentratior})%[ /8&%16% 13506
referre

erapeutic benefits for both acute and chronic administration.

flovihgl 1¥é&%ﬂ!ﬁ%ﬁ&1&§%ﬁﬁi‘§é§ﬁ?%H?\HQHézﬁp%ﬁc?'Qe%?c_Jp%?{?a@Q%%gﬁ’i&Hﬁé?of

for IR administration of the sarhe active pharmaceutical ingredients over
menpgetie; #r exemplel it catreradimaistisiivienprafenedicletiodant different

rate¥ S SrBIE 1885 mAROHHHAGX R, AY0ie0%i30%P %@Qgﬁﬁﬁ%@ rates. A quantity

Formulations that deliver this constant, measurable profile also allow one ~
of thgss prdid-a b RSB hiv AR SAP AFHCA HiR aliat e casire enirgindiont is

releA880 JRrc R aRWINWINRIVAYRN 1Bg: BlRipatRINalHies o0 'i'ﬁ%?éﬁ@ﬂ%&fan initial
this type and methods of treating patients with these compositions are

perigdh 3 dRfSIBRHL AL SR LIRS e LRy Pe srsiriprichrt viativire gbthe
encAREIRCHIBISANRRI Ofiless a8 MxeR! et BRI We IR SQ e LMROIRERLS AhR:d

first %gent and second agent of the combination described herein are ]
quaniity rdnaRrthrn AR e oregepalated Bl dillares mpdrigahghich results in

delivBRasspacadicalonaharmnacalegicahd @ﬁ&@@if@&h’gﬁl& desimoleplahe of
entities and 19 WO 2006/121560 PCT/US2006/013506 compositions that

deliyryy s Baakersth ferapiidyiabrpiibe ixbdredrokidiontitiamn poly(D,L-
lactiddrodnigiRisdity ananiitatoal DHMlyRRIRRRRIRIS: TRATRacau RN cetal

Acceptaple Carrier" includes any and all solvents, dispersion media,

PO B Y A S aP AN I BRI S PGSR OIS BRI G oRsdBRiS thereof,
polydetdyingeagailihaaeb iedikend heduse o sush madist andragemisdar

con o RHATDE BB br agent s incompatble with he acive

ingfﬁdi@@t:ﬂtbddmémtb_ﬁﬂmam@&wm W@Mﬁgmﬂ&@fﬂjﬁﬂ@ﬂﬂ, or both
e BRI e sho s et e e
imneditgarudendeichmapedonmriadwihtnargdanit-adds s rabasicfoeax@vplach, while
e S £4 BRRSTe A AED AS RS S
oral @mnpm&mmﬂﬂw i efervicbiriooil sdangentimbed es auselvaspiaeexatiplare released
o SRR e S R ten gl o
comthgitike. GuitabisangtnodsfooprapantgdDAbingtigosisn antishuheificgtrelease
comgggfpr}t, é& eals grcgg%gd sustained release matrix, a sustained release matrix, or a
sustained release bead matrix. In one example, memantine (e.g., 5-80 mg) is formulated
without an immediate release component using a polymer matrix (e.g., Eudragit),
Hydroxypropy! méthyl cellulose (HPMC) and a polymer coating (e.g., Eudragit). Such
formulations are compressed into solid tablets or granules or formed into pellets for capsules
or tablets. Optionally, a coating such as Opadry® or Surelcase® is used.

Separately prepared pellets, preferably release controlling pellets, combined in any
manner provide the flexibility of making ratios of NMIDAr antagonist to AChe] containing
compositions ranging from 0.1:100 to 100:0.1, more preferably from 1:100 to 100:1, most
preferably 1:10 to 10:1 by mass or by numbers of pellets (see Example 7), and at the desired
release profiles for each of the active ingredients.  Optionally, the NMDAr antagonist, the
AChel, or both agents are prepared using the OROS® technology, described for example, in
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15 agents are provided in extended release-formulations include those
described in U.S.P.N. 4,606,909 (hereby incorporated by reference). This

W{)e{ﬁ&e/ling% (g)escribes a controlled release multiple unit formu'%@ﬂﬂ@z\w;ﬁﬂsso p
e

a multiplicity of individually coated or microencapsulated units are' ma

u.s?‘ﬂéﬂé%?ﬁ%b? 8,@ , %tf.q{,@tigﬁé%,ﬂa?)@iw, I%i%%i, %%%,%B!?Q%nafpgf which are

stomach of the animal (see, for example, ¢ofum ine 26'through
herebyipanrBTiedlty apigeocecoldiva Belinel oy thrarighiscesimasisaoliprevidy. precise,

contbAEY of ﬂ{%@/&gyw&@@f@&&r aﬁégﬁ?ﬂéﬁgé&kﬁiﬁga%ﬁﬁ&%&%}%o%nds,

cross-sectionally substantially homogenous cores containing particles o

incladigmpneply soluble echishbisdidnedruge EURLSHeinehooknad veittba used o deliver
highC@RNGtaatis stRstaptialyd ?&iﬁﬁﬁ@%ﬂ&?&ﬁ%&@r%%@?ée*ﬁﬂ%‘@ﬁé@@ﬁareas of the

erodable under the conditions prevailing in the small intestine. 25 The

gasteQipipiHagbRaval B Bulrrbrrleronm pited dameraelisitnbda gidbromdipn and
enhdfcéd BiEABMINRY 4 TR QoL e RS AS U HINGH SxIeROREHEIEASEe drug

formulations involve_prills of pharmaceutically acceptable material (e.g.,

untikthedirappépelears ciminpintBe VAP aY o stae ahtomtinnepd srsiekaliam often

caudR@l¥Pesie O FID:LMakNRG an NMDAr antagonist and next overcoated
with a water-permeable film containing dispersed within it a water soluble

30 pAitRattEpIhe rembigpHeREAI RO REBrISER lgesibed thd).-S-P.N. 5,395,626
feat@RBDNAlARyNRAY seidiionalbibespranaredandereoed R, 1R Nosage form

4,897,268, involying a biocompatible, biodegradable microcapsule
confailiR 2RI EHLIE AL oPRISS RAEIRIRA W&P%ﬁﬁh?@ﬁ%ﬁawﬁai?&mﬁ%@a% gore

contGRMROSINMEDNRE AN A &l and af tie (AR N A0 the HPEP containing core and at
PCT/DS20Q06/013506 flowing spherigféﬁa[ticles obtained by individually

least one QUIRLIBEET, RS BYehsamtethiflEr 3oniealpdelragnimiar laver

ther€fopo M BXCHIIRALS twaich-hiotedrRiawt diHepnbratescdhenaiirug from the
releasi % memantine into the circulation at a predetermined rates. A

muk At 8?&?%3%3%0@3 may be of such a copolymer excipient that the
core active ingredient is 5 released quickly after administration, and

e et s e 0 P pered fsecand
additingapsisthtett lngrediantieeginFes dhanfifhy, quaitibls debivesi hegins fm of the
oS LS Sl b TaL E shep U MRS B, v
matitizvefsecompcthaueiiyibeings fordealinge Maxmtéof I dalivanbeeayhe, paraffin
Wax,a (lztf:%'reggﬂetosrh%ﬁgén .1:1(;{, ?Xtt‘%é’i'&‘ﬂ gl']lﬁ l‘%&%ﬁda‘?é%h’cﬁgido‘?lé? ig,ri egeg%l%g[())’rl'fats (e.g.,
hardened rapeseed oil, castor oil, beef tallow, palm dil, and soya bean 0il), and polymers
(e.g., hydroxypropyl cellulose, polyvinylpyrrolidone, hydroxypropyl methyl cellulose, and
polyethylene glycol). Other suitable matrix tabletting materials are microcrystalline
cellulose, powdered cellulose, hydroxypropyl cellulose, ethyl cellulose, with other carriers,
and fillers. Tablets may also contain granulates, coated powders, or pellets. Tablets may also
be muiti-layered. Multi-layered tablets are especially preferred when the active ingredients

have markedly different pharmacokinetic profiles. Optionally, the finished tablet may be

coated or uncoated.

The coating composition typically contains an insoluble matrix polymer
(approximately 15-85% by weight of the coating composition) and a water soluble material

(e.g., approximately 15-85% by weight of the coating composition). Optionally an enteric
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lactide-co-glycolide) encapsulation. Other polymers that may be used
include polyacetal polymers, polyorthoesters, polyesteramides,

WB%:M%?PQ%%NO% and copolymers thereof, polycarbonates, P CT/US2006/013506
0 yhyc%rc‘)xybuterate and copolymers thereof, polymaleamides, RS0

I arides. 15 In one, embhodiment of the
P A OA koL B AR P AR ROE AR e wec o
inclpdedidSditablecsrigoieldde extndduineledsedlymonithicn withdyetdylene glycol,

hydww égllﬁﬂ‘?s%,%%%ﬂ?lﬁ%g{ﬁ?%ﬁﬁ@éé%é%é@m%%H;%Qg,qjeggfvmyi

of éach, while reducing unwante cts as eac
alcopphernthasaeinsgs sretgsiovigechinsstgom(damlavitisusthobaribfitofe, mannitol

and Qﬂ@ﬁ?@ﬁ%zﬁ{siétgﬂ destIRIaRG CRMPRPNENIS: yﬂ?&rﬂ@a‘%ﬁﬁﬁé s r%ﬁg%ic acids

transported into the body fluids over a period of minutes to sev ours.

(e-gTHasaeaddniyesitisrioiiectivarido Ant s tevistaimdana NV DAzt efapidt
SuitBhe ertttAINem IS le AR ROMRRRE L HNE AT 3 G ad S %b@@&dsﬁ%ﬁﬁ‘é@,

matrix, a sustained release matrix; or a” sustained release bead matrix. In

hydigwemenmpnrethrbaslitnse. @hthakisooalyyisoranintaad thoktiotednlose acetate

htHAMREd 10g12.P Nl it), 25
oLy ity e Teae L IPMIC) AR S A HES B

carbed 5PSuch formulations are compressed into solid tablets or

gramyles.afiferfeachiMa ReliRts fRrtaRRIes a%@@ﬁséslo%iﬁﬂﬂ%i@s of the coating
coating such as Opad(;/_(r) or Surelease(r) is used. Separatély prepared

blengeihist apthretkash ranskion ETRREIHECIYI [be Ma rasaBtOR AR IR af ARpnts or the
solvehevisla) e disxiailivwief saakinocmsa M Wtﬁﬁf@%%{%ﬁ%r@%? bhe added from

containing . 30 compositions ranging from 0.1:100 to 100:0.1, more
0 10 sfEfebabiFirdh Pl o6 I cARISE endt antjude drboremnls fgdybplipalate,

citraRtIBRRLES (U1 patigte (s 8B Fa1apie:6), ARGy alHe HRIFRE s FaleanatRIoie e esters,
dib fo&%gch of the active w_ggredlents. Optionally, the NMDAr antagonist, the
i U.’BY r

P31 BT SGUATS drel bR 77 e eSS RRCRRBIBGY:de  filler. The

amodesefteaiREaxar e uo?dp W AR B3SEB R SHISHROOH 8RRA6tal weight of
th U.S. Patent Nps. 6,9 9,373b,ﬁ6,92.3,80 6,929,803, 6,939,556, and o
© oYL LOTRIFHICR ARIIAE BB B el Brattaiphi rlras swlieonreiaxide, titanium

dioxidenadiogxoimpinyEins eesis paravide iRGISS:, RaOtroledslreaidei¥aidium.
for up to 24 hours and can be ysed with a range of compounds, including

poory SSRIBIE CPRROSTY LHMBICE RO AT ST HHER P53 darPseis sqlnts or
aquedel il vehig brdrigsles escroeptin sighvesugd opging f ass i manttaBle present in

acnof {5550 SRS 2fegs A, spetantesinaliac, ORGSO NGO oo
solids. Suitable solvents are water, lower alcohol, lower chlorinated hydrocarbons, ketones,
or mixtures thereof. If latexes are applied, the solvent is present in amounts from
approximately 25-97% by weight based on the quantity of polymeric material in the latex.
The solvent may be predominantly water.

The pharmaceutical composition described herein may also include a carrier such as
a solvent, dispersion media, coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents. The use of such media and agents for pharmaceutically active
substances is well known in the art, Pharmaceutically acceptable salts can also be used in the
composition, for example, mineral salts such as hydrochlorides, hydrobromides, phosphates,
or sulfates, as well as the salts of organic acids such as acetates, proprionates, malonates, or

benzoates. The composition may also contain liquids, such as water, saline, glycerol, and
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enhanced bioavailability. The osmotic driving force of OROS(r) and

protection of the drug until the time of release eliminate the variability_ pf

dru absgrgtion and metabolism often caused by gastric pH and motilit
[t

Vqg 1aflvely, the combination may be prepared as describbG il 52006/013506
U.S.P.N. 5,395,626 features a multilayered contrglled. release .
o i AT RERAES 14T G BGAU T WA Seplra 1 boreing
agesatbippamick swhereihosadhshabeah ifipls Ryers Bloodi42 2o, GHASIHNY96, WO

ist.and/or the AChe] wherehy the drug containing core
91/12% dtggﬁ)s?gg}’g%ghéetlr’Igfgraosfog?ﬁgu Ativeds a&\%rICoated with a controlled

reIe‘éééiﬁalﬂﬂ'bmlailedﬁﬁ)thmbf%&mﬁwﬂéﬂgdbiﬁaébtmpmﬁﬁﬂﬁiﬁ{ﬁescﬁbed in, e.g.,
U.SFPA?&FFR%&%?{Q‘%%;"%&%%? FLbls, Qégrl%mar?l&h(?l QALBH'(?V‘?J;% x%c?gaﬁtﬁocéere hereby

particle. By way 6f examplé, exteiided rélease dral formufati
incoppeprrddusigrendeitional methods known in the art. For example, a
suitable extended release form of the 20 either active pharmaceutical
ingredient or both may be a matrix tablet composition. Suitable matrix
Forraplaitignn fee Qiban Budesfof Adamiplstratioes (e.g., carnauba, bees wax,
argffi eres| ty acids, and fatty alcohgls), 0ils,
e b B B R SRt

trangtarmelly an8rsogertienfooilplianty jolgitersdéona] pathosyphepydrtetintosesing
et WY RYERIARNE. Qéf?fx?&iiiﬁ[ﬁg}(ﬂ]&g@t&‘ééc?ﬁ)'@é% %e%?(l:% §§, B%'V%}!y'%g{%m Nos.

col). Other suitable matrix tabfetting materials are mi ystalline

5=1S%g?ﬁﬁds@}m’é‘éréé%ﬁ%g&%ﬁ%(md{m 880864, etnpaichlinloserticularly
useﬁﬁi@ﬂ%mﬁf@ﬁriﬁ@aswﬂgf@ e RRGISHAY ORI SRR S, requires

coated powders, or pellets. Tablets may also be multi-layered.

redugiinn-ingrat aPashesetn dsarrsin tp rstidldhieirelsase cfclve-ingreciibletactive

ingrOBvaAsedy different pharmaspkingtic profiles, Fi‘i&%l?é!&iﬁ%ﬂé? 1398614 daily
tablet may be 30 coated or uncodted. The coating composition typically
exceé%ﬁ%ﬁmé%t@mw%@ a@gprolatitadlyidslesgeihdgmiar

narcHiR 6R8H A SONRGKILL A RAHAMAIRESOARIR, BAIGHAL d8IGiven the amount of the
approximately 15-85% by weight of thé coating compaosition). Optionally

“LCTLTCREEIEWD 2008 IRisetre Tl2down 12306 2dulyiRer
(apprassaeaialy pdpRRYNRYMRIZ IR 0% HRIAING BAMPRATORYMALRR

.___used or_included. Suitable water soluble materials include polymers such
ingredicnts, hgIERRATERINSII RSPy FaEPIncER R EdR] dRdhkefespy PAfersAous, non-
volaBRIILREE, PPy HIiEREBAYWMMle combination will have a skin penetration

rate of at least 10 mole/cm®/hour. At least 5% of the active material will flux through the
skin within a 24 hour period. The penetration through skin of specific formulations may be
measures by standard methods in the art (for example, Franz et al., J. Invest. Derm. 64:194-
195 (1975)).

Pharmaceutical compositions containing the NMDAr antagonist and/or AChel of the
combination may also be delivered in an aerosol spray preparation from a pressurized pack, a
nebulizer or from a dry powder inhaler, Suitable propellants that can be used in a nebulizer
include, for example, dichlorodifluoro-methane, trichlorofluoromethane,
dichiorotetrafluoroethane and carbon dioxide. The dosage may be determined by providing a
valve to deliver a regulated amount of the compound in the case of a pressurized aerosol.

Compositions for inhalation or insufflation include solutions and suspensions in

pharmaceutically acceptable, aqueous or organic solvents, or mixtures thereof, and powders.
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alcohol, and monomeric materials such as sugars (e.g., lactose, sucrose,
fructose, mannitol 5 and the like), salts (e.g., sodium chloride, potassium

loride and the like), organic acids (e.g., fumaric acid, succipi ' B,
W ar%:{ |C&ga%c}a?'gnd tartaric acid), and mixtures thereof Suitable e%é@é%%/{m:(m

The @ﬁuﬁ%@mfa%ﬁ‘x Mgﬁwsoﬁ%y&ﬂ%@&ﬁ%mg)ﬁﬁaﬂﬁ%%%éﬁ?%@%‘t&bl& excipients
hydroxypropyl methyl cellulose, phthalate, polyvinyl acetate phthalate,

as S éé@\@ee%m&rﬁﬂmma@@ﬂm aceastamiviemithby, Slealtat, insmasal or

respBARONYMEhAcsAteS SORtARIBE L0 eqh 5¥it§l§ﬂé’ﬂ§p§'§?&eﬁﬁ%@%ﬂe _

composition may be plasticised according to the properties of the coating
pharglapeigalyae eRptgks sbemdBmtdn peatind dntheerbinabertesr Nebulized

solufHXEER P bRIBMIE HiR B9 YR YRe AR BRRY Y e F AR RGhulizing device may

compositions. Suitable plasticisers may be added from 0 to 50% by )
be afiachiet B IHaCIanHY KOOSR ARBLIReRid ropwrEpyRatkirgrypachine. Solution,
suspRRENAlIE pdRdbatepoiRia nP A HYIRNR: Biveebag el hBEEIIRISH nasally, from

glycerides, acetylated citrate esters, dibutylsebacate, and castor oil. If
devigsthati datey SOkl BHBIOS o AIRY PRI BAMSE: The amount of the

fillemrieudendiiédinRRRI Gsirerkeip R Msighi RPRRE 8B MRaata! Weltsally to

of the coating composition and may be an insoluble material such as
the HREHRTIXRIE ek HAn ioiaalafinn. REomblakmnie etdhernobeRagrel trough
the dlelttlagedviades MBARCONBRRIASSIUGINZ i REEARIINHEAMPOSHAN ces used

p Lgﬁr?{?ﬁlied as a solution or latex in grganic solvents or aqueous solvents
or

a@Eﬁ@@%fﬁﬁ%‘fl%%ﬁ@%@%ﬁ@?ﬁ%mé{%f’/%% GreseReitons

delivmeausitsienbaepray Biale din 2000 ChyvwRigh based eadthadotaliyveightn
of dissolved solids. S.ugable solvz[]%%rg water, lower alcohol, lower

reduging SYSIRRIR ISR HSHS 2REAiAL: GHarB LTSS eof. If latexes are
appliéditihiesfimantispressnible fnotivsienss st apmiaidmateliéidiéYectal

by weight based.on the quantity of polymeric materjal in the latex. The,
capsuliy SRR DS T ST AR WHSS: PR AT G SabaisoS g include, for
exantisiscbbdlhglein gheyoaien iriglyderideawieh Suph@aston SOMENbaisRad Gom
._media, coatings, antjbacterial,and .antifungal agents, isotanic an or mo
i A Uy TS TR LB SIS Sy A g R grebly 19%-2%
phdiimacenbicatipmaivecpdisndibtdrdes s iyai Koo daliretpénaltvessel that provides
Pharmaceutically acceptable salts can.also be u in the .compasition,
or o e S G 2 A o e R e s, 180
dayspbospbgtes, Brrsiiiateds e wellds tihdosaliswafleiganibiacilasititheanaterial such

.acetates, proprionates, malonates, or benzoates. The ¢ osition ma .
as ma 46 Co %3?1 i Ilaﬂ% ?“’%%”%W a(s]I'Iv]\flnallF‘;'é%ri,0 SafMeP g ylgg r%]i},-ya‘f%'%@ Suhj 1S With chronic
conditions, for assuring improved patient compliance, and for enhancing the stability of the

combinations.
Formulations for continuous long-term delivery are provided in, e.g., U.S.Patent Nos.
6,797,283; 6,764,697; 6,635,268, and 6,648,083.

If desired, the agents may be provided in a kit / as a combined preparation. The kit /
combined preparation can additionally include instructions for use. In some embodiments,
the kit / combined preparation includes in one or more containers the NMDAT antagonist and,
separately, in one or more containers, the AChel described herein. The NMDAr antagonist
and AChel may be mixed together prior to administration or may be administered separately
to the subject. Where they are administered separately to the patient they may be

administered at the same time as separate formulations, at different times and over different
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WO 2006/121560 PCT/US2006/013506 ethanol, as well as substances
such as wetting agents, emulsifying agents, or pH buffering agents.

[ es, such as those described in U.S.Patent No. 5,422%&9 o
W%@?@%}é’f’s\wo 91/14445, or EP 524,968 Bl, may also be use asUgy&""’m"(’

periG@itANAHABR MG hods, formaking, conHoled 5@'@@&%@& II94iQRGASA -
described’in, e.gjﬁ1 U.S.Patent Nos. 5,422,123; 5,601,845; 5,912,013;
of

antageyiss aghAoghe Wi R By 2ceid®rated by reference.
Formylatipas iRuiiBss Rauiss bAtminisiraionAlteRaiveY s Wnbination with the

compositions of the present invention may be administered 10 )
NMppAnsaéaaoaist apddpaAtbal ssiverps P marrseerwarpatdie ki Hecombined

prepRRIFRHDGL HRIBY (HePOdSAISPHRRMLI AN ATyl ﬁ%‘ﬁ@'m thase £8seiiied or other
enerally in, e.g., U.S. Patent Nos. 5,186,938 ; 6,183,770; 4,861,800;

CNrslafed £An0BHWO 89/09051. A patch is a particularly useful embodiment

in qaseauhnre thelaraReMic.pEsbbas chslaeddRlHfe0r seouirasly
reduction in dC/dT. Patches can be made to control the release of

implapia e AReSpRARORRF TR TMGItm S HAds FDONBLI the REk sughay thasg described

in, e/zday PeriachtiNens exampie saofsitbdaly 5ex5633 £f an NNIDAr
antagonist is placed in a non-volatile fluid along with the opiate narcotic
agent, non-steroidal anti-inflammatory agent, or anesthetic. Given the

IndieMRRIS] A8 ISgATTS SMAlRKSHACIRINCA MR release will be from
12 to 72 hours. Transdermal p_reparatio_résgof this form will contain from 1%

to 50% achV¥ P IRG EURSHRISTHe USHBES RO NSRS & iide tigted disorder
inclidddiehimthe éarMAabReiisaoyIgiseadt, valiiledigyigisBraferatily dbeiye, fronto-

members of.the combination will have a skin penetration rate of at least
e BB RS E0L Bo P LB A DU Ao )
newrskisluréd icoadddispd prtiath-haddensidion [RreUgh skikkgysperifits disorders,

formula(glgns ma be}]Imeasures by, standard methods i@lthe arﬁl(gor

ACutg AIAp AT AR &P RORSHHR PR . 5 e g he combinations and
metiRiariosathiichboomiosilkons conlaioingitoR:fMDAPRRIpgORISERRBIOPartial,
hel.of the combination may also be.delivered in an aerosol spr .
P TR LDk Btk 3 REBUTH DN S B Coni
clonichatercSaitablerpyopletidntadettahaibinted io pashuliAekihatutieydeific epilepsy
syndESRIIPIE, dichigrodifiuoro:methane, ichiorofluorometnans, 39 ral lobe epil
YCGichiordtetrafitioroethane and carbon dioxige. 1 he qoSsge mayF g 100e epLiepsy,
nocttstelfivimédd bbprpildiny, prvalvsie dplilepsn wethutatathlbrrarditiohthad progressive
myo%?orgﬁoe%%ﬁrs]);.h THERES fi%a}%{oensssclil él%%%;%ﬁ%%&l; are also useful for the treatment and
prevention of pain caused by disorders including cerebrovascular disease, motor neuron
diseases (e.g., ALS, Spinal motor atrophies, Tay-Sach's, Sandoff discase, familial spastic
paraplegia), neurodegenerative diseases (e.g., familial Alzheimer’s disease, prion-related
diseases, cerebellar ataxia, Friedrich's ataxia, SCA, Wilson's disease, RP, ALS,
Adrenoleukodystrophy, Menke's Sx, cerebral autosomal dominant arteriopathy with
subcortical infarcts (CADASIL); spinal muscular atrophy, familial ALS, muscular
dystrophies, Charcot Marie Tooth diseases, neurofibromatosis, von-IHippel Lindau, Fragile
X, spastic paraplesia, psychiatric disorders (e.g., panic syndrome, general anxiety disorder,
phobic syndromes of all types, mania, manic depressive illness, hypomania, unipolar
depression, depression, stress disorders, PTSD, somatoform disorders, personality disorders,

psychosis, and schizophrenia), and drug dependence (e.g., alcohol, psychostimulants (eg,
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Compositions for inhalation or insufflation include solutions and
suspensions in pharmaceutically acceptable, aqueous or organic solvents,

r.mixtures thereof, and powders. 24 WO 2006/121560
W@ﬁﬂfﬁéﬁ&&m%% The liquid or solid compositions may cONtH

cra&éfi&%@%@b?g%é?ﬁ%@ﬁﬁ'%%&&%‘?@lﬁc%%ﬁléﬁﬁ% 81%%0?&%9@92{&1 Wardenburg

Preferably the compositions are administered by the oral, intranasal or
SYﬂ?@@gmtmkémfé-g@Eh@@@b@ﬂ@y@m@mltcem@mmﬁb@gmmwmb|y
ven§%ﬂ§ri9@%ﬂﬁﬁ%§¥, Wﬁ%ﬁﬁiﬁ%ﬁ%ﬁ% ! ,yﬁ??, H?Qj&'&%@ @éﬁ@?eggenﬁal

inert gases. Nebulized 5 solutions may be breathed diréctly from the

e EISTg BETRED i Rebifitgiacvied Algtipe sttt ioutipeyndromes,
disoRRsK otant ngafﬂéﬁ@ﬁ&ﬁeaﬂiyfsﬁgﬁ%éggéﬁ;@ﬁk}gggr, -Hfj%n%%b%{%nm

suspension or powder compasitions may be administéred, preferably

deggharpfioprudaiRpiamsidcsvictiom By Ve Cplkiashnraienislgin, complex regional
pairPBRIGRIRISANNAIA I, 3ABSRMEAYIMENS A IR IR SAMBOBILIONI nerve

._may be delivered intranasally to 10 the cribriform plate rather than by
disopdsaidfich thrigsaBRARNSRATNIHE etiRahpewE gotsRishe SNdEeNs:
gloRBsRAGRE I ARRIGN ashie UGG BRI SY StRMIG AL IEISY BHREESD Se8Shethies,

used for this route of administration are included in U.S.Patent No.

raugIFH% RS 6 RIBRIRSHY ey erRtiaian R iRy BN tereisdipst

merlehbH @5 NBRhECHNER ARIALD ALY IMISE P dRUNES heYRIBANISLOMGItY CisBan-
associated with certain drugs. 15 Additional formulations suitable for other

Barye el Atnriird oA R e e bRy Bt s plbsre mesr qrsthies,

neuﬁ;gal ngi%%e&tla@d:imn?@ilaeﬂ%aﬂgf@%ﬁ@ﬁd@@)ﬁtﬂ@gyﬂﬁ, JQEa@%‘,az'i@Qigpaﬂly

0 e glycols or triglycerides; such suppositories may be forme
o A PP eb AT SRS AL0R) GRS, LGP SPGr e gimyloic
indubemqreiiahly, 196130 nEhe pammp Bl pRISY, ePiPRallidaamiRrRwHaIRY,

for delivery in g vessel that provides, 20 far gontinuous long-term delivery,
sorcg O IR P P D S B0Bi SoBis SP B IR B BB G

tranfidoexaetplinthesdkssalopathhedpipvichc ¢d aduagempatinlenaeialauale,
as titanium. Long-term. delivery formulations are particularly useful in
ene TR S SHIE o B S FOT S Al T BFORRRY p pcts ey be trated
withcihepiandesténd terdanbanding:tod isidbidilyiof the combinations. 25
Formulations for continuous long-term delivery are provided in, e.g.,
U.S.Patent Nos. 6,797,283; 6,764,697; 6,635,268, and 6,648,083. If
AdndedstediithcoighatS ongpobitigevided in a kit / as a combined preparation.

Th?ﬂlﬂ{lédiate release formulations of memantine (e.g., Namenda) are typically

S2006/013506

administered at low doses (e.g., Smg/day) and progressively administered at increasing
frequency and dose over time to reach a steady state serum concentration that is
therapeuticaily effective. According to the manufacturer’s recommendation, Namenda, an
immediate release formulation of memantine, is first administered to subjects at a dose of 5
mg per day. After a period of time, subjects are administered with this dose twice daily.
Subjects are next administered with a 5 mg and 10mg dosing per day and finally
administered with 10 mg Namenda twice daily. Using this approved dosing regimen, a
therapeutically effective steady state serum concentration may be achieved within about
thirty days following the onset of therapy. Using a sustained release formulation (at a
constant daily dose of 22.5 mg, for example), a therapeutically effective steady state

concentration may be achieved substantially sooner, without using a dose escalating regimen.
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combined preparation can additionally include instructions for use. In
some embodiments, the kit / combined preparation includes in one or

wiAie &gg%iners the NMDAr antagonist and, 30 separately, mP%Ufer]%E fnore. .

containers, the AChel described herein. The NMDAr antagonis

Sucﬁ%e%@ﬁi@ﬁ?%@&@&ﬂb% %@Rfe%@%ﬂﬂ??@%?s%f{ﬁﬁyolﬁget of therapy.

administered separately to the subject. Where they are administered

Furthepapate R Ecitis St they abryrbionammind et snstrinsdrr epssefornulation is

lessSEPABLRS @f@égﬂi@ﬂﬂ% s@&é@ff@f Nt Henas. and Ryengiferen W Phe sustained
2006/121560 PCT/US2006/013506 periods of time, which may be

relegse iormmaldon briedisthesaisvarap et mmsomubsin expy though the
dos#¥dhrahmar:esaarpiigienar:ithamn Mdekid Rphss RMBRUIENEaLRE Kl this model,

combined preparation provides a combination with the NMDAr antagonist

a sugiameddeespp formuliiopAEBIRGHNE srtxike AdnTREsiared omviieat &n an amount
that R¥@PprakRRsINciud Al therapauticalivefiactive daseykamhag s thiPipeutically

treating dementia or other, CNS-related condition, Preparation of a
LR e HHREI BE SL b T RA KR &b s Ao i et

AccoifiiicganibscRetaames weing MeHRadskrvpinilhe 2 thSheh@tigsRase
meﬁg@scribed in e.?ﬁi U.S. Patent Nos. 3,992,518; 5,660,848; and 5,756,115.

1
RS S THABREYRerraRtRvEH A RicE B8 HbiHAToR kg YDA
anta@ERBHERCRUMRIAEHisHinf expedianaingdon NBielatadHisesde ivinwuding
dementi .g., Alzheimer's disease, Parkinson's disease, Picks disease,
reqwgﬂ}%mté%%gﬁgleﬁg ¥, vascular dementia, normal pressure
gy(if m@h_ atust, E(lj‘Hﬁbﬁaﬂ\Mﬁﬁ %ﬂ%ﬁﬁhﬂi@t{@i&i@ %ﬁﬁﬁiﬁﬂﬁed using methods known
: ementja-rejated canditions, such as epilepsy, seizure disorders, acut
i T LB DS RO R B R o S ALE i e by
examarintiatiouls et syeitods descpibeditveivaknilentis cotidiianitedveien the

complex partial, simple partial, partials with secondary generaljzation, .
freqUenCl OF alseree Symmionts: behavians, O alacks cran fadrssp i e g for sustained

worseniaglofi gy mptonatallreanduicdesstitd ispaarast, Additiofuet spesific epllapsy idthroved

. syndromes are; juvenile.myoclgnic epilepsy, Lennox-Gastaut, mesial . .
e S AR R SR GBE WAy hagHegfission will have
incregpildpsy with mental retardation, and progressive myoclonic epilepsy.

TheEomanate e R SINEAIPI e ARO e IR e e el and
prevention of pain caused by disorders includifg cereprovascu ISease,
motor neuron

Example 1: In vivo methed for determining optimal steady-state conceniration ratio
(Cratioss)

A dose ranging study is performed using, for example, the dementia model (APP23
mouse model described by Van Dam et al. (See Psychopharmacology 2005, 180(1):177-190),
or the Tg2576 model described by Dong et al (Psychopharimacology 2005, 181(1):145-152),
An isobolic experiment ensues in which the drugs are combined in fractions of their EDXXs
to add up to ED100 (e.g., ED50:ED50 or ED25:ED75). The plot of the data is constructed.

The experiment points that lie below the straight line between the ED50 points on the graph
are indicative of synergy, points on the line are indicative of additive effects, and points
above the line are indicative of inhibitory effects. The point of maximum deviation from the
isobolic line is the optimal ratio. This is the optimal steady state ratio (Cratio,ss) and is

adjusted based upon the agents half-life. Similar protocols may be applied in a wide varicty
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diseases (e.g., ALS, Spinal motor atrophies, Tay-Sach's, Sandoff disease,
familial spastic 25 paraplegia), neurodegenerative diseases (e.g., familial

Alzheimer's disease, prion-related diseases, cerebellar ataxia, Friedrich’ \
W%tza%é gtﬂi Wilson's disease, RP, ALS, Adrenoleukodystroﬂjlﬁf R/Féﬂ%éoéss{(’

ofv XaSEhe Sﬁl@kﬁ%%ﬁ@ai dominant arteriopathy with subcortical infarcts

ADA spinal muscular atrophy, familial ALS, muscular dystrophies,
Charcot Marie Tooth diseases, neurofibromatosis, von-Hippel Lindau,

Exa'ﬁiswlf %é:bﬁﬁ&ﬁ%?ﬁf%‘?!%ﬁn%yﬁnh@%%% 5&(&9 anic

syndrome, general anxiety disorder IC Syn romeso types
maR@%ﬁhﬁ@W@p}@@@l&@ﬁlmgw%@mﬁ@ asipovaidedpréewider, compositions of
the HSRAERNOMIRIGSSJISRACIR RERE. ﬁ@%&f%m@%efgﬁﬂaueﬁfﬁ% ¥ described
disorders, psychosis, and schizophrenia), and drug dependence (e.
hereieohol, psychostimulants (eg, 26 WO 2006/121560 PCT/U52006/013506
crack, cocaine, speed, meth), opioids, and nicotine), Tuberous sclerosis,
and Wardenburg syndrome), strokes (e.g, thrombotic, embolic,

Tabﬂ?r&%@éﬁﬂ%ﬁéﬁﬁ%ﬁ‘ﬁ&@|€0Yv@ﬁ5&6ﬁ§tim\7eh%mmoenous) movement

GISOTETS (€7, PD, UySHortas - geniGHy eEsaa

NV S GyREnRS] %Gﬁéﬁgxﬁﬁ%&" [E=pemsyans U”'%dcr&\a‘?‘“‘§°¥l'd A M-SR ’Vletrifonate
g/ d%sord,r UJI.@ Y. g}eglc NGRS SY stem. hy Drager,

||\1nn nfnlr‘ﬂrpl‘nl nm:n rr—mnn erua'rnnm dpn nration. P[]

_HD
Memgatilan Barr, chusaI & compleX fegiohal Al syndrofBRbed | afdl,
~*Yiabetic ngfrébathg? g Al coHBfEH uropa YPteranidt fétie?|sofdets

Amafedge/ | rigensinall neutagathy), trigeminall neusalgia, MENniensmy naromeso

s0-40glossphasangelanensalgin, dysphagia, dysphema, anday@sial Nepe.1 6
paIS|e<>) naxelopethies 10 traumgaic bmin and spina cor(po'k@'ury, radiation

ran | la celoarocic

Rimantaditie/" 'J”'YQO"”“ tpre -1 S P%% Fig (E 8-80
isease e dggdlgﬁlltseneugggsthles e% G |II|an arre, 00416
Jith ¢ v$ (rOt S P1yr tinSidUced (0.041.6)

Nt

C|abet assoc,g ated wi
neuropathies, neuropathy aksociated with HIV, neuopalii{hssdciated

50-200 @0
otéinernias, tran

with Lyme disease, neuropathy associated with herpes zoster, carpal
nnel.s ndro 0id.15 induced
Exa%@fé% oa g’?eé;%q{?e Of’umem lng‘élﬁ, allml¥laml

uropat rous neuropat Ay, tompression
nedteloash IE@P%MSIMUGE& ade be@tkw fpoh/nembimumméli:aemantine and

alagﬁ%%g%é d%g@%gﬁgﬂ%% L@eaﬂﬁg @%‘&%S H‘%og, the

axonic prain damage, ncep opa IES an
forngHabipic ety B éosihscheome. aAlgof eheimbovartiserd €S MaigrisdNive 41830, With or as

meagtl?e&%migﬁ@ﬁﬁ%@c?@%ﬁlqﬁﬁ%i%gep% ‘%H% dissolution medium.

Table 4: Release profile of memantine and donepezil

MEMANTINE GALANTAMINE
T1/2 =60 hrs T1/2=17 hrs

Time cum. fraction A cum, fraction B

1 0.2 0.2

2 0.3 0.3

4 0.4 04

8 0.5 0.5

12 0.6 0.6

16 0.7 0.7

20 0.8 0.8
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20 Administration of the Compositions Immediate release formulations of
memantine (e.g., Namenda) are typically administered at low doses (e.g.,

(S%%/gazﬁ nd progressively administered at increasing frequenc nd
% 106/013506
ose over ime to reach a steady state serum concentration that is 25’

memantine, is flrst admlnlstered to subjects at a dose of 5 mg per day.
After a period of time, subjects are administered with this dose twice daily.

ExatHiest i Aeshadminsiae it @on BiganE10me mggtaﬁfaqﬁxend

flnaIIy administered with 10 mg Namenda twice daily. Using this approved

An FeeGd sefpnendesats frara Set tiaiy Emsian eforsnagdneead galantamine is
prepePleSORHOMMmAARA achigyed WHNIM RRAUL IR, 4G IRIQWIALYBts are

onset of therapy. Using a sustained release formulation (at a constant

Prepgiy gedehernz s ﬁ%&fefsmermiﬂafoé%aameaw@ﬁemé stdagirycapsule

whigiataheareaRualiansa berchisvsh shikRNAH SO WIQUEYRING 2
dose escalatlngﬁréiumen 27 WO 2006/121560 PCT/US2006/013506

Tablg s Taynedinte eRSplaaregsii e achieved within 13 days of the onset

C(ﬁﬂ};ﬁhﬁﬁapy Furthermoregﬂaalsippe durlng eac‘h&,p,agmg;qgmenc d for the

TAM dﬁﬂnkﬁiﬁg?e?eéyéj”" tation-is—ess \I e-1otas Stecp) as-the “Iope for
Namenda_Accardingly [the dC/dt of the sustalned release formulation is

MeasiiSed relative to the indfiBGi @ release formlatih even tholgh the 5
Galzjmédd@ninistered is largetileapefor the immedidtesrelease formplation.

chm&gg&gpmg@dgﬂgggb A $iRlained retease for 'atiqggof memnmantine may
a0

nnnnnnn cvhinectin.-an.-amoint.that ic ar\nrnV|m:\fn|\ the fu”

oY
llllJ!. I uI.UUI.Q Llllulluulluulll. uTg

Mm?c Sl ath’ %S%e ? or thate ec?ﬁvelv reaches a theraoeu’?ﬁallv effe¢tive dose)
dfPBh%”tﬁE BYFeEiof therafPERFERBUghout the HlfatiaH of treatment.

Maghedardinghte a dose esc¢alatiantvould not be reguaireglg Similarly [ the
controtted-refease-t0methods described-herein-may-be-emptoyed to
reduce the dC/dT for gther NMDAr antgt%;)_nlsts or AChels enabling the

TableirnifidaesdRelenss ComBrIE MeiAgsiH e requirement for dose

Coggoadation. Treatment dfmangtibject with the co mmaﬁ@ﬁrmamytbe monitored
TABL% w-%iillé{ﬁj?ei&%yy” mtheart—The cffibaby of-treatment-usin ) the
i abination-i ly evaluated by 15 examining the subjedt's

BMitoms in a quantitaliVEWERE. 9., by noting'4 d&&ease in tHe

Galantamine HBr Active agent 1025 mg

Dicalcium phosphate dihydrate Diluent 26.6 mg
Microcrystalline cellulose Difuent 266 mg

Sodium starch glycolate Disintegrant 12 mg

Magnesium Stearate Lubricant 0.6 mg

Eudragit RS30D Delayed release 476 mg

Talc Coating component 33 mg

Triethyl citrate Coating component 0.95 mg

Table 7: Delayed Release (7-10 hours) Dosage form

Component Function Amount per tablet
TABLET 3 (Release delayed 7-
10 hours):
Memantine Active agent 125 mg
Galantamine HBr Active agent 5.125 mg
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frequency of adverse symptoms, behaviors, or attacks, or an increase in
the time for sustained worsening of symptoms. In a successful treatment,
the subject's status will have improved (i.e., frequency of relapses will
Wealkd !:?%Gased, or the time to sustained progression will hav CT/US2006/013506

Dicm%ﬁaﬁggﬁhg@a@gﬂv .ﬁ%‘égyill be-tustrated igét_g_e E}L"}g”U\{villg AQN-limiting
_example I vivo method for determining.optimal steady-state
MiyaHiRs oI Ritio (Cratd'¥8} A dose ranging Sfftly 7€ performed using,

Sodipmelznnplectie dementiimmsdehr{APP23 25 picdusenmodel desgribed by

Madhatublaie:ekal. (See PSychopharmacology 2006, 18gE1)177-190), or the
h

[0

Ta2b 720 mondAl Ao h Dana-et-alfPovehoanharmacalad -2 05
UEI |% \o el \I o_y"’l L[4 ] rrTcu.;UlU\‘.jy = )
ﬁgﬂ rerease

P i
Eﬂdl QT gowuucl UCTouIl - 3 .
%’%’ &?-145-152) An |sbgc}n experiment ensyes in'Which the difugs are

Talg.ombined in fractions of ffEHPEEIRREHS add yib EBIOO (e.g.,

TriEREMEDS50 or ED25:EDZ&inERenglotesf the dateis capstructed; The

experiment points that tie-betow thestraight tirme-betweernr the ED50 points

on the graph 30 are indicative of synergy, points on the line are indicative

of aduitivel @ferepreprqsonrtseigveutniéamel dhe individivd dhighibitotys and other
coreRlRBnERR ROIBAPLEVSTILIRURHER D amﬁafgpbo%'k&ég%ﬁ%ﬂe&by direct
optimal ratio. This is the optimal steady staté ratio (Cratio,ss) ahd is

comprsasHob Ak adupshith e erenps rrilfskfEalgenll 47 pritSodisamaybedigiplielgase
dosdﬁb?ﬂﬂgﬁyﬁﬁﬁyé%ﬁe\g@\%o%ﬂ% 1%60,P EI%%?&%%%Q&%M?&Q&&%" It

animal models. Example 2: Combinations of an NMD tagonist and an

contaehap sHrasiRedmAY G Hsten etfrgisodiberanaedopravifistplehiets 2
(TaHRI GURPAHIPR 9F DS RUSHHAMS @&JM@&@@&%X@M&%%%S may be

based on the formulation strategies described herein. Table 3: _
carriprh e4h USHHECRRYRY R e HBIS daeRnImEFagh RS e QY mRatipe eiglamljle. The

specfHen@hildaRajiedtanacidivia, g HARERSTL I vaal 9IRS hnctionally
‘Galantmine/ Tacrine/ HLJ{)erZ|ne1A Metrifonate mE/day ARICEPT(r) ]
equipnient SRHORENIIGBL (i eansNindesspabrisanke fdlas. copingagpdibp like.

0.023:21 3111 &Sy &@ﬁ@é@aﬁ%&% @@-3'}9&@%1(%&95%)&91]&'%3:&56 rofile having
(0.0025-0,32) (0.1-32) Amantadine/ 1-20 1-24 3-48 8-160 O..02-0.g 8-80

three pulses, with initial release of galantamine from the first tablet being substantially

immediate, release of the memantine and galantamine from the second tablet occurring 3-5

hours following administration, and release of the memantine and galantamine from the third

tablet occurring 7-10 hours following administration.

Example 5: Pellets containing memantine or donepezil

Memantine HCI (or Donepezil HCI) containing pellets were prepared by wet massing.
Memantine HCI (or Donepezil HCI) was weighed and sieved through a No. 20 screen into the
bowl of low shear planetary mixer. To this, microcrystalline cellulose was weighed and
added through No. 20 screen and blended with Memantine HCI (or Donepezil HCI) using a
spatula, then in a planetary mixer on low speed. Eudragit NE 400, accurately weighed was
incrementally added to the powder blend, allowing sufficient time between additions for
complete distribution. To avoid accumulation at the bottom and to loosen the material, the
bottom was periodically scraped. Purified water was blended into the mixture in 10 mL
increments (the first of which was used to rinse the beaker containing Eudragit NE 40D) until

a uniform blend appropriate for extrusion was obtained. Experimental batches were prepared
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_ Eud;ggjﬁ@@mme An exten@g@gg&ease dosage,forn for admipjgiration ofg7 5  187.50

50-400 (0.0025- (0.0025-0.48) (0.0075- (0.02-3.2) (0.0005- (0.02-1.6) 0.4)
0.96) 0. 016) Rimantadine/ 1-20 1-24 3-48 8-160 0.02-0.8 8-80 50-200
{0,005 (o 005-0.48) (0.015-0.96) (0.04-3.2) (0.0001- (0.04-1.6

wo ot 1?qu xample 3: Release profile of memantlne and galar%)tcoan‘3 006/013506

w1tkﬁﬁﬁg%% RLY 3@9 n%\/%ﬁn%gsoi QFW%ST f%q Svéegebo [ se}o%o ?ﬁ)elgr%tﬁ?znatc%) C% and drying

memantine and galantamine."The cumulative fraction 1§ the amoan

by rdpggeubsueit &neteasethfroriottret. formulation matrix to the serum or gut

environment (e.g., U.S.Patent No. 4,839,177) or as measured with a USP

Tame%d@lﬁe@ygmﬂﬁlﬂgM@ﬁ%,ﬁﬁ@ﬁ@lﬁsomtlon medium. 15 Table 4:

Release profile of memantine and donepezil MEMANTINE

GALANTAMINE T1/2=60hrs Tl/2=Agsentie ¢\, sklidtein Tueah¥/t. per] Actual Wt
Comfrensihn B 1 0.2 0.2 22BRNEY 4 0.4 Pon@d) 5 (Hateh2cPem€) |6 Hefich ()0, Jber Batch (a)
20 0.8 0.8 29 WO 20D6/121560|PCT. 006013506 24 T0.9 1.0 50.00

Mem@ﬁ%% 4: Tablet containing a dombination off memanti eDand 50.0

na-ieh.nronarod.ac thraa individiial
ullllll\‘ T 3 r.ll \‘Pul CUTUAUaIreeiIiTrTrar CAT

Mlcroc sia me
par tments. Threelindividual compressed tablets are prepared, each

AV'%@H@%Hlfferent releBYC S5Rle| are W%Apsulpted intd 2 Gelatin cagdlle +2°-99

Punf}gHMﬂg then closed 4nd sealed, The ggmponénts qf jhe thfee tablets gre 10,0
ows_Table 5: Iimmediate Release Dosage fnrm !

TOTAL 100.0%] 250.0 N/A N/A

“based on solid in the final product

‘Table 9: Pellets containing Donepezil HCI

Percent in Wt solid per |Target Wt. per| Actual Wi,
Component Supplier Formula' |Batch (grams)| Bateh(g) |perBateh (g}
Donepezil HOL 20.0% 40.0 40.0 39.98
Eudragit NE 40D Degussa 30.0% 60.0 150, 150.05
Microcrystalline Celiulose
(Avicel PH 101) EMC Corp 50.0% 100.0) 100.0, 100.00
Purified Water N/A N/A 50.0 10.0
TOTAL 100.0% 200.0 N/A N/,

*based on solid in the final product

Example 6: Memantine HCl/Donepezil HCI Formulations

Formulations of Sustained Release (SR) Memantine HCI (or Donepezil HCI), fast and
medium, were obtained by applying a subcoat of Opadry (2% final pellet weight) followed by
a functional coating of Surelease (15% dispersion prepared from 25% Surelease) to 20%
Memantine HCI {or Donepezil HCI) pellets.

Formulations of Sustained Release (SR) Memantine HCI (or Donepezil HCI), slow,
were obtained by applying a subcoat of Opadry (10% final bead weight), functional coating
of plasticized Eudragit RS (35% final pellet weight) and triethylcitrate (plasticizer, 10% of
the functional coating) to 20% Memantine HCI (or Donepezil HCI) pellets.
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Component Function Amount per tablet TABLET 1 (immediate release) :
Memantine Active agent 0 mg Galantamine HBr Active agent 10.25 mg
Dicalcium phosphate dihydrate Diluent 26.6 mg Microcrystalline cellulose =
WOREAS mg Sodium starch glycolate Disintegrant 1.2 mgpﬂéwgg?ﬂ%h%
Tab@ﬁ@ﬁ%?fhﬂﬁ[@@&%@@@ﬁ%& Table 6: Delayed Release (3-5 hours)

Dosage torm Component Function Amount per tablet TABLET 2 (3-5

hour release): Mergankre=AbtEeigantIR) Mgh4atnantamine HBr Active

eraecrvaetallina caliiloca NDilllant 26.6-mMa-Sodium starch ﬁl\/r‘nlafn
MTUToOJw ARV A v e OO T o tTtxerorr ul]vvl T

prodagent 10.25 mg DOiealgium phosphate gifydaie:Rilkgnt 38 f1dGntine Pellets (Slow)

M 1
3 1 IUUh DLUANTTTICT GG =4 LA A2 1Y
Lab%gﬁ'{% %rrgﬁt 1.2 mg Magnesium Stearate Lubricant 0.6\mg Eudragit

ac”"?ﬁ@%@?ﬁ%ﬂlayed rélease 4%®g TalcjCoating component 3.3 mgP.100

Samleietdiyhicitngte Coating component 0.9% mg Table 7: Delayed Reledse
hellefs}-10 hours) Dosage feur Compgnent Function Amount pepiahjet 208.9

TABLE Release delayed 7 10 hours): lVle ine Active agent 12.5
10 hrmA%@’a-I%%éfr NHerBr Active agent 5.125 rf%nggp\tf\wg 2006/121560

releapReir/US2006/0135063Hitalgiuftfosphatestinydifde Dilueht-26.6 mg  18.24

‘AssilicraiosyGialline cellulose Difuent 26.t g Soédituwt starch glycolate

activéMedniegrant 1.2 mg g 474 0.172 0.0864 0.0873
Average Assay Value (img

active/mg pellets) 0.173 0.0869
IAmount of pellets for 22.5

mg dose {mg) 130.0 52.0 155.4 258.0

Table 11: Donepezil Immediate Refease (IR) Product

Product IR Donepezil HCI
"Label Claim" (mg active/mg granulation) 0.0357
Sample weight (mg pellets) 140.6 143.7
'Assay” Value (g released) 4.25 428
'Assay” Value (mg active/mg granulation) 0.0302 0.0298
Average Assay Value {mg active/mg gran) 0.030
Amount of granulation for 5 mg dose (mg) 166.7

5 Table 12: Donepezil SR Product

SR Donepezil HCI Pellets| SR Donepezil HCI Pellets SR Donepezil HCI
Product (Fast) (Medium) Pellets (Slow)
'Label Claim” (mg
0.166 0.156
active/mg peliets) 0.180
Sample weight (m
P ght (mg 135.6 135.5 128.8 128.3
pellets) 113.8 113.9
16 hr "Assay” Value
23.26 23.46 19.27 19.86
(mg released) 20.03 20.00
'Assay” Value (mg 0.178 0.176 0.172 0.173 0.150 0.155
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Magnesium Stearate Lubricant 0.6 mg Eudragit RS30D Delayed release
6.5 mg Talc Coating component 4.4 mg Triethyl citrate Coating

component 1.27 mg The tablets are prepared by wet granulation of the N
W%a‘g/'@ﬁéf%’rug particles and other core components as may b& HErg? 6013506

activéhsiPedetlyid-bed granulatog, or are prepared by direct comprgssion of tre
i t-1-(Table 5) is an immediatejrelease 5

Averaélgsé‘z’é’%yfg ?releasing the active agents within 1-2 hours follpwing

(Mg aghirpimsaeliedn | It contafhd8o memantine to avBitfthe dC/dT pffects of 18

Amotctitfgrtiglesage forms. Tablets 2 (Taple 6) and 3 (Table 7) are coated with

ma dg@g(gﬁbayed release coagipg material fas may be,ggrried out using 308

conventional-ceating-technigues such as spray-coating.or the like_The
specific components listed in the above tables may be replaced with other

Exaldpriionpli 40 eaiiyalent s ONRRILMSIR Dodilpe e HinpiisidPricants,

fillers, coatings, and the like. Oral administration of the capsule to a .
VariGus SRTRIRYERLR Th B TR ASHIS TR AT BIEERsed b itHlingithe respective
pell¢glaabe@honiantampinrframibedist tablet being sepstantia Yeﬁﬁ%@ﬂ%@ﬁ&@s provide
h elggﬁe of hea_wglérnantin%&and galantamine from_the second tablet
the RGPS Bk G AN Ay DRSSP AR PSAY Peflstsspgip from 0.1:100 to
100:memasting o ggl aniaminedronine thisdiiadabigtpeeunnind ¢*110 hours

following administration. Example 5: Pellets containing memantine or

opepezil Memantine HCI .tar Donepezil HCI) containing pellets were
Tabgere{gﬂ%%%?/nﬁ; rasar S?l eme etin%%?f%‘roﬂ%nepezil HCI) was

Prodgighed and sieved FreusiamNo. 20 screen into the boWwhghiayshear
planetary mixer. To this, microcrystalline celjulose was weighed and 20

added thisugliidMdrs20 Soiteen andbisnided witht MeméntiaCl (or  Formulation
Donepegil HCI) using a spatula, then in a planetary mixer on low speed.
Eudragit NE 4@@?%ccurately weighed was if cren{%‘ﬁ’t‘éﬂy added to the

tet f";; oSt ent-timebe nsa-’”uiaa‘ er—coemplete
NPIJ(?i‘fsﬁqlbunion. To avoid accumulation at&}[he battom and to loosen the R
NPI—_%Tfsrid ,{}jy_g iJU.'L'LUIII was [Jl:‘l.iUU'i FbESerape _6 trifre cHwater-was-blendeg
into the{mixture in 10 mL 25 increments (thq first of which was used to
rinse the ¥éaker containing Eudragit (8IE30D) until a uniform blend
appropriate for extrusion was obtained. Experimental batches were
NPL§Rarad?>39 WO 2006/121560 PER{EIe9006!643506 R
NPI-6171 130.0 SR (Fsst) | 284 SR (Fast)
NPI-6271 1520 SR (Fast) |28.4 SR (Fast)
1354 SR {Slow)
NPL-6371 | 259.0 SR (Slow) | 28.4 SR (Fast)
NPI-6172 130.0 SR (Fast) 29.0 SR (medium)
NPI-6272 | 520 SR (Fast) |29.0 SR (medium)
155.4 SR (Slow)
NPI-6372 259.0 SR (Slow) | 29.0 SR (medium)
NPI-6173 130.0 SR (Fast) | 32.8 SR (Slow)
NPI-6273 | 520 SR (Fast) | 32.8 SR (Slow)
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with 10 to 50 ml water. Wet massing was followed by extrusion,

spheronization and drying by procedures well known in the prior art.

Table 8: Pellets containing Memantine HCI Percent in Wt. solid per Targe
W%ﬂ%m wfual Wi, Component Suppller Formula Batch (gramsc) Bat# ’@é’“‘}"

oVl mila W a
Batch( )1 rgmoulune HC20-0% @R 9V 50-0—Eudragit-NE46D

Degussa 30.0% 75.0 187.5 187.5 Microcrystalline Cellulose (Avicel PH

NPISEBFMCBorp 50.0% 125.0 125.6r1@5®) Paitied Water N/A N/A50.0 SR (Slow)
10. TOTA 100.0% 250.0 N/ N/ 'based on so¢lid in the final product 5 Table

SR=GuRelleid ReixtainiiR-Doneptzit REkRercent in Wt. solid per Target Wit.
per Actual Wt. Component u lien Formula' Batch (grams) Batch per Batch
(g) Donepezil HCI 20.0% 40.0 40.0 39.98 Eudragit NE 40D Degussa
30.0% 60. 150.0 150.05 Microcrystalline Cellulose (Avicel PH 101) FMC

Exagplp $010%s01000m I00014:00.0 Purified Water N/A N/A 50.0 10.0 TOTAL

10602612009 D%‘xzngfaeged%% sglidie rag#g,tgons < ﬁfn%uons (as shown

Memantine HCU HCI Formu atlons tained

in Erusiedsd)(SRY Meaiaed ﬁ@m@S(B dDpadderdistolytfasspstamlo Hogiomt a
emERQNIANRY Dy SROING A SHBC0A R AR @Hllnal RONlENEWB 4. 4C and

ollowed by a functional coating of Sure ease ispersion prepare
SA"ﬁ%}n 25% Surelease) to 20% Memantine HC1(or Donepezil HCI) pellets.

FO%P%@%&%%HE@&%%@%%E SRRIMem @Qﬂﬂﬁﬂ%ﬂ%x@%& iga"d donepezil

HCI), slow, were obtainéd by applying a subcoat of Opadry (1 _
werqydihatedarit} rahabhaledemnig ailofSinadasscef Evananinr Sr(@swptai were also

prepREdlEiveIgni &0H e thy| il ateRias 28 1&%’ 2t he i cionaleRalin®iution
to 20% Memantine HCI (or Donepezil HCI) pellets.
or standard was transferred into an HPLC vial. A 10 uL aliquot of the solution or standard

was injected onto the LC/MS/MS for analysis. A C18 reversed phase column (Phenomenex,
Luna 5y, Phenyl-Hexyl 50 x2 mm) was used for analysis. Memantine and donepezil were
separated from endogenous interfering substances and subsequently eluted from the HPLC
column by a mobile phase of 33% acetonitrile, 33% methanol and 34 % formic acid for mass
quantification. A mass spectrometer set at mass-to-charge ratios (m/z) of 180.51>162.70 and
380.14>288.18 was used to detect and quantify memantine and donepezil, respectively. Data
were processed and calculated by an automated data acquisition system (Analyst 1.2, Applied
Biosystems, Foster City, CA).

Example 9: Release profiles of IR and SR memantine-donepezil formulations

The in vivo release profiles were obtained using the Gastro-Plus software package
v.4.0.2 (Figures 6A-6E, 7). Exemplary human PK release profiles are shown in Figure 7. The
release profiles and pharmacokinetic properties for a controlled release combination product
made according to Examples 5-7 as compared to IR administration of presently marketed
products are shown in Figure 7 and the table in Figure 8. For the IR administration, oral
dosing is per the manufacturers’ recommendation (5 mg memantine q.d., incremented on a
weekly basis to 5 mg BID, 10mg in the morning and 5 mg in the evening, and 10 mg
memantine b.i.d.thereafter; Smg donepezil g.d. for two weeks, increasing to 10 mg donepezil
q.d. thereafier). For the SR formulation NPI-6272, the 22.5 mg memantine and 10 mg
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32 WO 2006/121560 PCT/US2006/013506 Table 10: Memantine SR
Products SR Memantine Pellets SR Memantine Product (Fast) Pellets

Medi R Memantine Pellets (Slow) "Label Claim" (mg active/m <06
Wééﬁg{@gﬁﬁﬁm 0.100 Sample weight (mg pellets) 134.6 130,205 G Sg s

" " \Val 40% eleased) 23.41 23.44 "Fast" .and .
o R T R B e SRR A A P e active
agenis pp 2l pecs BigerstAvdiaySRaesaluss allél g cutiiédmylpétiets) tBairBe IR form

for 408069 &ﬁ@f&?tb%ftﬂ?ﬁ{%ﬁ?{n%%xﬁi@&q%?éﬁ}(rﬁ%):ﬁ%%%e%z T%é%é?éffg?l%gmanﬁne

Table 11: Donepezil Immediate Release (IR) Pro roduct

at 255 Res Apmearablgpe tobir g adhvérmgeafomel dtos) GoIB7foganalions

provRA (R PAIAIShAAR Hithd arfiesivny BN (aglassed) 4.2 4.25
"Assay" Value (mygﬁgctlve/mg granulation) 0.0302 0.0298 verage Assay

Valiefdigarinarki @?&ﬁl@%ﬁe%@ﬁﬁs@ﬁ?@@%lﬁﬁéﬁﬁm@mgru@m@@)on will
exhibf8 préiTablesl e RanepREl SR RIouAL SR ng%?ﬁ!}%é%@fuﬁn@gfe@agmﬁ

Donepezil HCI Pellets SR Donepezil HCI Product (Fast) (M ‘
and féféﬁl? this s eResARt iRvGieBenevIBE vidtigezater gelietdpoine@ased therapeutic

effect without escalation that might otherwise be required. Furthermore, the increased dosing

allows less frequent administration of the therapeutic agents.

Example 10: A patch providing extended release of memantine and rivastigmine

As described above, extended release formulations of an NMDAr antagonist are
formulated for topical administration. Memantine transdermal patch formulations are
prepared as described, for example, in U.S.Patent Nos. 6,770,295 and 6,746,689.

For the preparation of a drug-in-adhesive acrylate, 5 g of memantine and 1 g of
rivastigmine are dissolved in 10 g of ethanol and this mixture is added to 20 g of Durotak
387-2287 (National Starch & Chemical, U.S.A.). The drug gel is coated onto a backing
membrane (Scotchpak 1012; 3M Corp., U.S.A.) using a coating equipment (e.g., RK Print
Coat Instr. Ltd, Type KCC 202 control coater). The wet layer thickness is 400 pm. The
laminate is dried for 20 minutes at room temperature and then for 30 minutes at 40°C. A
polyester release liner is laminated onto the dried drug gel. The sheet is cut into patches and
stored at 2-8 °C until use (packed in pouches). The concentration of memantine in the patches
ranges between 5.6 and 8 mg/cm’, while rivastigmine ranges between 1.1 and 1.6 mg/em®.
The nearly continuous infusion of the components provides a much more consistent Cratio
over time maxintizing the additive or synergistic effects of the combinations of the present

invention to achieve the optimal therapeutic effects.

Example 11: Multiple dose safety study in Alzheimer’s patients with an extended
release memantine, extended release donepezil combination,
A study to determine safety and pharmacokinetics of an extended release combination

formulation of memantine and donepezil is described below. The study results are expected
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Sample weight (mg 135.6 135.5 128.8 128.3 pellets) 113.8113.9T11
16 hr "Assay" Value (mg released) 20.03 20.00 23.26 23.46 19.27 19.86
" Value (mg 0.176 0.176 0.172 0.173 0.150 0.155 33 WO

w 5%%)&?1’%0 PCT/US2006/013506 ctive/mg peIIets) verage K‘s‘&é‘iﬁ%ﬁgﬂj

%] 3506

to a%gggsﬁgé \lffee e”;ft \9811&.766 2 1 2a9 \%re rsn&lga? tlﬁfl% ai?rga%o 10 parameters
mg) 28. xamp e osage fSrmdtafion o

at higleendosise- Donepezﬂ comblnatlon Various combinations of memantine
and donepezil were prepared by filling the respective pellets in hard
gelatin capsules as shown in Table 13. The separately prepared pellets

Purgevide 5 the flexibility of m
ranging from 0.1:100 to 100
most preferably 1:10 to 10: 1"

akindertimelmemani seteidenapseihpsliets
0 1, more pref ?ﬁaé%)é from 1:100 to 100:1,

mbinations Product Mem
ormulation Wt. solid/dosag
130.0 SR (Fast) 166.7 IR N
(Slow) NPI-6370 259.0 SR (|
28.4 SR (Fast) NPI-6271 51

Dos

NPI-6371 259.0 SR (Slow) 2

SR (medium)

s

fie-Donepezil Dosage
agﬂﬁ‘ﬁ“‘@? ?%%%\Q%ﬁ?%%%? KRS

@1@@0@%%@9%@%@@%@%
S&Sﬁfggleéﬁ ARRYNBEG A1 40058 U
.0 SR (Fast) 28.4 (Fast) 155.4 SR Iow)

glangreit £3t) oxBf-srypaBetiSFERadtnen .0
donepezil SR, QD for 30 days

Concurrent Controls

memantine IR or memantine IR plus donepezil IR

(both dosed as per manufacturers’ labels)

Route: Oral

Subject Population: Males or females diagnosed with dementia of the
Alzheimer’s type. (Age range 50-807)

Structure: 4 arm

Study Sites: TBD

Blinding: Patients blinded

Method of Subject Assignment:

Random with equal number of males and females in

each group and equal age distributions within groups

Total Sample Size:

24 Subjects 6 per dosing arm

Primary Efficacy Endpoint:

None

Adverse Events:

Monitored at least twice daily for behavioral,
cardiovascular, and gastrointestinal effects reported
for high doses of memantine or donepezil (including
dizziness, headache, confusion, constipation,

hypertension, coughing, nausea, diarrhea, vomiting).

Blood Collection By canula through first day of study period then 2-4
times daily for rest of study
Amnalysis Assays to measure memantine, donepezil, and

potentially other physiological parameters, adverse
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NPI-6272 52.0 SR (Fast) 29.0 SR (medium) 155.4 SR (Slow) NPI-6372
259.0 SR (Slow) 29.0 SR (medium) NPI-6173 130.0 SR (Fast) 32.8 SR

\P[6273 520 SR (Fast) 326 SR (Slow) 34 WO 20001124560,
| Wé%%é% 6/013506 155.4 SR (Slow) NPI-6373 259.0 SR ( éév%] 013506

LStstathed KE#\—,} T tIR=tmmediate Retease-Exampte-8:
Dissolution Profiles The dissolution profiles of the various

memantine-donepezil combinations (as shown 5 in Example 7) were
obtained from USP Il (paddle) dissolution system at 50 rpm, at a
temperature of 37.0 0.5C, using water as the medium (Figures 2A-2C,
3A-3C, 4A-4C and 5A-5C). For the dissolution analysis, 10 mL dissolution
solutions of memantine and donepezil were diluted with 3 mL of 0.1 %
formic acid. Standards of memantine or donepezil were also 10 prepared
and diluted with 3 mL of 0.1 % formic acid. A 1 mL aliquot of the diluted
solution or standard was transferred into an HPLC vial. A 10 L aliquot of
the solution or standard was injected onto the LC/MS/MS for analysis. A
C18 reversed phase column (Phenomenex, Luna 5g, Phenyl-Hexyl 50 x2
mm) was used for analysis. Memantine and donepezil were separated
from endogenous interfering substances and subsequently eluted from the
HPLC 15 column by a mobile phase of 33% acetonitrile, 33% methanol
and 34 % formic acid for mass quantification. A mass spectrometer set at
mass-to-charge ratios (m/z) of 180.51>162.70 and 380.14>288.18 was
used to detect and quantify memantine and donepezil, respectively. Data
were processed and calculated by an automated data acquisition system
(Analyst 1.2, Applied Biosystems, Foster City, CA). 20 Example 9:
Release profiles of IR and SR memantine-donepezil formulations The in
vivo release profiles were obtained using the Gastro-Plus software
package v.4.0.2 (Figures 6A-6E, 7). Exemplary human PK release
profiles are shown in Figure 7. The
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release profiles and pharmacokinetic properties for a controlled release
combination product 25 made according to Examples 5-7 as compared to
W(I)Rz a})dngzinistration of presently marketed products are shown in Figure 7
ARt e in Figure 8. For the IR administration, oral dosir?g 31813506
manufacturers' recommendation (5 mg memantine g.d., incremented on a
weekly basis to 5 mg BID, 10mg in the morning and 5 mg in the evening,
Exaappld 02n @ resimanting Slrbicinerdaftertiemig withepeeitepdeibrtwasweskaantine,
tdRGEARSING JQ I ' d thereafter). For the SR formulation
* NP|-62é7|§J’%hé} g’é rﬁg Qrﬁ@‘%%ﬁ%%egand 10 mg 35 WO 2006/121560
PCY983n06/313506¢ ¢bnefeaitss @ Pravidedideal colstwilednblesisendiaimulations
£ nflhMER onaHaRFaIcas NG e ACHVE. 298I n &)  establi
? The Sll? product dC/dT is cons!derabﬁyilower %aﬁﬁée%ﬂ%%%%&é% gr%”%s;rabhsh 2
morgsapidarsetivhethsasyinathod donepsin Ay ereasiicet, (tafioige foferability of a
non RN AL 46T SLOMPRIANRINNALINN A2l R0 Mk oses of
ual increase’in the drug

Thus, the SR formulations 5 provide a more gra
mengifil aaéipmnertl dbsaghpvbditomefattsinghyg the desired release
profile, this combination formulation will exhibit a preferred decrease
Cmax/Cmean, even with a higher dose of the NMDAr antagonist _and
Purp@hel, thus the present inveiodetaayipeaiieleffiaatesttasabifation therapy,
increased therapeutic effect withqut escalation that might otherwise be
required. Furthermore, the i 18?&5%8?&8% %} allows less frequent
swdydigisiation of the therapeuliosageBRHERPIERL0 /ARSI MOAURY
extended release of memantine and rivastigmine As described above,
extended release formulation$ or&RMvTARa M gohetengseailiRed for
a !

| jnistration. Mémantine tran
Ol %Pr i) édprrﬂrcé}% a .O € men? %ﬂg
prepared as described, for @xample,’in

memantine and | g of rivas i%mine e ?Ii olved.in,10 g of ethanol and
I P

this mixture is added to 20 g 0 %rﬁﬁo%a ational Starch &

Roufehemical, U.S.A.). The drug gghjis coated onto a backing membrane
k-1012; 3M-Corp.j-LL.S.A)using a coating.equipment (e g RK

Py

. (Scotchpa
Subjeetrtaoi@senintr. Ltd, Type| REEL02fconims| dogter:divandtreytin of the
thickness is 400 m. The Ianwlg%eg%g;igqéjgg_ iﬁ ninutes ﬁ}_?%im

temperature and then for 3Q minutes at 4 olyester release liner is

Strutdadnated onto the dried drugi@gefs The sheet is cut into patches and
—s«a:ed—a&—@-@-wﬂﬂ%%p‘;a@d-iupwcbes)lhefwmmmﬁnn of
Multi-center

Studsn&ieantine in the patches
Blinding: Patients blinded

Method of Subject Assignment: | Random with equal number of males and females in

each group and equal age distributions within groups

Total Sample Size: 400 subjects, 100 per arm

Primary Efficacy Endpoint: Improvement of ADAS-Cog, SIBIC, HAM-D in or
neuropsychiatric index at 7, 14, 21, 42, 63, 84 days.

Efficacy Monitoring: Monitored twice per week for first 4 weeks, then
weekly thereafter,

Adverse Events: Monitored at least twice daily for behavioral,

cardiovascular and gastrointestinal effects reported
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ranges between 5.6 and 8 mg/cmz2, while rivastigmine ranges between 1.1
and 1.6 mg/cm2. 25 The nearly continuous infusion of the components

wa \@Q&Sl%gnuch more consi
a

ditive or synergistic effects of the combinations of the presen

ﬁJSZ(}(}élt}l.’}S(JG

stent Cratio over time maximizing(t[t}
Invention

to achieve the optimalthera

& Optim Rl Hha Y
safety study in Alzheimer's gatients with an extenc?ené §O rg

e B G G Fm id%i%o%'k’ff‘fincluding
ease

memantine, extended releaselgingsedicednsbinatofizdostadyptopation,

determine safety and pharm
combination formulation of

aﬁ%ﬁ%ﬂ%ﬂf %%@%g&:{?m}ma miting).

i . v
memantine and donepezil is described ’be?ow.

Blodd€sligdiiarsults are expect
PCT/US2006/013506 to ass

ety 3nWORARIIRIREY time points:
ess the frequency of adverse events as well

as evaluate the pharmacokim&ﬂﬁ’dér%ﬁe?eﬂ@ B‘P?ﬁ@her doses. Purpose To

determine the safety and ph
Dosage: Based on previous
e.g. 22.5 mg memantine SR

armacqkineti I t of dryg.
e e A
63 My 7dodrepezilGR mghg memantine SR

danaoanazil O

A 1 H W om 4L
+ 4, 1Y UOTITEPC LN SR, U499,

Analysigh days Concurrent Cont

£ ol m W) cR n
III§_IIIC1IIQIILIIIC SOy GONePEZSiT g
1

BILIFRE AR tIFE RVSR IR REaR pigsays

donepezil IR (both dosed a$ @@&gﬁ@ﬂgjﬁﬁ@g@f@bels) Route: Oral

Suhieect Panulation: Males o
UM”J\IUL L] vr‘ulv‘."v' T TV T OO

females diagnosed. with dementia of the

Alzheimer's type. (Age range 50-807?) Structure: 4 arm Study Sites: TBD
Blinding: Patients blinded Method of Subject Assignment: Random with
equal number of males and females in each group and equal age
distributions within groups Total Sample Size: 24 Subjects 6 per dosing
arm Primary Efficacy Endpoint: None
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Adverse Events: Monitored at least twice daily for behavioral,
cardiovascular, and gastrointestinal effects reported for high doses of
Wmmtjg&or donepezill (including. dizziness, he.adache, con '%1%?06/ 13506
constipation, hypertension, coughing, nausea, diarrhea, vomiting). Bloo
Collection By canula through first day of study period then 2-4 times daily
for rest of study Analysis Assays to measure memantine, donepezil, and
potértangsifanbdigisisy s wabinibterdimgverse 37 WO 2006/121560
PCT/US2006/013506 events 38 WO 2006/121560 PCT/US2006/013506
Example 12: Treatment of Alzheimer's patients with an extended release
memantine, extended release donepezil combination. A study to
determine effectiveness of two extended release combination formulations
5 of memantine and donepezil is described below. The study results are
expected to establish a more rapid onset of efficacy without increase in
adverse effects (confirming tolerability of a non-dose escalating dosing
regimen (i.e., administration of substantially identical doses of memantine
and donepezil throughout the term of dosing)). Purpose To determine the
efficacy of combination therapy, non-dose escalated Study Dosages: 22.5
mg memantine SR + 4 mg donepezil SR, 45 mg memantine SR + 4 mg
donepezil SR Concurrent Controls memantine IR (Namenda) or
memantine IR plus donepezil IR (Aricept) both per manufacturers' dosing
labels (as of 2004). Route: Oral Subject Population: Males or females
diagnosed with dementia of the Alzheimer's type. (Age range 50-80)
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Structure: 4 arm Study Sites: Multi-center Blinding: Patients blinded
Method of Subject Assignment: Random with equal number of males and
females in each group and equal age distributions within groups Total
Sample Size: 400 subjects, 100 per arm Primary Efficacy Endpoint:
Improvement of ADAS-Cog, SIBIC, HAM-D in or neuropsychiatric index
at7, 14,21, 42, 63, 84 days. Efficacy Monitoring: Monitored twice per
week for first 4 weeks, then weekly thereafter. Adverse Events: Monitored
at least twice daily for behavioral, ascular and gastrointestinal
effects reported 39 WO 2006/121560 PCT/US2006/013506 for high
doses %f meman.tinfe or dom?pezil including dizziness, headache,
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&y ensd’rﬁfsgf‘:ﬁ]ghing, nausea, diarrhea,
vomitingerBioind GallpctioncByticaiutaatpthbléolidwirg:tifhengdoints: Day 1:
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4 pre-dose trough Analysis: Efficacy, adverse events, an
doteboratonpsssays, gragan staiperigy oAV PDOBERES60 wherein the
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aims 1.'A pharmaceutical composition comprising: (a) memantine or a
dogstgarivracendicdIy aecbprilBlaaatutisal comppiit®) W csnRdBiHesEAse
inhibitor (AChel) wherein said AChel is selected from

2. The pharmaceutical composition of claim ! for use in medicine.

3. The pharmaceutical composition of claim | for use in the treatment or prevention of

a UNS-related condition.

4, A kit comprising:

(a) memantine or a pharmaceutically acceptable salt thereof; and

(b) an acetylcholinesterase inhibitor {AChel} wherein said AChel is selected from
donepezil, rivastigmine, galantamine, tacrine, metrifonate, or huperzine-A, wherein the
mermantine or pharmaceutically acceptable salt thereof is provided in an extended release
dosage form and wherein the memantine or pharmaceutically acceptable salt thereof and the

acetyicholinesterase inhibitor are for oral admmistration.
5. The kit of claim 4 for use in the treatment or prevention of a CNS-related condition.

6. Use of memantine or a pharmaceutically acceptable salt thereof in the manufacture
of a medicament for treating or preventing a CNS-related condition wherein said treating or
preventing comprises the oral administration of the memantine or pharmaceutically
acceptable salt thereof in an extended release dosage form and the oral administration of an
acetvicholinesterase inhibitor, wherein said AChel is selected from donepezil, rivastigmine,

galantamine, tacrine, metrifonate, or huperzine-A.
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donepezil, rivastigmine, galantamine, tacrine, metrifonate, or huperzine-A,
wherein the memantine or pharmaceutically acceptable salt thereof is
provided in an extended release dosage form and wherein the
pharmaceutical composition is for oral administration. 2. The
pharmaceutical composition of claim | for use in medicine. 3. The
pharmaceutical composition of claim | for use in the treatment o
i ik AT R L P —
acgyziphameaesutidaiy@adeeptable shltithe rdef pamicfo)eanfor treating or preventing
a c%%ﬂ@%‘é’g'@Sﬁ"éﬁﬁé‘ﬁ%';{”o@&?'% Linehahwherein said AGhelis Sglegted romk any
donepezil, rivastigmine, galantamine, tacrine, metrifonate, or huperzine-A,

acwp@%éwméhm@ﬁédm@ @Ktph@sr@rra@@mida%gaé@gptamb@mmh@@df is
ac&S@M&gﬁqu?e%ee%}ﬁ'Bﬂ‘SPlEeéaéa%d mggnfa{@iE@gﬂn%i{.&‘mglamamine, tacrine,

memantine or pharmaceutically acceptable salt thereof and the
meFAERthGIiHBSEEaSEMhibitor are for oral administration. 5. The kit of claim
4 for use in the treatment or prevention of a CNS-related condition. 6.

8. Use ofmempsiing dhaRirrnacsuisallyaaceniabiscsal trarapbinihent for

manufacture of a medicament for treating or preventing a CNS-related .
et RRIRIN SRR L e BT COP A e SR L SHb Hisaidngher grgl enting comprises
thastlinishialian:pfithe diermanione ofeplaav acablicallybgeeptabltsaittration of

thereof in an extended. release dosage iorlrjn an thg o[?al administration of
meé’fﬁ“%@ét?fc%%*ﬁ%&&%%‘é%alHh?ﬁﬁ%%f%ﬁlgé?’i SRS S EHI SREBTEI e ©F
phdmnepediszifivastigmiie safjadantafiine, 4acxedadatrifanatesgre form, and wherein

huperzine-A. 42 7. Use.of memantine or a pharmageutically acceptable .
s e B R o R R e SR v
taomedicemiéntdfior ardatingzorepieventing a CNS-related condition by oral

administration, wherein the memantine or pharmaceutically acceptable

o, salt thereof is In an extended release.dosage formn and erRin Saiday

acetylcholinesterase inhibitor is selected from donepezil, rivastigmine, _
acepmiabtanihthersefifean e ceicigpge nauniog s dfeating or preventing a
osetyleholingsterasennbibitard @é%@éﬂﬁ@%ﬁﬁé&r@@@%ﬁ&%f”

treating or preventing a CNS-related condition wherein said treating or
adpgiRERtiAg RoRfreaaeE Srt BefHRHCtHABI ot RR iy Rihthfrediapddae oral
adiffiikiten @nertheaonal iaRkminiskatiomalb memarine andRbalcmcautically
) ac,cep,tabIF salt tthereci)f, and wherein the memantine or | ,
inhibitor 1s selected from donepezil, rivastigmine, galantamine, tacrine, metrifonate, or

huperzine-A.

10. A pharmaceutical composition comprising an acetyichoiinesterase inhibitor for use in
treating or preventing a CNS-related condition, wherein said treating or preventing comprises
the oral administration of the acetylcholinesterase inhibitor and the oral administration of
memantine or a pharmaceutically acceptable salt thereof, and wherein the memantine or salt
thereof is in an extended release dosage form, and wherein said acetyicholinesterase inhibitor

is selected from donepezil, rivastigmine, galantamine, tacrine, metrifonate, or huperzine-A.

11. A pharmaceutical composition according to any one of claims I fo 3, a kit according
to claim 4 or 5, a use according to any one of claims 6 to &, or a pharmaceutical composition
according to claim 9 or 10 wherein the acetylcholinesterase inhibitor is selected from the

group consisting of donepezil, rivastigmine, galantamine, and huperzine-A or a salt thereof,
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pharmaceutically acceptable salt thereof is in an extended release dosage

form, and wherein said acetylcholinesterase inhibitor is selected from

donepezil, rivastigmine, galantamine, tacrine, metrifonate, or

huperzine-A. 9. A pharmaceutical composition comprising memantine or a

pharmaceutically acceptable salt thereof in an extended release dosage

form for use in treating or preventing a CNS-related condition, wherein

said treating or preventing comprises the oral administration of the

memantine or a pharmaceutically acceptable salt thereof and the oral

admipistration of an acetylcholinesterase jnhibitor, wherein sai . .
e e L e B Bt
acepidin i e, aperihBiemeaeddmgtelabnshuperznessordDgAcpimarmacduticateceding
cIARATRARIAR SRRAISING AR ACANIGRRIIRES R RSE I HIRIAL IO HS8 ATy

treating or preventing a CNS-related condition, wherein said treating or

preventing comprises the oral administration of the acetylcholinesterase
13inhib{qanddheial RepinieiatieeRb memanting of apharmaceulically ording

acceptable salt thereof, and wherein the memantine or salt thereofisin
to gy it d MRS ORI WY it Saitf 4dBKIBT6RREbragposition
actoRihitofo g selectedfrondangpRediyivastigningsJalapiamios, aheded

metrifonate, or huperzine-A. 11. A pharmaceutical composition according
eG4y Ole of claims | to 3, a kit according to claim 4 or 5, a use according

to any one of claims 6 to 8, or a pharmaceutical composition according to
]4clain}\9 ggrrln%é/gggéaeli%he(%?gt 1Ic‘rJ:Ih((:)Iirlghems{'gc%rase inhibi},or1 IS sefetct d ff;otm A
" the grBup consisting o?qgonepem ) ﬂvasﬁg?na}ﬁ\é,oélgl%n dmine, rig @ 1t accordmg
to hlaperzimes A osassalirtiegaofm3oh2 oAgiiamtaocditical gompasitioesl composition
acEAATRLIR A8 Shihe PiRERAIng. laims, 24 agearding do.any one.

of thepreceding claims, or a use according to any one of the precedlng
coplpiipes, Whedehs thesendctioliiebreasaninhibitdpisdn nmimmediate

release form. 13. A pharmaceutical composition according to any one of

claims | to 3, a kit according to claim 4 or 5, a use according to any one of
15¢lains B BCaIti pAsEitc s oD EtN scoraipigtol drinadkibrgeprding
to Whereinihe Acetylchalingsieiaseiahibiaris @R exteniedn1eleasa Irbosition

14, A pharmaceutical composition according to any one of claims 1 to 3, a
ACYAFHBEIRRYT™S W eies] B RRAHBRGTIG! e By HHok s G esnt
colihaRhANAGAY icakenRQsI g taseor ding i dainpdierm 0 wherein the

pharmaceutical composition, kit or medicament
16, A pharmaceutical composition according to any one of claims 1 to 3, a kit according
to claim 4 or 5, a use according to any one of claims 6 to 8, or a pharmaceutical composition
according to claim 9 or 10 wherein the pharmaceutical composition, kit or medicament

comprises 20-40 mg memantine or salt thereof in a unit dosage form.
17. A pharmaceutical composition according to any one of claims 1 to 3, a kit according

to claim 4 or 5, a use according to any one of claims 6 to 8, or a pharmaceutical composition

according to claim 9 or 10 wherein the pharmaceutical
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comprises 10-80 mg memantine or salt thereof in a unit dosage form. 15.
A pharmaceutical composition according to any one of claims | to 3, a kit
according to claim 4 or 5, a use according to any one of claims 6 to 8, or
a pharmaceutical composition according to claim 9 or 10 wherein the
pharmaceutical composition, kit or medicament comprises 20-80 mg
memantine or salt thereof in a unit dosage form. 16. A pharmaceutical
composition according to any one of claims I to 3, a kit according to claim
4 or 5, a use according to any one of claims 6 to 8, or a pharmaceutical
GRIRRASHION: AFSRLHING I £1Rm. Q& 10 WhET it IR ANATRRGRYHSAY, & unit
composition, kit or medicament comprises 20-40'mg memantine or salt
detsagedPinta unit dosage form. 17. A pharmaceutical composition according
to any one of claims 1 to 3, a kit according to claim 4 or 5, a use
according to any one of claims 6 to 8, or a pharmaceutical composition
T8 ccordimG NGt G HiOP AR e ARE iR Rl 4aI B8 rhifv itfdH! kit
a@fondadicarian aamprisese kekOrmgedeneperit oF sRiHIB@reos i8ra Yhlrmaceutical

dosage form. 18, A pharmaceutjcal composition according to any one of
CETIR 60 S e ARG 1 LM B8 G PN s b
ncldivas nta-8neris pharmadeutisatil cempositien fascotdingdaglaim? or 10
wherein the pharmaceutical composition, kit or medicament comprises

2-4 mg donepezil or salt thereof in a unit dosage form. 19. A
IPharmapkuticalectnaposition; @okit Okiawseuaceordidggaamyyane of thepreceding

‘ ing.-clai ' ang salt thereof has an in.vitr

e e S L R e ess

TR Ot Setes ttﬁéﬁm%)fﬁ ght o bisirargiegreaten _ﬂ% iB_S% hoewehre greater
RAUSATREASHTRAMNSIDh SRR DRG2 BREAS) digSAlHHQRSYSIRB Ak 20 at

rpm at a temperature of 370.5 in water. 20. A pharmaceutical composition
SHEBBYalrg TR BT bf CrilmsM Y648 a kit according to claim 4 or 5, a

use according to any one of claims 6 to 8, or a pharmaceutical

composition according to claim 9 or 10 wherein the memantine or salt.

Ztheredt BRETRECHIEHSCROHA eI diRg e Ifes C8Ra siersd iherald of
atberdigiivie pharaselticale gredients anddnesquantitiestoBasti¥@harmaceutical

harmaceutical ingredients may pe varied ‘i’) adjusting the guantities an
PR BEREAL UG SR A ErAR o A ERAPHA Bt ereot and th
Actirapasifiomakeat dingetz@amndnehofetiaimsdto 3f enkidctive pharmaceutical
ingredients and the quantities of active pharmaceutical ingredients may be varied by

adjusting the quantities and ratios of pellets in the final dosage form.

21. A pharmaceutical composition according to any one of claims 1 to 3, a kit
according to claim 4 or 5, a use according to any one of claims 6 to 8, or a pharmaceutical
composition according to claim 9 or 10 wherein the memantine or salt thereof and the
donepezil or salt thereof are formulated into beads or pellets with substantially similar

dissolution profiles.

22. A pharmaceutical composition according to any one of claims 1 to 3, a kit
according to claim 4 or 5, a use according to any one of claims 6 to §, or a

pharmaceutical composition according to claim 9 or 10 wherein the pharmaceutical
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according to claim 4 or 5, a use according to any one of claims 6 to 8, or a
pharmaceutical composition according to claim 9 or 10 wherein the
memantine or salt thereof and the donepezil or salt thereof are formulated
into beads or pellets with substantially similar dissolution profiles. 22. A
pharmaceutical composition according to any one of claims | to 3, a kit
according to claim 4 or 5, a use according to any one of claims 6 to 8, or a
pharmaceutical composition according to claim 9 or 10 wherein the
comapsiieadtitar a5 dspmpmsitsorryaiebeidabiift are formulated as
tablets. 23. A pharmaceutical composition according to any one of claims |
to 3, a kit according to claim 4 or 5, a use according to any one of claims
28 to 8AGTR HACHHESIRI LOPRASSRIGH ECe SrEig e LM blord a kit

aWBRTRIR dhelphaimasertical corpestiany kitosMagicanent ke
pg)rmulate,d as capsules. 24. A pharmaceutical composition according to

BRI BFHISHREIYE eI aATTG ehahth ansresn the ghaspasrilitgto
canpaitoaf idedns alicBeor aphamacetticahpeorpposition according to
claim 9 or 10 wherein a therapeutically effective steady state plasma
concentration of the memantine or salt thereof is achieved within the
2éoursé ohtneaficstitalenty sayisoofadonihist tation. dfe. & ghatmbresiticalt

0 itio cordi n of claims 1 to.3, a kit_according.to claim .
e B AT A B
copmpositiceasdmgingionldion Portidavheteirativativg maffngvorssaldy state

pihsreobin iR @NoR - HessRacalAlRYy WICR AL LR A ANSERBEIAY: (M Re of the

26. A kit according to claim 4 or 5, a use according to any one of claims 6
figst gweney dshashadainis@ié@mposition according to claim 9 or 10 wherein

the memantine or salt thereof and the AChel are administered as a single
2gharmaceutical cqg;gposition._ 27. A kit according to claim 4 or 5, a use

ccortiREAEPARRPERRE SRR 15°8r P ihRay ik elisinedrihostish
a%%@ﬁﬁ‘li&ﬁ@ &%ﬁm&% $Q wheieindhe ﬁfﬂ?mm%&@@%t@g@ﬂaﬁ%‘éﬁﬁ&%mical
el are admipistered as separat armaceutical.compositions. 28..
c BRI BEE PGB SoAbr NGB Ay AR ERfre ki srea i i non-
decardihgitg, claim gendd; & usesgrealgitgta.any one of claims 6 to 8, or a
pharmaceutical composition according to claim 9 or 10 wherein the
memantine or salt thereof is formulated
26. A kit according to claim 4 or 5, a use according to any one of claims 6 to 8, or a

pharmaceutical composition according to claim 9 or 10 wherein the memantine or salt

thereof and the AChel are administered as a single pharmaceutical composition.

27. A kit according to claim 4 or 3, a use according to any one of claims 6 to 8, or a
pharmaceutical composition according to claim 9 or 10 wherein the memantine or salt

thereof and the AChel are administered as separate pharmaceutical compositions.

28. A pharmaceutical composition according to any one of claims 1 to 3, a kit
according to claim 4 or 3, a use according to any one of claims 6 to 8, or a pharmaceutical
composition according to claim 9 or 10 wherein the memantine or salt thereof is formulated
to provide a shift in Tmax by at least 24 hours, 16 hours, 8 hours, 4 hours, 2 hours, or 1

hour as compared with an immediate release dosage form.,
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to provide a shift in Tmax by at least 24 hours, 16 hours, 8 hours, 4 hours,
2 hours, or | hour as compared with an immediate release dosage form.
46 29. A pharmaceutical composition according to any one of claims | to
3, a kit according to claim 4 or 5, a use according to any one of claims 6
to 8, or a pharmaceutical composition according to claim 9 or 10 wherein
the pharmaceutical composition or kit is for use in the treatment or
prevention of a CNS-related condition and wherein the treatment or
prevention does not comprise dose-escalating memantine or the salt

2thereof granhereincinediss e dreatmaeniofRreventioniafa NSy glated

condition and wherein the treatment or prevention does not comprise

a%gﬁé%&féﬁﬁb%%ﬁ]ﬁﬁfﬁqéﬁpm@%éﬁ FRBAGFox ¢laims 6 1o 8, or a pharmaceutical

composition according to claim 9 or 10 wherein the pharmaceutical composition or kit is
for use in the treatment or prevention of a CNS-related condition and wherein the treatment
or prevention does not comprise dose-escalating memantine or the salt thereof or wherein
the use is the treatment of prevention of a CNS-related condition and wherein the treatment

or prevention does not comprise dose-escalating memantine or the salt thereof.
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