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treating psychiatric conditions, such as depression.
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A receptor antagoni st and an antj-depressant drug . .
selective serotonin reuptake inhibitors (SSRIs) and serotonin/norepinepherine reuptake inhibitors

(SNRIs) which are now widely used. Although options for pharmacologic treatment for
depression have grown seemingly exponentially over the past several decades, the current
armamentarium of antidepressants continues to have limitations of both efficacy and tolerability.
Thus, there is a clear need to develop novel and improved therapeutics for the treatment
of major depression, especially refractory depression, bipolar depression, and the degeneration

associated with depression.
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receptor antagonist, the ADD, or both agents may be administered in an amount greater than or

less than the amount that is typically administered to subjects. For example, the amount of
memantine 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 without the improved
formulation described herein. A higher dose amount of the NMDA receptor antagonist in the

present invention may be employed for conditions such as non-neuropathic pain whereas a lower
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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 certain embodiments, this is
accomplished by releasing less than 30%, 50%, 75%, 90%, or 95% of the NMDA receptor
antagonist, the ADD, or both into the circulatory or neural system within one hour of such
administration.

The ratio of the concentrations of two agents in a combination is referred to as the

“Cratio”, which may fluctuate as the combination of drugs is released, transported into the
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20%, or 10%, of the rate for the IR formulation.In all foregoing aspects of the invention, if
desired, at least 50%, 90%, 95%, or essentially all of the NMDA receptor antagonist in the

pharmaceutical composition may be provided in a controlled release dosage form. In some
embodiments, at least 99% of the NMDA receptor antagonist remains in the extended dosage
form one hour following introduction of the pharmaceutical composition into a subject. The

NMDA receptor antagonist may have a Ciyax/C mean 0f approximately 1.6, 1.5, 1.4, 1.3 or less,
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In all foregoing aspects of the invention, the NMDA receptor antagonist may be an
aminoadamantine derivative memantine (1-amino-3,5-dimethyladamantane), rimantadine (1-(1 -
aminoethyl)adamantane), or amantadine (1-amino-adamantane). The second agent may be a
GABA transmaminase inhibitor, GABA re(uptake) inhibitor, carbonic anhydrase inhibitor,

benzodiazepine, or sodium channel inhibitor. Alternatively, the second agent may be an anti-
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required in a unit dose to obtain the same therapeutic effect for treating CNS-related condition
when the second agent is administered in the absence of the NMDA receptor antagonist.
Optionally, the NMDA receptor antagonist is present in the pharmaceutical composition at a
dose that would be toxic to a human subject if the NMDA receptor antagonist were administered

to the subject in the absence of the second agent. If desired, the second agent is present in the
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FIGURE 2D is a graph showing the ratio of duloxetine to Memantine concentrations for

IR Administration and CR Formulation 2.

FIGURES 3A-3F are graphs showing the PK profile release and Cratios of memantine
and escitalopram as IR and CR formulations for example 6.

FIGURES 4A-4C are graphs showing the PK profile release and Cratios of memantine

and escitalopram as IR and Patch formulations for example 7.
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The NMDA receptor antagonist may be an amino-adamantane compound including, for
example, memantine (1-amino-3,5-dimethyladamantane), rimantadine (1-(1 -
aminoethyl)adamantane), amantadine (1-amino-adamantane), as well as pharmaceutically
acceptable salts thereof. Memantine is described, for example, in U.S. Patents 3,391,142,
5,891,885, 5,919,826, and 6,187,338. Amantadine is described, for example, in U.S.P.N.
3,152,180, 5,891,885, 5,919,826, and 6,187,338. Additional aminoadamantane compounds are
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Table 1. Pharmacokinetics and Tox in humans for selected NMDAr antagonists

Compound Human Tmax in Normal Dose Dependent
PK (t%2) hrs Dose Tox
in hrs
Memantine 60 3 10-20 mg/day, Dose escalation
starting at Smg required, hallucination
Amantadine 15 3 100-300 mg/day | Hallucination
Rimantadine 25 6 100200 mg/day | Insomnia
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In addition to the specific combinations disclosed herein, combinations made of a first

NMDATr antagonist and an ADD may be identified by testing the ability of a test combination of

a selected NMDAr antagonist and one or more ADD to lessen the symptoms of a CNS-related

disorder. Preferred combinations are those in which a lower therapeutically effective amount of

the NMDA receptor antagonist and/or ADD is present relative to the same amount of the NMDA

receptor antagonist and/or ADD required to obtain the same anti-depressant effect when each

agent is tested separately.
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l'i ance and adherence.
effects both drugs. For example, side effects including psychosis and cognitive deficits

associated with the administration of NMDA receptor antagonists may be lessened in severity
and frequency through the use of controlled-release methods that shift the Tmax to longer times,
thereby reducing the dC/dT of the drug. Reducing the dC/dT of the drug not only increases
Tmax, but also reduces the drug concentration at Tmax and reduces the Cmax/Cmean ratio
providing a more constant amount of drug to the subject being treated over a given period of

time and reducing adverse events associated with dosing. Similarly, side effects associated with
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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. In a preferred embodiment, the NMDA

receptor antagonist, the ADD, or both agents may be formulated to provide controlled, extended

release (as described herein). For example, a pharmaceutical composition that provides

controlled release of the NMDA receptor antagonist, the ADD, or both may be prepared by
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admigieBAgp heHiob G ERe PSR 7e {s3B%F teleasprbatgytargsted rat
for agpécﬁiea%&lba Qe MYERNERE fra Ibahewmlp@fémwy iR R4, trglsdermal
a subject, causes the respective agent or agents to be
Orln‘irmaéf&l&f@mat a targeted rate for a specified period of
ti ' .
or 5 e two g’%‘g’gﬁ%ﬁg%ﬁi‘ I1Té"}'é,(ra?l gﬁlglglg%ltglgeg?nmg E@%‘gérﬁ%%réﬁde%qm desired
effecCﬁﬁﬁG:H@ﬁfsS aid scpiicomppnents Hdllhe oombinntich. i (Dpta)naﬂﬁr’ther first and second
t hat rowdesthe esi red ect. from!t firs
agen§ JEepmixer e pgleiorm fopdsisin ey e m%ﬁ?tfcsﬁ qp 9 Wiege. The
comlflha[tﬁﬁ‘l ﬂ%é&%@éﬂelﬂ%ﬁﬁaﬂlﬁd& ifl Qlﬁltﬂ%%s'cﬁﬁtﬁnﬂlgsdp@%p@late uantities of
formul at’i on before they are introduced into a sub
the firth @nd seeond agdnis Theynibdosegmipemireat bey foreaniblei deapsi or tablet itself
Q t I
orit e IR FROREAE oLt DBPLRREA: s 3 Blchde B Wiy of he
activé frgr&danginghe anic &mg& forms niaglbk etried ereddjuseed actordimg tdthe particular
g ppr ,ri te nunb of such conpositions in package
need odt BOSiRg egte f the active ingredients in the

u nAItelﬁam%e ROV ARe dlhsr MidoRfbt Ad REIADI BFHRE6MbHaAEn may not
to the particular need of the condition bei ng, treated.

be mixjed anfibaftey éhey aret mzrodsmlrrt@ thepubiecta g dhe termapembination”

enco@ﬁ%s&fa?ré@oledﬁ ro d u c | nto h 2‘%’8@? gﬁ%lé@% ahl h-{ he %)%Een? rovided in
sepaf'atedbhmlﬂatﬁd)m rahd amm]l’fpmsﬁfbsl seqdnmtialige nFer miamp,h: teeNIMUAreceptor

antagSB 3L ] e PR R G AN EFoS PR APIRF GPGFHRY itin 2 days, 1 day, 18

hour$ 894 0si Sdd Nour, AHal a6 Snintiles, ONMeé\of @R PHRE. Each agent may be
ant agom st and the ADD maY be administered to th

provislg jrembltiplss single spsuliiston fabless tatase admipigiered eepﬁmlx to tho subject.
Altetgg%{]e?% e NI '} ce é)p ah&%&%&*ged %1? 6‘3{?')]3 ldléfeal%ﬁargn%fl Lﬁl%%feeafafl otherin a
pharmacegtieal camguélem orch tthalb th;ey sard tvd imizedeurdid after th¢ phaghaceutical

comprgiian ey Pemingueed it e SiiCpEhe ROE ey e pafpfer t

admi8BERticH ©8ke ubjedt or well in advance of administering the combination to the subject.
If desired, the NMDA receptor antagonist and the ADD may be administered to the

subject in association with other therapeutic modalities, e.g., drug, surgical, or other
interventional treatment regimens. 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 non-drug treatment is
temporally removed from the administration of the therapeutic agents, perhaps by days or even

weeks.
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phar maceuti cal conposition such that they are not

m xed until after the pharmaceutical conposition has
whe@s/ 079756 oduced i nto the subject. The m Xi ng PERUSINOL004917

just prior to admnistration to the subject or well in

advance of adm nistering the conbination to the

subject. |If desired, the NVDA receptor antagonist and

the ADD nay be adninistered to the subject in

association with other therapeutic nodalities, e.g.,

dru% surqic or other_ interventional treatnent

, al , nter v

Formplgfigphfor Speeific Rowtescof lmigisteationnc| udes a non- dr ug

tr fionst . . :

g meT R A BRI ol ool a0 U E BpEhioed or
partichler typesadidelbverpf Forhexampleh pheainacautieal dotipesitibimefior oral delivery are

t herapeuti.c nodal.ities i chi eved. . For anple, .in
formy LR R Ricey REoopi ot TRt oot rB e T 0B o', The
carrigis Rhsblethe\gents itBe BOMbHABLih tbIbe dbriveilited, Foil SERPIALS ¥ tablet, pill,

removed fromthe admnistration of the therapeutic
capsylsstpuiongsispensionpsusiaiied rejpasg fmulaions pasder ligud eresl fasoral
ingestORByfthEsuBpief.€s of Admi nistration Conbinations can be

provi ded as pharnmaceutical conpositions that are

opAltetinatintly, dhe qramtoisitiohaof thy peesen invdation/may be Edministered

xanpl e harpaceutical conpositions fqr .or I iver
transERUERY S1a PEFRR SE i i FRITRETH i gt rtben  Diggfefonts 16
5,186,888, 66183, 770,24, 86, 800/kd WSRO 1. tPhéviding theldiBg£e¥ thé &drdbination in
enabl e the agents in the conbination to be fornmulated,
the forg Oéra@&rbﬁﬁ B pagiculprlyZiseial given thet thesegants haveselatively high skin fluxes.
S o - Lot Lo
RS Sl 58 oA Ay A andorscond
agenpiithe eembination mashalse benbeiveted oman adrosoh epry pespatation from a

I nvent i on .be adm nistered transdermally vi
mes AR B8 9B Bt S BIRES B ison e v
ina 1%}1%19& schiate, fod p%;_ﬁﬁpl@,&ﬁchlﬁmdﬁﬁo%}?ﬁetﬁéw@ ﬁingolﬁﬁ@ﬂ@diﬂmgﬂane,
. 51. Providing the drugs of the conbinatjon in
dichlprpde ﬂsos?halaeaﬁre#@gbqnsdlfgfasiﬁ-i 1 desagp Gaa b detegniped by Repyviding a
valvé ﬁ%ﬁvé&"r@@ﬁa‘[@@){ﬁoﬁﬁloﬂﬁevc%mf)oﬁﬁcgﬁ th& ke foEH $fe3surized aerosol.

Phar maceut i cal conpositions contal ning the NVDA

r éeeppasitiong fergokdlaitonan disuflasion dredudegelvtions artduspensions in

I [ l.verned in an aerosol ra

o RALOT S0, S5 obl B e B BB "B aers
The lﬁq\ﬁd‘ﬂt))lasodid)c((j)mpmd’édinsi ngé}?#(mtain @ﬂia}aﬁ?h&m}iﬂic@mﬁiallﬁ aié&pfabﬁtexcipients as

can be us n_a nebuljzer include, for exanple, )
set O ADRY S FIBNEFoDO 6 RBPREARAS a4 pdbRiRisIebrd biohe AEthassnasal or respiratory
routegfof?fégélro?tsfsttébrﬁ‘ifcgﬂ%tp@o‘ﬁ%@iti@ﬁ‘sdin LBQB1y kAL PRarmib&itically

osage can be determ ned by providing a
acceptable solvents may be nebulized by use of inert gases. Nebulized solutions may be

breathed directly from the nebulizing device or the nebulizing device may be attached to a face
mask, tent or intermittent positive pressure breathing machine. Solution, suspension or powder
compositions may be administered, preferably orally or nasally, from devices that deliver the
formulation in an appropriate manner.

In some embodiments, for example, the composition may be delivered intranasally to the
cribriform plate rather than by inhalation to enable transfer of the active agents through the

olfactory passages into the CNS and reducing the systemic administration. Devices commonly
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valve to deliver a regulated anmount of the conpound in
the case of a pressurized aerosol. Conpositions for

w0 ndvalozd7s©n or i nsuffl ation include sol uti ons BOTUS2005/004917
suspensi ons in pharmaceutically acceptabl e, aqueous or
organi c solvents, or m xtures thereof, and powders.
The liquid or solid conpositions may contain suitable
pharmaceutically acceptabl e exci pients as set out

used@bIOHE. rolte @f adraidlsyratibe e AN Edtih USSpatin® 6 FU5TUBS. S (Dhfdsil¥ns

|, intranasal or resElrator route for |ocal or
dehvegﬁétvem%e rapiedRay. cneblsrceased RAIS dosise oF erdaped total bedy lurden reducing
systeﬂﬁ@fd@&@%ské:ﬁgsbé’ia@&W’?ﬂténél svents may be nebul i zed

by use Of 1 nert gases ed sol uti ons may be
br Additienl donmadatiops ﬁllltahiet ﬂoeoﬁlebnbdemoﬁ gdld&mt]saﬁom inchidle rectal capsules

or suffoioti oy PR Gt oo GrL B80S b ein? R HaHe, B exampl,

polydiRyleiid glpcolsvSpigligtidesOfuch @M}Sﬂ)@ﬁlt&ibﬁﬂﬁ@'%'f@ﬂﬁed% Bfixtures
adm ni st ered, preferably oral l nasal | y

contaypipg thecactiygingerdieny gy the Foge of ﬂé%a {0i 1850 Pfﬁf@ﬁi’]éldﬁﬁ’ﬁ% i ate
”Wmnﬂnﬁht%ﬁ'ﬁ?a gﬂ+1 Brmiied ?MEH{/{?; 1% Q@?ﬁgel that provides for

conmposition nay I"ver e I nt ranasal
ContlumtbrloﬁgaiGrm pbhveey,reag Hor delfvary wyytoi mhhlyataomays Q0 eapgd)[180 days, or

fer he activ ent.,s.thr h the, ol factor
one yoh 2 33 Bhariple WY BELAT LS MR i B0 Sompatfienesial Sodh as ttanium.
Longa@ith delterpformnlatibas/are @artic GIAFY Dbsfulsia dubhjedts Whh%hfo?ﬁbt ®n@ftions, for
adm ni stration are_included 1n US patent 715, 485

assme&fﬁwéq‘ieﬂ SRUCTH 6P e o ephancies ihe swaght:eﬁ%tbp gombinations.
FormulioRa RS @or@hﬁoﬁmh rﬁ{ déﬁﬁ&& fgfoefd@h i %%é (}?gv{ : £ 6,797,283;

reduci ng system c | city assocl’a
6,764 6P T:0,69 snd@%ﬁ @83onal formul ati ons suitable for

ot 0 nlstratlo ncl.u rectal cgapsul.es,
O R e L] AL e
instrizitionkefos uﬁﬁgithe&litt ig E&nﬂﬁmbd)diﬁieﬂld ethe kR incXREB &ae or more containers
al kyl ene g (col i or triglycerides; such
the “@@b%&%?emr Pae SEBRAEL. 11} Q1% OFIare Frdainers the DY In other
embddiifieri& the/i8t § gfdﬁgh @&hblhﬂtldrf‘\@ltﬁ A0V R {BIId?ﬁa o SE and the ADD
O%prefera 2% The conbi nation may opti i onal

mixeg) & ererovumIe é@h’fﬁl@iﬂrsd dhe kids include a thmellcaﬂlh&ffepm@\dodeef an agent for

weatp o O b5 o0 weys, 180 Gays, or one

y €ldie. NMIDIA. xeptpd e&rcatgbﬁlst; d&S&DDCc&Iboﬂﬁﬁﬁt@\m@% pr@w@ed ina

0 bl.e ter| such as titani um
contrgfil, GUP el FIFF Q0TbnE e SXBHEIE: e 107202 R4 6%, 7%, 98%
99%, o BY@iCih Sx st Bf @% ePire MDA Febéalﬁ@p ania%{) #d\m&d in an extended
roved patient conpliance nd ancing t hé
releasga{@gage,fpgm of\ relaese ﬁﬂe@talthﬁl@(terﬁof mlﬁaa@ phihe NMPA receptor

antagﬁfﬁ%tf %in@}!{ﬁ? %g e ggé@dQ%é, Yoe BbtveRl ﬁy geterniunéd ford given time by

calculating the Cpax/Crean for a desired time range to achieve a given acute or chronic steady
state serum concentration profile. Thus, upon the administration to a subject (e.g., a mammal
such as a human), the NMDA receptor antagonist has a Cpax /C mean of approximately 1.6, 1.5,
1.4, 1,3 or less for approximately 2 hours to at least 8, 12, 16, 24 hours after the NMDA receptor
antagonist is introduced into a subject. If desired, the release of the NMDA receptor antagonist

may be monophasic or multiphasic (e.g., biphasic). Moreover, the ADD may be formulated as
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6, 764, 697; 6,635,268, and 6,648,083. If desired, the

conponents may be provided in a kit. The kit can
waadasniosa@l | y i ncl ude instructions for using tPer/ks1005/004917

In sone enbodi nents, the kit includes in one or nore

contai ners the NVDA receptor antagoni st and,

separately, in one or nore containers, the ADD. In

ot her enbodi nents, the kit provides a conbination with

an extéiRlediMase ecapdsitionn hivig® B iCs L. /@Rd, bhepAinaiekede] N5,d04 1,3 or less
for aggrrpgigr{ai?q}g 8 gltggrlé rtlg ;ltslg#{ggg)g ItltG? %4 I?(fu:r%gt%r ﬂ&tNr&\de rI )% ?e%gﬁtglg r!ultglgonist is
intro8&8Mitb @-stBjedt gﬁf%%eﬁﬁiﬁ%@ BRil1 id R MNNIRA prGRafldMbinations with a

antagoni st,” th or both agents may be provided in

desirgd vabense profidgusingdhe NMB Arretaptar@ntagenists ppd thecARR ang faymulation
east. 50% v % 97% 98% 99% or even in
meth"é%i(% S oxpﬁgeg%% gﬁ%ﬁ?ﬁl\%&’%& eptor antagonist is
pr Ay slibech inTables @xihé Agthe pheinerslEnetitsageerfiarsnboth éfthed®g classes

rofile, |.e., the ext of release of the NVDA ., .
vary ?r@eveﬁoaf 3 hwangP@ttﬁm 8 hew s e bt QF fhigymyention is to select

suitaBR Yol AR ENARvE Vel B} SntafednbiraBiod bro@ilestovBRarPéktended period
cal cul ating the Cmax/ an for a desired tine range to

(preferahiyefiam & tg 24 bourakthersby magtiziomng botht comppnentaines enmsiant ratio and
conc?r&&?i%ﬂ tﬁ%%t 'tigﬁ RleRbbitf: behBHR ‘forl’b%ﬂﬂ aéu'i‘eean%ﬂcﬁ&hﬂ:‘i3S Mr?i%ls?rgtion.

0 a su Jéh le.g., a manmal  such™as a humanj e
PrefddBAC rathe eqrtvaluesiive Agps it abbais] (896 1a%d, SO¥E30%6f 20%, 10%. Preferred

Crotig3Br At anar! U s ibaiet, 056: 708307 5085 Fsdegor 096 phose for IR

admifsttiod STahdNMA dcB6E PhRMmasdtiBSIQREdichtS oVEhOFME 806, I8N Phours after
a subject. If desired, the rel ease of the NVDA

admipisafioror ant agoni st may be nonophasic or mul tiphasic
( Crfmul foﬁpﬁ%{ (?QliIVeJ\@ﬁsec%}ﬂgt bt S leba?sofa%rowj(;n%ttg gchieve a
asan extended rel ease conposition, ving a K

mondtGinie asueht g raaxcura raloyto h.ddsirell dhronic ditio Yorddrags withs svideby varying

. approximately 2 haurs tp at least 8 12, 16, 24 haours
ctimEyfcur BtV BATIPERLRA aA CESG SReLhod O g e gh these
compositiohs felembolfnddts Gt MREMioRK INUmerbustvdys kst foR Bchieving the desired

prepare conbinations with a desired release profile

releagpspraflestas depamiked belept or ant agoni sts and the ADD and

f i it heart: i

B S R R
comppmeeot batls cahpdiehts acd pmhiﬁedi :n,@(t?_ilglﬁi m;agﬁgguﬁatitom ]icibhldh those
deseiypdGH S JRATENG: 4 0050 R ERDY ol Poeipter-oas reference

desciield ia%%ﬁu&%rrbhéa&mﬁ?letunﬁQ‘&@rﬁﬂkitfoﬁtih Whidh DhiiltiBHciBY & indiRidually
ext ended period (preferably from8 to 24 hours) )
coatadips mprpepgapsitlated imts dsomade avadlable pen flisintegrasiontod the formulation

(e. g.,rpifltl io?taﬁfég in the stomach of the animal (see, for example, column 3, line 26 through

column 5, line 10 and column 6, line 29 through column 9, line 16). Each of these individually
coated 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.
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concentration for optimal therapeutic benefits for

both acute and chronic adninistration. Preferred
wa@e@siom7s@r val ues are | ess than about 100% 7P¢%/USDAG/004917

30% 20% 10% Preferred Cratio.var values may be |ess

t han about 10% 20% 30% 50% 75% or 90% of those

for IR adm nistration of the sane active

pharmaceutical ingredients over the first 4, 6, 8, 12

h ownec@ﬁﬁlﬁatlo@dmyulehfaﬁwl9 be for@fulatbdidinnthe ibiodd discleedd in U.S.
his constant, neasurable profile also allow

Patelgalﬁ &7@9&2?,0‘@5@)@@ e. ;Aeqordingly osxtended zglease ugtlpgs ipvolve prills of
pharglgééu'h@gl}peﬂ:[:éﬂ?éﬁie Frdfekial Q. sqgéf&erm KR r%e‘lq, NPy BYcoated with a

't m nat’ion "hal f-11ves. Conpositions o I's type a
watenp@rmdlsle pblymresig miatgx pentainmg an WNIPAt feesptoramtagosist andmext overcoated

with 2o R e AT PP ot it B RE St Babuile pore
formétsasteRigd belom1 Sui t abl e net hods for preparing

conbi nations in which the first conpgonent, secon
cofpe ARt copPasais of Hinsombnation may sddiiondly berprm%mscnbed in

a
USS. ﬁagitegﬂlge KE; @Q@ésofﬂvgrggl ( he?g&%aﬁlggg §18g§%&%53izfﬁlck&abéu§e delivery

systemgf Ehlen&leNMDm recapéfrentagemistdeaychd foesulatedanarcompesitmn containing a
i on

blen: ef fee-ﬁ?\arﬁunlg%blg%xﬁﬁ U Ecl%;ﬂ gﬁi‘{}eadt l%}’alpg]al g}émy mlcroencapsulatmg quantities

of méih@ﬁtﬁfe‘nﬂ)a psdhslé, e difftrdi cap(ﬂyrﬁad@;cipvéﬂtd whice bﬂﬂ@grade at different
|S|ntegrat|on of the formulatjaq
ratesy hgfefqry Ig ??Stqgén‘é’ﬂ%‘ﬁe e fhet%ulaﬂvw 2 qrgéf‘éerrmeﬂ rates. A quantity of

theseEpeRft EmaF i Wgﬂclg’a c gl@i}&ﬁﬁéﬂ%’ﬂﬁt e |ch§rhc§ve fngglﬁleéglgﬁeleased

and col um 6, t hr ou colum 9, |ine
quicldy aﬁbm@eum@atmndm thgrebjo é@le@rsdhe adtiye degredipatifbrareiditial period. A
it 0 |ns [ 0SS+ t.ional | tLantia
SCCOJE(FO J#Il)aétl oour}tg arrtécs eSCICS) r(]) Salllc?]ll c CXCI en% eideg%Vegl %ijﬁ? ?%Cépi}ﬂated
ingredisnt bégénmtthe\/ﬁrsﬁmbﬁh@m@bhvérbébe glﬁs ﬁsddaﬁhe’l A ﬂ’ﬁlﬂtq&ﬁlnﬁlby bhingredient

may B Feprgfied Bith syl Hisrent G eiBiel Whigh Ah Hlebyfa beeipRias s the
delivefyedfahd deddnd dihahﬂ@/ el ko deMigst meram cféﬁvé%y%l@y' YRhIERY, for

al'ternatively be formul ated using the net
examples by yewang the lactide/gdyedide rafp ing ‘Iactlﬂg-po-;gio@nbdeé encapsulation.

Othegﬁ;fl?{ngfsgtgétéﬁa %tu%gcgﬁngh{dg :pgﬁgceeteh g){)g}élregil 8&@?%@%%{% fyal.y,esteramldes,

rmaceut i cal Fy“acc
poly&pgﬂﬂio‘t@ieamd hop(ﬂyidnﬁs theeud, palyeshonamy, fobyhydrixgblutydatdand copolymers

te ble p C ri x cantaining an NVDA

therep ElyCA S P B ARV Ea gt e d Wi L a

WaAﬁémwersee{é c%dﬂlﬁdﬁbﬁ Al de rﬂréiﬂre@ﬂ SRBSEBED W @@ Pateit Mo.

wat er sol ub articulaté pore formng materi al
5,395,626 features a mu1t1 yered controlled release pharmaceutical dosage form. The dosage
form contains a plurality of coated particles wherein each has multiple layers about a core
containing an NMDA receptor antagonist and/or the ADD whereby the drug containing core and
at least one other layer of drug active is overcoated with a controlled release barrier layer
therefore providing at least two controlled releasing layers of a water soluble drug from the
multilayered coated particle.

In some embodiments, the first component and second component of the combination

described herein are provided within a single or separate pharmaceutical compositions.
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One or both conponents of the conbinati on may
additionally be prepared as described in U S. Patent
WMNe00547897, 268, 1 nvol ving a bi oconpati bl e, PCT/US2005/004917
bi odegradabl e m crocapsul e delivery system Thus, the
NMDA receptor antagoni st may be fornulated as a
conposition containing a blend of free-fl ow ng
spherical particles obtained by individually
“Phafth&deA8IRIRE Phatnddslogieally AbdpmbR iR nhd)Souldr @htities and
exanple, "in different copol ymer excipients which
compisiigng thatido pet mpdwc@ﬁ@ﬁdversm azlgerglp 98 plien o wadgaaating When
t [3 . 2
s RO bl oyl Bk Ao | BRRRECEKEL ABpjable Camier
inchud epayyat rallesnbzlems,edn;petdnm medw, wanmsamtlbaetemigmé dntéfiohgal sgents,
after ad

o g SRt A BATLEOLT 30 a0 LR e o

phara&R6eA Achiitadibithiced s WllBkdaWnl ih Ghesit.| BxRpt BbsHhr 4s)4R§ conventional
excipient that delivery of the encapsul ated ingredient

medip oy pgant issinediepatibleswitlyihg aetiveingredient, {te pse ipdlg therapgptic compositions

o0, oA S BB i s

compscsﬁm)lnt S“E’harrdﬁdeiuumlly Avegptable Sglts’snt¢lhde sbid adxhﬁlgn salts tulidewhlch are

formg Pansferit it sheh BF der SpiFpIce RERT o F KA ors o or sueh

orgaﬂu@ abigled QJeﬁé’ ‘Hx'aﬁ’@ tdrBlic OmhifleBic, and the like. Salts formed with the free
pol y(D, L- l'acti de- cogglycollde) encapsul ati on. O her

) carbcpml greups carralto brederived fromdnerganic fasep shohizaselon pxasanlgrediym,
potaflRlnY %%H&ﬁ&x@eé i’cm@ °$r>&gﬁ§f§§g§§&%§ anﬂ%hMP&%ﬁL 8540 B€isGRbpylamine,

copdlyners there nat es
trimeploy1gthine lnixtyding, )prca:ame andl thedikel ynmers thereof,

po mal eam. des CO s _an sacchari de
BBy o ARG hoh MO P! KRGS 48 Known to those
of skﬂ?ﬁlcthé B¢ light f the grasefidisdNured , Géhersd 2o hhigadsUoLforAulation and
multilayered controll ed rel ease pharnaceutlcal dosage

administrationrdye formdin eReingions hhaPeiencs apd Rractipe of Rirarmacy & afentleth
EdltlBﬁlF' i&@l%ﬁ%flﬁh@&eﬁﬁl\%ﬁ@ flglélgg%lg hiR! A | RYBER, c%gﬁgé ?ﬂls,hpowders

ontai ning an r ‘antagoni st
granle:)D dvdpdes lgyls} sharids, wintments,solitiogs suppesitonids, anjedtmast inkaients and

oﬁjspﬁerr | a r o) glig"g@aﬁl ve i s overcoated with a
ayer therefore providing
ACTOOGHAF &F Sy i mu her ef di
at BY eagtof EMnISI@ reixtedliéErtidasd @atfoRgulaiyiessh fpréparat L%Ing add1t10na1
sol ubl e drug fromthe nultlla§%%§%gcoated article.

methedsdneniiadheaht Bor exgmple; ¢ syitap Sdhe Sither active
pharﬁl%%ﬁgﬁ gﬁ%% 4 bsmmgmgé 4 ARrdeSaL & oE‘iﬁBﬁ' Suidfbfe matrix forming

I na sin or separ ate har nmaceut i cal
matemalmmﬂuda, oreximplay wexee (t.&. caarnguba,rbeeh waxgeolfigwaa) deyesine, shellac

bl ey .inc ar. entities a .
wax, SERERGRY pid GRS, Rt BateRiiaor G sbracnen amgpesd o, castor
oil, BREf t‘éﬂmrpdlkﬁtdﬂ\,/\&idjso&@ B&dn A1), addgdlymers (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 multi-layered. Multi-layered tablets are
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amounts from approximate by 25-99% by weight based on the total weight of dissolved 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.
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cellul ose, ethyl cellulose, with other carriers, and

fillers. Tablets nay al so contain granul ates, coated
w@oawderese or pellets. Tablets may al so be PCT/US2005/004917
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methods in the art (for example, Franz et al., J. Invest. Derm. 64:194-195 (1975)).

In some embodiments, for example, the composition may be delivered intranasally to the

brain rather than by inhalation to enable transfer of the active agents through the olfactory
passages into the CNS and reducing the systemic administration. Devices commonly used for

this route of administration are included in US patent 6,715,485. Compositions delivered via this
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venoconstrictive, and venous), movement disorders (e.g., PD, dystonias, benign essential tremor,
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Trigeminal neuropathy, trigeminal neuralgia, Menier's syndrome, glossopharangela neuralgia,
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The conpositions of the invention are provided in the
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may be applied in a wide variety of validated animal models.
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granul at or,
W0 b@satrsat ur e of

rel ease dosage form

conponent s.

It

or are prepared by direct conpression of
Tablet 1 is an | POBUSZNH004917
rel easing the active agents

within 1-2 hours follow ng adm nistrati on.

cont ai ns

no nemantine to avoid the dC/ dT effects of the current
dosage forns. Tablets 2 and 3 are coated with the
del ayed rel ease coating material

using cohvention;
Corgpopest; coat i ng or

~as may be carried out

aglas..Slle

Recforke  The sp

Dlet

Appyniperiahlet )

ent s

TABLEB3 e&_dlezisﬂddldyﬁl 7ab
10h{)u|%20“ onal ly equ

ders._ lubrica

bve tables may b

val ent conponen
hts fillers  co

a]
-
s]
&

bt i nas

repl aced w
s, e.g., dil

Memapti®¢ adni ni st r at

AffiveeeRthe capsu

&1 gmﬁ pati e

and-t|

t h ot her
uent s,
he |i ke.
nt wll

Venlﬁﬁ&wt In a rele

i&&lvBE@ﬁtl e haV|

nl oFf
IC VCIII Cll a.l\l

ng t hgee phas

cha{cmgll ph?sph[z;.fe ﬁlh&cf‘ fate

JDlluet
bstantially inmed

ate._ tel ease

es, With
i rst
of the

Micmqystahiing qglulesed ve

nPateatxi ne from t

&G eBdnd t ab

| et

SoditHk SthbH glyddlatpT €00
Mgl SE4%F ne f r om

ﬁgme'gryms 5 hour §

releaca n-F %

$1B0IkgOW NQ

'\D jasaVaanl

mnt i no

and

PFPéwi“h. rd tabl ef

CTTOIC T 11O

USCén r| ng

Eudnmiﬂd;e@ﬁ nant | Ly 7-

D DElapigd seleﬁsol | ow n

;6édmgn| strat

i on.

Talc:)xculpl e 5—Beads
and venl af axi ne ]

Eb‘dﬁhgéo 11PO] bhent a to

hod of Ex

Trietayl ¢iP¢ t hat dr ug]

E%‘P%‘Pﬁ‘ipﬂ’ﬁmbead

WaTgE om of

§1-§? e@ised in

mant i ne
peat ed,
pl ace of

tablets. A first
coat i nla an inert

t hhedp
R

8ot s

trona

fraction of beads 1s prepared by

support materi al

Fr&‘?} #1.Q8-104

I nert suppo

such as. | ac

t ose

Bis A RipPasechky wekeramatiqnrafthe individypbgrug paiticles, é?d other core
%tdrsor%@ﬁ@ﬁﬁgd Qy direct compression

ort material wt

of the adrhixtae bfnomp‘onerkte Trablet tis mnamﬂlaxe rdlessadogage ﬁm'll releasing the

coatln

sty BERal S g7 P

w.th an

RACR: v

g}&é rIP con‘taal

ease

seﬁo 1%e1%g1%§nqu avoid the

dC/dTeIpeets bihe @ﬁ@@iﬁ@o?&g@ fo@y, $abléts Chind @ afrd‘ afatddamtlofhe kleaglsd release

i's

coatlﬂgrgr the 'ﬁh(?f

ent

prepar ed by coatjn
coating material awth Pescaiigd

@mﬁ@&’o

additional inert su
wg.uﬂes RETVEEPIS, copting e %ﬁ’éﬁﬁﬁﬁ"i"h as spray-
hidGistel ‘ﬁ?ﬂle\%&\tb tﬁblgi @ %’ ay Bt replaced with
ric coating material, sufficien

otherpﬁlmtlodell)aeqin\w@pm edrepaenisee.go dilessts, binders sltbiiratsy ﬁlllQrS coatings, and

ours.
i n Exanpl e 4,

the lig

or conpressed,

The three groups of beads may be encapsul at ed
in the presence of a

CUShi adihidgtra@endf the Bipdule t6 b ngﬂiéht talb kestilt infh tebsan@piofitd having three

three groups of drug
phasesp #ith dniial rglsesper theV

relea?ee@ﬂﬁe

escit aTnopr am

artic

aqxipg frem

at1 ons

éhmcgﬁ(ﬁgte

rovl de

blsteeing ?‘-g)é{ag‘g@ly immediate,
EamRleSnf: veﬁ%fa%ﬁ%q}(ﬁﬁ el sk&hdAhb1tRcBREnEBredominantly 3-5

formu

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

tablet occurring predominantly 7-9 hours following administration.

Example 5: Beads containing a combination of memantine and venlafaxine

The method of Example 4 is repeated, except that drug-containing beads are used in place

of tablets. A first fraction of beads is prepared by coating an inert support material such as

lactose with the drug which provides the first (immediate release) pulse. A second fraction of
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Exenpl ary human PK rel ease profiles and Cratios are
shown in Figures 3A-3F for a controlled rel ease
w@ ooobsioreErsé on product made simlar to Exanpl e SPCEHOS2005/004917

conpared to IR admi nistration of presently marketed
products. For the IR adm nistration, oral dosing is

20ng nemantine b.i.d. and 20 ng escital opram qd. For

CR forrmulation 1, the 20 ng nmemantine and 20ngy

beads£is F)tépafedmy&ﬂhmfgeadﬂftmnhldﬁéi't ismppartemmacb iwithch doslbii@sion of ﬁie
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prepagedshy edating addigensl inetsuppoztmptstiplswisine further mmm@f then
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a smél@ EfbRR. el&ﬁtbﬁlaﬁ%lﬁ Qﬁreé\’gfdﬁgy bf &%g PhiAclel thaly MR tprévi@di and coated as

herwi se be require urthernore, the increased
abovcioshnlgoahbdm qoe@d lgotasgpeads. admi ni stration of the
t herapeutic agents. NMDArAntag IR (10ng) CR (20nm)
dC/ dT (4hr) 4.0 3.1 Cmax/Crean2-16 1.6 1.4
Examlpleict Relpseprolfiils(o2 ORGNAER e2dtalgpra bl fiﬂ"m(ﬂkiﬁo)ls 5.1 2.1

R SIERNE Aok Bk AL L SRS BB o o
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NMDA ant agoni st are fornul ated for topical
adminidritinnsfipatseashy mussigAprsucts: dastedRariminigtugion, oral dosing s 20mg

e300 S 4T ROy AT o o

20mgesepaioptaintite pfovied inig eontrodldd eslease oeat dglliwmeformm]mgn r,Eﬂeasmg the
s SRR TS 200, 3.0, .01, 3515 08 AR 25 L SEOLMEM L consa

Cratib¥foR titkwdhétive components, with Cratio.var calculated at 6% and 4% over time ranges
from 2-24 hours and 192-240 hours.

D]

In addition to achieving the desired release profile, this combination formulation will
exhibit a preferred decrease in dC/dT and Cmax/Cmean, even with a higher dose of the NMDAr
antagonist, thus the present invention may provide greater doses for increased therapeutic effect
without escalation that might otherwise be required. Furthermore, the increased dosing allows

less frequent administration of the therapeutic agents.
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2287 (National Starch & Chemical, U S. A). The drug
gel is coated onto a backing nenbrane (Scotchpak 1012;
wWQ@RSOrPse U. S. A) using a coating equi pnent (BCTUS20R#004917

Print Coat Instr. Ltd; Type KCC 202 control coater).

The wet | ayer thickness is 400 mm The [am nate is

dried for 20 mnutes at roomtenperature and then for

30 minutes at 400C. A polyester release liner is

| am nated onto the dried drug gel. The sheet is cut

i nto patches and ptered—at—2-80Ccunrtil—use{packaed in

pouches). The confentration of NARARAMRR " 1y t he

pat ches ranges between 4.6 and & 60mg)/ créR (2md) e

esci tal opram r angegc/@etangen 4. Oz@nd 6. 0 gig/i CIME,

Fi gures 4A, 4B, apd 4C are aphs, conmparj ng the

antgi ci pated i mmed QT%)S:?'@?%Q%E plj'gfi l e vv|1t‘ﬂ t he

antici pated 24 hopr rel ease of the current exanpl €.

These graphs indigate the advang&gtglogﬁanpearl y

conti nuous infusipn of the conponents, and the

i nportance of estpblishing the Hb@2Pmgt LREAYISt atle

ratio (Cratio, ss)| @vdr dhgn nodigying the gosage fgrm

concentrations to r%gé/ AYS “%Eﬁ opgi mal th1e apeutic

ef fects. Additionglenbod ts are withih the
clains.1l. A pharnmaceutical conposition conprising: (a)
an recept or..ant agoni.st: (b). a second agent,

Exarffler 2 PaETAGIE POOPI e PR SR OB a1 G otolopyam

anAls (&skriBeddbavaRa Rt CRldaye REARIREGR! JT af NVIDA! antd¥dfisCA8
at | east one of said NVDA receptor antagonist or said

formylated far tagicakadminisirefiand ddemantia tieRsderroa patch|feradatipns atgeprepared
as de\%\ﬁfﬂéﬂ, for e)y?rgpl%%?ﬁa%& NE)@.' 6 W%%H'M6%f89pl alm 1

erein sal recept or antagoni st’has a dC/ dT | ess
t hizor thdoprepar8iidsn affa drhgin-adtesive ncrylate, KR ¢ off merhadtinerand 3.6 g of

e BB O A R a8 e 7.
2287qMatieud] Seirél & Chemi®l, 1.896). BRLIAY oS 8bateori®H bickis Mbmbrane
| east 12 hours after said NVDA receptor antagonist 1s

(ScotchpakolfiiéetMiGare H-Sapjusig 2 coatingrauigmgniteeuRkdaint Coat Instr. Ltd,
ht.] ai rel | ati . . 1

T N T

minuss aoraymMeMpemtire asd thiea for BOGHntites a1 4°0Q0 W pdlpeste? rdlerdé Siner is

St B AR Tt TR S SOTROEH i S e

(packed in pouches). The concentration of memantine in the patches ranges between 4.6 and 6.6

mg/cm?, while escitalopram ranges between 4.0 and 6.0 mg/cm®. Figures 4A, 4B, and 4C are
graphs comparing the anticipated immediate release profile with the anticipated 24 hour release
of the current example. These graphs indicate the advantage of nearly continuous infusion of the
components, and the importance of establishing the correct steady-state ratio (Cratio,ss) and then

modifying the dosage form concentrations to achieve the optimal therapeutic effects.

Additional embodiments are within the claims.
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NMDA receptor antagoni st and said second ADD is |ess
than 70% of the corresponding IR fornmulation from?2
whows/0tosd2 hours post adm nistration. 6. The PCT/US2005/004917
pharmaceuti cal conposition of claim1l1l, wherein said
second agent is a selective serotonin re-uptake
inhibitor (SSRI), a serotonin/norepi nepherine reuptake
inhibitors (SNRI) a tricyclic antidepressant (TCA). 7.
The RhasimeesidaCedmposhipasbinpasingf claim 1, wherein
said NVDA receptor antagonist is nmemantine and said
sdebay NMAreseptoraBiaeetiftne, escital opram paroxeti ne,
v : . . i . 3
T BB e B e Y R P and
sacyla phamaestiallyczdcepaitp oartiet, on is fornul ated for

B T I e p——

in anicRtealiéd deRAs@®shyeoym. 9. The pharmaceutical conposition
of claim9, wherein said pharmaceutical conpositionis

fornmul ated as a suspension, capsule, tablet,

Supppsd H&[ﬁiace#xﬁ%{l g?rﬁy%iti&%ﬁﬁim]lowhégﬁ SRIAANVMRE KL R8Y antagonist

conposition o wherein said NVDA receptor
has aal(l/df tass thian iabouttnefi theratnior theilB. fompdatdoragent i s
dul oxetine. 11. A nethod of treating a CNS-rel ated
condition conprising adm nistering to a subject in
NeR dThidHagahceatiédd ebmpesitioncetl claimelf vhartin\seid MDA redéptor antagonist
conmbj natign conprising an NVDA recept or, ant agopi st._and
has aLrge/Conel 04 gRAFPXIRIRLY éi%rPré%F’&PQ’é’éBﬁﬂglé(g?é‘rﬂmﬁ © aap?aﬁé_éﬁmrs after
said mﬁm&&eg@& b i ERRBERE] AR 89Mkat s provided in
an extended refease dosage form 12. The method of
claim1l, wherein said CNS-related condition is

epj | eps sei zure di . . CO ' LSOorder. .
oL RSB SR T KRR gy or i
NMDBA reegpiot siitagoiikst aad shid scond ADEiles3 tieanald0bsfrsmertedir to 12 hours post

Simul taneously or sequentially. 14. The met hod of
admiglsgatiang 1 wher ei n sai dNVDA ant agoni st and sai d second

agent are adm nistered as a single conposition. 15.

The nethod of claim 11, wherein said CNS-rel ated

c ohdThe pharecestiead spmperiidorcedslainel , pdierein the relative Cratio.var of said

NMDA receptor antagonist and said second ADD is less than 70% of the corresponding IR

formulation from 2 hour to 12 hours post administration.

6. The pharmaceutical composition of claim 1, wherein said second agent is a selective
serotonin re-uptake inhibitor (SSRI), a serotonin/norepinepherine reuptake inhibitors (SNRI) a
tricyclic antidepressant (TCA).

7. The pharmaceutical composition of claim 1, wherein said NMDA receptor antagonist

is memantine and said second agent is despramine, escitalopram, paroxetine, venlafaxine,

duloxetine, buspirone, or bupropion.
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16. The nmethod of claim 11, wherein sai dNVMDA recept or
antagoni st is nenmantine and said second agent is
wa@ledosxet7sane PCT/US2005/004917

8. The pharmaceutical composition of claim 1, wherein said pharmaceutical composition
is formulated for oral, transnasal, parenteral, subtopical transepithelial, transdermal patch,

subdermal, or inhalation delivery.

9. The pharmaceutical composition of claim 9, wherein said pharmaceutical composition

is formulated as a suspension, capsule, tablet, suppository, lotion, or patch.

10. The pharmaceutical composition of claim 1, wherein said NMDA receptor antagonist

is memantine and said second agent is duloxetine.

11. A method of treating a CNS-related condition comprising administering to a subject
in need thereof a therapeutically effective amount of a combination comprising an NMDA
receptor antagonist and a second agent, wherein said second agent is an AED, wherein said

NMDA receptor antagonist is provided in an extended release dosage form.

12. The method of claim 11, wherein said CNS-related condition is epilepsy, seizure

disorder, or convulsive disorder.

13. The method of claim 11, wherein said NMDA receptor antagonist and said second

agent are administered simultaneously or sequentially.

14. The method of claim 11, wherein said NMDA antagonist and said second agent are

administered as a single composition.

15. The method of claim 11, wherein said CNS-related condition is chronic nociceptive

pain.

16. The method of claim 11, wherein said NMDA receptor antagonist is memantine and

said second agent is duloxetine
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