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cognitive symptoms, such as problems with attention and memory. These lead to social and
occupational dysfunction, which inevitably have a profound effect on the family and the place of
the affected individual in wider society. In addition to psychiatric symptoms, patients with

schizophrenia are at greater risk for medical comorbidities than the general population.

Current guidelines recommend atypical antipsychotics, including risperidone, olanzapine,
quetiapine, ziprasidone, and aripiprazole, as first-line treatment for schizophrenia. These drugs
can be uniformly characterized by their dual mode of action: in addition to antagonism of the

dopamine D, receptor, they are also potent inhibitors at the serotonin 5-HT>4 receptor.

Although an improvement over the classical neuroleptics, atypical antipsychotics still

have shortcomings in the effective management of the disease. In particular, these drugs are
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atypical antipsychotics (eg, olanzapine, risperidone, quetiapine, ziprasidone, aripiprazole) have
been approved for mania in bipolar disorder. Compared to conventional agents, the side effect
profile of atypical antipsychotics is more favorable. However, the atypicals have been associated
with an increased risk of metabolic side effects, including body weight gain, dyslipidemia,
glucose intolerance, and type II diabetes. Because of this increased risk, the FDA requires a

warning label for diabetes on all atypical antipsychotics. Other side effects commonly associated

with currently available treatment options for acute mania in bipolar patients include tremors,
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type of social activity. Even the ability to enjoy a good meal or a sound night's sleep is frequently
lost; many depressed people report a chronic sense of malaise (general discomfort or unease).
For some, the pain and suffering accompanying MDD becomes so unendurable that suicide is

viewed as the only option; MDD has the highest mortality rate of any mental disorder.

The condition of an individual suffering from a major depressive disorder is sometimes

complicated by the fact that the individual is also suffering from anxiety. Thus in addition to the
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In another aspect, the present invention relates to pharmaceutical compositions
containing dopamine receptor ligands and selective serotonin reuptake inhibitors. In one
embodiment, a pharmaceutical composition comprising trans-4- {2-[4-(2,3-dichlorophenyl)-
piperazin-1-yl]-ethyl} -N,N-dimethylcarbamoyl-cyclohexylamine, or a pharmaceutically

acceptable salt thereof, and escitalopram, or a pharmaceutically acceptable salt thereof, is
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consumption of 1% sucrose solution in animals exposed to chronic mild stress.

Figure 6 shows the effects of chronic treatment with vehicle, escitalopram oxalate and
cariprazine hydrochloride administered alone or in combination with escitalopram oxalate on the

consumption of 1% sucrose solution in animals exposed to chronic mild stress.

Figure 7 shows the effects of chronic treatment with cariprazine hydrochloride alone,
escitalopram oxalate alone or cariprazine hydrochloride in combination with escitalopram

oxalate on the consumption of 1% sucrose solution in animals exposed to chronic mild stress.
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hydrates and/or solvates and/or polymorphs thereof.

In certain embodiments, when R, and/or R, represent alkyl, the alkyl moiety is a
substituted or unsubstituted saturated hydrocarbon radical which may be straight-chain or
branched-chain and contains about 1 to about 6 carbon atoms (e.g., 1 to 4 carbon atoms), and is
optionally substituted with one or more Cy.¢ alkoxycarbonyl, aryl (e.g., phenyl) or (Ci6
alkoxycarbonyl)-C.¢ alkyl groups, or combinations thereof.



or R and R2 forma heterocyclic ring with the
adj acent nitrogen atom Xis Oor S, nis 1 or 2
wa@padozosgeonet ri ¢ i somers and/ or stereoi soner SPEUSIING/072066
di astereoners and/or salts and/ or hydrates and/or
sol vat es and/ or pol ynorphs thereof. In certain
enbodi nents, when R and/or R2 represent al kyl, the
al kyl noiety is a substituted or unsubstituted
Irﬁz?fditfoﬂhlt&ﬂlﬂl?&lﬂﬁdhfsaRgﬁ’ﬁd R%ﬁgﬁ aEet\ehicyd‘hcrﬁilg wi¢h the adjacent nitrogen
stra chai n_or branched-c nd contai ns_abo :
stom, WhiGh TRRRS BUEHFHOPTAHBTHEN, eptgma P S AF By AL SR v
ring, Whlélfl]ﬁl géorﬁﬂh 'ﬁﬁﬂé& h%et%%ﬁlts sttt rdvh {d) NOBES OFor RR4Ep1E; the
ycarbonyl, aryl (e.g. pheny) or (G -
heterocydicmngyc@abbp}’mlw@ Plp@aah%mlpe@dmﬁs mogtholiBgrbi nat i ons
thereof.In additional enbodinents, R and R2 forma

h{]mﬁc{dﬁLo%gye%ﬂboﬁnﬁén@sg wikh ﬁ or‘h’l(jzJ @&B’t eﬁkeg-xryp %hll@én?f%mety may

a saturate turate optionally
haveztmmnqmwnmﬂandrMGMbie(bomds b| cycl ic ring, which may
cont ain further heteroatorrs selected fromO N, or

Irb:ii tex a{%)xébodlmen?s W r? ko S J)IJ 192 r%%?&npﬁg) 91% aa rn';o%tk gjr}aQ%e

I ne or
selected ﬂBﬂﬂleoﬁﬂéﬁaﬂy su‘lhsamteﬂ maéxivd, oy or%cydip Bﬁ_/:hsnth @, lmgmpt limitéreto,

al k | t h
e o, S Bl 25 B0 L B0 15,
moiety n?ag‘ye Qﬁbsﬁ%té@@fﬂ?%r Adr¥ Gy f BIRSX}a iruof®CEL Mkomy Che

l ected froman optionally substituted nono-, bi- or
alkoxycartanyly €115 alkanoyl, ard.ciks alleylthioyhalogen, ¢yane EOEPY Y COE!‘?B\%?PHS
thereof napht hyl , fluorononyl, or anthraqui nonyl group (e.g.,

" phenyl or naphthyl). The aryl noiety may be
substituted wth one or nore G - al koxy,
In ndditianal enlidirGerss, kdey R1 @nd/6r Rd iepreseobe yl, thgg cygloalkyl

iy 0L s P RSP LS R0 B,

such as oYoRRAeAyl oPddmantyR2 represent cycloal kyl, the cycl oal kyl
noi ety may be sel ect ed from an opti onal |y substituted

I’é?@%‘ﬁ@i o t ! I CHGh (iagg/ l%a reglyeseng Er%%’me ?mo%?y therein is
as defined above, e.g., phenyl.

The synthesis of compounds of formula (I) is disclosed in, e.g., U.S. Patent Publication
No. 2006/0229297. The compounds of formula (I) are orally active and very potent dopamine
D4/D; receptor antagonists, which bind with significantly higher potency to D3 than D, receptors.
The D; receptor antagonism is about one order of magnitude greater than the D, receptor
antagonism, which is believed to counteract some of the extrapyramidal side effects produced by
D, receptor antagonists. In addition to the increased relative affinity for dopamine D; to D,,
compounds of formula (I) have a low potency at other receptor sites such as the 5-HTc,
histamine H;, and adrenergic receptor sites, which suggest a lower potential for side effects such

as EPSs and body weight gain.

In one embodiment, the compound of formula (J) is trans-4-{2-[4-(2,3-dichlorophenyl)-
piperazin-1-yl]-ethyl}-N,N-dimethylcarbamoyl-cyclohexylamine (INN: cariprazine), or a
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In additional enbodi nents, when R and/or R2 represent
aroyl the aryl noiety therein is as defined above,
we2@9/02q8benyl . The synthesis of conpounds of fPeTUE®08/072066

(1) is disclosed in, e.g., US. Patent Publication No.
2006/ 0229297. The conpounds of fornula (1) are orally
active and very potent dopam ne D3/ D2 receptor

ant agoni sts, which bind with significantly higher

pharmac @A cdpabl¥salthisicdB2F oregapplo the cobiy@ubBof focrepla ¢F) is trans-4-

(0140 R orTmb o) Po Bl AP A) VPSR B e LI TRy e

hvd ]ﬂ&ﬁﬁ€¥ ﬁg& aforiible extrapyram dal side effects
yaroe pr odu by feggpgor antagonists. In addition to

t he |ncreased relative affinity for dopam ne D3 Eﬁ
Incamgremnlesy enbadiperty the preyen Wéntwm Te\aiep it ephAageutita e r
compos1t§o§1 C%R{aﬂﬁngié ge?e%tl\?éjgelilot@lﬁn tréh‘f)ta%e kﬂ@lﬁtor atti &biprizfe, &k and
receptor sites, which suggest a |ower
pharmacqmmm acad:ptafhi)ﬂf sadti thkareosz(é gct sh&maheuasal EPSpouiis (otHning a

nbodi e ound of
Sele"tlvefs%rf’ﬁ’ﬂ}“d%?ﬁt')rﬁ(e 1§h1{)$<gr?§1§ ﬁaqlﬁa?ﬁen}(yfl r%?lﬂg)n% "or ophenyl ) -
pi perazin-1 -yl -ethyl -N
SNtzCHld‘T@ldaﬁ{'@&[rdlaﬂm yduptake inhitdtoyd thatinmey el usibd include, but are not
cariprazine), or apharnmaceuti cal acce t abl e 1salt
imited t¢ R e, FS1AERAp ARG L HGHR PBPCF DE O TP s

pharmac&fti%QlZy fcceptable salts and solvates (e.g., hydrates) thereof.
di chl or ophenyl) - pi perazin-1-yl]- ethyl} N, N-

dlnethylcarbanoyl cycl ohexyl am ne h hl orid
Egeitalqpsr is the S1epentierisT of iglopram gndjs ﬁa&etpﬁ@?‘%w stricture
enbodi ment, the present invention relates to a
pharnaceutlcal C ONOS on containing a selective
serotonin reuptake i and cari prazine, or a
pharmaceutical |l y acceps ¢ salt thereof (e.g., a
phar maceut i cal conposjtix(g edntailni ng a sel ective
serotoni n reuptake i t or and cari prazi ne
hydr ochl ori de) . SU|t.- ¢ sel ective serotonin reuptake
i nhibitors that may fbe used include, but are not
I|n1ted to, citalopram escitalopram fluoxetine,

NI tﬂgcg)%?g}e? ?&fafgﬁrhrﬁ%re f&dsedld, T&eﬂ!ﬂﬂple U.S. Patent Nos. Re.

ar mac ceptable salts and sol vates @H@&
34,712 ahgi 61566 540 aﬂd}hteelmilonﬁé’@bh@klgpNamW@ 03H906 % ER 0P 9O

s the follow ng structure: Methods of
03K518§ é&ﬁ%g&%@@gggﬁopran1are di scl osed in, for exanple,
S Pat ent Nos. Re.
Intematlonal Publication Nos. WO 01/03694 and WO 02/087566 disclose the use of

escitalopram in the treatment of various mental disorders including major depressive disorder,
general anxiety disorder, social anxiety disorder, post traumatic stress disorder, panic attacks,
acute stress disorder, eating disorders (such as bulimia, anorexia and obesity), phobias,
dysthymia, premenstrual syndrome, cognitive disorders, impulse control disorders, attention
deficit hyperactivity disorder and drug abuse. International Publication No. WO 02/087566 also
discloses the use of escitalopram for the treatment of patients who have failed to respond to
initial treatment with a conventional SSRJ, in particular patients with major depression disorder

who have failed to respond to initial treatment with a conventional SSRI. Escitalopram oxalate is



34,712 and 6, 566,540 and International Publication
Nos. WD 03/000672, WD 03/006449, WD 03/051861, andWD
wQeeMNB38197. | nternational Publication Nos. V¥ZT/US2008/072066

01/ 03694 and WD 02/ 087566 di scl ose the use of

escitalopramin the treatnent of various nental

di sorders including maj or depressive disorder, genera

anxi ety disorder, social anxiety disorder, post
currentlytmaxketed indheUne@isSt@hes:@rI@eapmpémt%e tagatmenk of maroydepresivess

disorder zérhds r%flzetdea%&wiglgd %m’?e? r E%g/ ?{(ﬁsy g&ll@ﬁle k?r% IW aad 2?% exi a

ma, prenenstrua
escitalopﬁayrniﬂﬂirﬁéfﬁate eddepoe tablees (ald a&m‘ﬂ&t@salt) aqlih a¢ mg/ntlr @hl solution.
di sorders, attention deficit hyperactivity disorder
u us nternatio cat,i
150 R e R e bRl B sl o ae%}ml%ﬁe%tp Y rpngsition

containirgholipeahd®torraifla (IRtor @ phemabsutidaleact gtdteesalahérespadd
to initial treatment with a conventional, SSR

escitalop, 1o @ @h%rrnaﬁealﬂrebr ascefiiable seljtirrecfdpee §S§it6‘ﬁpfaﬁ’s9§ﬁif& who

egnmkmﬁgy QFBO respond to initial treatment with a
con ntiona SSRI. Escital opram oxal ate iscurrently

marketed in the United States as Lexapro(r) for the
In ] éathnembqﬁﬂmmi; the pryeqt By sntioa reliates F%Phaafﬁepege%r%lwé@n

containir} hglla%ng ! o?% ﬂ%&nacé‘tﬁfé é)cQ Qtaﬂlg fﬁtvtﬁérje?liyb? ekcﬁta ra}rg offd

ease RS an
pharmacéutﬁhlih)t gccsthibly _sadnﬂenemf a 5 ng/ nmL oral soluti on. I n a
further enbodi ment, the present invention relates to a

harnace .cal . conposi.t.ion.con n
?ﬁ(ilkﬁ gm%)f)r;hme ?ﬁg% sglgt rlr%\éeéltd mie a"il%srﬁ) %hgn}%ggﬁgﬂrbgpaggsmon
containidg\RFipAkind Addosblidd aﬁﬁreﬁﬂi“ﬂalopfanaonﬂme maceutical ly
accept abl e salt thereof (e.g., escital opram oxal ate,

esci tal opram hydr obr om.de e

e e e e R e
contamn‘f%i&ﬂﬁﬁabﬁl'e PRdSBK1bAdd Eind s RIpRAEYdi6broMided

pharmaceutically acceptable salt thereof and

escital opram or _a pharnmaceutical l dgccepta e sal

Phaepaseitically aceapiable salisipderiethose obpy Y Lashe s ﬁi?@iii‘i"é‘i?"““d

functlon{n la@% %§setv9it}@a1ﬁh@1rg9ﬁ9 BHb: g&rﬁl: 2§18 WPR B tal A1, F6O6Kadiply, Silits of
riprazine hydrochl ori de and escrtalopranioxalate In

hydrochhmolahér sulfirtio el idephpsphoie a@dﬂé@h‘tﬂeﬁh}\f@m aci crephgraulfenic acid,
oxalic arﬁ a elC eéjlgll sC @élnl% ggﬁo& a?ﬁ ﬁ)%icadcgif g rgﬁ{) &?d BEnzoic acid,

foride "and esc opram hy ro
tartaric acid, fumanc acid, salicylic acid, mandelic acid, and carbonic a01d Pharmaceutlcally

acceptable salts also include those in which the main compound functions as an acid and is
reacted with an appropriate base to form, e.g., sodium, potassium, calcium, magnesium,
ammonium, and choline salts. Those skilled in the art will further recognize that acid addition
salts may be prepared by reaction of the compounds with the appropriate inorganic or organic
acid via any of a number of known methods. Alternatively, alkali and alkaline earth metal salts
can be prepared by reacting the compounds of the invention with the appropriate base via a

variety of known methods.

The following are further examples of acid salts that can be obtained by reaction with

inorganic or organic acids: acetates, adipates, alginates, citrates, aspartates, benzoates,

9



Pharmaceutical |y acceptable salts include those
obt ai ned by reacting the nain conpound, functioning as
w@2Masmswi t h an i norganic or organic acid to fPCTUS2008/072066
salt, for exanple, salts of hydrochloric acid,
sul furic acid, phosphoric acid, nethane sulfonic acid,
canmphor sulfonic acid, oxalic acid, maleic acid,
succinic acid, citric acid, formc acid, hydrobronic
benzenes@lfdl)rﬁtes,:lﬁMﬁte_@,dtﬂﬁyrdtcsd,fclﬁhhplafrhtes, diphatondtesyaydlepeatnehropionates,
salicylic acid, mandelic acid, and caybonic aci.d.
dodecylsﬁfﬁa&nﬁbmwlﬁo&mey ehteobTAoRES, hHIcFOPAIBRAI, bfniE s
heptanoated, N4 DB, 1RAMRAHREeS, HiEbioiass, 2shydf @ Gidnasntiondes,
CPRANON R Tt elg) ve\:ng’trfﬁman ap}%)rg_opr_i atg bg(geot 0 Sforny]q é?g. , nETTOREES
lactates, maldatasymetanesstfonatiss, nisbinaien 2-nenhitalanasw iongie AXIRES: Aplgoates,
. . choline salts. .Those [ I - oW
pectinate gisyliis® HangpvEPR TG plerifh bphRs pRipi s, sbdhaul s
thiocyandtes €dsylafs,ahiesylaees andipeicoatoates.t h the appropriate
|nongn|c or organic acid via any of a nunmber of known
nmet hods. Alternativ al kali_..and, al '
Fﬂ’e?"émpi"_afhf ?E‘mcﬂ’éfcelh})é%ﬁ?pé%q% @altrcgglc? ?Ia ﬁgﬁl{oﬂgogggn% g’uan ds
hydrobrotfidd &% or ¥ 6X41ateBal th the appropriate base via a
varle}y of known nethods. The follow ng are further
exampl es of acjid salts that can he obtained,. .
SoBaOT TN HORPRITD HET AR 1S e GHAITED S ST T Bfspiglymorphic
forms. A%%M Sithe &k, PollRRphisrh id dntbfty oS EuMipoah@ o crystallize as more than

~ benzoat es, benzenesul fonates, bisulfates, butyrates,
one distiverpistilinee®s |"paygombisn SREESS. WW%M?%H@WS@ ) ﬁa\Ylg‘gl:l the

odeqyl.ulf tes, et hanesul f onat es, gl ucohept anoat es
scope of %%%F%%-%%%hates, heni sul fates, hept anoat es,

hexanoat es, fumarates, hydrobrom des, hydroi odi des

Brieylr thx compinamie sutfib rathespresenc inyewtion e @At dg different solvate
forms. Sgﬁltﬁggﬁf ﬁ‘gtll %%g)g)bﬁcfsbﬁbg %vle i ef?l%lye also form when solvent molecules are

[ es, oxal ates, pal noat es,

incorporR@8 t infAlRS ,crﬁfalﬂl&tdﬂ {aties strdbtypbeoty ipr opinpmaide siolecule during the
picrates, pival ates, propionates, ccinates,

A I R I T

dihydratdd] g&é%ﬂg@%@&- anHREmNARRsEThd 38 oP Bih B @t isowikiiy the scope of the
gdce_ta e salt can’'be a hydrochloride salt, a
present inyehtiobr omi de salt or an oxal ate salt Sone of the

cpg?ounds useful in the present invention can exist in

(grl}) %/tf(r)%c?lrg%y g?rl:ll?{gﬁ{ae%wav&llrr?{ogﬁlg? ﬁ%t ﬁ%ﬁ%ﬁbﬁﬂgﬁn@lﬁﬁ can exist in
differenCtayteinatit hbgeametrmakistrheriv formes. i of these compeyngs) inpladigg cis
isomers ﬁ%?r}q?{%q%sg Idl(:all;terse%r%cl:ci r(renSXturicrsr,] ?ac%%gtegfnoﬁ}éggnie Q¥ RPEndnBiomers,
substantially pure, and pure enantiomers, are within the scope of the present invention.
Substantially pure enantiomers contain no more than 5% w/w of the corresponding opposite

enantiomer, such as no more than 2%, for example no more than 1%.

The optical isomers can be obtained by resolution of the racemic mixtures according to
conventional processes, for example, by the formation of diastereoisomeric salts using an
optically active acid or base or formation of covalent diastereomers. Examples of appropriate

acids are tartaric, diacetyltartaric, dibenzoyltartaric, ditoluoyltartaric and campbhorsulfonic acid.
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scope of the present invention. Sone of the conpounds
useful in the present invention can exist in different
waeoloyarsot or ns. Sol vates of the conpounds of tReT/US2008/072066

invention may also formwhen solvent nolecules are
incorporated into the crystalline lattice structure of
t he conpound nol ecul e during the crystallization
process. For exanple, suitable solvates include

Mixtures Y 8a@tt@8isoflerd can m&p&m&n aite ﬂlelrdhdiwdna?ltd'&stereomers on the basis of
sesqui hydrates, and h dra es.

their physjel pad/pichemicaf differeneqs Yé’& O‘t’%’ f 9@@@%@3 e H‘Et’i 8.
example, Q%%hfbfma%sgq%{ﬁ? oY fr§&iolnL11 drﬁtélh?au@ﬁ t TN dpticAIBERBNE Bed bradcids are

For mul a can exist in different
then hbenawdtfmethue @emmﬂedgb@ﬂﬁ@mmW| saltss ofvdiffegent progess fggsepasgtion of

optical 1saﬁngr§tuév% VS l’lenu%gb e H%H&O%aﬁhe},s QTR Fal HPIAD SollBRYER#h or

C n1x ures, race flonracem ¢ m xt Ur es
without dhveriadl idedieition, cptibmilpolidsed toymapq]ma,e tlzrsdpgyatian of the

enant i oners hin the he
oo SE g B 0 5 0RG PSP B3Pl 0
Chiracel @raﬁlohg ﬁﬁn? YonefsVe1Ploutiiy ScldckDED Cﬂiﬁyxﬂ@umpmmdre with or without

nantioner, such as no nore than 2@6 for
denVItlzatmnearc namusefal. Theowsiselly agtive spmaounds gfl grau nﬁhgﬁwlﬁ?be

obtained by 0 oselig # 8& é-]%ﬁ%wf%e sﬁﬁﬁ{é‘ atifiald Mrcﬁﬁal%?ﬁtﬁés‘ijd P18cds&es under

nven rocesses, for exanple, the formation
rawnmnaﬁwdkmshﬁmﬁ@bsmn@mmma&amzamms|ng an optlcally active

acid or base or formati on of coval ent di astereoners.

In, 'fu%@ lrge/rS)?eg(Eftogl? Hgl'(})’%fallnq}l ?neaagt]l \91?1 8¢ %‘l&@ El‘[('jafl{h% Q;ompounds of Formula

benzoy tarta I tol on tar arhc 3
I can be add i€ diffehat sitlchahisetopic ifetnly] xg.uereshed indhasmeneof Ebdr sC, °C

o B LS ek, Il e L AT s
can be m%é gL encase Gé(scHEéchﬁdﬁs KRQMINGS Stda6384 skd b,824997 Ahdescribed

or exanp %gchronato graphy or frac% ona
inUS. RatepsNas; sisAaon band 64 ¥ Hevsrpyonan iperops deetiacy pdgerease

g ated fromthe separated di astereoneric
the duraté(g}? acF% atl(g?%r ent process for separation of opti cal

i somers involves the use of chiral chromatograp dy
Dentegium substitated b{ﬁnﬁbutndi; m)synthpq1wd¢1§mgnvgq1@{§tmetho s such as

descrlbeg \f%em g?eg)?l%s (ge%ﬁhl 9y, R Qb X Hnggsl 1¥1¥he‘§};ﬂ%§[s b Kﬁﬁ(ﬁdﬂl&% of

enan I onmer s e chiral
Radlolaﬁé?é&&@,bdmmfoamugmﬁwvaqt andddbvblppbeatc Bh:, Cier. gPharm Des., 2000;

6(10)) COUD HOIp- SATBIERIES RN AT DI SR B Ry Pt W
Varma, %J%H&EI‘% The synthesis of radiolabeled compounds via organometalhc intermediates.
Tetrahedron (1989), 45(21), 6601-21, CODEN: TETRAB ISSN:0040-4020. CAN 112:20527
AN 1990:20527 CAPLUS; and Evans, E. Anthony. Synthesis of radiolabeled compounds, J.
Radioanal. Chem. (1981), 64(1-2), 9-32. CODEN: JRACBN ISSN:0022-4081, CAN
95:76229 AN 1981:476229 CAPLUS.

Dosage Forms

Numerous standard references are available that describe procedures for preparing

various formulations suitable for administering the compounds according to the invention.
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derivitization, are also useful. The optically active
conpounds of Fornmula | can |ikew se be obtai ned by
wa@ioobiozisey optically active starting material SPETIUS2008/072066
chiral synthesis processes under reaction conditions
whi ch do not cause racem zation. In addition, one of
ordinary skill in the art will recognize that the
compounds of Fornmula | can be used in different
Examplegrofi pétential sfotrowatgons oands prepamgtionseparei epreingdy foneexewnleerin the
3H, 1..1¢C ~13C and/r_14C. par i
Handbocf of dPyBRecelie] BAtHsHNG sk df i B0BIAR hufthaftn (current
edition); P@uingicaitRdl Dosags Foans: bEabhesd @ itHeemapr, daelinare andie Schwatededitors)

in.US. Patent S. 46,514 and G, 334, 997. As .
curtent efiiy TR 1, Mavish R 8 il 8 Remgey S Rprgagstica
Sciences$RHh& @01, RQit&RN S5 HNE9Y Ruirbift e@ftibhgacy and increase the

uration of action of drugs. Deuterium substituted

conmpounds can_be synthesi zed_ using var.iou t hqds .
Tog anodesold admpigyation nd [desage ToERhiis clesely ey to e cegpeutic

s 44RO Bt DEURIER) SyRES SRR ko o e s
treatmenDeppéicgment . [In: Curr., Pharm Des., 2000; 6(10)]
(2000), 110 pp. CAN 133:68895 AN 2000: 473538 CAPLUS;
Sgﬁgo% g%a’gggéél{rrggnm&e Yar B nof B GOER oral ran??i g%nltil{kﬁﬁ', $hucosal,

( radi conmpounds Vi a oOr ganorrét
nasal, oplithahnice dubduesicouke tinteanedewar, (itBRB)qusAGaBdFrmab6pinal lintrathecal,

) . N:.. TETRAB. | SSN-. 0040- 4020. AN 112: 20527 Al . .

1nua-an1i§§1@: DS HTIERD| U§fb'aa’i?1‘gmf§\1fhns,m .%A%wt Waé%y n?l}lgiesfng agyerille

administt2h ClrdRehed do GEHRAHR ASr sydtemRodblivan f actleangredid@8 Hormulations
64(1-2), 9-32. CODEN. JRACBN | SSN: 0022-4081, CAN

suitable f%5 oé 2dminpygatiogare predored- CAPLUS. Dosage Forms Nuner ous
standard references are avail abl e that descri be

R AESALEES SHRFMRLERA! 168 Y &lri Uthe f0fivBingtcdRAG iStjbically enixed
_ for adm nistering the conpounds according to the i
with a | phaemadeoticalx earpitre scestrdipst Entdoayentigpsh PhaMgRAitigag compounding
. preparatio C ' " e : [ fhet :
i AL PR ERIE NG o B AR o B o prputn
desired Bhadmmpattiorcal Associ ation (current edition);

Phar maceuti cal Dosage Forns: Tablets (Liebernan,

TR B P el LGP it
may be a‘ﬂﬁjos}&i. amhus, BRRGUTR el piepatations, such as, for example, suspensions, elixirs
and solutions, suitable carriers and additives include water, glycols, oils, alcohols, flavoring
agents, preservatives, coloring agents and the like. For solid oral preparations such as, for
example, powders, capsules and tablets, suitable carriers and additives include starches, sugars,
diluents, granulating agents, lubricants, binders, disintegrating agents and the like. Due to their
case in administration, tablets and capsules represent the most advantageous oral dosage unit

T

form. If desired, tablets may be sugar coated or enteric coated by standard techniques.

For parenteral formulations, the carrier will usually comprise sterile water, though other

ingredients, for example, ingredients that aid solubility or for preservation, may be included.
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Sciences (Arthur Gsol, editor), 1553-1593 (current
edition). The node of adm nistration and dosage forns
wo s00ehzset y rel ated to the therapeutic anpount spof/Us1v68/072066
conmpounds or conpositions which are desirable and
efficacious for the given treatnent application.
Sui tabl e dosage forns include but are not limted to
oral, rectal, sub-lingual, nucosal, nasal, ophthalmc
Injectablé BEIGHERNEHUSIs0 be prephids dillwdich dabd amrepratis stalttilizing dgmtsainay be
spinal, intrathecal, intra-articular, intra-arterial,
employedyp- ar achi noi d, bronchi al , | ynphatic, and
intra-uterille adm nistration, and other dosage forns
I meSHpplieitiots, dehhy BE ¥dvahtagdoub Yeutilidg tgckiceing sgent in a "vectorized"
Fornul ations suitable for oral_adm nistration are )
form, sughrastoarepeapsulaipnfdpmactive aesht PHalineaerBy oY ‘Eg?f e&&%’é@é’f‘t medium, or
by fixatibid Bﬁ!ﬁe bR 4 Ctl &, 'o? 95R5kne BBndiﬂégs, choRidnabt ¥sbbiatRe c¥brdthation,
a pharmaceut] cal “Carrier according to conventiona
ona suitp)lhz bivamdestilec slchee tipse ndéatel frers pritejus dipomieteinsa glypenrotaigg, and
a a wde variety of forns depending on the form of
pob@mmb?@%&ration desired for adninis?ratiog. In preparing
the conpositions in oral dosage form any of the usua
Tl@&h@rlhémcﬁnuﬁxbdﬁlof mbdi presemy ibeenéiom| wyred forfiulagions suitabile oy oral
.. oral preparations, .such a for exampl e, ,sus '
administgion iRy PR REESBIFR B GRS aishas EapPioR e B MRl B Bgnees
each contRinindde pHEIERFmined Y&Ruft oPktleSactiab aafiedient 4s avpomidagor granules.
~agent’s, preservatives, coloring agents and the Iike
Optionalip . syspensiominn agreaya HIgVr§h & nepranueRYs liquid may besmployed, such as

asyﬂm,%gg%ﬁﬁgne&ﬂﬁ%ﬁb§§x§?§$kablets’ suitable carriers and

rves 1nc ches, sugars, diluents,

granul ati ng agents, |ubricants, binders, ) . :

Aqmnednwm inadp by eornpressian erholdinge or mEegwEBulati, optepally with

in adm ni strati.o r i
on o LTS S ARbEhe, O AP M S R s o
suitable tnﬂlbhigé,sgiﬂfﬁﬂleﬁetﬁ&l gafipandtbethgdn adideetdvang fertregiichyps a powder or

standard techni ques. .For. parenteral. forpul atj .
sl PR a5 B 6o REBTsrd®, FHREH yfR. nr
diluent, QBRE abRQr23ak e Bschhi@ing@gBaiPMBldel bl @st@nprised bAA mixtdre of the

solubi ity or for preservation, may be . :
powderddnadiivd exdrripajieck wath| @ suigible FoHeT Mgy be Bade, 8y gpeldinecly § fuitable

nmdﬁngwnch case appropriate stabilizing agents may be

enpl oyed.

A syrup may be made by adding the active compound to a concentrated aqueous solution
of a sugar, for example sucrose, to which may also be added any accessory ingredient(s). Such
accessory ingredient(s) may include flavorings, suitable preservative, agents to retard
crystallization of the sugar, and agents to increase the solubility of any other ingredient, such as a

polyhydroxy alcohol, for example glycerol or sorbitol.

Formulations suitable for parenteral administration usually comprise a sterile aqueous
preparation of the active compound, which preferably is isotonic with the blood of the recipient
(e.g., physiological saline solution). Such formulations may include suspending agents and

thickening agents and liposomes or other microparticulate systems which are designed to target
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In some applications, it may be advantageous to
utilize the active agent in a "vectorized" form such
wa@soobgmarapsul ati on of the active agent in a PCPUSHN®072066

or other encapsulant medium or by fixation of the
active agent, e.g., by covalent bonding, chelation, or
associ ative coordi nation, on a suitable bionolecule,
such as those selected fromproteins, |ipoproteins,

the comp@hﬁ&@ﬂﬂ@ide&dﬁﬁa.onaﬂdoxp@iey(ﬁamﬂh argade SThe Tomatatmons map thl paesented
of the resg? i nvention using fornul ations suitable

in unit-dgsg pr wElFoSE R st rati on may be presented as di screte

units such as capsul es, cachets, tablets, or |ozenges,
P&8fiBral QBinaidtalitn ansr ed@bﬁimhmdum érnobf tslyaemui delevery or
i ngredi ent as a gamder or granul es ti.onal
delivery GISisEiS: B GNS-ahOBUNRGAND g BF SGREIe M6 defsagiss Traarteial,

mtratheczh' ﬂﬁa%%&’ar bﬁlb@ﬁ@lhé&i? Qntreﬁﬂﬁsl&ulﬂls iBrSYBdebhinad e 8, iitdperi@feal),
lon, or a draught. A tablét may be made b

etc., andanauspbesﬁﬁe@ed by infiobidi mympe rexiemalgeraiminlantsbdm Oro%iltﬂ @he) ujtable
memamﬁﬁW%Fgg oreggﬂad%&%ss§géxu;Q%Bedlents Conpr essed

prepare y conpressing in a suitable
machi ne, with the active conpound being in a

Nfaﬁaﬂé Gnd bibed mgccfsairspfragmfotmwlmcms p@gujehalahle sDang somprisepurified
i,onal for exa

aqueous a(?lg‘il(ms ﬁ rtg(h flCthF lfs}nlpglgﬁl[s wi hh%rlge%ervcf\ %?ntsas i ggtg{éma ents Such
formulatﬁgﬁ BYe pr&¥érablly 26fusted to WpH LM isotobtel st%dcdtﬁ;bhbleSmdﬂim nasalant other

a mxture of the powdered act
mucous mmbaa@p% Aslafrfmt@ﬁlym@gféne@znhfg s edﬁ%rfg}) Fyng’é(“igﬂu SPB@ pgwders
suspendéﬁaﬁlhé [%Es Y, rﬂ&h%}ﬁn@lﬁn%dﬁa?%e afldi,88d tyeardChuitdBle means or

d to a concentrated aqueous solution of a
method, sngghynelﬁmweatamplee nxireddaese inhgleptiir dte Iy al so be added
any accessory ingredient(s). Such accessory

FJBFrgulet%n% %r(r%ztaf%ltngﬁét%gqng BYAEiRR as %Lé'uf)]ﬁﬁ t8ry with a suitable

retard crystallization of the
carrier swohG8 tocoa rbdtta-gbyﬂmgehﬂed fats; enkirogeeatsd fattlyichibpyylisfackday
other i ngredi ent, such as a pol yhydr oxy al cohol, for

l e rol or so rm ui | :
TR S Rl B st SO B RSN S i
thixotropit €drl b&lat@dMe dasrifdr QRRr ﬁ IaOC\ellniostch ened o, veg. c cmgb)dn dellulose or
whi ch preferably is.is tonfc Wt h the bIo E H
hydroxyethyl; c,gil@]ﬁ§e with the resulting formulation then being packe m a transdermal device

adapted to be secured in dermal contact with the skin of a wearer.

In addition to the aforementioned ingredients, formulations of this invention may further
include one or more accessory ingredient(s) selected from diluents, buffers, flavoring agents,
binders, disintegrants, surface active agents, thickeners, lubricants, preservatives (including

antioxidants), and the like.

The formulations of the present invention can have immediate release, sustained release,

delayed-onset release or any other release profile known to one skilled in the art.

The active ingredients present in the composition can normally be administered in a

combined daily dosage regimen (for an adult patient) of, for example, an oral dose between
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(e.g., physiological saline solution). Such
formul ati ons may i ncl ude suspendi ng agents and
wo boogkzisdng agents and |i posonmes or ot her PCT/US2008/072066
m croparticul ate systens which are designed to
targetthe conmpound to bl ood conponents or one or nore
organs. The fornul ations nay be presented in unit-dose
or nulti-dose form Parenteral admnistration may
about 0. ICrﬁ%r@xﬁd SRuBSN Higlishébdseefvreinablut $ Yisg @idi aboatel0D vy, . gobetween
very directly to the CNS, Adm nistration E
about 10 agid| 0w &S Mg OI\RE TR enous uBCWANCaYS; o mf‘fﬁ\‘%{gaé%sal"

between hlSHu'E @mhggé‘rldaéboutsll@)b%g ANBON BetweB YOG Whdnd about 50 mg, e.g.

dom nal (e.g., intraperitoneal), etc., and may
betweenblmueﬂfastamtb@mtgnf usi on punps (external or

inplantable) or any other suitable neans appropriate

?%rttanleer%%% i QSé ﬂ%?hgl#réatcélﬁ'{cat | gﬁgg?l)ﬁ Wlud&aﬁ)@{l’c @@ﬂmg, about

nucosa i nhal ab
0.1 mg, dbouts) mgaacbonomﬁ m@ealq@ut 0.8 imegl alawm ééusg sb¢u]10;50n& 989f>utt0h@ mg,

o 1 EELIYE GTROHDE ol G AOARU S 801 S0

about 4.9g aibdut SAEOIHoGt B ﬂig?abbﬁﬂ@ﬁigl :i‘Hoﬁit O\ tnl, hllit&lt ﬁimhbcmlt 7 5 mg,
ﬁ nmucous nenbranes. Alter atlﬁely the

about 8 m&@bpwr&ﬁ BE: F0RE] PEADPHRI TSt B R RS ’21 me;
about 11% Iggsab&?crer' (ﬁlflﬁe %H&trlZfS()&lglé'béﬁt' 1@%%0&&81 3dﬁﬂnF \eBb@d 4ymg,

sul t abl e ans or nethod, e.g., nebuli zer,
about 14dt mg’mzdmut 10 eged agomspoindedfesmulagh ot mi@rmalq@étlcally acceptable salt

Fornul ati.ons fo tal adm nistration may be
thereof(&,gegaermr%zdn Q&‘/da"%{?ﬁ‘g sitory with a suitable carrier

such as cocoa butter, hydrogenated fats, or
Foy eitangpid) dteﬁ;ﬂmafrmtcbyruoahcrdnmoyﬂtm ingbidds abont @i sne Abralt 0.25 mg,

for atjons .ma r.e i
o0 LT LAY O5 PAERTASH, Bk ASL PR L s e
about 6 ﬁg CibodS7. SinfzChdout @ HigCabivReli Umeedr @bout MEDHd of&ﬁdolrr\;iot)mboﬁ)r

hydr oxyet hyl cellulose, with the resultl tion
formula {,ive mhmaﬁ@tlﬁdbk@eemwleasa%trﬂaqﬁ%ftfé? Fre PATERERARE ng‘ﬂ

be secured in dermal contact with the skln of a

& fther eﬂlb@gﬁiﬂetn{some tOmpdiRd JF SRR bopatnicegically acteptable
ations of this invention may further include P%
salt therenf im@namdhcsmgﬂsitlng FTeRf] BPAUNS Yhish ragesRpty payAny two of these

dosage agl%Ogl%%Q% 5 5 bnge&? £b%’u¥ 6 I1 ﬂlgoa{ndrégmﬂqg %%9 betme&g%o%t 0.5 mg and about

ants, surface —active agen t hi ckeners,

12.5 mg| bddweaaddbst, 1. pmegaad whdit 6 esg, betmebrudmug6 mgtalnd)%b@&ﬁ?é)mg)
and the |ike.

In a further embodiment, the pharmaceutical composition includes about 1 mg, about 1.5
mg, about 2.0 mg, about 2.5 mg, about 4 mg, about 5 mg, about 10 mg, about 15 mg, about 20
mg, about 25 mg, about 30 mg of escitalopram, or a pharmaceutically acceptable salt thereof

(e.g., escitalopram oxalate, escitalopram hydrobromide).

In another embodiment, the pharmaceutical composition includes about 4 mg, about 8
mg, about 12 mg, about 16 mg, about 24 mg or about 28 mg of escitalopram or a

pharmaceutically acceptable salt thereof (e.g., escitalopram oxalate, escitalopram hydrobromide).

15



The formul ati ons of the present invention can have
i mredi ate rel ease, sustained rel ease, del ayed-onset
WO edoeasIDr any ot her rel ease profile known torPONES2008/072066
skilled in the art. The active ingredients present in
the conposition can normally be adm nistered in a
conbi ned daily dosage reginen (for an adult patient)
of, for exanple, an oral dose betweenabout 0.1 ng and

I@ﬁﬁH@r 8 ditbntsS the RoApopRloMeSMu UL adriBhistiel akbalally d6age
. between about 10 ng and about 250

amount OrrgngO%ﬂl mgdkg oubetttiAmesiks € Lorb O aneke i @?On‘gbg’é/@f(su"h as
about 0. Og o Gb(iuq %%g %nog}k (?153 g dafpn%% b5 o3, § hbas PEhWRedr

bet en about 1 and
about 1 ndog)} arﬂ&hcﬂSSR] 8 a(hﬁﬁmmred mmhhdy desmgs amblilré of about 0.01 mg/kg to

about 10%@%6%& C%l Sc)cts)éhtgluo gcgl&l}l?: gs 96 1 magg%qg%utgj
mg/ke, aﬂ&htl aQoﬁzrmg/k@aBMw@rﬁg/ntgorﬁmuﬁn@/k?gs nmy, about 1
ng, about 1.5 ng, about 2 ng, about 2.5 ny, about 3

[}pﬁéryggga(% fg;‘ng %ngtalng'?g?h%h %cﬁ% prgrgg)g%laéé asgd rﬁrgnpr %Uktydx}ochlonde
may be fﬁignulggcpébt thdt tﬁe Egaltal toxSlat¥tind 3RPHhzikd ydeabhloaide ke ndt in

ng, about 10 ngy, about 10.5 ng, about 11
contactwigxorakaoemeﬂl 5 ng, about 12.0 ng, about 12.5 ny, about

13.0 ny, about 13.5 ny, about 14.0 ngy, about 14.5 ny
r 4ahay Eio%e %' 5 dﬁm@teﬁ:ﬁ@?@% Rdre Hﬁ[}mﬂbal(o!;e(s)cﬁﬂmlmstered at

armaceu acceptabl e salt thereof
appropn@ta Itmfenﬂzrvlaks t]npdg}mmhihe daydey altdl_:nﬁthébYaW[ﬁl snglg ‘ﬁfl?e for example, for

momlngé)gg{ﬁl;rl?r{%e 6!cratt %?Se%gr%p 2 th %lgzqﬁ?af%%&tbeggé?é&?to 0#8 into
two, 1nt@tﬁfé@tor3nm®urab@&éd il% doFs. abOUt 3 ng, about 5 ny,

about 6 ngy, about 7. about 9 ny, about 12.5 ny or

5 Ny,
%2%?1{:@&%12 9? qheng]eiltyle r?%%qg%deg asfe%r%t Iﬁlgj?tg% WG(:QJ or days, as long as
thebeneﬁ%gj r@zine hydrochloride). In yet further
odi nents, the conpound of fornula I, or

phar maceut i cal | accept abl e salt :%iher eof es é@ithgras

Tivaononpesetiomnis @) B e DR maHFCHIEREES BB
separate dm@agg éonjn'g%‘? i %g&ﬁgﬁe@d@é@tf@nﬁ Yoor the coRPOWRESE faﬁﬁlllﬁ (I9mhy be

out ng, between about 0.5 ngy and about
admmlsfbﬂadﬁamgto dretbsequenatyrdministition ohid SBBdut 6 ng, bet ween
about 6 ng and about 12.5 ng). In a further

e di.nent, the pharnmaceutical conposition includes
Method aenty’ about 1.5

According to a further aspect, the present invention relates to methods of treating
conditions that are moderated by dopamine receptor ligands (e.g., dopamine D2/D3 receptor

ligands) and/or SSRIs.

In one embodiment, the invention relates to a method of treating a disorder of the central
nervous system (CNS) by administering a therapeutically effective amount of a compound of
formula I, or a pharmaceutically acceptable salt thereof (e.g., cariprazine hydrochloride) and a
selective serotonin reuptake inhibitor (e.g., escitalopram, or a pharmaceutically acceptable salt

thereof, e.g., escitalopram oxalate).
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ng, about 2.0 ng, about 2.5 ng, about 4 ngy, about 5

ng, about 10 ny, about 15 ng, about 20 ngy, about 25
worovabsot 30 ng of escital opram or a phar maceat/usmabé/g72066

acceptabl e salt thereof (e.g., escital opram oxal ate,

esci tal opram hydrobrom de). I n another enbodi nent, the

phar maceuti cal conposition includes about 4 ng, about

8 ng, about 12 ng, about 16 ng, about 24 ng or about
ER8npigs off NS disvradbmns prhéch aan ba trpited mhléuthuwle Ingt lirgitesksp apijer

depressnﬁ%oac{# 3:]1']?(8 &Pﬁgsflcm, g’g%ge#a qal Ogtéf er Sg({l ean%% %%Oﬁ%’? O}fb@
trauma’u(fo ?fe;ﬂé%l%rﬁér) pan§c a’iﬁﬂﬂksﬁh@tﬁ’u@ﬁh digorder dcahhg( didedag ésuahasinilimia,
anorexia geg Repot. BRSO, GHGIRG P{REHREL BB BEB gLy PPhoric

disorder Q:E gﬂﬂ{lvé)dlgcﬁéer?gﬂlgglse I dlgoraexggzltt%ﬁlon@ﬁéﬁ h%e?a%tlﬁiw &iGorder
kg™ or nmg/ kg), and the SSRI
and drugatinseniTat eorebhnatmnapaa aISb yffq@walgéreamumts who ab‘tﬁftaﬂ@ te fespond

to initial %%m}%né o‘.‘@?p goé’tvf St c a%ld’ U % icalaﬁgﬁ%}l&s%&l rg%&(&@ Fegsion
disorder Wb h@ve fabalio rdspoid k)gmtlahmatmalt Wyhlag:pm&lntlmtal SSBI (‘r‘g,bznglent
B S T TR O
thoughtsl'ﬁ)( d F)Qt‘féﬂ't Ardede tlfé&\éf Red {RpoW @kRalits Bret hativhin®llowing stroke. In

escital opram oxal ate and cari prazi ne hydrochl ori de are

further embt)dlmntsdh@ 82¥S dijorder grraajandnprrspion HeerdgilSir digaimsabresigipnt

major deglgﬁsrg}ge orﬁér Enelgpﬁﬁr fesflbn.TOM € dai |y sub dose(s)
Pere appr priate time intervals throughout

the day, or alternatively, in a single dose for
amq:lher embodimeot iy larmgeﬂmd o reptingcp RetieatsnEenng frqm tregtgient

res1stant%§PrgPsll%by aPimnbl%Fﬂl?{ an gf?e%? ye gio gaifjal %Jn&)%g Qgﬁnﬁﬁlg 1,ora
pharmac@@t%ﬁﬁy a&ﬁﬁtaﬂl@ et th@ﬁob(fe g'. hﬂnﬁnaﬂﬁé hﬁhbchlrmdebmctmlﬁd’e‘se
serotonnp, geflllrgfakf gl?l%t@? @tﬂﬁm%gé%&opgz;mg% lasrphflga(cmtlc%}ydac{:ﬂgqg i &%reof

e.g., €sc ?ﬁoﬁgm {ﬁzred concurrently (either as separate
osage in a conbined dosage fornm or the

compound of formula (1), may be adm nis ered r|or to

waswbgeﬁqd?@dvn@blsédmtmckqfrt@ﬁlw Btcr S rORERGEL
resistant maJ;rJ (?e%;éé@w: disorder by administering an effective amount of a compound of

formula I, or a pharmaceutically acceptable salt thereof (e.g., cariprazine hydrochloride) and a
selective serotonin reuptake inhibitor (e.g., escitalopram, or a pharmaceutically acceptable salt

thereof, e.g., escitalopram oxalate).

In another embodiment, the invention provides a method of reducing a delay in
therapeutic efficacy following administration of an SSRI (e.g., escitalopram), comprising co-
administering said SSRI and a compound of formula (1), or a pharmaceutically acceptable salt
thereof. The method is preferably practiced by co-administering the SSRI and a compound of

formula (I), or a pharmaceutically acceptable salt thereof to a mammal, most preferably a human.

The compounds of formula (1) are dopamine D»/Ds receptor ligands. In further

embodiments, the present invention provides methods for treating a condition which requires
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According to a further aspect, the present invention

relates to nmethods of treating conditions that are
worpaenzised by dopam ne receptor |igands (e.g.,PdDpsaonsier2066

D2/ D3 receptor |igands) and/or SSRIs. In one

enbodi nent, the invention relates to a nethod of

treating a_disorder of the central nervous system

(CNS) by admi nistering a therapeutically effective

modulatiGBRE dopahir [5:emBRY DY rétptbotynadneinistering arbeffective amount of a
har maceuti cal ly accept.abl e sglt t

P .g., .
compoungan TSl Ines TR asceanae il DRty ke eBPBEBR
hydro chl{»)rﬁdéé? LAKE sdidbaly Fér@tﬁnig Ceptake SitfbildR |(é?€.,r &ditalOfram, or a

af maceutically acceptable salt thereof, e.g.,
pharmacesicaltyedcogntabie sktahered) ¢. Ex easiitlegramfoxd’is).di sor ders whi ch
gan be treated include, but are not limted to, najor
epr essi o] 4 is
DYFRRER YRl Bl MR AR E R P voReT Bl e pathology of
several nbirapsyehiaicand aasodtgamraie disorders swhtag sthizophrenia cdryg plass and

rnsos o Biath O ol AR L e ke
dopamind YREp10ReloRpRERNEE DyalDIYEPphiaht D, d{B30DdaD,) faailjes. Ds vaeptors
di sorders, 1 npulse control disorders, attention

have beed ghdvn to Haypeliagaetaristiq Jisipulemua heifEbH! dgPamBneele Syjgms:
Namely, %1? edepgl[i%sg\gerg #hnd |i1§ 9en‘§fnf lﬁﬁﬁi.b ¥§1!lc¥ur€§, 8@dh ARahéleitascudiens and

to respond to initial treatment with a
islands of GaltgatThereidre, 3Bkrential taygetingod therDpaedpais Baypbe m PiPEIYRS

depr essi on. .di have fai .
approact i 03 Sl LES T it cap e PE b Ol EpRRfedd for
successfil@Rérahealt i@ attiot @pseveal atmothadiesianch) as stiizophommis, aapiienal or

~_can further treat or reduce sui.cjdal, t hSnl
cogritivpaTeITtond dG R NP or £+ SHEPIP It GU%- AR 100y s
SchwartZ, Jt ¢! Y21 - Tl R BshaShE &N 1998 N 6f 293; hRVare B oRkdBBES, ROVDE9IT,
_dlsor er is major depression disorder (e.g.,, ..

49,23 1)?@30'1% fiteeremi Bitlart. ehelj-dYangredPe% 400.837di %T@réi’élflgso&s disease

i.pol ar,, depr essi gn. 1hadi tr i d
o R AT R PR (50 20 AR e yam e
Neurosch. g2kt SI0BNf 303ePy. essi on by administering an effective

anmount of a conpound of fornmula I, or a

TrerdogPae Rk yeEoT Sreey cunged rLAFBEH wiGrdmonn o be
involvedl.;) flilgfrﬁrrrggcglj ;plﬁic?déclhf)%/l@d; c{igrggtgnasba}ngfgllbthig?ﬁtes?atﬁsf Dy amtagonists are widely
used drugs @$ @rgipgﬁﬁlgﬁqsof@a p)aqr@)k_:. However, 1t is also wel?%ldwnethgt' rhassive
antagonism of the D, receptors leads to unwanted side-effects such as extrapyramidal motor
symptoms, psychomotor sedation or cognitive disturbances. These side effects seriously restrict

the therapeutic utilization of D, antagonist compounds. (Wong A. H. C. et al.: Neurosci.

Biobehav. Rev. 2003, 27, 269.)

In a further aspect, the present invention provides a method of treating conditions which
require preferential modulation of dopamine D3 and/or D, receptors, for example psychoses (e.g.
schizophrenia, schizo-affective disorders), cognitive impairment accompanying schizophrenia,

mild-to-moderate cognitive deficits, dementia, psychotic states associated with dementia,
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Yet anot her enbodinent is a nmethod of treating a
patient suffering fromtreatnent resistant major
waolepoessdve di sorder by admi nistering an eff ec@weS2008/072066

amount of a conpound of fornmula I, or a

phar maceutically acceptable salt thereof (e.g.,

cari prazine hydrochloride) and a sel ective serotonin

reuptake inhibitor (e.g., escitalopram or a_
psychotipdrpressionuninialapyte meiepraation and|delusigaglalpsordegs, dyskinetic
. esGi t . i . ..
disorder{ 36 LSRN MINELE! ot Loy R Wil Wiinese,
eating di$duderafeet) bulimiafdehosgyatfeatidrodificy dasdrders, Bypeadciivity diforders in
children,ggﬁrgssgghgﬁ%ﬁg,ssgk%g h.g%ﬁ%gz)%fsfeggﬁ%ﬂ%lgg?Trﬁeosisggg@égsls%%,ea{ulﬁsnrg and
drug abulMd) 3hiBRCBHIpHiSa|ah ¥ fRGRR RN 8 2binp bR FFrmuld g ot hod

is preferably practiced by co-adm nistering the SSRI

pharmacefiigally acsepiehlp splighereefi(gg)> sarinrazineydgochlosidpeand dtselectivey

wons RSB AR} 0 £y PR cntlton

e.g., escidbpEard oxdaept or | i gands. In further enbodi nents, the
present invention provides nethods for treating a
ondi tiQ i ¢h j I ' M Re,: 13 -
S ReP B B EOP B okt LR PO, B idrectve
disordersg b&xthitiveGmpairetpotontbanfing echinophrehia, mild-#o-moderate cognitive
_ har maceut.i cal | y accept abl. alt.thereof (e.qg.. .
deficits B oy HhOUR <D SO 8 TR BREE TS AP LeRP o Bpie
paranoida@d BE@KiBndl AlkbRIcEsQyskiiee dis6ta6rs b@hQRPafKins6's isease, neuroleptic
_ phar maceutical |y acceptable salt thereof, e.g.,
induced paykinsetiss rdgpicssien. awdsty, g ahpse tsH FoGineakEsYopan ner gi ¢
neurotransmtter systemis involved in the pathology
qg& géﬁgaaﬁéonﬂb%gﬁigﬂ Y 19 Fécﬁpt@ﬁ&ti@ﬁy&é%&@&@ R8s AINGs the
I SO

rders, such as schi zophrenia, drug abuse and .
simultanBauskhansfostationdif sedwpeficial aptiansiof both thefPrpansfeoaism (8£. cognitive

dopam. ne, .I.S diat ed wi i ey di St i
eance 3G 3 AE g bR e g
and the D{}@td@n&smﬁ(@& ariﬂ%syc@ét)c éffoat)l ]FL&gerMe,rbthe: sypiecomblivatien been
. .shown to have. characteristic distribution in the
surprisgi TS ERFFMEALE (BF C8geniaRe U REANIFY O 1 AHFEOIVE (F s
extrapyrf¥RId81 SyRipRind, Bsyc8bhdtonsddhtid, Gognitive@igiirBanceguch as
nucl eus "accunbens and islands of Calleja. Therefore,

preferential targeting of the D receptors nay be g. hreni

Aot oveimplany capphiogRts # Brthed peireating apaiet ngiffoghscgrophrenia

i | DELlcGvd MRGH: 8FF PBPRANSRY! of alfErnti6ARARS Ul
byadnnﬂ%@?%%%ﬁ#%% Ynterventi%ﬁagﬁ_several a’”b_ncz;llrlﬁlalit.ies,ﬁ}f
acceptabdeisalt theresf( higz opiprenmicaydeneblorideand grselective serotonin reuptake
inhibitor (e.g., escitalopram, or a pharmaceutically acceptable salt thereof, e.g., escitalopram

oxalate).

Another exemplary embodiment is a method of treating a patient suffering from mania
(e.g., acute mania) by administering an effective amount of a compound of formula I, ora
pharmaceutically acceptable salt thereof (e.g., cariprazine hydrochloride) and a selective
serotonin reuptake inhibitor (e.g., escitalopram, or a pharmaceutically acceptable salt thereof,

e.g., escitalopram oxalate).
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cognitive dysfunctions and addiction (see, e.g.,
Sokol of f, P. et al: Nature, 1990, 347, 146; Schwartz,
wd 2009220892t al: Cin. Neuropharmacol. 1993, 16pPCR852008/072066
Levant, B.: Pharmacol. Rev. 1997, 49, 231), addiction
(see, e.g., Pilla, C. et al: Nature 1999, 400, 371)
and Par ki nson's di sease (see, e.g., Levant, B. et al:
CNS Drugs 1999, 12, 391) or pain (see, e.g., Levant,
YB anBthePéxentbnty OBBddimbailié a méiod of Beiling Q)patl&h sufftoing fiope
D2 receptors are widely. distributed in e braln and
bipolar depressien Mﬁdml%@mw&f%&qaﬁm&%@&e@% tdompiahora
¢ 9@8%§E&n@fe
pharmaciu G RO ol it o R0 3180
serotomnmeumaxennhlbnton(sgabss:aalmenatn, Rnopermacsutisatls greeptah salg B1sresin
& Dz receptors |l eads to unwanted side-effects
e.g., escilg gﬁmﬁ%Miﬁ?rapyranidal not or synpt oms, psychonot or
sedati on or cognitive disturbances. These side effects
Asevriiag s y furthst aspedt, thérpresdneinapeionircatas fol d methpdef tofatimp
s RS S ORabas s Do Bl R sl
Commmnﬁh@pgﬁ@ﬁguy i nvention provides a nethod of treating
condi ti ons which reqU|re preferential nodul ati on of
dopam ne D3 and/or D2 receptors, for exanple psychoses
(e.qg. SChI DRr e SChIZO af fective disorders),

cognitive cCoQnp3 g schi zophreni a,

m | d-to- rmg at e m.WﬂH defenti a,

psychoti ccist at@s associ at ed (jZFﬁmla psychoti c
akanoi

depression, mania, acute nmania, p

del usi onal di sorders, dyskinetic dlsorder such as

Par ki nson' s di sease, neurol eptic induced parkinsoni sm
whefegi ve dyski nesia, eating disorders (e.g. bulima
nervosa), attention deficit disorders, hyperactivity

di sorders in.chil res y
Kyaf B cest TR BIEED, Ttk 8L 50 sysBEybr arovt
auti sm and drug abuse, mhlch conprlses an effective
o R i ROforA a Gewe it rifg Wwidt the bdjadent nitrogen atom;
pharmaceutical |y acceptable salt thereof (e.g.,
car|&g§2|ne hydrochl ori de) and a sel ective serotonin

e inhibitor (e.g., escitalopram or a
pharnaceutlcally acceptable salt thereof, e.qg.,

n88¢iok @) opram oxal ate). Exenplary nethods of treatnent
i nvol ve the treatnent of schizophrenia,
agc(l:/rcllr gg)mae{;rflcel(s:érlngrg and/or stereoisomers and/or diastereomers and/or salts and/or

hydrates and/or solvates and/or polymorphs thereof.

In certain embodiments, when R; and/or R, represent alkyl, the alkyl moiety is a
substituted or unsubstituted saturated hydrocarbon radical which may be straight-chain or
branched-chain and contains about 1 to about 6 carbon atoms (e.g., 1 to 4 carbon atoms), and is
optionally substituted with one or more Cy.¢ alkoxycarbonyl, aryl (e.g., phenyl) or (Ci6

alkoxycarbonyl)-Cj.6 alkyl groups, or combinations thereof.
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di sorders, cognitive inpairnment acconpanying
schi zophrenia, mld-to-noderate cognitive deficits,
waleovenrisa; psychotic states associ ated with depenusmNs/072066
psychoti c depression, nmania, paranoid and del usi ona
di sorders, dyskinetic disorders such as Parkinson's
di sease, neurol eptic induced parkinsoni sm depression,
anxi ety, drug abuse (e.g. cocai ne abuse). The
Irp additichal aibodandits) & andRpforth laéxetemycliwmgtvvith the tidjacemt nitrogen
SCri ed above all ows the si neou nanlf st a .
atom, WS PGSO 8 e o6 e RO HOP O RN OB Lify et
ring, whicE nfly c6:R8iRi fhrthee h&BloadeR scleéttEFbm O,MN)iob B! Faexhple, the
extrapyram dal notor synptons, |nh|b|tory action on
heterocyelfq ring:sn e pymplifine, BIPERZARRARFBNINS PF MOTRIOliBR | psychot i
effect). Furthernore, the same conbination

15 Hddidral SaBodith&RY When R a ePseRbiIkdmE the alkenyl moiety may
di sadvant ageous features of D2 antagoni sm (e.g.

have 2 teek tarbgyatems aral 1 ®yingsubledongssychonot or  sedat i on,
cogni tive disturbances). An exenplary enbodlnent is a

Iﬁ%m&a émlg({d%ﬂ%ﬂtp gvélm . aEﬁcg&I sttléélfe?éh 1 ft}{eodlirﬂll moiety may be

renla |ster|ng ctlve anmount of
selected &onmmunmhllgfsulbsunmd @mong-, wr oripyrdic pat.cuth ambutynot limited to,

bl e salt th caripra
phenyl, TGS ARePnae) s aatagapedierye €8 BRGR i Bebiy e o
moiety thd}UelRubsditutéBwith on®&Ghérd Icpp BEROXy, O fluor IRk macxe;uﬂl I3 aI | y
accept abl e salt thereof g esci tal opram oxal at.e
alkoxycambRh & KR AFY): CraeH Hioh PApRSaC Y789 BBUPHIT OPLH
thereof. PAt1 ent suffering frommnia (e.g., acute mania) by
adm ni stering an effective anmount of a conpound of

formula I, or a pharmaceutically acceptable
In héditiorfal ¢rabegimentarwhen Rz iand/onGiieBterinG £YRafk ki the %Vcloalkyl

moiety masy beecsteieXt%d ?r%{no%lod}ltlgnig%ﬁﬁﬁmed ﬁg*mf’ $i0br #i8 cgw'cycloalk¥l group,

citalopram rmaceuti c y accep abl & sal
mwhas@hﬁmeqﬂprﬂhgmnwe30|taIopran1oxa|ate) Yet anot her
exenpl ary enbodinent is a nethod of treating a patient

Igilé;kixg @gmg?fﬁ{?ﬁ%ts enero n%ﬁ %S{'eg% %ﬂf al%‘}ﬁg@ L&A ﬁ{oﬁ&g thfin is

as defindlon@eautphedll]l y acceptabl e salt ther eof (e.g.,
cari prazine hydrochl ori de) and a sel ective serotonin

reupt ake..i nhi tor an )

Iﬁ[?g? FRbedimeRtat )9013@51:@8%5 g(r )tusFiﬁgﬁ)g]&@%lngadepressmn is trans-4
(2-[4-(22RGibh1BIoPREBM APRhAh-8)yl]-ethyl} -N,N-dimethylcarbamoyl- cyclohexylamlne
(INN: cariprazine), or a pharmaceutically acceptable salt thereof. For example, the compound of
formula (I) is trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-1-yl]-ethyl}-N,N-

dimethylcarbamoyl-cyclohexylamine hydrochloride (cariprazine hydrochloride).

In an exemplary embodiment, the present invention relates to a method of treating
depression comprising administering to a patient in need thereof, an effective amount of trans-4-
{2-[4-(2,3-dichlorophenyl)-piperazin-1-yl]-ethyl} -N,N-dimethylcarbamoyl-cyclohexylamine or
a pharmaceutically acceptable salt thereof, e.g., trans-4- {2-[4-(2,3-dichlorophenyl)-piperazin-1-
yl]-ethyl} -N,N-dimethylcarbamoyl-cyclohexylamine hydrochloride.
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According to a further aspect, the present invention
relates to a method of treating depression conprising
wa@ewbpeashering to a patient in need thereof, aPCT/US2008/072066
effective amount of a conmpound of Formula (1): wherein
Ri and R2 are each, independently, hydrogen, alkyl,
al kenyl, aryl, cycloal kyl or aroyl, or R and R2 form
a heterocyclic ring with the adjacent nitrogen atom X
T &rt@nAmbddinientsS tht depresdiondn thajor dgeessdtdisordesoner s
and/ or stereoi soners and/or diastereoners and/or salts

tes a /or sol vat es _and/ h
I e AR T GO HE S HET A AR R
represent al kyl, the al kyl noiety is a substituted or
FoiNGe Bedtnknt Fdesradsivhaihe dompelmdod fdromlar @d bxptiarmavicuticaliny

acceptablg sly TR0 6 GRPHEHe URTPETY o BT DS PH O Qe

dosage r%;ﬁﬂ%li( o@ﬂltddﬁﬁ ?Ltlle)ﬁt)%f byt éxtaHIpl%d abaldsae BetWeeﬁTEJo@t €31 mg and
ycar bony phenyl) or (G -

about 50@higosuebas besmpen) abopt 1 @gang §houg FOR M, ¢ BOEETSED P‘PPAJE 1&g and

about 25@1 8}%20%%% 1r|1t1[]avgrgo%s tshg&?%nﬁ&{gggﬂhgﬁﬂﬁs%ulaﬂlos@ BPb R elObBLED. 1 mg

i rin acent nitrogen atom

and abou\t\ﬁDO(Eﬁhgnﬁyh bﬁb@wé@tabbﬂ‘t&aﬁmg fand Hﬂ&mlt 60 migeelg. tepréeorbouty and

b t25substltuted nmonocyclic or bicyclic ring, which may

abowl 2ot ai n furt her heteroatons selected fromO, N, or S.
For exanple, the heterocyclic ring can be pyrrolidine,
P tRRIR&h T lim&its) td Ehoaat 6ffa (ﬂiﬁfpphm:l offfermula (I3 dd phdrmaedutically

scceptabl U YAReaRlR 1 PR AV BoSMEIS *ERRBIRIh gt SARiEsyop o
0.05 mg,da%ggtl ¢1 %%ngo%ut 0.9 n%dgﬁc;u't @Q@lmge Elhﬁh@() neRd, %bodtb’()eﬂ”m about 0.5 mg,

represent aryl, the aryl noiety m
about 0. @ahg,cabeut 1 mgrabant lo’i)mlgoab@m 3y mgabopt - @p@dabﬁslﬁé mg, b‘?out o Mg,

o R 5o Y A0 i, Ml b i 8 S

about 7. Phl%ﬂaﬁouog nigawWh&lS ng, Thvat & mpg, atwpit éiSyngraboujéO mg, about 10.5 mg,
about 11tsrgg,fsa|tbbytgﬁg%gglgaa gwltgggvng élcbmutel 2? mg, a%oxlftol)ﬁyo mg, about 13.5 mg, about

14.0 mg, about 14.5 mg or about 15.0 mg. For example, the compound of formula (I) or
pharmaceutically acceptable salt thereof (e.g., cariprazine hydrochloride), is administered to treat
depression in an amount of about 0.1 mg, about 0.25 mg, about 0.5 mg, about 1 mg, about 1.5
mg, about 2 mg, about 2.5 mg, about 3 mg, about 5 mg, about 6 mg, about 7.5 mg, about 9 mg,
about 12.5 mg or about 15.0 mg.

In yet further embodiments, the amount of a compound of formula (I), or a
pharmaceutically acceptable salt thereof (e.g., cariprazine hydrochloride) administered to treat
depression ranges between any two of these dosage amounts (e.g., between about 0.1 mg and
about 15 mg, between about 0.5 mg and about 12.5 mg, between about 1.5 mg and about 6 mg,
between about 6 mg and about 12.5 mg).

In further embodiments, the compound of formula (I) is administered to treat depression

in a daily dosage amount of about 0.01 mg/kg to about 10 mg/kg, e.g., about 0.1 mg/kg to about
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al koxycar bonyl, Ci -6 al kanoyl, aryl, C -6 al kylthio,
hal ogen, cyano groups or conbinations thereof. In
wa@adavormsmal enbodi nents, when R and/ or R2 repreBES1008/072066
cycloal kyl, the cycloal kyl noiety may be selected from
an optionally substituted nono-, bi- or tricyclic
cycl oal kyl group, such as cycl ohexyl or adamantyl. In
addi ti onal enbodi nents, when Ri and/or R2 represent
1 mg/kg @L&Yds ab&ﬁ 09(53Yﬂ1g/l@| Dbt (I.n(}c')ﬂﬁg@g/ldg,lasomai) Idef/ikpedoatnemg/ke,
[n one enbodi nent, the conpound of
abmﬂ03ﬂ@Wh&P%ﬂ¥Wg1 for treating depressrgn is trans-4-
{2-14-(2, 3- dlchlorophenyl) pi perazin-1l-yl]-ethyl}-N N
[ghﬂﬁggylcarbanoyl cycl ohexyl am ne (I NN: cari prazine),
~or a pharnmaceutically acceptable salt thereof. For
exanp he t he conpound of formu (1) is .
The tervs- qsc{téomm( 25 Bsei .hewrbm%}b@réA?ﬁ%ﬁdfsﬁ*eﬁ@f‘ﬁ?}l‘?f’)ﬁ’mwﬁ'1'éPh
ﬂuoroph%xlyg h%%ﬁf’i‘lr bATDYbLy cEMehaRexx aring, 1, 0.5, or 0.2%by

cariprazine hydrochlorlde%
weight oﬁmemhampmnﬂmshdmnlt%"/d thtal prigeafi!-iBridhwat Bdﬁml@)aﬁoﬁzélhlzﬁp

ﬂllorolnht(ajﬂ.ﬁ?#1 PE{F%I?}{I%B{OS 5]9 e{,j s%ht‘?l%ﬁfagﬂ‘neagg&%h eﬁﬁrﬁjg)mergc purity (by

weight) &fd7€98, 09 £9%R3TRHAY. 8%f Ptrd?f&mai- pharrfiddefitiball P a@eptable salts of
-dlchlorophenylg pi perazin

ecialopryy RSP P BEIEY- 5 H eshyalfiis eigopram
hydrobro‘?nlﬁaé PR C&Ellta)folﬁ&ﬁeﬂﬁ@ﬂbﬁd&%oﬂyrﬁ&ﬁﬁsﬁ Bfdrates, golvates and

s-4-{2-[ 4- di chl or ophenyl
amorphoes ﬁyin} of Ncnaldpxémmgnteahﬁmﬁgmcg @1)0 5 peraZI n ybtals of
esmtaloplr dr 2 htl ona& es%itélg T4 I%rh oBrd Qgicmamh%se &éﬂ@n&@ﬁﬁ Bisrhaidnal
ep ress I'sorder. I n additional

Pubhcati%ﬂ’fmﬂ IWIE 03/91 lmandi em @ashohpplsationcRutbiieationNasi 20044167209,
ssio the treatnent of depression, the
2005/01%@%&6@1@80{3)?1%78 $rula (1), or pharmaceutical ly
acceptable salt thereof (e.g., cariprazine
ThedsacihembadelticeRyadeestait’l yedne bandedicully e plamiagplegiekdlly| y

dosage regi nen (f dul
compatiblg feyrimpivg glgeeln@étrvééw T %J, at d Ere#da%gy] blegrg oaﬁ{)roorgﬁ(géﬁgpégglatory
agency ?@Fé’%ﬁraﬁ) Elt X\@cgt@ pé?%erﬂt@llﬁékﬂlnﬁtb@ms $OLiABopeta @ other generally

ween about 1 ng and about 250 or an
recognizetl phavenepes, fos uisdnerimalsuand rere Pﬂlttlic‘a]ﬁﬂ‘é A fuRangose of
bet ween about 0.1 ng and about 100 ng, such as between

AR, sc}}lzg@lrépeg 2004l PR iHBudEnE grddf bveeRaPdigyilerd and

characterized by disruptions in thinking and perception, and includes schizophrenia (and all its
subtypes; paranoid, catatonic, disorganized, residual, undifferentiated) and other psychotic
disorders (as per Diagnostic and Statistical Manual for Mental Disorders, Fourth Edition,
Washington, D.C (1994): American Psychiatric Association, or The ICD-10 Classification of
Mental and Behavioural Disorders: Clinical Descriptions and Diagnostic Guidelines, Geneva
(1992): World Health Organization) such as schizophreniform and schizoaffective disorders,

brief psychotic disorder, etc.

In a clinical evaluation, schizophrenia is commonly marked by "positive symptoms" such

as hallucinations (especially auditory hallucination which are usually experienced as voices),
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about 25 ng. In certain enbodinents, the anmobunt of a
conpound of formula (1), or pharmaceutically
waemeprmbt e salt thereof (e.g., cariprazine PCT/US2008/072066

hydrochl ori de) administered to treat depression is

about 0.05 ng, about 0.1 ngy, about 0.2 ng, about O0.25

ng, about 0.3 ng, about 0.4 ny, about 0.5 ngy, about

0.75 ny, about 1 ng, about 1.5 ng, about 2 ngy, about
dlsorgan@ecﬁthﬁﬁght @ﬁﬁbﬁsei’arﬁ@telu@bﬁyis welPasifgegatibosstmptomy), whkitiointlude

, about 5 , about. 5.5 ng, about 6 , about
affeCUV@é]aEeW ag’l&@u?""f’mﬁﬁ’ and gphedomias ' about 8 gg about

8.5 ng, about 9 ny, about 9.5 ng, about 10 ny, about

T;ig (t)e%tnn'glf nggﬁi% syhptaBhs oﬁ&ihiﬂo Hrlm@' foer tad Oldés of2yiRptaths of

, about 13, , about 13.5 ny,
schizophepiagwhigh caavdprn%ergd Wgref&?ct abesst lf&f@nﬁl%l digesie déﬁ%‘ﬁ%? 3
activity. ngg tﬁf? g@?@gﬁ’m f th%éPMje@ %\}E)Wé?fkn%%rlm%w hifBihbMde affective

sal't g., cariprazine
flattening) Mm@cthhmdl byefor exasnrie i imeobileahd{ay unrespomsiye faciad SXRIEFSion,

poor eyeaﬁgntggf%ggt{ed%%@ ﬁ)adlﬁ{lagfsrglo% b<o B VCIQ ggsp gﬁ&%tf lgcoglc and/or

empty reﬁﬁes) @b@hﬂoﬁcﬁ@actéﬁl@@ by 2 rd@cecbdl@bienﬁahﬂjﬁy t@niitte z?hd&arrg out
about about 12.5 out 15. 0.
ol ek GBSO TIREISS DHBRSLEL PAtHh SioGiAlg ooy Social drive

and 1ntelfaﬂfomz ?at%mll ind QherthePRRVeIRGH ks kBbwiY tARERRIF8Rillan GRlakt. The

g., cariprazine hydrochloride) adm nistered
neganvetsgmptoeatof sayzophhiemaydregesssisd upias Anyrgthodelogf knopada the art

e 0 GRS BT c0d b

Negativéb@atibtorh. Siallél_ﬂPANSS)a [The BPRSmgd PANS&C}EVB aﬂ»maﬂesax fagtoaidpat can be

about 12.5 :
et B ] S SRS TR L AT
negatlve%glg{dn% HOSAas: @riﬁ)élgﬂaleofbr ﬂl@ Q‘Léﬁesgn&ll ofjEkive Symbpmuts (3ANS),
kg, e.g., gout kg to aboutl ng/lk
the Negatlye @wnmto@s Aﬁgfe%@ente(b]@@ﬂ a@d e Schggnledor the &9{1018 S:}ﬂ#@,w gSﬁ)S)
Subscaleﬁeo? e I?lf onsﬂ%&l@% Utso Be gse’&% KQeQ, 0§99é1§yrr1pt&ﬁé lhBhough

eSC|ta opr am' as uséd herein
methodd foespeci€isally assessing pos1t1ve symptoms are also available (e.g., the Scale for the

| -am n pyl]-1-(pfluorophenyl) -
ASSCSSU@I‘ ‘Pﬁéﬁ’é’lt’é{ﬁg%‘i%lﬁ?mst?r@l@sgr ef erably containing | ess than
3, 2, 1, 0.5, or 0.2% by
The term "cognitive deficits associated with schizophrenia" refers to cognitive deficits in

schizophrenia patients. Cognitive impairment in schizophrenia is a core feature of the illness (i.e.
not a result of treatment or clinical symptoms). Cognitive deficits include, but are not limited to
deficits of attention/vigilance, working memory, verbal learning and memory, visuospatial
memory, reasoning/problem solving and social cognition. There are numerous
neuropsychological tests used to measure cognitive deficits in schizophrenia, such as the

Wisconsin Card Sorting Test (WCST).
The terms “treat,” “treatment,” and “treating” refer to one or more of the following:

(a) relieving or alleviating at least one symptom of a disorder in a subject, including

for example, allergic and inflammatory disorders, such as asthma and COPD;
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wei ght of its R-enantioner (based on 100%total wei ght
of I-[3-(dinethyl-arnino)propyl]-I-(pfluorophenyl)-
wo2pbbbmbancarbonitrile), i.e., S-cital opram heoi/ng2088072066
enantiomeric purity (by weight) of 97, 98, 99, 99.5,
or 99.8% Preferred pharmaceutically acceptable salts
of escitalopraminclude, but are not limted to,
esci tal opram oxal ate and escital opram hydrobr om de.
;h(g) fehéving asflbﬁaﬁw&a ifteralt and/oraluradies ofananifespition of a
) ydr.at e sol vat es, and. anor phous, forns, of .
disorder ggETiFGed BY &g H}C%%d%awr?aéﬁmt?i%?r ﬁ%ysea%%té’& ‘Rgpegonsetoa
given stidlub fe.g. FreshRl Bss0f ifpEG] doidl ePpaEuealcat e and
esci tal opram hydr obrom de such as those described in

International Publicatigon No. WD 03/01 1278,  and. U. S.
(Paresitng g vingdhs epsebis: federighprgydo C%t’ﬁif‘tﬁ’gﬁ%@? ota

di sorder)%a% Qha&r ﬂér}ﬁ}( 2P @é/e%g&?& SrorsERBg baiddhder.

armaceutically acceptable" neans biologically or
phar macol ogi cal | y conpatible for in vivo use

Thp kel “sood disarder s et fnstudy e moan éisaﬁlﬁwélv%éﬁwn dhe
DSM-IngIQ,ﬁ@{ﬁe’lgg’,ibﬁgﬁ giﬁ\ifggt&, ggpég%fd?éorﬂs, Quchl.a b AYsre RNt

. _ “Pharnacopei a or other” generally
disorderr ecogni zed pharmacopeia for use in animals, and nore

particularly in humans. The term "schi zophrenia" is

RSSO Ry e R il g
respond ﬂ)eJkthﬁﬂ@Jdi doBes (Bargsigrifidande sukeibi w@idvebminalobladliad stuilies) of
antidepregFRTTs PO SORLD a5 mInRIER R BapBHEE  EHeh et R aRs Heeks,
i) L P gttt s 0

(monotheyapy)i adaminiftened lprtinupiesi s o anipimughdurationafd 2 wepkst cpr)le criteria for
. Cl assifi [:0N> Of 3 j ' -
e bl SERUER ool EAFRORRN ) Bspedai
Clinical @dlf]tﬁll&n;(r&ﬁﬂﬁ)lmp\/wmhﬂnﬂ-ﬂ@é}lﬂh sooreya{ri (vertyinaush imprivedipr 2 (much
) schi zophrenjform and. schi zoaf f ect i.ve . di . b .
o35 RGN SRR Y FEELY R 1 BRI bRl
Guy, W SER)ZUINEE Nseskriort MEHRA f¥r PR tloptlatacipgys iReivised, DHEW Pub. No.
synptons" such as halluclnatlonsg& S cig} y auditory
(ADM) Fn b Roslatillo MR Nationak lastiuts af Meisk Beiihe i 2480 as
voi ces), di sorgani zed thought processes and del usions
« Wl liv@nouRPARLdnY he HIRLOSTE: copbsition suebidity 18 fHediatdntien

attening, alogia, avolition, and anhedonia., )
that, when administered to a patient for treating a state, disorder or condition is sufficient to
effect such treatment. The “effective amount” will vary depending on the active ingredient, the
state, disorder, or condition to be treated and its severity, and the age, weight, physical condition
and responsiveness of the mammal to be treated. According to one embodiment of the present
invention, an effective amount of a composition containing a compound of Formula (I) (e.g.,
cariprazine hydrochloride) and an SSRI (e.g., escitalopram oxalate) is an amount effective to
treat a central nervous system disorder, such as, schizophrenia, major depressive disorder,

treatment resistant major depressive disorder, bipolar depression, general anxiety disorder, social

anxiety disorder, post traumatic stress disorder, or panic attacks.
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The term "the negative synptons of schizophrenia"

refer to a class of synptons of schizophrenia which
w@ea0v9bzseonsi dered to reflect a |l oss in functipaED$2008/072066

di rected thought or activity. Negative synptons of

schi zophrenia are well known in the art, and include

affective flattening (characterized by, for exanple,

an i mobi | e and/ or unresponsive facial expression,

ARaBject)t Pati@it ird@hord Admingstuti@dofitbel glefaaﬂgia&gm))purail iogn effective
poverty of speec r.bri

therapeu'fr(“éi?g}“éeél) b Bisge p sﬁm%%r&?&b 323213‘9 A Chﬁ%s‘a B aty Byl

1nclud1n££’§tﬁ&rato§'§’ hdinkVintiRe doRtekt Gt rialngt sErREdiNg @ﬂﬁctﬂl@}aéxpéhmeﬁtt Ehilis,
activities), anhedonia (loss of interest or pleasure),

as can beasadilyaippieciated dy ot obesdinaty Sl indhaath thenetheds; sosppounds dnd
composué(%ato? %era*)?%ﬁl?t 1H\¢etrnt1 %grptnxf%u g’ﬁhféﬁﬁo Mﬁ‘ﬁﬁtr&t@on tB Qﬁy% arﬁfnal

negat | synpt ons of
particulaflgl Iniahﬁhxlﬁ:mdana’lﬁyng; dutissmsmehs ligiited ta ﬂpymmget, Herdestio gyimals,

known in the.art.includi no
such a FERTRGR CPRYEHIAET ETRAPTIRY. Sisies opiorCh oy ohlie
caprine, B’\Qﬁé taha{ ordfHé smsjeaé iR D3 GihcBralrathé WANSB)naz'BbR)gRERS
S have subscal es or factors that can be

garden), PGB MEIS g #H FCoP DB, S EhecBORFS ot BEo"ion
species, gl%ﬁ af Qﬁgk t?l% §<§n|g§ﬁ)<$sg bkl g&l foY vaesRiy ¥RdRMMRE.0NS:

exanp r the Assessment of Negative
Synptons (SANS), the Negative Synptons Assessnent
ThiiSAyn ahdutt he“aBptostiudtely weans rthoesn @C@ptég}%rmﬁ@ge%?e

i 45368 eSO 0 3k, o g o

how the $#l@€ isfrh@alrey ondsa@nsnadgi.ab¢ hmvtalcmy nﬁth@ measyremerit system. For

exampleg‘(\‘;az)lf){flqaglgle g\%%%ghlgtl hog rmSC ah;gsl f1 oﬁaﬁé %%g’t;eosré ﬁp %ragtfice in the art.
Altematﬁl%fy' eloiit anaelREEH thd dobhpSsilbrsaah hah plus beférs atrange of up to
ognitive deficits in schlzophrenla patients.
20%, prffo@hmupvte 10Ypmiorernspferably @éﬁl Fophrenia is a core
feature of the illness (i.e. not a result of treatnent

or clinical synptons) .E@gﬁiﬂ;li;g/e deficits include, but
are not limted to deficits of attenti on/vi gi | ance,
wor ki ng nenory, verbal |earnjng

Thesboyiag caimptesse persHBoFNG PG BT gt <ftignpngishould not be

oci..a
hi RSB 18 2l WRY Q4many variations and equivalents
constuGet lnﬁmligt% édé’%f e G R B T T v

that are éﬁfon@aﬁ@d by tleqéseatphventiomyilbhachma sppament W beserskilled anthg art
Sortlgngest ).

upon reading the present dlsglosure
Example 1: Dual-Probe Microdialysis Analysis of Acetylcholine, Dopamine and

Serotonin in the Frontal Cortex of Freely-Moving Rats

A dual-probe microdialysis study was conducted to determine the effects of oral
administration of cariprazine hydrochloride, alone and in combination with escitalopram oxalate
(administered subcutaneously), on extracellular concentrations of acetylcholine (ACh), dopamine

(DA) and serotonin (5-HT) in the frontal cortex of freely-moving rats.
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The ternms "treat," "treatnment,"” and "treating" refer
to one or nore of the following: (a) relieving or
w@bdoewrmdi ng at | east one synptom of a di sor dePCT/ISA08/072066
subj ect, including for exanple, allergic and
i nflammat ory di sorders, such as asthma and COPD; (b)
relieving or alleviating the intensity and/or duration
of a manifestation of a disorder experienced by a
Animals subkmegtoningigl udi ng, but not limted to, those that are
in response to a given stimulus (e.g., pressure,

E%J%%'ﬁ#e%ts' VOJE gcyme(? \%tqre &3%?%19 'iﬁwlé?yt gtSEZSO(-@O FABdd ?%\Féléhg

€ onse rior to ctinical
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om at 07. 8 W gy P A gt AE 6] 4 Pt e R oF e g Rt
were avaflR8€ bd lisghrh NAhinei1RYE biYowdd to labtinuigibd @, thdry ’boxﬂﬂﬂioﬂs if A aft Eelst
to, depressive disorders, such as nmjor depressive
5 days prigrdefestudypat i ent s sufferlng from"treatnent resistant
depression” include (1) those who fail to respond to
&”gaystandard_doses (i.e., significantly superior to
pl acebo i n doubl e-blind studies) of antidepressants
(such as SSRIs) adm ni stered continuously
Rafsriy avepnagethetise Wltbﬂsoﬁuméék%/" toan@ucez?)%ttwg@thn 2 Op/NeQ

(1 11tre/n{1§ %apc%] %g&?l)e%% Hver Ot a a%stﬁ%w%ﬂi‘g BARRE REAAL SEPUENUK).

m ni stered conti nuously
Concentlfi@mlcaodnlmmpmmbmvﬂt 2 om efposdl més@ksdethemléphqnet(w&) merpbrane

oo PG M R e RPN BRI B fogrnate -
+3.2 mmCIfU. liu-,@ 8 Imrsk@Rale tb BRERS SV 04:0l mrreldgveen tthe R sirfacsriokan from
(0]

NS 7 T L AR T T T

Coordm&g il Ifﬂ?t%neLbrﬁlogeAbarﬂ@ﬁhd I‘}e@l@%y\/ THLPper inEidkBlek was set at

Asdessnent Manual for Psychopharmacol ogy, Revised,
3.3 mm wmumerml llcmambe $Q9 surfensibevaca bragma ang iandidawas

horlzont%‘lng[{l}h tfclilcgr ates (%r L& éarg?ea\lvérg %de;'lt?(?aﬁ; frof%rbr;%%tlzf Q&E‘St\fgr the batetral

nt o on accord
measurebnldfy ds I’(Wléﬁio'b@ IWaﬁ blated tofierieadfiiha mdlmee\dd tle ahquaa the mlghtf or

treating tate, disqrder onditio s suffic

Samples;pre eI TR 123 MR 1 ooyt & ?%%PHOS%WS?T%%%% o meaﬁ“fte ACh

and ri ghV SoYe H8PRRE Bl IR 2AC S IVD. AQgitdHAIdErhold3Gvedd @bde, for skull
di sorder, or condition to be treated and its severity,

screws (staialleshesechlamd thasprghis woshsRshied sigg Aental cgment.

Following surgery, animals were individually housed in circular chambers (dimensions
450 mm internal diameter, 320 mm wall height) with the microdialysis probes connected to a
liquid swivel and a counter-balanced arm to allow unrestricted movement. Rats were allowed a
recovery period of at least 16 h with food and water available ad libitum. During this time the
probes were continuously perfused at a flow rate of 1.2 pl/min with an artificial cerebrospinal
fluid (aCSF; Harvard Apparatus, UK) of the following electrolyte composition (in mM): sodium
150; potassium 3.0; magnesium 0.8; calcium 1.4; phosphate 1.0; chloride 155.0. In addition, the
aCSF perfusate for the probe measuring ACh levels contained neostigmine (1 pM), a

cholinesterase inhibitor which prevented the breakdown of ACh in these samples.
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and responsi veness of the mammal to be treated.

Accordi ng to one enbodi nent of the present invention,
w@moehtmset i ve anmount of a conposition contai ni PQI/ES2008/072066

conmpound of Formula (lI) (e.g., cariprazine

hydrochl ori de) and an SSRI (e.g., escital opram

oxal ate) is an anobunt effective to treat a centra

nervous system di sorder, such as, schizophrenia, major

Microdia%%@%%ﬁ%d)h@uﬂhﬁ@h@}EDrug;s'r eat ment resistant najor
epressi ve di sorder blpolar depr essi on, genera

anxi ety di sorder nxi ety disorder
The experept %%Srpégfgﬂmdég? g"é’r aﬂ%?‘ﬂ”%%}ﬁ t? %(S?‘ﬁéﬁ@gﬁs w5 colgeted
every 20 ¥in Rk & thin B2 @mg%@ﬁﬁrﬁétfaftlbﬁlhhtﬂr240fmlﬁ Bertdhey a’imﬁhh'&ﬂrzﬁlon (16
conmpound Is an effective therapeutic reglnen for

samples i teehfem sachdirelon; dore-irg pndi 2pestrpey Hipamp! eémef%%f#ef}sd into
I

e g NS Bl o1 s

5-HT onBX pefrevennbxidakionof tl&meumtraxhsmlttead&(lilysaafmlnse’mran@dedwelaﬁ@ap

o S Bl S S L5 s SRR

completiBRDE thé Hk}?é'hlniénﬁ Wil kRfhb1EPwad BloRdds: F8PC antiltapalysy. dhd HALC
particularly a manmmal , and including, but b

analysis pf Brtand StEST imheneeisof serphss andcofAh i e Seé‘af&f%%’asr Céﬂgl‘fi??éed over
l's, such as but not
ﬂwrmn#ﬁ%f@ghyfo ogﬁﬁ%@eé%ﬁﬁﬁg%ﬁgggrlne ovi ne, and porci ne
subjects, wild aninmals (whether in the wild or in a
zool ogi " mgaelen), research animals, such as mce,
Bis@l S, rabblks goats, sheep, pigs, dogs, cats, etc.,
ravianTSPECTES, T suci1as Ichirckens| tur Keys, Son bi rds,
wet®. i 8.0 far veteriMary nedi'tal”use. TThE %?ﬁ?“““bs
"“about” dr “agprdxi fat &l y* nBan$ vEthin ‘an acceptaFJp
error range for the particular value as determ ned by
Chprined gr@ﬂo@ﬁbbfdesé@' d3l 0J1and b8 ndg/kg) onkEldble (W % meteyetidlose)
art on how the value is neasured or deterrpnedf2 1R of
were admhvestctrpdﬁn@ ahei GrlOWE USRS 2 SRVREE (RMUFIPE & Jatingyolpyp of 2 mlkg o

body we S%ilatl r{P&,%q 00 %th Sathl oXM14B {10 ﬁagﬁkrgg B‘io‘fe%ldleh@ﬁhrib)

evi at1 ons, practice I'n he art
admlmst%fddefﬂa’mﬂacwteuhepus ihﬁgbm (dosmg Molumsg pé(l;tml{k@ of hedy weight).
conposi tions can mean plus or mnus a range of up to

bly up to 10% nore preferably up to 5%
lh¥mn”ﬁﬁﬁkbfégﬁﬁﬁé”?olIomnng exanpl es are nerely
illustrative of the present invention and shoul d not
beecionahd sedeqent quantification icboieDPeand 5-H R én thagame dighysis n
samples mvolw\/N% the usen?né(feysg-rphgstel 1(c)>¥1]-spa1"jrl @&L%qc%lu}g@h S lectrochemical

detection. Briefly, the method employed a Spherisil reverse-phase column packed with ODS2,

3 pm particles (150 x 2.1 mm internal diameter; Capital HPLC, UK). A Gynkotek solvent
delivery pump was used to circulate mobile phase (10.5 mM sodium acetate, 0.27 mM EDTA,
2.5 mM 1-octane sulphonic acid, 18% methanol, 0.18% glacial acetic acid, pH 5.5) at a flow rate
of 0.2 ml/min and a Jour X-Act in-line degassing unit was used to remove air. Samples (20 ul)
were injected onto the column via a Spark Holland Triathlon autosampler with a cooling tray set
at 4 °C. An Antec Intro electrochemical detector was used and an Antec VT-03 cell employing a

high-density, glassy carbon working electrode (+0.70 V) combined with an Ag/AgCl reference
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that are enconpassed by the present invention wll
becone apparent to those skilled in the art upon

WO e@diomgot he present di sclosure. Exanple 1: DuedFBsmb®072066
M crodi al ysis Anal ysis of Acetyl choline, Dopan ne and
Serotonin in the Frontal Cortex of Freely-Mving Rats
A dual - probe m crodial ysis study was conducted to
determ ne the effects of oral adm nistration of

electrodeC Arhle RIed&b ¥ M IV ACiRlegratadQisingladleb o b dlata:mqblsn@hlsmem
wi th escital opram oxal at g%,éadm nistere

(Perkin-Elspu esieabussiufipn obRARE PALE(]- Bl SR BiEdieluton in
a mlxturé‘&ﬁh_r%ﬁﬁ%ﬁt%t%g of MSed%@é%@ 8.1(VP rcﬁl@gc 868 ghQRddi to prevent

frontal cortex of freely-noving
oxidatiom)and stredretft §C.aAdvEking s@nh@hwamp@mdrﬁbﬁvby\ﬂéw@r@a rESEd
out in male Sprague Dawl ey rats (250-350 g body

AcetylchX\f?;legfmai ?harl es River, UK). Aninmals were housed in
oups Of six on a 12 h/12 h light/dark cycle (lights

on at 07.30 h), at an anbient tenperature of 212C and
DE62066 fdriubiieqyent Rotifigation of A&t indiabystnsamplep fyolygd the use of a

Unijet m&cg?]o&r? g}&mkgp@%\ﬁ&% @h %R%Fesegﬁf? rhl%glr%a'tl ga%éh&ﬁ hptgfsl'}ﬁéﬁod

ACh was&bpaafey oRalicsanaBtieal aﬂlaﬁﬁlt(ln @irh $ 680 wint, [5 Lins Oﬂ]&) raachem(v@%dttg
duce, 2% to tgﬁl nt ai

hydroger By O el ¥ e pitoB eEReebebA e S BE) e Y (dase

(ChOx) WhicH %EE &Mdb@l?éed %aﬁb&%&m{dﬁME}@mﬁﬁm 30 tim, 10 pm AChE ChOx).
m crodi al ysis probes with 2 nm expose

The resuffaityFhPy was Fedpead) qgﬁb%@riapmfsyn REYBY- awélftefi Blasnmabopeigtrode.
High concegti‘a%%;l c%%“ﬁ%/ %dh’jr? uf eor qn@k r@érferr% tf tHeQ]%lQnﬁtH?ons of ACh but

cor I nates :
the addlti‘dn-ﬁ aﬁ)rdfmﬂu‘nﬁi EMER eridxo bireesgpatytical: coMnOcqmnlmeg gnmql@hmgl ChOx

e 55 ST SRR 5 i

prior to Bfr&hitobRplHt SépRAkIBN] A @Qﬂlb’@k Relves del?.\t’c\,dy Iﬁdmi wasused ancoonlate
Academ ¢ Press, 1986). The upper, inc

Rt e N R IR A o I
pH 8.5) %tl(_“)go i{lc%? ﬁag?gft (y\?.ﬁlgh/pﬁ!ﬁﬂl@ J@ﬁ‘xd)dmﬁnég%?l A a?'uﬁﬁ Riadused kB €emove

probe were id frombregma
air. Sanq»mse(pa) uf)overd imEctedtoetoathe erdus vrretperkadoliang Triaten aigsampler

with a cgqlﬁxﬁ Callytsgt att Q@c.' %1 IM%O elg!:tgclchaﬁlcgln&tetctb? v&QE 0§ 2h@ ah Afitec
VT-03 cell employing a high-density, glassy carbon working electrode (-0.1 V) combined with

an Ag/AgCl reference electrode. The electrode signal was integrated using a Turbochrom data
acquisition system (Perkin-Elmer). A stock solution of ACh (1.0 mM) was prepared by its
dissolution in a standard diluent solution and stored at 4 °C. A working solution was prepared

daily by dilution in the standard diluent.
Histology

At the end of the experiments, rats were killed and their brains rapidly removed and
stored in a 10% v/v formal saline solution for a minimum of 5 days. Sections (100 um) were cut
on a vibratome and probe placements were visualised and localised with reference to a

stereotaxic atlas (Paxinos G, Watson C. The Rat Brain in Stereotaxic Coordinates, 2" Edition,
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Sanpl es were neasured fromthe sane side in each rat

(e.g. left probe was used to neasure ACh and ri ght
w@embe2osas used to neasure DA and 5-HT). Addi t PonEk2008/072066

burr hol es were made for skull screws (stainless

steel) and the probes were secured using dental

cenent. Follow ng surgery, animals were individually

housed in circul ar chanbers (di nensions 450 nm

London: A@icﬁﬁg@i’rlegd 298Y). eDgta?vé’a@ ofilY rédried i@npitithaliwthbretphébe membranes
m crodi al ysis probes connected to a liquid swivel and
were corrgotboppsttioneh s thhEedalePHe® 0 al | ow unrestricted novenent.

Rats were allowed a recovery period of at |east 16 h

Drugand’\kédgerﬁtQOd and water available ad libitum During this
t he probes were continuously perfused at a fl ow
rate of 2 mM/mnwth an art|f|C|aIfA§arebr

Chriprpging hxés@hlq%iﬁm OGS PA oM SMPEIRIUTG ¢ faffer Pfgﬂs) owsnﬁsed
during fo%glgﬁ&f)z!lﬂﬁt ? cféﬁ’é@(%éé HekR B fhe Breb ﬁMe ASRAk $6Nd&A0.1635 mg/ml) of

pot assi um magnesi um 0. 8; cal cium 1. 4; phosphate
the drug Wa@prepdwbcbfreshdoﬂ@sh expetimenidbidayi within pOmimofshe %gﬁé@atlsératlon

by the adﬂglggt ?g %gﬁceiﬂs W Lad! genﬁgﬁglnagléﬁ ﬁ%leg g‘ﬂ%rﬁ h'\xﬂigeg Addl\hglnal drug

solutionsP ey F‘ﬁbﬁéd bje dviteakd ovrstark séi@tion.n t hese
sanpl es. M crodi al ysi s and Adm ni st ratl on of Drugs The

exper.i nt wa erforned the .d
o B llp i ST DS DT P D PRy D SHOIYS vas gt
during fomnﬁlati&g 5&{@1&{&9 ?&lémdﬁér% fh@tﬂrele MadeNAl sbluﬁéﬂ(lﬂl&hng/ftﬂl)‘:‘dsf the drug
adm ni strati t
was peppredBish b aspermenia) ey BB e ke Al aRdp dhe
C
ssion USRS B BROEDARY Lo mLADE et of

dropwiseeatditfontdT 1 dNINyQH(pH pange €18t— 0%)- dat i on of t he
neur ot ransrri tters. ACh sanples were imediately snap

n US a
werd SesPged At BabysRaa. HubC phlep EDTRTPUERL
1- octane%ﬁ]@ﬁbmﬁeﬁﬂ,, peBthlorﬁ:a:rmiL glacinlerceticsiodt, eoliam ac@@e,Orihatphpsphoric
LRI TN R IR M e
Dopamn%vfﬁfdr&chﬁmﬁg BRd 5L edroRftryphghineakatindlel salphag were purchased from

experinmentation. Drug adm nistration Ba% 3 /L d
Sigma Cherhicpl Gompany (UK) pnd acgtyjchpline chloride was purchase from BASIi (UK).

Statistical Analysis

In all experiments, pre- and post-drug data were log transformed and the four pre-drug
values were averaged to provide a basal value. Results were back-transformed. Thus, means
were adjusted for differences between treatment groups at baseline. Due to occasional
chromatography problems not every sample analysed provided data. Therefore, the actual n
value varies at each time point. At each post-treatment time point, a one-way analysis of
covariance (ANCOVA) was used with (log)baseline as the covariate and treatment as the factor.
Each dose of cariprazine hydrochloride with saline was compared to 1% methylcellulose with
saline by Williams’ test. Each dose of cariprazine hydrochloride with escitalopram oxalate was

compared to 1% methylcellulose with escitalopram oxalate by Williams’ test. Each dose of
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wd sooblo2mspsanpl es Cari prazi ne hydrochl ori de (0.P28r/US2088/072066

and 0.3 ng/kg) or vehicle (1% nethyl cel | ul ose) were

adm nistered via the oral route using a gavage (po)

using a dosing volume of 2 m/kg of body weight in

conmbi nation with escital opram oxal ate (1.0 ng/kg) or
caripraziethidedchlofiga leﬂhe);cmmpsram S)tﬂ‘ted'am:canpwédau tleerseme Slose of

ect | dosi f .1 .m/ b h
carprazinsOpinehiPrdh o @ spievals o Bvlsdeet: Fon g ¥ idibusea
residuals Wéa‘léu’léi&i P fheQﬁagﬁﬁﬁ(ﬂ: I Anlichtiddd résiiublasS@eater than 3, the

sis sanples involved the use of reverse-phase,

Samplewaé)ﬁx efl fiqoy e gealyied wi th el ectrocheni cal detection.
Briefly, the nmethod enpl oyed a Spherisil reverse-phase

{
A?%Jtlﬁei%hggﬂglkggl }‘\Aez?l% @%@hlogdé&i&ﬂg@ L(Jj%jcd) £%nd @g%gﬂk% pd) EEdno

significagciffeetron thietfflue pngﬁunﬁmevfamta!u SeuEx: disentalmarapéalﬁﬁ%l p eng/kg, sc)

sodi um acetate, 0.27 mM EDTA, 2.5 nM
had no elgecgg?g%%pl)gll%m c acid, 18% methanol, 0.18% gl aci al

acetic acid, pH5.5) at a flowrate of 0.2 mM/mn and
mnﬂnaune Kydﬁ&()(thlcbrrdel 02 antb@;asrg/k@ ponint combinatior avithgsqitakaprasm

oxalate (i 0 %lf naoﬁardif%e(%fﬁn? %&lﬁ? (B?]VC nxjegsgltg %lcgﬁgﬁ%o{lﬁn%ggllcqgﬂeﬁé@

controls.t Ca¥preMie BidrsthdEde 13 AglkeCpd) Rt dscitbearh orsihe msnhéd ina small

det ect or was_ used and an_ Ant ec -
but signiigagh AeFOTRSY TIDAGTIESA) S0 ATL I TGOV PEEIBALOT, Leazged t
canpraz&(% &tﬂl&ﬁg Wahfﬂe BBt &OAEs (1384 emans®s) 2 ﬁ’s‘é@y) The

ectrode signal was Integrated using a rbochrom
data acquisition system (Perkin-El ner)

Asimlnusnramn@ﬁ coypragins Iydrgrhionidealeng (Ofs 016 eep 9r3éﬂg/l§§b Peh@gno
mgmﬁcagt esf?eg ol”htt'gg fo{ug oft5! 'ﬁf%x%lig%&t @J{ ﬁé&ﬂgﬁ)gltahle&aﬁfte (1.0 mg/kg,

ef oni oric aci in order to
sc) had ﬂoreé&etnin taxdl T bavpls Shdpstioe hyjdrathldﬁdmj() OAnwék% (iYor

iy SR e RS b Bl e B o i s
drug adn%ﬁﬁ&ﬁd‘d SchpRe t@fcapﬁ%zm@hﬂh@hwds +salip-eatédooatrvie G3B%¢
use of a Uni %ﬁt m crobore ACh/ Ch kit § w
CariprazygiethtydesclletideOnemeka) P dreseitalpipm pralath fesu ‘H&élg%éﬁ’a%s
increase Y 5~ g@%fﬁ n,g%c 19?85{"}2110@/ L drSifHsteSInt B8inglared (8 Whrfprdi Wfdrochloride

+ saline- treated controls (106%). Carlprazme hydrochloride (0.3 mg/kg, po) + escitalopram

—

oxalate resulted in small but significant decreases in 5-HT efflux, 200 and 240 min post-drug
administration, compared to cariprazine hydrochloride + saline-treated controls (-32% and -48%,

respectively).

Administration of cariprazine hydrochloride alone (0.03, 0.1 and 0.3 mg/kg, po) had no
significant effect on the efflux of ACh in the frontal cortex. Escitalopram oxalate (1.0 mg/kg, sc)
resulted in significant decreases in basal ACh levels, 100 and 240 min post-administration,

compared to vehicle + saline-treated controls (-55% and -56%, respectively).
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hydr ogen peroxide (H2Q2) by the action of
acetyl chol i nesterase (AChE) and chol i ne oxi dase (ChOx)
wovkioe208eT € | rMobi | i sed on a post col um | VER ¥CUus1o0&072066
nmm 10 nm AChE- ChOx). The resultant H2O2 was reduced
on the surface of an enzyne-nodified glassy carbon
el ectrode. Hi gh concentrations of choline (Ch) can
sonmetines interfere with the quantitations of ACh but
Chidsta ARG dr Rl @fde 20.03, €C0ANATTB YRR, 10)] i@fcoinbinktien with
anal ytical colum, contajning immobilized ChOx and..
escitaloprean eakese(1(0 mefkEasch dadg cifest ARAGRdRYelteRYs the)corepsnding
. phe present in the sanple prior to
vehicle u%ﬁ%%%}?%g%]aphi c separation. A Gynkotek sol vent

delivery punmp was used to circul ate nobile phase (50
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little or nb@ffearon\iesaneuroiGanmitess ¢ 21 thelexceptiomof agnaadk dedreasetin Ahdevels
.colum via a Spark Holland Triathlon autosanpler wth
at two e pJPTi ng tray set at 4 OC. An Antec Intro

el ectrochem cal detector was used and an Antec VT-03 _
(B8plazifRYRYENGidR i giritdiepsint, yimpisksed/incambomntion rksb hed little

el ectrode (-0. 1V). conbjped w th an Al reference
or no effeqt en exErsellulanigvely @é%o%‘éﬁs%#&t“ ipde rﬁé‘%ﬂﬁ&?‘éﬁ" using a
Tur bochrom data acquisition system (Perkin-Elnmer). A

Examplé20C ba?i?}éﬂiﬁ@ﬁy@tfocﬂi@hid@ in Q OnMdnivasilPSEp Modd yf Depression
di ssolution in a standard diluent solution and stored

at 4 0C. A working, solution was prepared.daily.h :

Tai sincerielteq 1 2Bt EREFsF T e tot ah e PR BYBGEHIAdS  dheshepnic
mild stre@d dl\gﬁ HSREbf Sion.” RAESmMR1s6n 16 thé SMicaybftaticyduli ns

ra&n y renoved and stored in a 10%v/v formal saline
antidepressdmii toropovindimiprarhing masreled m8dejays. Sections (100 nm)

were cut on a vi bratone and probe pl acenents were

l\éf%lg %lsftaisﬁg g 'ruiaagl:e?lﬁb ﬁ%gra’t'gr%gnd £JuSing R6Rifi¢hsTor 3 weeks,

ereotaxi c at axl nos Watson C. The Rat Brain
followed ty SHopti@ptbasham@tion df Hatsesosedolutigh foren aidifiers 5 weeks before

) Academ c Press 13’865#8 D(?ta was only reported from
being sepg{plih frdo W?oiariiir% & STEREY 88> were correctly
positioned in the frontal cortex. Drug and Reagents

Eabhip sRdk Mas lied ehihe nilabeted@souptior ederayeaksdrhe following

t enper at ur e. fac f 1. .
stressors wgg used: food an@or wattero ep%vat%on?c?ag‘é’%ﬁm%s(%j degrees backwards),
intermittent illumination, paired housing, soiled cage (250 mL of tap water in sawdust bedding),
stroboscopic illumination (150 flashed per minute), no stress. All stressors were 10-14 hours in
duration and were applied individually and continuously, once or twice weekly, during the day

and at night.

Consumption of sucrose solution was measured in 1-hour tests conducted on all animals
(i.e., controls and stressed) once weekly throughout the entire experiment. The tests were
preceded by 14 hours of food and water deprivation. On the basis of their sucrose intakes
following the initial 2 weeks of stress, both stressed and control animals received once-daily

chronic (5 weeks) IP injections of vehicle (1% methyl cellulose, 1 mL/kg), cariprazine
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during formulation and all drug doses refer to the

free base. A stock solution (0.1635 ng/m ) of the drug
wowmpeespared fresh for each experinental day p€T/Ds1008072066

mn of the drug adm nistration by the addition of 1%

nmet hyl cel | ul ose and gentle agitation under warm water.

Addi tional drug solutions were prepared by a dilution

of the stock solution. Escital opram oxal ate was stored
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analysis.gr ade. EDTA, nethanol, 1-octane sul phonic acid,
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hydrochloride was faster, i.e., increases in sucrose drinking were evident already at Week 1,

whereas the effect of imipramine was evident at Week 3.

The highest dose of cariprazine hydrochloride tested, 1 mg/kg, was inactive in the CMS
model. At this dose, cariprazine hydrochloride did not change sucrose intake in stressed animals
and significantly decreased the sucrose consumption in control animals.The 1 mg/kg dose is a
strongly sedative dose at which the D, antagonist nature of the compound may predominate

resulting in a decrease of sucrose intake even in the non-stressed animals.
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Stress Procedure

The animals were first trained to consume a 1% sucrose solution; training consisted of
nine 1h baseline tests in which sucrose was presented, in the home cage, following 14h food and
water deprivation. The sucrose intake was measured by weighing pre-weighed bottles containing
the sucrose solution, at the end of the test. Subsequently, sucrose consumption was monitored,

under similar conditions, at weekly intervals throughout the whole experiment.

On the basis of their sucrose intakes in the final baseline test, the animals were divided

into two matched groups. One group of animals was subjected to the chronic mild stress
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cariprazine hydrochloride and escitalopram oxalate are expressed in mg free base per kg body

weight.
Statistics

All results obtained in this study were analyzed by multiple analyses of variance with
three between-subjects factors (stress/control, drug treatments and successive sucrose tests). The

Fisher's LSD test was used for post-hoc comparisons of means.

Chronic mild stress caused a gradual decrease in the consumption of 1% sucrose solution.
In the final baseline test, all animals drank approximately 13 g of sucrose solution. Following

initial two weeks of stress, intakes remained at similar level in controls but fell to 7.5 g in
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As compared to vehicle administration, cariprazine hydrochloride gradually increased the
sucrose consumption in stressed animals, resulting in a significant Treatment effect [F(1,84) =

37.782; p<0.001] but not Treatment x Weeks interaction [F(5,84) = 2.057; p=0.0784].

As compared to Week 0 scores, the increases in sucrose intake in stressed animals
administered cariprazine hydrochloride reached statistical significance after the first week of
treatment (p=0.009) and this effect was maintained and enhanced thereafter. One stressed animal
showed rather weak response to 0.065 mg/kg of cariprazine hydrochloride but it was not

eliminated from the analysis.
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As compared to Week 0 scores, the increases in sucrose intake in stressed animals
administered cariprazine hydrochloride reached statistical significance after three weeks of
treatment (p=0.032) and this effect was enhanced thereafter. Three stressed animals showed
weak or lack of response to joint injections of cariprazine hydrochloride (0.03 mg/kg) and

escitalopram oxalate but they were was not eliminated from the analysis.

Figure 6 shows the effects of chronic treatment with vehicle, escitalopram oxalate (2
mg/kg. IP, once daily) and cariprazine hydrochloride (0.01 mg/kg base, IP, once daily)
administered alone or in combination with escitalopram oxalate on the consumption of 1%
sucrose solution in animals exposed to chronic mild stress. Treatment commenced following 2

weeks of initial stress. Values are means +/- SEM.
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insamimseragatheishickegraaisl P Reithen SPRlpRigm oxalate [F(1, [4) = 0.157;

NS] nor cariprazine hydrochloride alone [0.065 mg/kg: F(1,14) =2.111; NS, 0.03 mg/kg: F(1,14)
= 0.406; NS, 0.01 mg/kg: F(1,14) = 1.229; NS] or in combination with escitalopram oxalate
[0.03 mg/kg: F(1,14) = 0.308; NS, 0.01mg: F(1,14) = 0.022; NS] affected the body weights of

stressed animals.

The results of this study show that the CMS procedure causes a substantial decrease in
the consumption of 1% sucrose solution, and that this deficit can be fully reversed by chronic

treatment with escitalopram oxalate (three weeks to first significant effects) The effect of
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Example 4A: Evaluation of Cariprazine Hydrochloride and Escitalopram Oxalate for Anti-

Manic Effects in the Mouse Amphetamine-Chlordiazepoxide Hyperactivity Model

Cariprazine hydrochloride and escitalopram oxalate were evaluated for anti-manic effects

using the amphetamine/chlordiazepoxide (AMPH/CDP) hyperactivity test.
Animals

Male C57B1/6] mice from Jackson Laboratories (Bar Harbor, Maine) were used in this
study. Mice were received at 6-weeks of age. Upon receipt, mice were assigned unique
identification numbers (tail marked) and were group housed with 4 mice/cage. All animals
remained housed in groups of four during the remainder of the study. All mice were acclimated

to the colony room for at least two weeks prior to testing and were subsequently tested at an
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average agE BEYIRERS Jf BEL. EREEE thderdd OF ASRinRAGS WNpd o elxafmmed ona
Stressed animals, resulting in a Sﬁ%ﬁlflc I eat ment

regular basist b@ndle{d[,:%rggl wel ghe-d tey wsy@zdeciy@te@al]th suptapility, FREE
mamtaméééoqlkasli/ ? ﬁ%ﬁ/ﬁgﬂk(wclg Fhe R t&‘nQ@thurepw% Hi8tined Bétween 20 and

scores, the increases in sucrose
23°C W1th nta&ezelhunsdlryes&etalradl betwlesn 3friand %Q"ér glowand prigy VAE

ydr ochl or j rea tiSti n|f|
povid (U 5 b G P 0 Bl ST SRR BoR B
Cnmsﬁ&%ﬁmﬁ?ﬁﬂﬁﬁlned and enhanced thereafter Cne stressed
ani ma owed rat her weak response to 0.065 ng/ kg of

cari prazi ne hydrochloride but it was not elim nated
Drug Admingsiiatiie anal ysis. Figure 5 shows the effects of

chronlc treatment with vehicle, escital opram oxalate

& &ﬁ&@xgﬁkhy) and cari prazi ne
ydrochlorl e (0.03 ng/kg base, |P, once daily)

adm ni stered al one or in caonbinati on wit | t.al opram
. deAmpletamion sulfate Signsu fmgke)epd f@b"%ﬁ‘g‘é ottt #’éﬂ’“‘ ?Tg
mg/kg) v%eé%ﬁe%%?z%eg)&? gﬁ%ﬁfé waer @Rl %fecadmnlng’tel%a ﬁﬁﬁa?entxﬁ@iﬁsr AEfN8ose volume

ow ng 2 weeks of initial stress. Val ues
of 10 ml&ge neans +/- SEM As conpared to vehicle

adm ni stration, cariprazine hydrochloride al one
raduall cre
R PR BB GO P SR s
was adn@li§i6ell irltfabérit8dally allfddhd Folup@.ob 00 }nl/rkgﬁ 0muit piiertatwatsnor ¢-

Weeks interaction [F(5,84) = 1.819; NS]. As conpared
amphetamine(@RR n0XW@r es, the i ncreases in sucrose intake in

stressed ani mal s adm ni stered cari prazi ne
. cFBﬁﬁiEa%ﬁE' QlilodRlof §@IBT0 30,2l 913068 k9 g8 efciitapraen @fatase (0.5,
our s of treatnent (p—O 003) . and hlﬁ ef fect wWas o
2.0, and érﬂ‘mgﬁkgﬂwtrh diseclfedain stemijagvaier and admimsierad pally mﬂ"&l‘?e volume o
10 ml/kg]%plﬁ%ﬁ/\% a@es Bog glﬁgﬁe?ar%ng%ﬂmﬁ&%@f ThSdds& @EZhfrazine

Fea they were not elinnated
hydrochfdi‘ﬂ@hﬁ(h %ciiﬁlaﬂvryﬁu oalate are expressed in mg free base per kg body weight.

Methods

The open field test (OF) is used to assess both anxiety-like behavior and motor activity.
The open field chambers are plexiglas square chambers (27.3 x 27.3 x 20.3 cm; Med Associates
Inc., St Albans, VT) surrounded by infrared photobeam sources (16 x 16 x 16). Distance
traveled is measured by consecutive beam breaks. Total distance traveled during the test session
was used as an index of activity. After 60 minute pretreatment with water, cariprazine
hydrochloride or escitalopram oxalate, or 30 minute pretreatment with valproate, mice were

injected with water or d-amphetamine/CDP mixture (‘mixture’) and placed in the OF chambers
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As conpared to vehicle adm nistration, cariprazine
hydr ochl ori de adm nistered in conbination with
wesmohzisepr am oxal at e produced sinm | ar ef f ect SPCT/U82008/072066
gradual increase of the sucrose consunption in
stressed animals, resulting in a significant Treatnent
effect [F(1,84) = 12.595; pO 001] but not Treatnent x
Weeks interaction [F(5,84) = 1.639; NS]. As conpared
for a 60 mhif tdeRkKsith. SEORE8End dfleact speh Ei@Riasst isession thic0SE clhanttaksevdrn
stressed ani nmals adm nistered cariprazine
thoroughlpwlpaerdnl ori de reached statistical significance after
three weeks of treatnment (p=0.032) and this effect was

Smnst,cap@,l;}gﬁ%ed thereafter. Three stressed ani nals showed
weak or | ack of response to joint injections of

cari prazi ne_hydrochl ori.de . nd._.
Datg ¢vaf anadyried ﬁyé&%lvsa% of Bignce &éyw ﬁ& ‘ﬁaid“é‘?ef RERRPQg-hoc
analysis \Ll%@?lrghf) frigtd ahY Shfct was SohitdefedSiaMBeanig pef d.65 t Quilibrs that fell

treatment wth vehicle; escital opram oxal ate
above and Belowg/tkg stahdrd dngloajafrpyl)thgmgarb‘aerp mra(z\ieﬁ drom the final analys1s

hydr ochl ori de (O 01 ny/ kg base, I P, once daily)
dm 4 Itesc'it v%rthe? r@ rdcﬂlo%ggpf @&ﬁthl@ﬁrai’ﬂ $:0188 SHokwal @B rsadis of
at At i cons 0

e on tion 1% sucrose solution in
toxicity oa@d:dmtnsdﬁmgqsetcbatrmmhﬂesnng mld stress. Treatnent
commenced following 2 weeks of initial stress. Val ues

.ar +/- SEM As conpared to vehicle
TOtalD’SgHﬁFﬁE &gtl on, cariprazine hydrochl oride

significantly decreased t he sucrose consunpti on when
TaE sirhsity e et eﬁﬁeaﬂ é.4, Themtatrdistanes fiaveted sppmed ayerhexoQyginute
p=0. 027, Treatment x \eeks interact d
estperic) Bogic Ky e ea e BEEABUGPe P BB P ooy
mouse nﬁﬂ&@fﬁﬂaﬁﬁ%@sﬁ%ﬂﬁn Tappar-ed to V‘éek 0 scores. \Wen
a n1n|stered in conbination with eSC|tanpran1oxaIate

cari prazine drochlorid CI eas

TABIg hiskiffestob th mwg*tﬁﬁ'enﬂ? Fgrlpf% %ﬂ@ E““B?’Y%Fg’§?§s°‘“‘t‘°"mm
and i ncr egghtd HiEtHeBRKESocothotdiCA ¢tBsly of Micyveeks,
resulting in a non-significant Treatment effect

[F(l 84) = 0 12; NS] and Treatnent x—\eeks—jnteraction
84) = 1.562; NS|]. At the end ??tég?\é@ erl od
cihree ani mal s rBeeg Viergeot 1 ng/ kg fan‘é‘“rdl(ﬁ ‘P’E‘ n
ﬁ?f{ﬂ?%lchl oride plus escital opram okal alieea8 Fothad

snhancefent of sucveseeconsunptioh ovepl@e6ifkek of 12
val ues. [Fi gur walpraaiowe0 toatkepf f ect 5 of d&4itlon2¥ 10
treat nemt V\@;r{br@zﬂ{dmmmengygr ochl ori dese(HD4271 12
Cariprazine HCI (0.10 mg/kg) 1726 11#2 11

Cariprazine HCI (0.30 mg/kg) 917+ 73 12

Escitalopram oxalate (0.50 mg/kg) 4435 + 389 11

Escitalopram oxalate (2.0 mg/kg) 5939 + 369 11

Escitalopram oxalate (5.0 mg/kg) 6499 + 445 11

significant difference from vehicle-treated controls (p<0.05)

Neither valproate nor escitalopram oxalate (0.5, 2.0, and 5.0 mg/kg) had a significant
effect on basal activity compared to water-treated mice. Cariprazine hydrochloride (0.30 mg/kg)
significantly decreased the basal activity of the mice compared to water (p = 0.032), and 0.10
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W@ 208/0m35kg)

0.03 and 0. 065 ng/ kg) al one, escital opramoxal ate (2

ng/ kg) al one or cari prazi ne hydrochl oride (0.01 and

in conmbination with escital opram PXEIS1088/072066
on the consunption of 1% sucrose solution in animals
exposed to chronic mld stress. Treatnment commenced
followng 2 weeks of initial stress. Val ues are neans

+/- SEM Before the stress procedure was initiated

mg/kg caﬁﬂﬁﬁﬁé hytRdchldificteRhiBRedd tr@Rg6wlard AisipRlficaiitedeereasel ig baday

| er” than the controls (418 and 433 g,

1ocomot0r ﬁwéﬁﬁ@m@fﬂ togralerdP £k090hi ti al two weeks of stress

(Week 0) this difference was enhanced,
significant G oup effeghpifE(d, 62)

resulting in a
= 8.310; p=0.005].

As conpared to the vehicle-treated group, neither
escital opramoxalate [F(1, 14) = 0 157 NSl hor

cari prazi ne hydrochl oride aI@ﬁEDF@n6ﬁ§3Wﬂﬁkc: F(1, 14)
= pTéstConditisn |8 Tegtkent |F(1, ©m60aniy) 406; NS (. 01
mol kg: F(1, 14) = 1.229: N9 obman =M} nat ilon wilt h
esgi t alvaptam gxal afehicle0. 03 nm/ kG103 679 14) 5 32308;

NS, OVPIoDPF([1, Mehick 0. 022; BS91af fi®et ed tlhd1lbgdy
we

showt

#Qﬂﬁﬁkﬁhnﬁﬁ&€&§?ﬂmﬁ@&@ﬁ&ﬁﬂv%hﬁ<0esults of this study
at the CM5 procedure causes a substantia

decrease in_the consunpti

f 19
Adminiion Ohihs drBER T B gP RS FESTIANEY CER tlie

ma marl{elﬁ %‘f&g@fn 1}5\%

rst sign

whi ch was tested as reference t r eat nent

Ldnhbi&SElitia) QR dhite (three weeks to
icant effeects) The effect ofim pram ne,

in parallel

studi es, also reached JiAJHiEBcance after three weeks
of adm nistration. Cariprazine hydrochl ori de appears
trobe—active in the CVE Nodelqf DRGREESST Pbn; when

¢ d o5 el @Ry P. 03 i/ kg,
_tdlggspt deuo% re?l{me pwcra ﬁi@%wgr pse dri nkijng
[ B Tagny t udg; of
e ?Yeﬂ?ﬁi“?. ool b s compan gt et o
{| nAMBHARE { al JalPmAfoxal at e Hél? covery at “t he |end
df _treatnent né #90588/%8lit |t he onset st on—of —th

mosignificwitdéffedense from the MEZWF‘R‘&I Gqyp é‘(ﬁ)astalnt ially

the first significant effect was observed

faster;

qacinﬁﬁégy’aofg%f Ivglwhcﬂaa stléi\ﬁf idahfly BRS¢ BE dasPhetamidethl ediazepoxide

are

ree eks required by the dose

mixture (AMPH/CDP)-induced hyperactivity in mice

TABLE 4: Effect of the Administration of Cariprazine Hydrochloride and Escitalopram

Oxalate on the d-Amphetamine/Chlordiazepoxide Mixture (AMPH/CDP)-Induced

Hyperactivity in Mice
Total Distance
Test Condition Drug Treatment Traveled (cm/60 min) n
[mean + SEM]]
AMPH/CDP Vehicle 33591 £ 1106 11
Cariprazine HCI (0.03 mg/kg) 32122 + 2942* 12
Cariprazine HCI (0.10 mg/kg) 13688 + 234? 12
Cariprazine HCI (0.30 mg/kg) 2525+ 204 11
Escitalopram oxalate 30067 + 1901 12
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of 0.03 ng/kg cariprazine hydrochl oride and by
escital opram oxal ate) and this effect was enhanced

wo beoezisper . Cari prazi ne hydrochl ori de, adm ni B¢ BUSDOS/072066
conmbi nation with escital opram oxal ate, caused simlar
effects (both in terns of the magnitude and the onset
of action) to those observed follow ng single
i njections of both compounds. At the | owest dose of
0. 01 no/ kg, cari pfoasihgkgydrochl oride decreased the

sucrose cqnsSUNMEsLRopthie BxAStET ni st ered al on d
esci t al oprlam oxallz@.gn{ Xr sed this de’*é?%%\%@?@ the !

| ast two to ampl € 4A7 Eval yati on of
Cari prazin and Esci t aPOpioahd Bal at e

—Ant—Mante—FEHeet s -t he—Mouse
S’g’%(‘li]‘fﬁ‘l’?é‘li’é?ﬁeﬁ%ej@ﬂ’ Beqels 5ﬁ6%?reg§r?—ll§prfgr<g'cots)l vity Model
Cari prazi ne hydrochloride and escital opram oxal ate
VR Rtea40d bkl addéariprizine impdriochlefides0t19 aud 13§ mgfkg) significantly

anphet am ne/ chl or di azepoxi de ( AMPH ractivi
decreased B I REISI DB B TREBIRTH OSvEF R FARBL b et Sk
oxalate (égt@%/l@gt) Iﬁ\’(ﬂ{c'ré%éecﬁﬁﬁ('iurgjﬂ{dﬂ@éd hy¥Bia @ity Wofraréd eclwhter (ph 6.003).

ce were received at 6-weeks of age. Upon,
Escitalopram exgdate (vf ow/ke pxhibitog; agfg‘@é tqwﬁr@l a slgnidicprtidepreaseiiy ppixture-

. nunbers. (tail an re group housed with 4
mducedlmpgreaft&\gaégom quél&frgr%?? rg'r?al ned housed in groups of
four during the remainder of the study. All mce were

Examplé4R: v idntef GaniprazihoHy drasblerideand Estisalaprany@xplatader Anti-
ior to testi d ;
vanic s i gVt Ao RN miRECopr BRIk i pefittieity Blodet

acclimtion, mce were exam ned on a regular basis,
daapebiae hyddehiowdeging dsditalopssurelaceegzyaustedfor pntirgnic effects

) suitability. ce r j Lhed on.. 12
using thq ar“@?]ﬂeyaﬁ‘é’i‘%c}’é?fmaé‘?poyfﬁg?‘?‘w{zghg@pgfaﬁtr@t%éést mai nt ai ned
between 20 and 23C with a relative hum dity maintai ned

Animalsbetween 30% and 70% Chow and water were provided ad
[ibitumfor the duration of the study. In each test,

1\8;]1'@ g:glggl/ gr{]ige ;@&g mgi/q) 31?0?nioﬁgl?sgm PG RRRritd (‘QB% 5 Rbr, Maine) were

used in this study. Upon receipt, mice were assigned unique identification numbers (tail marked)

and were group housed (4 mice/cage) in OPTI mouse ventilated cages. All animals remained
housed in groups of four during the remainder of the study. During the period of acclimation,
mice were examined on a regular basis, handled, and weighed to assure adequate health and
suitability. Mice were maintained on a 12/12 light/dark cycle. The room temperature was
maintained between 20 and 23°C with a relative humidity maintained between 30% and 70%.
Chow and water were provided ad libitum for the duration of the study. In each test, animals

were randomly assigned across treatment groups.
Drug Administration

The following compounds were used.
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The foll ow ng conpounds were used: d-Anphetam ne
sulfate (Sigm, 4.0 ng/kg) and chl ordi azepoxi de (CDP
wee@om20827 5 ng/ kg) were di ssolved in steril e wetBUSANg072066
were administered intraperitoneally at a dose vol une
of 10 m/kg. Valproate (VPA, Sigma, Lot 064Kl 585,
400 ng/ kg) was dissolved in sterile water and was
adninistered intraperitoneally at a dose vol unme of 10
. >Z}ﬁgtal?hglerﬁ'uffa‘@ ($iQhalP0 WRlR) ard c}ﬂiﬁﬂﬁf@bﬂlﬂb (@]Z)PCS@na 2 5
ture razi ne hydrochl oride (0. g
mg/kg) w@resﬁssnlgﬁcﬂ(gl) StQIﬂ@IWé@tWtdaW?fB a@mnb%?da%alz@@t@eal y 2 d&ﬁ"dv"lume
of 10 Ugﬁo ng/ kg) were dissolved in sterile water and
mnistered orally at a dose volune of 10 m/kg 60
mn prior to water or d-anphetam ne/CDP m xture. The
. velpsag: P A; Stgns 400 mg/kgymsocbmomed ifesterflel watse prdaWesprdamistered
oxal at e free
intrapertgRsanet & QST HOHEe PRAC BREA 27Tt BTGB bl 2Bihe COP
mixture. 2SS€ss both anxi ety-1i ke behavior and nmotor activity.

The open field chambers are plexiglas square chambers

(27.3 x 27.3 x 20,3 c ates Inc. t
¢ Chiparieg bydIOHide QLSRR b)) PR HRTSRE G (L2 00
mg/ke) WekdiksohBan 4Bie wRle? hAdSEnihlsayal Rally & awegswlede bmo ml/kg 60
consecut1ve beam breaks. Total distance travel

min pr101dm Ivwatey ot HentpbstamiedIPRO mixars. Jedows Ofé‘i?“PF?G’é‘i hy rochlonde and
Afte

r W th water,
es‘“tak’pﬁaé‘? p)ﬁlaﬁ?rﬁgxwgfgghrpg?ﬁeégasglp gltlgg?&)tdg %am oxal ate, or
30 mnute pretreatnent with valproate mce were

M@mmkinjected with water or d-anphetam ne/ COP m xture

T§1é gpgéfgi fe)ét[{%)q:g\ypalf ac 3?1 és%s%s tl]ng Olzlx&géfaﬂ?rfeg ngr aﬁld%@ot&j dtivity.

The opeﬁ‘ﬁgla 'cHﬁnﬂe@@ar%leﬁfQ?d@’@@tﬁzﬁe vk etsHDT.Bu@l3yx 20. bameMed Associates
tatistical Analysis Data was anal yz g%g% TS Qf
Inc., St A(lhanSaHEha sx(rmmbwafrﬁrsﬁélaotg@eaﬁ SOHEPs @ ﬁ‘o@ ??SS anc
traveled s mea)éﬁl!e ﬁ’@%}p&ﬂﬁ@ 995{11'1 ﬁltegks %ta@ﬁfs%&e WaeledAsing theeeht session
. liers that fell above and

was usecbﬁ avindexoof $tta~nd'a Edlld\emg atqtmmtgiem— With WAL TalpFoaieeTdest

compoundesn(?a}/rﬁ)?azﬁnre ydrocﬁlo];’llden aelsclfa Po%re%’? l)f‘alate), mice were injected with either

water or d-amphetamine/CDP mixture (‘mixture’) and placed in the OF chambers for a 60 min
test session. At the end of each open field test session the OF chambers were thoroughly

cleaned.
Statistical Analysis

Data was analyzed by analysis of variance (ANOVA) followed by Fisher PLSD post-hoc
analysis when appropriate. An effect was considered significant if p < 0.05. Outliers that fell

above and below two standard deviations from the mean were removed from the final analysis.

None of the compounds tested produced any clinical signs in the mice during

pretreatment or testing.
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Mce treated wth cariprazine hydrochl oride or
esci tal opram oxal ate showed no signs of toxicity or
weeaab2mor during pretreatnment or testing. Tot abCT/US2008/072066

Di stance Travel ed The sunmary of the effects (i.e.,
the total distance travel ed sutmmed over the 60 m nute
test period) produced by different treatnent regi nens
i n the anphet am ne-chl ordi azepoxi de nouse nodel of

Total Diskbé Brodéled shown in Tables 1-4. TABLE 1: Effect of the
Adm ni stration of Cariprazine Hydrochl oride or

Esci t al opr, 0 Basal onot
i sy 8] GRENECH e AP el GHEBE FBNTOCHTET L e ey e
test peno&)gm)&lﬁ:leé bg Bﬁ@réﬁ@reﬁﬁbﬁth@ém\éﬂd @ﬁﬁb’adr@}iéﬁmlﬁsﬂil(blﬂiaﬁﬂfoame
late .0, an kg) had a significant
(AMPH/@DP)BIOOHS@W@S’S@WW qrg Fh@”%@%b@éé 80 water-treated
m ce. Cariprazine hydrochloride (0.30 ng/kg)
significantly decr easqut]qu; basal activity of the mce
conpared to water (p = 0.032), and 0.10ny/ kg
cariprazine hydrochloride exhibited a trepndtoward
lee%pl fl cant decrease in basal | g@m%%ncégﬁvﬂefly
41'? ried to wAtugTregment). 090) .| TABLENFORMiR; fi capt @
gYlencef rom water _control s | p<0[¥&3n AgkMIi stratio
Watéthe| d- anphet aviébigdé chl or di azepoxi déletpBur e 12
( AVPH (CDP) ™ v gisidateqd00 mgakgirar ked i ncrigase 612 | ocohmotDr
act i vi rymﬁﬁgﬁﬁ@lqowh@kg)TA LE 3 sigmizkgcant | 11
di ffer T P TR Ho ek eated ggoup 26p<0. 05) 11

;Aﬂgl gl S Sl oS b F\g) Ui T caRt yssdect eased

s
C U= [o V4 O IUB T I
( AVPH € italopram il (0,20 e y—in y’..z?’gga?%o a2
Ef f ect | of CAripe Z)Xﬁ’rﬁ%@ 3\71&%% of Cariprazi
Hydr ochl or i HESERPPEAR PXAR B pr am Oxal & & r?@?he
d- Al'Tph ﬂ_a_I'T]_D_e_L&i}_Q)ml_(s}PnnXI del M xture
( AVPH CDRaripnatireddCHP P8 meg/ke)vi {y in M cesj gnifi cant
di f f er encef +disvitaheprambhkaite- t r eat ed gtBYF 4 §<o. o5y 11
(0.50 mg/kg)
Cariprazine HCI (0.10 mg/kg)
+ Escitalopram oxalate 2771+ 343 11
(0.10 mg/kg)
Cariprazine HCI (0.10 mg/kg)
+ Escitalopram oxalate 1972 + 309 12
(0.50 mg/kg)

I
L&Y

12

Compared to water, the drug treatments shown in Table 5 did not produce a significant

effect on basal locomotor activity of mice.
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Val proate (400 ng/ kg) and cari prazi ne hydrochl ori de

(0.10 and 0.30 ng/kg) significantly decreased the
worzoobczms9T nduced hyperactivity conpared to watBCT/(§2068/072066

0.0001). Escital opram oxal ate (5.0 ng/kg) increased

m xt ure-i nduced hyperactivity conpared to water (p =

0.003). Escitalopramoxalate (0.5 ng/kg) exhibited a

trend toward a significant decrease in m xtureinduced

hyperactivity conparedTaBldiaéer (p = 0.077). Exanple

4B: Eval uation of Cari prazi ne Hydr ochl ori de and

Esettal optram Oxatatefot 1t 'Tota.'l E’ﬂa@%l'e& Tt
“V

peracti vVity I\/bdel

\Y het am r di azepo

Cahseﬁ?égf 015%1 ?‘?ﬁ’?’f‘ ¥ land e gﬁ m oxa| at d
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alrmhet\X#Phpl chl or ryehlﬁknmu de (Al\/lﬂzlr yper nﬂiliz i ty

t estAMPHIGRE s [MVal debwlni/ 6] m(‘(36@&¥5 < ol d) A2dm
Jd’d@zﬁrana«bﬂemumfr@sw@awwsmrﬁ OfAi ne) were used in
this st udy. Upon receipt, mce were assigned unique
dent i.cat §
MG R e By R s e R Oy P iR Bt
1ocomot04\lal:tn&uylcbﬁip3redmmataeniedn@imed in groups of four during
t he remai nder of the study. During the period of
acclimation, mce vvereg%@ﬂg ed on a regul ar basis,
handl ed, and wei ghed t sure adequate health and
suitability. Mce were naintained on a 12/12
light/dark cycle. The room { ehperRistane Mraecladail nt aj ned
bel westCaitnd | 28figWrédimantr ¢l at i emf60mid) t y nai mt pi ned
bef ween 30% ang 70% Chow amnd weliMdan weSEMpr ovilded| ad
I i%Wﬂ,@Dliha dunahic) of [the skeséy 2978 each ivest,

anfm | naoml o§§3| gred ag§498s Jopgat ment12
gr aups ug @!06 ﬁ The foll owi ng conpoungds

neaod
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dissolved in sterile water and were adm ni stered
Adnihid@atontod Relptdaie (400 mgtkgysignifitantty dedreased thie/dk g.

Val VPA, S d
oo G e B A Pl

TABLE 8: Effect of the Administration of Cariprazine Hydrochloride and Escitalopram

Oxalate, Alone or in Combination, on the d-Amphetamine/Chlordiazepoxide Mixture

(AMPH/CDP)-Induced Hyperactivity in Mice

Total Distance
Te.st. Drug Treatment Traveled (cm/60 min) n
Condition [Mean = SEM]
AMPH/CDP Vehicle 36086 + 2978 12
Cariprazine HCI (0.03 mg/kg) 32628 + 2510* 11
Cariprazine HCI (0.10 mg/kg) 22594 + 2838 12
Escitalopram oxalate (0.10 mg/kg) 39700 + 3477 12
Escitalopram oxalate (0.50 mg/kg) 40881 + 3123 12
Cariprazine HCI (0.03 mg/kg) * &
+ Escitalopram oxalate (0.10 mg/kg) 30350+ 1313 12
Cariprazine HC1 (0.03 mg/kg) %
+ Escitalopram oxalate (0.50 mg/kg) 333432060 12
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intraperitoneally at a dose volume of 10 m/kg 30 nmin
prior to water or d-anmphetam ne/ CDP m Xxture.
w@2000p20827 ne hydrochl oride (0.03 and 0.10 ng/ kegT/aszb8/072066
escital opram oxal ate (0.10 and 0.50 ng/kg) were
di ssolved in sterile water and adm nistered orally at
a dose volume of 10 m/kg 60 nmin prior to water or
ﬂ-grrphﬁlt am‘?;/CDP m xture. The doses of cariprazine
hydr oghl or¢aprand BEIqD1ahgkgm oxal r XpEEsse
lf_n erg I%Esch@l@ﬁraﬁﬁfxah& (0adyngiei)ght . ?{}&1 %gggﬁhe opeg1
e eSTCdigrazitasCIUBad nigkgyssess both anxiety- Il
behavi 0r+E&ﬁal Q{OﬁﬁEéM'SR)Xng/ﬂ_@e opéﬂ F4%l® charbe il
Szg EnPHz rle%e{f}‘%rﬁ’ %}?zc ) ¢f-3 X 2U. 5 cm

S;fgr{l (fant 1 :r:iﬁee the can mm Z%lﬁ% 2Hi

%@igﬁ% 0 03)

sigg Lgerg rf'fcs é’r"efﬁ Eﬁﬂ’? G ) .$rQNg use
d f .
T o e ik
si gmﬁcarméﬁdre ﬁl@téﬁrﬁ}ﬁ\%lprgﬁé: hiPdaBiBfadiie ﬁ?ﬂﬁbé’ﬁl&ide (0110€n g/ € Escitalopram

cted wth either water or  d-anphetam ne/ CDP
oxalate a}mx,tam pichef dpdextestadehyd naenfiesateffschon m@tw-lmﬁ%bﬁgm?m

activity. %é)g‘t%llgl]é igns ()gf%:axiq?]rgzsl%ﬁ}%ﬁod@% é‘frdlsa ?(\)NZQ g@q{% ?x%ﬁ%ﬁ e 'ggélgt.e (0.10
and 0.50 Stag’ﬁ§g) Stghﬁ'ﬁhnﬂ%amlci;e?selﬁlﬂl{aahatumm@nal prexacwtyariahej@ﬁ@l,
varl ance 0]

her .PLSD
decrease Hpghts BB ABFBDIPT €T I B R R g groduced
by canpﬁilg@h}fdr&ﬁﬁmnd'ef(o P0 gl BonéUCdrhihgtidnhdtheflewldosdasf\caripragine
ow two standard deviations fromthe nmean. we

ydrochlpedm(@éa mng/bgh and esaiiplearanpeienlaje {00 mgke) 210 Hrﬁ@me%ﬁ&émﬁa@t
decrease | 1n mtl ¢ ereaﬁmgg%go@{)%r gldpical signs in the mce during

atmen est i ng. Tot al Di stance Travel ed The
sumTary of the effects (i.e., the total distance
Examplé 8zlled Bffect ofmEdnbinationns (Goiprazine Hydeachloside;agd)Escitalopram

Oxalate gﬂ,&ﬂ(&sg%rﬁ%l(g thgeera ?gh&s)g ! JHEQE ;{c%ﬂ,itgﬂﬁns in the

Glycogen synthase kinase-3 (GSK) is as an important enzyme that modulates neuronal

function. Abnormal GSK3 activity has been implicated in mood disorders and schizophrenia.

The aim of this study is to evaluate combinations of cariprazine hydrochloride and

escitalopram oxalate for the ability to stimulate phosphorylation of GSK3 in mouse brain.
Animals and Environment

Experiments will be carried out in adult male C57BL/6 obtained from Jackson
Laboratories (Bar Harbor, Maine). Before experiments, animals will be housed four or five to a

cage at 23°C on a 12 h light/12 h dark cycle with ad libitum access to food and water.
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(AVPH CDP) nouse nodel of mania are shown in Tables
5-8. TABLE 5 Conpared to water, the drug treatnents
w6 bawm2ase7 Tabl e 5 did not produce a signifi caneCEUS®0$/072066

on basal | oconotor activity of mce. TABLE 6 M ce

treated with the mxture (CDP+anphetam ne) showed a

significantly higher |oconotor activity conpared to

water-treated mce. TABLE 7 significant differencefrom
DmgAd,,;,;;,@tryﬁJy cl e-treatedgroup (p<0.05) Adm nistration of

valproate (400 ng/kg) significantly decreased the

het / chl or di d _
B ARG N T ——

will be usEd gse&tntrgf iGN B SikdoRleld M sterfile Gged bl @whteLand administered IP
chloride and Escital opram Oxal ate, Al one

ata dose @dmbf: n&tQ witkg 3R mimpries- t%ﬁ%ﬁﬁ?’&ﬁﬁ?@/’“@*}lo Faﬂarfélﬁsgﬂi%&l‘mde
dlSSOlVCdMl 2 X418y %?A : Can?@?& irl%g YGEE, Jféf&?&@f@ @é'v&@é? ht'h dose of 0 2 mg/kg

SI'g erencefrom the vehicl e-treat
(dose vol@he Pl 1Hkeg)@B)minsteg pridrite aamﬁdmgﬁlma@md$ r Doses B eXpressed as

mg free bggegl{ﬁpl;q Z ﬁgﬁ@%ﬁ@%&%ﬁa ﬂ]éso \2 t el{dla 161%;49 eét?@g _)(%trb)r Wl be

admlmste'?a{ Qﬁgéutﬁr[e%ﬁgl? (5920 Bodefot @ .ndBikg (dosd @hinhé 6Bt ml/kg) 60 minutes
ferencefromthe escital opr am ( / K ?tﬁg

prior to ngﬁlqmg(thﬁ@nmslf Phees arffanestrd ey E@rquegﬁa eﬁg&‘?‘\% tVKF‘g% e effect

of the corg!;l%gtlij(g'xe\gﬂl% & DGaEPRIR 1 883-AEnidi st Lol Wasprazine

cantly attenuated by val {)r oate and cari prazi ne

hydrochlbt?/dir(oahhgfkg BO) il esOitatapriey pxal@e ¢l markepr@r0aniapigs prior to
al one, at either dose tested, had no significant

sacrificing@pAls- oy i xt ur e- i nduced | ocomot or activity.

Combi nati ons of cariprazine hydrochloride (0.10 ng/kg)
Antibodi@nd esci tal opram oxal ate (0.10 and 0.50 ng/kg)
significantly decreased the m xture-induced

hyper CtIVI
RS A P L ] S s
(Beverly lb@@ TK%UQDRHEB—@Q iy b@@btaﬁfe&fﬂoﬁﬁBD)ﬁHamdﬁﬂtmnIL@,@T@‘@YIQ:‘O

kg) al one. Conbination of the | ow dose of
@ﬁmng@@ﬁi azi ne hydrochl oride (0.03 ng/kg) and

esci tal opram oxal ate (0.10 ng/kg) al so produced a

GSK-3 Ah#H Assgant

For each determination of kinase activity, various regions of mouse brain will be rapidly
dissected out on an ice-cold surface and homogenized at 4°C in lysis buffer (20 mM Tris, pH
8.0/137 mM NaCl/10% glycerol/1% Nonidet P-40/0.5 mM sodium orthovanadate/2 pM okadaic
acid and a mixture of protease inhibitors (Sigma-Aldrich). GSK-3a and -3 will be
immunoprecipitated at 4°C from 1 mg of protein extract with 2 pg of anti-GSK-3¢/8 monoclonal
antibody and protein-A Sepharose (Amersham Pharmacia Bioscience). Immunoprecipitates will
then be incubated in assay buffer (20 mM Tris, pH 7.5/10 mM MgC12/5mMDTT/0.2 mM
ATP/0.5 uCi of [y-32P]ATP) for 10 min at 30°C with 0.5 pg of recombinant phosphatase
inhibitor 2 (New England Biolabs). Control assays will also be carried out in the presence of the
GSK-3 inhibitor Kenpaullone (2 uM, Sigma-Aldrich). Reactions will be stopped by the addition
of Laemmli loading buffer, boiled for 5 min, and resolved on SDS/10% PAGE. Gels will then be
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decrease in m xture-induced | oconotor activity.
Exanple 5: The Effect of a Conbination of Cariprazine
wolgawonisbori de and Escital opram Oxal at e on MouBer/BsBn$1072066
G ycogen Synt hase Kinase-3 Activity d ycogen synt hase
ki nase-3 (GSK) is as an inportant enzyme that
nmodul at es neuronal function. Abnormal GSK3 activity
has been inplicated in nood di sorders and
stained WIS Cb&RRHe Pichind hiRradiogrHhed. Micdrlratiby of S2P int@readrabinant
conbi nations of cariprazine hydrochl oride and

phosphatags inhitatond mabe rapsred byglensilogelli | ity to stinul ate
phosphoryl ati on of GSK3 in nouse brain. Animls and
Analysis Envi ronnment Experinments will be carried out in adult

mal e C57BL/ 6 obtai ned from Jackson Laboratories (Bar
Har bor, Maine). Before experipents, niqgls &AIA betrometr
Ahoesglstiotiteined isrthis sipdy vl be quaglitiog and-gpalyged pyppirgred spec y
: | i ght dark cycle with ad |ibitum access to food
“S‘“gaLﬁadr?g‘n\Rg}]‘éF&Dr ug Adninistration Lid (200 ng/kg) will be
used as the reference conpound and vehicle-thected lat
Adminisilaomp] 4 cdyebinasien ohearipearincdlydrochlprqRd gopfalqpeam oxalate
di.sso} ved i.n _steril e i.nj 1 &hor AR Oy 1A Fo b S8 EE&hch
may Synef&‘ﬁté‘&ah%\“%‘g%te\?%?sl? kr}%r?’})a#mligf;ﬁsgkgl %‘g Wi n prior t oIp
compound @@hinidt&ed@ondre ani mal . Cariprazi ne hydrochl ori de,

di ssolved in sterile injectable water, will be
adm ni stered oral | avage) at ! - :
Tosgorswnp v eongy hares b FRYFERefe i BEERE fpbaifhi Qescribed

herein. IRIR&d, vhdiGuls Rgbdifictiaill JTElkeSinvdatioe &n akdiioaxp thoss dagcrited fpgrein will
free base/ kg body weight. Escital opram oxal at -
secome apesolio ot S BMC b Ry BT AR TR sceompansin
It U PP hia T scBbe & tHOSHended Llaigs. Kbjis
figures. %ggng{ez)dvﬁ%%&n%ag%ﬁlo m/kg) 60 m nutlt()es prior tqQ . .
further tECuidbismion ghat hlé valnésrat spproowats, adarenpyided fog dexerpyPn-
free base/ kg body weight. The effect of the
onbi nation W £ehtf Hd QiMibHioh§6ited herein are hereby
TE‘S-C t&ﬁlﬁﬁl‘:@ﬁrggt (]i’floarl}bdgpﬁééglr)#%?azi ne h%lochl oride (0.2
incorporft8d k@rdPneenid trerehtiatyopr am oxal ate (1 ng/ kg SC) 60
mnutes prior to sacrificing animals. Antibodies The
anti - phospho- GSK- 30/ /3 Ser-21/9 maybe purchased from
Cell Signaling Technol ogy
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(Beverly, MA). The anti-DARPP-32 may be obtained from
BD Transducti on Laboratories (Lexington, KY). GSK-3
W@edvw2a8y7 Assay For each determ nation of ki naBer/US2008/072066

activity, various regions of nouse brain will be

rapi dly di ssected out on an ice-cold surface and

honogeni zed at 4C in lysis buffer (20 MM Tris, pH

8.0/ 137 mwWNad /10% gl ycerol / 1% Noni det P-40/0.5 mM
We Claim©0di um or t hovanadat e/ 2 mM okadai c acid and a m xture
— of protease inhibitors (Sigma-Aldrich). GSK—S and -3b

Il b tated at. 4C fr
B RSRE SR i 5 LTSl PO v

ona
and a confouh®9EB6rANd ( ]?gr ot ei n- A Sepharose (Anmersham Phar maci a
i osci ence). [nmmunoprecipitates will then be incubated
in assay buffer (20 MM Tris, pH 7.5/ 10 nM
0. 2/—\ATP/O 5 G of [7-32P]ATP) for 10
myi nant phosphat ase
) B : l@@ntrezl, assays w ||
al so be carr' d out i gnce ?f ,(jhe GSK- 3
i nhi bi t Br ﬁ:gaul lone (2 mM Sigma-Adrixh). Reactions
will be stopped by the addition of Xaemfe (Moadi ng
buffer, boiled for 5 mn, and resolved on SDS/ 10%
 PAGE. Cels will then bestained with Coonmassie blue and
wherein gut or adi ogr aphed. | ncorporation of 32P into
reconbi nant phosphatase inhibitor 2 will be neasured
R, and Rl? Yre Q@&S iﬁd@ﬁ%ﬁéﬂﬂyﬁﬁﬂh%&h SIIA alkieaslubtyl codidakyleat aroylt hi s

study wi Il be quantl i ed and anal yzed by infrared
ectrometry using i nstrunment. Adm nistration
or R anfbﬁ @nééﬂi*ﬁ‘ieFP&V‘Flb’rf‘%fW@h‘th 6513 ﬁ‘é‘“ﬂ%‘r%@m ori de and
esci tal opram oxal ate may synergistically stinulate
XlSOOIp@oﬁ@horyl ation of GSK3 in nouse brain, when conpared
each conpound adni ni stered al one. The pr esent
|nvent|on is not to be limted in scope by the
nislordpecific enbodi ments described herein. Indeed, various
nodi fications of the invention in addition to those
118satks bhd fpeerBhagdar ent to those skilled
andpharﬂﬁé&.{%ggg)ﬁ()e@ﬂr om the foregoing description and the

acconpanyl ng
rTr%e cc))/mposmon according to claim 1, wherein the compound of formula (I) is

2.
trans-4- {2-[4-(2,3-dichlorophenyl)-piperazin-1-yl] -ethyl}-N,N-dimethylcarbamoyl-

cyclohexylamine, or a pharmaceutically acceptable salt thereof.

3. The composition according to claim 2, wherein the compound of formula (I) is
trans-4-{2-[4-(2,3-dichlorophenyl)-piperazin-1 -yl]-ethyl}-N,N-dimethylcarbamoyl-

cyclohexylamine hydrochloride.

4. The composition according to claim 1, wherein the selective serotonin reuptake
inhibitor is selected from citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine,

sertraline and pharmaceutically acceptable salts and solvates thereof.

S. The composition according to claim 4 wherein the selective serotonin reuptake
inhibitor is escitalopram or a pharmaceutically acceptable salt thereof.
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figures. Such nodifications are intended to fal
within the scope of the appended clainms. It is further
wo ooob@20soder st ood that all val ues are approxi NEBCEUSBENE072066
are provided for description. The entire disclosures
of all applications, patents and publications cited
herein are hereby incorporated by reference in their
entirety. W Caim 1 A pharnaceutical conposition
6. COoNPriedofPoditiGLiR6idingo SR 5 Gtictein thepélakireisalotonirt euptake
and a conpound of formula (1): 1 wherein R and R2 are
inhibitor isge¢italqprare peidient | y hydrogen, al kyl, al kenyl, aryl,
cycloal kyl, or aroyl, or Ri and R2 forma heterocyclic
7. ri ngryd Jo%p%ﬁﬁo@ﬁ’dc@ﬁ%fgt toRlalirh GGEHRreh M¥lsel¥ctive sQowhinSeutalct

nis 1 or 2; and pharmaceutically acceptable salts and
1nh1b1torg§(ﬂsv§1ﬂc@gamhﬁdr@bmml® The conposition according to

claim1, wherein the conpound of formula (1) is

8. tr anf’he covh%?% i 16n gc%oﬁhn Cctb!nﬁ RORAERN the RilRAYEZrdtonin reuptake
f t hyl car banmoyl cycl ohexyl ami ne, "or

inhibitor a; qshmlomm,tmlamhﬂn}acadwelﬁﬂ adsersaldepalt therepfeof . 3. The
c?n?05|t|on according to claim2, wherein the conpound
0
% {r anthyoliby sardipe o claim 8, whircin theselctie serton reupiake
inhibitor ¥d dseibdldprath orilhtgl car banoyl cycl ohexyl am ne
hydrochloride 4. The conposition according to claim
reln the selective r [
0. iy sfearBevPaine o SRS nRe b pEREAE ok heke
inhibitor fid ééb!l@élé}iﬂlﬂ@rydﬁafoﬁﬁﬁé ine, sertraline and
pEarnaceutlcaIIy acceptable salts and sol vat es
thereof. 5 The conpositi accord
1. wher &imcthorbofdepting 3 Orggrognlo ‘ieﬁﬁrlé‘ﬁ b ik seysgenh&%ﬁpt%mg
admlmst&fﬁ@ thad fp@ﬁér@'fﬂ Red ImapdtAh RGPt ljfeaive apioaixl of agamposition
hereof. 6. The conposition according to claim5
accordmwtremé’lqmetoﬁela@éﬂ letQ-i ve serotonin reuptake

12. The method according to claim 11 wherein the disorder is a mood disorder.

13. The method according to claim 12 wherein the mood disorder is major depressive
disorder.

14. The method according to claim 11 wherein the disorder is treatment resistant

major depressive disorder.

15. The method according to claim 11 wherein the disorder is bipolar depression.
16. The method of claim 11, wherein the disorder is schizophrenia.
17. A method of treating a disorder of the central nervous system in a patient in need

thereof comprising administering to the patient an effective amount of a selective serotonin

reuptake inhibitor and a compound of formula (I):
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inhibitor is escital opramoxalate. 7. The conposition
according to claim5 wherein the selective serotonin

WO eaopdzige7 | nhi bitor is escital opram hydr obr om Ber/U82008/072066
The conposition according to claim3, wherein the
sel ective serotonin reuptake inhibitor is
escital opram or a pharmaceutically acceptable salt
thereof. 9. The conposition according to claim 8,

i Iegr—ve serotonln reuptake inhibitor is
' . sition according to
claim8, ot onRn reupt ake

inhibitordis e 11. A nethod
of treating a disorder of the cent \ﬁer ous system
conprising admnistering to a patlent i eed t her eof
a therapeutically effective anount of a conposition
wherein @ccording to any one of claims 1-10. 12. The met hod
according to claim 11l wherein the disorder is a nood
di sorder. 13. The npethod a rding toclaimil ereln
R, and Ry 378 e%oﬂldﬁﬁeélé?‘@éﬁlyﬂ@g% jaB?/ﬁ alsrdsEyy 903‘?@8’11’0% oYy
The nmet hod according to claim 11l wherein the dlsorder
or R; and Féz fhin® & hERIdE ydlie $ing naihl théidjentieRo gatong di sorder. 15.
he net hod accordlng to claim 11l wherein the disorder
|s bi pol ar depression. 16. The nethod of claim 11,
XisOongheréin the disorder is schizophrenia. 17. A nethod of
treating a disorder of the central nervous systemin a
nislorPatient in need thereof conprising admnistering to
t’he patient an effective amount of a selective
serotoni n reuptake inhibitor ang a compound of formula
and pharppgeutiprdlydcseprablesalis sasl sapvateg isFeoli ndependent |y
hydrogen, al kyl, al kenyl, aryl, cycloalkyl, or aroyl,

18. or - Rirhapdmbe aéc@fdﬁgator&ilﬁrlch)bﬁérblﬁ thd cﬂijanlh(hoﬂ foemula (1) is trans-
adj acent nitr ogen at om
4-{2-[4-(2,3-dichlorophenyl)-piperazin-1-yl]- -ethyl}-N,N-dimethylcarbamoyl-cyclohexylamine,

escital op

or a pharmaceutically acceptable salt thereof.

19. The method according to claim 18, wherein the compound of formula (1) is trans-
4-{2-[4-(2,3-dichlorophenyl)-piperazin-1 -yl]-ethyl} -N,N-dimethylcarbamoyl-cyclohexylamine
hydrochloride.

20. The method according to claim 17, wherein the selective serotonin reuptake
inhibitor is selected from citalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine,

sertraline and pharmaceutically acceptable salts and solvates thereof.

21. The method according to claim 20 wherein the selective serotonin reuptake

inhibitor is escitalopram or a pharmaceutically acceptable salt thereof.

22. The method according to claim 21 wherein the selective serotonin reuptake

inhibitor is escitalopram oxalate.
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Xis Oor S; and nis 1 or 2; and pharnmaceutically
acceptabl e salts and sol vates thereof. 18. The nethod
wa@ewmonnlisay to claim 17, wherein the conmpound oPCT/UsI008/672066

(1) is trans-
4-{2-[4-(2,3-di chl orophenyl)-pi perazin-l-yl]-ethyl}-N,
N- di et hyl car banoyl - cycl ohexyl am ne, or a
pharmaceutically acceptable salt thereof. 19. The

23. net hoiet rasth@t abicordinigao clain A1 $Bereinhthe sdlevtive eeratonjpoeuptakef

l %Q%gi trans-

mhlblt"”fef%ta pr IORTEM%ST ophenyl ) - pi perazi n-1-yl]-ethyl}-N,
N- di net hyl car banoyl - cycl ohexyl am ne hydrochl ori de. 20.

24, The TRiH&HBLeoddigng clafin ¢H,allivrdin thewbletiiersetolmin reuptake

sel ective serotonin reu take |nm4&;cw gs sel ect ed
inhibitor fsreg¢tadqpeam. @ﬁﬁah?m@settt%l Yoaseenisbls salidhereetne,

fl uvoxam ne, paroxetine, sertrallne and

25. pha rﬁ%&hb&ﬁcbﬁm@% SRR D Sviscdih thedBRcHR] séidt@Sn reuptake
thereof. 21. The method according to claim20 wherein

1nhmﬁorwh§mgénegnpvﬂm3eroton|n reuptake inhibitor is
escital opram or a pharmaceutically acceptable salt

26. ther ’gg{metggd ac-EGﬁt b e 36 CORALR Shel 1e6i sofontn WaBRE N

t he selective ser onin reuptake inhibitor is
inhibitor esssscitaddpopn Apdrobuaimadee. 23. The net hod according to clai m
21 mherein the sel ective serotonin reuptake inhibitor

27. s gth}g@ %’g% %P{g Ol S&10i24 17-28 S HIRID@E dRGRES Q'arhgood

to c e selectrve serotonin reuptake
dmomwnlnhlbltor i's eSC|tanpran] or a pharnmaceutically

acceptable salt thereof 25. The nethod according to

I th t
28. IC n ﬁ: Fthw!g1 aCé:g goﬂo %&?rg gvg(h[aeve? rrrgoéﬁ Q].ﬁg}rcfe? 1§ gtedepresswe

dmouknaccordlng to claim 19, wherein the sel ective serotonin
reuptake inhibitor is escitalopranthydrobrontde 27.

29. \-/mgr gﬁ%gg gﬁ(::cg)r 1% altng ogg %ﬁ)g ms qt7 2% wqterem &16 dls%rder 18

treatment resistant major depressive disorder.

30. The method according to any one of claims 17-26 wherein the disorder is bipolar
depression.

31. The method according to any one of claims 17-26 wherein the disorder is
schizophrenia.

32. A method of treating depression comprising administering to a patient in need

thereof, an effective amount of a compound of Formula (I):

N N
\__()é ’\MMOMNH /R1
Ci Cl )—N

\
X R, (I)

wherein
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di sorder. 28. The nethod according to claim 27 wherein
the nood di sorder is major depressive disorder. 29.
wdb@onmishrod according to any one of clai ns 17-P261/US2008/072066
wherein the disorder is treatnment resistant major
depressive disorder. 30. The nethod according to any
one of clains 17-26 wherein the disorder is bipolar
depression. 31. The nethod according to any one of
R carali Rymard ZacRGnddpendsntly,tHydrogies atlgb ralkiesyls atyl, zpgloalleylioa aroyl,
32. A nethod of treating depression conprising

ering.to a atle Hhe .an
o el e G B EOL ST PSR L REF By
wherei nRi and R2 are each i ndependent |y, hydrogen,
Xas @yr S; al kenyl , aryl, cycloalkyl or aroyl, or R and
R2 forma heterocyclic ring with the adjacent nitrogen
aton1 Xis Oor S; nis 1 or 2; and/or geonetric
SoWers and/or stereoi somers and/or di aster eomer s
and/or salts and/or hydrates and/or sol vates and/or
armlﬂr)gﬁﬁﬂhﬂhls idolhersemil/or SBreoiFhmervehivoridiageroomem gnd/or waltaand/or
32 mhereln of formula (1) is trans-
hydrates gnd/os splyates a ﬂﬂ@%ﬂgggﬁﬁg ¥t - pi perazin-1-yl]-ethyl}-N,
N- di et hyl car banoyl - cycl ohexyl ami ne, or a
33. phar TRcaethbd adcbidiOe e Riira BR ewkadih thdm@hpotind orniia (I) is trans-

4-{2-[4- (gérw@g&%ﬁ)&ﬁg}?ﬁeﬁggﬁlyﬁ'ert?ly?}-N %lmet ﬂcargamo ngauhexyfe)lmme
orapharﬁaé&%&hga‘}ﬁ‘% %‘tﬁ'l&ﬁlt?ﬁéi’menyl )-piperazin-l-yl]-ethyl}-N,

r banoyl cyclohexylan1ne hydr ochl ori de. 35.

The use of a conmpound of Forrmula (I):
34. The method according to claim 33, Wherem the compound of formula (I) is trans-

4-{2-[4-(2,3-dichlorophenyl)-piperazin-1-yl]-ethyl}-N ,N-dimethylcarbamoyl-cyclohexylamine

hydrochloride.
35. The use of a compound of Formula (I):
N /N
\_()n WNH Ri
Cl Cl %N\
wherein

R, and R, are each, independently, hydrogen, alkyl, alkenyl, aryl, cycloalkyl or aroyl,
or R; and R, form a heterocyclic ring with the adjacent nitrogen atom;
XisOorS;

nis1or2;
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wherein R and R2 are each, independently, hydrogen,

al kyl, al kenyl, aryl, cycloal kyl or aroyl, or R and
w@200b020892 het erocyclic ring with the adjacentpPa@i/Usmge072066

atom Xis Oor S, nis 1 or 2;and/or geonetric

i somers and/ or stereoisoners and/or diastereoners

and/ or salts and/or hydrates and/or sol vates and/or

pol ynmor phs thereof, in a therapeutically effective
and/op gadmetric isomersmndfoasterepornérs andredigsieresrhers and/ortselts and/or

hydrates zEnrd? oartsg[i?/arllttes :?IId/ (Sjr%{y?nsosl";l)lgsr%hereof, in a therapeutically effective amount in the

manufacture of a medicament for the treatment of depression.
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