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BACKGROUND OF THE INVENTION

Field of the Invention

This invention is in the field of drug therapy for depressive ilinesses.

Related Art

Depressive disorders affect nearly 20 million adults in the U.S. alone. Left
untreated, depressive disorders can be debilitating, emotionally as well as physically.

Depressive disorders comprise an array of symptoms, which are listed in a
booklet published by the U.S. National Institute of Mental Health (NIMH), entitled,
"Depression," as follows:

“"Persistent sad, anxious, or "empty" mood

Feelings of hopelessness, pessimism

Feelings of guilt, worthlessness, helplessness

Loss of interest or pleasure in hobbies and activities that were once enjoyed,
including sex

Decreased energy, fatigue, being "slowed down"

Difficulty concentrating, remembering, making decisions

Insomnia, early-morning awakening, or oversleeping

Appetite and/or weight loss or overeating and weight gain
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good. Many people with dysthymia also experience major depressive episodes at
some time in their lives.

Another type of depression is bipolar disorder, also called manic-depressive
illness. Not nearly as prevalent as other forms of depressive disorders, bipolar
disorder is characterized by cycling mood changes: severe highs {mania) and lows
(depression). Sometimes the mood switches are dramatic and rapid, but most often
they are gradual. When in the depressed cycle, an individual can have any or all of
the symptoms of a depressive disorder. When in the manic cycle, the individual may
be overactive, overtalkative, and have a great deal of energy. Mania often affects
thinking, judgment, and social behavior in ways that cause serious problems and
embarrassment. For example, the individual in a manic phase may feel elated, full of

grand schemes that might range from unwise business decisions to romantic sprees.

Mania, left untreated, may worsen 10 a psychotic state."



The conpound referred to herein as MA-1 is

(1R-trans)-N R2- (2, 3-di hydro-4-

benzof ur anyD)2887e3T4Y opyl | met hyl ] propanam de. It is an eB(IAv2005R6HI20
nel at onergi ¢ agoni st that has high affinity for both the Melatonin-1

D, e NI PARATIG R ot

di sorders mhlch I,S, I Nnc or.at ed
by ref er aenE AR FCla BRI GRAeRICT o Brh e Eosmel AR F e
to herein as

N R2- (2 @Qﬁt'q%ﬁt&a&fm&6tf'n%tﬁr|t5°8t/tned\"5tat$m1 AT DR MRIIRAI AEMT2)
(herein referred to as

N[ 1-(2, rscaptﬁgﬁj@rab@ﬁbwrarpoterwajlwsefyl foahe segimeniet RGPMREANd 1t i s
al so an experinental nelatonergic agonist and is disclosed in U S.

6, 211, 22drcadianchyths sleepdisordared My 1rieflisclogee ird e idBats52honlyeh fsul | y
set forth SUVWARY OF THE | NVENTI ON The nmet hod of the invention
conpr i serctrpertied by referemce hereinmsdholggir fdg setefodh s dhd@ompoundmefmendd
as well as the treatnment of one or nore synptons of a depressive

i I I ness.herein as M2 iENARd 2@-dihhero-4bemzbiuoanyijcgcloqeopylnsathyliprepdmapnitie
or prevention of other disorders for which certain antidepressants,

e.g., sqheteditdterred s ak MA-MNIN| tmsalHyav&eh@@mrah@wmpyﬁo|hﬁnJas;@]t

These include but are not Ilmled t o obsessive-conpul sive di sorder

pani ¢ d'é“tﬁ%ﬁ@a RRCHRL g‘?’t@%p@hbﬁe‘ﬁtaﬁ%é’%ne?@é &BniftPl id disclosed in U.S.

post-traumati c stress sorder, prenenstr dysphoric di sorder, and
general i i T, CQE% RLl

i nventi oﬁﬁigﬁv\z?é’h‘ﬁlﬁ'éh e'rﬁgels % géri)% @éﬂgﬁg}b %b h-gr@sqJ h ullyggﬂoﬁh.
illustrative endoi nents, contenplates use of the nelatonin agonists
herein referred to as MA—l and MA-2, including salts, prodrugs,

and anbr phous and of yatal | PRYMBRROT AEELVERREN < i 1o to

of f-white powder w t oi nt  of ab ut 78C (DS has .t he
structure i Ilhgpgihe Q?FPGFW%‘?O&PQO""W Te”‘i\ﬁf q‘(etﬂtéﬁ? @a{fepress"’e
Structure Met abolites of MA-1 incl ude for exanple, those

descri beisarderspp @o|animak s pralrasbE LIeRETERIOT ARG QVERIBSYMEHOTBS Of 2

BMS- 214778, a Novel Mel atonin Receptor Agonist" by Vachharajani et
aL, J. Riepregsiveutlness. Sci., 92(4):760-772, which is hereby

i ncorporated herein by reference. Mre specifically, these

met abol i t es iThel meihod yod texiphventen alaa cdmpyiseoigeatatent odpreveatiorvefkotbér
MA-1 as well as glucuronide and diol derivatives of MA-1. The

st r uct urdisordérsefogiWhichwehtaedrthiebréssanisae g . erostohimaedpi@ke irtfobitans, ahate-
Hydroxyl ated MA-1 netabolite 1

been shown to be useful. These include but are not limited to obsessive-compulsive

disorder, panic disorder, social anxiety disorder, social phobia, post-traumatic stress

disorder, premenstrual dysphoric disorder, and generalized anxiety disorder.

DETAILED DESCRIPTION
This invention, which is hereinafter described with respect to illustrative
emdoiments, contemplates use of the melatonin agonists herein referred to as MA-1

and MA-2, including salts, prodrugs, esters, metabolites, solvates, hydrates,
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enantiomers, stereoisomers, and amorphous and crystalline forms thereof. MA-1 is

a white to off-white powder with a melting point of about 78°C (DSC) and has the

structure illustrated in Formula 1.

Formula 1: MA-1 Chemical Structure
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Metabolites of MA-1 include, for example, those described in “Preclinical

Pharmacokinetics and Metabolism of BMS-214778, a Novel Melatonin Recepior
Agonist” by Vachharajani et al., J. Pharmaceutical Sci., 92(4):760-772, which is
hereby incorporated herein by reference. More specifically, these metabolites
include hydroxylated and dehydrogenated derivatives of MA-1 as well as glucuronide
and diol derivatives of MA-1. The structures of eight such metabolites have

Formulae 2-9.

Formula 2 — Hydroxylated MA-1 metabolite 1
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Formula 5 — Hydroxylated MA-1 metabolite 4
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association with a solid or liquid pharmaceutically acceptable
carrier and, optionally, with pharnaceutically acceptabl e adjuvants
and exci pi ents enpl@##ag standard and conventional techniques.

MA-1 is very soluble |or freely soluble in 95% et hanol, nethanol,
acetonitrile, ethyl JCetate i sopropanol , polyethylene gl ycol s

(PEG 300 and™ PEG—&G@) ahd onl ygslightly soluble in water. The native
pH of a sqgurated st ﬁ.n of MA-1 in water is 8.5 and its aqueous
solubility g DYfﬁilc' ly uﬂaﬁfected by pH. Phar maceut i cal
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intranuscul ar, intradermal and intravenous), transdermal, bronchi al
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powder or pellet form or in the formof a troche or |ozenge. The
solid carrier may contain conventional excipients such as binding
agents, fillers, tableting lubricants, disintegrants, wetting agents
and the like. The tablet may, if desired, be filmcoated by
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wat er or ot hersuitabl e vehicle beffore use. Li qui d preparations may
contain conventional additives sucmyas suspendi ng agents, enul sifying
agents, wetting agents, non-aqueous vehicle (including edible oils),
preservatives, as well as flavoring and/or coloring agents. For

par ent erfdrmadai7ni HydeniydatedeMAchimeitabolite®al |y wil | conprise sterile
water, at least in large part, although saline solutions, glucose
solutions and |like may be utilized. |njectable suspensions also may
be used, in which case conventional suspending agents may be
enployed Conventional preservatives, buffering agents and the |ike
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Pa., 17th editi.en, 1985 In naking phar maceuti cal conpositions
for use in the~invention, the active ingredient(s) will usually be

mxed with a carrler or diluted by a carrier, or enclosed within a
carrier PM“'W Hchan mpjpmt%oﬁtecapsul e, sachet, paper or other
cont ai ner en t e carrier serves as a diluent, it nay be a solid,
sem -solid or liquid material which acts as a vehicle, exci pi ent or
medi um for the active ingredient. Thus, the conposition can be in the
formof tablets, pills, powders, |ozenges, sachets, cachets, elixirs,
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acaci a, cal cium phosphate, al ginates, tragacanth, gelatin, calcium
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sel ective serotonin reuptake inhibitors (SSRls) 5-HTi A antagoni sts
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benzodi aazneit%iap&?picaw\f[)a%lﬂr%gr?%L%th%%r?i %Tg,%g., farm animals, pets and racing
animals, can also be treated) by a number of routes. An effective amount is an
amount that during the course of therapy will have a preventive or ameliorative effect
on a depressive disorder or a symptom thereof. For example, an effective amount is
an amount that prevents the occurrence or recurrence of symptoms of a depressive
disorder to the same degree as other antidepressants, e.g., selective serotonin re-
uptake inhibitors such as fluoxetine, paroxetine, sertraline, etc.

An effective amount, quantitatively, may vary, €.g., depending upon the
patient, the severity of the disorder or symptom being treated, and the route of
administration. Such dose can be determined by routine studies. In general, for
systemic administration, e.g., oral administration, a reference point for dosing is the
dose of a MA-1 or MA-2 that is used to treat circadian rhythm disorders in humans,
i.e., 1 to 500 mg/day when administered orally. It is expected that MA-1 or MA-2 can
be administered to adult humans at doses of 1 to 500 mg/day, although to avoid
possible adverse events, it is preferable to use lower doses, e.g., 150, 100, 50, 25,
10 or 1 mg/day. In general, the dose of MA-1 will be in the range of about 10 to
about 150 mg/day, preferably, about 10 to about 100 mg/day, in one or more unit
dosage forms.

It will be understood that the dosing protocol including the amount of MA-1 or
MA-2 actually administered will be determined by a physician in the light of the
relevant circumstances including, for example, the condition to be treated, the
chosen route of administration, the age, weight, and response of the individual
patient, and the severity of the patient's symptoms. Patients should of course be

monitored for possible adverse events.
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MCH receptor ant agoni sts NG ant.agoni st
P For thérapeutic or prophy]actlcguse MA—1 or MA-2 will normally be

administered as a pharmaceutical composition comprising as the (or an) essential
active ingredient at least one such compound in association with a solid or liquid
pharmaceutically acceptable carrier and, optionally, with pharmaceutically
acceptable adjuvants and excipients employing standard and conventional
technigues.

MA-1 is very soluble or freely soluble in 95% ethanol, methanol, acetonitrile,
ethyl acetaie, isopropanol, polyethylene glycols (PEG-300 and PEG-400), and only
slightly soluble in water. The native pH of a saturated solution of MA-1 in water is
8.5 and its aqueous solubility is practically unaffected by pH.

Pharmaceutical compositions useful in the practice of this invention include
suitable dosage forms for oral, parenteral (including subcutaneous, intramuscular,
intradermal and intravenous), transdermal, bronchial or nasal administration. Thus,
if a solid carrier is used, the preparation may be tableted, placed in a hard gelatin
capsule in powder or pellet form, or in the form of a troche or lozenge. The solid
carrier may contain conventional excipients such as binding agents, fillers, tableting
lubricants, disintegrants, wetting agents and the like. The tablet may, if desired, be
film coated by conventional techniques. If a liquid carrier is employed, the
preparation may be in the form of a syrup, emulsion, soft gelatin capsule, sterile
vehicle for injection, an aqueous or non-aqueous liquid suspension, or may be a dry
product for reconstitution with water or other suitable vehicle before use. Liquid
preparations may contain conventional additives such as suspending agents,
emulsifying agents, wetting agents, non-aqueous vehicle (including edible oils),
preservatives, as well as flavoring and/or coloring agents. For parenteral

administration, a vehicle normally will comprise sterile water, at least in large part,
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antagonists Illustrative, and not limting, of such agents are:

mel at oner gwo 2agyany23t s: nel at oni n, agonel ati ne, PCT/US2007/069420
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fl uoxeti ne, sert ral i ne, venl axafine, citalopram escital opram
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WAY- 629, WAY-163909; SSRI/5-H16 agonists: LY586713, WAY-466,

WAY- 181 1ddfpositions may be prepared by conventional techniques appropriate to the
desired preparation containing appropriate amounts of MA-1 or MA-2. See, for
example, Remington's Pharmaceutical Sciences, Mack Publishing Company,
Easton, Pa., 17th edition, 1985.

In making pharmaceutical compositions for use in the invention, the active
ingredient(s) will usually be mixed with a carrier, or diluted by a carrier, or enclosed
within a carrier which may be in the form of a capsule, sachet, paper or other
container. When the carrier serves as a diluent, it may be a solid, semi-solid or liquid
materiail which acts as a vehicle, excipient or medium for the active ingredient. Thus,
the composition can be in the form of tablets, pills, powders, lozenges, sachets,
cachets, elixirs, suspensions, emulsions, solutions, syrups, aerosols (as a solid or in
a liquid medium), ointments containing for example up to 10% by weight of the active
compound, soft and hard gelatin capsules, suppositories, sterile injectable solutions
and sterile packaged powders.

Some examples of suitable carriers and diluents include lactose, dextrose,
sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates,
tragacanth, gelatin, calcium silicate, microcrystalline cellulose, polyvinylpyrrolidone,
cellulose, water, syrup, methyl cellulose, methyl- and propylhydroxybenzoates, talc,

magnesium stearate and mineral oil. The formulations can additionally include

lubricating agents, wetting agents, emulsifying and suspending agents, preserving
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Reboxet i dusayelcorteiing frivapalsdilit 0l hio dequt AP0 ong oRbb@ctve mgredient. The term
“unit dosage form" refers to physically discrete units suitable as unitary dosages for
human subjects and other mammals, each unit containing a predetermined quantity
of active material calculated to produce the desired prophylactic or therapeutic effect
over the course of a treatment period, in association with the required
pharmaceutical carrier. So, for example, an adult patient suffering a depressive
disorder could be prescribed 1-4 tablets, each having 10-100 mg of MA-1, to be
taken once, twice or three times daily and might expect improvement in his or her
condition within about one to about 12 weeks.

A typical unit dose form could be size 0 or size 1 capsule comprising 10, 20,
50, or 100 mg of MA-1 in addition to anhydrous lactose, microcrystalline cellulose,
silicon dioxide colloidal, croscarmellose sodium, and magnesium stearate. Storage
at 15 to 20 °C with protection from moisture and sunlight is recommended.

MA-1 can aiso be formulated in a controlled release form, e.g., delayed,
sustained, or pulsatile release. MA-1 can also be administered concomitantly with
other drug therapies, including but not limited to other antidepressant drug therapies
or other drug therapies for treating other emotional disorders. So, for example, the
invention encompasses administration of MA-1 or MA-2 in combination with other
melatonergic agonists or other sleep-inducing agents. Other antidepresssant agents

include, but are not limited to, agents in the following drug categories:

- melatonin agonists
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M | naci pran Nefazodone Venl af axi ne; Benzot hi adi azi des: Cycl ot hi azi de;
Benzoyl pi peoi2dimeszs7 CX516, CX546; Bi aryl opropyl sul f onamaias2007/069420
LY392098, LY404187, LY451646; Met abot ropi ¢ gl utamate receptors

gwﬁ(gRsrrzet h§| WS%%&%?S%&%E Yo h%‘y?@‘ ‘to%ﬁ%‘ ¥ E%PEE) JNJ 16259685,

CPCOOEt, MGS0039, LY341495, LY354740, ACPT-1/L-SOP

(Lser i ne- O phosfh&xid] 11 3BAGNNER, N- pheynl- 7- (hydr oxyi i no)

cycl opropa[ b] chronen- la- car boxam de; GABA ant agoni sts: CGP36742,
CGP56433, CGP56999-HT1a/B- adrenNKthaharatggﬂmsts GW\823296, GW79769,
GW97599 (Vestipitant), R673, CP-122,721, L-759274, GR205171,
L733060; NK2 antaderT gitatagiiid968; CRF1 ant agoni sts: OMP696,
DVP904, GM876008, AAGH61, TS-041, CP154,526 (antal arm n), SSR125543,
R2789951CRA04500 BT 14Htadwrgéiei ne vasopressin Vlb ant agoni sts:

SSR149415; MCH receptor antagonists: T-226296. In sone
patients, it reportedl geicstivs 8hdhohselast@gent anti depressant treat nment
with Iithium or triiodothyronine. Thus, in anot her

illustrative enpodigpNtagdnfi@s i Nvention conprises a kit conprising one
or nore pharmaceutica dg osage units of MA-1 or MA-2 and one or nore
phar maceut i cal ’\)g §_ %’%dﬁ of a anti depressant, wherein either or
bot h of MAL or uni ose formand the antidepressant unit dose

formcan al so conp res | vel an anti depressant or an
anti-psychotic, ﬁldé 8@@”8[%? ggﬂ@ nor e addi tional

phar maceut i cal ly active in redl ents. I anat her enbodi nent, the

i nvention cor?ﬁF‘%l%'ﬁ andreRIpERhIriE rmptfksrmmiozsé%ll?ﬂaie other agent or

agents at different tine intervals, such that an effective anmount of
each i s mai ntBQNAEMING oKiase ihikiiers MADEdst ream i n the appropri at e
amounts at the appropriate times. Such kit could facilitate, e.g.,
admi ni st r at i dricysfic ptideppessani2(TiGAS)e taken at different tinme
intervals than the other agent or agents. In a rel ated enbodi nent,
t he kit conptiigesngiloammse apdateddiodkessage units of one agent al one and
ot her pharnmaceutical dosage units conprising both agents. In this
way, for examgheodidbepingg MA-2 coul d be taken al one during the day
and with the other agent or agents in the evening.

- NMDA receptor antagonists

- Pyrrolinones

- Benzothiadiazides

- Benzoylpiperidnes

- Biarylopropylsulfonamides

- Metabotropic glutamate receptors (mGluRs)

- GABA antagonists

- NK1 antagonists

- NK2 antagonists

- CRF1 antagonists

- Arginine vasopressin V1b antagonists
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When used in such conbinations, the dose of each agent is expected to
be approximately the sane as, or less than, an effective anount of

ei t her al owe.2ofm724€xanpl e, each pharnaceutical ly acti vigermngsedsan
can be adm nistered in doses that are about 20%to about 80% of the
dose in whi ct}wé ch i ngredj ent, woul d be adm ni stered al one. The
two (or nore) E‘é’ﬁ‘?@p BANBEORIEH ni stered nore or |ess sinultaneously,
i.e., concomtantly (e.g., within about O to about 5 m nutes of each
ot her, preferl\é@F@n{ﬁMﬁ%Sabout a mnute apart, or they can be

adm nistered at different tinmes. For exanple, in one aspect, the

i nvention s BDNhantagosists cal conposition conprising both the
anti-psychotic agent and the other agent or agents. This enbodi nent,
for exanpl e, ND3pntapmisispi || or capsul e having both active
pharmaceuti cal ingredients either adm xed together or having each
active pharnmag¢pdtdntadonigigr edient in a discrete portion of the pill or
capsul e. Unit dose forns of the invention, whether they

conpri se MA- CREBMAtgopist@n active nmetabolite thereof as the sole
active pharmaceutical ingredient or in conbination wth another

agent, e.g., I%téﬂ%&,wqihﬁi%gg%%fﬁﬁrgé%?é‘.t1 can al so be

formulated in a controlled rel .g., delayed, sustained, or

pul sat 1€ " lfasene L BosHeh FaL bTuADSGRRE 0k aPHlngEl @ney ot
e L
R o AT Y ot R P

was tested in the follow ng 3 nodels: (1) stress-induced cGW

el evat i dJRdoMoRIGRNLChigreraalatiiivg t est and (3) rat Forced Swim test.
Bel ow are the protocols used and results obtained fromthese studies.
St r ess- i nduc&@rqteniaeptake ftytoss: darpiedne, fluoxetine, mesraling venaxafiaes
were placed into a shock chanber with a steel grid floor and shocked
at 1 mA ditgloptam sesadatppraroniuvexamine, tragadaten gefdzedene asiymciprame
animals were placed into a plastic restraint tube and sacrificed by
m cr onawesipramdicativloneijie, ¥Me%2;at 3.5 kW . The cerebel lumwas rapidly
removed, snap frozen, and stored at -80C prior to the cGW assay.
Non- st r essed SBRIBHT 1 Aentadoristsr WAVetd0685{ Pimoldtei r cages and
sacrificed by mcrowave irradiation and tissues were processed in a

simlar manngSRIP-HY1BeHtagbnias serbapsed 30-60 min prior to
f oot -shock stress. For the cGW assay, the tissue was honpgeni zed in

2l of 1% pergyRH-HF 28U gt @ Brinkman Pol ytron at setting #5 for
-15 sec each and placed onice until all sanples were honogeni zed.

Sanpl es mre%ﬁﬁvg_]@g%izd 5%%1??9% ter bath for 5 mn, centrifuged

at 2500G for n, and - e supernatant was collected for

anal ysi s. Su%ﬁ?gg%%mes Kﬁ%fﬁsegbl Fihgglﬁéﬁzo in sodium acetate buffer

according to I'fectio uf acturer of the 1251-cGW

flashpl ates. anpl es were_i.ncuba er.n] Lp., fl I
vel 15w th 15STIm2CEa Rk (B Y eBA A B e VT dpasPa e R’
converted to I WP/ g tissue using a standard curve generated in
the sam® xﬁ‘é&ﬁ@ﬁgﬁp Results: Rats receiving an electric shock
showed -2.5x increase in cerebellar cGW | evels. This increase was
att enuat ed - SSRIGyHTE egorbin: LXPBH/ M VWA 1460 YAYIB1018Z:10 ny/ kg.
Al t hough the effect appeared to be nmaxi mal w thout
dose- r esponsiwvadenerdioaniagdoistss Midazapiut (Rerhewdn); Mouse Forced Swim
Test

triple monoamine update blockers: DOV 21,947;
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Protocol: Aninmals were maintained on a 12:12 LD cycle with Iights on
at 0600 h. Mce were placed into the testing roomat least |h prior
to the stawbb0bistha7test. Vehicle, amtriptyline and MedrweiEness20
adm ni stered under one of three conditions: A) acute treatnent,

ani mal s dosed .30 m nutes prior. to sting; B) 4 day subchronic AM
treat nent W%M%d‘o@ﬁat%égtﬁgpﬂﬁ&: Mﬁﬁ%, 'ﬂﬁ@aaaw,%%ﬁmm%&e&@m%@
(0900-1100 h), with the final dose occurring 30 mn prior to testing;
and C) sHb&iResRreeriog Prevstoserinevi-glvtatoateHenrediir ri ng during t he
evening period (1730-1800 h, right before lights off), and the forced
swi mtest todiyrpllidveesndirdestaronfnigaoetami ng. Animals were tested in
the forced swmtest using a nodification of the protocol originally
descri bed by thoydio$:tAretripyling Q@rtdranlihe Bevipramipeddasthiepint Doxepin beaker s
(KIMAX #14005) filled with 800 m of water (20-220 C) for a 7 mn

swi m per indpraniné tefepravaine Nortriptdineredtripofling Teinipeimibe BrindoRSOPIbrarhs!;
test and were assigned either a "0" if they were actively swinmm ng or
"1" i f they wefrEoyichEd® MARotifes RRAndefih, MitRlZapiHRY ARRIXEBINRE TALBdbM: keep
afloat. During the 5 mnute scoring period, there are ten 30 sec

i nterval gepeidd:for a total possible score of 0-10 for each npuse.
Data was reported as nedian (interquartile range). Each study was run

uti ng. St atvi Sa AaTEREEE Spg R BheBME, Tl Ve 11 s anal ysi 0.
005 VietheWh BRbgse kb0t b BN EEERAIRY o il

forced swimmdel under .three cqondjtions includin A), acute

t eat e ProRg R rodbARE M dhenide Pheae R hectioniste iy Shinpioni o
treat ment w tcp AM, dosi n%m%n_d testing 30 mnutes follow ng the final
dose and (C) “®PEAYN&IgyPEICIRNIpIerecRERRRRIONATINepling Matthaphatidatest i ng
the following nmorning. Amitriptyline was used as a positive control
in this Rhesmetragng Veroxeeneve under conditions A and B, but did not
show activity under condition C.  However, MA-1 did not denonstrate
activity in terepirgpiuipeuadetake inhikifors: eooneling Beboxatise dtlox@ene For ced
Swi m Test Protocol: Aninmals were tested in the forced swm

t est usiMaprotiénepBapropion, Bebgxetalel y descri bed by Porsolt et al (Eur.
J. Pharmacol ., 47,379-391, 1978). Rats were individually placed in a
cylinder (Heisghitorin4@repmedirmeateptake hisitors:dedigrianiimg Dibxetimavat er
(25C) for 15 mnutes on the first day of the experinent (Session 1)

and wer adiimeiprgn Nehoohd Vichsfahgr 24 hours later for a 5 mnute
test (Session 2). The duration of immobility during the 5 mnute test

was neasur ed Bepbthizfidziddy: eyeiodihadeper group. The test was perforned
blind. Session 1 and Session 2 were performed either during the |ight

cycle, i.e. B .after lights-on, or during the
! .g.ﬁgﬁglpénéin@%%ﬁS% 48

dark cycle, i ween and 5.5 hours after lights-off. The
tests duringgt i er f 2t ween 9: 30am
and 12: 30pm B&éﬁlp@%@@{%@éﬁﬁ%@{d‘g@d@ﬁ%@hg?gg{’ﬁéﬂ?,%% gcause of the

b o L B BB RS 22 RB B B e

to be perf.qr t sa V. t sanme | aboratory_technician,
the ant RGMEQMEER) S aTM - Piazoldmbe pnauEomas EFI1 ed t o a
light cycle shift 12 days prior to the first session of the forced
swi m t esNIMAZEHHP, CREPPEhtMEEPR3L LM 14BS. |XREITEOJACPTO1ESOP (L-
(lights-on: 0:00am |ights-off: 12:00pm. The 12-day period was
est i mat égringrGehespheia)i HamoPdsPA Hé-phayi- T (hydeoxyimima) sydepragaibst to
the shift. To habituate the rats to the light cycle shift, the
dar k- cy chsoragn-fraicartwerenidetbm tted to the shift 12 days prior to
Session 1. To ensure otherwi se simlar conditions between the
GABA antagonists: CGP36742, CGP56433, CGP56999;
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EFFECTS OF AGOMELATI NE, MA-1 MELATONIN AND | M PRAM NE | N THE

BEHAVI ORAL DESPAI R TEST (DARK CYCLE) IN THE RAT (6 RATS PER GROUP)
TREATMENT $voobémgs7R70. -24 h and -60 mi n DURATI ON OF | NARAIdzb07664430)
nmean s.e.m p value % change fromcontrol Vehicle#l 210.0 5.6 - -

NK1 antagonists: GW823296, GW679769, GW597599 (Vestipitant), R673,
CP-122,721, L-759274, GR205171, 1.733060;

NK2 antagonists: SR48968;

CRF1 antagonists: DMP696, DMP904, GW876008, AAG561, TS-041, CP-
154,526 (antalarmin), SSR125543, R278995/CRA0450, R1219189;

Arginine vasopressin V1b antagonists: SSR149415;

MCH receptor antagonists: T-226296.

In some patients, it reportedly is useful to augment antidepressant treatment
with lithium or trilodothyronine.

Thus, in another illustrative embodiment, the invention comprises a kit
comprising one or more pharmaceutical dosage units of MA-1 or MA-2 and one or
more pharmaceutical dosage units of a antidepressant, wherein either or both ofMA-
1 or MA-2 unit dose form and the antidepressant unit dose form can also comprise,
respectively, an antidepressant or an anti-psychotic, and optionally, one or more
additional pharmaceutically active ingredients. In another embodiment, the invention
comprises administering MA-1 or MA-2 and the other agent or agents at different
time intervals, such that an effective amount of each is maintained in the patient's
bloodstream in the appropriate amounts at the appropriate times. Such kit could
facititate, e.g., administration of MA-1 or MA-2 to be taken at different time intervals
than the other agent or agents. In a related embodiment, the kit comprises
pharmaceutical dosage units of one agent alone and other pharmaceutical dosage
units comprising both agents. In this way, for example, MA-1 or MA-2 could be
taken alone during the day and with the other agent or agents in the evening.

When used in such combinations, the dose of each agent is expected to be

approximately the same as, or less than, an effective amount of either alone. For
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agonel atine (10) 84.8 8.2 *** <0.0001 -60% agonel ati ne (50) 140.2
19.1 0.0107 -33% MA-1 (1) 133.0
WO 2007/137247 PCT/US2007/069420

example, each pharmaceutically active ingredient can be administered in doses that
are about 20% to about 80% of the dose in which each ingredient would be
administered alone.

The two (or more) agents can be administered more or less simultaneously,
i.e., concomitantly (e.g., within about 0 to about § minutes of each other, preferably
within about a minute apart, or they can be administered at different times. For
example, in one aspect, the invention is a pharmaceutical composition comprising
both the anti-psychotic agent and the other agent or agents. This embodiment, for
example, comprises a pill or capsule having both active pharmaceutical ingredients
either admixed together or having each active pharmaceutical ingredient in a
discrete portion of the pill or capsule.

Unit dose forms of the invention, whether they comprise MA-1 or MA-2 or an
active metabolite thereof as the sole active pharmaceutical ingredient or in
combination with another agent, e.g., an antipsychotic or antidepressant, can also be
formulated in a controlled release form, e.g., delayed, sustained, or pulsatile release.
With such form, in the case of combinations, MA-1 or MA-2 or active metabolite
thereof can be released at the same or different rates and times as the other agent

or agents.

Examples
The examples that follow are illustrative and not limiting of the invention and
illustrate the usefulness of MA-1 in the prevention and treatment of symptoms of

depressive disorders.
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6.6 *** <0.0001 -37% MA-1 (10) #2 124.8 18.8 ** 0.0024 -41%
Mel atonin (10) 132.8 16.5
WO 2007/137247 PCT/US2007/069420

Examples 1-3. MA-1 was tested in the following 3 models: (1) stress-induced cGMP
elevation, (2) mouse Forced Swim test and (3) rat Forced Swim test. Below are the

protocols used and results obtained from these studies.

Stress-induced cerebellar cGMP elevation

Protocol: Animals were placed into a shock chamber with a steel grid floor
and shocked at 1 mA for 10 seconds. One minute following the stressor, the animals
were placed into a plastic restraint tube and sacrificed by microwave irradiation (1.8
sec at 3.5 kW). The cerebellum was rapidly removed, snap frozen, and stored at
—80C prior to the cGMP assay. Non-stressed animals were taken directly from their
cages and sacrificed by microwave irradiation and tissues were processed in a
similar manner. Drug dosing was performed 30-60 min prior to foot-shock stress.
For the cGMP assay, the tissue was homogenized in 2ml of 1% perchloric acid using
a Brinkman Polytron at setting #5 for ~15 sec each and placed on ice until all
samples were homogenized. Samples were then placed in an 85C water bath for 5
min, centrifuged at 2500G for 15min, and ~0.5ml of the supernatant was collected for
analysis. Supernatants were diluted 1:20 in sodium acetate buffer according to the
directions of the manufacturer of the 125I-cGMP flashplates. Diluted samples were
incubated overnight in flashplate wells with 1251-cGMP, assayed on a gamma-
counter plate reader, and converted to pmol cGMP/mg tissue using a standard curve
generated in the same experiment.

Results: Rats receiving an electric shock showed ~2.5x increase in cerebellar
cGMP levels. This increase was attenuated ~50% by treatment with MA-1 at doses
of 0.1-10 mg/kg. Although the effect appeared to be maximal without dose-

responsiveness, lower doses were not tried.
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0.0028 -37% Mel atonin (50) 166.8 16.6 0.0492 -21% | m pram ne (64)
63.0 11.1 *** <0.0001 -70%
WO 2007/137247 PCT/US2007/069420

Mouse Forced Swim Test

Protocol: Animals were maintained on a 12:12 LD cycle with lights on at 0600
h. Mice were placed into the testing room at least 1h prior to the start of the test.
Vehicle, amitriptyline and MA-1 were administered under one of three conditions; A)
acute treatment, animals dosed 30 minutes prior to testing; B) 4 day subchronic AM
treatment, with dosing occurring during the early morning period (0900-1100 h), with
the final dose occurring 30 min prior to testing; and C) subchronic PM treatment with
dosing occurring during the evening period (1730-1800 h, right before lights off), and
the forced swim test took place the following morning. Animals were tested in the
forced swim test using a modification of the protocol originally described by Porsolt
et al. (1978). Mice were placed into 1 L beakers (KIMAX #14005) filled with 800 ml
of water (20-220 C) for a 7 min swim period. Animals were only scored for the last 5
minutes of the test and were assigned either a “0” if they were actively swimming or
“1” if they were immobile, except for small movements needed to keep afloat. During
the 5 minute scoring period, there are ten 30 sec intervals scored for a total possible
score of 0-10 for each mouse. Data was reported as median (interquartile range).
Each study was run independently with separate groups of naive mice. Data were
analyzed using Statview (SAS, Cary, NC) with a Kruskal-Wallis analysis, followed by
Mann-Whitney U-test with the significance level set at p < 0.05.

Results: MA-1 was tested for efficacy in the mouse forced swim model under
three conditions including (A) acute treatment, with testing 30 minute post-dose, (B)
4-day sub-chronic treatment with AM dosing and testing 30 minutes following the
final dose and {C) 4-day sub-chronic treatment with PM dosing and testing the
following morning. Amitriptyline was used as a positive control in this assay, and

was active under conditions A and B, but did not show activity under condition C.
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Student's t test: * = p < 0.05; ** =p <0.01; *** = p < 0.001 #1:
escape (1/6). #2: dead (1/6). WD 2007/137247PCTI US2007/ 069420 TABLE
2 EFFECTSwORoxGOMELATI NE, MA-1, MELATONI N AND | M PRAMEAdE/UsXboTidbo420
BEHAVI ORAL DESPAI R TEST (LI GHT CYCLE) IN THE RAT (6 RATS PER GROUP)

TREATNE'ﬂo&g\%rmI)A—P o notdermbralge gcgivmr it lsRéA“s-Qa?}lmgér ény SRS cOhaftiShs

tested.

Rat Forced Swim Test

Protocol: Animals were tested in the forced swim test using the protocol
originally described by Porsolt et al (Eur. J. Pharmacol., 47, 379-391, 1978). Rats
were individually placed in a cylinder (Height = 40 cm, Diameter = 20 cm) containing
13 cm water (25°C) for 15 minutes on the first day of the experiment (Session 1) and
were then put back in the water 24 hours later for a 5 minute test (Session 2). The
duration of immobility during the 5 minute test was measured. Six rats were studied
per group. The test was performed blind. Session 1 and Session 2 were performed
either during the light cycle, i.e. between 2.5 and 5.5 hours after lights-on, or during
the dark cycle, i.e. between 2.5 and 5.5 hours after lights-off. The tests during the
light cycle were therefore performed between 9:30am and 12:30pm, whereas the
tests during the dark cycle, because of the light cycle shift, were performed between
14.30pm and 17:30pm.

To permit the 2 phases of the experiment (light phase and dark phase) to be
performed on the same day by the same laboratory technician, the animals to be
tested during the dark phase were submitted to a light cycle shift 12 days prior to the
first session of the forced swim test whereby the light/dark cycle was advanced 7
hours (lights-on: 0:00am, lights-off: 12:00pm). The 12-day period was estimated to
be sufficient for the dark-cycle animals to adjust to the shift. To habituate the rats to
the light cycle shift, the dark-cycle animals were submitted to the shift 12 days prior
to Session 1. To ensure otherwise similar conditions between the light-cycle and

dark-cycle animals, all animals to be used in the experiment were from the same
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mean s.e.m P value %change fromcontrol Vehicle 168.3 14.1 - -
Agonel atine (10) 97.8 13.5 ** 0.0047
WO 2007/137247 PCT/US2007/069420

delivery batch and were placed in their experimental living cages at the same time,
l.e. 12 days before Session 1.

Testing during the light phase was performed under normal laboratory
illumination, and testing during the dark phase was performed under infrared
ilumination. MA-1, agomelatine, and melatonin were evaluated at 2 oral (p.0.) doses
each, administered twice (24 hours and 1 hour before Session 2). The first
administration was given immediately after Session 1. Imipramine (64 mg/kg p.o.),
administered twice under the same experimental conditions, was used as reference
substance.

Result: Rats were dosed and tested during either the dark phase (table 1) or
the light phase (table 2) of the 24 hr cycle, to investigate the potential for a sensitivity
to circadian time. Compounds tested included imipramine as a positive control (64
mg/kg), melatonin (10 and 50 mg/kg), agomelatine (10 and 50 mg/kg) and MA-1 (1
and 10 mg/kg). Doses were chosen to coincide with the range where activity has
been reported in the literature for this or other behavioral assays. Activity was more
robust during the dark phase for all melatonin agonists, with agomelatine showing a
60% and 33% decrease in immobility time at 10 and 50 mg/kg respectively. MA-1
also showed a significant decrease in immobility time at both doses tested, with a
37% and 41% decrease in immobility seem at 1 and 10 mg/kg respectively. Activity
was also observed in animals tested during the light phase (table 2), although the

effects were more modest and less consistent across doses tesied.
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- 42% Agomel atine (50) 191.0 9.4 NS 0.2114 +13% MA-1 (1) 145.3 26.0

NS 0. 4548 -14% MA-1 ( 10)
WO 2007/137247 PCT/US2007/069420

TABLE 1

EFFECTS OF AGOMELATINE, MA-1 MELATONIN AND IMIPRAMINE

IN THE BEHAVIORAL DESPAIR TEST (DARK CYCLE) IN THE RAT

(6 RATS PER GROUP)

TREATMENT DURATION OF IMMOBILITY (s)

(mg/kg)

po.24hand-60  |means.em P % change
T value from control

min

Vehicle  #1 210.0 + 5.6 - -
agomelatine (10) (84.8 + 8.2 Y <0.0001 }-60%
agomelatine (50) |140.2 + 19.1 * 0.0107 |-33%
MA-1 (1) 133.0 + 6.6 rE <0.0001 (-37%
MA-1 (10) #2 124.8 188 ** 0.0024 |-41%
Melatonin (10) 132.8 +165 ™ 0.0028 |-37%
Melatonin (50) 166.8 + 166 ¢ 0.0492 |-21%
Imipramine (64)  163.0 111 <0.0001 |-70%

Student'’s t test: * = p < 0.05; ** = p < 0.01; ** = p < 0.001

#1: escape (1/6).

#2: dead (1/6).
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126.3 26.9 NS 0.1967 -25% Mel atonin (10) 101.3 18.8 * 0.0172 -40%
Mel atonin (50) 167.7 10.8
WO 2007/137247 PCT/US2007/069420

TABLE 2
EFFECTS OF AGOMELATINE, MA-1, MELATONIN AND IMIPRAMINE IN

THE BEHAVIORAL DESPAIR TEST (LIGHT CYCLE) IN THE RAT

(6 RATS PER GROUP)
DURATION OF IMMOBILITY

TREATMENT (s)

(mg/kg) _ :

p.0. -24 h and -60 min mean £ s.e.m. p %o change

value [from control

Vehicle 168.3 £ 14.1 - -
Agomelatine (10) 97.8 +135 ™ 0.0047 |-42%
Agomelatine (50) 191.0 + 9.4 NS 0.2114 |+13%
MA-1 (1) 145.3 +26.0 NS 0.4548 |-14%
MA-1(10) 126.3 +£26.9 NS 0.1967 |-25%
Melatonin (10) 101.3 +18.8 * 0.0172 |-40%
Melatonin (50) 167.7 +10.8 NS 0.9709 (0%
Imipramine (64) 49.5 + 106 ™ <0.0001(-71%

Student's t test: NS = Not Significant; * = p < 0.05; ** =p < 0.01; ** =p < 0.001

Conclusions: This set of studies was designed to test whether MA-1 showed
similar activity to other melatonin agonists in rodent behavioral models of stress and
behavioral despair. In those models in which other melatonin agonists showed
activity, MA-1 was active. Melatonin and agomelatine have previously shown activity
in the stress-induced cGMP assay (data not shown) at levels similar to what was
observed for MA-1. In addition, MA-1 showed activity in the rat FST (Porsoit labs)

similar in magnitude to that shown by agomelatine and melatonin. Although MA-1
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NS 0.9709 0% I mpramne (64) 49.5 10.6 *** <0.0001 -71% Student's t
test: NS = Not Significant; * = p < 0.05; ** =p <0.01; *** =p

<0. 001 WO 2@0n3¥MBi ons: This set of studies was desi REIAIL070eHR20
whet her MA-1 showed simlar activity to other nelatonin agonists in

odels NREHbOAeTRIE Bodte FETRE 4TS not MR RO TR br Wﬁ‘%trﬁﬁie
SRRl T e,

what was observed for MA-1. In addition, MA-1 showed activity in the
rat FST 3958V $8 by PRt lats |sanot.srmwﬁ@#ett@aeme@eﬁﬁﬂa‘{ergwnﬁejwe have
agonel ati ne and nel atonin. Al though MA-1 was not active in the nouse
FST, we ale@Bohehsesyrshectiiy fajinegiatonin agomnists ireaaetber veraigomf sissrat irSThi s
assay. The lack of effect in the nouse FST as conpared to the rat
assay ruhisgpuggeststhat Babits differemoes & agslay désgn, oouie spedinimistditibh cortitoe
since we have al so not observed activity for nelatonin agonists in
anot her ofejosingn ey deheriticak foFBiBlatdhinagoupgeti workhathis absdye Idivet enethees
in assay design, route of adm nistration, or time of dosing, may be
criti calstigy noErepdesd Rey MA-$ tsstt® m/\mt&m A nidiifeddsmay swim t¥stat@ot her
study not reported here, MA-1 tested in rats in a nodified forced

SW M t eshoml dhdMy ﬂﬁ@ll@%d@d Y gl@ov@%ﬁe&b%nﬂﬁﬁn@d‘lﬁyv SHifrPshg, Alimbin

i mobi lity, swinmng, or clinbing that were statistically differen
from vehigl Gere statistically different from vehicle.
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CLAIM5S What is claimed is: 1. Use of MA-1 in the manufacture of a
medi cament for the therapeutic and/or prophylactic treatnment of major
depression. 2. The use of claim1l, wherein the major depression

i ncl udes at | east one synptom selected froma group consisting of:
persi stent sad, anxious, or enpty nood; feelings of hopel essness;
pessim sm feelings of guilt, worthl essness, or hel pl essness; |oss of
interest or pleasure in hobbies and @b8iIMSties that were once

enj oyed, including sex; decreased energy, fatigue, or being slowed
down; difficulty concentrating, renenbering, or mnaking decisions;
insomi a, g@hddis TR diGisavakeni ng, or oversl eeping; appetite and/or
wei ght | oss or overeating and wei ght gain; thoughts of death or
suicide; suicide attenpts; restlessness; irritability; persistent
physi cal synptons that do not respond to treatnent, including

headaches, 19,9585 FePigshe mdiablrS o Bhefer e R FE TRAB "

i ncl udes a second %nti dePressant medi cati on,
and/or prophylactic treatment of major depression.

2. The use of claim 1, wherein the major depression 'mc!udes.at least one
symptom selected from a-group consisting of: persistent sad, anxious, or empty
mood; feelings of hopelessness; pessimism; feelings of guilt, worthlessness, or
helplessness; loss of interest or pleasure in hobbies and activities that were once
enjoyed, including sex; decreased energy, fatigue, or being slowed down;
difficulty concentrating, remembering, or making deciéions; insomnia, early-
morning awakening, or oversleeping; appetite and/or weight loss or overeating
and weight gain; thoughts of death or suicide; suicide attempts; restlessness;
irritability; persisteﬁt physical symptoms that do not respond {o treatment,
including headaches, digestive disorders, and éhronic pain; or any combination

of the preceding.

3. The dse of claim 1, wherein .the. Amedicament .includes a second

antidepressant medication.
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