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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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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 to a psychotic state."
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The method of the invention also comprises treatment or prevention of other
disorders for which certain antidepressants, e.g., serotonin reuptake inhibitors, have
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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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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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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syrups, aerosols (as a solid or in
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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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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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 also 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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antagoni sts - NK1 antagonists - NK2 antagonists -

CRF1° aftdfordrd@gonisig gi ni ne vasopressin V1 b
antagonists -11 WD 2007/137247 PCT/ US2007/ 069420 -
MCH ¢ e&dpT oV -adteappuepiir@ntadddistant agoni sts - BDNF
antagoni sts - NT-3 antagonists - NT-4 antagonists -

CRER, aBtiggarfth§onikisustrative, and not limting, of
such agents are:
o 5-HTyc antagonists
= Selective and nonselective

o 5-HTyc agonists

o 5-HTs agonists

o -2 adrenergic antagonists
serotonin and norepinephrine reuptake inhibitors (SNRIs)
monoamine oxidase inhibitors (MAOQOIs)
tricyclic antidepressants (TCAs)
triple monoamine update blockers
benzodiazepines
NMDA receptor antagonists
Pyrrolinones
Benzothiadiazides
Benzoylpiperidnes
Biarylopropylsulfonamides
Metabotropic glutamate receptors (mGIuRs)
GABA antagonists
NK1 antagonists
NK2 antagonists
CRF1 antagonists

Arginine vasopressin V1b antagonists
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mel at oner gi ¢ agoni sts: nel atonin, agonelatine, (1
R-Trans)-N-[[ 2- (2, 3-di hydro-
wa2enznfiur anyl ) cycl opropyl ] m et hyl ] propan- aPECTES208T1069420
N-[ 1- (2, 3-di hydr obenzofuran- 4-yl)pyrrol id
in-3-yl]-Nethylurea], ranelteon, 2-Phenyl nel atonin,
- SWI?L[%%‘E&% aPé@Qﬁﬁ? toni n, 6-Chl oronel at oni n;
serotoni n reuptake inhibitors: paroxetine, fluoxetine,
- s&Gk antagonisfen| axafi ne, cital opram escital opram
fl uvoxam ne, trazadone, nefazodone, m | nacipran,
- d8&INr antagenisdsil oxet i ne, YMP92; SSRI/5- HT1A
ant agoni sts: WAY-100635, Pindolol; SSRI/5-HT1 B
- anNTagemnitgdahistsB- 224289;  SSRI/ 5- HT2C ant agoni st s;
Sel ective: SB242084, RS102221; Nonsel ective:

} K?\f'laﬂ]%%'fédbniétgi ndal one; SSRI/5-HT2C agoni sts: Og
37684, Ro 60-0175, WAY-161503, YM48, WAY- 629,

- VREARIRAR,RIRI /5-HT6 agoni sts: LYSBE713, WAY- 466,

2 adrenergi c antagonists: Mrtazapine
(Renmeragn); triple nonoam ne update bl ockers: DOV
2iﬁ,u§lfﬂw “ans] 08 I5ng 10k AP aSENIR BERI07/ 069420 NVDA
receptor antagoni sts: M-801, Memantine, Ketani ne, .
Ferdlaioneegic eggaistie mebatosin, ragonmelaijng, dd Br Traes)-N-[[2-(2,3-dihydro-
L-glutamatel fenprod il; Pyrrolidiones: Piracetam
4-berfofurangeyulogropgimeingt prépan-ramidgl ane N[ to(@, Bdimgdrebenzofuran-

Desi pram ne Dot hi epi n Doxepin | m pran ne Lof epram ne

4-yl )d&rﬁ)‘d?@%—?ﬁ!ﬂl‘ﬂl@trﬁﬂ%b],FPbeeiIt@@n T3 JPHepl A& IBRNIMIS-NAPDOT, 2-
lodomelatonin, 6-Chloromelatonin;

serotonin reuptake inhibitors: paroxetine, fluoxetine, sertraline, venlaxafine,
citalopram, escitalopram, fluvoxamine, trazadone, nefazodone, milnacipran,
desipramine, duloxetine, YM992;

SSRI/5-HT1A antagonists: WAY-100635, Pindolol;

SSRI/5-HT1B antagonists: SB-224289;

SSRI/5-HT2C antagonists;

Selective: SB242084, RS102221;

Nonselective: Ketanserin, Irindalone;

SSRI/5-HT2C agonists: Org 37684, Ro 60-0175, WAY-161503, YM348, WAY-
629, WAY-163909;

SSRI/5-HT6 agonists: LY586713, WAY-466, WAY-1811187;

a-2 adrenergic antagonists: Mirtazapine (Remeron);

triple monoamine update blockers: DOV 21,947;
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tetracyclics: Maprotiline, Manserin, Mrtazapine,

Anoxapi ne, Trazodone, Nefazodone; serotonin reuptake
wepiwangess: tianeptine; nonoam ne oxi dase i nhi RCT/O8207/069420

Har mal i ne Ni al anmi de Sel egiline |Isocar boxazi d

rSRATEREr o BRHOSPTE RS, SRRATire Klgiring, Felbamate,

i nhi bi tors: Bupropi on Am neptine I\/Et hyI phenl dat e
Glycipe,p T‘i?@f'ﬂﬁzprfé/({)%‘?ﬂﬁér betutam@telis PR ne reupt ake
i nhi bitors: Atonoxetine Reboxetine Vil oxazine

VRyrrotidionae: Bugaceipimo AnirRediaxet | ne;
ser ot oni n- nor epi nephri ne reuptake inhibitors:

Desdyieliesn AritdiptymeeCloripravhineadésiprimite Data kpire Doxepin
Venl af aX| ne; Benzot hi adi azi des: QICI ot hi azi de;

Imlpr%%ar y opy n%' N‘ﬁf‘%@f?ﬁmtﬁ@g rlmler\?drfr(l)lﬁserlndole Opipramol;
”%E%%l%% Y NGAL o R RBkd e,

meth | -1,3-thiazol-4-yl)ethynyl]-pyridine
Nefa¥ JI\U16259685 CPCOOEt, M3S0039, LY341495,
LY354740 ACPT-1/L-SOP (L- serine-O phosphate),
HeBTAAFA, reppiakeemhancersy ABRPLNE; no) cycl opr opal b]
chronen-1 a-carboxam de; GABA ant agoni sts: CGP36742,
Cortroddiine G898 ibiters3 HAEM200& Nidddvide Selegiline Isocarboxazid
PCT/ US2007/ 069420 NK1 ant agoni sts: GA823296,

lpron %7%7@&02|%\5\%c588e&1¥%5ph@rhélﬁlﬁb)TokB@&@ne Trehy A rdmine;
274, GR205171, L7330

dopamine reuptake inhibitors: Bupropion Amineptine Methylphenidate
Phenmetrazine Vanoxerine;

norepinephrine reuptake inhibitors: Atomoxetine Reboxetine Viloxazine
Maprotiline Bupropion, Reboxetine;

serotonin-norepinephrine reuptake inhibitors: Desipramine Duloxetine
Milnacipran Nefazodone Venlafaxine;

Benzothiadiazides: Cyclothiazide;

Benzoylpiperidines: CX516, CX546;

Biarylopropylsulfonamides: LY392098, LY404187, LY451646;

Metabotropic glutamate receptors (mGIuRs): 2-methyl-6-(phenylethynyl)-
pyridine (MPEP), 3-[(2-methyl-1,3-thiazol-4-yl)ethynyl]-pyridine (MTEP),
JNJ16259685, CPCOOEt, MGS0039, LY341495, LY354740, ACPT-1/L-SOP (L-
serine-O-phosphate), HomoAMPA, N-pheynl-7-(hydroxyimino) cyclopropa(b]
chromen-1a-carboxamide;

GABA antagonists: CGP36742, CGP56433, CGP56999;
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NK2 ant agoni sts: SR48968; CRF1 antagoni sts: DMP696,
DVP904, GMN876008, AAGH61, TS-041, CP- 154,526

W@ a200v/aBasTi n) , SSR125543, R278995/ CRA0450, RI12HGI/BS2007/069420
Argi ni ne vasopressin V1 b antagoni sts: SSR1 49415;

“ﬁ%ﬁ%@%ﬁéﬁ%ﬁ%ﬁ%@%ké@ S@N@%ﬁéj&@%@?%@;&%%ﬁ% °R673
t ment with [ithiumor triiodot yronlne us, In

CP-132dPAek- 1392441 BR200d 7dnb6d0RYt , the invention

conprises a kit conprising one or nore pharmnmaceuti cal
dddchentagonstofSRBI58r MA-2 and one or nore
pharmaceuti cal dosage units of a antidepressant,

WORFE! aneigbhrts: @MPebb, DMP8041 GWKBeEs, WAGSGQ)SFSfOMHmCP-
and the antidepressant unit dose form can al so

154, 52% hta?&rmm? WHREDEHAS, BRzﬁd@JQ%VERQG%GSﬁ@QiQ@ an

psychotiic, and optlona Iy, one or nore

n t edi ents.
%2¢hgfe @%ﬁg%ﬁ%%“?ﬁw R ECHE R
isteri n d the other agent or
%Qs{eﬁ%ptar t@IQQHtStS t-llvjé‘f‘%g?%]er val s, such that an
effective anount of each is maintai ned in the
p#n beme' patiepts ddeppdadlyiis uselkl tppugpentartidapsessant dieatment
the appropriate tines. Such kit could facilitate,

with lighigm orliiddutisgroaineon of MA-1 or MA-2 to be taken at
different tine intervals than the other agent or

agenkSin dribtider ikl @R RO iFRIM: thbhméﬂtronq,@mms%%% kit

phar maceuti cal dosage units of one agent al one and
compglél?ﬁorfg‘? %ﬁ@gﬁbﬁﬁéc %3980%8 ur?iﬁg&f'm -?bﬁ%&’-?tg?]d | pne or

or exa
b aken.al gne durln and the o
more 3 asr U ADsess b iaobd ant ke et Whee R £10E fr both oA
conbi nations, the dose of each agent is expect ed to be
1or '\%p’% it ﬁﬁ?%lf%f nt Aed &gantideprgssant 4ittdase, foER cenrale comprise,
anount of either alone. For -14
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
facilitate, 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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WO 2007/ 137247 PCT/ US2007/ 069420 exanpl e, each
phar maceutically active ingredient can be adm ni stered

W0 p00do3rd47 t hat are about 20% to about 80% of PEEUSIET069420
in which each ingredi ent woul d be adm' ni stered aI one.

The t or_nore can he drri red
exan\p&§a\§ﬁma{rgﬁggﬁ%q@9 qﬁlvglngrggﬁ@g tq mlpgt%’ed In doses that

within about 0 to about 5 m nutes of each ot her,
are appielf 23°%a13P ooy BAYarofdhe wose Imwfbeaﬁamre@entweyld&m

be adm nistered at different tinmes. For exanple, in
adminiseredplete, the invention is a pharnaceuti cal

conmposition conprising both the anti-psychotic agent

aMiettv® (oF hire pagerits @anageadminisibiet @k ei I888tsimliRaneously,
exanpl e, conprises a pill or capsule having both

ie., c%ﬁEbrY]ﬁer o{é’ﬁ‘:%'lr?éﬂ)o r‘(gfoeéibcﬁﬁtimlrﬁltég%f eadTbURS, preferably

t oget avi ng eac active armaceut | cal

vl R e, TR e el For

ey conprise NA-1 MA-2 O active netabolite
examp R 6N BSPERle t@%l”é/eﬁE?” VR Bhﬁﬁﬁﬁ%%ﬂtqa a@mpﬁalpea.cempr'smg
or in conbination with another agent,

both @etarispsyabiotic agenhand dupebes agent @raag%ts{)gfb@ embodiment, for
formulated in a controlled release form e.g.,

examéd, apetprises < pill ve dapsuleavirag bote active ab@rma¥étticas ingredients
form in the case of conbinations, MA-1 or MA-2 or

eithe&dmi@dBalpet of ﬁavﬁwb‘i‘!a%ﬂfadﬁ@@ p‘h%rrhﬁbé@&%‘ﬂ iRfrediBAt MadTe
or different rates and tines as the other agent or

d|Scr&? on Fﬁﬂgp&,ﬁ F?Sf igxanpl es that follow are

I Ve an |mt|ng of the invention and
' H@%d%%ﬁ At o Se@nﬁ‘f'ﬁﬁ 3 GreNai e B hir §f-2 or an
active metabollte 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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WD 2007/ 137247 PCT/ US2007/ 069420 Exanples 1-3. MA-1

was tested in the following 3 nodels: (1)
waeedsrienhduced cGWP el evation, (2) nouse For PEHUSUOTIN69420

test and (3) rat Forced Sw mtest. Below are the

Exanfieh P28 Mg’y e Wtied Eblhe 1 8Hiedi Sodele (1] S5 ppuced comp

Protocol: Aninmals were placed into a shock chanber
elevajipnn(2) neuss Feced Jwipbiest and (3hiad keacast SwimiestoBelow are the

seconds. One mnute follow ng the stressor, the

protoedis sked angeresulpd abtainéchfromathpbeastudies.est rai nt t ube and
sacrificed by mcrowave irradiation (1.8 sec at 3.5
kW . The cerebellumwas rapidly renoved, snap frozen,
and stored at -80C prior to the cGW assay.

StresNoRg e Bl P deVAidnaken directly fromtheir

P50 Rt Bl 2B o

tres the cGWP s the tissue S ,

and %%8%%‘% ié@i&f‘i’f %ﬁe%”d% %emmt%mlk?%g \&/}/‘a%‘ir%sorathe animals
Bri nkman Pol ytron at setting #5 for -15 sec each and

were jplagegdniona plestianestraial iubesanepsansifined byhvieryeane iswdiation (1.8
Sanpl es were then placed in an 85C water bath for 5

sec atBrh k\waniThiefagyeelhim A30Gpiddy retboved, saag frdxebnéndktdree at
supernatant was collected for analysis. Supernatants

—8OCV]SHcfr‘ tgithe!ESMH ad8ay. NBALitieF: a8 %h#has%rteetékéwapééhmom their
he di rectl ons of the manufacturer of

cageslgﬁ& s%gﬁllpc &?F'ﬁ pI ve |Pé5 FISH aﬁg%ﬁgiwé%gé&%%a%g

over ni assayed
- unt er I at and conye
S'm"a;srm?n@%wrﬁg gl wagg ﬁfér 835k a0 FA R0 1B Rbp Bk sigess.
sane experinent. Results: Rats receivi ngh an . _
For tf@ @@MF’ assodie EnpiRwas 1osiogenizashisemipicih sshiarc acid using
cGW | evels. This increase was attenuated -50% by
a Brinknezn Pehttroni attsettiigl#afordokesec eéclDand ptaaeg/dyice until all
Al t hough the effect appeared to be maxi nal w t hout
sampls®ere 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 1251-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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responsi veness, |ower doses were not tried. -16 WO

2007/ 137247 PCT/ US2007/ 069420 Mouse Forced Swi m Test
wee@rosnkT Aninmals were maintained on a 12: 12 ROI/TINE069420

with lights on at 0600 h. Mce were placed into the

—SEM‘I&%— least 1 h prior to the start of the
= amtriptyline and MA-1 were
adm ni st ered under one of three conditions: A%
t PeaiopehtAnigilsraese mriri@ineg on Ak pP; @icle wit éﬂghtSr@q at 0600
B) 4 day subchronic AM treatnent, wth dosing
h. Miceonverei plgcatlintonthe ﬂestilegtmqmrabﬂea?s‘ng hpariardd thie® S@oE af1tae test.
h), with the final dose occurring 30 mn prior to

Vehidi¢sdrhingotyldiglata MAH obseradmintidtéretiadmiitiond dilihreosdrittitions: A)
occurring during the evening period (1730-1800 h,

acutert'r&—{n}l;nﬁ?gféﬁl ald @5’%?%096 Hmut%@ﬁ)rlotr%tés‘?lh ef) ﬁ"&dy étﬁ)%hr OPlc AM

cet W ng nor ni [s”wer teste

v, 1 AN D s A R SO i
O T LT —

7 min swmperiod. Animals were only scored for the
dosingaacugingnilwingtheodvertirg peded QTVCBQNéSéO hs Bghfreefoes lighds off), and
"0" if they were actively swmmng or "1" if they
the foregd swimidstlteok placerthe ffallovsinginiorninge emitral s eede tested in the
keep afloat. During the 5 mnute scoring period,

forced R@/id téé@élﬁ@ a?rﬁoélﬂéat'ldﬁ 61f tﬁé' profRel iy |F19I'gaée§c9tb@d by Porsolt

possi bl e score of O- each nouse
et al. ?éé’f)ér)hﬁ\ﬁllc:g}é%@gidgéﬁ(f fn [th‘géelééé% gKﬁ\ﬁRg%4oo§?ﬁ|'fbos\‘NHH>éoo ml

of walgs 2R @ K cokainn f?@erﬁﬁér S W BEPhyes fof the last 5

Mann- Whitney U-test with the si %gl f| cance | evel set at
minutgs of gheykest ﬁ@gm@ aspgnedgither éstledf they were petvs)y swimmng or
nouse forced swi m nodel under three conditions
17" if theyl weliengni@dilea enceptt foe amal movememtstresdieddo keepmiafloat During
post - dose, (B)
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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4-day sub-chronic treatment with AM dosing and testing
30 mnutes followng the final dose and (C) 4-day

W@ w7asneni c treatnment with PM dosing and testPEmyUs19e7/069420
following norning. Amitriptyline was used as a

ou PR ol ST sl Y S Bonatons

condition C. -17 WD 2007/137247 PCT/ USZOO?/ 069420
testedionwever, MA-1 did not denpnstrate activity in this
assay under any of the conditions tested. Rat Forced
Swim Test Protocol: Animals were tested in the forced
swmtest using the protocol originally described by

Rat FoedspSiviatTegt (Eur. J. Pharnmacol ., 47, 379-391, 1978).
Rats were 1 ndividually placed in a cylinder (Hei ght =

4@’r8t?1§oIDA"i‘ﬂﬁ5%rwere2thFe?? inGRBFGHCBY ;é%m]téstcurgl Pr(o%é&)l

m nutes on the rst day of the exper

origir B PEs Pl of BPrsstEEa (REE £ Eﬁ}apfﬁégg" J‘%?B'?ﬁ%ﬁég%r Rats
were fiditial Plapsd e evlide tleighi et i, Bgafer A0 ofsrontaining

was perfornmed blind. Session 1 and Session 2 were

13 crpavatesr (283C) Ertlivemirdiies ag thedrat idghiof dye Bxperiment (Gas@ioenT ) and
2.5 and 5.5 hours after lights-on, or during the dark

were thyarl put back inliet wester 24 hoarsdaterJoha dreiratd east (Session 2). The
lights-off. The tests during the 1light cycle were

duratrdhecsfefr@m@o.m rdueuhpﬁﬁe Berhiees téht JRRMansurkd: IR Mits were studied
whereas the” tests during the dark cycle, because of

per gFJ‘L@) ngggsﬁxﬁ#geﬁghﬁ&g bpﬁ 4 ?@E%i%ﬂrﬁﬁrgq %%%%ﬂr? wefe né@ﬁ&?med

erm ases e experl

eltheS lﬁ[ﬂptg{%ﬁ %?pxadsggrgakqt gga % dbjegﬁﬁpla %fﬁ;pnqtglqgs -on, or during

to test ed duri ng thedrk phase were
the d@ﬁkb%iciq &8 {ogtvgeqr] %ﬁta"tcﬂlél5eh%$ﬁfte![bg@§§ﬂ§°f pTh%Fe&t%dHH'ég 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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first session of the forced sw mtest whereby the
i ght/dark cycle was advanced 7 hours (lights-on:
WQ200a87241 i ght s-of f: 12: 00pm . The 12-day per iRCI/W82907/069420
estimated to be sufficient for the dark-cycle aninmals
. to . adjust to th .To_habi t t he
de“V?W&#&E%‘F &R pfatcedt'ﬂéh%faﬁﬁp%rﬁﬁgt%i\ﬁY'ﬁﬂlcégﬁ%@é e sam time,
submtted to the shift 12 days prior to Session 1. To
l.e. 12A3ys belraarsmsi® i nil ar conditions between the
l'ight-cycle and dark-cycle animals, all animals to be
udedtingdutieg mmjhtmasem$pénf@memendmrm |akoratory
2007/ 137247 PCT/ US2007/ 069420 delivery batch and were

|IIum|ﬁét6t§redar1dFte§hﬁ9g dueng@eid o2kt sHadel Was gefogesd ahdéhfrapste

time, i 12 days before Session 1. Testing during
ill mmup RePshd RdmEREnNY ! 3.
! umlﬁﬁﬁo um nat i oz%]‘g"é'rﬁe t%sf&lﬁ(g}g egﬁgpng tslaee Iﬂ%ﬂeghag?‘éér\%ggﬂf ) doses

each SEREIER MG (000 B53ha | halEbEBt: SBsshia): Tng i

doses each dm ni tered twi ce (.24 hourgs, and
adm'rﬁﬂgtﬁ@t'%{ewaw%@raﬁ igyely ’Pﬁ@r pepgien 1ad'|W'HF9é?'P§t(§6ﬁn9(/59 p-0.),
given inmedi ately after Session 1. Im pram ne (64
admlm]tgyexgd pviee)undesthe saveaxgrimeantal apndiéionshwas aised as reference
experinmental conditions, was used as reference
substanbst ance. Result: Rats were dosed and tested during
ei ther the dark phase (table 1) or the |ight phase

(ReRUR; Rat9ivdré@odéd Rhda¥sted durpg! am&h@ab& M&e (table 1) or
potential for a sensitivity to Circadian

the |u§ﬂ%ﬂ%%%ﬁ‘lfagj§§§r§ﬁ(rfge)@4 ﬂ@{?&l%%ﬁﬁ?ﬁ%@ggegﬁg@%ﬁ@)ﬁa sensitivity
t0 cw?%f A MengcebrRunds isked i Ped iietiiiaiass Sﬁgiti\}gﬁa@tro' (64
ere activity has been reported in the literatur

mg/ kgbm&'%ﬁoﬁlrbﬂ Gt PO FRgik9), @gemelaing 10 aed pQimg/ kabandiis (1

robust during the dark phase for all nelatonin
and 1dgugiksy) s Doses twerg ainolsan itheowmicmls wigh ¢he 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 tested.
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60% and 33% decrease in imobility time at 10 and 50
ng/ kg respectively. MA-1 also showed a significant
welewradze’ in i mobility time at both doses tesPEHUSA0T/669420
a 37%and 41 %decrease in imobility seemat 1 and
10 ng/ kg respectively. Activity was also observed in
animal s tested during the |light phase (table 2),
al t hough the effects were nore nodest and |ess
ent across doses tested. -19 WD 2007/ 137247
PCT/ US2007/ 069420 TABLE 1 EFFECTS OF AGOMELATI NE,

EgoTR SR OMRLA ek el Fali ANR I Begne

GROUP) TREATMENT DURATI ON OF | MMOBI LI TY s & gi_)
IN. TH-IEBLEHAV@BALGQE?FEA{R EESTADARK, bNT EBAfrom
control mn Vehicle #1 210.0 5.6 -

(6RATSPERGROUP) - - - - - - --------

---------------------------------- agonelatine (10)

TREBATRMERTZ <0. O_IQLJRAWN GLWMIQBIIPY(SP) 140.2 19.1

(mé)/kg 07 -33% MA 133 -37% MA-1
1 #2 124.8 | 18.8 ** 0. 0024 41% Mel at oni n {(10)

-37% Mel atonin (B0) 164%8chadgyes
p00%4€§n31 ?@) rgegrg)%%.e.ﬁz

value from control

Vehicle  #1 210.0 + 5.6 - -
agomelatine (10) (848 82  *  |<0.0001 |60%

agomelatine (50) |140.2 + 191 * 0.0107 |-33%

MA-1 (1) 133.0 + 6.6 i <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)  |63.0 + 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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Impramne (64) 63.0 11.1 *** <0.0001 -70% Student's
t test: * = p <0.05;, ** =p <0.01;, *** =p < 0.001
W@ 20078303dpe (1/6). #2: dead (1/6). -20 WO 2007PABUEF7/069420
PCT/ US2007/ 069420 TABLE 2 EFFECTS OF AGOMELATI NE,
MA- 1, MELATONIN AND | M PRAM NE | N THE BEHAVI ORAL
DESPAI R TEST (LI GHT CYCLE) IN THE RAT (6 RATS PER
GRQJP% DURATI ON OF | MMOBI LI TY TREATMENT (s) (ng/kg)
TABLE 204 h and -60 nin p % change nean s.e.m value
fromcontrol Vehicle 168.3 14.1 - -
EFFECTS OF-AGOMELATINE; MA-1; MEL-ATONIN AND IMIPRAMINE IN

THE-BEHAVIORAL DESPAIR TEST (LIGHTAQYCRIEMINTEHE RAT 97. 8
13.5 ** 0.0047 -42% Agonelatine (50) 191.0 9.4 NS

ORAFEApEARMA) (1) 145.3 26.0 NS 0.4548 -14% NA-1
(6) 126 gﬂébg NS 0.1967 -25% Melatonin (10) 101.3
18.8 0.0172 -40% Melatonin (50) 167.7 10.8 NS 0.9709

0% I'm pram ne (64 AARoNBFAMMOBTITIOOL - 71 %
TREATMENT (s)

(mg/kg)
p.o. -24 h and -60 min

p % change

mean + s.e.m.
value |[from control

Vehicle 168.3 141 - -

Agomelatine (10) 97.8 +135 ™ 0.0047 |-42%
Agomelatine (50) 191.0 +94 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 +188 ~ 0.0172 [-40%
Melatonin (50) 167.7 + 108 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 (Porsolt labs)

similar in magnitude to that shown by agomelatine and melatonin. Although MA-1
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Student's t test: NS = Not Significant; * = p < 0.05;
** = p <0.01; *** = p < 0.001 Conclusions: This set
w@Roogtismtees was designed to test whet her MA-1 BECDUWE2H07/069420
simlar activity to ot her nel atonin agoni sts in rodent
behayvi or a], nodel s stress and . behavi or 9)
was 1] SCHYS Y InSEPESS f M@qhm@?t Sh B g6 AITEr Endlatonin
showed activit -1 was active. Melatonin and
agonigfoirethist as%@Yh é'y\Y@ |9f3b@f gliestyn drmouseti 9T e§ comparae to the rat
stress-induced cGW assay (data not shown) at |evels
assawiun byaPotsoliatis, veasot sitnpéyr deel td arspebies. differeadédistioenyve have
MA-1 showed activity in the rat FST (Porsolt |abs)

also mtmﬂs@rvemamg ifbrusheldtonih n&i® Wahthae osmici bBeantdFST.
mel at oni n ough MA-1 -21 WD 2007/ 137247

Thlsf SIR2MAT 50604 dfrerdResh tas%‘é% 'd%@lgnn dute d‘F%HFrﬁmEt%tlorY"eor time

not shown acti vi ty or ot her at onin agoni st S

of dO%'ﬁﬂpE\ai&a%s%ﬁ%ﬁﬁ ?iwé@g@@@gﬁ'%%% k3 Q'%§§§VF TV% ot

peci es difference since we
StUdyrﬂRt r%%%’é?‘\i B@reai{"gxﬂu egtadip rats Rrapmod 'fﬁgiofﬁr%ecdsswm test at 5
anot her version of the rat FST. This suggests that
mg/kg apd|1® mpfkgeanchdigsnatishaeseljeaie ondmmakility eswimming, or climbing
admnistration, or time of dosing, may be critica
that were statisticalty dif@g@ﬁif&jm vehickrk in this assay. In yet
another study not reported here, MA-1l tested in rats
in anodified forced swmtest at 5 ng/kg and 10
nmg/ kg and did not show effects on inmmobility,
swinmng, or clinmbing that were statistically
different fromvehicle. -22 WO 2007/ 137247
PCT/ US2007/ 069420 CLAIMS What is clained is: 1. A
nmet hod for treating one or nore depressive disorder,
or a synptomt hereof,
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in an animal conprising internally adm nistering to
the animal an effective anmount of MA-1 or MA-2. 2.
wab@7nehiod of claim 1, wherein the depressi vePdi/E82002069420

is selected froma group consisting of major

depression, dysthym a, o[ﬁ{g&| ar di sorder, or any

conbi nation thereof. 3. hod of claim 1, wherein

t he symptomincludes at |east one of the follow ng:
Whatgs cigedi$: sad, anxi ous, or enpty npod; feelings of

hopel essness; pessimsm feelings of guilt,

wor t hl essness, or hel pl essness; | oss of interest or

pl easure in hobbies and activities that were once

1. en @eetbd fof tledthg @ns & meRCd&Resslve eRRIF@dr, of atgyeiRomothereof,
bei ng sl owed down; difficulty concentrating,

in an ?@ﬁﬂb&fﬂw&%iné’fnte%‘ﬂ? BAINTRSteH IS thée BRGHAN &h effective amount of

y-norni ng” awakeni ng, or oversleepling; appetite
an r,wei ght | oss or overeating and wei ght gain;
MA'1tCHSM§‘Fﬁ's of death or suicide; suicide attenpts;
restlessness; irritability; persistent physical
synptons that do not respond to treatnent, such as
headaches, digestive disorders, and chronic pain; or
2. aryegvethiodafiaaimot, winerepr becditnigssive dispsderss iseteated fam a
of clains 1 to 3, which further conprises
groum%aghsid;tﬁtg(aﬁmajor@fepresm aydthyniia depsipsiaadisonset, oatihpn.

combination thereof.

3. The method of claim 1, wherein the symptom includes at least one of the
following: 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 decisions; 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; persistent physical symptoms that do not
respond to treatment, such as headaches, digestive disorders, and chronic pain; or

any combination of the preceding.

4. The method of any of claims 1 to 3, which further comprises administration of

a second antidepressant medication.
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