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This application clainms the benefit of co-pending US Provisional

Pat ent AppWO28871874No. 60/ 747,847, filed 22 May 2006, VRGTEUS2DY/0adEDy
i ncor porated herein. BACKGROUND OF THE | NVENTI C]\l Field of the

I nvention This invention %Fof RAENRE N agoni sts for
pharmaceutical uses. Rel yt[%" Artn@A@(ﬁh Rcorrpound referred to
herein as MA-1 is (1R-trans)-N-[[2-(2, 3-di hydro-4-

benzof uranyl ) cycl opropyl ] net hyl ] propanam de. It is disclosed in U S.

5, 856, 529, which is.J r e i hough fully
set forth TRBSRREFERENH TORELETED AR TN the T 1R
and MI2R nel atonin receptors in the Su rachi nucl eus

t he region of n‘%%pglcéi'ﬂ 5?&”8%?"@('%"3‘%9 Cq- ﬁ@”@ﬂ%ﬁ%‘s'%%ﬁ@ ent
(Kokkola, T. & Laitine . Mel atonin receptor n Ann. Med 30,
88-94 (I é@@yzayomwgag@/%éﬁ@%ffl'@ﬁ@@é\ﬂaxé%@@ﬁ deﬁCfb5$gﬂﬂ§¢%3t BePiporated dereived
to regul ate circadian rhythnms, including the sleep/wake cycle.
Consistent with its receptor binding profile, MA-1 denonstrates
potent chronobiotic activity in preclinical nodels of acute
phase-shifting and chr oniBACKGBOUND @FeNHE INVENTIOR evi ous st udi es
showed that MA-1 is well-tolerated by healthy volunteers in single
doses ufFitld ci®e Myeatish i n mul tiple doses (up to 28 days) up to 150
ng. A 28-day Phase Il study was al so conducted to investigate the
effects of Mg aneﬁﬂld)‘ﬁVsthtHéaﬁél@Bfmemtélﬁln%bﬁ%wfokﬁﬁéﬁﬁh@utibél UsBkS
study MA-1 did not differentiate from placebo with respect to sl eep
| at ency and the nunber of nocturnal awakenings. Wile patients with
“the lowest nelatonin levels (<5 ng) may have benefited from MA-1

treatme reat han placebo, the design of this study nade it
dlfflculrﬁel CIAIJterpret the effects of MA-1 on the sl eep-wake cycle.

di scovery of TFIEHIRbastsecdp M BATRL B RIS AR dBmate
need t heepamodonpeyBstro) égq%%h%ﬁm 'ﬁ%ﬂfﬁ@sﬁd&a D 881RE 28h ect

in an anount of about 10 ngy to about, 100 ngy ty
which is incorporated by reference herein as though fully sef forth.

MA-1 is a specific and potent agonist of the MT1R and MT2R melatonin
receptors in the Suprachiasmatic nucleus (SCN), the region of the brain associated
with the biological clock. (Kokkola,T. & Laitinen,J.T. Melatonin receptor genes. Ann.
Med 30, ‘88-94 (1998).) Engagement of these receptors by melatonin is believed to
regulate circadian rhythms, including the sleep/wake cycle. Consistent with its
receptor binding profile, MA-1 demonstrates potent chronobiotic activity in preclinical
models of acute phase-shifting and chronic re-entrainment.

Previous studies showed that MA-1 is well-tolerated by healthy volunteers in
single doses up to 300 mg and in multiple doses (up to 28 days) up to 1560 mg. A
28-day Phase Il study was also conducted to investigate the effects of MA-1 in

elderly patients with primary insomnia. In this study MA-1 did not differentiate from



DETAI LED DESCRI PTI ON This invention, which is hereinafter
described with respect to illustrative endodi nents, contenpl ates use
of the nmel WOEM3BJbNi st herein referred to as MA-1, tFATER0796%ED
di sorders and circadi an rhythmdi sorders. MA-1 is a white to
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Structur ent i.on ri S i St er.nal I Stl’éié 1fron of

. Thi.
MW L0 a @H‘?@Ht‘e”t?%‘r%ctbtr%)"’%sﬁ RGBT 157 i Bie 1By BEVR Byt
appr oxi and typica wi t hi ran of  a
Sbout 19k e aTaTe thArbaiGEns i d?t»rglaat 5 30V rirett Stie o vy day
to about 100 / da pically the drug is admnistered in
i mredi atletereregg@eett/et&rwwﬁ 'h@’r‘r¥f‘r%$|ﬁﬁfét“raé‘ﬁé:a§§ forns are included
within the scope of the invention. The drug can be delivered al one or
in conbination with another active pharmaceutical ingredient.
The route of admnistration is usually oral although other routes of
adm ni stration, e.g., pareSUMMARYQF MidEehOdsNTION ranuscul ar, buccal ,
| ozenge, transdermal, transnucosal, etc., can be used. Controlled
rel ease f or nsfhieingenticrusl stes extheplidcoatn of effective dayesdof MAC. udiamg
depot fornms such as are disclosed in W2003037337 or W2004006886,

can al salifgraive émbodiment, TREMPEEPOS InidtAOS oPaEM Piési@IAY ts Muhrined
in an oral unit dosage form each dosage containing fromabout 5 to

about 109 yapt §f nddy therddivHiG! &mﬁblr"ﬁés SHanRsEemidteling RiAY %o iR subject in
physi caIIy discrete units suitable as unrtary dosages for human

subj ect s;n SRAGOAUH oEPnlbarh kb tplrogqﬁg d guantity of active
net eri al caI culated to pro uce t ophyl actic or

t herapeutic effect over the course of a treat ment period, in
association with the required pharnmaceutical carrier. So, for

exanple, an adult patient su n rhyt hm di sorder could
be prescribed 1 4 tablets, I;Jgﬁr/-‘}tgfgpﬂ)f%(g%ﬂidﬁ o about 100 ny of

MA- 1 for at . dail of ahou t 100 ay. .The
term  about \RENS)Y tqymWSréfﬁeﬁéterelaaf%%ﬁ%éCtstreﬂﬁwﬁe respes) iRtz
percent, except that with respect to whole single digit or fractronal
val ues, Qrﬂ@o‘i‘@ﬁ@@ FRNIGMYAAS HF‘{‘:@W’S&@ fﬁ?'ﬁtﬁ‘"’bﬁ%o'?i?t ftertemrrs&erredfe.ae

reci t ed. Thus, "about 100" includes 90 to 110, "about 5" incl udes_4
to 6, arld treqbslgep disordera @nddirsadian riyshm disordarsa MAvkista white toneff-wéiten
"about," include a nonsensical value such as a value that exceeds
100% or powdesadthtahaeltingromint of about Z8YCSE)t dndehamtberstructure illustrated in
quantitatively, may vary, e.g., depending upon the patient, the
severi t Warmutahe. di sorder or synptom being treated, and the route of
adm ni stration. Such dose can be determ ned by routine studies. In

general ,_for 007/13724 US2007/ 069411 system c
adni ni stroamutﬂth‘ &‘ éEHFéff%tratr on, the dose of MA-1 will be

in the range of about 10 to about 100 ng/ day, in one or nore unit
dosage forns T wrl§ be under stood that the dosing protocol
including the @ VA- MA-2 actually adm nistered wll be
determ ned by ‘§| craniN n he light of the relevant circunstances
i ncl udi ng, for exgaple, t He condition to be treated, the chosen route
of adm ni strattom—the—age;—wetght, and response of the individual

patient, and.the severity of the patient'. Pat i nts shouyl d
P our se-bo TRRMPEHER dapSass iRl aitln SebiiaridR: « 8 DaEaCHBRAMN,
size wll ffec the dose sel ect t artrcl si zes,

> 28 M s pEPER! thare-SnabproMITA R 76K 2ndqHgaIb ST Bie85aE 0500
urn, oraI doses at the higher end, i.e., up to about 100 ng are

ef f ect i \APOURAR taR0Wt1 59k, MEE in il Read @eéﬁofé%d%eseﬂf frans @bpdt 1Q@g/dayan

about 100 um e.g., about 20 to about 50 urn, |ower
to about 100 mg/day.




doses, i.e., less than about 100 ng, are useful, e.g., about 10 ng to
about 80 ng and about 20 ng to about 50 ng. (Particle size

measur enenwo 28738844 i ng t he above were nade | aser diff rEEVIBM7(H6M40Y a
Mal vern Mastersizer. The D50 (D10, D90, D100) val ue rreans that 50%

G amtor o SREIY ﬁé"ﬁﬁé‘%é“en@&& “ﬁﬁ“‘“ﬁtgt%é??'%%%fb‘? bR,

doses are, adm.ni st ered te rel )

non- cont BUSEEEAOE astobfed WER Bk Scbbe SR8 i Rgtbn, 1Ge'asfa gan e,

opti onal be a usted for body size u t he foll owing as qui dance:
Coet I RRRS FbRE e LS SactBel fodvg Prsap e B GBI et ui
anmounts for snmaller particles include doses of |ess than about 1.5
ng/ kg, e.g., Bsdgute qfa%wwtrﬁtsorawaﬂy orghgltherainethap@yies of rrg/ kg to
about .7 rrg/ kg. Treatnment is continued until the patient's

ci rcadi adminigtralion,.9.e pammnéerat dtrayenals, intramusawar bugasb Ipzangent ' s
normal daily functioning is not inhibited by the circadian rhythm
di sor dertrarsdermalt trensraseosal, edc.staepe dssar Gontroliaut icleaskdomas,iecemt i s
sleeping normally, i.e., until the patient's normal daily functioning
i's not igustdindd;ulmptilher deleged,dndodidg depdt foahssoth aaare distlosee irf or
sone tinme after these end points are achieved so as to | essen the

l'i kel i homyt200308T387SE- WO2004006886, che aRReis iiseddr prophyl actic use,
MA-1 or MA-2 will normally be admi nistered as a pharnaceuti cal

conposi ti on CREREINTIIicRS dr PréffabRtbriRSRESH ihan &@F urY?dbé’é@féETQtrﬁréacﬂt

| east one such corrpound in association wth a solid or liquid

phar ”BCE‘stlbg Fb{taﬂ'ﬁ IZIE% rtB'a%Buf"mb mgRIrINeRA! I phe t\éﬁrtthunlt dosage

phar nmaceut y ac uvants and~exci pi ents enpl o

ool I Sﬁegé)fieﬁggélffqg% %Q@lﬂﬁz}%ﬁableacew O5ages | rﬁﬁ“‘%ﬁ{ef ate
PEG-

PP it Rl e @fﬁﬂ%%%ﬁétﬁ‘tw B8 ata%qgaf B‘Fté‘teé’ha“seé'?ﬁ?ﬁﬁ‘&ﬁgt&f’

MA-1 in water is 8.5 a:l E%gueou solug is ractlcalll%

Unai f ecB@TEsnS Rsied bioply BEE Ot et US BRI ISrSS Of § ¢ he

practice of this invention_ include suitable dosage fornms for _oral,

par ent erEgAtMEALPEIiRdn i as96iatign daidhe requirgsh iamaseuticat eiaer nae: fahd

i ntravenous), transdermal, bronchial or nasal adm nistration. Thus,

if a solaxampe. raneadultsoat@aﬁsuffat@gm@mdm rbmtmglsawqr@bul@tt@jpregc@hﬁ@d
in a hard gelatin capsule in powder or pellet form or in the form of
a trochd-établetsceash havieg sodutd toaaoued 00mg efdviidl for adotabdailyodede of
exci pients such as binding agents, fillers, tableting |ubricants,

di si nt egrbant $0 towebdutrigOaggiobyg. dhe téing "bbie” mEaes] ialyederalpy rarige of plus
desired, be filmcoated by conventional techniques. If a liquid

carrier greifi®edysstcetthexdbpt Bt adithaBspest [d @hole dingle fdijinoratactiosslr up,
enul sion, soft gelatin capsule, sterile vehicle for injection, an

aqueous \%Tue'éoﬂteat‘élﬂlﬁ@iéswlthlﬁlﬂhﬂs SUHPRBTNRDT tIY Ia@?&hgﬁ@eéte@r Wtﬂ%o'@b‘éht for
reconstitution with water or other suitable vehicle before use.

Liquid 19/ Rl YooY, %@S“I&Rﬂégﬁttb%“%hdag%dt VESngUEEs 3% to

suspendlng agents, enuIS|fy|ng agents, wetting agents, non-aqueous

veni cl e (gl udbged hhe i o b SRR 6 Sansi VAL <83 BRI 0

and/ or cof'oring agents of parente R ot I on, AP &8

normal |y e st rlle wat er, at | east |nlarge part

al t hougft h%&ﬁﬁcﬁgggﬁ@fl%% esaltrﬂﬁfbé%rosol utions and |ike may be
utilized. Injectable sus enS|ons al so may be used, in which case
convent i onal A8 HYR ﬁﬁ‘ 5&6’1@”“@9"%& BAYVEYel-9- ESREAANG RN the
preservatives, bufferi agents and the |like also may be added to the
par ent erF@I“eﬂbﬂ'@g@\ﬂeGF hPQﬁW@II%ﬁNWQ@'@MI”Q tseated apghihaireutesfi on of

a conpound of Fornmula | in oral dosage formul ations. The
administration. Such dose can be determined by routine studies. In general, for



A typical unit dose formcould be size 0 or size 1 capsule conprising
20, 50, or 100 ng of MA-1 in addition to anhydrous | actose,

m cr ocr yst&b|200v83ed3 | ul ose, silicon dioxide colloidal, RITHEL7MEMIDse
sodi um and nagnesi um stearate. Storage at 15 to 20C with protection

f rom noi . S i S , W th
one. enpoarae BiakPeles i i SRR e dose i MATIA BRI B s
| ess than about 100 um .fo anpl.e, .about 20 to out 50 um or about
30 to aga0as of soott 10 anoll 58 Bblesy it P3k b e ASSFe RG] e

rel ease form_e,q., delayed, sustained, or pulsatile rel ease. -1
can ai 5o be diitewiRsORa e daPng Prrtoed kading et aancasiMAL 1 or

i ncl udi n[a but not limted to other antidepressant, dr‘ug?t her api es or

ot her dr¥M§-2 aeraly adgminkteredait PgJegrrAdnedn e iphiaiciag;ia drelkighs of 88 f or
exanpl e, the invention enconpasses adm nistration of MA-1 or MA-2 in
conbi natriemyan circumsiencesaneludingr igr exaigplel Brescanditiontebedresded.itheluci ng
agents. Exanpl es The exanples that follow are illustrative and
not | i mdhosgn odutelod admwasiratomm, tredagd, wesghtasred tasponsebitheaesdividiialvA- 1
in the prevention and treatnent of synptons of depressive disorders.
Exanpl e datient, and thé\sevérity ofithet pdtiaht'svegm plontiu ceatibntosiansesbcdree baf et y
of MA-1 as well as to determne the ability of MA-1 to shift the

sl eep/ wakenieored forfdiskBid Bdversdetiénts. advance in bedtime. The study was
a random zed, doubl e-blind, parallel group, placebo-controlled study.

|t consi st ed @fiti@e 38 Wil Blso A sl &esd. NAlt ua?gérqﬁrﬁ@é Lpued Ly an

8-day inpatient stay. After acclimating to the sleep | ab, bedtine was

advancechdy i BT an TSR, 91 S6411ED (8Tathll Sod LI BEECA &

i nvestiga € exposure-response 1 on advancenent of circadian

rel ease 0! at.oni . ' ' :

ol at onite SREER SFBE TR ERaH ol R BleFE M GRR s flrPls? ot

i nvestigate the posure-response to MA-1 on | e efficiency
par anet G455 e R0 IFSEePae0U 0 et ) sROU TR BRI S0 BWEbnee
to MA-1 on objective neyrobehavi oral performance | apses duri

Sehedul iPNer KL Rb DD FRoR PO pre B 810 » BePH JHT o out B m
performance testing, and to assess the safety and tolerability of

MA- 1. Fandabqul0meaia agoul SO0URE dEsticlerdire arasWiraeNts §oaProrting e abpvee
enrolled into this study. Thirty-nine subjects were random zed. The
resul t s wirethade esedgiffeactiopusingra balveen bigstersizer. ThaD&P (BY0MEE0, D100)
designed to assess the safety and efficacy of four oral doses of MA-1
(10 ng, v2luemeabdthay S8MI(1008 967, tiXvheoidde perticksdhy weigpt areelidhen
circadi an phase shift, sleep paraneters during the major sleep

epi sode,ingivgted Wyraster al emaierss In &fd embodinidne of thef inventidne tiessbdvevltses
si gned, subjects that met the inclusion/exclusion criteria at

screeni nfe aAthimgetdd REntERateteRaketbri.e., EhrBeslatolieapalbhsnt portion
of the study. Al in-patient assessnents were conducted in a

time-isahghiigios! eep lab in which no time cues were available to
subjects. During the first three nights, subjects were given placebo

30 minutes prjQlibg @@sgér%i ﬁeépéﬂjp?@atg%@gh@te@ 54 B P3P heﬂgfﬁé?&éﬁ-}%nﬂ g

Basel i ne assessients araneters ‘were nmedsure

LIS Dol clce” ARATMAD iy Fro S AG0S o 05 K Aot iy gt
o e T ey SR T bR SR eRLESS SO 85, 855

purpose of the pre-CP segnent is to grovi de abmeasure of each

subj ect '-& M9/kg iirloHt Jna 88/ iband 8beyesd SIUKY tugbqle” MR- shi ft

segnent. On day 4, subjects were random zed to once daily treatnent

in one of thdréatment isceantisred gpidipe patientgddicadien rhgthp) isdcesteraskle- wake

routi nes were advanced 5 hours, such that subjects were required to
normal, i.e., until the patient's normal daily functioning is not inhibited by the



10 uml1l5 unB816 un631 urn It is hypothesized that in order to
achi eve maxi num ef fi cacy peak plasma concentrations of MA-1 should
coi nci de VWDI20Q7H8724 ne t hat subjects go to bed. Since RAKIRIEHAHIL
concentration (C',) is reached at 0.5-1 hour after oral

A pl acordrcebRTByilete e Of‘qmﬂs?%%ﬁ?asﬁg?@ig% e bR
def | nod SEEATHBRTTRb | Guuntihe BB '@”rzﬂtrﬁfa* Goliatr é‘éq‘r’*ﬁ'zqa%mgﬁbe{?g%d

on safety and efficacy_data obtained from previ ous NA- re-clinical
and cl i rifg&leaprqigpraer.| fyegprpeny C@@MBB@ iSOMEIHBE STEF th&égﬁédﬂi’éj"‘s are
chroni c phase-shifting denonstrated chronobiotic activity at doses
rangi ng dghigvet 0aBtorgrsey. thelikeldpedafireaps?- t hese data to humans
suggests that the 0.14 to 0.71 ng/kg, or 10 to 50 ng in a 70 kg

subj ect, shoHat thérbpestioer proplasiicalisen ¥ s @5 PlAvdivgll epunaly tBhough not
opti nmal I y designed to assess the chronobiotic potential of MA-1,

cl i ni caladmin@sterétlas e QIE2maeasticat dombesidédh eompridibg Bsdne (drean) iesserdizhn
sl eep-wake cycle. Results fromthat study showed that 50 ng MA-1
consi st egutivy imdredibataidédst atieanch phipoaind Thesstetisnsatres el drdrquide
study (10, 20, 50 and 100 ng) were within the expected dose range for
ef f i cacyphafacsatically a@éepttélﬂe el taed, Sﬁtﬁﬂﬁall%%tﬁ P rridcadiically

supported by previous clinical st udi es hase | clinical "trials, a
singl e of@bpReRfa@ivants And BRciFRNES oMb ar%r@aﬁﬂ@o\ﬁ’@ htighg| er at ed

i n heal thy subj e%(?sv Addi ti on[gEIy safoé ﬁnd t ol er abi I%tg/ of MA-1 at
doses URe Eﬂhéé ng has been denonstrated in daily adm nistration for
28 days T'n ‘hy subjects and elderly WO

S ohest  Gace A qsﬁg%/ %2@34% %6?{3%65% ot o7 Mo, ARGHR, Beethlfrie,
Sﬁéa.:'n' P comas. '%?RI89?”°" pﬁc'vé’fﬁsﬂsn 8500l et Gf aﬂg?@éﬂgfﬁﬁ%ﬁd%{/ b e
el &t on ORISR N WEGH A TR PFhel A FOHIAIC RBHOR oLy | M gater s

associ ated with onset of sI eep. DLMO is considered a standard marker
used fr&gRendity Q%e@'é%%@Qb@iyr‘§§mcé'ﬁa|bhﬁ%ﬁf@0teﬁob}a@|§ess the effects of
MA-1 on the sl eep-wake cycles, DLMO was nonitored in subjects before
and after tr&Ilaﬁ@ﬁceuti@»‘afCQmPQSitéQnﬁdﬁeflEbliﬂvth§Ctﬁa@frtb'lﬁi inention ingluge

when nel atoni n producti on reaches 25% of the nightly peak (MEL25%up)
of the fauitaeld doshge dorims fphassd pawenteral (including sBécaliazseols, giitarhascutar,

significant confounding effect on nelatonin release, light levels in
t he sl edptraddrorahbod intawerows)| einsddeymiak drdrashéd or Hady| edtrinigesatioreXpased
to a light intensity of 25 lux in the angle of gaze (50 |ux naxinmm

l'i ght i nf#86lid ¥artigr shRet O@B)pretdratian Wi RykRtED Hdceasn @fhdrigelatin
protocol, except in the first 6 hours of the CP segnent. Twenty-five

lux int n
r educes ééﬁz“%ﬁ“&?@i’ﬁ??fﬁ“&@??ﬁ?f FIXBIGRNBF it bEWZLAGETThE Koid

W e Moo YRS B kL ipBAISEIR R4RIAEUEENR! GRS Kabieting

Subj ect s were ose ten5| t

L, g AR e PO ey

i ncl ud| the onset and entration asured
duri ng (1B GRS sesveBHoRa, %ﬂ&f’ 3ol ARt ' AblavBesPEas. chosen
to elimnate the effect of ght on endogenous el atoni n secretion.
DLMO  Prepasgiign F@YéJ%'Pd%Fq{EYOfcﬁ SYTHR. @kelem; 80t gplalp caaxdecsielle. one
of the primary objectives of this study was to investigate the
exposur efeh@@éﬁgue@mnwn BUROUH@ NONspRgPURHIDIccSUSPension niasay ba anry
DLMO. To construct the nel atonin phase curve, plasnma nelatonin | evels
product for reconstitution with water or other suitable vehicle before use. Liquid



Secondary Efficacy Paraneters O her Pol vsommographi ¢ Paraneters

Sl eep paraneters were recorded during all sleep episodes (11:00 PMto
7: 00 AM onWRiI2807118734 2, and 3, and 6:00 PMto 2: 00 AM €TV EM7H6H}1 5
6, and 7). Fromthese recordings sleep |latency (I atency to persistent

5! Sﬁ%l PRy S el sortai Bofiopal Kedth e R 68 SHLAIdH, o6,y
tot oo rene g B8knt wBlRY ety ﬁhf’-ﬁqu%seg&ﬁ@e[(ﬁg%ﬁ%@dﬁtoﬁa)

maxi mal val ues, obt ai ne ht 3 nd Ni.ght 7; if_nelat

Sanpl ed RIESENENG @ﬁ&eﬂ pvoleg ane Ofﬁ@'PBg%@EEm?né:(?éaﬁ%ﬁrger@ErrpI es

obt ai ned during the period at which nel at oni n shoul d peak)

mel at oni 3ArNASH gH@n ;fb&?@'@%r”ofrﬁé”)b‘f“}’\'eqo%%{?e SRI1e tEeTpat 'ﬁﬁ‘f’ty'” éﬁfSPP@ﬁs
threshol d was cal cul ated as 25% of peak nelatonin (DLM25% . DLMO was
cal cul at@opgh iselireasolutians; pbicase splubdens ared bkenmeyrberittized | lesctaineg t he
corresponding time points. The differences in DLMX25% bet ween

t he endpmispengiays alsoghaysbet used,anwhioh case doasentional sispgnding) ageetemay
anal yzed by conparing pairw se each dose group to placebo using a

| i near dreeemplpyadalOpsiventidnal prasanadvéANOHA)ingradents @edribe like SA8@$IHS@
Institute, Cary, North Carolina). Means were cal culated using the LS

Means meidied tbthéSp&iehleraldadage ferntts viParticalady vesial isahes utimirgstrationng & he
Statistical Summary function in SAS(r). OQther statistical tests were

al so pr espdtthdidT FaF@BR (G8 ordiBS8gé Futhiutilns! TREPhafrREERRREON Of
response vs. exposure (dose, AUC, ~“or Cmax), Kendall-tau nonparanetric

regr essi Qinn RARHNSRESY H@B[)ei(ﬂél 2 fﬁ@ﬁ&én@toh&l&é&ﬁﬁ%ﬁ&l apﬁbﬁr“}‘é}??gﬂec' ency

Anot her pri rrary out come est was sl eep clrency SE (%

- opportairt pr ity A ieh ARRAER AR SMb oz S °°
hal ves. %mié‘ﬁ*%hﬁg optPe e SB Sk hesh et ﬁlfﬁhﬁﬁﬁgﬁ’ﬂgﬂi-eﬁfgﬂt.

Tinme all df e ours (480 m nutes). The effect
of treat%‘f (Ff@ ﬁtge ‘tloﬁ 1%}% 6) vs. baseline (Night 2) was based on
the difference bet ween SE val ues on these days. The overal| nean

sl eep effici éfhE‘iPka rrhisgmageutlc%coraﬁaseor\m@r5?%1 & ieygrdicadthemstive
conpared to baseline. The sane baseline and endpoi nt days were used
for the ipgiedieoHs) will uswalinbgmixechwith accarriemer diuted by Acesrierosengessteen
t he endpoi nt day and baseline were anal yzed by conparing pairw se
each dosethyr ewpries wiictcelay besindige formi ofencapsote, wagheinpdpeasios otifer

vari ance (ANOVA) nodel in SAS(r) (SAS(r) Institute, Cary, North

Car ol i napntdifesarn WViaen thecedrien serees as arjuemieit bt y\Mema Solid tdeod-solid SAB]uig .
St andard devi ati ons were cal cul ated using the Statistical Summary

f unct i ommaterigAB{ich actdes veliele| sxdigiaht, beaisdlivne for thé sotive iagastiad. i n
graphics. These included: linear regression of response vs. exposure

(dose, Atds, Ble doMOsitideihadd inttAd fHRNBREBIFE, s, PEWAESSIo28n

Spear man nonparametric regression. Secondary Efficacy Vari %I e(s)

DLMO - HaRRefsOcsdhet, cfikic, sQ¥SsisidHs 8FiuisiGhIBRitions, 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, dexirose,

sucrose, sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates,



Time (day) at which maxi num advance in the circadi an period occurred
was determ ned by conparing DLMR25% from basel i ne and treated nights
for all suBO8%137244 descri bed above. Additionally, thePQTA&2627/069411

ef fective dose was al so determ ned by conpari ng DLMX25% from basel i ne
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dose gr o'HB"'@Qf'”ﬂI age8ko V‘{%ﬁ'%a%ﬂt%r?éﬁﬂs'm Msﬁ%nﬁmgsagﬁm%ﬂ ey
(ANOVA) nodel in SAS@(SAS@Institute, Cary, North Carolina). Means
wer e cal @38Mds, cvagsening eaents or lewrigragents %‘llme sABPeSitionst efritig iryention
devi ati ons were cal culated using the Statistical Summary function in
SAS(r). @ahée femnatlatedisoas tbaroddegtickasustaiped sedelagled relgasepdiitbe active
These included: linear regression of response vs. exposure (dose,
AUC, or ifgmedient Eétadadministtation typ dreapetlent.c r egr essi on, and Spear man
nonparanmetric regression. Primary Efficacy Results 11.1.1.1Shift of
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Onset 25% Loos (DLMXR25% Loos) was defined as the tinme when nel atonin
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pr obabl & ﬁ’gut%jgctgﬁtnbﬁﬁ&rﬁgﬁn%mlagﬁ u ﬁ|(:8}’1\‘ca"mﬁg %'p%&q\'ﬁ{niine%gﬁntity
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DLNDZS%pLh%?r%aBgLEt\i/é:%Iegarwieg héo,d?o? Qfan'w\'&%,h én gdl?l pe[l%?esnet*su%r?ﬁg ? dggpessive
disorder could be prescribed 1-4 tablets, each having 5-100 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 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.

tn accordance with one embodiment of this invention, the D50 of the MA-1

administered is less than about 100 um, for example, about 20 to about 50 um or

about 30 to 40 um.



DLMR25% LOX® Pl acebol0 ng20 ng50 ngl00 ng Change i NN=6N=8N=7N=4N=5
Hours -0.48 0.18-2.74 1.95 0.84-1.14-0.50 (0.0276) *Val ues for
change in BlOMOoTeam SD) are displayed for each dose groOnPs2007/069411
exhi biting evidence of a statistically significant effect. The

-value (in re S)..C res that dose grou 0 _pl ace usj ng
ANOVA vi gh Cgﬁlﬁgé{)‘@%@@p&@ﬁﬁ@ﬁ%g De&C ol g%@?e fofrm! e-gxr%?%gmy
of MA-1 to.correct the, disrupti I n sl eep caused by a phase advance
ves 1 nveSHHIAPERHBIHPITAR: (A FPiRIS0 P AGTUaBtecNd Conaaizady i
MA-1 treated subjects upon a phase advance agai nst the change in
sl eep ef PIET Aittg tBeranipsy Netusiing bpldiet imiad s oley anbdepressasy defd theramies
(tine asleep/opportunity to sleep * 1009 was neasured objectively by
over ni gh®r fﬂgﬁ&@@ﬁb@‘ﬁﬁfﬁsdw sealingi other. erpolignsd disorerph Bo, fos esantpley tHe om
baseline (Night 1 and 2) and on treatnment nights 4, 5 and 6 were
anal yzedinventicrhércostpasges admiristidtightof 8144 prifAi2dh @ompination witifethemas

able to mnimze the disruption in full night sleep efficiency
bet ween MRetptdbnetgiaregohisthédr @hensiesplraricingl afedts. manner . (Tabl e 11.1.2).

Table 11.1.2 Change in Sleep Efficiency between Night 4 and Night 2
by Dose*Examples

The examples that follow are illustrative and not limiting of the invention and
ilfustrate the usefulness of MA-1 in the prevention and treatment of symptoms of
depressive disorders.

Example 1.

A clinical trial was conducted to assess the safety of MA-1 as well as to
determine the ability of MA-1 to shift the sleep/wake cycle following a 5 hour
advance in bedtime. The study was a randomized, double-blind, parallel group,
placebo-controlled study. It consisted of a 2-4 week outpatient screening period
followed by an 8-day inpatient stay.- After acclimating to the sleep lab, bedtime was
advanced by 5 hours. The primary objectives of this study were to investigate the
exposure-response to MA-1 on advancement of circadian release of endogenous
melatonin rhythm as measured by dim light melatonin onset (DILMO, a biomarker of
the sleep-wake cycle), to investigate the exposure-response to MA-1 on mean sleep
efficiency parameters as measured by PSG, to investigate the exposure-response to
MA-1 on objective neurobehavioral performance lapses during scheduled work-time
as measured by computerized continuous performance testing, and to assess the

safety and tolerability of MA-1. Forty-five healthy volunteers, men and women aged



Dose Mean Change SD in Sleep Efficiency Full N ght (% points) 2nd

Third of the N ght (% points) Placebo -2027 + 18 72
WO 2007/137244 PCT/US2007/069411

18-50, were enrolled into this study. Thirty-nine subjects were randomized. The
resuits of this study are presented below.

The study was designed to assess the safety and efficacy of four oral doses
of MA-1 (10 mg, 20 mg, 50 mg and 100 mg) compared to matching placebo on
circadian phase shift, sleep parameters during the major sleep episode, and subject
alertness. After written informed consent was signed, subjects that met the
inclusion/exclusion criteria at screening and baseline were enrolled into the 8-day in-
patient portion of the study. All in-patient assessments were conducted in a time-
isolation sleep lab in which no time cues were available to subjects. During the first
three nights, subjects were given placebo 30 minutes prior to bedtime (11:00 PM) in
a single-blind fashion. Baseline assessments for the efficacy parameters were
measured during this period. At 5:00 PM on day 3, subjects started a 19 hour Pre-
constant posture (CP) segment during which time the subjects remained seated in a
semi-recumbent position and blood samples were collected approximately every
hour from 7:00 AM to 12:00 PM. The purpose of the pre-CP segment is to provide a
measure of each subject’s circadian phase before the start of the night shift
segment. On day 4, subjects were randomized to once daily treatment in one of the
five treatment groups. In addition, subject sleep-wake routines were advanced 5
hours, such that subjects were required to sleep from approximately 6:00 PM — 2:00
AM. Treatment was administered and the time shift was maintained for 3 days.
Efficacy parameters were collected during this time. To measure circadian phase at
the end of the study, a 24-hour post-CP was conducted immediately after the
treatment segment on day 7. Over the course of the study, approximately 500 mL of

blood was drawn from each subject. Safety was assessed throughout the study, at
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the end of study (EOS) visit on day 8, and at the Follow-up visit. The target number
of subjects for enrollment was 40 but 45 were actually enrolled.

The particle size of the MA-1 used in this study was:

D10 D50 D90 D100

10 um 115 um 316 um 631 um

It is hypothesized that in order to achieve maximum efficacy peak plasma -
concentrations of MA-1 should coincide with the time that subjects go to bed. Since
peak plasma concentration {Cmax) is reached at 0.5-1 hour after oral
administration*®, MA-1 was administered 30 minutes prior to bedtime. A placebo
control was used to distinguish the effects of the drug from other components of
treatment in the study population over a defined treatment period.

The oral doses selected were based on safety and efficacy data obtained
from previous MA-1 pre-clinical and clinical trials. In vitro pharmacologic models of
acute and chronic phase-shifting demonstrated chronobiotic activity at doses ranging
from 1 to 5 mg/kg. Extrapolation of these data to humans suggests that the 0.14 to
0.71 mg/kg, or 10 to 50 mg in a 70 kg subject, should effectively advance the sleep-
wake cycle. Though not optimally designed to assess the chronobiotic potential of
MA-1, clinical trial CN116-002 measured the effects MA-1 on the circadian sleep-
wake cycle. Results from that study showed that 50 mg MA-1 consistently shifted
circadian rhythms. The doses selected for the study (10, 20, 50 and 100 mg) were
within the expected dose range for efficacy. The safety of the selected doses for this
study is supported by previous clinical studies. In Phase | clinical trials, a single oral
dose of 1 to 300 mg of MA-1 was safe and well tolerated in healthy subjects.
Additionally, safety and tolerability of MA-1 at doses up to 150 mg has been

demonstrated in daily administration for 28 days in healthy subjects and elderly

-10-
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subjects with chronic insomnia. The highest dose in the study, 100 mg, is well within
the safety margin established in both Phase | single and multiple ascending dose
trials and in a Phase |l study.

To assess circadian sleep-wake cycles in the study, plasma melatonin levels
were assessed. The onset of melatonin production, or dim light melatonin onset
(DLMO), is associated with onset of sleep. DLLMO is considered a standard marker
used frequently to assess circadian phase?. To assess the effects of MA-1 on the
sleep-wake cycles, DLMO was monitored in subjects before and after treatment. For
this study, DLMO was defined as the time when melatonin production reaches 25%
of the nightly peak (MEL25%up) of the fitted melatonin phase curve’.

Because light has a significant confounding effect on melatonin release, light
levels in the sleep laboratory were carefully regulated. Subjects were exposed to a
light intensity of 25 lux in the angle of gaze (50 lux maximum light intensity in the
room) during the awake portions of the protocol, except in the first 6 hours of the CP
segment. Twenty-five lux in the angle of gaze was chosen because this low intensity
reduces the phase-shifting effect of light and is also consistent with the light
exposure many shift workers experience at work. Subjects were exposed to a light
intensity of less than 2 lux in the angle of gaze (8 lux maximum intensity in the room)
during the first 6 hours of the CP segments. Endogenous melatonin production,
including the onset and maximum plasma concentration, is measured during the CP
portion of the protocol. Low light intensity was chosen to eliminate the effect of light
on endogenous melatonin secretion.

DLMO
DLMOQ is a biomarker of the circadian sleep-wake cycle. One of fhe primary

objectives of this study was to investigate the exposure-response of MA-1 on the

-11-
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sleep-wake cycle as measured by DLMO. To construct the melatonin phase curve,
plasma melatonin levels (pg/mi) were measured once every 30 minutes during the
first 14 hours of the CP segments and hourly for the remainder of the CP segments.
The full melatonin phase curve was constructed so that peak melatonin
concentrations could be defined. Based on peak melatonin concentrations, DLMO,
defined as 25% of the peak, was determined. During double-blind treatment (Days
4-6), plasma melatonin levels were measured every 30 minutes from 4:00 PM to
2:00 AM. This window of time was estimated to contain the DLMO. To determine if
any dose of MA-1 induced a phase-shift in circadian rhythm, the difference between
DLMO on treatment days and baseline for MA-1-treated subject was compared
against the difference between DLMO on treatment days and baseline for placebo-
treated subjects.

Sleep Efficiency

Another primary objective of this study was to investigate the exposure-
response to MA-1 on mean sleep efficiency parameters. Sleep efficiency (time
asleep/time in bed * 100%) was measured using polysomnography (PSG). A variety
of sensors were applied to the subjects with paste or tape through which brain
waves, eye movements, muscie tone, body movements, heart rate, and breathing
were recorded. Audiovisual recordings were also taken. PSG recording was done
during the sleep episodes of days 1, 2, 3, 4, 5, 6, and 7 of this study (referred to as
Nights 1-7). Sleep efficiencies of MA-1-treated subjects were compared with sleep
efficiencies from placebo-treated subjects. Data from PSG on Nights 3 and 7 were

not analyzed.

-12-
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Secondary Efficacy Parameters

Other Polysomnographic Parameters

Sleep parameters were recorded during all sleep episodes (11:00 PM to 7:00
AM on Nights 1, 2, and 3, and 6:00 PM to 2:00 AM on Nights 4, 5, 6, and 7). From
these recordings sleep latency (latency to persistent sleep) and wake aiter sleep
onset (WASQ) were calculated. PSG on Nights 3 and 7 was not analyzed.
Efficacy Analyses

Primary Efficacy Variables

Dim Light Melatonin Onset

Peak melatonin was determined from a subject’s melatonin values as the
mean of the maximal values obtained on Night 3 and Night 7; if melatonin was not
sampled on one of these days (or if there were inadequate samples obtained during
the period at which melatonin should peak), peak melatonin was the peak for the
other day. For the primary analysis, threshold was calculated as 25% of peak
melatonin (DLMO25%). DLMO was calculated by linear interpolation of these
melatonin values and the corresponding time points.

The differences in DLMO25% between the endpoint day (Nights 4, 5 and 6)
and baseline (Night 3) were analyzed by comparing pairwise each dose group to
placebo using a linear one-way analysis of variance (ANOVA) model using in SAS®
(SAS® Institute, Cary, North Carolina). Means were calculated using the LS Means
method in SAS®. Standard deviations were calculated using the Statistical
Summary function in SAS®. Other statistical tests were also presented in graphics.
These included: linear regression of response vs. exposure (dose, AUC, or Cmax),

Kendall-tau nonparametric regression, and Spearman nonparametric regression.

-13-
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Sleep Efficiency

Another primary outcome of interest was sleep efficiency (SE). SE (%) was
defined as the total time asleep divided by the time allowed as an opportunity for
sleep in a period multiplied by 100%. SE over portions of the night was also
analyzed, including first and second halves of the night, and first, second and final
thirds of the night. Time allowed for sleep was 8 hours (480 minutes).

The effect of treatment (Nights 4, 5, and 6) vs. baseline (Night 2) was based
on the difference between SE values on these days. The overall mean sleep
efficiency on Nights 4, 5, and 6 was also calculated and compared to baseline. The
same baseline and endpoint days were used for the portions of the night analyses.
The differences in SE between the endpoint day and baseline were analyzed by
comparing pairwise each dose group to placebo using a linear one-way analysis of
variance (ANOVA) model in SAS® (SAS® Institute, Cary, North Carolina). Means
were calculated using the LS Means method in SAS®. Standard deviations were
calculated using the Statistical Summary function in SAS®. Other statistical tests
were also presented in graphics. These included: linear regression of response vs.
exposure (dose, AUC, or Cmax), Kendall-tau nonparametric regression, and
Spearman nonparametric regression.

Secondary Efficacy Variable(s)

DLMOQ - Time to Onset and Lowest Effective Dose

Time (day) at which maximum advance in the circadian period occurred was
determined by comparing DLMOZ25% from baseline and treated nights for all
subjects, as described above. Additionally, the lowest effective dose was also

determined by comparing DLM0O25% from baseline and treated nights as described
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Sleep and PSG-based Quicomes

Sleep latency (latency to persistent sleep and wake after sleep onset (WASQ)
were measured by PSG on Nights 1, 2, 4, 5, and 6.

The differences in these sleep parameters between the endpoint day and
baseline were analyzed by comparing pairwise each dose group to placebo using a
linear one-way analysis of variance (ANOVA) model in SAS® {SAS® Institute, Cary,
North Carolina). Means were calculated using the LS Means method in SAS®.
Standard deviations were calculated using the Statistical Summary function in
SAS®. Other statistical tests were also presented in graphics. These included:
linear regression of response vs. exposure (dose, AUC, or Cmax), Kendall-tau
nonparametric regression, and Spearman nonparametric regression.

Primary Efficacy Results

11.1.1.1 Shift of Dim Light Melatonin Onset

In this study, Dim Light Melatonin Onsetzsey, Loas (DLMOssy, Loas) was defined as the
time when melatonin production reached 25% of the maximum melatonin
concentration (MELnq.x) and samples below the limit of quantification (LOQ) of the
melatonin assay were assigned 5 pg/ml. LOQS5 represents half of the lowest level of
quantification for the assay (10 pg/ml) and is a more probable value to estimate for
samples below the limit of quantification than assigning a value of zero.

MA-1, when compared to placebo, was able to induce a forward shift in
DLMOz2s4, Logs on the first night of treatment (Night 4) when compared to baseline

DLMOasy, Loos (Night 3) in a dose-dependent manner (Table 11.1.1).
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11. 1. 2Secondary Efficacy Results 11.1.2. 1DLMO Shift - Tine to Onset
and Lowest Effective Dose As detailed in Section 11.1.1.1,
MA- 1, whenwogemias®dit o pl acebo, was able to i nduce a f AGEAFSA0SAPTHLL | n
DLMX>25% L005 on the first night of treatnent (N ght 4) when conpar ed
to basel i e de r *

Fi gure ﬂébegwg{;\:?q%)nghc%\%‘ﬂgﬁr@ﬂ? %%ﬂg%sﬂ?ﬁglﬁggﬁ@ ndi %aDt%gé an
overal | —ds peRSE M g—de oRs+dered OV
ef fective dose for Iﬂ?\ﬁ?shlft since it was the first dose vvlth a
statistically significant p-value in the ANOVA with contrasts.
11.1.2.2Ct her Sl eep GUnet er s In addition to sleep
efficiency, the exposure-res

mai nt enddIddO800hqs | ddpceechi t €@ g e WerEOm@m ned50 8igeep Lat 8oy
MA-1, when conpared to placebo, was able to reduce |atency to

persi st effiargjesiap (LABrgon t heNfdgr st ni gHt=70f treaNreint (N gNt=5!) when
conpared to baseline (Night 2) (Table 11.1.3). WO 20071137244

PCT/ US2Q44rf69411 Tabl e 11.1.3 Change in Sleep Latency between Ni ght
4 and Night 2 by dose* DoselLatency to Persistent Sleep (Mn)

-0.48

0.18 2274 £1.95
0.84 1.14 -0.50
(0.0276)

*Values for change in DLMO (mean £ SD) are displayed for each dose group exhibiting
evidence of a statistically significant effect. The p-value (in parentheses) compares

that dose group to placebo using ANOVA with contrasts.

Change in Sleep Efficiency

The ability of MA-1 to correct the disruption in sleep caused by a phase
advance was investigated by comparing the change in sleep efficiencies of MA-1
treated subjects upon a phase advance against the change in sleep efficiencies in
placebo upon a phase advance. Sleep efficiency (time asleep/opportunity to sleep *
100%) was measured objectively by overnight polysomnogramic recordings.
Polysomnographic recording from baseline (Night 1 and 2) and on treatment nights

4, 5, and 6 were analyzed for this study.
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Pl acebo (N=8)15.13 21.25 MA-1-8.25 16.34 10 ng (N=8)(0.0034) MA-1
5.0 20 ng (N=8)0 MA-1-3.71 10.97 50 ng (N=7)(0.0193) MA-1-417 6.93
100 ng ( N=®)XX DODBI2N *Val ues for change in sleep | at erclyus2ERB9415D)
are displayed for each dose group exhibiting evidence of a

statistig }\I h. | £ ant, effect. The P value (in parentheses)

conpar es—m%%ﬁ@%—% pl acebo using ANOVA with contrasts. SlheeE)1
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Night 4 and Night 2 in a dose-related manner. (Table 11.1.2).

Table 11.1.2 Change in Sleep Efficiency between Night 4 and Night 2 by Dose*

Mean Change + 8D in Sleep Efficiency

Dose Full Night 2nd Third of the Night
(% points) (% points)
Placebo
(N—7)1 -20.27 £ 18.72 ~34.92 £ 38.23
MA-1
-12.64 £13.83
10 mg -7.77
(N8 (0.0303)
MA-1
-56.11+12.78
20 mg -6.68
(=g) (0.0048)
MA-1
50 -5.87 £ 0.89 2101414
mg
(N=7) (0.0487) (0.0028)
MA-1
100 ~2.02 £4.94 -2.30+£5.72
mg
(N=7) (0.0141) (0.0030)

*Values for change in sleep efficiency for the full night (mean * SD) are displayed for each
dose group exhibiting evidence of a statistically significant effect. The p-value (in

parentheses) compares that dose group to placebo using ANOVA with contrasts.
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Dose WASO (M n) WASO (% points) Placebo (N=7) 77.00 91.01 17.22
19.69 MA-1 10 ng (N=8) 40.56 8.37 MA-1 20 nmg (N=8) 31.19 6.91 MA-1 50
mg (N=7) 3WQ3007/137244 PCT/US2007/069411

Sleep Efficiency in Parts of the Night

Sleep efficiency was also compared in parts of the night by dividing the full
night into thirds. MA-1 improved sleep efficiency in the middle third of the night in a

dose-related manner. (Table 11.1.2).

11.1.2  Secondary Efficacy Results

11.1.2.1 DLMO Shift — Time to Onset and Lowest Effective Dose

As detailed in Section 11.1.1.1, MA-1, when compared to placebo, was able
to induce a forward shift in DLMOpse;, L oqs on the first night of treatment (Night 4)
when compared io baseline (Night 3) in a dose-dependent manner (Table 11.1.1,
Figure 11.1.1). While nonparametric analysis clearly indicates an overall dose-
response, the MA-1 100 mg dose is considered the lowest effective dose for DLMO
shift since it was the first dose with a statistically significant p-value in the ANOVA
with contrasts.
11.1.2.2 Other Sleep Parameters

In addition to sleep efficiency, the exposure-response of MA-1 on sleep
latency, sleep maintenance, and sleep architecture were examined.
Sleep Latency

MA-1, when compared to placebo, was able to reduce latency to persistent
sleep (LPS) on the first night of treatment (Night 4) when compared to baseline

(Night 2) (Table 11.1.3).
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6.61 MA-1 100 ng (N=7) 8.50 20.39 1.85 4.29 *Values for change in
sl eep mai ntenance (nean SD) are displayed for each dose group

exhi bi ti ng ¥oizeenee4of a statistically significant eff e(i;cr/l}gi&'u)s%u
val ue (i n parentheses) conpares that dose group to placebo using
ANOVA wi t § . Wake after sleep onset (WASO was cal cul ated as
both a unﬁb?%? I‘ tﬁi@@ﬁﬂﬁﬂbﬁ%ﬁpﬂﬁt?ﬂﬁy&e“ﬂﬁ% Nighd dignsiVighti2 bysake* af t er
falling into persistent—sleep) and W) 20Q07/137244 PCT/ US2007/ 069411
as a fraction (fraggden of tine that thdatergyett Peasisteneke 1 n the
time franme from |stent sleep to |iglBlee@{Min)St ati sti cal
significance was Leved when the MA-1 red to
pl acebo i n WASO agﬁ%%ﬁé@"#iit of time 4Rd $raction (Tabl e
11.1.4). Wil e doddArlesponse as neasur edg by +@pfr ametri c anal yses
was not statisticdllmg¢Ngd)ficant, I|i negy. 0084 essi on anal ysi s of
change in WASO at /ﬁ_qh dose tested denonstrat'es that the MA-1 100 ny
dose was able to m im'gét_a the disruptiogggn wake after sleep onset
bet ween Day 4 and ITH t he majority of subjects in this treatnent
arm Sleep ArchitétA-dre and REM Pol aritys 74 &+ q9.g/¥A-1 did not change

the percentage of 50img(N#7)each sl eep stm@st ween Ni ght 4 and N ght

2.
MA-1 -4.17 £6.93
100 mg (N=6) (0.0214)

*Values for change in sleep latency (mean % SD) are

displayed for each dose group exhibiting evidence of a
statistically significant effect. The P value (in parentheses)

compares that dose group to placebo using ANOVA with

contrasts.

Sleep maintenance

Table 11.1.4 Change in Sleep Maintenance between Night 4 and Night 2 by dose*

Dose Wl'\SO WASO
{(Min) (% points)
Placebo (N=7) 77.00 £ 91.01 17.22 +19.69
MA-1 10 mg (N=8) 40.56 8.37
MA-1 20 mg (N=8) 31.19 6.91
MA-1 50 mg (N=7) 31.21 6.61
MA-1 100 mg (N=7) 8.50 £ 20.39 1.85 +4.29
(0.0452) {0.0391)

*Values for change in sleep maintenance (mean x SD) are displayed
for each dose group exhibiting evidence of a statistically significant
effect. Thg P value (in parentheses) compares that dose group to
placebo using ANOVA with contrasts.

Wake after sleep onset (WASO) was calculated as both a unit of time

(number of minutes that a subject was awake after falling into persistent sleep) and
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On Night 4, MA-1 was able to minimze the disruption in REMpolarity
caused by a phase advance by increasing the nunber of episodes of REM
during the woned7isteus d of the night. After Hour 4 on N qj&tr

were fewer cunul ative epi sodes of REM with placebo conpar egl%?%]%aggré‘%

| arger dosges.0f,. MA-1. .This disruption in REM polarity was not

obser ved%cs?ngf{ﬁ%mfaCt'on O“St'm%f&ﬁttfﬁ‘%ﬁlamle@nmwe\eéak&ammainmjframe‘rﬁiom ive
REM epochs _dur i the thirds of the night. MA-1 was able to induce a
dose-rel aeé%iSHeHE%@ﬁ%@ iights AB)- nBiststicab igeficsnckewas bcREME When Bhd VR -1
final third of the night consistent with preserving the REM sl eep

ar chi t ect'9PengHosg yias conaren ta pacétn pHABSRalY BoIbe: UFKSME aRd as a

A multi-center, random zed, double-blind, placebo-controlled,

paral | el frgetam(Tahleiy1 e, ddnitladsacretponsevasicaat@dtdiadt %ragﬁ&)ﬁ and
safety of single oral doses of WD 2007/137244PCT/ U 200? 0 941?

VEC- 162 @nelysedwaamndt stabstiog)ly aig@ifizahs Nhest rBhRG&8HA 'nglﬁ%aéftc{p‘)épgg#ne and

femal e subjects wth induced transient insommia. proxi mat e our
hundred WWABOG! 2avRHOse MUY ERENs L8P . 5 rr?% v oL 8L} Lo
the treatnent groups. I'n gener aﬁfﬁgﬁ%@?\ejleﬁpﬁg é??leo\gaﬁgbfgﬁom

to 35 d iz ] i od, [ ch, \ Da
17 Prior e By e P S s R P Ber L nd B e
to 9 hounaidPRy ofdifidcts P{)M%f”é){tg‘%b?éﬁﬁg’ was adm ni stered on N ght 1,

approximately 0.5 ﬁour rior of f. The primry
efficacy variable was LPS. LPS is defined as the length of tine
el apsed between |ights off and onset of persistent sleep. In this

trial, i | eep i ined as the point at which 10 m nutes
of uni nt@éé r&fecirg 2R S| eep was deternined on the basis
of pol ysomography. ,(PSG . Secondary efficacy paraneters included the
fol | ow ng: WY g‘@&?ﬁ%@qg@rthg@é@r@%@f tyAB0Rach/se smgdafctwesh as

the ti spent awake between onset of sleep and Lights On during
Ni ght Tﬁ“‘&ﬁ“t%?ﬂi’ﬁ@@ht@y PSG Latency to Non-Awake (LNA): LNA is

defined as the nunber of mnutes to reach any stage of sl eep.

On Night 4, MA-1 was able to minimize the disruption in REM polarity caused
by a phase advance by increasing the number of episodes of REM during the final
third of the night. After Hour 4 on Night 4, there were fewer cumulative episodes of
REM with placebo compared to the larger doses of MA-1. This disruption in REM
polarity was not observed on Night 2.

Additional analyses evaluated cumulative REM epochs during the thirds of the
night. MA-1 was able to induce a dose-related increase in the number of episodes of

REM during the final third of the night consistent with preserving the REM sleep

architecture of Night 2 prior to the phase advance.

Example 2.
A multi-center, randomized, double-blind, placebo-controlied, parallei-group

study was conducted to investigate the efficacy and safety of single oral doses of
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[ : [ [ f m nutes spent
Total Sleep Tinme (TST): TST is defined as the number o
asl eep dur!ong the entire tinme in bed. The particle size of the MA-1
used in thiwogeudyrzsas: D10050D90D100 SunR5 unv2 unBl6 YO r/us2007/069411
[l'lustrative results included the following. WO

00//069411 latency to Persistent Sleep (LPS):
?%?232@%@%@5 \ﬁi”g H'%b EC)Te 6\€¥%ﬂgsp|@peim DdwBelthp tae épederddit) |
and 22.8 <0, 001) minutes at 20, 50, and 100 ny rgspectlvely.-

Lat ency @ggﬁﬁf?‘ﬁ leuEeRERASIERHRBeBientARpsoxigataly fdur huptecedubjerts Warel
(p<0.006), 14.3 (p<0.001), and 12.3 (p<0.002) m nutes at 20, 50, and
100 ng ré%'mwméwappwmtﬂwaemm:mamcmm tréMASMY graupal overrent5
conpared with placebo of 24.2 (p<0.02), 33.7 (p=0.001), and 17.

=0. 081) i nlit @enesal, AGCreEMingpetictfegm TLRBEEdhysbribr to TR 8hrt S aeP
gl'gorre (TSzl'): | mprovenent conpared with placebo of%%. 7 (p<0.002), 47.9

<0. 001 pvalnati@Ope€ridd) #MicDEs Maputt, EBrigto by PRupRBE ed to increase
ﬁgspect i 5e| y. The trial also denonstrated that V‘é%—%l was

wel | -t ol treitsebmtimaltd 9dRReS FerSﬂgﬁtr. abr 98%]5%6?3“%%%&{@ isﬂ{rﬁgﬁ’{&ggﬁigﬁ% 1,

Exanpl es 1 and 2. These include but are not necdessari
the fol | agbrdgimately 0.5 hour prior to lights off.

The primary efficacy variable was LPS. LPS is defined as the length of time
elapsed between lights off and onset of persistent sleep. In this trial, persistent sleep
is defined as the point at which 10 minutes of uninterrupted sleep has begun. Sleep
was determined on the basis of polysomnography (PSG).

Secondary efficacy parameters included the following:

Wake After Sleep Onset (WASO): WASO is defined as the time spent awake
between onset of sleep and Lights On during Night 1, determined by PSG.

Latency to Non-Awake (LNA): LNA is defined as the number of minutes to
reach any stage of sleep.

Total Sleep Time (TST): TST is defined as the number of minutes spent
asleep during the entire time in bed.

The particle size of the MA-1 used in this study was:

D10 D50 D90 D100
5u

3

25 um 72 um 316 um

[lfustrative results included the following.
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MA-1 was wel |l -tolerated at doses of 10, 20, 50, and 100my. MA-1,
when conpared to placebo, induced a forward shift in DLM®25% LOQXB on
the first rWwQReo7a87284 eat ment in a dose-dependent manner ., =

m nimzed the disruption in sleep efficiency (full night an 2Jr?i7l(%ﬁﬂel

third of thg rll_lﬁ%bt% cz,use% bé a ghase advance. MA-1 mnimzed the
di sruption in &9 BErsisiertRieen (dySh Ipmaaveraentnenpared with miscsibogfi n
t he nunber of ?%'n@oges of REMduring the final third of the night.
MA-1 ni ni mi zed Eh@ <G HAG-3P5H0GWRKaNA L2 & (PsDOSY ) orimees BVEGE0, aaysed
by a phase advance. MA-1 inproved sleep |atency which was increased

by the phase A89&MtEespectimely.Cnax val ues increased in a nanner
approxi mately proportional to the dose. AUC i ncreased approxi mately

proportional tateasy & Nomdyeaier(&NAgVieimovemnent@immi 6@ GAtR HIAELRAE 11.1
wei ght, hei ght, gender, creatinine clearance, or ALT baseline |evels.

50 ng was nor p<efF06)ats.8ys<0.ban), 1A 108 0028 ni S5
wel | -tolerated, indicating that) a singl gﬁgr alzgdoggﬁggpgg’o%@%ggg!@g ¢

preferabl e torespectivaly.dose of about 100 ng. 20 ng was conparable or
superior to 100 ng in efficacy despite 100 ng being well-tol erated,

i ndi cati ng ot hataka AfeR Sl Phadet %@? . [ eferable to an
oral dose of about 100 ng@ A?]qora @gzl(@g% a%éggmbér@gw%fﬁf’e%o

is effective 2notperbbng en / al . dose q out 20
to about 50 ngy its(ﬁeffej(;t i:sis/ﬂe(%i Q'dtyr@ge[ﬁygI(%'ngg{)s@‘“&gﬁssat\é%% »and 100
adm ni st ered ,ﬁg%g F#igelg.our before sleep tinme. ~ The invention
al so includes tho f marketing MA-1 that conprises dissem nating

to prescrifer r {] _any one or nore of the preceding

concl usi ons. Totd Slggﬂ'ﬁ@"? gf%@o?rﬁém&@@@m pemBaArestwitiaplperko akPect s of

the inventio esented for purposes of illustration and

descri ption. nggiﬁggﬁ%?é){ﬂ@rﬂpé apg zﬁép@ﬁ%ﬂﬁ)mféuf@s at 80) $0viandt 109 mg

invention to the precise formdisclosed, and nodi ficati ons and

variations areSRfSY¥ i e. Such nodifications and variations are

i nt ended tonﬁil included within the scope of the invention as defined

by the acconpafyidlpled demenstrated that VEC-162 was well-tolerated at all doses.
Several conclusions can be drawn from Examples 1 and 2. These include but

are not necessarily limited to the following.

* MA-1 was well-tolerated at doses of 10, 20, 50, and 100mg.

* MA-1, when compared to placebo, induced a forward shift in DLMO2s%, Logs

on the first night of treatment in a dose-dependent manner.

MA-1 minimized the disruption in sleep efficiency (full night and middle third of

the night) caused by a phase advance.
*  MA-1 minimized the disruption in REM polarity caused by a phase advance by
increasing in the number of episodes of REM during the final third of the night.

MA-1 minimized the disruption in wake after sleep onset (WASO) caused by a

phase advance.

MA-1 improved sleep latency which was increased by the phase advance.
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CLAIMS 1. Use of MA-1 for the preparation of a pharnaceuti cal
conposition for the treatnent of a circadian rhythmdi sorder or a
sl eep di somderqo7tidvedsphar maceuti cal conposition bei ng fopayhai@sodols
orally admnistering MA-1 to the subject suffering such disorder in

an anmount of ZROZ#{E‘?ZO %ﬁ t o about, 50 er day. 2. The use of claim
1, wherein the gofBt YHe: BiCkRaseddnga rEppPEsEnaiely propediegalsindbe

| atency 3. The us f. any of the preceding clains, wherein the D50
of the MA-1 i 99%@s8ULHiAGeaBRA erRIGHIMAtely promoréonaldo ébsel ai m 3, wher ei n
the D50 of the MA-1 is between about 20 jimand about 50 m 5. A
phar maceut i c aFXR@HH5® {8 velsoweregiot aifected dut agen weight sheightc getder, cregtimineg

di sorder or a sleep disorder conprising MA-1 and a pharmaceutically
accept abl e catleg@ncewprodlel hasalineralelsiose of MA-1 is up to about 100
ng per day and a D50 particle size is greater than about 100 gm or

wherei n the ob@mgiesemmie Miickcioas tess100MAY dHeRS LM ddEEsRRInFwY)-and
the D50 particle size is |less than about gm 6. The pharmceuti cal

conposi ti on ofolerbi@dMmnGicatibg freit 2 diltRe 905 /108E oMabdut i Breflid :
ng/ kg if the D50 parti clvem%i ze isﬁ%reat ero than a ost‘JOtM%%)Bém o#bt&aﬁ]

wherei n the dgapd&de dfabbut $00 @RS than about 1.5 ng/kg, e.g., about
0.1 ng/ kg to about 1.2 ny/kg and about 0.3 ng/kg to about 0.7 ny/Kkg,

o necon Eo1C LR RERE bR SRR eM 07 o
in immediate Bé?ﬁg?%ﬁ-télglra@ééfrin&i@atﬁ]%%épé Isf?m%ler((J:"rlaiaglc?see 8Bt 20 mg is
preferable to an oral dose of about 100 mg.
* Anoral dose of about 20 to about 50 mg is effective in treating sleep

disorders.

* An oral dose of about 20 to about 50 mg is effective in treating sleep disorders
when administered about 1/2 hour before sleep time.

The invention also includes a method of marketing MA-1 that comprises
disseminating to prescribers or to patients any one or more of the preceding
conclusions.

The foregoing description of various aspects of the invention has been
presented for purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed, and modifications
and variations are possible. Such modifications and variations are intended to be

included within the scope of the invention as defined by the accompanying claims.

~23-




CLAIMS

1. Use of MA-1 for the preparation of a pharmaceutical composition for the
treatment of a circadian rhythm disorder or a sleep disorder, the pharmaceutical
composition being formulated for orally administering MA-1 to the subject suffering

such disorder in an amount of about 20 mg to about 50 mg per day.

2. The use of claim 1, wherein the condition to be treated or prevented is long sleep
latency
3. The use of any of the preceding claims, wherein the Dsg of the MA-1 is less than

about 100 wm.

4, The use of claim 3, wherein the Dsg of the MA-1 is between about 20 | m and
about 50 pum.
5. A pharmaceutical composition for the treatment of a circadian rhythm disorder or

a sleep disorder comprising MA-1 and a pharmaceutically acceptable carrier, wherein an
oral dose of MA-1 is up to about 100 mg per day and a Dsg particle size is greater than
about 100 pm or wherein the oral dose of MA-1 is less than about 100 mg per day and
the Dsp particle size is less than about pm.

6. The pharmaceutical composition of claim 5, wherein the dose of MA-1 is up to
about 1.5 mg/kg if the Dsp particle size is greater than about 100 pm or wherein the dose
of MA-1 is less than about 1.5 mg/kg, e.g., about 0.1 mg/kg to about 1.2 mg/kg and about
0.3 mg/kg to about 0.7 mg/kg, if the Dsg particle size is less than about 100 pm.

7. The pharmaceutical composition of claim 5 or claim 6, which is formulated in

immediate release form or in controlled release form.
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