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15 A Background Regarding Olanzapine

Currently there are many drugs available for the treatment of disorders of
the central nervous system. Among these drugs is a category known as
antipsychotics for treating serious mental conditions such as schizophrenia and

20  schizophreniform illness. The drugs available for such conditions are often
associated with undesirable side effects, and there is a need for better products
that control or eliminate the symptoms in a safer and more effective way.
Furthermore, marny patients do not respond or only partially respond to present
drug treatment, and estimates of such partial-or non-responders vary between

25  40% and 80% of those treated.

Since antipsychotics were introduced it has been observed that patients
are liable to suffer from drug-induced extra pyramidal symptoms, which include
drug-induced Parkinsonism, acute dystonic reactions, akathisia, tardive
dyskinesia, and tardive dystonia. The Simpson Angus Scale, Barnes Akathisia

30 Rating Scale, and Abnormal Involuntary Movement Scale (AIMS) are well
known scales for assessing extra pyramidal symptoms. The great majority of
drugs available for treatment of schizophrenia are prone to produce these extra
pyramidal side effects when used at dosages that yield a beneficial effect on the



WO 2006/ 055603 PCTI US20051041470 synptons of the di sease. The severity of
adverse events and/or |ack of efficacy in a considerable nunber of patients
frequently, poor conpliance or termnation of ny of
t he drugs ag)%wé&sg@?at ed with a sedative effect and may é’lcgrgé%@@“‘g?
undesi rabl e influence on the affective synptons of the disease, causing
depression. In sone instances long termuse of the drug |eads to
irreversible conditions, such as the tardive dyskinesia and tardive
dystonia referred to above. This, coupled with the fact that many of the
patients in need of such drugs are not in full control of their nental
faculties, often results in poor patient conpliance 10 and di m ni shed

t her apeuti c symiroms oAthgakizegee. f Baeneyerityiof ad eersir avgnisaanidiog lackobefiivgert activity,
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and i s an and@g@h}eg {Thisois because such a dosage form would minimize comphcatlons

caused by patients missing or failing to take a dose.
A widely used and popular anti-psychotic drug useful in the treatment of
15  disorders of the central nervous system is olanzapine, which is commercially
available as Zyprexa® (Eli Lilly, Indianapolis, Ind.). Zyprexa® is available in
both orally administered tablets and intramuscular injection formulations.
Olanzapine has the chemical name 2-methyl-4-(4-methyl-1-piperazinyl)-
10H-thieno[2,3-b][1,5]benzodiazepine (C;7H20N4S), a molecular weight of
20 312.439, and the following chemical structure:
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properties, an useful in treating psychotic conditi

schi zophreni a, schizophreniform diseases, and acute mania. At |ower doses
the conmpound is indicated for use in the treatnent of mld anxiety states.
A anzapine is a selective nonoani nergi ¢ antagonist with high affinity 15
binding to the follow ng receptors serotonin 5HT 2Anc (K 1=4 and 11nM
respectively), dopamine D 1-4 (K 1=11-31 1 25 nM, histamne HI (K I =7nM,
and adrenergic (alpha) 1 receptors (KI1=nM GABA A BZD, and (beta)
adrenergic receptors (K1 > 10 M. The nmechani sm of action of ol anzapi ne,
as with other drugs having 20 efficacy in schizophrenia is unknown. However,
it has been proposed that this drug's efficacy in schrizophreniais
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diseases, and acute mania. At lower doses the compound is indicated for use in
the treatment of mild anxiety states.
Olanzapine is a selective monoaminergic antagonist with high affinity
15  binding to the following receptors serotonin SHT 2a/2c (K 1=4 and 11nM,
respectively), dopamine D 4 (K (=11-31 1 25 nM), histamine H { (K I =7nM), and
adrenergic (alpha) ; receptors (K ;- nM) GABA 4 BZD, and (beta) adrenergic
receptors (K ;> 10 uM). .
The mechanism of action of olanzapine, as with other drugs having
20 efficacy in schizophrenia is unknown. However, it has been proposed that this
drug’s efficacy in schrizophrenia is mediated through a combination of dopamine
and serotonin type 2 (SHT ;) antagonism. The mechanism of action of
olanzapine in the treatment of acute manic episodes associated with Bipolar 1
Disorder is unknown.
25 Antagonism at receptor other than dopamine and 5HT , with similar
receptor affinities may explain some of the other therapeutic and side effect of
olanzapine. Olanzapine’s antagonism of muscorinic M 1.5 receptors explains its
anticholinergic effects. Olanzapine’s antagonism of histamine H ; receptors may
explain somnolence observed with this drug. Olanzapine’s antagonism of
30  adrenergic (alpha) receptors may explain orthostatic hypotension observed with
this drug.



5 including the dosage form and various properties, e.g., dissolution rate
of the drug. Poor bioavailability is a significant problemencountered in

the develQgpsiossdosPhar maceuti cal conpositions, parti culp%&h)szsdg%g%
containing an active ingredient that is poorly soluble in water orly

wat er soluble drugs tend to be unsafe for intravenous adm nistration

techni ques, which are used primarily 10 in conjunction with fully sol uble
drug substances. It is known that the rate of dissolution of a particulate
drug can increase wth increasing surface area, i.e., decreasing particle
si ze. Consequently, nethods of making finely divided drugs have been
studi ed and efforts have been nmde to control the size and size range of
drug particlBs i nBpekaraued Regarding Nageppisiculateyugy S patent No. 5, 145,684
to Liversidge et. al., which is herein incorporated by reference, discloses

particles of a dr su tancehvin a non- crosslinked fac stabilizer
absorbed on the sgg’%@ imﬂ%w%émgﬁ%‘tvﬁﬁgémg?wesﬁ?’@% eatlol $ thereof.
This patent thogs tisse aﬁeﬁahnmisuaﬂgngebianylm&nabiﬂ sffiéoabeavaibilingi t i ons of
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nanopartlcul t descri bed,
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for "Method to Refl uClendva thafth@ rae o§k1i%§ol@ic9¥‘6f*h iblte 'h@r@éé on;

5,336,507 for "Use of Charged 4 WO 200610556 PCT/ US2005/ 041470
Phosphol i pi dwithandReadingsuNaroarzatiies|decraggimeprticlersize. SoBsubdily,f or
methods of making finely divided drugs have been studied and efforts have been
made to control the size and size range of drug particles in pharmaceutical
15 compositions. U.S. Patent No. 5,145,684 to Liversidge et. al., which is herein
incorporated by reference, discloses particles of a drug substance having a non-
crosslinked surface stabilizer absorbed on the surface thereof and methods for the
preparation thereof. This patent does not teach or suggest nanoparticulate
compositions of olanzapine.
20 Methods of making nanoparticulate compositions are described, for
example, in U.S. Patent Nos. 5,518,187 and 5,862,999, both for “Method of
Grinding Pharmaceutical Substances;” U.S. Patent No. 5,718,388, for
“Continuous Method of Grinding Pharmaceutical Substances;” and U.S. Patent
No. 5,510,118 for “Process of Preparing Therapeutic Compositions Containing
25 Nanoparticles.” These patents do not describe methods of making
nanoparticulate olanzapine.
Nanoparticulate compositions are also described, for example, in U.S.
Patent Nos. 5,298,262 for “Use of Ionic Cloud Point Modifiers to Prevent Particle
Aggregation During Sterilization;” 5,302,401 for “Method to Reduce Particle
30  Size Growth During Lyophilization;” 5,336,507 for “Use of Charged



"Fornmul ati ons Conprising Adin 10-Gto Prevent Particle Aggregation and
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for "Use 5 of Purified Surface Mddifiers to Prevent Particle Aggregation
During Sterilization;" 5,399,363 and 5,494,683, both for "Surface Mdified
Anticancer Nanoparticles;" 5,429,824 for "Use of Tyl oxapol as a
Nanoparticul ate Stabilizer;" 5,470,583 for "Method of Preparing
Nanoparticl e Conpositions Containing Charged Phospholipids to Reduce
Aggregation;" 5,518,738 for 10 "Nanoparticul ate NSAI D Fornul ati ons;
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Therapeutic Agents in Conbination wth” Pharmaceutically Accept abl e d ays;
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Nanopartlcl es Containing the R(-)Enantionmer of |buprofen;" 5,747,001 for
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“Polyalkylene Block Copolymers as Surface Modifiers for Nanoparticles;”
5,569,448 for “Sulfated Non-ionic Block Copolymer Surfactant as Stabilizer

15 Coatings for Nanoparticle Compositions;” 5,571,536 for “Formulations of
Compounds as Nanoparticulate Dispersions in Digestible Oils or Fatty Acids;”
5,573,783 for “Redispersible Nanoparticulate Film Matrices With Protective
Overcoats;” 5,580,579 for “Site-specific Adhesion Within the GI Tract Using
Nanoparticles Stabilized by High Molecular Weight, Linear Poly(ethylene Oxide)

20  Polymers;” 5,585,108 for “Formulations of Oral Gastrointestinal Therapeutic
Agents in Combination with Pharmaceutically Acceptable Clays;” 5,587,143 for
“Butylene Oxide-Ethylene Oxide Block Copolymers Surfactants as Stabilizer
Coatings for Nanoparticulate Compositions;” 5,591,456 for “Milled Naproxen
with Hydroxypropyl Cellulose as Dispersion Stabilizer;” 5,622,938 for “Sugar

25  Based Surfactant for Nanocrystals;” 5,718,919 for ‘“Nanoparticles Containing the
R(-)Enantiomer of Ibuprofen;” 5,747,001 for “Aerosols Containing
Beclomethasone Nanoparticle Dispersions;” 5,834,025 for “Reduction of
Intravenously Administered Nanoparticulate Formulation Induced Adverse



Physi ol ogi cal Reactions;" 6,045,829 "Nanocrystalline Formul ati ons of Human
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5 Surface Stabilizers;" 6,153,225 for "Injectable Fornul ati ons of
Nanoparticul ate Naproxen;" 6,165,506 for "New Solid Dose Form of
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Nanocrystal line Fornulations of Human | mrunodeficiency Virus (H V) Protease
Inhibitors;" 6,264,922 for "Nebulized Aerosols Containing Nanoparticle
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6,811,767 for "Liquid droplet aerosols of nanoparticulate drugs;" and 25
6, 908, 6280 f 06,26T989 fugi ‘M ethed iy PrayentingduiystabhGraovthehd Partisté Ageregationase and
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Nanoparti cul ate Conpositions,"
Disintegrating Solid Oral Dosage Form,” 6,375,986 for “Solid Dose

Nanoparticulate Compositions Comprising a Synergistic Combination of a

15  Polymeric Surface Stabilizer and Dioctyl Sodium Sulfosuccinate,” 6,428,814 for
“Bioadhesive nanoparticulate compositions having cationic surface stabilizers;”
6,431,478 for “Small Scale Mill;” 6,432,381 for “Methods for Targeting Drug
Delivery to the Upper and/or Lower Gastrointestinal Tract,” 6,592,903 for
“Nanoparticulate Dispersions Comprising a Synergistic Combination of a

20  Polymeric Surface Stabilizer and Dioctyl Sodium Sulfosuccinate,” 6,582,285 for
“Apparatus for sanitary wet milling;” 6,656,504 for “Nanoparticulate
Compositions Comprising Amorphous Cyclosporine;” 6,742,734 for “System and
Method for Milling Materials;” 6,745,962 for “Small Scale Mill and Method
Thereof;” 6,811,767 for “Liquid droplet aerosols of nanoparticulate drugs;” and

25 6,908,626 for “Compositions having a combination of immediate release and
controlled release characteristics;” all of which are specifically incorporated by
reference. In addition, U.S. Patent Application No. 20020012675 A1, published
on January 31, 2002, for “Controlled Release Nanoparticulate Compositions,”



WD 2006/ 055603 PCT/ US2005/ 041470 and WD 02/ 098565 for "System and Met hod
for MIling Materials,"” describe nanoparticulate active agent conpositions,

and are spe fob&@dskes | ncorporated by reference. None of ié’ﬁﬁﬁzoﬁ&h‘ﬂﬁnces
descri be nanoparticul ate conpositions of ol anzapi ne. 5 Anorphous shal |

particle conpositions are described, for exanple, in U S. Patent Nos.
4,783,484 for "Particul ate Conposition and Use Thereof as Antim crobi al
Agent ;" 4,826,689 for "Method for Making Uniformy Sized Particles from
Wat er - I nsol ubl e Organi ¢ Conpounds; " 4,997,454 for "Method for Making
Uniform y-Si zed Particles FromInsol uble Conpounds;" 5,741,522 for 10
"Utrasmall, Non-a%gr e%at ed Parous Particles of Uniform Size for Entrapping
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descri be nanopartic ola ere’is a or

nanoparti cul a¢ferefté e ofthte referaiceOdsscrildnatdpaticluercoaipositioasef and ot her
probl ens associated with prior conventional ol anzapine formnulations. The
present i nveRldngPiBet i sfi es t hese needs. SUMMARY OF THE | NVENTI ON 20 The

Comosi t1 8ne. . Tho Amngrs TiLBATE PRLBoSRARNA bl Tt BRI (1 ace

stabilizer, WhSoPutért NUsel g830RY fardPariealdteoDorapostiotomidAT AT érédT ak he surface
of the ol anzapjne gart icles. The nano(Rflrt i cul at e ol anzapi ne particl es have

an ](caffectivg_ADéMéf&r@_ tal pegent; c.826,68% fasf Method fonMekingddmifemiy Sizsds. The )
ol azapi ne.at 4G ste aeBRFblS Orgie REPMnAL" 080 SRE AT MRE B of 7 cacy

of the drug QMfin@UREbIAN-Siked PiBcleS Bfoth BoluBRTEmMRINESK7 A 520rf8at er t han
about one week. e nanoparticle size of the ol anzapine %Zrtlcl es can be

mani pul atl@d t‘Vliggsmall; Nendgstegatst @otsus Partistastaf Unifar Size/for Eobepmss 603
PCTI US2005/ OAGIag'E%bbles Within and Methods;” and 5,776,496, for “Ultrasmall Porous

Particles for Enhancing Ultrasound Back Scatter.” These references do not
describe nanoparticulate olanzapine.
There is a need in the art for nanoparticulate olanzapine formulations
15  which overcome these and other problems associated with prior conventional

olanzapine formulations. The present invention satisfies these needs.

SUMMARY OF THE INVENTION
20 The present invention relates to injectable nanoparticulate olanzapine

compositions. The compositions comprise olanzapine and at least one surface
stabilizer, which is preferably adsorbed on or associated with the surface of the
olanzapine particles. The nanoparticulate olanzapine particles have an effective
average particle size of less than about 5 microns. The surface stabilizer is

25  present in an amount sufficient to maintain the olazapine at an effective average
particle size that maintains the efficacy of the drug over a period of time, such as
about one week or greater than about one week. The nanoparticle size of the

olanzapine particles can be manipulated to give the desirable blood profile and



duration of action when adm nistered by either intramuscular (IM or

subcut aneous (SC) nutes, Long acting anti-psychotics are preferred, as the
patient p ' reated w th such drugs can suffer fr | ent
conpl i ancg,ﬂwrzgédtﬁ t?otr?g in dimnished 5 therapeutic effect 6[%}?(?15@%%7[)

adm ni stered drug. Drugs requiring nultiple daily adm nistration, or even
daily adm nistration, are not preferred for this patient population. A

si npl er dosage form such as a once-weekly dosage form can result in
dramatically inproved patient conpliance, and consequently inproved quality
of life. Advantages and properties of the conpositions of the invention 10
are described herein. Another aspect of the invention is directed to
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embodi ment  Ofudiftg of HF&”A&\%ﬂtagbﬂrfd%ffHﬁ&Hbs%f tHé ccﬁH&S‘sﬁ‘i&B%@@ﬁe inv&ltRgt i on of

ol anzapine is utilized. The adm nistration of the drug in this manner
al lows f &0 t he deseritedihereinf an i ntranuscul ar or subcut aneous depot of

ol anzapine v ch ol 00 Yo 5] SRS b orts UobBh & HiSmBALLERL S SYStem over
compositions comprising a nanoparticulate olanzapine composition of the
invention. The pharmaceutical compositions preferably comprise olanzapine, at
least one surface stabilizer, and at least one pharmaceutically acceptable carrier,

15 aswell as any desired excipients.

The invention further discloses a method of making a nanoparticulate
olanzapine composition. Such a method comprises contacting olanzapine and at
least one surface stabilizer for a time and under conditions sufficient to provide a
nanoparticulate olanzapine composition. The one or more surface stabilizers can

20  be contacted with olanzapine either before, preferably during, or after size
reduction of the olanzapine.

The present invention is also directed to methods of treatment using the
injectable nanoparticulate olanzapine compositions of the invention for, for
example, psychotropic therapy and the treatment of central nervous system

25 disorders. In one embodiment of the invention, intramuscular or subcutaneous
injection of olanzapine is utilized. The administration of the drug in this manner
allows for the formation of an intramuscular or subcutaneous depot of olanzapine

which slowly releases the drug into the patient’s system over a longer period of



WD 2006/ 055603 PCT/ US2005/ 041470 tinme than if admnistered orally. The
period of time over which the drug is released is preferably up to about one
week, fromahnidhsisyp Weeks to about six weeks, and fromabeudipbgasneeks to
about twelve meeﬁs. Additional time periods of efficacy are dgscri ed
herein. This allows for inproved patient 5 conpliance wth enhanced

t herapeutic outcones. Mireover, injectable fornulations of ol anzapi ne
result in a significantly shorter response tinme as conpared to ora

adm ni stration. Wile current conventional fornulations of ol anzapine can
be formulated for injection (i.e., Zyprexa(r)), such conventional

i nj ectabl e ol anzapi.ne fornmulatigns are difficult to prgg&re due to the | ow

water 10 sdimethanif adminigieredprally. [The peyedfitimppvery b Bie dpgist he treat ment
of central MO i r b o1 S i an

ol anzapi ne (I}%Iseage Fﬁ%ﬁ@%ﬁﬁ%%r@etﬁégk’ ?%%5?‘?‘5& t?\vé%egf)gﬁ%l\é}:lggﬁount of the
drug in vivoweskd, amsifilemabbiawadrwegkbtoogboat twelleeweeks. Additond] tmel consi st ent
manner. The nanagpartjcul ate ol a,nzggi ne formyl ati ons of 15 the present

i nvent i on adiriegds of piicacy@sidssaribed iepsin: Hhis dlowes fop pmproved Batisgt depot |
preferably f 1 It Wl o6, . y rel eases the
drug intsyo t%@@%@%%@g&%@?&ﬁeﬂ gwézg‘%%&g%dé\;mﬁog%?%g&%@y about one (1)
to about twetmelaiddy oﬂ@leanmb&evuan aoiphifivantdy siditer respopseitimedse si ze of the
drug. Different nanoparticle sizes will dissolve at different rates, and
wi |t her ef ofosnnasgdipserak admnipistrationy While qyarep!) copyentiamghiopmylatiopeofdepot  at
different re . . f.or | L nd the

fol |l owi ng br(#lg&sdgle%gcﬁaiﬁéf ifgﬁﬁlﬁ%[w?%eu%g(%% (rﬁ}g'sgg&%&%%%’glﬁ%é&&%{é@??&i on are
exenpl ary anigjeeiablesiahipiheomabtonsiad difiierdt tb prapaty dutetofthe Iodewatexpl anat i on
of the invention as clainmed. OQher objects, advantages, and novel features
will be Feadiolybilipinftbedruge t hose skilled in 25 the art fromthe fol | owi ng

detail ed descriptjo y%ﬂ%?%%\és ta}lc?ﬂic tre%tnygt gpgg{tr%sggrggusps%{e}ﬂszooa 041470

BRI EF DESCRI PTI
disorders, it is important to provide an olanzapine dosage form that delivers the

required therapeutic amount of the drug in vivo and renders the drug bioavailable
in a rapid and consistent manner. The nanoparticulate olanzapine formulations of

15  the present invention achieve those goals through the formation of a drug depot,
preferably following intramuscular injection. The depot slowly releases the drug
into the bloodstream at almost zero order kinetics for about one (1) to about
twelve (12) weeks through control of the nanoparticle size of the drug. Different
nanoparticle sizes will dissolve at different rates, and will therefore release the

20  drug to the bloodstream from the depot at different release rates.

Both the foregoing general description and the following brief description
of the drawings and detailed description are exemplary and explanatory and are
intended to provide further explanation of the invention as claimed. Other
objects, advantages\, and novel features will be readily apparent to those skilled in

25  the art from the following detailed description of the invention.



Figure 1. Shows an el ectron m crograph of unm |l ed ol anzapine. Figure 2:
Shows an e\kgcé‘gq(zqn m._crograph of a mlled nanoparticul ate_ ol anzapi ne
formul ati on2 BY3Pe 3. Shows an el ectron micrograph of PETHYPISH41470
nanoparticul ate ol anzapine fornulation. Figure 4: Gaphically shows the
pl asma concentration (ng/nL) of ol anazpine over a six hour tinme period
follow ng intramuscular admnistration to six nale dogs of a

nanoparti cul ate ol anzapine formulation. 10 Figure 5: Gaphically shows the
pl asma concentration (ng/nL) of ol anazpine over a six hour tine period
followi ng intranuscul ar admnistration to six nmale dogs of a

nanoparti cul at e ol anzapi BRIES'DESERIBFIONOENHE HPEIMREpt i on of | nvention
The invention pro¥i des. inj egbabl e rg}lgno articul eb':]e ol aﬂz g ne formul ati ons
15 that can conpr B ligh aPhgVEEnEERT ﬁc&gag.oqtgwu- ﬁ? %ol unes, with
durations of acti P&u}é“@:t Caghbhs &P BlektRid rﬁfér&ﬁapﬂi Vi ﬁﬁﬁdd%ﬁb;%‘ﬁclﬂit@od l'evel s
t hrough manipul ation of particle size and hence dissolution for periods of
about one weelanzapingyfosmtlation.| n ot her enbodi nents of the invention,

conposi tions of the inyenti 20 provide efficacipus.levels of drug from
about one week t o EHHUL: twoga%‘@ 1 eleption MIGHREEP ?lft?@ ng%omﬂﬂatfhree
weeks, from gy : Kot 0 about four weeks, from about one week to
about five vveléa%sgp ?rom a ocl)Jt' one week to about six weeks, from about one
week to about sevEiguretks, Graphicbyshowsthe ptasinatconedimration Gigginl) v£eks, from

about one week to.about njne weeks, fr about one ek ta 25 about ten
weeks, from 23BYPIGRVERRSK Lpw perigd %W%mt@mufs\é@m %f‘tSHB]tsu'%tﬂfgl oweek to

about twel ve '%ﬁ'&héd é}gp,'tlg@t' . ‘Pﬁful ti%H.Ch as from about two
weeks to abofjlt SI X a%ggs, %?gm a outdh?ﬁ?ﬁel%efv?eeksa to about four weeks, from
about tht®ee weeksFignrabout Geaphicallyakews thtplasifd cofic RGO fighfB) of

PCT/ US2005/ 041470, _ , ) . e
olanazpine over a six hour time period following intramuscular administration to

six male dogs of a nanoparticulate olanzapine formulation.

Detailed Description of Invention

The invention provides injectable nanoparticulate olanzapine formulations
15  that can comprise high drug concentrations in low injection volumes, with
durations of action that can be controlled to give efficacious blood levels through
manipulation of particle size and hence dissolution for periods of about one week
or greater. |
In other embodiments of the invention, compositions of the invention
20  provide efficacious levels of drug from about one week to about two weeks, from
about one week to about three weeks, from about one week to about four weeks,
from about one week to about five weeks, from about one week to about six
weeks, from about one week to about seven weeks, from about one week to about
eight weeks, from about one week to about nine weeks, from about one week to
25  about ten weeks, from about one week to about eleven weeks, from about one
week to about twelve weeks, and any combination thereof, such as from about
two weeks to about six weeks, from about three weeks to about four weeks, from

about three weeks to about seven weeks, efc.

10



The conposition of the invention is admnistered via injection, such as by

I ntramuscul ar. or subcutaneously, to forma drug depot. The drug depot

resul ts i n"WOPYBIBous | evel s of drug up to about one WPETGRIGOAHTEr  As
taught in U S. Patent No. 5,145,684, not every conbination of surface 5
stabilizer and active agent will result in a stable nanoparticul ate
conposition. It was surprisingly discovered that stable, injectable,
nanoparti cul ate ol anzapine fornulations can be nmade. The current
formul ati ons of ol anzapi ne suffer fromthe following problens: (1) the poor
solubility of the drug results in a relatively |low 10 bioavailability; (2)

dosi ng nust be remhatedpssitic ¢f tht invRatichAs Bddisterkadid ihjeclion, Wubtead/@y i ety of
side effects _are associated with the current dosa\%[e forns of the drug. The

present i nveHtiiagsglar arsrbantgienslynte femeadieadepat. whheafrug depot resultgin
ol anzapi ne f af | £ Ly, {he nan rticul ate ol anzapi ne 15
f or mul atiopsgﬁgg%lﬁés @gggﬂfs‘?@%ul?at;&/.%h?%eopéw(ﬁﬁ%ks%&l%%t\f}'ng advantages: (1) a
decrease in the fAsegipgneyUS Paesi No. R1ud/684, RstadvenossinBin@ioaTutdface evel s of
drug follow ng dosing; (2) faster onset of action; ui?g) smal | er doses of

¢ C

ol anzapi ne r sgbilizerpndagctivhagenhwilheesal irea Fiehle narepatiy @npasition. ()

I ncreased bigQavailability: (5 i ved. ormance. characteristics for
i nt ravenous, W§EB%‘BP§H§‘8 ﬁcog?rlegﬁqqﬁ{aﬁlgﬁ&egﬁﬁkr n ?p clugaﬁe: &gﬁ@ﬁmﬁs hi gher
dose | oadi ngfghrhlfivas b&ibd madd. d dose vol unes; (6) inproved pharmacoki netic

profiles, such as inproved Cmax and AUC profiles; (7) substantially simlar
or bi oequi val ent pheewagskormalations o planzapinesufien&onythe ellowisgl at e ol anzapi ne

conposi tions n_adm pi stered ..n t fed versus the.fasted state; (8)

bi oadhesi ve. BiEhTguG thHegbR st Bnloting e Rl WatBapibSiei Ted o b o
appl i cati®n sidvaRDbIRYARNEShiAEMust ReepAtbdRbvérblBned ERNABY, and TSy £asi ng the
efficacy of the drug as well as elimnating or decreasing the frequency of
dosi ng; (9) widgvaristy efsédesiffsicts arg a@bciahé“ﬁglﬁbpaw¢m@baa$ fotnzanfdhe ne
particles present in the conpositions of the invention follow ng

adm ni strati 8H'8 11

The present invention overcomes problems encountered with the prior art

olanzapine formulations. Specifically, the nanoparticulate olanzapine

15  formulations of the invention may offer the following advantages: (1) a decrease
in the frequéncy of dosing and/or prolonged therapeutic levels of drug following
dosing; (2) faster onset of action; (3) smaller doses of olanzapine required to
obtain the same pharmacological effect; (4) increased bioavailability; (5)
improved performance characteristics for intravenous, subcutaneous, or

20  intramuscular injection, such as higher dose loading and smaller liquid dose
volumes; (6) improved pharmacokinetic profiles, such as improved Cpax and
AUC profiles; (7) substantially similar or bioequivalent pharmacokinetic profiles
of the nanoparticulate olanzapine compositions when administered in the fed
versus the fasted state; (8) bioadhesive olanzapine formulations, which can coat

25  the desired site of application and be retained for a period of time, thereby
increasing the efficacy of the drug as well as eliminating or decreasing the
frequency of dosing; (9) high redispersibility of the nanoparticulate olanzapine

particles present in the compositions of the invention following administration;

11



WO 2006/ 055603 PCT/ US2005/ 041470 (10) low viscosity liquid nanoparticul ate
ol anzapi ne_dosage forns can be nade; (11) the nanoparticul ate ol anzapi ne
conposi t i o9 209405¢"3used in conjunction with other acti \PETASEMY414782) t he
nanoparti cul at e ol anzapi ne conpositions can be sterile filtered; (13) the
nanoparti cul at e ol anzapi ne conpositions are suitable foi 5 parenteral

adm ni stration; and (14) the nanoparticul ate ol anzapi ne conpositions do not
require organic solvents or pH extrenmes. A preferred dosage form of the
invention is a liquid injectable fornulation. However, the conposition may
al so be fornmulated in a powder or solid for reconstitution prior to

i nj ect abl e adro)nowvisabdigriiquidinimopartioylate®linzapineldozgieiforms chh®dedasizge f or m can
be, for exanple, controlled rel ease dosage, for del ayed rel ease, dosage
form ext engzbi)rﬂéq ranepartieulageolamzapine BB ONS cap bp asNEEBHPRITOVIR i xed

i medi ate re t ﬁﬁg . f r i nation

t her eof . Theh%?ggcéﬁ%aqﬁ%\ggrg ?Jotjrl?gggﬁ @3@%??%%% eﬁgllenc(%u |°ﬁ§°g§%aglr al

defi ni tions, stefilesfitered; $13)ahé hardvphaivuRtchlinvaping Ronipositienedrp buitabld 8. As used
herein, "about"” w Il be understood by persons of ordinary skill in the art

and wi | | ¥ar paieptesd gaminsteationoand (A4) @e neropartioylaip planzapine composigons f t here
are uses of dg%h}esﬁi%%@Qisﬁfv\%ﬁ{g%ﬁapﬁi&%m%g persons of ordinary skill in

the art given e 'con s used, "about™ will nean up to plus

or mnus 10% of t AeprefPrefdotdge b of BE Mvenfom kelidad aljcctable o
"non- nanoparticul ate active agent' 'shall mean an active agent which is

sol ubi | i zed &rmwation. kesvexer, die eampogibion veay-a4ee baaformuylateddn 2@owger ¢fr eat er t han

about 5 mcr Nano Lculate acti ent s _def herein have an

o fective avenkhor BAspRihastrd Softhetle ARERISHRe oA Aone, 25 -~ Poorl y

wat er sol®bl gyophilizatior SThSESagefopintaiiBéTor éXvmg e, ariroiledareleasd didghgd ty of |ess
t han about 30 ng/ni, (g]freeferab y |l ess than about 20 ng/m, preferably |ess

t han about 16orrydelayediclqssedenage form, exfendedgpleassolasage fognpulsatiie

release dosage form, mixed immediate release and controlled release dosage
form, or a combination thereof.

The present invention is described herein using several definitions, as set

15  forth below and throughout the application.

As used herein, “about” will be understood by persons of ordinary skill in
the art and will vary to some extent on the context in which it is used. If there are
uses of the term which are not clear to persons of ordinary skill in the art given
the context in which it is used, “about” will mean up to plus or minus 10% of the

20  particular term.

“Conventional” or “non-nanoparticulate active agent” shall mean an
active agent which is solubilized or which has an effective average particle size
of greater than about 5 microns. Nanoparticulate active agents as defined herein
have an effective average particle size of less than about 5 microns.

25 “Poorly water soluble drugs” as used herein means those having a
solubility of less than about 30 mg/ml, preferably less than about 20 mg/ml,
preferably less than about 10 mg/ml, or preferably less than about 1 mg/ml.

12



WD 2006/ 055603 PCT/ US2005/ 041470 As used herein with reference to stable
drug particles, "stable' includes, but is not limted to, one or nore of the
fol | owi ng YWaPUeEPWPL: (1) that the ol anzapine particl esPEBUSHOS/BIpteci abl y
floccul ate or agglonerate due to interparticle attractive forces, or
otherwi se significantly increase in particle size 5 over tine; (2) that the
physi cal structure of the ol anzapine particles is not altered over tine,
such as by conversion from an anorphous phase to crystalline phase; (3)
that the ol anzapi ne particles are chemcally stable; and/or (4) where the

ol anzapi ne has not been subject to a heating step at or above the nelting

point of the ol anzadednRrdin withGeRf@befodtaie dalg paitecles Heabie tihelh@s, of the
invention. 10 " Therapeutically effective anount' as used herein with respect

to a drug duoHagrot ligHtedtomngrormre ofibs doftowing parsmelareied ) thas thepeci fi ¢

phar macol ogi gal ___response for  which .the dr I S monister in a
significant ﬂ%@’lﬂe@gg jdgé{oé am?{ec]%bégﬁlogg&@ﬁgﬁ a?ﬁgwwﬁenfqee[gt I s enphasi zed
that °ther apatépdadlt MttRtfieciordds, aBtbMvise sighiidantls ivr&de itpatislakizecul ar
subject in a particular instance will not always be 15 effective in treating
t he di sedsesowsetimel 3 thatshephysicelsncurmeighe slawrhapinspagticlesis ngbaliared a
“therapeuticall .effegiajsée anpunt ' killed in the.art.. Is to be

b h |
furthor Cunacrer Bt AR BY s Stn BEh AndtGRAc e Rbate A UERIAE mmasur od

as i nj ect ahetPARGEMzapiHe PAHRRS aft dAEmiadl/istabte; Bh@of (1Y ¥Hetede @l SO
preferably provides ol anzapi ne conpositionS having a desirable
phannacoki nedlanzapinethas rottiven selyjeétitd s heating stap arenabdviedhe meliingpomt of The

desi rabl e pharnpcoki.net i rofil.e of the ol anzapi conmpositions preferably
i ncl udes, b egE"ﬁ?Ptmq llnrﬂc’? B{fp?‘@.h?? ﬁgthgn@,mﬂa_%?é%ﬁooﬁ_g%ﬁvgﬁfo%en assayed in
the 25 plpasma of ﬁ‘h@ﬁE‘é‘fBidaﬁ? efeftiveGinouat’ la8 WheibhaeliiwithSiesct @M drblpat s

a

preferably greater than the Crex for a non- nanQFartlcuI ate ol anzapi ne
f or mul at i on dasage, shallapearcthai dospge thatmirovidesthe dperitic pearmaeadogioslage; and/ or (2)

? cn)l f\g\c/:\n Lgr ag{lﬁgﬁlﬂzng‘%) #’ogﬁ}gqpm&% agS %%ﬁl%?niétenrea?l?a {g(rjlus fcant r];mn%errr%%j ciec%sninSUbj ect
need of such treatment. It is emphasized that ‘therapeutically effective amount,’
administered to a particular subject in a particular instance will not always be

15  effective in treating the diseases described herein, even though such dosage is
deemed a ‘therapeutically effective amount’ by those skilled in the art. It is to be
further understood that drug dosages are, in particular instances, measured as

injectable dosages.

20 Enhanced pK Profiles

The invention also preferably provides olanzapine compositions having a

desirable pharmacokinetic profile when administered to mammalian subjects.
The desirable pharmacokinetic profile of the olanzapine compositions preferably
includes, but is not limited to: (1) a Crax for olanzapine, when assayed in the

25  plasma of a mammalian subject following administration, that is preferably
greater than the Cp,x for a non-nanoparticulate olanzapine formulation (e.g.,
Zyprexa®), administered at the same dosage; and/or (2) an AUC for olanzapine,

when assayed in the plasma of a mammalian subject following administration,

13



WD 2006/ 055603 PCT/ US20051041470 that is preferably greater than the AUC
for a non-nanoparticul ate olanzapine fornulation (e.g., Zyprexa r)%,

admi ni st er%‘az?ﬂ%m?m3sane dosage. The desirable phar nacoﬁpﬁw‘@y 1814 | e, as
used herein, is the pharmacokinetic profile nmeasured after the initial

i nj ectabl e dose of ol anzapi ne. 5 Conventional ol anzapine (e.g., Zyprexa(D),
reaches peak plasma levels in 5-8 hours, and has a half-life of about 35
hours, depending on netabolism A preferred injectable ol anzapi ne
conposition of the invention exhibits in conparative pharmacoki netic
testing with a non-nanoparticul ate ol anzapine fornulation of (e.g.,
Zyprexa(r)) , thadsprefabielyeeaér thiweths AEC dorsagm-namofantizulatel adimzapind0 at | east

about 50% at | east about 100% . at ] east  about 20Q% at_| east out 300%
at | east abof?maleb% (et ngita@ba@mms%@/e} alfhe puRg OS&smIL%ém%aggt | east
about 700% 13hm : 8009 |e ﬁpa%ll [g%o I out 1000%
at | east ab%ut ﬁgﬁ%@?,{%ﬁl&a%& gga%%éﬁ?lhlgg%%q at tdf eastt/{bfg%%lf %@8‘6@? at | east
about 1400% afteathd initial injdvtatile 463Q@Fplantagimast about 1600% at | east about

1700% at_ | east about 15 1800% .or at |east about 1900% greater_ than the
C, ,,a, exhibited ©9nvieRdon® qlangapien(ed i raa®)orearhes pracregpaisvalsion. A

preferr ed | NEQGLA! & OLANAAR.NR FAIRASSHOAR, Sl o ERlAnexh! DI LS i1

conpar ati ve pharnmatoki netic testin h~a "hon-nanBparticu ate ol anzapi ne

formul ation (e.g.A plaferrekaféctble ddidapirRtcermpdsidivn bitheSrventidn erlgibits man AUC
which is 20 at | east about 25%. at | east about 50% at |east .about 75% at
| east about ewapAratiye phpgmacokinstietestingseath gmopaggepasheiliate 0BMIEPIAG | east about

east about DaBitl of Gzl 5 RRl of SR G aoh RS COmURGRRU Shou
400% at1d easttledbsbout 0% %t 18ist hbdas 100%patUsasb Wt 200%) stdedst sbomtiB0®H0% at

| east about 600% at Iez%st about 750%o at 25 | east about 700% at | east
about 750% @tlegsbabont 400501 atdemtabont S0W4asat leasbrhouB6Uh, atdeast &8t about 900%

e oo RS B O s 9 1t
about 1100%, at least about 1200%, at least about 1300%, at least about 1400%,
at least about 1500%, at least about 1600%, at least about 1700%, at least about

15  1800%, or at least about 1900% greater than the Cy.x exhibited by the non-
nanoparticulate olanzapine formulation.

A preferred injectable olanzapine composition of the invention exhibits in
comparative pharmacokinetic testing with a non-nanoparticulate olanzapine
formulation (e.g., Zyprexa®), administered at the same dosage, an AUC which is

20  at least about 25%, at least about 50%, at least about 75%, at least about 100%, at
least about 125%, at least about 150%, at least about 175%, at least about 200%,
at least about 225%, at least about 250%, at least about 275%, at least about
300%, at least about 350%, at least abbut 400%, at least about 450%, at least
about 500%, at least about 550%, at least about 600%, at least about 750%, at

25  least about 700%, at least about 750%, at least about 800%, at least about 850%,
at least about 900%, at least about 950%, at least about 1000%, at least about
1050%, at least about 1100%, at least about 1150%, or at least about 1200%

14



WD 2006/ 055603 PCT/ US2005/ 041470 greater than the AUC exhi bited by the
non- nanoparti cul ate ol anzapi ne fornul ati on. Conbi nati on Phar nacoki netic
Profile CONPA3U6IOS¥A3 5 I n yet another enbodi nent of the PRVASRI0§B414Y i st
nanoparti cul ate ol anzapi ne conposition providing a desired pharmcokinetic
profile is co- adm nistered, sequentially adm nistered, or conbined wth at
| east one other ol anzapi ne conposition that generates a desired different
phar macoki netic profile. Mdre than two ol anzapi ne conpositions can be
co-adm ni stered, 10 sequentially adm nistered, or conbined. Wile the first
ol anzapi ne conposition has a nanoparticul ate particle size, the additional
one or nore glealzthan i AUQNeXhiYited 0f shegdh-hhoparioplatetolairapine, sol ubilized, or
have a mcroparticulate particle size. The second, third, fourth, etc.,

ol anzapi ne C§WEB HeRons can differ from 15 the first, and from each ot her,
for exanple: (1) in the effective average particle sizes of ol anzapine; or
(2) in the dosage of ol anzapi ne. Such a conbination conposition can reduce

t he dose frequencaoﬁmatnﬂﬂphaﬁmicbﬁi@ﬁ@mdﬁmmg%'iﬂm«aconposi tion has a
nanoparticul ate particle size, _then preferaply the ol anzapine particles of
the second conposint yebanathereemahodimensof tronyendion, figst Banppatiiculater associ at ed
with the surface of the dru art.icles.. The one or re surface stabilizers
can be the sSSPt sOTPOFHIOR PRTViding p iiiedRpitiaeaRinglERRAICINEE) ot esent i n
the first ol adigiaRteded, oqiRAGANY KMinfERéE oR BbbINGE WathGP iasibrdi stkdrat i on of a
"fast-acting"” forrmulation and a "longer-lasting” formulation is desired,

the two for nolaazaptesompesitionithat generatehi desired different pharmaaselsinstic i on, f or
exanpl e a dual - ellﬁas%co osition. 15 V\Dt.2006/ 0%560 RCT/ US2005/ 041470 A.
d anazpi ne cBﬁ?ﬂiesi PE3aRr °PM{WG§RHE’P8\/H°H%%% RS onpr i si ng

nanopartj®ul gdqfentially administered, or combined. While the first olanzapine composition

has a nanoparticulate particle size, the additional one or more olanzapine
compositions can be nanoparticulate, solubilized, or have a microparticulate
particle size.
The second, third, fourth, ezc., olanzapine compositions can differ from
15  the first, and from each other, for example: (1) in the effective average particle
sizes of olanzapine; or (2) in the dosage of olanzapine. Such a combination
composition can reduce the dose frequency required.
If the second olanzapine composition has a nanoparticulate particle size,
then preferably the olanzapine particles of the second composition have at least
20  one surface stabilizer associated with the surface of the drug particles. The one
or more surface stabilizers can be the same as or different from the surface
stabilizer(s) present in the first olanzapine composition.
Preferably where co-administration of a "fast-acting” formulation and a
"longer-lasting” formulation is desired, the two formulations are combined within

25  asingle composition, for example a dual-release composition.
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ol anzapi ne particles and at | east one surface stabilizer. The surface
stabilizers are preferably adsorbed to or associated wth the surface of
t he ol anzapine particles. 5 Surface stabilizers useful herein do not

chenmi cal | YWQ @W6/0S5603 h t he ol anzapine particles or itsel PCT/PEWPEIADHI0Y,

i ndi vi dual nol ecul es of the surface stabilizer are essentially free of

i nternol ecul ar cross-1linkages. The conpositions can conprise two or nore
surface stabilizers. The present invention also includes nanoparticul ate
ol anzapi ne 10 conpositions together with one or nore non-toxic
physi ol ogically acceptable <carriers, adjuvants, or vehicles, collectively
referred to as carriers. The conpositions can be fornul ated for parenteral
injection (esg., ORnazyneUemposifysamuscul ar, or subcutaneous). O anzapi ne
can be in a crystalline phase, an anorphous phase, a sem - 15 crystalline
phase, a seni - andfshoventpnggeyidesrcompositions esmpriringmsnoparticulster at i ve but not

limti itiorn i , d 0% W W i - 50% Surf
Stabi || ver oblianys DarGlsApet e Spepttth daptfen o SEbe Sentesafitat i ng
agent pH ab%&fe@ab‘lﬁa&%?déﬁ t6 or ¥Rb&htedl With tAk S&FdcRdf ﬂl_e%lan]zapiﬁb' &)Eﬂi%l?:s.St abi | i zers

The choice of a surtace stabilizer for olanzapine is non-trivial and 25
r equi r ed Sex pBurface stabilizers useful katinzle mt diegnically wadtovituthetolanzapi@®nbi nat i ons of

nmore than one suyrface stabilizer. can be used in_the inventi.an. Useful
or face st dRRREmaRal SR EaRT BRI Pl oh P B RBH TS @ de. but ar o
not limted ialf |ofecht 1 -ROK: j @ﬂ@f&&g IS ? ini.ents. Such
exci pi ents iéﬁgein&geyﬁ)\égp?%%ﬂ%o y%?‘lsofggflg%%l ecul ar ﬁglﬁd&t L%?l orﬁrrygr S,
nat ural pr odwots maaduficeWbaess. 055603 PCT/ US2005/ 041470 surfactants.
Surface stabilizers include nonignic, ionic, anignic, catjionic, and
he present invention also includes nanoparticulate olanzapine
10  compositions together with one or more non-toxic physiologically acceptable
carriers, adjuvants, or vehicles, collectively referred to as carriers. The
compositions can be formulated for parenteral injection (e.g., intravenous,
intramuscular, or subcutaneous).
Olanzapine can be in a crystalline phase, an amorphous phase, a semi-
15  crystalline phase, a semi-amorphous phase, or a mixtures thereof.

Tllustrative but not limiting compositions comprise, based on % w/w:

Olanzapine 5-50%
Surface stabilizer 0.1 -50%
preservatives (Optional) 0.05 - 0.25%
20 pH adjusting agent pH about 6 to about 7
water for injection q.Ss.
1. Surface Stabilizers

The choice of a surface stabilizer for olanzapine is non-trivial and
25  required experimentation to realize a desirable formulation. Combinations of
more than one surface stabilizer can be used in the invention. Useful surface
stabilizers which can be employed in the invention include, but are not limited to,
known organic and inorganic pharmaceutical excipients. Such excipients include

various polymers, low molecular weight oligomers, natural products, and

16



zwitterionic surfactants. Preferred surface stabilizers include, but are not
limted to, a polysorbate, such as Tween 80, benzal konium chl ori de, and
conbi nat i BHB2006/8556¢% . 5 Representative exanpl es of usef BRCEUSHOHE1470
stabilizers include but are not Ilimted to Low viscosity hydroxypropyl
cellul ose (HPC or HPC-SL); hydroxypropyl methyl cellul ose (HPMC);

hydr oxynmet hyl cellul ose (HMC); ethycellul ose; povidone; Pluronics; sodium
deoxychol at e; PEG Phosphol i pids; Tyl oxapol and ot her approved tritons,

pol yvi nyl pyrrolidone, sodiumlauryl 10 sulfate, dioctyl sulfosuccinate,
gelatin, casein, lecithin (phosphatides), dextran, gum acacia, chol esterol,

tragacant h, saffeaants. 8aifece subilzarkmBiudsnelibaic] deic, adbeicUdatiofiiceaidat e, gl ycer ol
nonost ear ate, cetostearyl alcohol, cetonmacrogol emrulsifying wax, sorbitan
esters, pol yHRtferiaye spéckantsy| ethers (e.g., macrogol ethers such as

t | 100 t hyl . i | gy ' t hyl
15 sorbi tan fatty BT SHRLERUTAR ARNE byt e AP LY BholBRd L E Y sich
as e.g., TwaeMasBieen 80 el dBmindA Chioridt,Gnd sB@bimtibhytheReor cal s)) ;
pol yet hyl ene glycols (e.g., Carbowaxs 3550(r) and 934(r) (Union Carbide)),

pol yoxyethyl ene Repaesentative exapnples efaiseRil purérse stabidizersanclpdeoys avet s

b t hyl cel{.ul | ci b h | di
ot by vl |l BSEed RIANE v Resiy o iR el SRRy (R ob FERGSFEL hyl cel 1 ul ose
phthal at e, ngassyptahl meq}y@@énms@ﬁ?%%w%%himg@mmm@p ate,

tri et hanol am ne, polyvinyl" al cohol / O
t et r anet hy! kethyeeulpbes polvidons; Phunonisst sodsrmgéaxyehadate,dREGrRthospholipiddehyde (al so

k tyl | i one, and trit | (e.g... Pl i
Fos(r) and i8ERP| and iR PRy B RSk, et B e EP R sRgh B Bkl e and
propyl eng Oﬁhﬁ’@ﬂei diagtgﬁ??]@meiha@,s gé18tirs) -caselig%cﬂmxp(]pﬁeﬁmﬁde | @Qirdcown as

Pol oxam ne 908(r), is a tetrafunctional block copolynmer derived from
sequent i al sk eqaoie, cliolpsterply kragasanihy stdaricaavid, dehralleoméum xhlpeide,@alcium

cL b e oD SR NS CEERSE ) SR PR by T
PCTNS2005/ 04347 Qorbitan esters, polyoxyethylene alkyl ethers (e.g., macrogol ethers such as
cetomacrogol 1000), polyoxyethylene castor oil derivatives, polyoxyethylene

15  sorbitan fatty acid esters (e.g., the commercially available Tweens® such as e.g.,
Tween 20® and Tween 80® (ICI Speciality Chemicals)); polyethylene glycols
(e.g., Carbowaxs 3550° and 934® (Union Carbide)), polyoxyethylene stearates,
colloidal silicon dioxide, phosphates, carboxymethylcellulose calcium,
carboxymethylcellulose sodium, methylcellulose, hydroxyethylcellulose,

20  hydroxypropylmethylcellulose phthalate, noncrystalline cellulose, magnesium
aluminium silicate, triethanolamine, polyvinyl alcohol (PVA), 4-(1,1,3,3-
tetramethylbutyl)-phenol polymer with ethylene oxide and formaldehyde (also
known as tyloxapol, superione, and triton), poloxamers (e.g., Pluronics F68% and
F108®, which are block copolymers of ethylene oxide and propylene oxide);

25  poloxamines (e.g., Tetronic 908, also known as Poloxamine 908%, which is a
tetrafunctional block copolymer derived from sequential addition of propylene
oxide and ethylene oxide to ethylenediamine (BASF Wyandotte Corporation,
Parsippany, N.J.)); Tetronic 1508% (T-1508) (BASF Wyandotte Corporation),

17



Tritons X-200(r), which is an al kyl aryl polyether sulfonate (Rohm and
Haas); Crodestas F-110(r), which is a m xture of sucrose stearate and
sucrose diVOa86458603 (Croda I nc.); p-isononyl phenoxypol y- PGTSRadsn}147al so
known as Ain-103r) or Surfactant 10-Gr) (Ain Chemcals, Stanford, CT);
Crodestas SL-40(r) (Croda, 5 Inc.); and SA90HCO which is C

18H37CH2( CON( CH3) - CH2( CHOH) 4( CH2OH) 2 (East man Kodak Co.);

decanoyl - N- et hyl gl ucam de; n-decyl (3-D- glucopyranoside; n-decyl

(3-D nal topyranosi de; n-dodecyl (3-D gl ucopyranosi de; n-dodecyl

(3-D nal tosi de; heptanoyl - N-net hyl gl ucam de; n- heptyl - (i-D gl ucopyranoside;
n-heptyl (3-THiohs Xu2e0Rehita:is Bn B&?’Vhrg( %l%tﬂé} s8lfoRAO YR A ShdHaas);

nonanoyl - N- net hyl gl ucar’r&de; n- noyl (3-D- gl ucopyr anosi de;

oct anoyl - N- nerodgstas Bddf . adichiscemiptuedf snqesgstaayate aad susose distsarate 3- D-

t hi ogl ucopyr ghogsi de;.. PEG der.i vati ze osphol i.pid. PEG ~derivatized

chol estero! . (apes B5: pgppsuRtEosFedy LRSFRAS A v S RBFIQEP b o e
vitamn A, Phifactia i gag® @ﬁ hdrRidhlB, $tambors ZP)TErodedfad §N-A¥peotodrer s of vinyl
pyrrolidone 15 and vin acetate, and the like. Povidone Polyners In one

enbodi nerft olc)hand SWROHCOH whactis G 18613¢ CHa(GON(CHS)-ut i 1 i zed as a surface

stabilizer. Povidone polyners for i n'kgct abl e conpositions preferably have a
nol ecul ar m@@ﬁf%@ﬂ)é@ﬁoﬁaa (Epstman Kodgoo-sLecannyl-NogpthydglecassiGiner s, 20

al so known as .pol,yvidon(e), pavi donu PVP, and polyvi nyl.pyrralidone, are
sol d under ?ﬂgcxl?éé]éégq\‘é’ﬁ@“ﬁﬂﬁ?;irhg‘?ﬁg’} p-1-mialpp .“;/e;&‘ d yé@%é‘ne (1SP
Technol ogi es They Iy di ] gc]! cules, with a
Technol o6t o< tubdit s THEN ABF DL HARBIE SR AT LR B BRIGEEH

pyrrol i di nongepp@al priegisicopyeatiodieen heptyB-ThthidBuddsiidus pexpgIper ci al ly as a 25
series of products having nean nol ecul ar weights rangi ng from about 10, 000
to aboutl 70glnbd¥ramisidenisonaioyle-methylglucanide; suoylds-B-gindefdyramosikdey a dr ug

conpound to be adnministered to a manmal, the povidone pol ymer nust have a
mol ecul ar  18°taOy>dbBtyigleanmds nestgblilbalieqyranoside; octyl f-D-

thioglucopyranoside; PEG-derivatized phospholipid, PEG- derivatized

cholesterol, PEG- derivatized cholesterol derivative, PEG- derivatized vitamin A,

PEG- derivatized vitamin E, lysozyme, random copolymers of vinyl pyrrolidone
15  and vinyl acetate, and the like.

Povidone Polymers

In one embodiment of the invention, a povidone polymer is utilized as a
surface stabilizer. Povidone polymers for injectable compositions preferably
have a molecular weight of less than about 40,000 daltons. Povidone polymers,

20 also known as polyvidon(e), povidonum, PVP, and polyvinylpyrrolidone, are sold
under the trade names Kollidon® (BASF Corp.) and Plasdone® (ISP
Technologies, Inc.). They are polydisperse macromolecular molecules, with a
chemical name of 1-ethenyl-2-pyrrolidinone polymers and 1-vinyl-2-
pyrrolidinone polymers. Povidone polymers are produced commercially as a

25  series of products having mean molecular weights ranging from about 10,000 to
about 700,000 daltons. To be useful as a surface modifier for a drug compound

to be administered to a mammal, the povidone polymer must have a molecular
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wei ght of | ess than about 40,000 daltons, as a nol ecul ar wei ght of greater
than 40,000 daltons woul d have difficulty clearing the body. Povi done

pol yners A¥YR2MERHPId by, for exanple, Reppe's process, PG'B%:’}SNO@PM?O (1)
obtaining 1, 4-butanedi ol from acetyl ene and fornal dehyde by 5 the Reppe

but adi ene synthesis; (2) dehydrogenating the 1, 4-butanedi ol over copper at
200 to formy-butyrolactone; and (3) reacting y-butyrolactone with ammoni a
to yield pyrrolidone. Subsequent treatment with acetyl ene gives the vinyl
pyrrol i done nononer. Polynerization is carried out by heating in the
presence of H20 and NH3. See The Merck Index, 10th Edition, pp. 7581 (Merck
10 & Co., Rairight,ofliess thb8&Bput AhHe0hdaitohsas amalepupar vosgls of greatpothiaione pol yner s

produces pol rs, .containin ecul es of unequal chain length, and thus

di fferent nﬁm%w%?ﬂﬁthé.egﬁéc‘ﬁmﬁwgﬁh% hts of the nol ecul es vary
about a nean or g ' r Eé ab il abl e grade.
Because it is di ﬁﬁ%ﬁ?p&)%ﬁ%&%ﬁ%@%ﬁ? ‘gei)‘g‘ﬁ m§¥< rrgol?(reog%s?hr wei ght
directly, themposingni(thedbyainimgd 4vbtifanetiioldfont heetgliehe ambforaalidelugierbyl ecul ar

wei ght grad K- val ues, bas Qn Vi scosi t neas nts. The K-val ues

of I var: ods Sﬁgéég&%but%nem@e%q (égré?lydpcgﬁp | 65,4-1?1{5%@5{{)&\;% the average
accor di ng o EPRG 20 B Ebh e YR he TR BRRE Sy PO Ul ar

wei ght, Mv, anSméleh e HeldggriYidon®t SudsqichetreaiMamuvieh bdvtylaRi ghdésshef t he

i ndi vi dual nol ecul es, such as bé |ight  scattering. Table 1 provides
nol ecul ar weilgy pysratidoregnonnamery olyraarizatien isicririedpuhby Apatiagpothedone pol yner s,

o1, 8t ) G SN ATIONT RO
17 1 7,000 18 G RabwAOONT, 1983).

The manufacturing process for povidone polymers produces polymers
containing molecules of unequal chain length, and thus different molecular
weights. The molecular weights of the molecules vary about a mean or average
for each particular commercially available grade. Because it is difficult to

15  determine the polymer’s molecular weight directly, the most widely used method
of classifying various molecular weight grades is by K-values, based on viscosity
measurements. The K-values of various grades of povidone polymers represent a
function of the average molecular weight, and are derived from viscosity
measurements and calculated according o Fikentscher’s formula.

20 The weight-average of the molecular weight, Mw, is determined by
methods that measure the weights of the individual molecules, such as by light
scattering. Table 1 provides molecular weight data for several commercially

available povidone polymers, all of which are soluble.
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Pl asdone C-30(r) 30.5 1.5 38,000 62,500* 16,500 Kollidon 12 PF(r) 11-14
3,900 2,00Q0-3,000 1,300 Kollidon 17PF(r) 16-18 9,300 7,000-11, 000 2,500

Kol I i don 2%PP90683568% o5 700 28, 000- 34, 000 6, 000 *BecausePEHESHIFRIATOAr

wei ght is greater than 40,000 daltons, this povidone polyner is not useful

5 as a surface stabilizer for a drug corrpound to be adm ni stered
parenterally (i.e., injected). **M/ is the viscosity-average nol ecul ar

wei ght, M1 is the nunber-average nol ecul ar weight, and Mvis the weight
average nol ecul ar weight. Mv and Mh were determ ned by |light scattering and
ultra-centrifugation, and My was determ ned by viscosity nmeasurenents. 10
Based on the data provided in Table 1, EABIH &ry preferred commercially
avai | abl e povi done pol yners for injectable conpositions include, but are not
limted to, [Prasdone C 2&3@ RarTidon IZ PF(T), KolTidon I/ PF(r), and

Kol I i don 25(r )Povidemeoni Ingcle St MY |izers 15MMependi ng ¥¥bn the desired
met hod of administration, bi oadhne{Pakbons)tt nul EPaltoms)*5f n@@@@n@’f’tu ate

o a0 S0 00 o (ABME 9 Lol oce

= LB A rll UPDILI U CIrre moeoul

conposi tion.| plsgbrd Cgef il o+ surif aceggo@mbi | | zerez, 580 descr |1b,60b bellow.
Exanpl es of [useful catpgni c_surflace stabil hFers Include, bui_are not limted

20 to, polyn Qﬂid%ilgl}? mn?‘k'l"u) | vqa%?qqari Q,Z’O(OQ13I»O|QQ asli r‘qﬁl’}—gogu:l?t es,
phosphol i pi CSKolh@dﬂqﬁﬁﬂFO' Y&gg i C corrg)mnds Si;l@dj() gpoogwi tterg gj@i c

stabi l i zer s,potry=m=—retrhytpyri rum—anthryut—pyrdriumchioride,
cationic phc Spdilidon2bYs, | cM-BLsan, 126/70 ysi né28 9@@13900(hyl i m&@Pol e,
pol ybrene, pol ynet hyl net hacrylate trimethyl anmoni unbroni de broni de
( PMMTMABY ) , *B&alze iy helesiat EipHatghelexianao,000ralons i vidddDpdNRer is not useful
pol yVi ny$ py & odutfebe stebilRer A0 MR AOAKADD bEARinRERA PS2AA8IY (4] &itdted).

di met hyl am rtidt isyile visebitysaverggeatodecalarweightyVn i e farieer-avdera@e molecular weight,

Di pal mi t oyl asiMdistksoveight Zerpivaspidadatweighto Masrang dMnNefeAlptermine by abt saaternze
d ycol ) 2000 pad Wiercermifugasipn, pnd Mv was determined by viscosity measurements.

10 Based on the data provided in Table 1, exemplary preferred commercially
available povidone polymers for injectable compositions include, but are not
limited to, Plasdone C-15%, Kollidon 12 PF®, Kollidon 17 PF®, and Kollidon
25°.

Cationic Surface Stabilizers

15 Depending upon the desired method of administration, bioadhesive
formulations of nanoparticulate olanzapine can be prepared by selecting one or
more cationic surface stabilizers that impart bioadhesive properties to the
resultant composition. Useful cationic surface stabilizers are described below.

Examples of useful cationic surface stabilizers include, but are not limited

20  to, polymers, biopolymers, polysaccharides, cellulosics, alginates, phospholipids,
and nonpolymeric compounds, such as zwitterionic stabilizers, poly-n-
methylpyridinium, anthryul pyridinium chloride, cationic phospholipids,
chitosan, polylysine, polyvinylimidazole, polybrene, polymethylmethacrylate
trimethylammoniumbromide bromide (PMMTMABY),

25  hexyldesyltrimethylammonium bromide (HDMAB), polyvinylpyrrolidone-2-
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(aI so_known as DPPE- PEQ 2000) - Ami ne Na) (Avanti Polar Lipids, Al abaster

Pol y net hacryl oxyet hyl tri nmethyl amoni um brom de)_(Pol ysci en
I nc %Yé? ?fy PA) (al so known as S1001), pol oxam%@%%"“é‘y Tetroni ¢
908(r) aI SO knovvn as Pol oxam ne 908(r), which is a tetrafnttional block
copolynmer derived from sequential addition of propylene oxide and ethyl ene
oxide to ethyl enedi am ne (BASF Wandotte Corporation, Parsippany, N J.),
| ysozyme, |ong-chain polyners such as alginic acid, carrageenan (FMC
Corp.), and 10 POLYOX (Dow, Mdland, M). Oc her useful cationic stabilizers
include, but_are not limted to, cationic pids,. sulfoniu phosphoni um
and quar t er rilimgthyleamineathylaeibaniats, dimethyl %%fat%tlédp‘?ﬁmlt%ﬁﬁ Iyemiomi um

chl ori de, ut trimethyl
anmroni urm chf’%ﬁ‘%ﬁgﬂ“ﬁﬁ%} R A e
chloride or (alsoikhéien as DPPE-PEGE009) Aﬁmieamamvaﬁﬁlmrat Ugpidsietybasthret hyl

hydr oxyet hyl ammoni um chl oride or bromde, Cl2. isdinethyl hydroxyethyl
ammoni um chl4b; Btéy(armbthmwbéye@uh@m@thyam@mw bragpired (Pelysaiencasniamhi um

chl ori de 501 0 f te, |auryl

di et hyl benzfﬂq{H Jlnuﬁmér(réﬁiﬁ?%é@dwi’ggw f'll Msugﬁle?}sg%étﬁ) yl (et henoxy) 4
ammoni um chl £¢J dRwarastFoleiaene HoSH, kmich(@izetraﬁ&idﬂibﬁamwkbﬁbpameammnl um

chl oride, N-alkyl (Cl4-18)dinet hyI benzyl anmmoni um chl ori de,

N-t et r adecy|degived ﬁymtﬁ@qmuaéﬁm;mwmﬁmdeIde%dwm exidgiioret hyl  di decyl
ammoni um chl

chloride, t r n’élglhed éhﬂhﬁ?r‘gy&gﬁe é&‘%’gﬁg EE%Q-& W?Pjnﬂo% ?#%’lal ?grrgghum

di al kyl - di nebh Jc Gllyﬁ'rér§§ic1h&‘as algfnuds ¥did, dafﬂageénlaul(FM pyraehl ori de,

et hoxyl at ed al doal kyI di aIMIgI amoni um sal t and/ or an ethoxyl ated
trialkyll amﬁfﬁLﬁ OtW Midd nzene di al kyl ammoni um chl ori de,

- di decyl di et hylog w%g?&ggme AL R SRR it VO

2006/ 055603 PCT/ USZ
N-al kyl (G 2_13ds, gulfeeii! pHospRetitiy indejuadternary ammonium compounds, such as

stearyltrimethylammonium chloride, benzyl-di(2-chloroethyl)ethylammonium

bromide, coconut trimethyl ammonium chloride or bromide, coconut methyl

15  dihydroxyethyl ammonium chloride or bromide, decyl triethyl ammonium
chloride, decyl dimethyl hydroxyethyl ammonium chloride or bromide, C;;.
15dimethyl hydroxyethyl ammonium chloride or bromide, coconut dimethyl
hydroxyethyl ammonium chloride or bromide, myristyl trimethyl ammonium
methyl sulphate, lauryl dimethyl benzyl ammonium chloride or bromide, lauryl

20  dimethyl (ethenoxy)s; ammonium chloride or bromide, N-alkyl (Ci2-
18)dimethylbenzyl ammonium chloride, N-alkyl (Ci4.15)dimethyl-benzyl
ammonium chloride, N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (Cj2.14)
dimethyl 1-napthylmethyl ammonium chloride, trimethylammonium halide,

25  alkyl-trimethylammonium salts and dialkyl-dimethylammonium salts, lauryl
trimethyl ammonium chloride, ethoxylated alkyamidoalkyldialkylammonium salt
and/or an ethoxylated trialkyl ammonium salt, dialkylbenzene dialkylammonium
chloride, N-didecyldimethyl ammonium chloride, N-tetradecyldimethylbenzyl
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amoni um chl ori de and dodecyl di net hyl benzyl amoni um chl ori de, di al kyl
benzeneal k o R k m chloride, lauryl trinmethyl anmoniumchl oride

al kyl benzyl" "net hyl" @ammoni um chl ori de, al kyl benzyl di net WﬁTWWWS

brom de, Cl12, C15, C17 trimethyl ammoni um brom des, dodecyl benzyl tri ethyl
ammoni um chl ori de, poly-diallyldimethyl ammoni um chl ori de (DADMAC), di net hyl
anmmoni um chl ori des, al kyl di et hyl anmoni um hal ogeni des, tricetyl nethyl
anmoni um chl ori de, decyl trinmethyl anmoni um brom de, dodecyltri et hyl anmoni um
brom de, tetradecyltrinmethyl ammoni um brom de, 10 nethyl trioctyl amoni um
chloride (ALI QUAT 336TH), POLYQUAT 10TH tetrabutyl ammoni um brom de, benzyl
t ri met hyl anmaminonmiulr, chlodidle nodrwhiydrate, Nsalleyl€C6.54) dimetbylclhnaphteylasthyt s of fatty

aci ds), benzal koni um.ghl.ori d t al kani um chl or.i de .conpounds .(such as
Stearyl tri moRFERRER Shprde apddqgeevidmemyibaryl ammanium dionls ity |

pyri di ni um bpoibAang) afMdtild ehiofak, 186y FRineih A amnichi S ¥hgiridez €d.

pol yoxyet hyl al kyl am"nes, M RAPOLTM and” ALKAQUA Fm (Al kari| Cheni cal
Conpany), al kikylbpnayl diethyl mmssdrtism chivridesalkyd behzyh dimeth Wyananomem,

di al kyl anj nes, al kapol am pes,, | yet hyl enepol yam pes, N, N- _di al kyl am noal kyl
Soryl at oo " aRBTH I e S G pimb B memSmprow, derahes ekl acet ate.
stearyl am nglg% a0l i'n?léﬁ’ gm APRERE) um sal t, 20
and am ne oxli es?ﬁ@m&ggﬂg‘g’ﬁo%{il&%@a tsﬁ%@?ﬁﬁg%@gﬁﬁi ternar?’aoryl am des;
met hyl at ed qdmtetiryh amyngutmrobisides aikdyldmethylapfrdomiimyHalafeneekyteetyioni um
chloride] and poly-[Nmethyl vinyl ri diniumchloride]; and cationic guar.
Such exenpl aWB’é’LfXTF[ PE“%EKIPEQ% %Mg{m?t Yammoniing, Wé‘?ls%’wsef ul cationic
surface stabjli e ol i b tionic
Surfactants: HJ)(gegﬁknﬁeémt I ca %?%‘g?’ég?%%ﬁgﬁﬁggﬁﬁ%@%%% kker, 1994);
Bé k?n d D1109 gtibieﬂghh-(o?tylar%m)onhmghloné?(mmh%T 3?67@?, HI?Iy‘s’QgAT Ctﬁ”é‘mcrs]t ry g Mar cel

er, . an . Ri chnon i oni c rfactants: ani ¢ em stry,
(Marcel Dekk ?gqg@mown\r}w@meb%%@@eﬁ@%w@w RRTHY ROl yrer i ¢
cationic surtgge bRk bhdifleesthSomiity S BerIBkbfium chioride,

stearalkonium chloride compounds (such as stearyltrimonium chloride and Di-

stearyldimonium chloride), cetyl pyridinium bromide or chloride, halide salts of
15  quaternized polyoxyethylalkylamines, MIRAPOL™ and ALKAQUAT™
(Alkaril Chemical Company), alkyl pyridinium salts; amines, such as
alkylamines, dialkylarﬁines, alkanolamines, polyethylenepolyamines, N,N-
dialkylaminoalkyl acrylates, and vinyl pyridine, amine salts, such as lauryl amine
acetate, stearyl amine acetate, alkylpyridinium salt, and alkylimidazolium salt,
20  and amine oxides; imide azolinium salts; protonated quaternary acrylamides;
methylated quaternary polymers, such as poly[diallyl dimethylammonium
chloride] and poly-[N-methyl vinyl pyridinium chloride]; and cationic guar.
Such exemplary cationic surface stabilizers and other useful cationic
surface stabilizers are described in J. Cross and E. Singer, Cationic Surfactants:
25  Analytical and Biological Evaluation (Marcel Dekker, 1994); P. and D. Rubingh
(Editor), Cationic Surfactants: Physical Chemistry (Marcel Dekker, 1991); and J.
Richmond, Cationic Surfactdnts: Organic Chemistry, (Marcel Dekker, 1990).
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conpound, such as benzal koni um chl ori de, a carboni um conpound, a

phosphoni ym.conpound, an oxoni um conpound, a hal oni um conpound, a cationic
or ganoret a Pi#%03%%¥und, a quarternary phosphorous comogﬁwsépogoﬂ??q di ni um
conmpound, an anilinium conpound, an ammoni um conpound, a hydroxyl anmoni um
conpound, a prinmary ammoni um conpound, a secondary ammoni um conpound, a
tertiary ammoni um conpound, and quartenmary ammoni um conpounds of the
formul a NRLR2ZR3R4(+). For conpounds of the formula NRIR2ZR3R4(+): 10 (i)
none of R1-R4 are CH3; (ii) one of RI-R4 is CH3; (iii) three of RI-R4 are
CH3; (iv) all of RI-R4 are CH3; (v) two of R1I-R4 are CH3, one of RI-R4 is
C6H5CH2i and one NénpRlyrRdric daionis surfacd ¥shilizdrnian any neepadymere bon at ons or

l ess; (vi) two of R1-R4 e .one of RL-R4 is C6H5CH2, and one of Rl1-R4
S an ol kyl SRR ALPEEAIOLPBHGnE cHPORBTCORANL fwo of R1-Re are
CH3 and Ongg{osﬂohﬁﬂn%mbgﬁncg%ﬁBﬁoﬁﬁl‘ﬁ%g?%hﬂd,ah‘M?ﬁﬁlﬁn@Bﬁlbogﬂi,ﬁV! 1) two of
R1-R4 are , one of RI-R4 1's CoHoCH2, and one of R1-R4™ conprises at | east
one het er oat atipni¢ioxganowetallic Rimprndy 2q@iHEmapy phasphdrbuRdompow@siHHCH2, and one
of R1-R4 _ conprsrises at Ieag; onq. hal ogen; ) two of R1-R4 \%{éie CH3, one of
Rl-R4 is 06 HUUR, GPTREN G AL RAUM SRIMPEYRY, dd ATMANIYTE SEHIPGERE. @y cl i ¢

oo, (o ludisal SppaiinsluRloRposh sy o, o
23 WO 2006/ OatGOomuConisRaisd atiady Bmmonium compound, and quarternary
ammonium compounds of the formula NR;R;R3R,*. For compounds of the
formula NR RoR;R,:
10 1) none of R;-Ry are CHj;
(ii) one of R;-R4 is CHj;
(iii)  three of Ri-R4 are CHj;
(iv)  all of Ry-R4 are CHj3;
$%) two of R;-R4 are CH3, one of R;-R4 is C¢HsCH,, and one of Rj-Ry
15 is an alkyl chain of seven carbon atoms or less;
(vi)  two of Ri-R4 are CHj, one of R;-Ry is C¢HsCH3, and one of R;-Ry4

is an alkyl chain of nineteen carbon atoms or more;
(vii) two of Ri-R4 are CH; and one of R;-Ry is the group CsHs(CHy)n,
where n>1;
20 (viii) two of R;-Ry4 are CHj, one of Rj-R4 is C¢HsCHp, and one of Rj-R4
comprises at least one heteroatom;
(ix) two of R;-R4 are CHj, one of R;-Ry is C¢HsCH,, and one of Rj-R4
comprises at least one halogen;
(%) two of Ri-R4 are CHj, one of Ri-R4 is CsHsCH, and one of R;-R4
25 comprises at least one cyclic fragment;
(xi)  two of Rj-R4 are CHj and one of R;-Ry is a phenyl ring; or
(xii) two of R;-Ry4 are CHj and two of R;-Ry are purely aliphatic
fragments.
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Such conpounds include, but are not limted to, behenal konium chl ori de,
benzet honi um chl ori de, cetyl pyridiniumchloride, behentrinoni um chloride,
| aur al koni YM28¥%55493e. cet al koni um chl ori de, cetri nmoni urPETAIRYS/041470
cetrinonium chloride, cethylam ne hydrofluoride, chlorallyhnethenam ne
chloride 5 (Quatem um 15), distearyl di nonium chloride (Quaterniumb5),
dodecyl di nethyl ethyl benzyl ammoni um chl ori de( Quat er ni um 14),

Quat erni um 22, Quatem um 26, Quaterniumi S hectorite,

di et hyl am noet hyl chl ori de hydrochl oride, cysteine hydrochloride,

di et hanol anmoni um POE (10) ol etyl ether phosphate, diethanol anmoni um POE
(3)ol eyl ether phwhhaimpouhddihcludegbbare wot linitet iodBeheh@lkdnived Ehldride,

di oct adecyl anmoni unbentoni t e, stearal koni um chI ori de, dom_phen brom de,

denat oni um Bﬁﬁ%‘?fb?@“mfﬁ}ﬂqrsqea? EYRYIGHIEE ehlpade, FléﬁHF"tlmP’i“Hﬁh‘?lﬁ‘Pﬁ‘@nl ori de,

et hyl enedi anj, hﬁ%g AHan gmnq P isge HCL,

| of et am ne hy"g'?%{g E@Sﬂ&’ g@&% ne %ﬂgﬂodﬁgorl Ii)hgﬁg]e’béeénl&llzrfe} oni um

chl ori de, ldﬂd%pmmﬂammﬁmﬂwhdy,l dhﬂciramnnameﬁhhmmcHRmdaol yquaterni um1,
15 procai nehéﬁ‘éochl ori de, cocobetajne, stearal konium bentonjte,

st ear al kéni (RWelergAmE ), disteapidimoniuhyelr @&wﬂwmﬂu@p@» émmm@yl
di hydr of |
blro?/n' (rjg lI\J/ggt nftzﬂese surﬁceg@ggh zers a?qm{}nown p ceu{ﬁyrlc anmoni um

exci pi ents a&d(%ua&nﬁ’aﬂl I&ﬁéﬁtdrb@dhmethgiﬁhﬁhbeﬂh)ﬂcmbwddﬁﬂﬂbﬂmkndﬁ Phar maceut i cal
Exci pi ents, I shed h110| ntly by the American Pharmaceutical Association

and The Pharor}’ﬁ*@lélﬁth}’éléﬂc oTHiE; @F@la@ﬁla@@ﬂmf’f}ﬁdﬂw Q1Wéeqhﬁ7éph?§§@%| cal Press,
2000) , Spec'cfétﬁ%l#lég{ﬂgﬂg%?@'E%)gﬁe}@%ﬂw?éﬁésﬁﬂ%g t%lyl‘g ﬁ([ldec Ssh@P 1 1zers are

comerci al | y avai e pr nrques’known in the
art. Wilce anpltsbaiostadecylhmvhiahbetolRe, mem bﬁl@hﬁb | donhiphec hani snms, it
is believed that the stabilizer hinders the flocculatlon and/ or

aggl oner at i dowide; Henatenivmigpiaate, pumristadiensuny ghlpride lpwthrimeninm chlomdehani cal or

steric barr ie(%h lgn%td\l/\ﬁr%rﬁe tclﬁle}'dro%ﬁloride, guanidine hydrochloride, pyridoxine HCI,

iofetamine hydrochloride, meglumine hydrochloride, methylbenzethonium
chloride, myrtrimonium bromide, oleyltrimonium chloride, polyquaternium-1,

15 procainehydrochloride, cocobetaine, stearalkonium bentonite,
stearalkoniumhectonite, stearyl trihydroxyethyl propylenediamine
dihydrofluoride, tallowtrimonium chloride, and hexadecyltrimethyl ammonium
bromide.

Most of these surface stabilizers are known pharmaceutical excipients and

20  are described in detail in the Handbook of Pharmaceutical Excipients, published
jointly by the American Pharmaceutical Association and The Pharmaceutical
Society of Great Britain (The Pharmaceutical Press, 2000), specifically
incorporated by reference.

The surface stabilizers are commercially available and/or can be prepared

25 by techniques known in the art.

While applicants do not wish to be bound by theoretical mechanisms, it is
believed that the stabilizer hinders the flocculation and/or agglomeration of the

olanzapine particles by functioning as a mechanical or steric barrier between the

24



WD 2006/ 055603 PCT/ US2005/ 041470 particles, m nimzing the close,
interparticle approach necessary for aggloneration and floccul ation. 2.

Exci pi ent ry preservatives include nethyl parab 18%
based on %é\%ﬁ&/@%ﬁopyl par aben (about 0.02% based on %%&J%g%éﬂ%fo (about
0.5% based on %ww, and benzyl alcohol (up to 2%v/v). An exenplary pH
adj usting agent is sodium hydroxide, and an exenplary liquid carrier is
sterile water for injection. Oher useful preservatives, pH adjusting
agents, and liquid carriers are well 10 known in the art. 3. Nanoparticul ate
A anzapine Particle Size As used herein, particle size is determ ned on the
basis of the weight average particle size as nmeasured by conventi onal
particle si zr@rt#ﬂ@ﬁsmmwyzmg?qumégewwe@nmmaeqem@s)éfcgki lled in the art.

Such techni i ncJ. ud or xanmpl e, sedinentation field flow
fractionati ga%g%ﬁ%egﬂéé\h agnélrtﬁ%cf:%]galggrg spectroscopy, |ight scattering, and disk

centrifugation. The conpositions of the invention conprise ol anzapi ne
nanoparticles which have an effective average particle size of |less than
about 5 microns. %n oExeipieat’bodi ments of the invention, the ol anzapine

particles have a gjz | ess 20 t. r s ut 4800
run, Ies§ t han ab%’ﬁefg%%d)r Sﬁfv aﬁg%ssﬂﬁﬂg%&%%gé?a%%g6%)%#@?1?&%@%2%12%%0ut 4500
nm | ess thawyvwabprepy efl (abol1e$.62%Ibaked GPRW/ WA SHEnB N abb@sk5% hagedabout 4200
nm | ess than about 4100 nm |ess than about 4 mcrons, |ess than about

3900 nm | esen Yorwiv)amnsi henzpiicabel (upde 2% Wik AnssemplRnopH adivstingsagent han about

3600 nm | ess an out. .3500 n | ess n 2% . P s t han
about 3300 ﬁﬁ]sg{iggsh%i%ﬁ%{(ﬁd%%%‘g?n %ﬁiﬁ%l}ql escﬁﬁ{g%gt%égga}%g’é%m r?r?rilgn'l ess t han
about 3 M CrOfmsy udeBsprédeaatiab) pH aaﬁﬁan%agentsgsﬁd lifnéid cagtepddre 3800 run, |ess

t han about 2700 nm Iess than about 2600 nm |ess than 25 WO 2006/ 055603
PCT/ US20§)5 1 Jaipavngin the art.

3. Nanoparticulate Olanzapine Particle Size

As used herein, particle size is determined on the basis of the weight
average particle size as measured by conventional particle size measuring
techniques well known to those skilled in the art. Such techniques include, for

15 example, sedimentation field flow fractionation, photon correlation spectroscopy,
light scattering, and disk centrifugation.

The compositions of the invention comprise olanzapine nanoparticles
which have an effective average particle size of less than about 5 microns. In
other embodiments of the invention, the olanzapine particles have a size of less

20  than about 4900 nm, less than about 4800 nm, less than about 4700 nm, less than
about 4600 nm, less than about 4500 nm, less than about 4400 nm, less than
about 4300 nm, less than about 4200 nm, less than about 4100 nm, less than
about 4 microns, less than about 3900 nm, less than about 3800 nm, less than
about 3700 nm, less than about 3600 nm, less than about 3500 nm, less than

25  about 3400 nm, less than about 3300 nm, less than about 3200 nm, less than
about 3100 nm, less than about 3 microns, less than about 2900 nm, less than

about 2800 nm, less than about 2700 nm, less than about 2600 nm, less than

25



about 2500 nm | ess than about 2400 nrn, |less than about 2300 nm |ess than
about 2200 n | ess than about 2100 urn, |ess than about 2000 run, |ess than
about 1900VP2M6/0P3 t han | ess than about 1800 run, | essPERAS2MEBH1701700
run, |less than about 1600 nm | ess than about 1500 nm | ess than about 1400
nm |ess than 5 about 1300 ran, |ess than about 1200 nm | ess than about
1100 nm |l ess than about 1000 nm |ess than about 900 run, |ess than about
800 ran, |ess than about 700 nm |ess than about 600 nm | ess than about
500 run, |ess than about 400 nm | ess than about 300 nm | ess than about
250 nm | ess than about 200 run, |ess than about 150 nm | ess than about

140 nm | essabbha?s0@hantlessIBarnaBout 2400 A dessaloidbou02IMOnmMesd thas t han about
110 urn, less than about 100 run, |ess than about 90 nm |ess than about 80

nm | ess theaaRoub&A0 my laswthaneahout BHD mmdess tem ahont 2000 maslssythah  about 50
nmwhen o uLerodYuh 1Es PR R RAS B SAR M OtRss iy 28BS T7O8 i) e85 aver age

particle size 0 ess than abo M Crons I's e east 50%

of the nanopaah hsdtt 4660 phaRESREA ebAAT50ChRSlefathien abowilgb0 nm] sathes age
particle size of |ess than about 5 mcrons, when neasured by the above noted

t echni qués. abgubiH¥rnrenpwsdhansshoyt 620G nys, lesskan aboyt 1 HQ0 nagless thifbut 70%  at
bt a%%?l/? l(gfoarlr{g’glg%s tﬁ‘&%ﬁou?éﬁ%enﬁr le&tthénegt?otu[t ?@ﬁ%}n ?egg?hg% a#’(ggs t han t he

nanoparti culate ne parti Cles have a par e Si

effecti ve avmoage, lethat\eicdtb600 hmgless has sbcul 800 ARQWss thafllabs@490 nhgss than
about 4900 rim less than | ess 20 than about 4800 nm | ess than about 4700

nlm etc. (adlesstharebauh30hemplesaihenphoutdbdue) less thanwbpwazlfQmeﬂw thaat e
pon ot ano api SPRULEI B etnEr AR S0 Hi s pahb 3R ot s bRl " "e: Cher

sol ubi | ijped @0 MRTessthal ARGt | VEnRYRESGEN BR¥ut 100 fmS 1688 thah aBbut®0emt,er t han
about 5 mcrons. By "an effective average particle size of greater than

about 5 ni crlesssthan abqus 8hmmniess Hn about W, leedhass ahout 60y eplasstthaul at e
areator ' nalrolbR ERSPAER kSRS eRHR R Bl 2a by The sbove-noted
techni ques. 26 By “an effective average particle size of less than about 5 microns” it is
meant that at least 50% of the nanoparticulate olanzapine particles have a weight
15  average particle size of less than about 5 microns, when measured by the above-
noted techniques. In other embodiments of the invention, at least about 70%, at
least aboﬁt 90%, at least about 95%, or at least about 99% of the nanoparticulate
olanzapine particles have a particle size of less than the effective average, by
weight, i.e., less than about 5 microns, less than about 4900 nm, less than less
20 than about 4800 nm, less than about 4700 nm, etc. (as listed in the paragraph
above).
If the nanoparticulate olanzapine composition is combined with a
microparticulate olanzapine or non-olanzapine active agent composition, then
such a composition is either solubilized or has an effective average particle size
25  of greater than about 5 microns. By “an effective average particle size of greater
than about 5 microns” it is meant that at least 50% of the microparticulate
olanzapine or non-olanzapine active agent particles have a particle size of greater

than about 5 microns, by weight, when measured by the above-noted techniques.
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WD 20061055603 PCTI US2005/ 041470 I n other enbodi nments of the invention, at

| east abouyt 70‘V at | east about 90% at |east about 95% or at | east about
99% by weYQh 6?6 Yhe nicroparticulate ol anzapi ne or %)?l TSP HEYEF e active
agent particl es have a particle size greater than about 5 microns. 5 In the
present invention, the value for D50 of a nanoparticul ate ol anzapi ne
conposition is the particle size bel ow which 50% of the ol anzapi ne particles
fall, by weight. Simlarly, D90 and D99 are the particle sizes bel ow which
90% and 99% respectively, of the olanzapine particles fall, by weight. 4.
Concentration of Nanoparticulate 10 O anzapine and Surface Stabilizers The
rel ative arrdnruﬂmrcembodimm&qodfrthe arventior atdeastabeut 004, acleagitabbut 90%grs  can vary
wi dely. The opti di vi dual onent s can depend for

nt of th
exanpl e, updfast g“’i"rﬁﬁg qulgetﬁbcgﬁéﬁ /% b stghécrpg'gﬁf(m[%?p artilate ng point, and
15 th f a&‘i@&(p‘?ﬁ Th
conceﬁt?g'zl gﬁ%ﬁﬁﬁé’gg‘é’g{’%e an %%ﬁ%@?)ﬁ\aﬁ%lghlﬂ%%agﬁuyg%%ﬁ%&o 00(13% from

about 95% t chabahdut 6 mliéfon.r om about 90% t o about 0.5% or from about 5. 0%

to about 50% by V\el ght, based . on the total conbined dry ht of t he
ol anzapi fe and at In| R ReS o VRO dbe AT P>@rof A RGRORHEILLEE

exci pi ents. tedo i zer can
vary from a%)% glogg?}‘@g%%gﬁﬁ&ﬂ%g\%%@%ﬂnﬁeg %15@%28@5% %b ?;159 9% from
about 10% tly wbight Sifnilaily, 090 andDOA breule farficlt gizabbelowSitich bYowmidght , based
on the total conbined dry weight of the ol anzap| ne and at | east one surface
stabilizer, 9996 respseiiyely, @éﬂaﬁﬁémzaempatt@}?ﬁal 2 weightedi ti onal Active Agents
The i nventi on enconpasses the nanoparticul ate ol anzapi ne conpositions of

the invention for4wul atEGoncentrasiondfiNanopantistilatet h one or nore non-ol anzapi ne
active d@ents. Mt hodsOkhzapinegndSurfave Stabilzéron conpositi ons are al so

The relative amounts of olanzapine and one or more surface stabilizers
can vary widely. The optimal amount of the individual components can depend,
for example, upon the hydrophilic lipophilic balance (HILB), melting point, and

15 the surface tension of water solutions of the stabilizer, etc.

The concentration of olanzapine can vary from about 99.5% to about

0.001%, from about 95% to about 0.1%, from about 90% to about 0.5%, or from
about 5.0% to about 50%, by weight, based on the total combined dry weight of
the olanzapine and at least one surface stabilizer, not including other excipients.

20 The concentration of the at least one surface stabilizer can vary from
about 0.5% to about 99.999%, from about 5.0% to about 99.9%, from about 10%
to about 99.5%, or from about 0.1 to about 50%, by weight, based on the total
combined dry weight of the olanzapine and at least one surface stabilizer, not
including other excipients.

25

5. Additional Active Agents

The invention encompasses the nanoparticulate olanzapine compositions
of the invention formulated or co-administered with one or more non-olanzapine

active agents. Methods of using such combination compositions are also
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27 WD 2006/ 055603 PCT/ US2005/ 041470 enconpassed by the invention. The non-

ol anzapin i ents can be present in a crystalline_phase, an anorphous
phase, a 3%@5508%65%“?% | i ne phase, a sem - anorphous phasel,) HUSHORPET, o

t hereof . The conpound to be administered in conbination with a

nanoparticul ate 5 ol anzapine conposition of the invention can be fornul ated
separately fromthe nanoparticul ate ol anzapi ne conposition or co-fornmnul at ed
with the nanoparticul ate ol anzapi ne conposition. Where a nanoparticul ate

ol anzapi ne conposition is co-fornulated with a second active agent, the
second active agent can be formulated in any suitable manner, such as

i nredi at e- r edneampassedipy theanesition 1 The ned-ailarezdpine lactineeggents caube presérdase f orm
Such non- ol anzapi neil.act i ve agents can be, for,k exa a therapeutic agent.

J e!
A therapeut i’ iBephase 28 4eIPhRLS eheseca Ferayerstalling ohargi #§- bi ol ogi c.
The active aﬂg&gh&g h& Eﬁéﬁﬁiﬁpetil?éﬁgf.a vari ety of known classes of drugs,
for xarrg)lhe, ’

I ncl udi ng, am no acl ds, proteins, peptides, nucleotides,
anti-obesity 15 drhegompoand tabe admiwnstesedsintoarhisdtiomiting sanopartiotlateoi ds,
corticosteroids, elastase, i nEi bi.tors, anttgfIQunglal S, onco# ogy therapies,
anti - emeti csolanzIpINg£OMpasition g Wedvieaten eAn beglonnulated separatah ©ry agents,

such as NSAI ‘f@ﬁ@?ﬂ"%"’%%?}ﬂg% Pﬁi’rlhﬂéss?tfonad?tct}%mﬁ'llta{eﬁ%vit@tﬂ%i -arrhythm c agents,

antibiotics di ng ant1 coagul ants, anti depressants,
anti di abet i cnangpartisylatenlingppihe pdmpssition) Wherehi rhapartiadate atunzipiper t ensi ve
agents, antinuscarjnic agents, antjmycobacterial agents, antineoplastic
agents, i mmAPERRAsIoRdSearmulated WD  8¢cend getrresagenh thssepond achye Agent

anxi ol yti Cs’caﬁ%%%ﬁf(@?tgéc E}?’%gpéuiitﬁﬁ efs?ﬁ‘aﬂgéieb'&c%'da‘%%ﬁ&eﬁi e-Pe?%a{’s%?E@HIo%seta' pha-

adrenergi c receptor agen ef a-adrenocept or ng agénts,

bl ood pOodunkineddelsaseson dusl-eslecasedsreh. ac i notropi ¢ agents, contrast nedia,
corticosteroids, 25 cough suppressants (expectorants_and nucolytics),
di agnosti c agent sSUGHNQBdHIZARING ARk AgENE §aThPS forexampls, adheraReybifi i ner gi cs

R
The active agent can be selected from a variety of known classes of drugs,
including, for example, amino acids, proteins, peptides, nucleotides, anti-obesity

15  drugs, central nervous system stimulants, carotenoids, corticosteroids, elastase
inhibitors, anti-fungals, oncology therapies, anti-emetics, analgesics,
cardiovascular agents, anti-inflammatory agents, such as NSAIDs and COX-2
inhibitors, anthelmintics, anti-arrhythmic agents, antibiotics (including
penicillins), anticoagulants, antidepressants, antidiabetic agents, antiepileptics,

20  antihistamines, antihypertensive agents, antimuscarinic agents, antimycobacterial
agents, antineoplastic agents, immunosuppressants, antithyroid agents, antiviral
agents, anxiolytics, sedatives (hypnotics and neuroleptics), astringents, alpha-
adrenergic receptor blocking agents, beta-adrenoceptor blocking agents, blood
products and substitutes, cardiac inotropic agents, contrast media, corticosteroids,

25  cough suppressants (expectorants and mucolytics), diagnostic agents, diagnostic
imaging agents, diuretics, dopaminergics (antiparkinsonian agents), haemostatics,
immunological agents, lipid regulating agents, muscle relaxants,

parasympathomimetics, parathyroid calcitonin and biphosphonates,

28



par asynpat hom netics, parathyroid calcitonin and bi phosphonates, 28 WO
2006/ 055603 PCT/ U82005/ 041470 prostagl andi ns, radio-pharmpceutical s, sex
hor nones MWhATAY steroids), anti- allergic agents, stﬁﬂ@m’%"%&
anoretics, synpathom netics, thyroid agents, vasodi I ators, and xant hi nes.
Exanpl es of secondary active agents particularly useful in the 5
conpositions of the invention include, but are not limted to,

anti depressants. Exanples of classes of useful antidepressants include, but
are not limted to, selective serotonin reuptake inhibitors (SSRIs),
tricyclic antidepressants, and nonoam ne oxidase Inhibitors (MAO'S).

Exanpl es of msmgiemﬂinssadibq)hhnmtcmmals bext hameneofindluding steroids), antit al opr am

rocact )y SebbSurt St SR bRt BRIY ESED) 7 ol
(Zol oft(r)), véé@&ih%@’%r{&e;(agﬁﬁ% &gxor(r)), amtriptyline (Elavil(r)),

desipramne, nortriptylin uloxetlne((,ynbalta(r)) m rtazepi ne

(Reneron(r)), phﬁxmmzlemefs(ebmm qetive agdntsapgrhcgdmly)nsetﬁd ifBer nate(r)),
nef azodone (Serzonpe(r) t razodon nd bupraq n (Wellbutrin(r A
par t oul ar §cq5%1§1rsmonaﬁ% ﬂ@éﬁY@%H{Cﬁ%@%‘ﬂ@I?u ﬁ%ﬁ@ﬁdﬁé séjrs&séﬁé) ), B. Met hods

of Making I npeghabl @fc‘ils% s@ﬁxl Erﬁddgﬂll ?sta!nmﬁclluﬁe PPLAG0r RRRES Of the

i nvention there 1s prOV| preparing the Injectalble
nanoparti cul sdestiot eerammmuptakemihﬁﬁnom(SSRﬁs)t hEyclm/mmﬂepmssaﬂ’ﬂsmnzo met hod

conprises of one of the follown ) attrition, precipit |on
evapor at i on, MGROEYRS PRigascink %éﬁorsg(wg ISE%&%BPS&‘?SP ﬁ%tidrFBE@SQ‘PFJ) R
nanopartlcul Pelg) 5, 145 684.
Met hods of %ﬁ%@gﬁg#gﬁ?i C(Q:ih ﬁmgggrr%%&ﬁgf%ér}tgwgr g@gﬁge&@r bed in U S

Pat ent N® SﬂEGJ&thHydrochléM%é (erzao@) @aroxdting (FRAxid®)pheskbmitie Subst ances; "
U S 25 Patent No, 5, 8 for "Continuous Method of G.inding

Phar maceut i cg-fuvo’.@bﬁléw@% (ZOIQJﬁ@) venlaggrineNitfexorfe) argynptylipe (EJ'EWF@H of
G g PhaE el Sl 0GRS (R Bt REFSR) O

Co- M cropr ecCi
phenelzine (Nardil®), tranylcypromine (Parnate®), nefazodone (Serzone®),

trazodone, and bupropion (Wellbutrin®). A particularly useful antidepressant is
15  fluoxetine (Prozac®).

B. Methods of Making Injectable Olanzapine Formulations

In another aspect of the invention there is provided a method of preparing

the injectable nanoparticulate olanzapine formulations of the invention. The

20 method comprises of one of the following methods: attrition, precipitation,
evaporation, or combinations of these. Exemplary methods of making
nanoparticulate compositions are described in U.S. Patent No. 5,145,684.
Methods of making nanoparticulate compositions are also described in U.S.
Patent No. 5,518,187 for “Method of Grinding Pharmaceutical Substances;” U.S.

25  Patent No. 5,718,388 for “Continuous Method of Grinding Pharmaceutical
Substances;” U.S. Patent No. 5,862,999 for “Method of Grinding Pharmaceutical
Substances;” U.S. Patent No. 5,665,331 for “Co-Microprecipitation of
Nanoparticulate Pharmaceutical Agents with Crystal Growth Modifiers;” U.S.
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Nanoparti cul at e Pharnmaceutical Agents with Crystal G owh Nbdi fiers;” U S
29 WO 2006/,.055603 PCT/ US2005/ 041470 Patent No. 5,662,883 fo

"Co- M cr opfEENPPEYS on of Nanoparticul ate Phar maceutlcaﬂC AE)%’H?%OW"Ph
Crystal Gowth Mdifiers;" US. Patent No. 5,560,932 for "M croprecipitation
of Nanoparticul ate Pharmaceutical Agents;" U S Patent No. 5,543,133 for
"Process of Preparing X-Ray Contrast 5 Conpositions Containing
Nanoparticles;" U S. Patent No. 5,534,270 for "Met hod of Preparing Stable
Drug Nanoparticles;” U S. Patent No. 5,510,118 for "Process of Preparing
Ther apeutic Conpositions Containing Nanoparticles;" and U S. Patent No.

5, 470, 583 f dratent/dioh 6663 88P(f mmrmapaamom@@omulatmns Cont ai ni ng

Char ged Phosghol to Red | 1,, of 10
pec Ti cal | YRRl ¢ERsn i M p oL o Pty TS P NRomogen zat i on
precipi tati 0315603932 for “DRcrofRkiptaiin of NdHRBAfTch H{aﬁn%eﬁﬂéﬁmgbﬁts%”pos' tion

can be utiliZed a |iquid dosage formul a?l on for injectabl e adm nistration.
| n one enbodUiveRatenifNe. rﬁe,\543hl/ﬁrﬁ>r‘(fi?rocd;shethqaaung)XF&a}pﬁomtrast es are reduced 15

to an effect e avera art e th 0, Pr ef er abl vy,
the effecti én%q/s\ét %ngléﬁ‘%ﬂ 2 ZﬁS% d‘i E@rg’sg}fha&g ‘Mﬁ]q}oéipi ne is d
l'ess than abcﬁ‘ﬁr 1"_’1 Sftélﬂ% &bl Y. 4. parnt N6 s, S0t SPOpMeess even nore

preferably | ess than abo m and nost preferably less than about 100
run. The pH mﬁPremanngdplﬂrapeunh €pmpes1twnsr®htzammg I\{melbzu'tla]bkyandi[kﬂ ained within

t he range of t 8.0,..0r a to about 7.5, nore
pref er agl Y, "3%96# bé%é&?r %’Iq{.ﬁocggf#ﬁgan%lgagqp ic ee@?fé‘??%“ Brocess.
Preferably, é&ﬁmﬂi a§ %@H&ﬂ{%i{ﬁﬁé eticd Agoredafitn,” aﬂddi%maﬁl rocess is
aqueous. However, la | I ch anzaplne IS poorly ubl e and

di spersilil e spaciﬁbailymemipamtaibymfmcrmnon medi a. Non- aqueous exarrpl es of
di spersi on nedi a(#ogcl ude, ut are not lLimted us salt 25 solutions,

ue
saf f| ower oil IBW%P% ﬂ??n%{%ge@tzﬁ%%lprecfplﬁﬂ?%r?g‘i tﬁﬁé‘?(sa @t and gl ycol .

nanoparticulate olanzapine composition can be utilized a liquid dosage
formulation for injectable administration.
In one embodiment of the invention, the olanzapine particles are reduced
15 to an effective average particle size of less than about 600 nm. Preferably, the
effective average particle size of the nanoparticulate olanzapine is less than about
450 nm, more preferably less than about 300 nm, even more preferably less than
about 250 nm, and most preferably less than about 100 nm. The pH of the liquid
dispersion media is preferably maintained within the range of from about 3.0 to
20  about 8.0, or about 5.0 to about 7.5, more preferably, at a pH of about 7.4, during
the size reduction process. Preferably, the dispersion media used for the size
reduction process is aqueous. However, any media in which olanzapine is poorly
soluble and dispersible can be used as a dispersion media. Non-aqueous
examples of dispersion media include, but are not limited to, aqueous salt
25  solutions, safflower oil and solvents such as ethanol, t-butanol, hexane, and
glycol.
Effective methods of providing mechanical force for particle size

reduction of olanzapine include ball milling, media milling, and homogenization,
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Ef fective nethods of providing nmechanical force for particle size reduction
of ol anzapine include ball mlling, nmedia mlling, and honogeni zati on, 30
WO 2006/ og‘éﬂs&ﬁwﬁ@f%szoos/ 041470 for exanple, with a M%‘FB&MP%?%WU)
(Mcrofluidics Corp.). Ball mlling is alow energy mlling process that
uses mlling nmedia, drug, stabilizer, and liquid. The materials are placed
inamlling vessel that is rotated at optinal speed such that the nedi a
cascades and reduces the drug particle size by inpaction. The nedia 5 used
must have a high density as the energy for the particle reduction is
provided by gravity and the nmass of the attrition nedia. Media mlling is a
hi gh ener gy for Exdinmgle pwitle @ MicroBuidizerS (it rbluidics Congl). Baljmiillingliea fowaced in a
reservoir and recirgculated in a chanher containing nedia _ and a rotating
shaft /i npel ¢usrgy mHlng progessibat dnes milking mediasdugestaniliges, andi liauds (Bjeect s 10 the

0r0 L0 TP S IR AR R B LR S MRl 5122

Honogeni zation 1's a C

stabilizer, teehddigaschdedtndiedgcanke diugiparlictd dite Byhienpicaibn.| TRemediglded af ter
particle _size reducti on%j constitute a process streampropelled into a
process Zoneusedsiushhave a high density a5 the emergyripr the particly reductionds pievidedct i on

Chanber . Theﬁéﬁéggfﬁf%]n&ngle@lgﬁsg5%%%?%&%5}5@1&@”“ ed into the punp, and then

forced out. ve 0 crofluidizer purges air out of the

punp. Once the pum&aﬁnﬂiméﬁdm%{&e_r@'mﬂliﬁgpmbéb& Drug] sibiNarwadi s cl osed and
the product is forced through the interaction chanber. The geonetry of the

i nteraction EqadBeErplgneddn e sesepoeantupcifeatatedsingrchember contapiag medignd

cavitation i C e r bl e i .26 20 reduct i "

Speci 11 cal | yadoPliheERARBURLCThE o RRle s Seiid pf el Which S iecitcy i o
split int® tive dalg t0ampadtich MaGRESR aices] thedetB)dedging mew{)aﬁﬁbl@_@izb.l es. The
formed jets are then directed toward each other and collide in the

i nteraction zone.Homegenizationis stpchrigue that deps nptise millieg madiauMt®r m particl e
d | et sj ._Th M fluidi i.d h t [
Coo 1 ng of ¢ HElnchind MMid R bl R RN o i BRERROCC, Pt 1 )"

I ncor por at edsify/reti@étRing 06@stitit€ h Pfdtess stream propelled into a process zone, which in
the Microfluidizer® is called the Interaction Chamber. The product to be treated

15  isinducted into the pump, and then forced out. The priming valve of the
Microfluidizer® purges air out of the pump. Once the pump is filled with
product, the priming valve is closed and the product is forced through the
interaction chamber. The geometry of the interaction chamber produces powerful
forces of sheer, impact, and cavitation which are responsible for particle size

20 reduction. Specifically, inside the interaction chamber, the pressurized product is
split into two streams and accelerated to extremely high velocities. The formed
jets are then directed toward each other and collide in the interaction zone. The
resulting product has very fine and uniform particle or droplet size. The
Microfluidizer® also provides a heat exchanger to allow cooling of the product.

25 U.S. Patent No. 5,510,118, which is specifically incorporated by reference, refers
to a process using a Microfluidizer® resulting in nanoparticulate particles.

Olanzapine can be added to a liquid medium in which it is essentially

insoluble to form a premix. The concentration of the olanzapine in the liquid
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to a process usi ng a M crofluidizer(r) resulting in nanoparticul ate
particles ? }1 ne can be added to a liquid nediumin which it is
essenti al I‘Xp 0878 e to forma prenix. The concentrati O?prsloﬂgoﬂﬂélnzapl ne
inthe liquid 31 WO 2006/ 055603 PCT/ US2005/ 041470 nedi um can vary from
about 5 to about 60% and preferably is fromabout 15 to about 50% (wv),
and nore preferably about 20 to about 40% The surface stabilizer can be
present in the premix, it can be during particle size reduction, or it can
be added to the drug dispersion following particle size reduction. The 5
concentration of the surface stabilizer can vary fromabout 0.1 to about
50% and pmeddaymichy vary fronpabadb Suo aboﬁdo&fo,ab@mefezwbisaﬁdmmbpet I$rtef er abl y

f bout 1,t 10% ' .. Th ' di tly b
Cubj ect i ng. 2boR R CHn edimark ariedhly svaliadlo ARt 9% 88 BB api ne par i1 ol e
size 1N the sihapRr shbl fdechlih e DAY, 8 baPhe dukfheRRlaL Sk vedhifsh, bhan about 5

m crons. I's pre erredt premx used directly when a ball ml|
is used for itanrbietadded toétlhe drungahspe&hgn fqﬂowmarmle sllzd re&wnomu’l’ﬂeace st abl lizer

can be dispersed in th i d ia usin o)
ol 08 5 o0 Chicepialio Bf the S s SHOAAEE So G drach BPOH 0 SloeBOU e B o
there are ”%rét@faﬁ)?}/ RGP 9b$§o\éb§ﬁtt§0%,taﬁdhﬁ?e ﬂ%!ﬁ&&blg%n Mout $tpr ef erred

that the 15 prem X be subjected to such'a preml1li1ng dispersion step when a
recircul ati mgoummdlbd)ynwelghus used for attrition. The nechanical neans

applied to reduce];the ol anz art| %I ze .conveni ent can take t he

formof a dispers h@,pr?ﬁq)qcan Gluts g’ﬁéF eeteq fq mec aﬁlﬂa 0§ tal | nill,

an attritor sand mill
mgﬂcl_e 'ﬂ%\é"‘an‘}eﬁd%gaaotlm&%%(plﬁé Hirtlc gﬁ%fdﬁﬂeﬁl RUAB dBired s%g

and a bead s preferr e relatively shorter

m | 1'i ng 10i mpreferybly less than piony 5 cheictone. ftds prefairedahitdhe premixbeaseti cl e size. For
nmedia milli t he apparent .viscaosity. of the premx IS prefer bly from
about 100 t Hea%wheriegelleams sl der atiiions Sdteptively; olpnzapinerad thenar ent

viscosity of glltJ i RhEes chisbe & gérg@g'r% g8 siry HRablR agifidh, 100

centi poi se. ranges tend t
e.g., a Cowles type mixer, until a homogeneous dispersion is observed in which

there are no large agglomerates visible to the naked eye. It is preferred that the
15 premix be subjected to such a premilling dispersion step when a recirculating
media mill is used for attrition.

The mechanical means applied to reduce the olanzapine particle size
conveniently can take the form of a dispersion mill. Suitable dispersion mills
include a ball mill, an attri;tor mill, a vibratory mill, and media mills such as a

20  sand mill and a bead mill. A media mill is preferred due to the relatively shorter
milling time required to provide the desired reduction in particle size. For media
milling, the apparent viscosity of the premix is preferably from about 100 to
about 1000 centipoise, and for ball milling the apparent viscosity of the premix is
preferably from about 1 up to about 100 centipoise. Such ranges tend to afford

25  an optimal balance between efficient particle size reduction and media erosion
but are in no way limiting

The attrition time can vary widely and depends primarily upon the

particular mechanical means and processing conditions selected. For ball mills,
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25 an optinmal bal ance between efficient particle size reduction and nedi a
erosion but are in no way limting The attrition time can vary wdely and
depends prYQ&W603560khon the particul ar nechani cal neans BREUBI8¥d4TNg
conditions selected. For ball mlls, 32 WO 2006/055603 PCT/ US2005/ 041470
processing tinmes of up to five days or |onger may be required.
Alternatively, processing tines of less than 1 day (residence tines of one
mnute up to several hours) are possible with the use of a high shear nedia
mll. The ol anzapine particles nust be reduced in size at a tenperature
which 5 does not significantly degrade ol anzapi ne. Processing tenperatures
of | ess thamprosbsing tidies vdup esBvd deys oabmger M bareguiredli Altemnbtyvepy,ef erred. |f
desired, the pracessing_ equipnent can _be cooled with conventional cooling
equi prent . PERAPESIBE tigies Oflesy bap d (day (residerecedimesaf ong aMpyite 4P tsevieker si on of
the mlling : ; L T I Sq; enpl ated. Generally, the
nmet hod of tﬁgﬁ%gqfkﬁéog%\ftblfe@%ﬁ}@%yghgg%ﬂgﬂﬁlgn%eﬁﬁégﬁ.out under conditions of
anbi ent t enper at Ufte olamydpiat pprtietss anistbe prdesslunsive\wha cdmperstureaildciand
effective for the mlling process, Anbient processing pressures are typical
of bal |l Ail 199¢es BetsigniBganty degrade planzaping: Jiregessing tqraperayresof et W@ Medi a The

grindi ng nedia IS rtogl es that., ar r ef substantially
spheri cal i S?bgﬁtggjg,tgg&g&{mg‘Bg@s‘f,d @(?ﬁes?r?}]l%hld' Igggegrr?ﬁi i{(?e%irgq, tlE)eol ynmeric resin
or gl ass or pfbdessing dfuipkhtCcah De@bolet Rath Hdndhe GOHRE SqlipaBE: _
Alternatively, the grinding nmedia can conprise a core having a coating of a
pol ymeric reéo’nhr@ofdwhgnmatwﬁeegorbyJawegem@memmhthmﬁMg/neri c resins
are chenmi cal nd sically i.pert, substanti al free of als, solvent,
and nmononer §lh¥‘§ﬁ8r %Rﬂé&f’&?%’l mg’ﬁﬁf’ﬂﬁ@g@ategn ePP’iahéi ﬂﬁetfg}e‘t?@ g‘ﬁéﬁl e themto
avoi d bainng :chi : ' I ndi ' ric resins
i ncl udeqlg r oslgﬂdrqi&ggs g%ﬁ"%lt&? Esgﬁagg?& gﬁgﬁ‘ggﬂs&ggﬁ‘% i 9?%%%1%9{ t@mBQﬂaMHP

and at processing pressures which are safe and effective for the milling process.

Ambient processing pressures are typical of ball mills, attritor mills, and

vibratory mills.

15 Grinding Media

The grinding media can comprise particles that are preferably
substantially spherical in shape, e.g., beads, consisting essentially of polymeric
resin or glass or Zirconium Silicate or other suitable compositions. Alternatively,
the grinding media can comprise a core having a coating of a polymeric resin

20  adhered thereon.

In general, suitable polymeric resins are chemically and physically inert,
substantially free of metals, solvent, and monomers, and of sufficient hardness
and friability to enable them to avoid being chipped or crushed during grinding.
Suitable polymeric resins include crosslinked polystyrenes, such as polystyrene

25  crosslinked with divinylbenzene; styrene copolymers; polycarbonates;
polyacetals, such as Delrin® (E.I du Pont de Nemours and Co.); vinyl chloride
polymers and copolymers; polyurethanes; polyamides;
poly(tetrafluoroethylenes), e.g., Teflon®(E.L du Pont de Nemours and Co.), and
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25 crosslinked with divinyl benzene; styrene copol yners; poI ycar bonat es;

pol yacetal s, such as Delrin(r) (E. I. du Pont de Nenours and 5)6 Vi nyl
chiori de WEbI)HESE3and copol ymers: pol yuret hanes:; pol yar(gUs2005/041470
pol y(tetrafluoroethylenes), e.g., Teflori (E.I. du Pont de Nenmours and Co.),

and 33 WD 2006/ 055603 PCT/ US2005/ 041470 ot her fluoropolymers; high density
pol yet hyl enes; pol ypropyl enes; cellul ose ethers and esters such as cell ul ose
acet at e; pol yhydroxynet hacryl ate; pol yhydroxyet hyl acryl ate; and
silicone-containing polyners such as polysiloxanes and the |ike. The

pol ymer can be bi odegradabl e. Exenplary 5 bi odegradabl e pol yners incl ude

pol y( | act i dether flnotopohyimersyhigledersiip pblyathylenes, po]ypm;iydtems aeliulgseycol i de,
pol yanhydri des poI y( hydroxyet hyl net hacyl ate y i M no carbonates),
pol y(N-acy| IFheF ﬁ%?&f‘%‘ﬂ‘goserﬁﬁﬂ?tewcﬂé{h}‘ﬁi‘t’ ﬂ‘im]@t?xypr oline) esters,

et hyl ene- vi aﬁﬂ%ﬁ , y(caprol act ones),
and pol y( ph%&hg%%gé@ylcagg}?h%@ esg'gﬂrla ab e po 51?1‘11%% sgc%ggnt am nation from
the nmedia i tp@l;lsﬂoﬁeditﬁﬁﬁd%@e(bﬂml {The polymet edntid tiedegradableo Hxetuplarpi ol ogi cal |y

acceptabl e products that can el imnated fromthe body. The grinding nmedia
preferabfy riffigesdabl e§95&¢$m§%mlywms} gokykglyeoligde) PRHO Iy ©f ne gri ndi ng,

the grindin el & nm and nore
preferably ??é(?%g% @y@fl@%% %%13&{18%‘ ﬁ@?@h{d@}?&h&ﬁg@@%@lﬁg ’ynmeric resin can
have a densnpbyy(fnnmmcaﬂbonateé), PolyN-abylbiydrdxprelireheters, lpolyiNepatmbogli nent of the
i nvention, the ol anzapine particles are made continuously. Such a nethod

conpri ses ¢ @Hﬁ%ﬁbﬁi’ém?) gsterys GHUAsIS VBl Aestal§ icAROlYMSES palymrthopﬁar Shhanber ,
contacting g)%i;lrg@éggl Zlé“cgﬁé%? ta?fgfpglsgﬁgéégh%%ﬁ diz l%'&é da'Ble J}on@@néijé' arber to

reduce the ne pa |nuo ng 20 the

nanopar HDCU|c@h@11ﬁ1heﬁi@ild’ﬂinﬂﬁlef1ﬁéﬁfaitbﬂfﬁﬂdahﬁag@ueﬂ?aﬂbemetamm% griivglimg nedi a can
be separated fromthe m || ed nanoparticul ate ol anzapi ne using conventi onal
separat i on télpgicellieacceptably %@B@M&?tfapb@e@wa&%frpméhe dysinple filtration,

sieving through aI‘l'gEgﬁﬁd{n' | h&ia Bltefecﬁf;l?%lﬂge?ﬂl siSd Gotn! d65ut 0.01 to about 3
mm. For fine grinding, the grinding media is preferably from about 0.02 to about

2 mm, and more preferably from about 0.03 to about 1 mm in size.
15 The polymeric resin can have a density from about 0.8 to about 3.0 g/cm”.

In one embodiment of the invention, the olanzapine particles are made
continuously. Such a method comprises continuously introducing olanzapine
into a milling chamber, contacting the olanzapine with grinding media while in
the chamber to reduce the olanzapine particle size, and continuously removing

20 the nanoparticulate olanzapine from the milling chamber.

The grinding media can be separated from the milled nanoparticulate
olanzapine using conventional separation techniques, in a secondary process such
as by simple filtration, sieving through a mesh filter or screen, and the like.

Other separation techniques such as centrifugation may also be employed.
25  Alternatively, a screen can be utilized during the milling process to remove the

grinding media following completion of particle size reduction.
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O her separation techniques such as centrifugation may al so be enpl oyed. 25
Al ternati , creen can be utilized during the mllin rocess to renove
the gri n%é’oﬂgﬁ?% foll owi ng conpletion of particle si fﬁ@%&'@&?‘?‘%ﬁ? 34 WO
2006/ 055603 PCT/ US2005/ 041470 Sterile Product Manufacturing Devel opnent of
i njectable conmpositions requires the production of a sterile product. The
manuf acturing process of the present inventionis simlar to typical known
manuf acturi ng processes for sterile suspensions. A typical sterile 5
suspensi on manufacturing process flowhart is as follows: Media Conditioning
Compounding 10 1 Particle Size Reduction 4, Vial Filling 4, 15

Lyophi l'i zat i on arSitdle ProdocthMantifsstating at i on As i ndi cated by the optional

steps in parentheses, sone of .th rocessing is dependent upon the nethod
of particle size PO@leMEBhO isciPIdRomRgaitioRs reguitps 1h PRdUGHoN exanpl e,

redia condi thant Behat, Vhe i fithckithed Moccds Bt pPeRUniiBiibAS Lifihr floes not  use

media. If termn sterilization I s not feasi eto em cal and/ or
physi cal i ngypibalknbwn neemyfddturing mroesssesifor sterile lsespeasions. A\ tydicdhsidribd Tr eat nent
Yet anot her aspect of the present iaventi on pr(ivi des a nmethod of treating
25 a manmal SUSRRISIGRMAGUEACHITIAgPToesss Hpwehards &S Billowse central nervous system
including, but not limted to psychiatric treatnment. Such treatnent
conprises admnistering to the subject the injectable nanoparticul ate
ol anzapi ne fornulation of the i MeaiiiComditidsingised herein, the term "subject”
is used to nean an ani mal, .
Compounding
10 \
Particle Size Reduction
\)
Vial Filling
\)

15 Lyophilization and/or Terminal Sterilization

As indicated by the optional steps in parentheses, some of the processing
is dependent upon the method of particle size reduction and/or method of
sterilization. For example, media conditioning is not required for a milling

20 method that does not use media. If terminal sterilization is not feasible due to

chemical arid/or physical instability, aseptic processing can be used.

C. Method of Treatment

Yet another aspect of the present invention provides a method of treating
25 amammal, including a human, of disorders of the central nervous system
including, but not limited to psychiatric treatment. Such treatment comprises
administering to the subject the injectable nanoparticulate olanzapine formulation

of the invention. As used herein, the term “subject” is used to mean an animal,
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35 WD 2006/ 055603 PCT/ US2005/ 041470 preferably a mammal, including a human
or non-human. The terns patient and subject may be used interchaqﬂpably.
Exanpl es O HOUESE% s that can be treated with ol anzapi ETHRORYI4But are
not limted to, schizophrenia and rel ated psychoses, bipolar mania and/ or

bi polar 5 disorder, seizures, obsessive/conpul sive disorders, generalized
anxi ety disorder, post traumatic distress syndrone, extrene shyness,

di abetic nerve pain, snoking cessation, and depression. Particularly
advant ageous features of the present invention include that the

phar maceutical fornulation of the invention exhibits a prolonged duration of
10 acti on t harefecably dmanomaly micludthg plomandorimonstungni dhe tend patienhands mi ni mal
or no pain or irritaL%on upon adm pjstration. For exanple, conpositions of

the inventiBWEHHY m’emmhae&%% s levels of drug for up to about one

week, from about [ g\%ﬁ&s& H%aﬁ?é dt ut twel ve
weeks. I n addi ti%%]%lisgo@jg)dgg?rgb é orrruefag%dl %ir’]tﬂo t :]aﬁel @\?@gt&’?%ﬁg@an provi de
a hi gh 15 ol rotdiapied ¢o,ohizeplireniniaad rélatedpsichbdes)isipelaembmia badfonpipotagd. A

general protocol for admnistration thereof conprises an intranuscul ar or
subcut andousdiBFAsseizHpL OPFeEHIvVe/CoBPHsiyve fisqEdergaiestiized aaxictl Hsraeh ne

Zyprexa(r 1 i i - Qf .. T al maxi num
gogg shofjl é)%%?éﬁﬁnn%fca(ﬁ%t%&? P %ﬁgnﬂgﬁte?dé? H’BE@%‘%@?&&“&%&%’%W%%%%C zophreni a,
the adult dogsgfiohsand-dbpredsiofay initially, with a target dose of 10 ng/day

wi thin several days. O anzapi ne shows nesolinbic sensitivity, blocks
condi ti oned avoi d%lam@ﬂaréy advaptageensSeaiuten g h therpsesent invrntiondneladathabpsy

substitutes fouahaeanlnee Rl tBudhRREbALIRbLODARSAKI dBEAGNEPS a modest

rise in prol actin, produc extrapyram da and reduces

posi ti veltandadtieg dalt ¢gn by catiteied @pon sdvhinisoatio g and pRiuedsimina@bbsrdloy as
cl ozapi ne. However, despite this 'atypical' rofile, ol anzapi ne has a
weaker al phaP#n pr ig@iatien upem adminisiatiem eForrexpmplse eorapasetions of the

invention can provide efficacious levels of drug for up to about one week, from

about two to about six weeks, or from about two to about twelve weeks. In
addition, the injectable formulation of the invention can provide a high

15 olanzapine concentration in a small volume to be injected. A general protocol for
administration thereof comprises an intramuscular or subcutaneous bolus
injection of olanzapine.

Conventional olanzapine (Zyprexa®) has a stérting single evening dose of
10 mg. The usual maximum dose should be 20 mg. For treatment of psychoses,

20  such as schizophrenia, the adult dosage is 5-10 mg/day initially, with a target
dose of 10 mg/day within several days.

Olanzapine shows mesolimbic sensitivity, blocks conditioned avoidance
at lower doses than those inducing catalepsy, substitutes for clozapine in a drug
discrimination assay, produces a modest rise in prolactin, produces few

25  extrapyramidal side effects, and reduces positive and negative symptoms of
schizophrenia as efficaciously as clozapine. However, despite this 'atypical'
profile, olanzapine has a weaker alpha-2 blockade than clozapine or risperidone.

It has relatively high affinity for muscarinic, SHT - 2, and D1, D2 and D4
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It has relatively high affinity for nmuscarinic, 5HT - 2, and D1, D2 and D4
36 WO 2006/ 055603 PCT/ US2005/ 041470 receptors. Trials suggest a good
response MO 20#P56Bhr eni a with few extrapyrani dal side SRGTEE2805@PELS)
Conpositions suitable for parenteral injection may conprise physiologically
acceptabl e steril e agueous or nonaqueous sol utions, dispersions, 5
suspensions or enul sions, and sterile powders for reconstitution into
sterile injectable solutions or dispersions. Exanples of suitable aqueous
and nonaqueous carriers, diluents, solvents, or vehicles including water,

et hanol, polyols (p ropyl eneglycol, polyethylene-glycol, glycerol, and the
like), suitableptorsli FHblSgddda B6Ud. reytRBES MlNcRizOpHrenih withhfeds ol ive oil) and
injectable organic esters 10 such as ethyl oleate. Proper fluidity can be
mai nt ai ned, @‘gﬁpﬁm@ﬂ@,de@ﬁe@tﬁ@%)- of a coating such as lecithin, by the
mai nt enance of t requt red Ltkcl i 1.0 . C di spersions, and
by the use of sur oﬂ?‘%ﬁ}%}g s*ﬁibl%%)ﬁg%rgﬂe?{l&ug tg%gg%gogﬁ?ﬁ?%’ns may al so contain
adj uvant s sysisisogidall9a6éeptable stvrdlk hipikbus 6FHbiRiqhacus Golutiods, disppRivas,Ng agent s.
Prevention of the 15 growth of m croorganisns can be ensured by various

ant i bact ér i auspensionnor ¢rwlgiens, aad stetils poyvders s rgsansiifetion inghsterl§but anol |

phenol, sorbic agid, ,and the |ike. |4 may S e desirable to include

I sotoni ¢ agelﬂlte%t?ﬁlgﬁcb,}lfl%ggs g{@g}?e&m%soal%xﬁ .péefﬁo?rsplgaae%qygo% %‘i | i ke. Prol onged
absor ption Qfonb&il@oh@bﬁﬁkﬁphi@u&t@édmﬁﬁé&bt ¢ellicle®mbludaiy Water, RitAHEINt about by
the use of agents del ayi ng absorption, such as al um num 20 nonost earate and

gel atin. Onepobyoluipaomdenegiycol, polyethlylenpsteol, sl ycerohaanddhe bke), suitableount s of

ol anzapi ne can be.determn enapirical ly and can.b | oyed [n pure form
or "o o s JERNpTREoRYEapiEble TP e 2 olfy B0 8 BT F Be el Pester o or
prodr ug 100r Nfuck\ed $BY1 olete 2P peeialtifty 4n Y MBAkAMdASfdrxhmpleNBPeRAsE | cul at e
conpositions of the invention 25 may be varied to obtai h an anpbunt of

ol anzapi ne tdfatcontingsuchasilscithing by Breahaintenanhssif thedrequicgdprricle size asponse for a

particul ar Ctﬁggé)sg Io hl%geraspo%s,rta%[d%?l(%hé) ITISG of surfactants.

The nanoparticulate compositions may also contain adjuvants such as

preserving, wetting, emulsifying, and dispensing agents. Prevention of the

15  growth of microorganisms can be ensured by various antibacterial and antifungal
agents, such as parabens, chlorobutanol, phenol, sorbic acid, and the like. It may
also be desirable to include isotonic agents, such as sugars, sodium chloride, and
the like. Prolonged absorption of the injectable pharmaceutical form can be
brought about by the use of agents delaying absorption, such as aluminum

20  monostearate and gelatin.

One of ordinary skill will appreciate that effective amounts of olanzapine
can be determined empirically and can be employed in pure form or, where such
forms exist, in pharmaceutically acceptable salt, ester, or prodrug form. Actual
dosage levels of olanzapine in the nanoparticulate compositions of the invention

25 may be varied to obtain an amount of olanzapine that is effective to obtain a
desired therapeutic response for a particular composition and method of

administration. The selected dosage level therefore depends upon the desired
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adm ni stration. The sel ected dosage | evel therefore depends upon the desired
37 WO 2006/ 055603 PCT/ US2005/ 041470 therapeutic effect, the route of

admi ni st r 2Q W06 pot ency of the administered ol anzagtGEUSRL4AES 1 ed
duration of treatnent, and other factors. Dosage unit conpositions nay
contain such anounts of such subnultiples thereof as nmay be used to nmake up
the daily dose. It wll be understood, 5 however, that the specific dose

| evel for any particular patient will depend upon a variety of factors: the
type and degree of the cellular or physiological response to be achieved;
activity of the specific agent or conposition enployed; the specific agents
or conposi t itherapeticaeffedt, thereutegd adininytratiengthe poigaceofithe hdmiidisteredex, and

diet of the patient; the ti of adm ni stration, route of adm nistration,
and rate of @@R@Pe@é‘ﬁﬂﬁdwqe%%‘é&rﬁe?ml% and pHer §i51UPF- the treatment: drugs

used in conbinati LG Jn@af{] SaPchﬁi-n ' ' ]ﬁﬁé i ke

factors well knoﬁ%aﬁé%%ﬁ@?@%ﬁﬁsﬁé&;}}["g g&fho ovmftgn‘g%?(g%q%s Fée given to
illustrate ttherepf a&ssansy bé nsedrtd intike uptthe ddblysdose | It whilk bemdéerstoodd, however, that
the spirit and scope of the invention is not to be linmted to the specific

condi ti ons diows¥eRthal thesperifigalgss lsveldasaypatigyas patient widlispend wonyg be

limted by t .t i : Ldentified
nerei n. 1 nel et o e Sdolpabe (bl of chy Sl ARGt #ET
reference. 2 dckirrpd;eactivithef thespersfic adent & nepositipheniploed; tHelspasifiat e t he
procedure for identifying a suitable nanoparticulate forpul ation of

ol anzapi ne. 2BRBISSF earyxpeagorberne@ﬁabdhw%po&wgm aenesnldiralih.ssk.raad e
stabilizers ¢ j J . - SU- ibi-zer: £0 t eral
i ni st at 15 offtie pAEAL hd B ST IBAl bR e SF Anlie Bk ndBRST, ©) 5,
solids tm 2.¥%etionlofithe sdehl)ithd digstion3dT the treatment; drugs used in combination or

coincidental with the specific agent; and like factors well known in the medical

arts.

The following examples are given to illustrate the present invention. It
15 should be understood, however, that the spirit and scope of the invention is not to
be limited to the specific conditions or details described in these examples but
should only be limited by the scope of the claims that follow. All references
identified herein, including U.S. patents, are hereby expressly incorporated by
reference.
20
Example 1
The purpose of this example is to illustrate the procedure for identifying a
suitable nanoparticulate formulation of olanzapine.
The study can be conducted by screening eleven surface stabilizers to
25  identify the most suitable stabilizer for parenteral administration of olanzapine.

The dispersions can be formulated at 40% solids to 2.4% surface stabilizer.
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WO 2006/ 055603 PCT/ US20051041470 TABLE 2 Surface Stabilizer Plasdone C15
of 1 yrrofldone%;i Kol lidon 17PF (a of '"n | yrrolidone poI POV|done
K30(r) (a S%one polymer) T loxa of Pluronic F68 6§“§ U _cul ar
wei ght po! yoxyal kyl ene ether) Pluronic F108 (a high nol ecul ar wei ght

ol yoxyal kyl ene ether) Tween 80(r) (a of ox eth lene sorbitan fatty acid
ester) dioctylsul fosuccinate (CAS No. 577-11-7; aka Docusate Sodi un
B20-5000(r) (a triblock copolymer surface nodifier) B20-5000-sulfonated (a
triblock copolyner surface nodifier) lecithin (CAS No. 8002-43-5) Povidone
K30(r) and Pluronic F108(r) Such conbi nati ons nmay produce stabl e di spersions
of differing nanopartlculate si ze fh@BLEﬂII have dlfferlng dur ations of
action when 5 ag w1 identify
the optinum for M I red prol onged

duration of actijon. ExameS@@f@ldPM%mhd@eéxaml e was| to prepare a
nanoparticul ate|formul ati on 10 ofKellidow HfPRTe.
(a polyvinylpyrrolidone polymer)
Povidone K30°®
(a polyvinylpyrrolidone polymer)
Tyloxapol
Pluronic F63°
- (a high molecular weight polyoxyalkylene ether)
Pluronic F108®
(a high molecular weight polyoxyalkylene ether)
Tween 80°
(a polyoxyethylene sorbitan fatty acid ester)
dioctylsulfosuccinate (CAS No. 577-11-7; aka Docusate Sodium)
B20-5000°
(a triblock copolymer surface modifier)
B20-5000-sulfonated
(a triblock copolymer surface modifier)
lecithin (CAS No. 8002-43-5)
Povidone K30® and Pluronic F108%

Such combinations may produce stable dispersions of differing
nanoparticulate size that will have differing durations of action when
5 administered. Preclinical and clinical studies will identify the optimum

formulation and size associated with the desired prolonged duration of action.

Example 2
The purpose of this example was to prepare a nanoparticulate formulation
10 of olanzapine.
The particle size of olanzapine drug crystals was first measured prior to
incorporation into a nanoparticulate formulation. The particle size, as measured

using a Horiba LA 910 particle size analyzer (Horiba Instruments, Irvine, CA),
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The particle size of olanzapine drug crystals was first neasured prior to

i ncorporation into a nanoparticulate fornulation. The particle size, as
measur ed W@sI0AY058%0r i ba LA 910 particle size anal yzer BGHYBOYUWP unent s,
Irvine, CA), 39 WO 2006/ 055603 PCTI US20051041470 was a nean of 137.08

m crons, and a D90 of |ess than 335.59 mcrons. See Fig. 1. An aqueous

di spersion of 10% ol anzapi ne (Cam da LLC, Newark, NJ), conbined with 1%
Tween 80, 0.1 % benzal koni um chl ori de, and 20% dextrose, 5 was mlled in a
NanoM Il (r) 0.01 (Elan Drug Delivery), along with 500 micron PolyMII(r)
grinding nmedia (Dow Chem cal) (50-89% nedia |oad). The m xture was mlled
at a speed ofashianrofi3008 mpioknsnda DeGResatthae3 3. 5Smid6ns. fSwe Rigout 30
mn. Following mlling, the particle size of the mlled ol anzapi ne particles
was 10 meadured, in deionized distilled water, usi ng a Horiba LA 910

particle size a : I i . I J ize was 347
nm wth a nean '}%I{QZ(@%E&?S %%g"'rﬂﬁ%gb%%@%‘%’ﬁé%’@?@%@ﬁfﬁ&%@s of | ess
than 1 m cr edmbird witlg1% TaveehB0F8 A Mpbenzakdiiamshlgrides and 20% idsxieosepl € was to

prepare a nanoparticulate fornulation_ of _olanzapine. An _aqueous dispersion
of 30% of anXéasimidled enpNaeeM® Oxd\(Fiaa Dig Peliverynsalorgivith $80 migon Tween 80,

was mlled i I I . j with 500
m cron Poly IIWr %nrq]#r%ecﬁr% %"%@@?3%"@2%@%@% ;[T"lélé(;llng 6ad). The
m xture was wislnhitidd at a épeed6£ 00 — 388Prpms X AQempamturabf 5-A0tEoestvutr € of
5-10C, for about 30 min. Following mlling, the particle size of the mlled
ol anzapi ne ﬁQrmlincl es was neasured, in deionized distilled water, using a
Hori ba LA 910 pardi S| . i 11l e i ne
rori ba LA D10 Par el e pg T PRLYR S of 8 MF BTrThlihE fufliatéap

10  measured, in deionized distilled water, using a Horiba LA 910 particle size

analyzer. The median milled olanzapine particle size was 347 nm, with a mean
size of 606 nm, a D90 of 1.28 microns, and a D83 of less than 1 micron. See Fig.
2.

15 Example3
The purpose of this example was to prepare a nanoparticulate formulation

of olanzapine.
An aqueous dispersion of 30% olanzapine (Camida LLC, Newark, NJ),
combined with 2.5% Tween 80, was milled in a NanoMill® 0.01 (Elan Drug
20  Delivery), along with 500 micron PolyMill® grinding media (Dow Chemical)
(50-89% media load). The mixture was milled at a speed of 1009 — 5500 rpms, at
a temperature of 5-10°C, for about 30 min.
Following milling, the particle size of the milled olanzapine particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size
25  analyzer. The median milled olanzapine particle size was 990 nm, with a mean
size of 1.136 nm, a D90 of 2.07 microns, and a D50 of less than 1 micron. See
Fig. 3.
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size of 1.136 nm a D90 of 2.07 microns, and a D50 of |ess than 1 m cron.
See Fig._3.. 40 WD 2006/ 055603 PCT/ US2005/ 041470 Exanple 4 The ur7gose of
this exanﬁi%zo\ﬂﬂgssﬁ(g’ determ ne the in vivo characteristi cPsCTfB?m?%@“

nanoparti cul ate ol anzapi ne fornul ation prepared in Exanple 2. An in vivo
study, utilizing mal e beagl e dogs, was conducted to determne 5 the

t herapeutic | evels of ol anazapine present in vivo over a period of tine
followi ng intranuscular (1M admnistration of the nanoparticul ate

ol anazapine formnulation prepared in Exanple 2. Six dogs were given a single
i ntranmuscul ar dose of 10 ng/ kg (about 100 ng/animal), which is about | Ox
the daily dd@&eample4humans. Bl ood sanples were taken at t =0, 0.5, 1, 2, 4,
8, 24, and 49 hours post 10 adm nistration, and 4, 7, 14, and. 28 days post
admi ni stration. THE PIRESERT thaneaamnle was torfletergyng the gy wivo sharggietisticer i od i s
shown in Fi i IO L e lwve f ol anzapine, of 5
to 22 ng/m g’f\/\ﬂg?%ﬁépé?gn teidfnm]é.:a 0° %P“%%Z’?‘q’?%%‘gmr?@é’?ﬁ %)'d. Fig. 5 further
denonstrates thatAd orvied studyivtitizihgdeebeagledogeprad tanduetedtsdaémih@nzapi ne,

of 5to 22 ng/m_, were present in vivo for over a 15 168 hr period. In

addi t i on3t o the Hisrepentia levels ohalanazepine presertapvaosivay apeid efdhpel ati ons of the

[ ti _ I ' . I f
I B T b e e L
denonstr at _esforrﬁﬂl)itiémpﬁaﬁirb@ iPERaAple 2N Sid @sg¥il et ighiRn RIsaipld @tam@sdularExanpl e 2
is 20 syringeable wth a 23 gauge needle; and (2) that the ol anzapine
fornul ation ogcei)b@@aﬂ@s(abwtéﬁamg/@umal),swm@husahﬂ%i@c@adbyyM|s. It will

be appar ent t ho i i rt_ varj i £l i and 25
vari ations chél"%‘%]% od’glélaﬁbfe%é’& 62%{%%6% tan%@dr%pgs%’%gﬁ@gf@t@g}gp&ggent
i nventiqo vidifigidtratit@pand 4,70 18] Q18 28 dayS post aimdisteatidpe The ﬁld@ﬁhai nventi on.
Thus, it is intended that the El)resent_ I nvention cover the nodifications and
vari ati ons conegnteatipm(ngdml)@yer a 168 hr period is shown in Fig. 4. As shown in Fig.

4, therapeutic levels of olanzapine, of 5 to 22 ng/ml, were present in vivo for over

a 168 hr period. Fig. 5 further demonstrates that for all animals dosed,

therapeutic levels of olanzapine, of 5to 22 ng/ml, were present in vivo for over a
15 168 hr period.

In addition to demonstrating that the injectable olazapine formulations of
the invention produce measurable and detectable levels of drug in the plasma for
more than seven days following administration, this example further
demonstrates: (1) that the olanzapine formulation prepared as in Example 2 is

20  syringeable with a 23 gauge needle; and (2) that the olanzapine formulation

prepared as in Example 2 is well tolerated by mammals.

¥ %k %k %

It will be apparent to those skilled in the art that various modifications and
"25  variations can be made in the methods and compositions of the present invention
without departing from the spirit or scope of the invention. Thus, it is intended

that the present invention cover the modifications and variations of this invention
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41 WD 2006/ 055603 PCT/ US2005/ 041470 provided they conme within the scope of
t he appended clains and their equivalents. 42 Wat W Caimls: 1. A use of
an injec gpesition conprising: (a) ol anzapine n i havi ng an
effectivgﬁg%/(@?/gge particle size of |ess than about ZOW#@#‘E%QSUI ts in
a therapeutic efficacy of about one week or greater; (b) at |east one
surface stabilizer; (c) at |east one pharnmaceutically acceptable carrier
for the manufacturing of a medicanent for the treatnment of a subject for

di sorders of the central nervous system 2. The use of claim1l1, wherein the
effective average particle size of the ol anzapine particles is selected
fromthe group,consisting.of | ess th about ., 190Q ri | ess than | ess than
about 1800 mwﬁd?&af?faﬂgaﬁ&@efwsﬁﬂﬂe%Pesgd%wgﬁma% heir) 600 nm | ess than
about 1500 dvalepss than about 1400 nm |ess than about 1300 m, |ess than
about 1200 nm less than about 1100 nm | ess than about 1000 nm |ess than
about 900 nm | ess than about 800 nm |ess than about 700 nm | ess than
about 600 nm | ess than about 500 nm | ess than about 400 nm | ess than
about 300 rim I|ess than about 250 nm | ess than about 200 run, |ess than
about 150 rim |ess than about 140 nm |ess than about 130 mm, |ess than
about 120 nm less than about 110 nm I|ess than about 100 nm |ess than
about 90 nm Iless than about 80 nm |ess than about 70 run, |ess than about
60 run, and | ess than about 50 run. 3. The use of claim1, wherein the

medi canment is in a formof a depot, and the depot rel eases the ol anzapi ne
at therapeutic levels for a period of tinme from about two to about six
weeks. 4. The use of claim1, wherein the nmedicanent is in a formof a
depot, and
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t he depot rel eases the ol anzapine at therapeutic levels for a period of tine
from about two to about twelve weeks. 5. The use of claim1, wherein the
medi canment is in a formof a depot, and the depot rel eases the ol anzapi ne

at therapeutiﬁ Igvelz,for a period of tine selected fromthe group

consi sting :about two weeks, from about one week 43 to about
three weeks, from about one week to about four weeks, from about one week
to about five weeks, from about one week to about six weeks, from about one
week to about. sev@mse/\eﬁd«sinjektabln@lnmmisitioneomfikingo about ei ght weeks, from
about one week to b ut ni ne weeks, from about. one week to n weeks,

t
from about one wel@k OfHZANRTNARPATHes RAYRE ay eHpqt %&Yfra(gﬁé’%‘g?( K8 0gbout
tuwel ve veeksqs fadaribh m?;mﬁmqna& remg &0h theiiaepe{weﬁa%scyoéf Ao (5He]wee‘ﬁ’fb‘?r ein the

AUC of the ol anzapi ne, en assayed in pl asma of a mammal i an subj ect
fol |l owi ng i ngregtergbl e adm ni stration, is greater than the AUC for a

non- nanoparti cul a e oI nzapl ne forrml ion, i stered, at he

dosage. 7. The u F‘%{l ARG SUTfpes: gaﬁtl (&%C‘?t a%teP’eﬁ’ctpe‘aqu'CBW\“iaﬁe gr oup
consisting pleg %bl gglelterabout 25% at Ieast about 50% at |east about 75%
at | east about at | east about 125% at | east about 150% at | east
about 175% at Ieﬁ:sttheabmnmfactﬂﬂﬁg/qof atmeédiesnenh faruthe 2R58meratof lacarbjecafiout 250%
at | east about 275%. .at |east about 300% at |east about 350% at | east
about 400% Hsordersof therspwalnspogus systeMeast about 500% at | east about 550%
at | east about 600% at |east about 750% at | east about 700% at | east
about 750% at | east about 800% at |east about 850% at |east about 900%
at | east about 95D8¢ usd of eddin AbohtrelrD MReffativk evstage glastile 538084 that | east
about 1100% at |east about 1150%. or _at | east ahout iﬁ%OO% reater t han t he
AUC exhi bi t eaBgAPIR PapEAes 8 Asigsied fiom deerew samsisting Af

i Sor der o of "TriS T DA IER (RESAREL 1800 BRC1AE el abLC| T0g pmcleny tﬁ“é‘ﬁsﬁ’@ﬁp

consi sti ng of60®atm degthanatouanf0l amalessithps ybhndd80 nhi, pesk dtan about 1300
nm, less than about 1200 nm, less than about 1100 nm, less than about 1000 nm,
less than about 900 nm, less than about 800 nm, less than about 700 nm, less than
about 600 nm, less than about 500 nm, less than about 400 nm, less than about
300 nm, less than about 250 nm, less than about 200 nm, less than about 150 nm,
less than about 140 nm, less than about 130 nm, less than about 120 nm, less than

about 110 nm, less than about 100 nm, less than about 90 nm, less than about 80

nm, less than about 70 nm, less than about 60 nm, and less than about 50 nm.

3. The use of claim 1, wherein the medicament is in a form of a depot, and
the depot releases the olanzapine at therapeutic levels for a period of time from

about two to about six weeks.

4, The use of claim 1, wherein the medicament is in a form of a depot, and
the depot releases the olanzapine at therapeutic levels for a period of time from

about two to about twelve weeks.

5. The use of claim 1, wherein the medicament is in a form of a depot, and
the depot releases the olanzapine at therapeutic levels for a period of time selected

from the group consisting of one week to about two weeks, from about one week
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mani a, bi pol ar di sorder, seizures, obsessive/conpulsive disorders,
generalized anxiety disorder, post traumatic distress syndrone, extrene
shyness, diabetic nerve pain, snoking cessation, and depression. 9. The use

of claiml1, wherein the ol apzapine nanoparticles.have an effective average
particle si zt8 a 8'&1&:660‘66‘%&3 H‘alz_l about one wgeei( to zﬁaou? four weeks, from about one

week to about five weeks, from about one week to about six weeks, from about
one week to about seven weeks, from about one week to about eight weeks, from
about one week to about nine weeks, from about one week to about ten weeks,
from about one week to about eleven weeks, from about one week to about twelve

weeks, and combinations thereof.

6. The use of claim 1, wherein the AUC of the olanzapine, when assayed in
the plasma of a mammalian subject following injectable administration, is greater
than the AUC for a non-nanoparticulate olanzapine formulation, administered at

the same dosage.

7. The use of claim 6, wherein the AUC is selected from the group consisting
of at least about 25%, at least about 50%, at least about 75%, at least about 100%,
at least about 125%, at least about 150%, at least about 175%, at least about
200%, at least about 225%, at least about 250%, at least about 275%, at least
about 300%, at least about 350%, at least about 400%, at least about 450%, at
least about 500%, at least about 550%, at least about 600%, at least about 750%,
at least about 700%, at least about 750%, at least about 800%, at least about
850%, at least about 900%, at least about 950%, at least about 1000%, at least
about 1050%, at least about 1100%, at least about 1150%, or at least about 1200%
greater than the AUC exhibited by the non-nanoparticulate formulation of

olanzapine, administered at the same dosage.

8. The use of claim 1, wherein the disorders of the central nervous system are
selected from the group consisting of schizophrenia and related psychoses, bipolar
mania, bipolar disorder, seizures, obsessive/compulsive disorders, generalized
anxiety disorder, post traumatic distress syndrome, extreme shyness, diabetic

nerve pain, smoking cessation, and depression.

9. The use of claim 1, wherein the olanzapine nanoparticles have an effective

average particle size about 600 nm.
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