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| NJECTABLE NANCOPARTI CULATE OLANZAPI NE FORMULATI ONS
BACKGROUND OF THE | NVENTION Field of the I nvention The

w@e@saicos nvention is directed to novel deli vergr/UuS2005/041470

systens for psychotropic agents that ensure better
pati ent conpliance and therefore inproved therapeutic
efficacy and better overall nental health for the
patient. Mre specifically, the present invention
conprises injectable nanoparticul ate ol anzapi ne
formul ati ons having a prol onged duration of action.
Background of Invention A Background Regardi ng
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that patients are liable to suffer from drug-induced

rmﬁ(ﬁmﬂ%nﬁ et oms,  whi ch i ncl ude drug-i nduced
%%S%%‘rrmmuie dystoni c reactions, akathisia,
tardi ve dyski nesi a, and tardi ve dystonia. The Sinpson

AQ9US B NPouRPARBSS d lﬁn%h?m@ati ng Scal e, and

Abnor mal I'nvol untary venent Scale (AIMS) are well
known scal es for assessing extra pyram dal synptons.
The gr@&ateriyjthére bye miny 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
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, many patients do not respond or only partially respond to present
drug treatment, and estimates of such partial-or non-responders vary between
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
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
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drugs avail able for treatnent of schizophrenia are
prone to produce these extra pyram dal side effects

wob@n/osssexl at dosages that yield a beneficial PET/ES1008041470

t hesynptons of the disease. The severity of adverse
events and/or lack of efficacy in a considerable
nunber of patients frequently result in poor
conpliance or term nation of treatnent. Many of the
drugs are associated with a sedative effect and may
al so have an undesirable influence on the affective
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SHT-2 receptor sites. The conpound al so has antagoni st
activity at noradrenergic al pha-receptors. These

wEe@pesicdes i ndicate that the conpound is a poPEHUBENNS/041470

neurol eptic with relaxant, anxiolytic, or anti-enetic
properties, and is useful in treating psychotic
condi ti ons such as schi zophrenia, schizophreniform

di seases, and acute nmania. At |ower doses the compound
is indicated for use in the treatnent of mld anxiety
states. O anzapine is a selective nonoanm nergic
antagonist with high affinity binding to the foll ow ng
receptors serotonin 5HT 2A/2C (K| =4 and 11 nM
respectively), dopamne D 1-4 (Ki= 11-3 1 125 nM,
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The mechanism of action of olanzapine, as Wlth other drugs having
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.

Antagonism at receptor other than dopamine and SHT , 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
adrenergic (alpha) receptors may explain orthostatic hypotension observed with

this drug.
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target tissue after adm nistration. Many factors can
af fect bioavailability including the dosage form and

WO 20060580pr operties, e.g., dissolution rate of PETES2005/041470

drug. Poor bioavailability is a significant problem
encountered in the devel opnent of pharnmaceutica
conpositions, particularly those containing an active
ingredient that is poorly soluble in water. Poorly

wat er sol uble drugs tend to be unsafe for intravenous
adm ni stration techni ques, which are used primarily in
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Subst ances;" U_S. Pat ent 718, 388, for
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lonic Coud Point Mdifiers to Prevent Particle
preparation thereof. This patent does not teach or suggest nanoparticulate

compositions of olanzapine.

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
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
Size Growth During Lyophilization;” 5,336,507 for “Use of Charged
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Aggregation During Sterilization;" 5,302,401 for
"Met hod to Reduce Particle Size Gowth During

waymphsiedzat i on; " 5, 336,507 for "Use of PCT/US2005/041470

Char gedPhosphol i pi ds to Reduce Nanoparticle
Aggregation;" 5,340,564 for "Fornul ati ons Conpri si ng
Adin 10-Gto Prevent Particle Aggregation and | ncrease
Stability;" 5,346,702 for "Use of Non-lonic C oud

Poi nt Modifiers to Mnimze Nanoparticul ate
Aggregation During Sterilization;" 5,352,459 for "Use
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5,.622,938 for ."Sugar.._. . . .
Nanoparucﬁas Stabﬂlzedgoy High Molecular Weight, Linear Poly(ethylene Oxide)

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
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
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Becl omet hasone Nanoparticle D spersions;"” 5,834,025
for "Reduction of Intravenously Adm ni stered

Nanoparti cul ate Formnul ati on | nduced
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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
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 Al, published
on January 31, 2002, for “Controlled Release Nanoparticulate Compositions,”
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6, 908, 626 for "Conpositions having a conbi nati on of

i mredi ate rel ease and controll ed rel ease

characteristics;" all of which are specifically

i ncorporated by reference. In addition, U S. Patent

Application No. 20020012675 Al, published on January

31, 2002, for "Controll ed Rel ease Nanoparticul ate
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SUMMARY OF THE INVENTION
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
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
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wo e®s/ 054660 about 5 mi crons.

ol anzapi ne particles. The nanoparticul ate ol anzapi ne
particles have an effective average particle size of

present in an anmount sufficient to nmaintain the

ol azapine at an effective average particle size that
mai ntains 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 ol anzapi ne
particles can be mani pul ated to give the desirable
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as well as any desired excipients. The invention
finyentien. dihs pharseasewicabedieppssiongakalerably compoisa plansapine at
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sdsavlll dszek desifedeextipiataand under conditions sufficient
to provide a nanoparticul ate ol anzapi ne conposition.

The onEhedpversion fatther disslosespmefhod ol makinasenanontdicrlaty
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least one surface stabilizer for a time and under conditions sufficient to provide a
nanoparticulate olanzapine composition. The one or more surface stabilizers can
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
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

The surface stabi | PCBUS1085/041470
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reduction of the ol anzapi ne. The present invention is
al so directed to nethods of treatnent using the

W0 njoeosssid e nanoparticul ate ol anzapi ne conposi PECDNS200$/041470

the invention for, for exanple, psychotropic therapy
and the treatnent of central nervous system di sorders.
In one enbodi nent of the invention, intramuscular or
subcut aneous injection of olanzapine is utilized. The
adm nistration of the drug in this manner allows for
the formation of an intranuscul ar or subcutaneous
depethaafif dranzst@bderalhii The 5&00H of tingd &R it Bie dinkldis
into the patient's systemover a |onger period oftine

tRigAsqdris prRfPrablytierie abQR NP yeelpHEonp abqw dwotvackinto Bbowsix
WOl g0 &@e&@ﬁ WoitIwh %Je%ééﬁdabbﬁt tWeﬁfe%{)eaeﬁ%.y A‘d@it}o%alﬁt%ﬁé”
one week, tfrom about Two weeks to about SIx Wweeks, and

fpepiod@bdefifichovoarvdessibtdhabmutThistlows foerksovAisttiehtonal
time periods of efficacy are described herein. This
Fonmliene oy ith gphangedithsppatin owtenmasi Mersovir Wit ced

i ; ' T _
(OFRARRUhS o St AONE Roou VR P AU} SEE Pt Bponse fime s,
stoontaesd toesgadsenittratnaWitlerrpae@doheertroahl formulations of

agm ni stration. Il e current conyentional :
P 1o b GBS R DL FHOP Bt qoppentona
! iﬁje@fébleocﬁaﬁia})ﬁle forbWRALRN8 bFe) di fii B 38 pFePANEMel 1O RR Tow water
i nj ectabl e ol anzapine fornmulations are difficult to

mobibality ofdles drugt he | ow wat er sol ubility of the drug.
In psychot r.opi c. therap d.the treatnent of central
ner voulD 18y SBiepis B PAL I e el S PEAl n o RGP e
afis RSB Za R it oftafad prdviddan dladzapiak d¥&ise fohe tHaeasliveRdhe
t herapeutic amount of the drug 1n vivo and renders the

deayrash thesansutistamovnhofthe dplsinaing aad ﬁ?ﬁ@t&aﬁh@ diegnbievailable
T ! : . .
TS AP RSB BB fcons o

fthe pRsséfiinwdntion dehigyedBpRt goaRrikioasiatheyfofrahticave gdrug depot,
i ntranuscul ar. i njection. The depot slowy rel eases the
direfgrabhy fpllomdng nbamescudaiigetion. pdstdepet dowhgsleases the drug

Khidehb Eﬁ)ofdg’trre Qtuaﬁmgﬂ %e&]ardé&iﬁé?ﬁ]y Forta¥Bli e((tjr%ao éggﬁlks
through control of the nanoparticle size o e aragd.
Divktver(@2t weeks through control of the nanoparticle size of the drug. Different
nanoparticle sizes will dissolve at different rates, and will therefore release the
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

the art from the following detailed description of the invention.
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nanoparticle sizes wll dissolve at different rates,
and will therefore release the drug to the bl oodstream

w0 e@asdses depot at different rel ease rates. Bopdil/Ukm®05/041470

foregoi ng general description and the follow ng brief
description of the drawi ngs and detail ed description
are exenplary and explanatory and are intended to
provi de further explanation of the invention as

clai mred. O her objects, advantages, and novel features
will be readily apparent to those skilled in the art

fromthe fol | gRIEE DINCERIFEHCNOF THE PIGURE he
i nventi on. BRIEF DESCRIPITON OF THE FT GURE _Figure 1:

Shows Bigusilect r SThORSARGICHIOR tBFrognph of @HI%M%%@W@G
Fi gur i %u c uzls h oWSS steinee%cnugﬁo lero Fﬁgﬁ n%?lle&‘nﬁﬂo?laﬁféulate

nanopar ate anzapl ne

Pavapias femeditioan ni crograph of a nil | ed
nanoparticul ate ol anzap| ne formul ation

e 4 ;.
Gr aphi aviey: s howshopfeenlecdion ne%fﬁgl@ﬁhwéta.%wea Agapeyticylate
?%E a six hour tine period follown
intra B%?&F&\m{ diri nistration to six nale dogs o? a
n an opdrigineul: at e Glaphizalpy steowsaheplhaha ooncehirgfione(ng/mL) of
a hi cal I sho t he pl as concenfrati o
P REGax hauine ey 199@%?%*&% %@Waﬂom o

'sﬁ‘;Efn% ah Rictldi@blafftpliR fSintulB@ée_dogs of a
nanop%gl atngﬁg?aanzapl ng fgrlnul atlllon Det ai | ed

Descr iFigier: of | Graphichlby shikhves thewlesma cﬂn@nbeﬁlcue@g/mL) of

ect abl e nanoparticul ate Z e for
(TR oS mpn Barigh PRy R PRE S s cgaion t
|9tk Bald s \60h WaRSpartWul e BlahadpineTSrmAilaBéd.i on that can
be controlled to give efficacious blood |evels through

r@gy’aﬁy& %g@@ %@%ﬁﬁ@n si ze and hence di ssol ution
week or greater. In other

e nmbodi Tﬂmﬂmerﬁfonlpm‘ewdwajwtabh nagenapidailate otenzarfing fesmulations
tﬂgtecrr!m compnse 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
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
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, etc.
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provi de efficacious |evels of drug from about one week
to about two weeks, from about one week to about three

wWoe®ks5566F om about one week to about four weekBCT/U82905/041470

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 ni ne weeks, from about

one week to about ten weeks, from about one week to
about el even weeks, from about one week to about

twel verprekosid offhe iﬁ%f@ibﬂ?std(ﬂﬁnfstb?é@%dnjéé{fdﬁ &Rh as by
from about” two weeks to about six weeks, from about
tihtramusvakk sr $ubcatboedustyo to fomp akbyg flemrh dAbodtugdepeteresults in

ks.to,about. seven ek etc,The c osition of the
ORI AL AR Ut red ik A &R, such as by
| Nt r anN$EUbIRTin OF.S. FHRGH NS AUS k84, do@e‘fr&?r RbiAbiHatién §ERface
The drug depot results in efficacious [evels of drug

ustebilizea badiectiva egemd etdllgesudirie astaple nagopartigatejcamposgtion. It
Patent No. .5..145 6 not, .ever onbhi nat j. f .ace
P R et e RISt FotesiE B PRl ia ol S PAdiRE

efRwlatiénstoah 8k enagenposi tion. It was surprisingly

di scovered that stahle, injectable, nanoparticul ate

ol anz abierfarest iermulelignsofalazarineragiéer fova the follewins

f I i - Kl owi ng
SO, (B B ORBART B ReTHlg Shul AR ERGCRIREY s
Ibloavailabifityi; (2 |dpsingwidsi bavepedtadsdvieta) in{ed eactodaynand {33 &
be repeated several tines each day; and (3) a.w de
Vi dpgjety ot sifgy gttt arcya8sorialotith ﬁ?eactug&n&ﬁq g¢ fpgms of the
%%ent dosage fornms of the drug. The present

i nvéntion overcones problens encountered with the

pri or Hidpredeaninagitive dverammiea piobisns Gueunteiedarithythe phier art

n ti.cul at I ' | at i th

ARG Br e SPERESE) PRI L AgReter)
dB6HEREShS JF thdRvEtRAURRE ¥ifGithSRMoMEn 2t/ a8fagly: qll PAEEHease
t herapeutic | evel s of ru(gfollovvlng dosing; (2

finghefrequenex ofgtosmgrand(or prdyngseiharapeutio dewlsgif drug following
ocioaslﬂng?@) l}gstegreo%ls"ei:t rc&"gct‘ioorl; (3) smaller doses of olanzapine required to
obtain the same pharmacological effect; (4) increased bioavailability; (5)
improved performance characteristics for intravenous, subcutaneous, or
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
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
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obtai n the same pharnmacol ogi cal effect; (4) increased
bi oavai l ability; (5) inproved performance

wW@baocasices i stics for intravenous, subcutaneousPCDDS2005/041470

i ntramuscul ar injection, such as higher dose | oading
and smaller |iquid dose volunes; (6) inproved

phar macoki netic profiles, such as inproved Crax and

AUC profiles; (7) substantially simlar or

bi oequi val ent pharnmacokinetic profiles of the
nanoparti cul at e ol anzapi ne conpositions when

qad0) RinSHisdo8Rly 1ifuiti RBndRekideHS bBnkdpind @sshedfoshat i bd Bhde;
bi oadhesi ve ol anzapi ne fornul ati ons, which can coat
t(hé) e shnapdrtisiuiate olanzgppie corpositionnertble ysed & ¢RagurcHen avith

period.of tine ereby 1ncreasing, t.h | € he
B e R0 AP RGP A b ok
fotany ﬁlt@ﬁéd,oﬁfl 3ylgsinagopdr@juldie glanzaahsaatisdsitidn kie saftatil oy
nanoparticul ate olanzaﬂéne particles present in the,

awrpieRk adarBisEatiam and (A HensRopatiFgaiepianzapine compositions

I pi_stration: ' ity liquid
ﬁ%ﬁoﬁérﬁ%ﬁk@é&%ﬂq‘%\eﬁlisg%ilipﬁéﬁ%%%é fornms can be made; (
11) t ha prdaregbddshgafoamenf theainzapionds e diqpidsihfettabls can be
used in conjunction wth other active agents; (12) the
raFBpares- dirseeroha RORBPHE DAY BISP OF gﬂ@’q@%‘? B RYUA 108
fdolili 85 &deorkstiilioh Bﬁo?%ﬁ%ﬁgﬂ'a%ﬂe%ﬁhﬁﬁ@trﬁk(ﬁﬂ &R A By

conpositions are suita ou parentera

dstophilizttioat Tbe dosegd f¢rhayanttecfonanapple; caniodicdrelease dosage
ol anzapi n onpasi tions do, not. require organic .

JB i g e dRries Tagn. SKBre tefeAs o Ea any Bl de
tRatdWRRLd Phn] Bixddlimdwdthid RIS Al eorfeNBUeRak®dosage
However, the conposition may also be fornmulated in a
plomwd eor apgonghahdtignitigreeleconstituti on prior to injectable
admnistratio such .as,_by. | hilizat] The.

For m oL et iy S Re ikt PRgi Lh PRl SRS

f faftRibeldo) zﬂtd&ﬁrdh?,h&ﬁ&ﬁe ggsiegionf orm extended rel ease
dosage form pulsatile release dosage form mx

d
i nredi As Bse diersi ¢ abow” #dthbe wrdesdoodby persons 35@5% ekill in
b RV R0 eSSl E PSR Y VLR Lnere e
fiet bf fhe ke whidh i gleat o persena ppoidimty skill in the art given

the context in which it is used, “about” will mean up to plus or minus 10% of the

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.

“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
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As used herein, "about" will be understood by persons
of ordinary skill in the art and will vary to sone

w@z2a0enss6oh t he context in which it is used. | fPEHESI05/041470

are uses of the termwhich are not clear to persons of
ordinary skill in the art given the context in which
it is used, "about"™ wll nean up to plus or mnus 10%
of the particular term "Conventional" or
"non-nanoparticul ate active agent” shall nean an
active agent which is solubilized or which has an

ef f eCtAé’@seé‘h@feﬁQ@zitﬁ?i‘éf%%eﬁ&eetossita%% Qg PaB AN &! “stdbfd iRpeiLs,

5 microns. Nanoparticulate active agents as defined
Hnt & ot fiznited 4oy oo foe otory ef the &rlbayeing aatametess: s(ly thapthe| ess
t han about .5 m.crons. "Poor ter sol.uble drugs" as
RS Bt Piel 45 50 rere Y e ThE by B GieGitE o
tihRfhaaiae hitrabtiviiofdes, doifeek b kignl fasstly RRfeasdiaride size
preferabuﬁwjess t han about 10 ng/m, or

In

%@f Bmgh(2y thag S nhiysisalshaeiirelcfiiae manpepinpspagticies isnat lfered
STLPEREGeh i B POl B oA Fol Aflefese
Ay thaethe biinz4pide paretlet e chtmaivapisnblep and/oUpshee thot

appreciably fl occul ate or_ aggl onerate due to _. i

i Heneapiae fpchet baen supiedt {2 hesHiag SeP G obRtfp fesgelting point of
Sth@ Biaﬁﬁ%ﬁ{ét ih¥nd REp&a86 6ﬂh@ﬂ£ﬂdpgﬁfacle%' AN fentioh™®:  (2)
that t physi cal “structure of "the ol anzapi ne

parti cTasrapsutivelly effe@ivedmourt’ as iisod, hesein withgedpect to a drug

R MIG TR N e
RGBSR ok WhidrAhk 8rugBB dhRistdbd WS ERntRantGhAERBE §iBjd28Sin

not" been subject to a heating step at or above the
meked ohgpchdieatmeant. ftheemblasizapihae ‘therapeidicply piiechive emoufit,’

t .N. ticl f t.he.i tipn. 'Th ical |

A RiRBROR s sobiBE 48 REFBh R P LRER 4R v
HrRgti Aomaaating hrl disdabaieichidbd dogayevétimbug fichdesagthe
speci fi c pharnmacol ogi cal response for which the drug

i deemgdiantberapewitrally elfeetivgamouat by thesekilledfin therdriedt is tp e
Lt .

e Sl Ra A P e e T FHRLAS ERRn bt on,

dajetiableld@Eageblb] ect in a particular instance will not

al ways be

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 Cpax for olanzapine, when assayed in the
plasma of a mammalian subject following administration, that is preferably
greater than the Cyx 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,
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we@bdoensicor anmount'

effective in treating the di seases described herein,
even though such dosage is deened a 'therapeutically

to be further understood that drug dosages are, in
particul ar i nstances, neasured as injectabl e dosages.
Enhanced pK Profiles The invention also preferably
provi des ol anzapi ne conpositions having a desirable
phar macoki netic profile when adm nistered to manmal i an
subj ects. The desirable pharmacokinetic profile of the

oha12 pRIfISH]S 2RO tharhs AT fR raatdinynanbpartielaste otzapiie
not limted to: (1) a Cmax for ol anzapi ne,

alosaylaton (¢.g r@m%@aaa@mm&tthﬁéhe e d0sAE %h%dqsuablng
Cgmarm?c%kfn%{lc grdﬁlé haes‘tuseaf}lle?el f; ?E %n%ﬁco%n%{lf: g)po%ﬂia Hl:gsured

ora hon-nanopar anzapl ne

(efic@ the, iniByPinfocaible dose adplaniapiey ed at the sane dosage;
and/or_(2) an AUC for ol anzapi ne, when assayed in the,
pl asmeCBVeRioRahRENEANd A1), &oPT e giRpegs peak plasma levels in

aéj glhgﬁﬁ t a[n%tﬂag s htaﬁqgfe 0 a%ru?gf hats yd%%ﬁ(?}lg F‘%?%Boﬁlgﬁ AUC

non-nanopart’icul ate ol anzapi
( e g. , A pyaferesdaipjec)ableaalmzapmt eomgosition bhfths amentors exjabits in

The desirapl e pharmacokinetic profile, as used herein,
.%omméatlaﬁaﬁ RFREHS @Stmgowfp@%ﬂwémp@aﬂ%twlaw@me

I fahhmaﬂmﬂ & @ g aalp@e)&@f 8dRiniQtRAZ2HREme @ega\g%né £9N&bhich is

ol anzapi ne {( . Zyprexa(r)), reaches peak plasma
| atVezistsabont 598, dtdws‘saboahw(}%,sat deaatdtfout 20d%, abfleaababout 3§ %,

PSSR 0,00 JELPARL STl LELSTEE, Lo SGbP

CPA etch st @bHNAFBE AKichR b Suttowdld, RglewdtlaBod 1000%, at least
non- nanoparti cul at e ol anzapi ne formul ati on of

Z«;bpu’eklé)o > Py leagt@hiwi 1900Yoear laast ﬂb@tsléﬁ%%d@slea}éabcalt ?400%,
t 0% t
RRIDLD, (9 05 uBH0oR ol L SoBOAf

al300Ys, PR %easbbbdig dSOO%lgﬁﬁaterfeﬁH}P/ﬁle Q:tmaxl Ehiited D e IﬁQD%
at | east about 700% at |east about 800% at |east

dreoparbgdaty ofpnzaripg formBltion1000% at | east about
1100% 5 fef%r?é%ﬁ%be?/&%&g 0131&9816% caﬁqplaﬁﬁgﬁ 0RO vl 330 Lnifils in

| east a
comparative pharmacokinetic testing with a non-nanoparticulate olanzapine

formulation (e.g., Zyprexa®), administered at the same dosage, an AUC which is
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%

14
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at | east about 1500% at | east about 1600% at | east
about 1700% at | east about 1800% or at | east about

nonnanoparti cul ate ol anzapi ne formul ation. A preferred
I nj ect abl e ol anzapi ne conposition of the invention
exhibits in conparative pharnacokinetic testing wwth a
non- nanoparticul ate ol anzapi ne formul ation (e.qg.,
Zyprexa(r)), adm nistered at the same dosage, an AUC
which is at | east about 25% at |east about 50% at

| @8t BROHe A5C0exBibitb®BY thealdALiandPR¥eulat olLassingbout
125% at | east about 150% at | east about 175% at

| formulatagrout 200% at | east about 225% at | east about
250% at | east about 275% at | east about 300% at
| east about 350% at | east about 400% at | east about

450% @bémbaRsionANinaboiKetia Proffik TonihBitions50% at

| east about % at | east about 750% at |east about
700% Iatyet enpdher spdodinmmp of thetinyeagien, aai%mansemxfulate

| 0, o4 0f . d . out
o357 3P pltdh piid ES el et ShnBle RRLSA0C,

| Rinshisebol)tequéMSNy wlinihiseedd, aboarhbihdb@Uh adtleasttonk edst

about 1200%greater than the AUC Lbited by the .
NIAL43BIRE SOBPPIERT &@bge&%%saapﬁiﬁgeg é&f«?ﬁ%? ayftacoldrietic

1N I NN ITRGDS iﬁskbﬁlﬁﬁ’giﬁsﬁé GnHR B ihigRFed, N
et anot her enbodi nent of the invention, a first
n&qop@atly edhatigerst aorzambinedc dvipidbsiht ifiost opmeapidé ngmposition
esi red phar rlr%coki ng i C E{ofi | e |ﬁI3 co admi ni' stered,
GeRpoRArigrlalg pvticle siace e adfittiopalaneds MaTe AlaBran iy st
OQR Rk HiBhs SArPBARNoPRSARROSIIBiRFed BAhavd ANBIcAS R GUlate
desired different pharmacokinetic profile. Mre than
tpavtide sige.api ne conpositions can be co-admi ni stered,

sequent, al | m ni.stered, or conpi RN
iret it RO EEBBLFE shnarEt ARt iy fom
PRAE tirst) dFrohe eadh@h@ bl ek ahplle: ONEinGlie ¢MfYcEv O hesragpaiticle

conpositions can he nanpparticul ate, solubilized,  or
hii%as o olnganipsa of (Dun Hieclogage ¢fqlanzapipe, 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
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

a single composition, for example a dual-release composition.
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The second, third, fourth, etc., ol anzapine
conpositions can differ fromthe first, and from each

w@ehenssehdr exanple: (1) in the effective averBgBEUS2005/041470

particle sizes of olanzapine; or (2) in the dosage of
ol anzapi ne. Such a conbi nati on conposition can reduce
the dose frequency required. If the second ol anzapi ne
conmposition has a nanoparticulate particle size, then
preferably the ol anzapi ne particles of the second
conposition have at |east one surface stabilizer

a8 S 0Ci @laddzpinkCdgosiiibnsace of the drug particles. The
one or nore surface stabilizers can be the sane as or
di f f erEistinverdiontpievidegrobampesdiondpompresiqsangpasienlates n

t first [ it i.on. ..Preferabl .
zahid palo R R <O Sp AR 3P s BR e B e are
"profegdiy hdastieddo of akdaihtad woth the slesk o€ the dl4iRapin® particles.

formul ations are conbined within a single conposit.ion,
O tags siapiligers ugeftl bareipsagwt elgmmpisaliy seast with e olrnzarine

gﬁ%ﬁ?&% dr'iRBR. Ppe%eﬂaﬁly,ei% 1vPdhaP Fﬂb‘fécﬂ%% of ﬁ%%ﬁ?fhé% é%Qﬁﬁzeé are
onpri sing nanoparticul ate ol anzapli ne particles and at

| @scmtiakiy éres of fmeremoktcalar tiozetinkagee FThe ¢anmosiiombichn zensrise
are prefera?%é a%iorbed to or associated with the

SUHOFOR Z¥TR FUILHE SHOUHSSpi ne particles. Surface

st abi 17285 8schip vithioh S e ithopdtaBlIGR lolahzEGRET W LN

t he ol anzapi ne particles or itsel Preferably,

i qediperitioas togother witk snebr mhre murfoasehysialvigidalgaceaptable

essentially free of. internol ecular cross-|inkages. The
BRIy Sells el Kttt 8 Spiste The
Sdoatplokitiof§ San DMRrRAISRE Tor ph¥RBlal Rifecibs Q. % Nakdd@fous,
nanoparticul ate ol anzapi ne conpositions together with
onayscibcorsghcutarePes)physi ol ogi cal |y accept abl e

carri adj uvant s, ar i cl.es, collegtive .
ot or 2R AT T o Byl B ERe of ool Bhdke, o somi-
fa@ystalliné pihst Of sapdra@ivirshiodls phijes 6 4 Afixt(@s Ghereof.

i ntravenous, intranuscul ar, or subcutaneous). .

O anz dHrsteativehubeotlimiing egapegilionscopREs® basgd Aanbrpious

phase, a se@jaﬁg%%eal line 5-50%
Surface stabilizer 0.1 -50%
preservatives (Optional) 0.05 - 0.25%
pH adjusting agent pH about 6 to about 7
water for injection qg.s.
1. Surface Stabilizers

The choice of a surface stabilizer for olanzapine is non-trivial and
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
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phase, a sem -anor phous phase, or a mxtures thereof.
IllTustrative but not limting conpositions conprise,

0.1 - 50% preservatives (Optional) 0.05 - 0.25% pH
adj usting agent pH about 6 to about 7 water for
injection q.s. 1. Surface Stabilizers The choice of a
surface stabilizer for olanzapine is non-trivial and
required experinmentation to realize a desirable
formul ati on. Conbi nations of nore than one surface

sduefattahte Sugfade gbiligeeslinclude MenioRieeivhic) Bniokleeédtlonic, and
surface stabilizers which can be enployed in the

| FERROEA SPARIMAe, but are not linited to, known
or gani g and i ﬁﬁ%%'iﬁb‘fhé%%%%ﬁ?}ﬁu‘t ?ﬁ'no‘?ﬁﬁht%ﬂ%‘t ;ﬁgﬁﬂte

exci pi'ents 1nc e various polymners
veaicly bt Toleeig B0 eszalkuatium ahlopidecindtcombantists fhaciodnt s.
Surface stabiljzers include_nonionic, joni.c, anjonic

cat i onRePTCSTREMEY 6P pLof use i syriace sigbilizers/ia¢lude by are not
pnflft@c% E&v@'@iskb&ﬁ@dﬁd&%ﬁéﬁ?} %@ML ;@isg% HP@-BH%O' to, a

ysor bate, suc 8 oni um chf’ori de,

andreyppyhnietng célhdosedHPMRE) hgdtemyxabﬂlybceébakmal(HMG)f
SR SRR e B 55 Bl
Spbl alkwglﬂhee% FRRY |tr1ﬂ'(‘3ﬁ§ h yHARBné, HEMa lauryl

hydroxynethyl Iulose et ycellulose
myﬁ’a@od@ctytﬂud,lﬁoswpm@te gddﬁlmmla@bemwﬂlim @hesphatides), dextran,

h d h
{9 aSE B eBrD rradaa B B AR, Fellik SRR R Elice. gploium
citexedty,| diiddroisHesratats, caektahiynalcslas efomacesdd] Rivilsifying

(phosphatldes) dextran, gum acaci a, chol esterol,
twaig SeTRien ostetsepplyQxysivipne jgley? aibRis k- greasragol giaers such as

SR ) IO Sty OLXARA Sl JOBOS! 886 ASes, BETRRIAR Mo

ceto
sorbitan fatty acid esters (e g., the commer01ally 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,
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 F 68® and
F108®, which are block copolymers of ethylene oxide and propylene oxide);
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),
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wax, sorbitan esters, polyoxyethylene al kyl ethers
(e.g., macro gol ethers such as cetonacrogol 1000),

w@eiogos3ses hyl ene castor oil derivatives, PCT/US2005/041470

pol yoxyet hyl ene sorbitan fatty acid esters (e.g., the
commercially available Tweens (r) such as e.g., Tween
20(r) and Tween 80(r) (ICl Speciality Chemcals));

pol yet hyl ene glycols (e.g., Carbowaxs 3550(r) and
934(r) (Union Carbide)), polyoxyethylene stearates,
col l oi dal silicon dioxide, phosphates,
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r oxy
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t$irfa@f£ﬁf mlc&qonh)cmhﬁmé Quoh s ICT\M Chodetthy EEie® (J(Xarode
and_f or mal deé Saal so _known_as tyl oxapol, superione,
} 9

daentandtBOHGE b?lli‘é?gl@@%c 26QNEHDs Fes(r) and
RSO gy R B8R ST Belip PR A Ak,
A T

saaspRtdnakidadrdddeet &D-ﬁfaﬁ@&ia@ Meptaxd ylN-atshyeloydngide; n-
oxi de to ethyl enedi am ne (BASF Wandotte Corporation,

Flwps}flﬁpﬁrglucqwraﬁpmda‘et -hepiylB-Dsbdehucpide:3e85x i BASF
RV P BRI B DU O A e yrafoside;
Sy Rl 3}%%‘%%%%%6 S G
AL AT e
ghaiﬁp@%f( P derdiabg %es@olzp@é«w; tier B dfRtatped tiggmin A,

2] I f vinyl pyrrolid
Y}%‘%gﬁgtajg Qggt man Kodak y)mers of vinyl pyrrolidone
okeﬂaam@laeﬂaﬁeearﬁ)thgﬂlkeam de; n-decyl

b- D- gl ucopyr anosi de; n-decyl b-D naltopyranoside;
n- dodepwldmdmlmpyr anosi de; n-dodecyl b-D nualtoside;
hept anoyl N net hy @gogcam de;. nhept

b- D- gl Wi PrkRE e of fetayanyipn g Mdons grheygiitiygilized as a
DG ORI B f tabl it forabl
AL 5O SBOSIS o s compsions ity
thae glnudequlararoghtdd;less than about 40,000 daltons. Povidone polymers,
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
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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f d d irnp St grted jit:
T e

|& €., [Rehkag2oyt1988). 000 dal tons, as a nol ecul ar wei ght
of greater than 40,000 dal tons, woul d have giffi cul t
cl ear i T MR IasHHNS 1PEGSSA ST OFEIPFRP Y IEFEPRH TS PRl TS

f ; My Sd e
B FAT Bl e B BBy R A e
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i L T
Qe Ohap819RRr WintdlecIarRm ght tdee M€ kisk MY§tvAHEIH08&1 method
Subsequent tieatnent wth acetyl ene gives the vinyl

myfctesifydogearions omdeculaol gighiraradss isdty Ksvabupsrhase! guvisegpity
R?S?%k%ﬁ%?é% ﬁggﬁ%@i?{% oYﬁ%foﬁggf%}%g% P?’ﬁdrogg%glyrﬁl@?s represent a

function of the average molecular weight, and are derived from viscosity

measurements and calculated according o Fikentscher’s formula.

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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& Co., Rahway, NJ, 1983). The manufacturing process
for povidone pol yners produces pol yners containi ng

worioeosdeers of unequal chain |length, and thus dPET/E8BN$/041470

nol ecul ar wei ghts. The nol ecul ar wei ghts of the

nol ecul es vary about a nean or average for each
particul ar comercially avail abl e grade. Because it is
difficult to determ ne the polyner's nol ecul ar wei ght
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St abi li zers Dependi ng upon the desired nethod of

adm ni stration, bioadhesive

accill ne 2
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Ia)

Cationic Surface Stabilizers

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
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 (PMMTMARBY),
hexyldesyltrimethylammonium bromide (HDMAB), polyvinylpyrrolidone-2-
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formul ati ons of nanoparticul ate ol anzapi ne can be
prepared by selecting one or nore cationic surface

resul tant conposition. Useful cationic surface
stabilizers are described bel ow. Exanples of useful
cationic surface stabilizers include, but are not
limted to, polyners, biopolyners, polysaccharides,

cel lul osics, al ginates, phospholipids, and

nonpol yneri c conmpounds, such as zwitterionic
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QQ@GYP (averMidiand, MI).r af uncti onal bl ock copol ymer
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and et ene oxl enedl ani né
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cationic on| um honi um ’an
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gy diey et Byt STaE R i st PRI Cinu

Edhﬁﬁ%ﬂ?l/hycﬁfﬁﬁ%%hﬁ'ﬂnﬁﬂ&rﬁﬁm dg10pide BE Bfﬂrﬁiﬁe cHOSRA Himé'fﬁirlh yl
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tl‘r}idmmyﬂhyhm@num clilpads Qréorome@ymymsmtﬂmthyl ammonium
hrxgtholxsylﬁ)thh% laur 1metlirllylcbheln%rllI agn%ngrglum c%lir(])n%% 'or gromlde lauryl

dimethyl (ethenoxy)s ammonium chloride or bromide, N-alkyl (Cy,.

18)dimethylbenzyl ammonium chloride, N-alkyl (C14.15)dimethyl-benzyl
ammonium chloride, N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (Cj3.14)
dimethyl 1-napthylmethyl ammonium chloride, trimethylammonium halide,
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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I sdi nmet hyl hydroxyet hyl ammoni um chl ori de or brom de,
coconut di net hyl hydroxyet hyl anmoni um chl ori de or
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 auryl di nethyl benzyl ammoni um chl oride or brom de,
 auryl di nethyl (ethenoxy) 4 anmmoni um chloride or
brom de, N-al kyl (Cl12- 18)di net hyl benzyl ammoni um
chl oride, N-alkyl (Cl4-18)dinethyl-benzyl amoni um
chl oride, N-tetradecylidmethyl benzyl anmoni um chl ori de
nonohydr ate, dinmethyl didecyl ammoni um chloride,
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direthidg) @rm©S i Gm iniedhnil damaoium bewyides, dedasylbeaartdrethin

chl ori.de, tetradeg I: vl henz i i de
WWL&P gP o,nd]% %@X"}efjf%%f{di%?%‘ idl“ .nﬁeﬁ%ﬁWe L{B‘AI?IWAQ{),
IdinaRilt Ay BBiuky thlendesnalkyid iidteylhsienoalieh halogenides, tricetyl
dodecyl di met hyl benzyl apmmoni um chl ori de, di al kyl

eethd meunesirmakiasifieudscy Krimeihylammeanipg bremidet hy|

! ! i , |
ARG bt Bo R B AR bromige
méhyl ﬁﬁiﬁiﬂtylatmﬁmuﬂmdhllcﬁﬁat_ﬁgAmemﬁ@%)s POISHRGAITDEYy |
t t ampni um C ri . . . . .
ﬁ%ﬂr@wﬁm@m&wg&%ﬁmﬁ CFHRERY BRI RENASY; choline
gésfgf‘st (Q&Ydh dagsr@ﬂgﬁhé‘ Bt&h F?fa’tt?%iildsﬁ bky2afioARiN¥hIBAEBNI UM

al ogeni tricetyl ne amoni um chl ori de, )
chteydlitaniiure ichidrislervompomnds (suvhde stearyltrimonium chloride and Di-

? Sg%?ﬁélg%{?:llﬁl Eﬁ@ﬁgﬁ gwﬁpﬁ{iﬁ%ﬁ@w@ge %PW%de, halide salts of
togia&ﬁ{izémmyémywkﬁaﬂﬁes,mmﬁ&ﬁiAmoAQ@MY@LJAT
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t(Ailkved BpEmivab Rotipany o kplpyrish iinrralts emings, gushas as

chol.i ne _es of fat I um chheti de,
RS i ey diho B pe S PR RRR ML eR-
SAigRY It ddalBN bekA L, odd Weylangidies iddteyshitd, sueh amtauryl amine
chloride), cetyl pyridiniumbromde or chloride,
Haskliateestearyt amife acefate, alkylpyridinium salt, and alkylimidazolium salt,

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:
Analytical and Biological Evaluation (Marcel Dekker, 1994); P. and D. Rubingh
(Editor), Cationic Surfactants: Physical Chemistry (Marcel Dekker, 1991); and J.
Richmond, Cationic Surfactants: Organic Chemistry, (Marcel Dekker, 1990).
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di al kyl am nes, al kanol am nes, pol yet hyl enepol yani nes,

N Ndi al kyl am noal kyl acryl ates, and vinyl pyridine,

am ne salts, such as lauryl am ne acetate, stearyl
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al kyl i m dazolium salt, and am ne oxides; imde
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met hy'l‘i’drﬁ)@lﬂll}’éﬁcﬁfaﬂaﬁw sFANERIbSli e84 3 B adSn P oyyrilérad | Y|
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Ve S G N G T

.cafir6 8raRmEtallf dvagioundad quafiemaipiossiicralisscompound, a
Anal yti cal and Bi ol ogi cal Eval uation (Marcel Dekker,
Pygdiniurp compguinyl, aRgBARED cEpPeWid) an agmPBRY compound, a
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Goends tunycom(peand, el teffiakkanmoh®g0goroupd) andepuadematy oni ¢
surface stabilizers, are a 0 i ¢ conpound
ATEPO L FORRRLR GRS [ora I NR AR, b 5P SARRGHID RS a

%gﬁg@@g{ BRG] mnound an oxoni um conpound, a hal oni um
compoun a cationic organonetal lic conpound, a

quar t gnnar ynopho$ BhrduatsCHanpound, a pyri di ni um
conpound, an anilini.u onpound, an amoni um conpound,
a hydﬂﬂiyl aﬂlﬁr‘?ﬂ’rﬁlhﬂliﬁ]“ und, a prinary anmoni um
conpoypg, qhﬁﬁQ@pquyu@@m@nlun1conpound atertiary
amoni um conpound, and quarternary anmoni um conpounds

of thdior rall of NFRFREREER; . For conpounds of the
o g WG, 1ty S B SO .
two O Rl- R jgaf alyBchadef Sk cdf¥on StofbbblesE, and one
G RL- I:\()éi) two of R;-R4 are CHs, one of R1-Ry is C¢HsCH3, and one of Rj-R4
is an alkyl chain of nineteen carbon atoms or more;
(vii)  two of R;-R4 are CHj and one of R;-Ry is the group CsHs(CHy)n,
where n>1;
(viii) two of Rj-R4 are CHjs, one of R;-Ry is CsHsCHy, and one of Ry-Ry
comprises at least one heteroatom,;
(ix)  two of Rj-R4 are CHjs, one of Ri-Ry is C¢HsCH,, and one of R1-R4
comprises at least one halogen;
x) two of Ry-Ry are CHj, one of Ri-Ry is CsHsCH,, and one of Ri-Ry
comprises at least one cyclic fragment;
(xi)  two of R;-R4 are CHj and one of R;-Ry is a phenyl ring; or
(xii) two of Rj-R4 are CH3 and two of Ri-R4 are purely aliphatic
fragments.
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t 5 dod | di.neth t
L R e e
gl nﬁn ,unxlghlﬂﬁ?%@? g:ﬁ@feyf Lhé hosphate tallow alkonium chlorlde
I met

yl'am noet droc 'oride, cysteine
Idjzdethyhlliocﬁadi@ylammmmnberamm sil@maﬂlﬁlum d)1010¢1® tdpmiplteher

R DR Batiin DR o U NAIRRO S TR Tium chloride,
Qtﬁg&gﬁﬁﬁh@mﬂlﬂo BBEad, %ﬁhﬁﬁme%&@ﬁlﬂoﬁﬁ@ | pyMdekineHale,

dom phen broni de, denat'chi um benzoate, nyristal koni um

acbﬂetamm@hydracm@mqlmmmmh hydtoelklorids, mytyiberizgiionmm
b E 1 Bl BHIRRAE IS U RGELAHEE poRifubARhAS,

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
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
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
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i of et am ne hydrochl ori de, nmegl um ne hydrochl ori de,
nmet hyl benzet honi um chl ori de, nyrtrinoni um brom de,

wWo@bk@ghsisdroni um chl ori de, pol yquat emi um 1, PCT/US2005/041470

procai nehydr ochl ori de, cocobet ai ne, stearal koni um
bentoni te, stearal koni umhectonite, stearyl

tri hydroxyet hyl propyl enedi am ne di hydr of | uori de,

tall owm rimom um chl ori de, and hexadecyl tri net hyl
amoni um brom de. Mst of these surface stabilizers
are known pharmaceutical excipients and are descri bed

igxandﬂésa'tﬂinihﬂzﬁq ehdouEbRRkp aticiBhpprioaeenddesaly for
cipients, published jointly bgﬁthe Aner i c}z’;m
Pgalomeeatinn gl flosswlaiemt i on and The Pharmaceuti cal
Society of Great Britain (The Pharnmaceutical Press,
2000), specifically incorporated by reference. The
surfack st abidipiertss are commercially avail abl e and/ or
can be_ prepared by techniques known in the art,

Wi | e
appl i cEFPLY DESETVRIESS 1nglugemsibylparabyn (hegt Belpcedased on %
. A . fo b o
TR P SR Erabbn ) St e S R B0} oBSk R 8RER
ainzlrs ze/pi) nanddsentylclehobinpfto B2 /)i Ay exemplaryedh adjustalg agent

sterj.c harrier between theparticles, .mni.m zing.the .
3 gk it AR PO R KeeaL 4 Ry e ot iection.
UG ONRNA D QBrARGks pAGANIBEE 8nts2andHGiiRICEMeBs are well-
Exenpl ary preservatives include nethyl paraben (about
Gnosgvibdleeatt.on % w w), propyl paraben (about 0.02%

based on %W w), phenol (about 0.5% based on % w w),

and bepzyl @l cohol. (u 2% N1 ... exenpl ary pH
i ustiny, aSafiRclnk Ofmadhiie rpadR TSI Sl bl ary
liquid carrier is sterile water for injection. O her
usef ul Apueddicwad, ipdetivle it Bdjeteghined oadenbis @hble weight d
carriers are well known in the art. 3. Nanoparticul ate
Avsies ﬁp}ﬁ]é;lq%;q 3sangasugied by conventional particle size measuring

techniques well known to those skilled in the art. Such techniques include, for
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
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
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



10

15

20

25

As used herein, particle size is determ ned on the
basis of the weight average particle size as neasured

whyoocosssent i onal particle size nmeasuring technPQUES2005/041470

well known to those skilled in the art. Such

techni ques include, for exanple, sedinentation field
flow fracti onation, photon correl ation spectroscopy,
light scattering, and disk centrifugation. The
conpositions of the invention conprise ol anzapi ne
nanoparticles which have an effective average particle

sa:oréﬁt 00! qes% l't@aﬁ DBRAB400 i, 340 BSm aleum W nm, less than

ments o I nvention, the ol anzapi ne particles
ivet 2200inne less thansboth2idOatng Uess #8@Gbont 2009580t lbssrthan

t 00 b 470 I
3otk 190 e tBdessRanapn 0 zER et han B3t ¢ Afm, toss
IR At PELOh, 1b&SBad fvut 2bm 4380haMbdu@ 3500 ﬁlﬁnless than
about 4200 nm |ess than about 4100 nm |ess t

aboutt 1390ming less $hanI about 1209mnabess thaegdouhhd 00 rés,sle&SI’Ihﬂiil

out ut ..370 n ess
A8k 105G i thaEeboh i BRI hhitboboq §351ch B about
30 Yim, 36&%431!1@130{1@@@0 ﬁrﬁalessathauaboasm A 1es€Han bh@ 400 nm,
about 3200 nm | ess t han about 3100 nm |ess than

dessubarzabeut 3Qfham, leessthan phapt 2Hbum, 1@9‘0@% oyt npp dggs than
e baut

B8 88 AR ngeEfbul PANmAORN TR TS0 iR Fsh R apout,

ZQOGIlnnntssltlﬁﬁsabegtam (&g?plgssﬁﬁﬁlﬂah@m 1(I)(ﬁﬁm Iegzamaalabmit 90 2810

nm ess than about n t t 200

llessdharmahoub B i, lespihan ﬁI)OtIt?Qém} i%ﬁ thag'g@%tlﬁé%mabﬁefﬁ?smm

%%89 Y m| ﬁéhﬁlE&?sﬂréa% am R4 feffiqidian about 1600

ess t an about 1500 nm | ess than about 1400 nm
I ess tmﬁmrmfmonvdsmagﬁparﬂlcésszet biddessatbow tbd@R Goniarpns’ ¥ s

th t. 11 I t h. t 10 h
A T e B R e R i R AR e
angr :'g altRRSsitd e 3R atRA05 AfBroh<€ $eheh Rddds e Bg RO ove-
s than about 400 nm |ess than about 30

Imm;@l tetlamqueso It othB0embpqdimests of tha ineension, aztb@lsmhout "éO%, at

h bout., 15 | h o
BB 53880 bR ARB R 38 ort 00t bR e
blshAapPine paakids have 2paitlclsdf ofass LiRaghé bEectabauéra@) bpm

weight, i.e., less than about 5 microns, less than about 4900 nm, less than less

than about 4800 nm, less than about 4700 nm, efc. (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
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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wore@sswo by t he above-noted techni ques.

| ess than about 80 nm |ess than about 70 nm | ess
t han about 60 nm or |ess than about 50 nm when

effective average particle size of |less than about 5
mcrons" it is nmeant that at |east 50% of the
nanoparti cul ate ol anzapi ne particles have a wei ght
average particle size of |ess than about 5 m crons,
when neasured by the abovenoted techni ques, hi other
enbodi nents of the invention, at |east about 70% at

| 1§ 3her 2RPBEINRRI o fake irﬁ?ﬁt‘iox@@tﬁ@ﬁst 696Gt 70%, at 1ch8 aBbut 3D tat

99% of the nanoparticul ate ol anzapi ne particles have a
peast aldus 9§z er afledseglout RAY, byw eight, ed the/micaenartigpdate by

ight, i.e. ess.than. about 5 . crons, |ess than
“Rlethabine b Rosp o BAPER o PRCL PRI BATTH PHERR shitthrates
tihanaRestmido@9 nm etc. (as listed in the paragraph
above). |If the nanoparticul ate ol anzapi ne conmposition

i s confithepresant invaniems tpeats for PaP &f sinanonasiisyéate planzapine
- 0| a j i i ki -

S REF h25eFId % QR0 RAIRRS LIt B0, BUERE o

e eight. Himiluty, DX ikl DHI gredlnd partitlb sizeabeluty vohich 80%rad

2%?0" an effective average particle size of greater than
Gtrespentivahs 98 the elanzapins patticten 421l Ay gl 509 of t he

m croparticul ate ol anzapi ne or non-ol anzapi ne active

agent $ar t i Convsntration of Nanppaiticulatee of greater than

about 5 m cOlangapiny andiSgirface (tvdrilizeeasur ed by t he

above-noted techni ques. I n other enbodi nents of the

I nventTideladive hBasits abolihzapdfhandtonk easiorafatice Sabilizads

| east about 95% or at |east about  99% by weight, of

1998 VENEYiSishr thheaptimal amenntof theandividysh cynpeneaisica depend,

Bk XA Wbn B HEQSRIC YN AT (T B) ABCIBAEAYEL and
wvat serficeterldmi offwaterrsantipas df the kabiizel, artzapi ne

iti isth ticl, ' be] whi 0% of
C PO s Fprosanbin s Ge o Sy ot 69 9P
giggoﬁﬁ,dﬁgﬁ%ﬁft@ls%‘% df%tm b.§Ye S hZoubsdoRub Wbt 0,596 %r Fh

% respectively, o he of anzapi ne particles fall,
aboues .t 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.
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.

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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4. Concentration of Nanoparticul ate A anzapi ne and
Surface Stabilizers The rel ative anounts of ol anzapi ne

w@nweoss0dr nore surface stabilizers can vary BTEE2005/041470

The optimal anount of the individual conponents can
depend, for exanple, upon the hydrophilic Iipophilic
bal ance (HLB), nelting point, and the surface tension
of water solutions of the stabilizer, etc. The
concentration of ol anzapi ne can vary from about 99.5%
to about 0.001% from about 95%to about 0.1% from

ahRHhp R4 §PiHR BNt S The H(Fn-fo‘iﬁfi‘aﬁ@iﬁ@ Wbtive- 3%tk CarfBOpiesent
50% by weight, based on the total conbined dry wei ght

dh atcngstallizapiape, me aaraplatus phaest a eenei-gysthioe phasabd sanzer
not iﬁclu i ng ot her eﬁﬁégifnts. The concentration of
tAFeerRhoys PRase, QLA MIXIEC 0y ahi | i zer can vary from

about theR¥nipBuad@ibe 2miBRRYed rcdmbiRfeh vt adnepaticulhte
99.9% from about 10% to about 99.5% or fron1agout

(planzaping lsewposiion ofbife inientinn candsclgronlated sepagatgly from the
combi ned .dry,wei ght of the ol an ' | east one
SOPPREECUAE AR oRbpdslion R ABABRL IR Yluthe | SO0 ©F
Adbpirangite Atinkysndeahp &itibhe Whate atnagepLtiadip akbaegpitide
nanoparti cul ate ol anzapi ne conpositions of the

i GOPIISTUON i G frmatatad with & srcqndipali s a8cRl the serPrdistips agent

%%ec%ﬁ%ﬁ%% i_"naﬁlyrh%itg’glg Eﬁﬁﬁn&g §thSs iﬁ{%{éapaqére?éaséf %%ﬂ'lg-onset,

such 'on“conpositiond are al soenconpassed by

tdmstained-eclitaseor diabralemse famanzapi ne acti ve agents can

be present in_a crystalline phase, an anorphgus phase,
£ IGRE

a_sen SUHPSR-QI4ZARING ASIEE 225PtS 6 BivdPLHGHY aDYHC 5
Ho¥htr £ tHeRREER! agehbEaf PR 1i0R R HoRlifiTetfbibBgic.

conbi nation wth a nanoparticul ate olanzapi ne
cCOpasive pgemt odn bdweldctadgnm evadely dfgnbon elasses efldrugs,

SRS AR —
grg%s; gg?t{]hznél@ﬂ@@@sfeinpﬁimﬁm&ﬁﬁ:aﬁ)t&ﬁﬁ@ﬁ 3b1ltic6trdids, 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,
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,
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,
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conposition is co-fornulated with a second active
agent, the second active agent can be fornulated in

rapi d-onset, sustained-rel ease, or dual-release form
Such non-ol anzapi ne active agents can be, for exanple,
a therapeutic agent. A therapeutic agent can be a
pharmaceuti cal agent, including a biologic. The active
agent can be selected froma variety of known cl asses
of drugs, including, for exanple, am no acids,
Ppob@EAGdinHeRdib GBS rmAreeiARt kdesorndntd (RDESAS ytefdﬁasg Santi-
central nervous systen1st|nulants caroten0|ds

colergie asends, Gligslandy andeaeistich sybpebemimetissi thyiemd agents,
0P %9%3t£$¥f%ﬂﬁﬁ%s anti-enetics, anal gesics,

car I'ovastul ar agents, anti-inflannatory agents, such

as NSAE)EﬁnIﬂBdomXorﬂiat}fdﬂnbé h@drs patitiielufhilds the
anti-arrhythmc agents, antibiotics, (including

p@ﬁlilkqs}qoinﬁ of thedpyangign fisiusst but asmpotdispiteig cantigepressants.
aEJ{ IQJJ&IJI&S 95 s8ful ?‘Hfd’ gﬁ%éaﬁ%t 1h§1§1de it &Q'n?st ﬂﬂt@@ '?‘o

ant | pertenS| ve agents I muscarific a

asdldchiy € sdreiohar icaptakemhibstorsaSSRIQOfpicaslid anudq&emnts and

ehean g eag phaoRdMAST e EeRp et raEleasrisants include,
NG TR SR Gl to AS aldpREE [t S ex )P QWTO?%LQB%L%Q%@Q@? r

bl ocki ng agents, beta- adrenoceptor I ng ag
bileaxgtipe byilro¢td oadel(Psoras®), tpatastiine radil®y, flinokampiec

Wi an SRetel B AR b wnr Sl Byl b g Eevin)

@R Premind] RERPH e, HNBLHRAES (@gaeaﬁa@i hﬁﬁ%ﬁﬁé (Remeron®),
dopan1nerg|c%@éant|parklnsonlan agents aenostati cs,

i phenalging gNewdi g@myécypmnplmd (Pagate meéazag@m@ermus@) e

r t ar asy ara roid .. .
t%%z%ﬁ K mgl’ld QL}PJO% g; g@és ?\p?agg%ué%rﬁ%%sgﬁﬂ g’ntldepressant 18
rﬂ@n@ﬁﬂaﬁﬁag@@gjcals, sex hor nones (i ncl udi ng
steroids), anti allergic agents, stinulants and
anoretics, synpathom netics, thyroid agents,
vasodllators and xanthlnes Exanples of secondary
gthoelks < King |l 2 e Honmudatiomssi t i ons
of the |nvent|on |nclude but are not I|mtedto,
ant i delprapsg@naspect of the invention there is provided a method of preparing

the injectable nanoparticulate olanzapine formulations of the invention. The
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.
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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but are not limted to, selective serotonin reuptake
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nonoam ne oxi dase Inhibitors (MAO's). Exanples of
anti depressants include, but are not Iimted to,
cital opram (Cel exa(r)), escital opram HB (Lexapro(r)),
fl uoxetine hydrochloride (Prozac(r)), paroxetine
(Paxil(r)), fluvoxam ne (Luvox(r)), sertraline
(Zoloft(r)), venlafaxine (Effexor(r)), amtriptyline

(EAtamINd. 5)062 %@%W@mm&opfwr tatioh ¥ Nawpadidutxet i ne
( al ta( rl mrtazepi ne errerog(r)) heneIZ|ne
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I nj ectabl e A anzapi_ne Fornul ations I n_anagther as

ot oemeorbdgiEnenis 5 i Setetent Rodago tor Method
O t e [
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omﬁ’relﬁartdgér Ifeﬂiﬂeut/w ﬁigmpeduhomisComammgtNmpartlcles ” and U S

s A7 DHedhak PhereRartp Sradtat el Gofibosiions
C@Hﬁ%ﬁﬁ ORF & BheipRApidag Reﬂu&éﬁ oorie8dtfml” Mof which are
5, 145, 684. I\/%t hods™ of "maki ng nanopar icul ate
cs;pvpi@salﬂy mogrp@rééethbssmf@ewrl bed in U.S. Patent No.

5, 518, nd ng.pP rmceu |caI

Subst al%cggogw ing il g c’(r%?ﬁenﬁ& 101 pf%ép %@ %F SR Ao us
I\@Mapﬁu@ﬁla@rdlwaﬁme EhapoRGenEdnTsY utihizes b figarisdosadd S.
Patent No. 5,862,999 for "Method of Ginding

plramplatien forgaiccshlsadmimaization) S Patent No. 5, 665, 331

Lo B SAARAER L B OBRBE e g

UoSinRdfeetive Narade, Iﬁﬁﬂzkﬁﬁﬁe 6D1Ess tﬁm Mot 600 aei [Fréfatabby) t}&f

Nanoparticul ate Phar rraceutl cal ?nt s.wth Cr)i ta}l1
CPIsRetINE RERIRES RAtticle sige ol t axaemarw atg O@Géapg@@zls g3s than about
AR BB B o FSERAN b

Paema2 5 hgmXarkdbmoSqgméfemmbly less than about 100 nm. The pH of the liquid
dispersion media is preferably maintained within the range of from about 3.0 to
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
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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Composi tions Containing Nanoparticles;" U S. Patent
No. 5,534,270 for "Method of Preparing Stable Drug

"Process of Preparing Therapeutic Conpositions
Cont ai ni ng Nanoparticles;" and U S. Patent No.
5,470,583 for "Method of Preparing Nanoparticle
Conposi tions Contai ni ng Charged Phospholipids to
Reduce Aggregation,™ all of which are specifically
i ncorporated by reference. Following mlling,

hregsnbig al iR a Mifedi b8 iMVeRofI8ldfs Cotp§ BES %Hlfl?h@ﬁs a low
nanoparti cul ate ol anzapi né conposition can be utilized

aerler gyumillinp prgessfiiat ma¢sanilbng mediaj Gh]ugﬁtdbhzsr and liquid. The

ad trat In t {
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Preferably, the effective average particle size of the

nlamé palst havigl achigh dénsiiy ap theeeniergyl fes the phdielcalisduetionse prerided

refe abo t 300 nm even nore
pre ?%Pﬂ&@lgg)(%?ﬂ?t?{l QEBIH? hm and nost preferably
| ess tM%ﬂlaaﬂﬂMﬂig 1@Q%glﬂéne}'§gemﬂhhg>f)rob5@ IDrgi shbilizer, and

di spersion nedia is preferab mai nt ai ned Wi thin the
r i atsplaged an aweltvog @dtr@clwgasqd ig aghagpergeaipining gedi

t .7 4. .
Rt g IR o PREPAEL g B B A0 e
dihs dargsto ampaetiineand sbebrffmrcest Inlﬁereﬁyaedmmgjm‘e idoue pardclesize.
I S aqueous. However, y. e aln\/\hlch]i]g?nzalnels

poor | 9’6‘P%‘B‘P%at’é?ﬁés @]:eg 4% thabdeesmohse ja Drug,
di [ f
dtikTer) 40 1@% @{5 P%:‘aéﬁ;l Y ith RSP ad@écﬁﬁ?e&g'm;ﬁ@le

medi a | nclu Ilmtedto aqueous s
smmttedummn) s:anisfuhrbe/\mpromed;s stueemudpatiad mts atphocass mﬂea\mhilch in

t - but.an an coJ cti hods, of
pihg Mgy ﬁaw@aq? '1? agiign CE‘QFDE’F%I MGt Sl
I d
ﬁ%%%%??ﬁ%"f*@% bt 448 118 forcBe . "B fTRAIIR kg e 5"
(Mcroﬂmklmerﬁ pErgSaipoyt-ofthe lmﬂub | @acd the puinp\is ﬁheﬂ with

1 h [ 1
gérggl:lqr‘g,| tgg Eogg]g;givz{ Y%%l gose ﬁg]d thelp?odurgcal(gIfglrce(%i through the

interaction chamber. The geometry of the interaction chamber produces powerful
forces of sheer, impact, and cavitation which are responsible for particle size
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.
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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materials are placed in a mlling vessel that is
rotated at optinmal speed such that the nedi a cascades

wanwensdoxes the drug particle size by inpactiP@T/uI1ees/ 041470

nmedi a used nust have a high density as the energy for
the particle reduction is provided by gravity and the
mass of the attrition nedia. Media mlling is a high
energy mlling process. Drug, stabilizer, and liquid
are placed in a reservoir and recirculated in a
chanber containing nedia and a rotating

shafilirh icBR @hdyafom ditsut 5Ab abbirG0%4) ahd pRE&rERY es frbheabbBidi Sato
whi ch subjects the drug to inpaction and sheer forces,
Ti

teheutsjo (eoind gnare erederablyppdent 2 te abpytegt0%. The surface

eni.zation is. hni g tha . .
PRERECACu B indnt Rl Suf SPLBRTRARG st Pty or
anehnl eddided v thb divlgelisieadion folRiviggdstetclakize redution. cTiee
size reduction) constitute a process stream propel|e

d
icppesnirapen eEds suréire stahfiach Gon VR ebHOch i abept (0%, and
I

PR A gl B 08 AT on BRG0P o

wautmﬁaqyﬂmﬁmm val ve of the Mcrofluidizer(r) purges
air oyt of the punp. nce the s filled with

pr odu ckhe Hr?ﬁé‘l’ban%F H@edv‘gt‘lr‘?f’élyiq? Sg‘ﬁggt&g %Mﬁ@n\gﬁtﬂsw to
| SR “[E@éjve%%eﬁ)g@]?%éig? gét@iﬁ:@'s@zcetih% GHREK 1o B Resired size,

geonetry o ction chanber produces powerfu
fpoefeesblyolessther phout Apaictons aftds peefirtedtthaihewpicohx he ased

ible for . ticl ' ti.on. i ficall
FEPRE vhen & onfTan B v oraihn ey R S i e
ROAHMCSatiBzRbA be Hi3D&sddWB thE ligATEANCuAeLRiRbR g atidR,

extrenely high velocities. Thé forned jets are then
i 8- ez Cewlasdyre wixenahtibe hemogengowudippegdon i qhgerved in which

ARE TR R e f et e SR BB Y6y TP ottt e e

remh i b dubjetedd t§ Echal remplliay idipsrsdnhiesptwitsnchrogeaating
al I ow cool Iﬁ%ﬁ of the product. U S. Patent No.
gneghigmit gs usghiferpttrigiospeci fi cal |y i ncorporated by

" ef er effSnifhRiindds IpPharERaLe b1tk Yot dlizer

(r) re I'ng I'n nano Iculate partic anzapi ne

canviderabided tile the formpuofth digghirsion mill. WBiitbld dispession mills

&S SienL & Bt Yailt an attritor mill, a vibratory mill, and media mills such as a
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
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,

32



10

15

20

25

W@ 200a/088603 60%

insoluble to forma prem x. The concentration of the
ol anzapine in the |liquidnmediumcan vary from about 5

50% (w'v), and nore preferably about 20 to about 40%
The surface stabilizer can be present in the prem X,

it can be during particle size reduction, or it can be
added to the drug dispersion follow ng particle size
reduction. The concentration of the surface stabilizer
can vary fromabout 0.1 to about 50% and preferably

fp?ocfe%ﬁﬁg ahRYbr b B v t d’a?/g bk 1021%8@ m@;ﬂge LRedr Aftehaieyy,

rom about 1 to abou % ght. The prem x can
L’PéOQSPS@ﬂg times of legs thon 4 ey é@sudnlg:euttmqsmf pBe FERte ap thieysenl

IReIPL PR PHER RS PLARCASMER SRELENT ) 25 Tran

about FheoBlgiapise phiticles nisebefadactdtinatzetabe tqpngmatireehich
used directly when a ball mll_is used for attrition.

Moeepeiignitgantly épﬁﬁé‘aﬁlaﬁ@péﬂ?d Rrpgessing feereraties pf jesethan
ggo?tbﬁ)l qo 18§ féhsaﬁ gib(')lﬂ %@ aré &‘ld n%ngpnﬂjefen%ﬁ' @?dfiﬁsﬂ'la& Hl e

on,

hpoRgang @éflipﬁhﬁiﬂﬁﬁ $Ee@boled mﬁih&fbh\/@iﬂlohﬁll sMdlieg eflignentar e
no | arge agglonerates visible to the naked eye. It is

&@ﬁr@ﬂ péalettﬁamer@tn@, Bi8e MY\ atketing pyj isanagiopet élaﬁcrﬁﬂlang
o'he moer Wl[] go? g 1?({11? |&g ner\rl\xﬁhﬁ{édadeﬁgﬂ%hg a*h%%&ﬁod‘&%@

qmiﬂu@ﬁ i$ Gorveslbiasy éd?ﬁecpblﬁﬁﬁld&* dvadPRns beiBbRhZemperature
conveniently can take the formof a dispersion mll.

Soi phbrogessingneessisn which are isafe |aud;| effectiyg|for the milling process.

éémgleggwa)c?ﬁs ing pg?,?\éurgg %11 &Hlﬁ%f? qf lballk%{}ﬁ‘s %E%lto% r?mllls IafidS uch

ﬁﬁ@ﬁﬁﬁyﬁﬁugue to the relatively shorter n1II|ng time
required to provide the desired reduction in particle
size. For nedia mlling, the apparent viscosity of the

pren1&;hid8{§@§&gbly from about 100 to about 1000

cent r ball mlling the apparent

Vi scosTHheygrifdidghaedia ean somprigerpafteiaithat ate profabidut 1 up
bR P REal el § e PR rEntely Sgoters
rEdH Ok bRYs 8N rdTRfin? SRIAR! R'dther suitable compositions. Alternatively,
the grinding media can comprise a core having a coating of a polymeric resin
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
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.IL du Pont de Nemours and Co.), and
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but are in no way |limting The attrition tinme can vary
wi dely and depends primarily upon the particul ar

For ball mlls, processing tines of up to five days or
| onger may be required. Alternatively, processing
times 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 anzapi ne particles
nmust be reduced in size at a tenperature which does

Nher SuBRbJolyadih;| M ol 8EHsRY P o Rl MY AR PRIy proBA&RS, Biulose
tenperat ures of |8ss than about 30 to | ess than about
sUGraaml entats siwhias pelbulesegoctats; polvhpdroxkymgthaenylate;

processi ng.egqui nt can be copled with conventional
T e TR ARt Eh G Bt P
By61ysAekics B e 1kRTEhS ipdRmed cilbe Biolikdradatid apsdeaiplayt h
cooling liquid, is contenplated. Cenerally, the
£

hiedramadsblemhbmars ineluds pohd 1266485b FOBREN OGS Forady DS of

nde 11ONS I
JPaRes ERTELEN RS L TRLEN. pOSTRRIGOMIG BB, ¢,
tgety(ifhinbi caghopite® e pely (Mvaby e droRyIRc ks gt s oy Blpadmitayie
pical of ball mlls, attritor ml]s, and, vibrator

%@%wglinﬁmsrfg&%@f@wylgaﬁpﬁwi G950 RS POLOTERSHIFTSSe
: e o
IRMEEIERLIS) A EhEblde Eot Rl abdoplgetes

pohiamanationr fesn theomedjh dtself advariagemslyucanShéthbaize irovivo into
aot.her. syitabl e co sitions. Alternatjvely h

driPiREicAY a@aPtableaaﬁnB@tﬁtﬁpﬁlﬁ%f@n&esﬁm@%Wﬂ@ the boif ng of
a pol YIRS b dtrshBdid YRAEAH1YIHEIS Msizd BoBLMRNAY.01 to about 3

sui tabl'e pol ymeric resins-are cheni cal It)r/ and
phins iFoalfing giinding, the ghsdingmieslid iy preferablyffromtabeus 0.02 to about

| vent . and n f nd_ of .sufficient .nardness and
ol £y BreSaly droen it 8O3 0 PP B i R HilSpeq or
cr us hethglpdlyhe i Ofcsdian havSa HémRY EoROANGTE IS0 BB&ItB g/cm’.
i ncl ude crosslinked Polystynenes, such as pol ystyrene

In one embodiment of the invention, the olanzapine particlés aré 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
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 filiration, sieving through a mesh filter or screen, and the like.

Other separation techniques such as centrifugation may also be employed.

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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crosslinked with divinyl benzene; styrene copol yners;

pol ycar bonat es; pol yacetals, such as Delrin(r) (E I.
walewokositcozle Nenours and Co.); vinyl chloride ppdHOs2085/041470

and copol yners; pol yurethanes; pol yani des;

pol y(tetrafl uoroethylenes), e.g., Teflon (E. I. du Pont

de Nenours and Co.), andother fl uoropolyners; high

density pol yet hyl enes; pol ypropyl enes; cell ul ose

et hers and esters such as cellul ose acetat e;

pol yhydr oxynet hacryl ate; pol yhydroxyet hyl acryl at e;

and si §lefiRNFrdaeiet MdlultctRAhY ™ers such as pol ysil oxanes
and t he TTKe. € polynmer can_be bi odegradabl e.
Exenpl Beveldpnuaé gf tjiedidbde pahpyosiions reviings|he production of a

pol y(l actid ... pol l.ycol i de Qpol rs_of |. I
e petpt de BRI kST o G Rens i Ty Rion f Shiflf®
ﬁ@%o%&ﬁamﬂ‘&ﬂtﬁﬁﬂlg?ﬂ@@es@@sr fopsatiRShspensions. A typical sterile
pol y(N-acyl hydroxyprol i ne)esters, poly(N palmtoyl
hspaPeRsipp AU UIEE Repecss dpwghashis agfeldWsacet at e
copol yners, poly(orthoesters), poly(caprolactones),
and pol y(phosphazenes). For bi odegradabl e pol yners,
contami nati on from t hevsdidiCanditisging advant ageously can
met abolize in vivo into biolpgically acceptable
products that can be elimnated fromthe body. The
gri nding nedi a pref erablgonigngesgi N si ze from about
0.01 to about 3 mm For fine grinding, the grinding
media is preferably from about 0.02 to about 2 nm and
nmore preferably frommbou sPe R3dé@iogabout 1nmmin size
The polyneric resin can have a density from about 0.8
to about 3.0 g/cnB. In one efrbodi ment " of the
i nvention, the olanzapinqﬁgqﬁhﬁlles are made
conti nuously. Such a netho con%rises conti nuously
i ntroduci ng ol anzapine into & mlling chanber,
contacting th n.Z APl | i, ia while in
t he chanber t§W§E%§%%B?ﬂ§ﬁ§%gﬁggg?ﬂgk§§%¥?@|e si ze,
and continuously renoving the nanoparticul ate

ol anzapi ne . framthe m.lling chanber. The gripdin )
medi a GaHdissteddysthg catonal sipt MPaFrIeses: ﬁ%l‘%?)ﬁg&‘fip QAesgime
ioﬂﬁ %gﬁé}ﬁ!l'eﬁ‘c% ool 'tﬁ@m%%\sﬁg)@ghigiﬁl%lsiz%ergﬁfcﬁbh QRd/bEHBMHEWES

secongar Yy proce
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 and/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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Alternatively, a screen can be utilized during the
mlling process to renove the grinding nedia follow ng
conpletion of particle size reduction. Sterile Product
Manuf act uri ng Devel opnent of injectable conpositions
requires the production of a sterile product. The
manuf acturing process of the present inventionis

Shi¥kdrably h SndnyRhIC icllanhiRMbratInUiinie. Pheeessasatiel and
sterile suspen3| ons. A typical sterile suspension

nﬁrmﬁcawmbmgeqom&@@@gwb hart is as follows: Media
Condlt prlgs ?f cﬁ%{ﬁg g@l%'t@ l?ea{réat% gf%ﬂ’??er @?ﬁ{? &kl u%l , but are

Vi al yoplllzalonan

Sh@trlirﬂntezlab,l sanlzéphlieﬁﬁl apdt@sted psydhessapbipslaammasiaepd/or Bipolar
par ent heses, sonme of the processing is dependent upon

t fsoTden FRIIIES. obagssivelcampisive disprdars. gneplired rnKistndigoger,
%‘% bl ;& @Q%esr%g??ﬁéﬁmxﬁen%%gkﬁe gigéjdehé ﬁ&lvgga{n s@Bf{mg

U|r I'ng meth es not u
I éestamm am]lde@terssibhj zation is not feasible due to
chem cal .and/or ical_insta ty, ase
pr oces@}rﬂglﬂe%}ﬁ R RE e feSties R TSR s HoR g that
aﬂﬁ?ﬂ%na@éﬁﬁ%’{ foRuldBn RE BREMentiBH %ﬁfn’bﬁ@a Bfo%ﬁig‘éﬁ%iu?atlon of
d of treating a manmmal, 1ncluding a human,
dagtiondiet sabe témdradled mpon amwsogw@ﬂ @mdupes rumlmgl ornet

cotipet BilBin ol HEMTYE FrESae b EaSp) o

NAReRMhtda Pravti€e SffidhR 18€1§ Of AL &1 1o 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
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,
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
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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subj ect may be used interchangeably. Exanples of

di sorders that can be treated with ol anzapi ne incl ude,
but are not limted to, schizophrenia and rel ated
psychoses, bipolar mania and/ or bipol ar di sorder,

sei zures, obsessive/conpul sive disorders, generalized
anxi ety disorder, post traumatic distress syndrone,
ELERrE. THYRESEgesth BRRE 1eGpdRE HesdRBoPhreRIATAGKID v
cessation, and %epreSS|on. Particul arly advant ageous

f edtapyresiddl sideeefiscie<BRSEd)nvent i on i ncl ude that the

phar eutical formul ation of t.he jlnvention exhibits a
pr ol gﬁg%@’%ﬁ%’ﬁ S&Hg%i? ?Ogé)tafe&ger?lhlg’(ec%%mﬁ}é CTORYY 0! | ed
URISRi 0Bt dllySict tate steidle thqRéd W B8ndHubbuERb ludlons|aliftsions,
or ‘irritation upon adm njstration. For exanple, _
cONpISions ensmuisians candpiesite poHdes forpenstiation fite seribus

I 0 out

| RSBl of piBoh® SRR sl OIRD

t wetlaygcone ekidierd, dilasttl, toloents, tdd &chiojes drichhlineg fvaterdtiznohn
of the invention can_provide a high ol anzapin .
ceixan{nrapylspeglyrok pokshylspsralveels EYgeel; %nde@f« Uffe), guitable
SRORHEL SRRl R B bALboplaeahl coamid s
o$ueh aapthykboleflon Peayter finidity chabe apintanéd] yorexeapls, pyhlzsuss

starting single evening dose of 10 . _The usual., . .

GBS BN B8 VXM REIeTBEE Y Bateuted Btbicle size in
PaY cRRNispeibdhsamdHthe aRIG ARt Actahe adul t dosage is
5-10 ng/day initially, with a target dose of 10 ng/day
wi t hi nllseramophrtidalats cotipasitiaps mey skvowentrmsastj yvapiscssuch as
sensiLivitg. blochs condiaioned.avoid nge at.IomF¢1
JOSREYIP b G NS AT SRR Qe BLp eptivR T s,
CLRFAPNBidrordaibme c4H isCdristiied ¥l vafiodsatpactprifldind @8tifingal
nodest rise in prolactin, produces feM/extraqgranida

|

shatatsesich@s parahaes, Falaipbatnpl shenol.sodngagidgndithelike. It may

SXIM(Q @gsir%le 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
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
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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It has relatively high affinity for nmuscarinic, 5HT -
2, and D , D2 and D4receptors. Trials suggest a good
response in schizophrenia with few extrapyram dal side
effects (EPSEs). Conpositions suitable for parentera

i njection may conprise physiologically acceptable
steril e agqueous or nonaqueous sol utions, dispersions,
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Qreulf bedlirklieRA6 A, BibtEver Whid theBifiegidaicepd bfthe ﬁ{xfeﬁﬁbm @0t to
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pr o orm
identified herein, including U.S. patents, are hereby expressly incorporated by

reference.

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
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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dosage | evels of ol anzapine in the nanoparticul ate

conpositions of the invention may be varied to obtain
wa@pooaisend of ol anzapine that is effective to POL/EBIN0E041470

desired therapeutic response for a particul ar

conposition and nethod of adm nistration. The sel ected

dosage | evel therefore depends upon the

desi redt herapeutic effect, the route of

adm ni stration, the potency of the adm nistered

ol anzapi ne, the desired duration of treatnent, and

ot her factors. Dosage unitAgpEpPYsSi ti ons may contain

such amounts of such submiltiples thereof as nay be

used o make up the daSunfactoStabilizer wi | | be under st obd,

howevier, that t PeasdpectCis®(pdbsaylmyelidbas) any

particular patient W I TxdgRepdpy¥on a variety of

factors the type %@y\qﬁﬁﬁﬁﬁolﬁfo EBglyﬁ%d ul-ar or

phyS| ;}I ugl cat—t CprIIbC Ylij @lr:vcu;:j cu..thl vit Y u]|c he
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agentq Qr gnnrpnqi 6499%&%4?}?%‘5}#0 ) hnd\/p\/\pl gh
generlal health, sex, and Bylexapet the patient: the tjne
of adm ni strati on, routé&mbnmd%ﬁ%rstratlon and r at
of exlcreti on(adiigh fmeleagleabv,elghhpolylw}&mmneca‘thdrhe
treatment; drugs used i pgoPF®® on or coi ncidenta

with the spegitibiCnBBRhar walkht blbicxJaBGG eSerg] | known
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D

in th n
to illlustrate the resent‘Y%@ t|on shqul d be
underlst ood.  h&XRI XYWA¢HQQQ itap fatry ag gste ope of the

i nvenlt dinetylsnlfogaccingtaCAS Mot 5%- bhﬂ@@%}éﬁ@ﬁ@dlum)

condifti ons or details de®20:i096%i n t hese exanpl es but
shoul|d only be (atibloed cbyoltiner sefapemotlifidie cl ai ns t hat
foll gw. AUreferences wdersondisgebdagigel n, 1 ncluding Ul S.

patents, are hepaRKIRKRESIFhY: RGeS pRUAIEH DY
ence——Exanprezg—ﬁ

o erlemoe ST o b LISGI R Srglia sy s et e 1) 0
T atrc 11T IJ CIit L1 a DUILaUIC
nanopar_t_i_cl,u_at_e_P EBLM g‘f)e The study

can be conducted by screening el even surface
st abi I § 24l Sufehhations may produce stable dispersions of differing

nanoparticulate size that will have differing durations of action when
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

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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identify the nost suitable stabilizer for parenteral
adm ni stration of ol anzapi ne. The di spersions can be

wo eooansssdrd at 40% solids to 2. 4% surface PCT/US2005/041470

stabilizer. TABLE 2 Such conbi nati ons may produce
stabl e di spersions of differing nanoparticul ate size
that will have differing durations of action when

adm ni stered. Preclinical and clinical studies wll
identify the optimum formnul ati on and size associ at ed
with the desired prolonged duration of action. Exanple

2ydhempid SOBE (R michr, SAPADHE oPRSs tHan BB?E@'hﬁﬁl%ns. See Fig.
e

nanoparticul ate fornufation of ol anzapine. T
particle size of ol anzapine drug crystals was first

measur ed prior .to i.ncarpRsation .in a. ticulate
£ or mul a palieoBh iaessiPRRE PR s Aoing ( Cafidi R Hebiag g
Honitiged Wit 19 Pagdnl 80, ©. 134 Benzalah#aeshlo#@s, iahd@ 20% dextrose,

Instrunments, Irvine, CA),was a nean of 137.08 m crons,
aties miliodan aNapeall®LH (Fimn BowgRdiveRd, alsae with§00 mician

B0 oL 3RS0, o4 2 7 ABL08 (AR o v
benzailiedni uspeetlof 00, S800IRAYaiterhipesure WS- 10°C) Rod abdut

g NapoM I I (r) 0.01 (Elan Drug Delivery), along wth
H-cron PolyM 11 (r) grinding nedia (Dow Chem cal)

(50-8 j ) j ' . :
o 1000 RS IBE KR RRCIE ko T B o iERE s
abeasureginrdernnied|dissilied gvater] hsimgr Hohiba padr 9li0cpaeticde giee of
the m|led ol anzapi ne particl es was neasyred, i.

FRRAPS e gt POl R DG B e A5y Fp i LR g a mean
Rl dfH08 i, 2D RGH 1Y ZEhnicrdhe a4 DAY ofildsk thnal AREAD! R Fig.
particle size was 347 nm wth a nean size of 606 nm

2.D90 of 1.28 microns, and a D83 of less than 1
mcron. See Fig. 2. Exanple 3

Example 3

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
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
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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The purpose of this exanple was to prepare a
nanoparticul ate fornul ati on of ol anzapi ne. An aqueous

waele@possddn of 30% ol anzapi ne (Cami da LLC, NewetRUSI0IF/041470

conbined with 2.5% Tween 80, was mlled in a
NanoM Il (r) 0.01 (Elan Drug Delivery), along with 500
mcron PolyMI11(r) grinding nedia (Dow Cheni cal)
(50-89% nedia load). The m xture was nmilled at a speed
of 1009 - 5500 rpns, at a tenperature of 5-10C, for
about 30 min. Followng mlling, the particle size of

t blelg£d ol anzapi ne particles was nmeasured, in
a%%ww distilled water, using a Horiba LA 910

part i cTlke mirpescani dhiy 2xeampld was trediétemine Hegd vob sharapiensiics
p icle size 990. nm_with a nean.size of 1.136
o the BetpaeBleb A e e rion Rsgon o 1 GOSN 1

M Cr oNAn $eivlbldy, i IthAe Beddl@dPe RAS Bofuclelditd determine
exanpl e was to determne the in vivo characteristics

ohe thesapsahiofsaels iof alaareapoicanesapi wevifaoeven h aeiieghoiinpar ed

Ry Ea gl ol i Bl at b o fodR R aEE S e

| Ry@uktioh pﬁb%di@EkﬂﬁpEQ&MﬂoéW&ﬂe?@ydﬂ%ngﬂe pefahedodir
time follow n@ intramuscular (I'M .adm nistration of
tdnse oA he preles @beuitlO0ang aizmabi waichds abauad P thesledp dpesdin

[ i ) OhV, iy ngl

AR Gy R B o 0 65 B 2 B Pt gy st
whingihistrati@h and 4,10X 41 el 2addyy pdsieniinistration) sThe Plaach
sanples were taken at t =0, 0.5 1, .2, 4 , 24, and
APTREFAIOP G35 B KCR A 468 Bt PBied 1w injlligad Ryt Fig.
el R R G of 3 15 22 nRAE MR YRl Bl prRlor over
shbfhhi perieilg Figl 5 futieeralepwnsitatésahat for ol anhmisadngede, of

JOPRBRCARE of G ERINE Do R PEARe St op: e or over o

aﬂ;gmlé,%ﬁg@_sed, t herapeutic | evels of ol anzapi ne, of

5to 2Z ng/m, were present in vivo for over a )
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
syringeable with a 23 gauge needle; and (2) that the olanzapine formulation

prepared as in Example 2 is well tolerated by mammals.

% %k k3%
It will be apparent to those skilled in the art that various modifications and
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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168 hr period. In addition to denonstrating that the
i nj ectabl e ol azapi ne fornul ati ons of the invention
w@emdoswohreasur abl e and detectabl e | evel s of dPCmyUSI005/041470
the plasma for nore than seven days foll ow ng
adm ni stration, this exanple further denonstrates: (1)
that the ol anzapine formul ati on prepared as in Exanple
2 is syringeable with a 23 gauge needle; and (2) that
t he ol anzapine fornul ation prepared as in Exanple 2 is
well tolerated by mammals. * * It will be apparent to
tAevided el c6fhe WAtHIR thedtdpetdTalie Meh@ebclabtdiant cladii ons
and variations can be made in the nethods and
cuppesints ons of the present invention w thout
departing fromthe spirit or scope of the invention.
Thus, it is intended that the present invention cover
the nodifications and variations of this
i nventionprovided they cone within the scope of the
appended cl ains and their equivalents. What\We Claimls
: 1. An injectabl e nanoparticul ate ol anzapi ne
conmposition conprising: (a) ol anzapi ne nanoparticl es
having an effective average particle size that results
in a therapeutic efficacy of about one week or
greater; (b) at |east one surface stabilizer; and (c)
a pharmaceutically acceptable carrier. 2. The
conposition of claim1, wherein the conposition is
adm ni stered via intranuscul ar or subcutaneous
injection so as to forma depot. 3. The conposition of
claim 2, wherein the depot rel eases the ol anzapi ne at
t herapeutic levels for a period of time from about two
to about six weeks. 4. The conposition of claiml,
wherei n the depot rel eases the ol anzapi ne at
therapeutic levels for a period of tinme from about two
to about twelve weeks. 5. The conposition of claim1,
wherei n the depot rel eases the ol anzapi ne at
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therapeutic levels for a period of tine selected from
the group consisting of one week to about two weeks,

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 ni ne weeks, from about one week to about
ten weeks, from about one week to about el even weeks,
f v $ROCiaigRg: Wweek to about twel ve weeks, and
conbl nat1ons thereof. 6. The conposition of claiml,
wherei n the ol anzapine is selected fromthe group
cpnsi st i ase,
aPsemA%%rg (ggqlgngﬂ%ﬁﬁglélgw&mm%ﬁl%am p ggé?%ﬁg@eﬁg and
m xtur@p t hﬂﬁmbme}lan@aﬁlcﬂéuﬁwmg anosffeofiveharapelparticle size
wherein the effective average particle size of the
othairresis e a e enceifie sificacy elsbonhene WERK AT 8553 er ons. 8.
The c OS'%t &Ft 81f1e éﬁkﬁ&%{@tz 111%}95&1 n the effective
average’ particle size lﬁe ol anzapi ne particles is
sel ectey f ropharimacgrtioally wopsthlleicagieaf | ess t han about
4900 nm | ess than about 4800 nm |ess than about 4700
nm | ess than about 4600 nm | ess than about 4500 nm
SS tl’l?ébo%%%ﬁtloﬁﬂglaﬁml WasRid RRoABe ot BARNIAstet RIS Ea
an out 4200 nm Iless than about 4100 nm |ess than
ainﬁamusbuiar or swxutdnesss injestoragroastto Jom0a denotl ess t han
about 3800 nm | ess than about 3700 nm | ess than
about 3600 nm |ess than about 3500 nm |ess than

apout BAOQIRBsitlRSST clat@ 2, Mhetéin $3WCpstTElchs?s $hd dlaikapine at
about 3200 nm | ess than about 3100 nm | ess than

atheapewdicitvald fr 2 nesied of s fiomw abow Yo tawhout X vacksn
about 2800 nm |ess than about 2700 nm |ess than
about 2600 nm |ess than about 2500 nm |ess than
alpout PukEdnOsitioRse clahar , abetsin ﬂﬁ@l@pcﬁtrnalehses het diamzapine at
about 2200 n | ess, t han about 2100 nm | ess tl
a@@@petz@devqi%ﬂaepﬁw@ RERME AR AhYb EVA iR alqogg‘gvet Wawe?lﬁs s
t han about 1800 nm |ess than about 1700 nm |ess than
about 1600 nm | ess than

5. ‘The composition of claim 1, wherein 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 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 about ten weeks, from about one week to about
eleven weeks, from about one week to about twelve weeks, and combinations

thereof.
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about 1500 nm | ess than about 1400 nm | ess than
about 1300 nm | ess than about 1200 nm | ess than

about 900 nm I|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 nm

| ess than about 250 nm |ess than about 200 nm | ess

t han about 150 nm |ess than about 140 nm |ess than

about 130 nm I|ess than about 120 nm |ess than about

140 nnThd @aspdsiian ofbRith 113BeRM the @%HzidindisabRbied $dnike

| ess than about 80 nm | éss than about 70 nm |ess

t gravD edisipting of A m’ysaﬂulelréﬂgse, ehamoatious PisGe.eni-cTHalline
[ cl t he ol anzapine is

ﬁ?esénfgpg RS éﬁ%g aSge eéﬁ&' F%%%?%Ee group P

consi sting of from about 99.5%to about 0.001% from

about 95% to about 0.1% from about 90%to about, 0.5%

ahd f rois epBwsitonedelem dpplieresoty chyotivsiayriage paists s of

t t nzapi ne and at

I @gg{aﬁ%%énééﬁﬂﬁ%lgiﬂsl abl ik ab%t, 5 ﬁg(t:rg%lsﬁcl udi ng ot her

exci pi ents; and (b) the at | east one surface

abiljzer res an anD nt selected fromthe
géoup m@q sfign eirgrh & Cfiety cages Damslsgvs of
bi¥ie WEL r&ﬂh@@%‘ﬂéct@d G%nt @R coﬁast%/ @Memh&mbout
from ab 0% to about 99.5% fron1a out

A4S0 Oe@s tlyn abeilR00 Tingdess than iost 4790aim, Somtihareabodt 4600

wei ght of the zapi ne. an st .one, surf

e e ot 8 R oy o et 4478 B o Hefti g o,
CRENAS IR0 4200 fih Ak than WEHRK 8L 00 AR CleSthhi@ 88out UaRictdng kss
i's selected fromthe gr oup conS|st|ng of a non-ionic

stibalf aloat $9@(hinn; lesy thamabdud ABE0 B kas:@a@ abmit B7@@ am, ess than

SRR 100 0 Sl 4 S vt BhiP Bl YR oy,

Thweuc3IB00as, tieghaf ab@hﬁBZOO]nm,V\ﬂ@@ftﬁarnab@ht BE}IBﬁm,Ollégs than
surface stabilizer is selected fromthe

cRyt S miergnapess diapiabpyt 390wy dess thasy abgat %§%| Ipss than

SRR PR TE i AL s RACh,
about 2400 nm, less than about 2300 nm, less than about 2200 nm, less than
about 2100 nm, less than about 2000 nm, less than about 1900 nm, less than less
than about 1800 nm, less than about 1700 nm, less than about 1600 nm, less than
about 1500 nm, less than about 1400 nm, less than 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.
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benzal koni um chl ori de, cal cium stearate, glycero
nonost earate, cetostearyl al cohol, cetonacrogol

weruwbesFeys Nng wax, sorbitan esters, pol yoxyet hyP@nes2005/041470

al kyl ethers, polyoxyethylene castor oil derivatives,
pol yoxyet hyl ene sorbitan fatty acid esters,

pol yet hyl ene gl ycol s, dodecyl trinmethyl amoni um
brom de, pol yoxyet hyl ene stearates, colloidal silicon
di oxi de, phosphat es, sodi um dodecyl sul f at e,

car boxymet hyl cel | ul ose cal ci um hydr oxypr opyl

cel l ul oses, hypronell ose, carboxynethyl cell ul ose

sodi um nethylcellulose hydr oxyet hyl cel | ul ose,
H&proﬂ&dm%mxpﬁmhafé@én1nWh@WVStaII|ne cel | ul ose,
magne num si.l i cat tri th

pol ywq%jl at:h88 ap“belr“%?S m)‘?lrlro [ onle {ndr}?dmthegmup

LeohbistingdeSfrératabat®d sy tw&bdu,‘t ombwwﬁomlbmmsww Bbout 0.1%,
et hyl ene oxi de and fornmal dehyde, pol oxape
pETD RBeMt PS¢ toabe- §'e ashBepHbON bf g% to about 50%, by weight,

I
9640 8 LSRUSRLAR gl LSRN, iy A9 s
bjléielﬁ,a{otmdllichﬁgitth& exipi¢nts;emdof sucr ose stearate and

3:2 ;gz@p d I,\f’},}%ae{q a8l quéhf ggeosr’]c%taglgeg |r1]s? p)>( ent }/n éngalngllmgtj gelzlgcted
e Lt i T
rebp e 0% to bt 3% by wmgtdefrommbpmyum to about 99.5%, and from

?ﬁbg@g@ hj %cg %%3§‘$ | 6}? Qﬁ gjglsé/c{ onbthlc:e)-tcgta cobin %S&ry weight of the

?ﬁﬁ% 2D Felehyt bid siEPITe AfibilleR Rt including other excipients.
b D- gl ucopyr anosi de; oct anoyl - N et hyl gl ucani de;

n- octyl b- D- gl ucopyr anosi de; octyl

e oo cePaRK T BE e e SRR B e AR PRERRd fleho

Hieden \the @a1p cbnsistiaf 00 An6ARGHiY BRiffe@tabilizBy lan a6t aliracand
vinyl pyrrolidone, cationic palynmers, cationic

Lty R onie sufasa istabHigel eatinie pudace stabilizshiaad 2
95%&8&8%&%&ﬁm%@&bﬂﬁ&? al gi nates, cationic nonpolyneric

cationi ¢ phospholipids, cationic lipids,
polynethylnethacrylate tr|nethylannoniun1bron1de
sulfonlun1conpounds pol yvi nyl pyrrol i done- 2

o Imet HYISAANRASILNG F Fiaith de FRAPRciTb At dPak ey Turge piabilizer is
heXRAQ%Ih Eﬁe’@t)ﬂy <I:ons1st1ng of cetyl pyridinium chloride, gelatin, casein,

phosphatides, dextran, glycerol, gum acacia, cholesterol, tragacanth, stearic acid,
benzalkonium chloride, calcium stearate, glycerol monostearate, cetostearyl
alcohol, cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl
ethers, polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan fatty acid
esters, polyethylene glycols, dodecyl trimethyl ammonium bromide,
polyoxyethylene stearates, colloidal silicon dioxide, phosphates, sodium
dodecylsulfate, carboxymethylcellulose calcium, hydroxypropyl celluloses,

hypromellose, carboxymethylcellulose sodium, methylcellulose,

45



amoni um brom de, phosphoni um conpounds, quarternary
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whenwsphseod ( 2- chl or oet hyl ) et hyl anmoni um br om dePCT/USINE041470
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trimethyl ammoni um chl oride, coconut trinethyl
amoni um brom de, coconut nethyl dihydroxyet hyl
anmoni um chl ori de, coconut nethyl dihydroxyethyl
amoni um brom de, decyl triethyl anmonium chl ori de,
decyl dinethyl hydroxyethyl anmoni um chloride, decyl
di met hyl hydr oxyet hyl anmoni um chl ori de brom de,

%2 c_’]LXg% éf% Osﬁylgf)oxyet Eé/*)htgmmml um }%ﬂlgﬁ ‘geglu%?f%m de,
el s ot s i
TP AP AR 4 e ey TP Lo e Lb SIS iy thytene
o 78 i fo%ﬁlﬁ%yd%%@kéﬂﬁ%r@ HoBsxafifnes! Abliar edjﬂt)HB% m)\ﬁlpld

benzyl ammoni um brom de, |auryl di nethyl henoxy?
adinaisubfosierionicodalkybesics ofcspd@mnﬂfoemcm @6(19)8041um aury]

TRl oo et Guan SRl i ShoRBR MR A ucrose
%ﬁf@ﬁﬁaténpﬁéﬂrl@ﬁylﬁﬁeno&dyp@pr(ggeﬁysl)| mmimwlglamﬂb 4m

chl ori de nonohydrate, dinmethyl didecyl anmonium
oteck p-de gluopyrinpsidsnar-deeyl B- Eﬂylaltnpmmlne n-dodecyl B-D-

I NG A R D
%ﬁaﬁbﬂu%d%lgﬁ%wdg% ﬂtﬂ%@*{ gzthldg%wo\é del £-hBEJ1pYb-

adllyeyahoaideytdibad HIN-atety Flubarsidb in-neyl feDARgydpgtaddside;

trialkyl ammoni um salt, dial kyl benzene di al kyl anmoni um

cesitasoly gf mmtlwlgh@@w@ﬁ weadiyiB-Bheiernyrnenidsy peii B-D-
| b
AP e R TR A AR 0 Bl pEG-

%H@Pdéf&dﬂ)ﬂdﬂi@ﬁﬂ[%' PBGRE i A Rh@loh@polymers of vinyl acetate and
dodecyl di net hyl benzyl amoni um chl ori de, di al kyl

b‘ényla:rmhvdyne ARHAING DOWYBISTSo FRLiRBIC ap@lymersy PAHORKY |

SPBALAI o 4 9L AT s, ST o

tcrdmireiuhgli; camsmmplumphmmpmsj eauorﬁﬁﬁpﬁis |pmb5tmqthylamdmmyﬂm
brom des Cl7 t{’l net hyl _anmmoni um br om

es, .
Tirnpurt progy s LB COFAREHY Pglaylnylpyrrohdone-Z-
dimethylaminoethyl methacrylate dimethyl sulfate, hexadecyltrimethyl

N

ammonium bromide, phosphonium compounds, quarternary ammonium
compounds, benzyl-di(2-chloroethyl)ethylammonium bromide, coconut trimethyl
ammonium chloride, coconut trimethyl ammonium bromide, coconut methyl
dihydroxyethyl ammonium chloride, coconut methyl dihydroxyethyl ammonium
bromide, decyl triethyl ammonium chloride, decyl dimethyl hydroxyethyl
ammonium chloride, decyl dimethyl hydroxyethyl ammonium chloride bromide,
C12.15dimethyl hydroxyethyl ammonium chloride, Ci,.1sdimethyl hydroxyethyl
ammonium chloride bromide, coconut dimethyl hydroxyethyl ammonium

chloride, coconut dimethyl hydroxyethyl ammonium bromide, myristyl trimethyl
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pol y-di al | yl di met hyl anmoni um chl ori de ( DADVAC),
di met hyl anmoni um chl ori des, al kyl di net hyl anmoni um

whadoepewsdzles, tricetyl nethyl ammoni um chl ori dBCT/US2005/041470

decyl t ri met hyl ammoni um br om de,

dodecyl tri et hyl anmi oni um br om de,

tetradecyl trimet hyl anmoni um br om de, net hyl
trioctylammoni um chl oride, POLYQUAT 10(tm,

t et rabut yl ammoni um bromi de, benzyl trinmethyl anmoni um
brom de, choline esters, benzal koni um chl ori de,
strRRbAKPREHUP SllhiRkd, deir GIRITReMIOSonz i oRNifd A deMauryl
brom de, cetyl pyridiniumchioride, halide salts of

climethyhberel gromppiuyebopnide, dgurrdimetiy] (ativsegy) emmonium

A T(t k i di ni |ts: .ani i
it T hiog G ooy R B dfim B nE8R ) Gl e
O flire Etheb¥nAL Ehedhiele Shlomet, V-haEC  adieidiiai benzyl
pol yners, and cationic guar.12. The conmposition of
cimainaninm prisiel Mrtstradecylidmatbulbenzyb pmimaviug ¢hlegded fr om

P giRe JR0RL 5L A0 R e B SLAR R RET AT TR ™
cdimptisil 1 inapth9fmeth gl aimrhonitir dhheidecoinethyd bmenoatunt Baile,

one addi tional ol anzapi ne conposition havin n
etk detpmpthiarap apEnsalts; Sy S e tarenong ity Rt

et Gl dnfifth IHRrid¥ &t lzf’?&f zﬁk%n%%ﬁél%?lﬁgﬂgﬁlﬁﬁmonium

t
ol anzapi ne conposition of “claim onposi t1on
ofaltchrasthwdylated! thdllyd nairhgnico splt,idsilkgbemrene diatkytammonium

nqnol. [ ti ts. 15... T i.ti f
cititifes e Bietnf g o St Gt ez
eAAE PRIBAAS HonolRirall IR HONIREL) AR kbl hierhyl
composiutr avorate, dbddcpldimethiberdyh amimonsunpbloride, sialky

' b i th 3. d 18. Th .
SRS e e AR P el iy

NERIBéNzyl methyl ammonium chloride, alkyl benzyl dimethyl ammonium

bromide, C;; trimethyl ammonium bromides, C;s trimethyl ammonium bromides,
Cy7 trimethyl ammonium bromides, dodecylbenzyl triethyl ammonium chloride,
poly-diallyldimethylammonium chloride (DADMAC), dimethyl ammonium
chlorides, alkyldimethylammonium halogenides, tricetyl methyl ammonium
chloride, decyltrimethylammonium bromide, dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride,
POLYQUAT 10™, tetrabutylammonium bromide, benzyl trimethylammonium
bromide, choline esters, benzalkonium chloride, stearalkonium chloride
compounds, cetyl pyridinium bromide, cetyl pyridinium chloride, halide salts of
quaternized polyoxyethylalkylamines, MIRAPOL™, ALKAQUAT™, alkyl
pyridinium salts; amines, amine salts, amine oxides, imide azolinium salts,

protonated quaternary acrylamides, methylated quaternary polymers, and cationic

guar.

47



19. A nethod of making an inj ectable nanoparticul ate
ol anzapi ne conposition that produces an intranuscul ar
wale@ensspdn admi ni stration conprising: contactP@myUS2005/041470
particles of ol anzapine or a salt thereof with at
| east one surface stabilizer for a tinme and under
conditions sufficient to provi de aol anzapi ne
conmposition having an effective average particle size
that results in a therapeutic efficacy of about one
week or greater. 20. The nmethod of claim 19, wherein
the contacting conprises grinding, wet grinding,
honogeni zi ng, or a conbination thereof. 2 1. The
nigt hodllsfconipasition @f cwrre rlecqmprtsenga suséack viebidigerr sedpsted from

1Rt et S et s aE BRgalioR Rk Lo e B S uld "

vdaattehdtioh ner&dff ecti ve average particle size of the
ol anzapi ne particles is selected fromthe group

consisting of | ess than about 4900 nm [|ess than about

| ess t . 0

o1 offe pRERLHR DR, S QhorlfiracpB oAl
| @&&zapina borapesitiof B AnH M eff@tise h%ﬂg@;kmuéle 4i20hivh is| ess
t han about 4100 nm | ess than about m crons, |ess
tdiareabibuitthg oiertivis avewee PHgls ss & th es@e@waw cpmpesiipm Al
al.g H{ 3700 nm |ess than about 3600 nm | ess than

3500 nm | ess than about 3400 nm | ess than
about 3300 nm I|ess than about 3200 nm |ess than

about 3100 nm. | es an about m crons, |ess than
afout Hgcemmpeitioged ¢ clati HEtkna HGOMRAFIE 88% OF WafF non-

ot 2L Qi Mech@SS than about 2600 nm |ess than
a(gouthSOOlnrngeless t han about 2400 nm | ess than

about 2300 nm | ess than about 2200 nm Il ess than

u 10 les ut 2 ess. .t han
2Bout TscombinegSd ol st Bl ot i AR peg o
t fedhtidBREdsadt/ 00 nm Iess than about 1600 nm | ess than

about 1500 nm | ess than about 1400 nm | ess than
about 1300 nm | ess than about 1200 nm | ess than

aPC»OUt ]éoc%nﬂ)ngttlogso% 1%r15,axgﬁélrgmlt99 Qnt?dgprésﬁi‘?‘istfﬂ?o@(etine.

17. The composition of claim 1, wherein the composition is syringeable with

a 23 gauge needle.
18.  The composition of claim 1, which is well tolerated by a mammal.

19. A method of making an injectable nanoparticulate olanzapine
composition that produces an intramuscular depot upon administration
comprising:

contacting particles of olanzapine or a salt thereof with at least one

surface stabilizer for a time and under conditions sufficient to provide a
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about 900 nm I|ess than about 800 nm |ess than about

700 nm | ess than about 600 nm | ess than about 500

| ess than about 3POI/HR3005/041470

| ess than about 250 nm |ess than about 200 nm | ess

t han about 150 nm | ess than about 140 nm |ess than

about 130 nm | ess than about 120 nm | ess than

about 110 nm | ess than about 100 nm |ess than about

90 nm | ess than about 80 nm [|ess than about 70 nm

| ess than about 60 nm and | ess than about 50 nm 23.

A?IHH%] Efﬁg b %ﬁgn thﬁ\ﬁﬁ% 0% BffeQfve %Véﬂégé g&{lclf: Q7 Hh QEIBE $n 2

cen nervous system conpri sing adm ni stering

t thetadpente difiencty ocdbedtfone tievle ongmatet. of an i nj ect abl e

conposition conprising: (a) ol anzapi ne nanoparticl es

havi ng an effective average particle size of that

regul teyd ﬂﬂeﬂaoa B@ EM}E Ybi wh&biteaeont&tin %Q@Mbn@ééegrﬂﬂﬁig Qlet

greater (b) | east one surface stabilizer

| garstingy hempsqnmg,e@na embigatpodepeabl e carrier. 24 The

met hod of claim 23, wherein the effective average

particle size of the ol anzapine particles is |less than

apput Phdetheddf claim 19Nwhéreinhine c@éctiveabdra@dparitblesiedf the

the effective average partlcle si ze of the ol anzapine

pelenzapingparticlesdp &ass Eunfabth X RESoup consi sting of

| ess than about 4900 nm |ess than about 4800 nm | ess

t han about 4700 nm |ess than about 4600 nm |ess than

apput AeOEOMasitiorss cldimr? latvheteiithe @ffacnvelagsimge particle size

about 4300 nm |I|.ess.than out (4200 nm .l ess

a%ﬁb@ 0 WIWartl@g%lStSﬁlsﬁegE@mt hg gﬁ?t&lr?&ﬁ%lsmrge%@ewaw about
nngags% tHAR al{o%% §8(§(ﬂﬂﬂ 180H4n %@4%@ nﬂl Bess thQ@Qbout 4600

about ess t han about 36 nm | ess

ahmulessa;ﬁﬁlﬁ)abnnt 4506 amt leasithaip ebdut 340@)nm;dess’. thes abtbuiFiBOO nm,

a5t sy A0 e st AR SBm LOG iy IPb e TGS Fihzpps. oo

afiaHbb@? 8900 Min, 188 thah RBHLLRROVhn? RRY tHAMab&RSTOD AdH) less than
about 2700 nm 'less than about 2600 nm | ess t han

altout 3@(Enﬁn;ﬂ|¢$s thess sbauit 350 iyoutestha abent 3#@Erm; leahthan
aa Ool{l 3 n1n~§s tklessbout 350(? gl%ultess t% al%ﬁt 3 i(?(f’ t ﬂe"é\s 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 about 2500 nm, less than
about 2400 nm, less than about 2300 nm, less than about 2200 nm, less than
about 2100 nm, less than about 2000 nm, less than about 1900 nm, less than less
than about 1800 nm, less than about 1700 nm, less than about 1600 nm, less than
about 1500 nm, less than about 1400 nm, less than 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
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about 2100 nm | ess than about 2000 nm | ess than
about 1900 nm less than | ess than about 1800 nm | ess

about 1500 nm I|ess than about 1400 nm |ess than

about 1300 nm |ess thanabout 1200 nm | ess 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

t han about 400 nm |ess than about 300 nm |ess than
abEUtm, A5Q (RAA alldRs 306 BAMCADEHS ABAR 90Hin, 188 tahBBuEROLh,
150 nm less than about 140 nm |ess fhan about 130
nliess thasabauh 40 natb dass theR @beuh 60| nms,santdHess thapaboutlIOnmm

| ess than about 100 nm |ess than about 90 nm | ess

t han about 80 nm |ess than about 70 nm | ess than
apput Ahdiiad fonthd estméd 3N a afisjBét 16PdiBdRerd 8 theheniret hod
of claim 23, wherein the depot rel eases the ol anzapi ne
allerYdye sEp et domprisingl admingsterng tor the quliect en geeetisrana®int of an
t: t _8i d 27. The method of claim 23,
mﬁg?%ﬁﬁqg cﬁ@%%f%ﬁ§5§g§95 t he ol anzapi ne at

t her apayt i Colagrepin® Hafdpadtiddey havtheodn dffeotivd svamgeiouiclé vae
to about twelve weeks. 28. The nmethod of claim 23,
vibfdhatiresulty &n o hsaapentis effiseay afipbowt e issk 9E Segater;

theraqﬁ ticmhé%?éﬁséﬁ&,@mﬁﬁﬁkad of tinme selected from

t he group consisting of one week to about two weeks,
from gbput aneashwerk phamabaicaliyhaeeptablelcsrriekr om about
one week to about four weeks, from about one week to
about five weeks, from about one week to about six
vweeks, THd QBIhB8 94 L1aBR 83 WRR eih FhabiPst:ive ViRt e sz 8Mhe
about one week to about eight weeks, from about one
weetkzapine gphgiclesris tess thae Risqut Prmoeratsout one week to about
ten weeks, from about one week to about el even weeks,
from about one week to about twelve weeks, and

coyTbi Nextd ABhol BEERRA 24, 3%herdinehd B Bidle ferfdebaNicld size of the
wherei n the AUC of the ol anzapi ne, when assayed in the
phlarzaping Pagickasripreglecied Lemjteegropp cpesiting of Hyse gaaiabeut 4900
agm |0d Sh L5 QP 4§6(fm9r1]%?sttﬁ£n SRRD 4508 ndYSsd Rin fbout 4600 nm,
non-"nanoparti cul at'e bl'anzapi ne

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 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 about 2500 nm, less than
about 2400 nm, less than about 2300 nm, less than about 2200 nm, less than
about 2100 nm, less than about 2000 nm, less than about 1900 nm, less than less
than about 1800 nm, less than about 1700 nm, less than about 1600 nm, less than
about 1500 nm, less than about 1400 nm, less than about 1300 nm, less than
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formul ation, adm nistered at the sane dosage. 30. The
nmet hod of claim?29, wherein the AUC is selected from

about 50% at |east about 75% at | east about 100% at
| east about 125% at | east about 150% at | east about
175% at | east about 200% at | east about 225% at
| east about 250% at | east about 275% at | east about
300% at .| east about 350% at | east about 400% at
| east about 450% at | east about 500% at | east about

S583%e 1200 iR Asks RO Eoub D050 nial lehLiRsd at@e W00 B Yes@than
| east about 700% at | east about 750% at | east about

860y 961 nmelest thah gbaut §80 myn, lass thag gboud A0 mny dessgthagy about

| 0 0

G5 00 20000, 5t AR e 0, 51 ey R .
allesd thas ib@ab 290 nik? 0R394hgh @B 200 ad) 1dsh ehaAdBoax it Goirh Hesshlyan
t he non-nanoparticul ate formnul ati on of ol anzapi he,

atheih] 4t mRelysathar RO 4 A N Lo E1an 3houtHRE iRl ey dhapr about
ci 131 1{H1,21§ss Mhe Fl%u”ﬂ 15@?111%%@@1‘% bBolt 98 %1{, Peds A a3t 80 nm,
indication selected fromthe group consisting o
slets thaphiven i78 nan dess daatabdutgymrh.osddess bhgmodbant fitimina,
bi pol ar di sorder, seizures, obsessive/conpulsive
di sorders, generalized anxiety disorder, post .
t JAUMBTh Crm@idl o8 S hirk ¥ B W REBIn (RX BERIEISRYO@S DlarPhBREl C
nerve pain, snoking cessation, and depression.

therapeutic levels for a period of time from about two to about six weeks.

27.  The method of claim 23, wherein the depot releases the olanzapine at

therapeutic levels for a period of time from about two to about twelve weeks.

28. The method of claim 23, wherein 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 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 about ten weeks, from about one week to about
eleven weeks, from about one week to about twelve weeks, and combinations

thereof,

29, The method of claim 23, 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.
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30. The method of claim 29, 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.

31. The method of claim 23, wherein the method is used to treat an indication
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.
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