STABLEown:qv:LE yiNzmuLe.noirss The present invention relates to pharmaceutically stable
nanopartiele formulations of poorly soluble drug substances. This invention also relates to processes
for the preparation of 5such formulations. BACKGROUND OF THE INVENTION A major problem in
formulating many biologically active compounds is their poor 10 solubility or insolubility in water. Oral.
fonmulations of water-insoluble or poorly soluble biologically active agents frequently show poor and
erratic biciavailahility. Consequently, small particle formulations of drugs are often needed to maximize
the surface area and, therefore, FIABDBESANSIRG RRHCTISSBORYHTATODN® active agent.
Compositions containing nanoparticies of drug substances, that is particles generally having an
average size of less than 15 about 1000 nanormaters (mil), in suspensions have shown success in
increasing the bioavailSoMeyeat PEETRPEdrINRS Huemisestically stably nangeartisln dopmylations of
water-insolublganigaothplsainiylevbstivecs ubBiansediestidl e:lafee b thivodikatedr Hepadastspension,
and for a glano&%tifélﬁﬁhﬁﬁggsion (nanosuspension) in particular, there are two destabilizing
processes against which the suspension needs to be stabilized. These processes are patrticle
aggregation or flocculation and particle growth by Ostwald ripening, resulting from changes in solubility
due to temperature fluctuation during Stokageo U 0w ¢taMparaie@sgnsitive the drug solubility is,
the more susceptible the suspension will be to particle growth by Ostwald ripening. Conventional
rianosuspensions (generally, suspensions in liquid vehicles) are stabilized against aggregation by
surface 25 modifiers 4forasapipitenn dmitmievbditacrans bplelgaie rstirratempadsdeibdbicorpocthe drug
particle gyrfaceeighy s fassumadifiars siabilaaiths-igipatiglenrs Adkasiil of wRBHipigRMue to the
steric interactign fpetw en the pol%/ﬂme iCc chailns of surface modifiers protrudi_rllt%érom the drug particles’
surfaces. This &f 85{08@15@%%603@ & HERIFR I Hh RN BE0L AL SR (RRed e shPRscERFRBYIlymer
adsorbed layesmgh pagigarfioims!afibes sufifdoes rmodifien meydalso stakilinec30cagaist erystabhdjrowth,
wherein the pohuRes: OrRORiIoRiGI M HEHANEIQERE & ek Bkenim.op 4&&&%%&3{@#&@&%&4%%

crystal to grow out onfy through the openings of the net, and, hence, slows down crystal growth. The
more condensttF UREHE RIS P piesriftils RAGetRen e o pHIFia propestizs ahlstdBility to
stabilizelthe pabiioled @ifainstaonystal Ggrowvtlin Neseritielesbaeertaswnastepastidle suspeitgiothe
formulations C%Miﬁa"dﬁ?@%?%%& agtivg gg&%g&gﬂ%@_ aggregation even when a surface stabilizer or

modifier is present, such as when the fmmulation is heated to temperatures above the cloud point of
the surface stabilizert Atqeiihts dbatasatssiesahdiicdpnerpsisr i ety stubiippsrdaeableisteehom the
narioparticles aitiubetecipinteyleavieasihe raddpardelaspuapeniatipensidie unpaigetsibmanpparticles
may then aggr [nt sters of particles. Upon cooling..th rthce stabilizers may redissolve into
the solution amé%%%%ﬁé’gﬁ’eﬁ%@%@%‘ﬁ%ﬁ%@n? p:d \I/I(lesrﬁ‘?#é%n 'r%r?lu |§nss(1)%r|1a?ﬁgﬁrﬁ)o§rﬁore
desirablébsmaffébibasticlddiese proceassssrgingiiche ikegreseifardiapmlprieacadimaristio aresBrévid.e
stable nanopadigild diferimyatianmihasdenekee gy isenibaiysaotatsufaca @ adiienion shakibizer.
SUMMARY OE TUE INVENTION The present inyention relates tg, pharmaceutically stable
nanopratiele fStPrF\aL%%.tiol}rlll? 1@%‘8&%?%?%‘%% ?cgls ésl,vgg gepéﬁuﬁysg&%@g di l’u(gi%s dbstancs ﬁﬁ’%ﬁ%’/ggﬁ’aen
average particieseizaion ik up o pivtele 20O by £Priver!dotideninge riisotihtiis plorsiosepdrigiens

(generally, suspensions in liquid vehicles) are stabilized against aggregation by surface

T

25  modifiers (for example, nonionic surfactants or polymers) that are adsorbed onto the drug
particle surface. Such surface modifiers stabilize the drug particles as a result of repulsion due
to the steric interaction between the polymeric chains of surface modifiers protruding from the
drug particles’ surfaces. This effect depends on the nature, thickness and completeness of the
surfactant/polymer adsorbed layers on the particles. The surface modifier may also stabilize

30 against crystal growth, wherein the polymer or nonionic surfactant forms a net-like film on the
crystal surface, allows the crystal to grow out only through the openings of the net, and,
hence, slows down crystal growth. The more condensed and the less porous the film is, the

better are its barrier properties and its ability to stabilize the particles against crystal growth.



The present invention also provides processes for preparing the stable nanoparticle formulations of the
instant invention and to methods of use thereof. 20DEtAILED DESCRIPTION OF " E INVENTION

A key feature of the nanoparticle formulations of the present invention is their ability to be stable
without having a surface modifier or stabilize/ adsorped onto the surface of the drug particles. Unlike
conventional runiesuspensions, the stabilization mechanism of the 25 fofintilatioxis of the present
invention does not involve a surface phenomenon. The solid or semisolid vehicle acts as a stabilizer
against angretjatiathblysa, physicahedtect da sinp axrdin| ifyroithe o eegnjar tiedestiblb en dtieegrote forms a
solid at room {eaaRratre, 234 GAIRAISERELOtaNRIL IS ENERE RISyt SIOPS. QiR down the

drug particles’ movement and, hence, prevents the drug partietes from ang%elzéfatln . It Is generally
known that th&™SB"&fisity Rpied (R SerBREHIRE 828Es itR tHe DRéeosinfsr tdreR RERl S dispersion
medium. The salittansenisslidhshibledistmionmaae phydicak daserrdgrinsihparicieagiawtindl he

closely packed str e -par lj isqli tthE not provi tals with
Cpace 1 row R R e e e T oes
sensitive to SIAEETE-MENS THSH 9 Riftideth R A Ssbiubilty 8 Berrsighititsseanee wligsalyeigtoehicle,
and therefore jitbe figtiblisalicion st SYSRErtsILIIHIRESS IR gRIIR fehery Stah0amsbinOstyaid
npening. A "po%rrlg e?;lua e Qnrqlél? §ug§tggsce" of the present invention is a drag substance having 5 poor
solubility in Wé?er, atis, less e abodit 10 mg/nit at physiological pH (2-7,5). Preferably the water
solubility of the drug/sesiostingte is ledhethbischisdihs pragent) imnendopréfaraigd sttt anngbutielt menl,
and mogpprefgratlisiRas dhaaARR Wil mensk JhesciticeshhfiRpeesartisrended within the dispersion
vehicle or matrix at molten temperatures. Therefore, a poorly soluble drug substance, as used herein,
also has poor solubility in the 10 dispersion vehicle at molten temperatures (that is, temperatures at or
above the melting point of the solid oiSSEiyE ERINETI@#DNPrektably, the drug substance

solubility in the molten dispersion matrix is Iesstan about 3 mg/g, MOTO preferably less than about 1

mg/g, and most preferahlyeless thantRRorifs MeRl-neweisfredvrmbedineste themanepartiele
formulag ns of the presen .irllvenéion 1? co%%}gd oorl qub#e drugrtsubstance n nolpartHes having
an aver Ee p&rticTE SAPEF1ESE thaR Bhd P nrﬁ?%%rséf‘é’%b R 1Be SRR S RS0 more
preferably leséhthahaibd0iBo0 roha aelitl in sariselidedisissiahaehatsout 500 rim, In another preferred

embodiment, the napgpatigls fAraHaNs YhibRRr ?&d&EJ&V%}tR@p‘ﬁHHEa{HeDQ%W aplepigitvg
substance in \%r%éh at least 90%, and more preferably at Ie(gﬁé9 %, of the drug particles have a

particle size 2B/RUaHARS SHBGATIO RYSRHICD 2340 HHBaM FrBBEFEbIuble drug substance in the
nanopasticle formulations of the present invention ranges from about 0.001% to about 30% by weight.

in a prefgyred embodiment thg3RRwER HRSEREPIHPIR HF IS es from about 1% to about

20% by weight. 25The naimpartithe Toinulations of the present invention preferably contain a

therapeutically effective amount of the poorly soluble grug suhstance(s), . The term "therapeutically
effoctive amount.” 2 FELGPHUTE AT AIEABELI ErRGAL R o OB AR b ST AT
formulation bemieathviaistéred baeinis suffferenntdifie werstaddirtopisweridodo dikewatecteoBbme extent
one or more of he symptoms aidhe HiReRsRP eI HeRlRtbds KaWiseni BRI alaRgtsaly gifective

amount of a nanoparticle pharmaceutical formulation refers to an amount of such foimulation that is

sufficierfto preVBREHYES AR SR bIMAAIEACRS S8hiRvaleA B o PRTBIE BIome MBS of the
disease beingéfﬂa_wd,dmﬁﬁam_siaérsgs_tktelizﬁfeaghiﬁ_saggmgamdgsapwmb&b@fommgm@iﬁtgonsidered
by the attending diagnasticiamnclysing. Rl iichics 5 aPRCIGS:0' ARG, 5. g 29 and
general health; the spe n’fc Isease

consistency of a very viscous semisolid, it stops or slows down the drug particles’ movement

-

and, hence, prevents the drug particles from aggregating. It is generally known that the
30 stability of a suspension increases with the viscosity of the vehicle or dispersion medium. The
solid or semisolid vehicle also forms a physical barrier against particle growth. The closely
packed structure of a non-porous solid or semisolid matrix does not provide the crystals with
space to grow. Additionally, the solubility of the drug substance in a solid or semisolid matrix

is less sensitive to small changes in temperature than the solubility of a drug substance in a



involved; the degree of involvement or the severity of the disease; the response of the individual
patient; the particular compound administered; the mode of adminisnution; the bioavailability
characteristics of the preparation administered; the dose regimen selected; the use of concomiiant
medication; and other relevant circumstances, Sylitable drug substances can be selected from a
variety of known classes of drugs including, for example, proteins, peptides, nutraceuticals,
anti-inflanunatory agents, NSAIDS, COX-2 inhibitors, analgesics, lintimuscatinic and rinfacarixdc
agents, cortbobtpudidshiclgstadehimbibitorse enuslagyahsrapiespanimmelics, mewopioteetigstaigents,
cardiovasculargﬂgﬁﬂ@y &t@gﬁgwﬁ@ agents, lipid regulating agents, anticoagulants, arithelminties,
antiarrhythmie agents, cardiac inotropic agents, antihyperte,nsive agents, diuretics, diagnostic agents,
diagnostic imaging agents, antiyiral agents, anti-fungals, antibiotics, aritirnycobactetial agents,
antic,onvulsant agents, BIfticli& 3@8 3 §ﬁf§?sﬁ?ﬁ8pﬂggﬁé’§? SEUALSRINHR &GRS SRR TR
agents, ilmmunesuppiekiiyeiageats, dmrtitiyrbics dyanishoyididragehs, pintiddépgessabts(21565).
anesthetics, amxiglyligPaRN Gy RORHRRy NAUIRIERIISSs ASIENIeR T ReiamARBaN o SRPIAL, RiRFKINg

agents, dopaminergies, haemostatics, immunological agents, muscle relaxants,
parasyncipath8FirRteess SRy Carmnd Bt SLBRGRATLSS thasabg fdhime/falyidhe drug
pharmaceu_tic_edsbgiecei@&,se@em_teﬂrwmﬁs, ﬂt&rﬂjkaaﬁoandehmﬁﬁem'g&yrnmatbdinima@mmfaﬂgrgic
agents, a”t'h'sﬁ@é@gfgfeﬁg)%%ﬁfﬂf?ﬂ ?é%{%ﬁsu%f%ﬂgélaéﬂﬁe&%%ﬁﬁ% egaﬁgg,téuﬁgiﬁgqﬁﬁﬁgpﬂon of

these and other suite rugs may be d, for example, in Martindale, The Extra FiZartnacopoda,
31sE Edkfbn (Hiseepirgriehicts ticaebra senpeaisss, (ebe), ey erdtiss ot etobRtRdhei e RRgRpint
incoiporated byfreiesene o Rdisentrakpekhs Geiiia) bBtaRaasyARecRIRVeISIaIlY slablleatd/or can
be prepared by teehniques knownin .., JEXPIRES of RLeferietRoRLY RIS ATgy for the
purposes of the present invention inc ude & P v &
7-chlorn-Ar, P 1aBdtrseagierablp lassiirrerbp B0 diZgcirci-4U-pyridazino[4,5-lijindole-1-
f':lcdetlai(unle,6-1‘2[1t_)ro-Sinxaqii&x;)&%’e@lf&ﬂﬂb)zsul'1 &n%x:rnﬁﬁﬁmébaﬁl@wb&m“_b }tianSIjsllﬂblmérgrfeM{d?B%nﬁgh] |
indol-l-one, and isopro - -3-[4- ilantylaining)propyllibenzoyli-lbenzofuran-5-carboxylate
furnarata 30 AR B RE G BRI S b TRy 7 811 Shoriole.1-
acetamide. (haéheimatfost 10 mpo preferddindessiteafollowi 7§ Chenticar snefetehly: lSotimsoahedt K8 ompound

A'is useful as, {gr example.aiigHopgtecivangenilionthe tieatment Yrarhrdradpasnriative.diseases
or as an oncology the,rzig utic for the treatment of cancer, and can prie)ﬁglre%accordirk% to the basic
procedures deREIBARTT dPE iRt Ndhe BES Y4B SR P U8R DUSE U Ba ARE NS XS5 29,
which patents whishnatdepo (¥ dml refer preferdidyairicast 95%, of the drug particles have a particle size
6-FintorezP-tngthyl2-phemvilsdy LRyrrolidin-1- ylcarbonyl).-2,9-dilaydro-lhi-pyrido[3,4- 10bin-ido14-one

(hereinafter "Compound B") has the foIIowinq chemical structure: Compound B .
The amount of poorly soluble drug substance in the nanoparticle formulations of the

present invention ranges from about 0.001% to about 30% by weight. In a preferred
embodiment the amount of poorly soluble drug substance ranges from about 1% to about 20%
by weight.

25 The nanoparticle formulations of the present invention preferably contain a
therapeutically effective amount of the poorly soluble drug substance(s). The term
"therapeutically effective amount," as used herein, refers to an amount of the drug substance
present in the formulation being administered that is sufficient to prevent development of or
alleviate to some extent one or more of the symptoms of the disease being treated. Likewise,

30  a therapeutically effective amount of a nanoparticle pharmaceutical formulation refers to an
amount of such formulation that is sufficient to prevent development of or alleviate to some
extent one or more of the symptoms of the disease being treated. In determining the effective
amount or dose, a number of factors are considered by the attending diagnostician, including,

but not limited to: the species of mammal; its size, age, and general health; the specific disease



isCompound 1 is useful as, for example, an a-axial:y-6.c agent for the treatment of anxiety or as an
anticouvulsant agent for the treatment of epilepsy, spasticity, or muscle contractures; and can
prepared according to the htmic procedures described in U.S. Patent No. 6,075,021, which patent is
incorporated by reference herein, 5Compound C is pyseful, for example, for the treatment or
prevention of arrhythmia as an antiarrhythmie, and can prepared according to the basic procedures
described in U.S. Patent Application Publication No, 2003/0225100, published December 4, 2003, and
WO 02/16339 ipuittishetid-deggaryi2@voneaenhic Hireferenie ofrédndiorpes afed lospreferefidkeherein,

10In the nanopadtigiefopmiiations ﬁmgler%ﬁ@wmemﬁmge&i% %Pﬁ%ﬁammt%h%enha

crystalline state or amorphous depending on the drug substance and drug concentration

dispersion vehidf8 G AE B SRuAt ERtioh TS Brﬁ%@ﬁﬁéé@%ﬁfﬁﬁnﬁ‘mﬁm&sﬁeﬁ%aﬂ’@rlal which
does not adsodseorftenthersitaiacedédtiendrng phaticle)asuidabledancdd pharmaceutical preparations,
such as far oral and/or topical applications, which is a solid or semisolid at ambient temperatures, but
melts above room temperature, Preferred dispersion vehicles are those that melt between about 30C

and about 110C, OtheH3ReHsE VRHRIEsS 8 hrosdlaried MR Betaristn ofbsriotiasi absuesoc, and
more preferabiyrdmtmg,etbreéi@mp%ﬁrcaadsab@ﬂid&muﬁdwﬁwer&tﬁﬁn\fﬁhﬂa@@m@m@, sipgi®snaterial

having the preyigusly, 4 AGSciRsd RIOPSHISS,QLAMIIUS.CLMACIAR. (Uah Ar.[os.cxpmRle. an o
and a wax) that when combine frie a aso or semls t ambrent temperature and melt

preferably beldthidBe Prodosndherprisfe raligristiow mrs@er%&mest%r@@m%amtabout dot.

25A semigolid gispeseien r@a’t@lehﬁa yspdnapeipelt matRHal RN nemahmateralsthatihen
combined have th%olo %acp ertrecs of b%th a{l urd nd a solid. W en tand n theg have a high
consistency afdd eagln o] ﬁ’c?\}v ufftitaforce & té%"(f%%"é‘xa rﬂe B spreaaa g, df

extuding), whickrgnastic do agitrgnigemim W@Iﬂ@kﬁ%}@eﬁﬂnﬁwaalagmbldyrélmdbmuhl @waracteristic

of a given semjigglichftgsitheMelthvaliris %@@qﬁ@eﬁfeﬁﬁm% rqéogabeygg%erqm
semisolids flow, whereas solids def orm when sh ea stress excee&rﬁ;%‘étl eir yleld, va clgpe is a Iled The
0

viscosity of seﬁ%%f’rdé’?é‘%%%‘ﬁﬁ'ﬁﬁ?‘é‘h B8E°Sh e AT THIRA O, AETFEY IRESTHiHaE ée§ F thinning,
that is, tHéir visoeglistidecreasdstas dzenthehynnctiensespthativscosityngisds ddoreasdsavthptor

temperature; g,paiagaleoidd beamalidial r%Q%B@fBR@raﬁHfﬁuﬁﬁ%gféES HRdR! sherlShgss.ppove the

yield value) and semisolid at elevated temperature (flows under shear stress above the yield), or a
semisolid at rdSHSERRPERRIRS i ATEUT UL e eRlcHerRenfiRiicfRfynates, - prostaglandins, radic-

pharmaceuticals, steroids, sex hormones, stimulants and anoretics, sympathomimetics, anti-
allergic agents, antihistamines, cough suppressants, vasodilators, and xanthines. A detailed
20  description of these and other suitable drugs may be found, for example, in Martindale, The
Extra Pharmacopoeia, 31* Edition (The Pharmaceutical Press, London, 1996), the disclosure
of which is hereby incorporated by reference in its entirety. The drug substances are

commercially available and/or can be prepared by techniques known in the art.

25 Examples of preferred poorly soluble drugs for the purposes of the present invention
include 7-chloro-N,N,5-trimethyl-4-ox0-3-phenyl-3,5-dihydro-4H-pyridazino[4,5-b]indole-1-
acetamide, 6-fluoro-9-methyl-2-phenyl-4-(pyrrolidin-1-ylcarbonyl)-2,9-dihydro-1H-
pyrido[3,4-b]indol-1-one, and isopropyl 2-butyl-3-[4-[3-(dibutylamino)propyl]benzoyl]-1-
benzofuran-5-carboxylate fumarate.

30

7-Chloro-N,N,5-trimethyl-4-oxo-3-phenyl-3,5-dihydro-4H-pyridazino[4,5-blindole-1-

acetamide (hereinafter “Compound A”) has the following chemical structure:



A semisolid dispersion vehicle of the present invention can optionally contain a number of materials to
produce the desired consistency and texture profile. in an ointnaerit- 10 like semisolid, al/ of the
materials in the vehicle are miscible (single phase vehicle), as, for example, a. vehicle composed of
mineral oil and petrolatum or a miscible wax SI3C13 as paraffin wax, which can be used, for example,
for topical dosage forms. Examples of preferred oral semisolid dispersion vehicles include mixtures of
a vegetable oil (for example, soybean oil) or medium chain triglycerides with one or more of the
following: high melting point IS hydrogenated vegetaple oilfyegetable stearine), ester(s) of long-chain
fatty acid(s) such as glyceryl hehenate (commerciallyk gﬁvn as Compritoe), and/or an edible wax, for
example, castor wax or beeswax. Additional examples of hfﬁ;erred dispersion vehicles include
hydrogenated vegetable 20 oils (such as Wecobee, S available from Stepan Company, Northfield,
lllinois, and HydrokoteIN 112 available from Abitec Gorpoxatio R mbus, Ohio); higlyeerides, for
example hydrogenated coee-glycerides (s gS Z able from Sasol Inc.); mixed

§ idesy glycerimesters of fractionated fatty acids;
non-surface active esters of fatty raids; for eXamplé'propyléne glycol 25 diesters of fatty acids; fatty
acids, such as stearic acid and palmitic acids; cocaazputter and cocoa butter substitutes; hard fat (such
Sottisen 154, available from Sasol Inc.); natural and synthetic waxes; and petrolatum. Nanoparticle
formulations according to the present invention ﬁ%@pc?ﬁﬂg lly include 30 additional roe-surface,
modifying excipients generally used in the art. Such excipients may include one or more fillers,

sweeteners, figyayipga9RNS, GURIAS BresaR(Aly e Rullprsienck et Xt niRn daRandine, on the

route of administration and the dosage form used. ormulations of the present invention are
generally adrmis A8 RSt AR RRFEL s e nsat iR fRtdhe rertmamt i sater o 3hiite,
humans, by cenyeriibaabroiiie sokiewasiS pincdiarastdésoriexdainiles tiretéat INul atjpé50ea ik in
administered ES%R%HEQ%%@LY?[{MQ%T%%?&, }%i gﬂ&%}? aft %%%%E&Q{%@%%ﬁ@n%%%%%ﬁ; a tablet, a
caplet, or a. suspension; rectally or vaginally, for example in the form of 2 ta let, suppository or
pessary, past; ointment, lotion, or suspension; or topically, for example in the form of a paste,
ointment, lotion or sspRBSINmahFreferadl entbatiimnts pédhopipegntimdotienincisprpanopartiele
formulatigns comprising a poorly soluhle dru tance and a semisolid dispersion vehicle for topical
administ%?ion%ﬁ?e'#brrﬁ ?ﬁ%‘%{mgﬂ?g?ur?gyeg%asqﬁ'%@%?&%ﬁﬁr\r}gﬁ i%lr'lu%%%ﬁer relates to the use
of the nanoparticle forraulalions of the invention in medicine, 10In another embodiment, the invention
relates to a method of treating a patient, for example,@mmalian patient such as a humm patient,

with a nanopartiele pharmaceutical formulation of the\present invention, the method involving
administering an effective a31101211t of a nanoparti ormulation of the invention to ate patient, A
preferred method of the invention relatlgs a method @f treating a neurodegenerative

|
CH;

Compound B

15  Compound B is useful as, for example, an anxiolytic agent for the treatment of anxiety or as
an anticonvulsant agent for the treatment of epilepsy, spasticity, or muscle contractures; and
can prepared according to the basic procedures described in U.S. Patent No. 6,075,021, which

patent is incorporated by reference herein.

20 Isopropyl 2-butyl-3-[4-[3-(dibutylamino)propyl]benzoyl]-1-benzofuran-5-carboxylate

fumarate (hereinafter “Compound C”) has the following chemical structure:



15 disease or cancer, which comprises administering to a patient in need of such treatment a
therapeutically effective amount of a nattoparticle pharmaceutical formulation of the present invention
in which the poorly soluble drag substance is 7-chlow-N,N,5-trirnothyl-4-oxo-3-
phenyl-3,5-clihydre-411-pyridazino[4,5-Mindole-l-acgtamide. Another preferred method of the
invention is a method of treating or preventing anxiety, epilepsy, spasticay, or muscle contractures,
which comprises administering to a patient in need of such treatment or prevention a therapeutically
effective amount of a nanopartiele pharmaceutical formulation of the present invention in which the

poorly soluble thug substance is

6-f|uoro-9-methyl-2-pitei3ﬂ)gs¢m§Iidin-l-yleafbonyg@;Z,Q- pbéﬂdgf@‘(émwgdol-l-one.
25Another preferred method of the invéntignisajmethod oftreating or preventing arrhythmia, which
comprises administering to a patient ed of such treatment or prevention a therapeutically effective
amount of a nanopatticle pharmaceutical fornilatiog pf thegpresent invention in which the poorly
soluble drug substance is isopropyl « Fumarate
2-butyl-344-P(dibutylamino)propylibenzoylj-1-benzoferan-5-carboxylate furnarate. 30 A subject of
the present invention is the use of the nattopattiggl?g?ﬁﬂ?l ion of the present invention wherein the
poorly soluble drag substance is 7-ehleto-NA5-4rimethyl-41-

oxo-3-pheny L mybitnedto # Wkl idaz inatdphs Plindaledeacsineprs: it dhemap aghuig Lhngdicinal
products for the freatment of a neurodegenerative disease or cancer. A fiather subject of the
invention incl ATEETRSIRNS: GPtherh R Eiticrs Futina tadhn trinepradurt ArsermmitsrdiateAk poorly
soluble drug stibsliastte Bublitateo-Senzib3/0225 190, peblyihéd Dexratibkin 4 c200%) rupl)-¥,0-ditiyehzp, |
fr-pyrido[3,4-blindeld: Ry he BRaUARIHIRlaedic Al ARdCtS il g iteptgnt of anxiety,
epilepsy, spasticity, or muscle contractures, A further subject of the invention includes the use of the
iranoparticle formulation of the present invention wherein the poorly solubie ding substance is
isopropylit2-buty1-3-[4-{i3 ddslihtisttarinn)piomy ibarzmeidntl dhenzaibtandhrg atbaxybateaflibrarate in
the manufactyr: medicinal. prod for the treatment of arrhythmia. In another e diment, the
present inven#&gger%tgs%@%aglg%g%%rrr% co}%perillg?ﬁg(? e %@%%%%ed{gﬁnﬁ%a%%nﬁ aéscribed herein.
Dosage formsSREERIdeU Pt are not limited to, those 15selected from the group consisting of pills,
capsules, caplets, tahileisisgHnitul eshBus PE NS ARG AITKIaNISn IR AsH SURRASHRHEFInaNHRARIES.

(that is, a material which does not adsorb onto the surface of the drug particle), suitable for

15  pharmaceutical preparations, such as for oral and/or topical applications, which is a solid or
semisolid at ambient temperatures, but melts above room temperature. Preferred dispersion
vehicles are those that melt between about 30°C and about 110°C. Other preferred vehicles
are those that melt between about 30°C and about 80°C, and more preferably between about
35°C and about 60°C. The dispersion vehicle can be a single material having the previously

20  described properties, or a mixture of materials (such as, for example, an oil and a wax) that
when combined become a solid or semisolid at ambient temperature and melt preferably
below about 110°C, more preferably below about 80°C, and most preferably below about
60°C.

25 A semisolid dispersion vehicle, as used herein, is a material, or mixture of materials
that when combined have rheological properties of both a liquid and a solid. When standing,
they have a high consistency and do not begin to flow until a force is applied (for example, by
mixing, spreading, or extruding), which exceeds a minimum value of force, known as the
“yield value,” which is characteristic of a given semisolid. After the yield value is exceeded,

30  semisolids behave more like liquids; semisolids flow, whereas solids deform when shear stress



It will also be apparent to those skilled in the art that the formulations of the present invention can be
administered with other therapeutic and/or prophylactic agents and/or medicaments that are not
medically incompatible therewith. 20.MI components of the present formulations must be
pharmaceutically acceptable. As used herein, a "pharmaceutically acceptable” component is one that
is suitable for use with humans and/or other animals without undue adverse side effects (such as
toxicity, irritation and allergic response) commensurate with a reasonable benefit/risk ratio. 25The
present inventitreddinkdhaisizidd velve psoppisdod hrepsnonigytidinopanicie fodepetetionesaherbqaresent
invention whiclcomjprisas MixiRgia PaskysselibledigsHbsiance with asalien.dispersiopyehicle

which is a soliéi?or semi-solid_at room temperature, and media-milling the mixture to fonn a

nanopattiele fPFAUIRERSASSA: praterisa BY AR daresre pa i tRe Hiifo paraiA I 46 3rigtist the
present 30 invemtitemperrpris@sithesteps cfidae sticry @ sodithoyiskindotchaispearisidid vetlsladd a

temperatyre range.ak ok aRQYE e BRIHNG KO8 msgm%%i ?&4&%&%?&%&5%%}@8@%9 gigoersion
vehicle; combining one or more poorly soluble drug substance(s) with the molten dispersion vehicle to
form a mixturd: iAddiat ARrME e RTIRERE with a plurality of grinding 10 media to form a
nariostispension; and cooling the nanosiaspension to a temperature range below the melting point of

the dispgrsion vehicl@.semist_nlid MMMIy@ﬂeteroédmrwtfimmmrimtbptﬂoaﬂbpaoﬁtdﬁxsmspension
formulations qf, {6 PIGSENCINE R BRHRE m&,@é@i{w'%Qﬂsﬁ@ﬁc&%ﬂrI&ﬂ%%@%ﬁ@.mﬂem%%eﬁP”'y

slightly hioqher than the melting tpomt of the dispersion vehiclé. Preferably, the process is carried out at

less thah¥abotitq 6eiibde ah e 5dln b iR disoredRiSRblR 6108 e ptistebatteess than
about 5C aboveathslanelithipleeiihnistie flishersion mehieieolAumtbes asast ofdhaithsiapdrifigntion
involves the step of filli illed - 10 nangstrapension jnto capsules.prior.to ceoling the syspension
toa temperatﬁagcb‘éfg\%l\? t a}ab r%e(;?tglél% E%iﬁ’t&é? Iﬁ‘lgé %&%@?ﬁ{; go\ﬁgﬁggm]sn ;I%?ggall%so% a? "3%%%‘%?‘3 l1the
present inventiopisekid fiinedipameeisp ddidn suiprerstel sosmstb ol gferremale dipsbesnoiiPbne or
more non-surfaeshimodityingplipavideeutisrllyrceepiakie soligdillgi(syaanekaly weadhin fagart, such
as, Ibt mple, .lactose,.rnannitol, apd cornstarch, to gener olid granulation.fommlation with
15n0 cﬁjlgr?g stl’e?’S?°g"‘“ éldyg%%ﬁtﬁ%gofg 'F %%gefgs‘&ve\}/e %o?/sv%r?éet??fo%’él%ﬁl fey #%%%%CE or (g?eaﬁaring
nanoparticle sisparishshanathcqroresislly sreterab|(ennidel Outid/er alEdiblerwas, foryiatiital vessel,
having a millingseharmper s@Btaiking a plurality of grinding media, the drug substance which is to be
milled, and the dispersion vehicle in which the grinding media and drug 20 substance are suspended.

The miling chamber,may apfionalby con'ainaddiipnal nen:erface medliing.exclplents, 1e chamber
is maintained at or slightly above the melting temperature or the dispersion vehicle. contents of

the milli#y chaiibésushe airferdieagithterpiliticadionitiispanhicomant\ b ehsldy Blinrisgrinding
media. The acsRigiaRBOlNtingimedizaallidswitictis S1ie SURIABEE iolﬁ@gerg%qg:caq&g,jom that can
crush, chip, frg?aglrjlﬁe ry%trggerz\rlxvzi’?é% coco-glycerides (such as Softisan® 142, available from Sasol Inc.);
mixed glycerides; hydrogenated glycerides; synthetic glycerides; glycerin esters of
fractionated fatty acids; non-surface active esters of fatty acids, for example propylene glycol
25 diesters of fatty acids; fatty acids, such as stearic acid and palmitic acids; cocoa butter and
cocoa butter substitutes; hard fat (such Softisan® 154, available from Sasol Inc.); natural and

synthetic waxes; and petrolatum.

Nanoparticle formulations according to the present invention may optionally include
30  additional non-surface modifying excipients generally used in the art. Such excipients may
include one or more fillers, sweeteners, flavoring agents, colorants, preservatives, buffers, and
other excipients depending on the route of administration and the dosage form used.
The formulations of the present invention are generally administered to patients, which

include, but are not limited to, mammals, for example, humans, by conventional routes known



25 reduce the size of the solid substrate material and lead to an overall reduction in drug particle size
and an overall reduction in drug average or mean particle size distibution. A sieve or screen at the
outlet holds the grinding medium back. In a preferred process of ilte invention, the grinding media,
the dispersion vehicle, and the drug substance being milled remain in the vessel until the fractured
drug substance 30 particles have been reduced to the desired size or to a minimum size achievable,
The nanosuspensions (that is, the drug particles suspended in the dispersion vehicle) are then
separated from theagriddnexmadiathvithrageparaton be streristatite putitetsafthe mitiado@nafmber, 11
In another prefgriad-pipces,of thesityeatian e milingREpcess AacUIS, N A S LR IAtingmanner

(continuous mode). A mill operating in. a recirculating manner incorporates a separator or screen for
retaining grindf R A1 ReIe " 68ERRe: ither sl s gk PaRmsiEs b tRES g RS sBaRiE BelptiPRilled in
the milling chamivepenstite altopiints foakespirtialds diiheth ygssybsianae basgpmillgddadqpass out of

the milling chamber, ircplati invalve S ion wh ves from the milling chamber
into a hol%ing vessefgzﬂéﬁé%%%ﬁ%ﬁg ﬁw%h?ngr%fgtm%%%ﬁ&% ﬁ%cr%%%%ﬁgiaé 3% ?ﬁ%ﬁkﬁﬁ’gs A.

separator or SEHEBHsEh hEoRFE R el hte s s sHBstanan andifisgmiprlid sBperian it Pecferiepigilocess of
the invention, dhginitindPLERSHLECHES Withssiaseph@igasses (discontinuous mode). In discontinuous

mode, amixture of the.drug. substance anddhe disperslon.velinle s pumbed dhroydh the miling
chamber and then into & separate receiving container, constituting a single pass. This process may be
repeated untilifiientesiieaigskigiicle size is achieved, Grinding media are generally spherical or

cylindricgj beads selgcigekfeo b yariei, ohd dansm andibard MARKR S SHEAS ofQh@RMBle, sand,

steel, silicon carbidiae, ceramics, zirconium sjlicate, zirconium andirefttjtrium oxide, glass, alumina
n

titanium, and SSRITpb I ATEPRIARRAUE L FHSR, ice BUBAG S e it SRRy PTG 35878k sible
metal contamfnativiatieorf the tadesrim dineptivadibermehof iasatiiogridministeinpereffetbe ypount

preconditioning ghﬁrg;ﬁm;'ag madindabizale disagisian ¥ehigiedo allow any initial attrition to 20occur
on of th jon i '

prior to the additi § drug suspension into the mill. = As used herein with reference to stable
nanoparticle formuldtiSFEeShBIERed Rt iy Fites s Iere B e ab AR NG K A TRESraE Faiicles do
not apprieéciabdijséizecul ater o agt cmenateidu edmintespagticle: gtitzotive feedes, orcbthenwies a

sanincantly INGLRASEARAIRESE Gk UnPa G divadainiae e SRRMIGR SRl aar or the

physical structure 250f the drug_particles does not alter over lime, such asm%/ conversion from an

amorphous pHREatRNR Yaighifs Mgy solublendryg) Sibmtag exinTprRlowilY At ridmmhgtrients invention,
without, howextenylissshdthitdioet Btpy3QEXAM REmdbieoragminide in Hydrogenated Vegetable 011

Another preferred method of the invention is a method of treating or preventing

20  anxiety, epilepsy, spasticity, or muscle contractures, which comprises administering to a
patient in need of such treatment or prevention a therapeutically effective amount of a
nanoparticle pharmaceutical formulation of the present invention in which the poorly soluble
drug substance is 6-fluoro-9-methyl-2-phenyl-4-(pyrrolidin-1-ylcarbonyl)-2,9-dihydro-1H-
pyrido[3,4-blindol-1-one.

25 Another preferred method of the invention is a method of treating or preventing
arthythmia, which comprises administering to a patient in need of such treatment or
prevention a therapeutically effective amount of a nanoparticle pharmaceutical formulation of
the present invention in which the poorly soluble drug substance is isopropyl 2-butyl-3-[4-[3-
(dibutylamino)propyljbenzoyl]-1-benzofuran-5-carboxylate fumarate.

30

A subject of the present invention is the use of the nanoparticle formulation of the

present invention wherein the poorly soluble drug substance is 7-chloro-N,N,5-trimethyl-4-



12 following process. 5 grams of the hydrogenated vegetable oil were weighed into a scintillation vial
and heated to 50C, 5 g of Compound A was added and stirred in a water bath on a magnetic stirrer.
The drug substance did not dissolve, so additional hydrogenated vegetable oil was added adually until
the total amount of the hydrogenated vegetable oil was 5 10 g. The mixture was left stirring overnight
in a. water bath at 60C. The mixture was filtered at the same temperature (the filtration assembly was
heated in an oven to 60C), and the solubility of the filtrate for Compound A in the hydrogenated
vegetable oil a2*@0Crhasldetedinided4d-brida 8wk blindote caetivaiduspe isiomfonfagtationf the
following process:was wilizess 2500 akxta: b mARYdHRmahiized zirgapia beads were loaded
into a Dynolviill (type KM, 0.3 L SS mijlling chamber, available from Glen Mills), initially, the circulating
water bath temperattﬁi\'f&bﬁfﬁ?@SﬁtPglﬁiﬁfg‘f%%f&? %F’ﬁw&sgé’ﬁlﬂé‘?é’éj‘%lﬂlfef%‘\%l%? of
temperature (Wivichresenitriolectiiertewipesiatuhe pbohly wllibly chragbéntaeresét udmOC-taetheblthe
chamber and %E@-@%yﬁ%di}liﬁhﬂﬁ-ﬁmﬂy@-%[@ddﬁ%%uﬂqlﬂﬁqﬁg[‘5‘,@-_%@&?415-913{993” gil wasgirculated

at 40 15 nil/min with the agitator stifling, at 3200 rpm. After @ few minutes, the circulating water bath
temperature WA LITEEE RS LSS Rprarat o sredehe R BEE sPARicip R ATRcle

temperature wamiadsragjusted to 45C. Following soybean oil, molten hydrogenated vegetable oll

(Wecobeeld ©) was ledoc AL SOTBIANING AAC R VSN, e B 0k FoR

conditioning and washing time (soy oil an eeGl' 8) was approxima one hour. The
drug substanclsBsER IR ﬁéﬁ&?é@@?ﬂé’p@i&%% Yrstoemihisopranslia-veulg dftdolten

ViceobeeoS at(GRGyisiigods yeaas MixBE(tighinis.-biaod)ieR ahoklete: Afterdratmingdhs washing
vehicle from tqgegnllllrllg re(%l(ggr}grn ttgreea rugt%t%tggﬁﬂgg.suspensmn was circulated at 400 mlimin with

the DynoMilP stlrrllcng at 3 rpom, The %suspen i '\Was kept stirring using the mixer to prevent

sedimentation, but was not heated during milling. The circulating water bath temperature and the
circulating tap water fiepap@ats MafRI0 wRI gR iR GO Rliaad 1BralRiaindthastespsiatdraaround

55C and the product temperature between 45C.and 50C. These t ratures were maintained
throughout the TRy e e FSHEr e R ek ATRES (AR ORATSr & hEE AR SIS0 the
milling, the suspesisiofiomaierarevie nadisting stopilye @okanaaplet, diblatederonniss) twarosons,

temperature. d3iREAMBdas? mRRHad g,&gjjﬂﬁ,gq Fat The solubility of Compound B in soy oil
was initially estimat?jld viﬁu%ll%%)by mradual addition_of soy oil to a weighed amount qf the- %
i e iSiMs

substance until the SHRAEER R 878/7%&5%‘&#?%7& Sy uaiers e dhn 1
calculated fronmesitotaden nbe uminsihiiesald eath Thibes oludyiljitsutf GodipopngiBlatsongityasdéss than 1

mg/ml, and, thyssilWesd aasaneRiialibancsRlbY RiSRmmpound B in soy oil would translate into

a low solubility in hard fat as well. . ]
20 All components of the present formulations must be pharmaceutically acceptable. As

used herein, a "pharmaceutically acceptable" component is one that is suitable for use with
humans and/or other animals without undue adverse side effects (such as toxicity, irritation

and allergic response) commensurate with a reasonable benefit/risk ratio.

25 The present invention further relates to a process for preparing nanoparticle
formulations of the present invention which comprises mixing a poorly soluble drug substance
with a molten dispersion vehicle which is a solid or semi-solid at room temperature, and
media-milling the mixture to form a nanoparticle formulation.

A preferred process for preparing the nanoparticle formulations of the present

30  invention comprises the steps of heating a solid or semisolid dispersion vehicle to a
temperature range at or above the melting point of the dispersion vehicle to form a molten
dispersion vehicle; combining one or more poorly soluble drug substance(s) with the molten

dispersion vehicle to form a mixture; media milling the mixture with a plurality of grinding



10This suspension formulation was prepared using a vertical mill with hard fat (Softisan(r) 154, a
hydrogenated palm oil with melting point range of about 53-58t). The hard fat was melted by heating
on a hot plate, :t,0 ram Yttrium-stabilized zirconia beads (20 ml) were-preheated in a 50 ml plastic tube
to 50C, 2 g of Compotind 13, followed by 10 ml of thge molten hard fat were added. A heating tape was
wrapped around the upper part of the tube to 15 keep the contents molten. The formulation was
stirred at 2000 rpm for 3 hours using the vertical mill. Due to the relatively high melting point of the
hard. fat, it waB'plidd8simné asmiiseerieringdvitholing Hbatingosapeensitit trecetthpirtheaitiag period.

Attempts to stepitherheatinggesiiedin splidifieatiengtthe fat on the upper part of the tube. At the end
of the willing process, the molten suspension was screened to remove the milling beads. 20
Ry

EXAMPLE 3 Compound'Chin Hyarogdhatad € FaRsh daFiqREPrHRe, dhfcI 8XIRpara g nitrynsion
coco-giyceriddoroolafines cibfyekprosent dsveuitisathe)nie?s 261limekieg ipqiatfvanek aftabput st AcC)
was heated. tQS9kRma AR Re? Bk PRoUIdc dwﬂmowe&%g%%%%mw%t&mg&é low

solubility in oils, Weére weighed into a 50-ml centrifuge tube, and the tube was heated in a convection

oven to 50t. 26T S TRAD TR EARRIRHS st  IEo R HRE A StdhrelitearsionKdinlsy sabBE&Fthe same
temperature. Phefdreldelwenenatided 16 theerihg mubsiapcet idibsndchéryitherdddition of 10 ml of
Sorlisan 142, A. 30 heating tape was wrapped around the upper part of the tube, and the temperature
control was set on low. The vertical mill impeller was inserted in the tube, and the formulation was

mixed at 2000 rpm fOFStAEURSPh Shdifointanth AaVettinpIiaNobEHihn Feragt witkes dbr ailrd mixed
with a gltss, redncEhgensiierisusppnsiep@stthesbbasennedpehdss k) remavRHiesniliog heads using

a preheated figﬁ @%n E’%‘FB‘}QI}’ 4 EXAMBLE 4 Particle Size Analysis.of Examples 1 {0 3
Particle size an@% ls%?olr Exam%?i? Tr_tscl)og ‘\;\?glsc_ﬁér orme dﬁé?ﬁé%ﬁ?r%i%sfl%@%e aser rgfﬁ?a(%fon
particle sizer. RIRIFACSHRINGHO®H BEPAHICOPlSire rEanddtethdirsrdycnbnanea30ge 2oriidiosoybean

oil containing ArtRsoet plainiQudisBersapt{srRAN dinsty)-tResiliosurcinate axalatleadrasm Cytec
!(idustries Inc._L)\(/vas gdg%{:lkgnrg th%glthe am It%r\éyla%ostigrgg. TQ%O?I mple yvas tr nsf?rr.ed to the
instrument, stired, sonicated, and ariaﬁl)}zear'%e resGIE TSR e parﬁc%a%}%%lgﬂg%g BB & ples 1 to
3 are pré¥idedindmamgetepa. 113, and IC, below. 15Table IA: Particle Size Distribution of Example |,
Compound A in Weq@k@@ ®illing is a process well known to those skilled in the art for preparing
nanoparticle suspensions. The process is preferably carried out in a mill, such as a cylindrical
vessel, having a milling chamber containing a plurality of grinding media, the drug substance
which is to be milled, and the dispersion vehicle in which the grinding media and drug
20  substance are suspended. The milling chamber may optionally contain additional non-surface
modifying excipients. The chamber is maintained at or slightly above the melting temperature
of the dispersion vehicle. The contents of the milling chamber are stirred or agitated with an
agitator which transfers energy to the grinding media. The accelerated grinding media collide
with the drug substance in energetic collisions that can crush, chip, fracture or otherwise
25  reduce the size of the solid substrate material and lead to an overall reduction in drug particle
size and an overall reduction in drug average or mean particle size distribution. A sieve or
screen at the outlet holds the grinding medium back.
In a preferred process of the invention, the grinding media, the dispersion vehicle, and
the drug substance being milled remain in the vessel until the fractured drug substance
30  particles have been reduced to the desired size or to a minimum size achievable. The
nanosuspensions (that is, the drug particles suspended in the dispersion vehicle) are then
separated from the grinding media with a separator or screen at the outlet of the milling

chamber.



Median Particle Size 169 nm Mean Particle Size 458 mm Percent below | micron 1 96,0% Percent
below 500 rim 1 77.2% Table 1B: Particle Size Distribution of Example 2, Compound B in Salmi(r) 154
Median Particle Size 6 ern fIT3fl

11

In another preferred process of the invention, the milling process occurs in a
recirculating manner (continuous mode). A mill operating in a recirculating manner
incorporates a separator or screen for retaining grinding media together with relatively large
particles of the drug substance being milled in the milling chamber, while allowing smaller

5 particles of the drug substance being milled to pass out of the milling chamber. Recirculation
often involves a suspension which moves from the milling chamber into a holding vessel and
then back to the milling chamber, frequently with the aid of a pump. A separator or screen can
be located at the outlet of the milling chamber.

In a third preferred process of the invention, the milling process occurs in discrete

10 passes (discontinuous mode). In discontinuous mode, a mixture of the drug substance and the
dispersion vehicle is pumped through the milling chamber and then into a separate receiving
container, constituting a single pass. This process may be repeated until the desired particle
size is achieved.

Grinding media are generally spherical or cylindrical beads selected from a variety of

15 dense and hard materials, such as, for example, sand, steel, silicon carbide, ceramics,
zirconium silicate, zirconium and ytirium oxide, glass, alumina, titanium, and certain
polymers such as crosslinked polystyrene and methyl methacrylate. Possible metal
contamination from metal grinding medium, such as zirconium, may be reduced by
preconditioning the grinding media in blank dispersion vehicle to allow any initial attrition to

20 occur prior to the addition of the drug suspension into the mill.

As used herein with reference to stable nanoparticle formulations, “stable” refers to a
nanoparticle formulation in which the drug particles do not appreciably flocculate or
agglomerate due to interparticle attractive forces, or otherwise significantly increase in
particle size over time; the drug particles have chemical stability; and/or the physical structure

25  of the drug particles does not alter over time, such as by conversion from an amorphous phase
to a crystalline phase.

The following examples will further illustrate the invention, without, however, limiting

it thereto.

30 EXAMPLE 1
Compound A in Hydrogenated Vegetable QOil

The solubility of Compound A in the proposed dispersion vehicle, Wecobee® S (a
triglyceride derived from vegetable oils, melting point ~44°C), was initially determined by the



Mean Particle Size 242 am Percent below 1 micron 00% 41 Percent below 500 um 99.7% | 4 20
Table IC: Particle size distribution of Example 3, Compound C in Softisan(r) 142 Median 482 ran

12

following process. 5 grams of the hydrogenated vegetable oil were weighed into a
scintillation vial and heated to 50°C. 5 g of Compound A was added and stirred in a water
bath on a magnetic stirrer. The drug substance did not dissolve, so additional hydrogenated
vegetable oil was added gradually until the total amount of the hydrogenated vegetable oil was
5 10 g. The mixture was left stirring overnight in a water bath at 60°C. The mixture was
filtered at the same temperature (the filtration assembly was heated in an oven to 60°C), and
the solubility of the filtrate for Compound A in the hydrogenated vegetable oil at 60°C was

determined to be 0.48 mg/g.
To prepare the suspension formulation, the following process was utilized: 250 mi of
10 1.0 mm Yitrium-stabilized zirconia beads were loaded into a DynoMill (type KDL 0.3 L SS
milling chamber, available from Glen Mills). Initially, the circulating water bath temperature
(which controls the temperature of the seal area) and the tap water temperature (which
controls the temperature of the milling chamber) were set at 50°C to heat the chamber and the
beads. For initial washing and conditioning of the beads, soybean oil was circulated at 40
15  ml/min with the agitator stirring at 3200 rpm, After a few minutes, the circulating water bath
temperature was lowered to 40°C to keep the temperature cooled below 60°C. The tap water
temperature was also adjusted to 45°C. Following soybean oil, molten hydrogenated
vegetable oil (W ecobee® S) was circulated for further conditioning and to washout the liquid
oil. The total conditioning and washing time (soy oil and Wecobee® S) was approximately

20  onehour.

The drug substance suspension was prepared by dispersing 150 g of Compound A in
700 g of molten Wecobee® S at 50°C using an overhead mixer (Lightnin® brand) on a
hotplate. After draining the washing vehicle from the milling equipment, the drug substance
suspension was circulated at 400 ml/min with the DynoMill™ stirring at 3200 rpm. The
25  suspension was kept stirring using the mixer to prevent sedimentation, but was not heated
during milling. The circulating water bath temperature and the circulating tap water
temperature were lowered further to cool and maintain the temperature around 55°C and the
product temperature between 45°C and 50°C. These temperatures were maintained
throughout the milling period. The suspension was milled for a total of 5 hours. After the end
30  of the milling, the suspension was transferred to a storage container and allowed to cool to

room temperature.



Mean 508 mm Percent below | micron 98.6% Percent below 500 ran 570% The
above-results demonstrate that the process of the pxsent invention can be utilized 25to prepare
nanoparticie formulations, in which the drug particles have all average particle size of less than 1000
urn. EXAMPLE 5 Physical Stability of Example 1 3

EXAMPLE 2
Compound B in Hard Fat

The solubility of Compound B in soy oil was initially estimated visvally by gradual
5 addition of soy oil to a weighed amount of the drug substance until the oil was almost clear
(visually). An estimate of the drug substance in oil was calculated from the total amount of
oil added. The solubility of Compound B in soy oil was less than 1 mg/ml, and, thus, it was
reasoned that the low solubility of Compound B in soy oil would translate into a low solubility

in hard fat as well.

10 This suspension formulation was prepared using a vertical mill with hard fat (Soi’tisan®
154, a hydrogenated palm oil with melting point range of about 53-58°Cj. The hard fat was
melted by heating on a hot plate. 1.0 mm Yttrium-stabilized zirconia beads (20 ml) were
preheated in a 50 ml plastic tube to 50°C. 2 g of Compound B, followed by 10 ml of the
molten hard fat were added. A heating tape was wrapped around the upper part of the tube to

15  keep the contents molten. The formulation was stirred at 2000 rpm for 3 hours using the
vertical mill. Due to the relatively high melting point of the hard fat, it was necessary to
continue heating with the heating tape until the end of the milling period. Attempts to stop the
heating resulted in solidification of the fat on the upper part of the tube. At the end of the
milling process, the molten suspension was screened to remove the milling beads.

20

EXAMPLE 3
Cbmgound C in Hydrogenated Coco-Glycerides

The vehicle (hydrogenated coco-glycerides, commercially known as Softisan® 142,

25  melting point range of about 42-44°C) was heated to 50°C on a hotplate. 2.5 g of Compound
C, which was generally known to have a low solubility in oils, were weighed into a 50-ml
centrifuge tube, and the tube was heated in a convection oven to 50°C. 20 ml of 1 mm very
high-density zirconium beads were heated in another tube to the same temperature. The beads

were added to the drug substance, followed by the addition of 10 ml of Softisan® 142. A

30  heating tape was wrapped around the upper part of the tube, and the temperature control was
set on low. The vertical mill impeller was inserted in the tube, and the formulation was mixed

at 2000 rpm for 3 hours. An additional 10 ml of molten Softisan® 142 were added and mixed

with a glass rod. The molten suspension was then screened at 55°C to remove the milling

beads using a preheated filtration assembly.



To determine the physical stability of the nanopaxticle suspension prepared according to Example 1,
the suspension was stressed for three months at 40t./75% relative humidity 5(RH). The sample was
analyzed for particle size stability at the end of each of three months. Table 2 lists the particle size
parameters of the stressed samples in comparison yyith those at the initial time point. Table 2: Particle
size stability of Example | I, Time O | Month LIII2 Months 1 369 nrn 368 inn 358 am | 458 rim 460 run

EXAMPLE 4
Particle Size Analysis of Examples 1 to 3

Particle size analysis for Examples 1 to 3 was performed using a Horiba LA-920 Laser
diffraction particle sizer. A 200 mg portion of sample was first heated in a water bath at
50°C, 25 ml of soybean oil containing Aerosol® OT-100 dispersant (sodium dioctyl-

10  sulfosuccinate available from Cytec Industries Inc.) was added, and then the sample was
stired. The sample was transferred to the instrument, stirred, sonicated, and analyzed. The
results for the particle size analysis of Examples 1 to 3 are provided in Tables 1A, 1B, and 1C,

below.

15  Table 1A: Particle Size Distribution of Example 1, Compound A in Wecobee® S

Median Particle Size 369 nm
Mean Particle Size 458 nm
Percent below 1 micron 96.0%
Percent below 500 nm 77.2%

Table 1B: Particle Size Distribution of Example 2, Compound B in Softisan® 154

Median Particle Size 236 nm
Mean Particle Size 242 nm
Percent below 1 micron 100%

Percent below 500 nm 99.7%

20
Table 1C: Particle size distribution of Example 3, Compound C in Softisan® 142
Median 482 nm
Mean 508 nm
Percent below 1 micron 98.6%
Percent below 500 nm 57.0%
The above-results demonstrate that the process of the present invention can be utilized
25 to prepare nanoparticle formulations, in which the drug particles have an average particle size

of less than 1000 nm.



442 am 9.0% 96.0% 4 96.9% 77.2% 79,5% 82,4%
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EXAMPLE 5

Physical Stability of Example 1

10 ipamar, 6 Physical Stability of Example 2

To determine the physical stability of the nanoparticle suspension prepared according

to Example 1, the suspension was stressed for three months at 40°C/75% relative humidity

(RH). The sample was analyzed for particle size stability at the end of each of three months.

Table 2 lists the particle size parameters of the stressed samples in comparison with

those at the initial time point.

Table 2; Particle size stability of Example 1

Parameter Time 0 1 Month 2 Months 3 Months

Median 369 nm 368 nm 358 nm 377 nm

Mean 458 nm 460 nm 442 nm 474 nm

Percent below 1 micron 96.0% 96.0% 96.9% 96.0%

Percent below 500 nm 77.2% 79.5% 82.4% 77.5%
EXAMPLE 6

Physical Stability of Example 2
To determine the physical stability of the composition prepared according to Example

2, the suspension was stressed by alternating heating and cooling; a sample was stored at 50°C

for one week, at 5°C for the second week and at 50°C for the third week. The sample was

analyzed for particle size stability at the end of three weeks.

Table 3 compares the particle size distribution of the suspension of Example 2 initially

and at the end of the three weeks of heat/cool stressing.

Table 3: Particle Size Stability of Example 2 after three weeks of stressing

Parameter Initial Stressed for 3
weeks
Median 236 nm 242 nm
Mean 242 nm 267 nm
Percent below 1 micron 100% 100%
Percent below 500 nm 99.7% 95.4%
EXAMPLE 7

Physical Stability of Example 3




To determine the physical stability of the composition prepared according to Example 2, the
suspension was stressed by alternating heating and cooling; a sample was stored at 50C 15for one
week, at 5C for the second week and. at 50C for the third week. The sample was analyzed for particle
size. stability at the end of three weeks, Table 3;gompares the patrticle size distribiaion of the
suspension of Example 2 initially and at the end of the three weeks of heat/cool stressing. 20Table 3:
Particle Size Stability of Example 2 fifEe three weeks of stressing 1 Parameter IMedian i Mean E
Percent below 1 micAsnddiewitenthpelowdDgakahtyi offitembmisizr 23 OfpamuPA R it D@D 6c @8I

to Example 3, the formulation was stressed for two weeks at 50°C. Table 4 compares the

particle size distribution of the formulation of Example 3 initially and at the end of the two
weeks of stressing.

Table 4: Particle size stability of Example 3 formulation after two weeks at 50°C.

Parameter Initial Stressed fom
weeks
Median 482 nm 492 nm
Mean 508 nm 514 nm
Percent below 1 micron 98.6% 98.8%
Percent below 500 nm 54.7% 52.3%




Stressed for 3 weeks 242 ran 267 rim 100% 954% 1 EXAMPLE 7 Physical Stability of Example 3 16
To determine the physical stability of the nanopartigz? formulation prepared according to Example 3,
the formulation was stressed for two weeks at 50C. Table 4 compares the particle size t4.,islribtition of
the foci/ligation of Example 3 initially arid at the end of the two weeks of stressing. Table 4: Particle
size stabyfipyAfiExpnRig;3formulation after two weeks at 50C. 17 What is claimed 1, A nanoparticle
pharmaceutical formulation comprising a poorly soluble drug substance having an average particle
size of less than about 1000 rim, a solid or semisolid dispersion vehicle, and optionally a non-surface

modifying excinignbyiecrin spithdisesision Vi adirsa soubiliing watassfyjessithae ahogt 10
mg/m1 and wherein said formulation does not contain a surface modifier or st81bilizer adsorbed onto a
surface cT4RBlaRGs fimdichag average particle size of less than about 1000 nm, a solid or
semisolid dispersion vehicle, and optionally a non-surface modifying excipient,
wherein said dispersion vehicle has a solubility in water of less than about 10 mg/ml
and wherein said formulation does not contain a surface modifier or stabilizer

adsorbed onto a surface of the drug substance.

2. The formulation according to claim 1 wherein said poorly soluble drug substance

has an average particle size of less than about 750 nm.

3. The formulation according to claim 1 wherein said poorly soluble drug substance

has an average patrticle size of less than about 600 nm.

4. The formulation according to any one of claim 1 to 3 wherein at least 95% of the

poorly soluble drug substance has a particle size less than about 1000 nm.

5. The formulation according to any one of claims 1 to 4, wherein the amount of
poorly soluble drug substance in the formulation ranges from about 0.01% to about
30% by weight.

6. The formulation according to claim 5, wherein the amount of poorly soluble drug

substance in the formulation ranges from about 1% to about 20% by weight.

7. The formulation according to any one of claims 1 to 6, wherein the non-surface
modifying excipient is a non-surface modifying pharmaceutically acceptable solid

filler.

8. The formulation according to any one of claims 1 to 7 wherein said poorly soluble
drug substance is one or more selected from the group consisting of a protein, a
peptide, a nutraceutical, an anti-inflammatory agent, an NSAID, a COX-2 inhibitor,
an analgesic, an antimuscarinic agent, a muscarinic agent, a corticosteroid, an

elastase inhibitor, an oncology therapy agent, an antiemetic, a neuroprotection



2. The formulation according to claim 1 wherein said poorly soluble drug substance has an average
particle size of less than about 750 nm. 3. The formulation according to claim 1 wherein said poorly
soluble drug substance has an average particle size of less than about 600 nm. 4. The formulation
according to any one of claim 1 to 3 wherein at least 95% of the poorly soluble drug substance has a

particle sigplassthanabestdAap agend. dhafanpidatien ageatdindimiangqnatpiclaieat] 4,
wherein the amount of poorly soluble drug substance in the formulation ranpges from about 0.01% to

about 3035 HKPRBIIARL ErrRBtRSHN MG AT ARBIRNHY 1 RISiRPE NhvRerald B2 BRIERRE S9588HT Loluble

drug subsianspdiesieenagationrangesdrardiabpukitgenbosifa dstiv eighging. adenfoamulation
according to any one of claims 1 to 6, wherein the non-surface modﬁ(igr&egci ientlis a nqn-surface
modifying HhArARAYeRbaR) AREHRER QrMiIaD 8NTRICHGNANABHTRYES @#ﬁ'ﬁ'@ aRyEhe BF claims 1

to 7 whetgingsHI Noarl ssivibl e Arastisndiséaacegs mnamwatigilsplts;ec otndwpgistip agasisting of a
protein, a peptide, a nutraceutica an antj-inflammator ent, an NSAID, aHCt:. Xéi hibitor, an

analgesi@aAMMHARELMAIAIGEH, A IREUNRE r‘ﬁg Vorfdgera, & e A45BMtof an

oncologyiirsRP 1 geRNt arnAIRIPRSiss Aht edropraetiistic, ldhagaxiolgtiamtievdseulaymytitt, an
anti-platelet agent, a lipid regulating agent, an anticoagulant, an anthelmintic, an antiarrhythmic agent,
a cardiad"RiPiRt GgBftes 'Qﬂﬁ%p%?%@l'\?@ Ef’é?ﬂ?ﬁ%gﬂﬂbfﬁaﬂr@a%%%caa QRE' B oic

imaging Agertocamanivahagenblegisalidyson aaanschnrakticintica passimmathactériatiagant, an

anticonvulsant agent, an antidiabefic agent, an antiepileptjc, an gntineoplastic agent, an.immunoactive
agent, aPHIAHUAGM SHSUCHIE age 'PE{%TSB fi’l’ﬁ%oaaaéc%%aagfﬂg}aéri'd gg'e%ﬁifﬁ'gﬁnagﬁpglscga’ne an
anesthetigs @ A@idiElia agensica Bginetiar, neveniepsicc 2a aaviphomintetio- amdaerticakstgic blocking
agent, a dopaminergic, a haemostatic, an immunolo i%al ?%ent. g;uscle relaxant, a
parasymﬁﬁﬁ{gnﬁﬁ‘\@ﬁﬁ',hésm%rﬁiﬁo&ﬂ it%‘fﬂ‘?,rgsﬁéiﬁ a brSBf’a&éﬁH e.
radiopharmaceutical, a sex hormone, a steroid, a stimulant, an anoretic, a sympathomimetic, an
anti-allergic_agent, an antihistamine, a cough suppressant, a vasodilator, and a xanthine, 9. The
formulatign Saedi mé‘lﬁ)t'eféi?r?%qﬁﬁ@gem §%H$§)W)E§Bﬁ’ﬂb[%abqa®°%@5 gllulé%%sdorﬁ'g SHRRIANGS octed
from the @rejte consigiiagseflechedMorteati grage ioasistinguohydhndarageotz ciivantigentuiant
agent, and an anxiol IiCé?ﬁent. 1s%&he forr&%&ﬂon aicj:ordér&]to ang one of clzi\ims 1 to 7 wherein said
poorly S(ﬂ\ﬂﬁ'l%rm@ HAGRE ANRNCRIAH RI5 8 5B A HXY JYuC 50N, N, 5-trimethy1-4-
0x0-3-phenyl1-3,5-dihydro-4H-pyridazino[4,5-blindole-1-acetamide, 6-fluoro-9-methy1-
2-phenyl-4-(pyrrolidin-1-ylcarbony1)-2,9-dihydro-11-1-pyrido]3,4=blindol-1-one.and isopr
2 bty STEr R ACOBERS L PR SIS, Lo T SR OR <o
el N N et 2 o oL Sttt Py el o Bl - aeetarce. 12
-chloro-N,N,5-trimethyi-4-0x0-3 -phenyl1-3,5-di ~4H-pyridazin - Di e-1-g0: e. 12.
The form%?gwggwﬂg?n%'&hgéfﬂi%'% éaéﬁ{’@fg%@i'ﬂﬁp Q{&'SG ecﬁoﬁ%'é“ gfbsrgﬂléga%%%%mﬂ
6-fluoro-S-piedhy-2-gpermvliditeyriidiaib shylisarbadiyyi Ot Hipyaide [Brpbilidd B Mdjmdol-1-amd. 19
isopropyl 2-butyl-3-[4-[3-(dibutylamino)propyllbenzoyl] -1-benzofuran-5-carboxylate

fumarate.

11. The formulation according to claim 10 wherein said poorly soluble drug
substance is 7-chloro-N,N,5-trimethyl-4-oxo-3 -phenyl-3,5-dihydro-4H-pyridazino[4,5-

bjindole-1-acetamide.

12. The formulation according to claim 10 wherein said poorly soluble drug
substance is 6-fluoro-9-methyl-2-phenyl-4-(pyrrolidin-1-ylcarbonyl)-2,9-dihydro- 1H-
pyrido [3,4-blindol-1-one.



13, The formulation according to cbim 10 wherein said poorly soluble drug substance is isopropyl
2-buty1-34443-(dibutylamino)propyl]benzoy11-1-benzofuran-5- carboxylate fumarate. 14. The
formulation according to any one of claims 1 to 13 herein said dispersion vehicle is one or more
material(s) selected from the group consisting of hydrogenated vegetable oils, triglycerides,

hydrogengfedsacorglysarides. Mg iveerides, ndrmIenRiEL v Csiifesosnyesiembcerides.

glycerin esters o fractl_onatecﬁ 1"atty aclds, non-surface active esters of fatty acids, fatty acids, cocoa
butter, cosdzstautesr isuisapiesy) kbt nbidda(dhy irmHeainirRAb emePpBtioRa0zPUBN The
formu!atiggrgg‘?&gfgé?ql}ﬂ@@{&ne of claims _1 to 13 wherein said dispersion yehic_le is one or more
material(s) selected from the group consisting of hydrogenated vegetable oils, triglycerides,
hydrogenated coco-glycerides, mixed glycerides, hydrogenated glycerides, synthetic glycerides,

alycerin Gsere,of fiAIRaALEF ety ARG PERRpse Shsal Aeq s FusamhasoRisiace

active esters of fatty acids, fatty acids, cocoa butter, cocoa butter substitutes, hard fat, natural and

syntheticiRBicke, a9d @egroRiturmons. Mateaivlamsiestedrdiffiio Hi&marsuUbherensstintiiersion
vehicle s, gnraE AL VISHRISL SeiRElandifee fog wpiragerien cbénslggesaies vaariagle olls

hard fats, ydrogenated coco-glyceridés. 17. The formulation accordin? to claim 11 wherein said
V|

dispersicalyegiidless dheleraapaiaf dalyesrides veaEitiioil SWgefeSonERIM 28Englo claim
12 Wherq#agﬁéwéa;e(éﬂ'ﬁﬁy&ﬁ&'%&@&ﬁ@c@qaib@raéfﬁrsl@f T facridation agerigingpslaim 13

wherein said dispersion vehicle is one or more hydrogenated coco-glyceride. 20 20. The formulation
accordin§uefairBoromebaiiesaig st wesenhattid idisparaigil eAlde BY/AthAIGI&EKRT0 ' More
materials, &1, g Pf @ nanopartiele pharmaceutical formulation according to any one of claims 1 to 20
for the manufacture of a medicament for the treatment of a patient. 22. Use of a nanoparticle
pharmaceutical formulation according to claim 11 in the manufacture of a medicament for the

treatment 8f § e WERHRASHSHAANEMARRGTS AnPHRE 0P 3IditRR af rEnanwikile shiaraiaperdion

formulation according to claim 12 in the manutacture of a medicament for the treatment of anxiety,

epilepsy, vaiteiRits oPRfusEle cBRtAcTIAierials)sealRelemtnBiommidBS narRRc GRRSISBASuRion
according, i ¢JgkRakdd {Rgspaniufasivretnh f sesricamaplfap B teepteaRaL ol BEEYNimIRSd A

process of preparing a nanoparticle formulation according to any one of claims 1 to 20 compriFing the

steps of: GYaanides oy greasRalRsbrg¥eRTIIE Hiru§YEUBElith caWRETIdeRo1 SIY BRI B r SR hifle which
is a solidpr SRIRLRAIGALY RS PREFFIEIR Yt dnadisdrditatieaaladyistiefaipntearmaasparticle

formulation. . .
active esters of fatty acids, fatty acids, cocoa butter, cocoa butter substitutes, hard

fat, natural and synthetic waxes, and petrolatum.

16. The formulation according to claim 15 wherein said dispersion vehicle is one or
more material(s) selected from the group consisting of hydrogenated vegetable oils,

hard fats, and hydrogenated coco-glycerides.

17. The formulation according to claim 11 wherein said dispersion vehicle is one or

more hydrogenated vegetable oil.

18. The formulation according to claim 12 wherein said dispersion vehicle is one or

more hard fat.

19. The formulation according to claim 13 wherein said dispersion vehicle is one or

more hydrogenated coco-glyceride.



26. The process according to claim 25 comprising the steps of; a) heating a solid or semisolid
dispersion vehicle to a first temperature range at Oésbove the melting point of said solid or semisolid
dispersion vehicle to form a molten dispersion vehitte; b) combining one or more poorly soluble drug
substance with the molten dispersion vehicle to form a mixture; e) media milling the mixture with a

plurality of@ringingomadiihfeBadiag asuseansionidif) saalisgite naaassshe R isiensecond
temperature range below the melting point of the solid or semi-solid dispersion vehicle to form the
nanopart{e ieniR BN tusE oftwiardnRiesRaliRlfing to claim 25 comprising the steps of: a)
heating a solid or semisolid dispersion vehicle to a first temperature range at or above the melting
point of said solid or semisolid dispersion vehicle to form a molten dispersion vehicle;%?) qombining

one or mate-JoRFIPSBINBRCERIY LG RRZARAGRHTIER IrnEiR b BFRSEH Nh IS RY PR ¥ FRIRe; ¢

media miljigg toerspidreumifachliveadifaohedrding madiatie tesatadsnsiagreiesion; d) filling the
nanosuspension into capsules; and e) cooling the capsules to a second temperature range below the
melting point of the solid or semi-solid dispersion vehicle to form the nanoparticle formulation. 28. The

process geropfiBgdo Ak GFasaEnP it BehiBediiapal oformunaaiinecoptithgr tecokselid disparsion
vehicle to a first temperature range at or aboye the melting oint of said solid or semjsolid dif?iersion
HAGS

vehicle td18RHTaGHERA AspadibAIBRIIR! BrcBRHIMAG S PRPYSIERE aLN R stance

with the rggKeardispersion vehicle to form a mixture; c¢) media milling the mixture with a plurality of
grinding media to form a nanosuspension; and
23. Use of a nanoparticle pharmaceutical formulation according to claim 12 in the
manufacture of a medicament for the treatment of anxiety, epilepsy, spasticity, or

muscle contractures.

24. Use of a nanoparticle pharmaceutical formulation according to claim 13 in the

manufacture of a medicament for the treatment of arrhythmia.

25. A process of preparing a nanoparticle formulation according to any one of claims
1 to 20 comprising the steps of:
a) mixing one or more poorly soluble drug substance with a molten dispersion
vehicle which is a solid or semi-solid at room temperature, and

b) media-milling the mixture to form the nanoparticle formulation.

26. The process according to claim 25 comprising the steps of:
a) heating a solid or semisolid dispersion vehicle to a first temperature range
at or above the melting point of said solid or semisolid dispersion vehicle to
form a molten dispersion vehicle;
b) combining one or more poorly soluble drug substance with the molten
dispersion vehicle to form a mixture;
c) media miling the mixture with a plurality of grinding media to form a
nanosuspension; and
d) cooling the nanosuspension to a second temperature range below the
melting point of the solid or semi-solid dispersion vehicle to form the

nanoparticle formulation.



d) granulating the nanosuspensions onto a non-surface modifying solid excipient to form a solid
formulation. o1

27. The process according to claim 25 comprising the steps of:
a) heating a solid or semisolid dispersion vehicle to a first temperature range
at or above the melting point of said solid or semisolid dispersion vehicle to
form a molten dispersion vehicle;
b) combining one or more poorly soluble drug substance with the molten
dispersion vehicle to form a mixture;
c) media miling the mixture with a plurality of grinding media to form a
nanosuspension;
d) filling the nanosuspension into capsules; and
e) cooling the capsules to a second temperature range below the melting
point of the solid or semi-solid dispersion vehicle to form the nanoparticle

formulation.

28. The process according to claim 25 comprising the steps of:
a) heating a solid or semisolid dispersion vehicle to a first temperature range
at or above the melting point of said solid or semisolid dispersion vehicle to
form a molten dispersion vehicle;
b) combining one or more poorly soluble drug substance with the molten
dispersion vehicle to form a mixture;
c) media milling the mixture with a plurality of grinding media to form a
nanosuspension; and
d) granulating the nanosuspensions onto a non-surface modifying solid

excipient to form a solid formulation.



