1 STABLE NANOPARTI CLE FORMULATI ONS The present invention relates to

phar maceutical ly stable nanoparticle fornulations of poorly soluble drug
substances. This invention also relates to processes for the preparation of
5 such fornul ati ons. BACKGROUND OF THE I;NVENTI ON A maj or problemin
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bi oavai l ability. Consequently, small particle fornulatitons of drugs are
often needed to maxi m ze the surface area and, therefore, the
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and for a nanoparticle sSuspeROGROVNI®OUSHERINORANTION Particular, there
are two destabilizing processes against whi ch thé suspensi on needs to be 20

stabilized. These processes are particle aggregation or flocculation and
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20 stabilized. These processes are particle aggregation or flocculation and particle growth by

Ostwald ripening, resulting from changes in solubility due to temperature fluctuation during
storage. The more temperature sensitive the drug solubility is, the more susceptible the
suspension will be to particle growth by Ostwald ripening. Conventional nanosuspensions
(generally, suspensions in liquid vehicles) are stabilized against aggregation by surface
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,



better are its barrier properties and its ability to stabilize the
particles against crystal growth. 2 Neverthel ess, certain nanoparticle
suspensi on fornul ati ons can be susceptible to active agent particle
aggregation even when a surface stabilizer or nodifier is present, such as
when the fornulation is heated to tenperatures above the cloud point of
the surface stabilizer. At tenperatures above their cloud point, surface
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20 DETAILED DESCRIPTION OF THE INVENTION

A key feature of the nanoparticle formulations of the present invention is their ability
to be stable without having a surface modifier or stabilizer adsorbed onto the surface of the
drug particles. Unlike conventional nanosuspensions, the stabilization mechanism of the

25  formulations of the present invention does not involve a surface phenomenon. The solid or
semisolid vehicle acts as a stabilizer against aggregation by a physical effect on the mobility
of the drug particles. When the vehicle forms a solid at room temperature, or has a
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 sotubility of a drug substance in a




space to grow. Additionally, the solubility of the drug substance in a
solid or semsolid matrix is less sensitive to small changes in
tenperature than the solubility of a drug substance in a 3 Iliquid vehicle,
and therefore, the semsolid or solid suyspension is |ess susceptible to
crystal growth by Ostwald ripening. A "poorly soluble drug substance" of
the present invention is a drug substance having 5 poor solubility in
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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




alleviate to sone extent one or nore of the synptons of the di sease being
treated. Likew se, 30 a therapeutically effective anmount of a nanoparticle
pharmaceutical fornulation refers to an anount of such formulation that is
sufficient to prevent devel opnent of orjalleviate to sone extent one or
nore of the synptons of the disease being treated. In detennining the
effective anount or dose, a nunber of factors are considered by the
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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-IV,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-1 H-
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,S-trimethyl-4-oxo-3-phenyl-3,5-dihydro-4H-pyridazino[4,5-b]indole-1-

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




25 Exanpl es of preferred poorly soluble drugs for the purposes of the

present invention include

7-chl oro-N, N, 5-tri net hyl - 4- oxo- 3- phenyl - 3, 5- di hydr o- 4H pyri dazi no[ 4, 5-b] i nd

ol e-1- acetam de,

6-f | uor o- 9- net hyl - 2- phenyl - 4- (pyrrolidi n-1-yl carbonyl) -2, 9-di hydro- 1H

pyrido[ 3, 4-b]indol -1-one, and i sopropyl

2-buty|-3-[4-[3-(dibutylanino)propyl]bquoyl] - benzof uran-5-carboxyl ate

fumarate. 30 7-Chloro-N, N, 5-trinet hyl - 4-gx0-3""

- phenyl - 3, 5-di hydr o-4H pyri dazino [4,5-b Vindol e- | - acetanide (hereinafter

"Conpound A") has the followi ng chemical str&%ure: 0 CH3 N CH3 NN CN O

1 CH3 Conpound A Conpound A is useful anpl e, a neuroprotective

agent for the treatnent of 5 neyrfdege eraf&ve ses or as an oncol ogy

t herapeutic for the treatnent of \\ano ca epared according to the

basi c procedures described in, U & P4 &\ 6, 045 and, in

particular, U 'S. Patent No. 6,395,729, ﬁ%hlchopatents are |ncorporated by

reference herein. 6-Fluoro-9-nethyl-2-pghgnyl -4-(pyrrolidin-

-yl carbonyl ) -2, 9-di hydro-| H pyrido[ 3,4- 10 b]indol-I-one (hereinafter

" Conpound B") has t he fol I owi ng cheniG@rogtd ficture: O N F N N CH3 O

Compound B 15 Cowpound Bis useful as, for exanple, an anxiolytic agent for
an anticonvul sant agent for the treatnent

t he treat menf r
of epilepsy, 0%8%??5 }ﬂsegt,ﬂ ?ﬁ,sfgl] gxample, r%é‘?ﬂfP@@te"%‘ﬁ’d agent for the treatment of

5 neurodegeneratlve diseases or as an oncology therapeutic for the treatment of cancer, and can

wn

prepared according to the basic procedures described in U.S. Patent No. 6,262,045 and, in
particular, U.S. Patent No. 6,395,729, which patents are incorporated by reference herein.

6-Fluoro-9-methyl-2-phenyl-4-(pyrrolidin-1-ylcarbonyl)-2,9-dihydro- 1 H-pyrido[3,4-

10 blindol-1-one (hereinafter “Compound B”) has the following chemical structure:

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:




can prepared according to the basic procedures described in U S. Patent No.
6, 075,021, which patent is incorporated by reference herein. 20 |sopropyl
2-butyl-3 -[4-[3 -(dibutyl am no) propyl ] benzoyl ] - 1- benzof uran-5-carboxyl ate
fumarate (hereinafter "Conmpound C') hasgsthe follow ng chem cal structure: 6
(CH3) 2CHO2C CO (CH2)3-N(CAH9)2 O (CH2)3 CH3 Fumarate Compound C 5
Compound C is useful, for exanple, for the treatnent or prevention of
arrhythm a as an antiarrhythm c, and can prepared according to the basic
procedures described in U S. Patent Application Publication No.

2003/ 0225100, publkaﬁfgﬁﬁ§%enber 4, 2003, angy WA\02/16339, published
February 28, 2002, ich 1’6 eClreo edCBysTélesdrce herein
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The dispersion vehicle of the present invention is a non-surface modifying material

(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




t hey have a high consistency and do not begin to flow until a force is
applied (for exanple, by mxing, spreading, or extruding), which exceeds a
m ni rum val ue of force, known as the "yield value," which is
characteristic of a given semsolid. After the yield value is exceeded, 30
sem sol i ds behave nore |ike liquids; semsolids flow, whereas solids deform
when shear stress 7 exceeding their yield value is applied. The viscosity
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Hydrokote™ 112 avallable from Abltec Corporation, Columbus, Ohio); triglycerides, for

example hydrogenated 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




Nanoparticle fornul ations according to the present invention may optionally
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flavoring agents, colorants, preservatiyges, buffers, and other excipients
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formul ati ons of the present invention are generally admnistered to

patients, Wi b arti H@ﬂ euﬁlﬁme hny foﬁﬁﬁatﬂ)‘ﬁE cdnl 8 6 ﬁn i%Qed \%m s%ral% n tﬁéf&ﬁﬂ be

humans, by onvent glﬁﬁ r out known 8 in the art.
f or mul at i ons”'cAA"BE ng’st° r@&‘tlflc?%%}ﬁ érieldetop ghnlet, Oli ﬁ sespensian mecely orf or

exanpl e, a RKagishligr foS@;fa'fmp%lh)&ﬁé 1R 3PS Wbk, sﬁpﬁo@@c&r?%r pégsa???atﬁé oiftneft lob n,
suspension; rectall ginally, for exanple in the formof ata f"at

supposi tory OBSruSIbeé‘§‘§ér%1} t"pbcé A éor ipRIFENe forgof @ naste, eintnaqnt frsies oo srspepsion.

topically, for exefpb® ehmBodifentt QF ThedbreBer 38¥ctioP il fulE Mhnoph@leORnRhlations
suspensi on. Preferred en‘?@gl ments of the present invention include

5
nanopar ti cl &TSIHE LPYBRSSO £ Sibstpnge 6%Fls9m’§@}du@iﬁ€rsénﬂu§eh§ﬂ)§?tfdm@land a

sem sol i d du&piarssiin 1N&B|f&hﬂ)ffaﬁ)6mtrﬁ)@ﬂt 6@pasteadni ni stration in the formof an
oi nt ment or pastﬁﬁ The present Qventl on further relates to the use of the
nanoparticle for IpéTSF”Bﬁ%VQBTFO“t fyeherirelgien o theuserpf Hegieranagicletfornpations phike
enbodi rrent,mtvhmohliwmadwxﬁél relates to a nethod of treating a patient, for
exarrple1 a m atient such as a, human patient, with a nanopartlcle

phar macdut i cal ﬁtB G i "e“‘b’?‘géoé‘rﬁdafeﬁ\}‘éﬁtm%wd thecatiag RGeS vi ng

adni ni st er i agmate, efnﬂaeﬁmeﬂma patatsich aoh h@m@ﬁ@@cibﬁf tihitl EndnOf M abhLRaRnidahe
i nvention t r ef, erred od of the invention relates a

ot nod of + RER i FrsRe B e tRaE i San el ah e eckts poon
conpri ses aafmnancaiaﬁroiatgnﬁ@atﬁmpaﬂxbe%nﬁdﬂ therGa@dnt.such treatment a

t herapeutically eff Lve . a t .of nanopart i har maceut i cal

formul ati on of tAhB DT ¢ ee%enr?fhoggﬁ%ﬁﬂ%ﬁm} ’f?? ia‘c‘ﬂeqS E?Btl“}gya earssERedivy
subst arlée id&segsecdrl @noar,l\thhﬁh Tcd.’)mpm%hydimﬂrsﬁmﬁg% a patient in need of such treatment a
phenyl - 3, 5- ridazi no ol.e-1-acet am de. . Anot her
preferred r%g%rﬁyg{lgaglyte fgé{}vﬁ\?lelﬁ{l? %fl W?WB? e‘ft’rcéla'g]f’?l‘gat&n ?frtgfi/%‘ﬁie?hg 20
anxi ety, epn‘ifeep@y in wphaBithe poorly xotublm&ﬁlg 3ulﬁmlel’ﬂt:¢’ BCT-Ul1€%, N, W3- € O IPLk S8S

admi ni st er 'Cﬂflnglil 111}p<ﬁ1$ 4E &ndam Fﬁ?b ndo e— (Efﬂe fment or prevention a

t her apeuti ectl ve rgrmount %l e pharmaceuti cal
formul ati on of ﬁhlethptr preéended i nmetlgnat mtbtheunvam«amlis t heetipdosd yesing Wl @evedtingg

o 1T uor e o Ty FEISPBh RIS (Pl e ol SRy, atminiPe.p
patient in need of such freatment 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)propyl]benzoyl]-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-




pyrido[ 3, 4-b]indol-1 -one. 25 Another preferred nmethod of the invention is
a nethod of treating or preventing arrhythm a, which conprises
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arrhythm a. In another enbodi nent, the present invention relates to dosage
fornms conprising the nanoparticle fornulation described herein. Dosage
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medicaments that are not medically incompatible therewith.

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
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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.




20 substance are suspended. The mlling chanber may optionally contain
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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 Qil

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
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t enper at ur ECc(rth thd tempaﬁmﬁmf@&SﬁlHMg)bhé%ﬁ&rW@é 84 al $0°8M0 RYL thelcRrBREInd B

t he sol ubi |l rate f Ain the hydrogenated veget abl e
oil at 60C b\%é E%rt IB&?{W ”’cgoanﬂepoﬁdlﬂ@n?ﬂg?fgthe Perdsr opages Flnedssiisplaid itb

f or mul atsi onml/ivewfiothk pitadg spRBGRSs SZO@&@mULAlﬂet Z @k maakks the Bifculalifs Fal@r mﬂ
LT St oL a5 L O0LF DR, VBTG ) g2l LS, 7, OGN NS KO 0.3
C|rculat|ngmm@hemmbahhahemn@mQMUﬁe45Kwhume@Q@tﬁ@b&mt&e eRRehpdrteBatef the
seal area) \ae%gtalglg%ﬂ t(@%co\%ﬂt‘ﬁé) was rculatml'lI for f&r\@msr conditioning and to washout the liquid
oil. The total conditioning and washing time (soy oil and Wecobee® S) was approximately
20 one hour.
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.




controls the tenperature of the mlling chanber) were set at 50C to heat
the chanber and the beads. For initial washing and conditioning of the
beads, soybean oil was circulated at 40 15 m/mn with the agitator
stirring at 3200 rpm After a few mnutgs, the circulating water bath
tenperature was | owered to 40C to keep the tenperature cool ed bel ow 60C.
The tap water tenperature was al so adjusted to 45C. Foll ow ng soybean oil,
nol ten hydrogenated vegetable oil (\Y8e@ipek>) S) was circulated for
further conditioning and to washout the ftrqurd oil. The total conditioning

and washing tine (soy oil and Ve&esmeund Baj) Hand Fabbpr oxi mately 20 one hour.

The drug substance suspension was prepared by dispersing 150 g of Conpound
Ain 700 g of mj)j]ggmu Qhes

(Lightni n(r) br and b\%‘} hot (I]F))é%rg @t,gl %Ipﬁg?%ft%gy%ﬁgﬁﬁas fdrgllé%\g/eﬁrad?e from
the m |13 ng 28t Oﬂttﬁé %ﬁ*@?@d subst A de dregisibetandeontilvhis od iwas alnzsedeat 400
m/mn w t h (ﬁlélﬁnfl;?/ee NOMdtimatcSéA the iig saista?r%% dilRfAs cmﬁlb%é fRUPME %él%o%ﬁ)fkept

stlrrlng usi ng t Xer to prevent sedi nent ati on ut was not heate
during mll |°H@ddeﬁhéf heisplubilif o1 {prnarst B ntdy cilemsdesatthand meldliang this #oiaat i ng

tap water tesReH ﬂiaﬂﬂu@ld&%o@ubklﬁ%f@ dhd BeE sdyQilGRRNd @é}@m{%%@%%ﬂsoﬁml%c

tenperature around 55C and the product terrperature bet ween 45C and
These tenpellré]f‘aﬁ‘i]@%a%/%‘?]e mai nt ai ned throughout the milling period. The

sus penSl(Dn was nThil @lpdrion Forkn@laBbn Vs pre Jﬁ%ru&ngé‘fv&%@alrrﬂ@ &Han%QatQL@oﬁlﬂﬁ@
mlling, %%uspgnm on was transferre to a Storage container and all owed
to

to cool SryPRgetedthaioe o1l y4th npskimgmommt sangs op ahavt SB5$°6)-HARehard fat T

sol ubi | it y Qfelt@)ﬁspﬁéﬁﬁdg Bniah Q)Yat@l I1 oVﬁﬁ YtEHuTHl @ehﬂluze@sgiﬂc@m 8hay iFHal)| Werby
gr adual Eltl on of s hed armount of e drug substance

until the oP ey ‘ﬁlar&?s]ﬂ“?@lagé‘rmb@( @i %%91 I%y§ of Qﬂm@%‘}tnfir%tf@]lwedtbﬁewdﬂhﬁf the

subst ance i ol hat@ st W&ﬂe@&iﬂ@t @dhéaflﬂgnap@@ast \Qﬁaﬁlbedaa@&iﬂﬂttheqf erqiah o@@x@%ﬂ)e td he
€ess rﬁp and, th US it

sol ubi | j Qﬁ ound n s

was re g%fpt %F OgE 1“8{}\?% oﬁ%/fbg’?*f”fl?‘oé‘fw"éoﬁ‘ﬁéﬁ RH 2@% wms&r/ 3dioutssinecthe

]E r ans: at e I wdrticah nlibwInel tdlhd telayivell lhléh_&héi‘luﬁga?mﬂtsoﬂ/\&l: lhard 143t }-ﬂ"w&(%ﬁdfs%?% ?n)
ormul ati on par e ng a vertjca Wi at of ti san(r

154, a hydr 8%’%3‘%1@58 ’%ﬂgﬂ“ i%l“% Rt i%}‘?ﬁngé%th? H’F‘?%ﬂ%@“ﬁ‘ﬁ AHGUPtS BRepdey | The

hard fat waBeating 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

Compound 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 mi 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.




melted by heating on a hot plate. 1.0 mm Yttriumstabilized zirconia beads
(20 M) were preheated in a 50 mM plastic tube to 50C. 2 g of Conpound B,
followed by 10 Ml of the nolten hard fat were added. A heating tape was

wr apped around t he upper part of the tube to 15 keep the contents nolten.
The formul ation was stirred at 2000 rpmfor 3 hours using the vertical
mll. Due to the relatively high nelting point of the hard fat, it was
necessary to continue heating with the heating tape until the end of the
mlling period. Attenpts to stop the heating resulted in solidification of
the fat on the upper part of the tubexsipffg end of the mlling process,
the nol ten suspension was sc;eened t6"T§ﬁﬁV§“the mlling beads. 20 EXAMPLE
3 Compound C i n Hydrogenat ea LA Y pplesdifp 3| e (hydr ogenat ed
coco- glyﬁerldes commerci ally known as Softlsan(r) 142, 25 nelting point
range of about 42- 4%C was_ heated to 50C on a hotplate. 2.5 g of Conpound
C, which was gene¥HP'F JizkAslistey Frapelen ! fodvvaopatsrmed ypings Péﬂﬂlbg LApg@Pd-agsi ghed
into a 50- mdlfﬁ@@l@ﬁ rp'alftidga%lieb' beA 280 Ghd RtddOeNRR NG daRdan GAVEThinoR oven
to 50C. 20 qnlver% qh density zirgoni um beads were heated in
anot her tubéO & a?ﬁF@“mﬁﬁﬁmB@bdQTJQQr@ﬁﬁﬁﬁgd@P@u@h@oﬁﬂug
subst ance, fSﬂfds@bﬁﬁtebMailMe ﬁdﬁlﬂ tited st H11C ) Ghas IR, 980 (Hch tﬂxélgamp% s

heati ng tape S apped arou t he upper part of the tube, and t
t enper at ur e %\A%t rﬂﬂﬁ ple “?ét“%%erfeé\ﬁf’ thPH@“W@WPﬁ é‘&Tednﬁancafe?rpaé‘Fllaé?lyﬁés The

inserted i nrdstle foaipe parfltld sizb enalyRIs A BRI WS afd preddedah TRO80I A pM) £far1 3
hours. An agqltlonal 10 M of nolten Softisan(r) 142 were added and mi xed
with a gl as8*?¥d. The nolten suspension was then screened at 55C to renpve
the mlling beads using a preheated filtration assenbly 14 EXAMPLE 4
Particlg Si | ysi. f anpl es to Particle nal ysis for
Exanpl egs 1 ?gbl@&gﬁbgﬁgfﬁéﬁgﬁ&%a apl?ffi ]bgoﬁlﬂ"‘@lﬁd\l?a &%° ee%lsf fraction
particle sizer. A 200 ng pomMdden Peficeamel e wals Bsgah heated in a water bath
at 50C, 25 nml of soybean Oicag®mnti@tRIZzBg Aer 0SolkE ) OTt 100 di sper sant
(sodi um dioctyl 10 sul f osu¢oLRakBcig¥ainiadhe [[f 0Mgglg¥f ec| I ndustries Inc.) was
added, and then the sanpl e W&Sent 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.




stirred. The sanple was transferred to the instrunent,
results for the particle size analysis of Exanples |
bel ow. 15 Table 1A: Particle Size

and anal yzed. The

3 are provided in Tables IA 1B, and 1C,
Distribution of Exanple 1, Conpound A i Wecobee(r) S Median Particle Size

stirred,

soni cat ed,

369 nm Mean Particle Size 458 rim Percent below 1 mcron 96. 0% Percent
bel ow 500 nm 77. 2% Table 1B: Particle Size Distribution of Exanple 2,

Compound B in Softisan(r)154 Median

Eﬁﬁ%@hﬁé?

Size 242 rim Percent below 1 m cron

Table 1 C. Particle size distr ig

Sof ti 142 i
Pgrcgﬁ?ng;?om/Sdgpﬁgﬁgﬁyﬁgéygﬁg

MeaniRd

above-resu

Size 236 urn Mean Particle

) rcent below 500 rim 99. 7%

tah i I8l Conpound C in
S 4t P%nsogﬁ{iglg @Esp@@slid?x"ﬁ[réhpafm GESIRi

denonstrate

98. 6%

at the process

of the prestnExamplehtthemspensiopevagtsirpssodepr tipee menthy el e/ 7A¥nGBHYe nppgtty

f or mul atd on i i
| ess thé% 1@86*ﬁﬁ¥@%@ﬁekaﬁﬁ%%%&%9€%

et

ysi cal

&d &2 BMey

St abi

ity of

MhEB RGN PRhtek: Glogthsi ze
Example 1 To |,

determine the phieblecalists thatriatticle/sizst Pareetainabha stressidesaaples dh STHRTHTH ed

accordi ng

40C/ 75% rel at1ve y

size stability at the end of each of three nonths.

at the initia

L9 X AL bimd Gt SUspensi on was stressed for three nonths at
s %ﬁﬁ&?ﬁi?ﬁwgs (RH). The sanple was anal yzed for particle

Table 2 lists the
particle size papaieL s sidebily S558RApRaTPl es in conparison with those
| nt

f1me pal

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%
10
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

15 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.

20 Table 3: Particle Size Stability of Example 2 after three weeks of siressing
s St d for 3

Parameter Initial re\S;:eks !
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




Table 2: Particle size stability of Exanple 1 Paraneter Time 0 1 Month 2
Months 3 Months Median 369 mm 368 nm 358 nm 377 nm Mean 458 nm 460 urn
442 nm 474 nm Percent below 1 m cron 96. 0% 96. 0% 96. 9% 96. 0% Per cent

bel ow 500 nm 77.2% 79. 5% 82. 4% 77.5% 1¢ EXAMPLE 6 Physical Stability of
Exanple 2 To determ ne the physical stability of the conposition prepared
according to Exanple 2, the suspension was stressed by alternating heating
and cooling; a sagRkem¥ashs b il i e
second week and at 50C for %W QQIS?&% W@thé‘édn&(?{rtlagﬁr’mgtlﬁnp@é&)ﬁ%ﬁ:ag&){: ]%gh
particle si ZBEne piths fogpulpting veas grespedipr twe weelsies 50°Faiabled C@@pr“ai’rfé@ t he
particle sizRrtdiestdkidbtitudbh &find BEnIAMBAPRLLR1OS | r@%@gﬁﬁ@m%}é Albi@bly, and at
t he end of the t hree weeks of heat/cool stressing O Table 3: Particle
Size Stabil iT*O¥ SESS®8I e 2 after three weeks of stressing Parameter
Initial Stressed for 3 weeks Median 236 nm 242 mm. Mean 242 nm 267 rim
Percent bel ow 1 mié #npd0086id00%i1itF6r a1l anuRH a@te%%%ﬂéies%séb% EXAMPLE
7 Physical Stability of Exanple 3 16 To determ ne the physical stability
of the nanoparticle formulation prepared according to Exanple 3, the

formul ation was stressednkRr two "weekbh at [5G Tabl @raseddidarles t he
particle size distribution of the forpulation of xanpee&s3 | itially and at
the end of the two W& of stressing 5482nm 492 nm

Mean 508 nm 514 nm

Percent below 1 micron 98.6% 98.8%

Percent below 500 nm 54.7% 52.3%




Table 4: Particle size stability of Exanple 3 formulation after tw weeks
at 50C. Paraneter Initial Stressed for 2 weeks Median 482 nm 492 nm Mean
508 nm 514 nm Percent below 1 micron 98.6% 98.8% Percent bel ow 500 nm

54. 7% 52.3% 17 What is clainmed is: 1. A nanoparticle pharnaceuti cal
formul ati on conprising a poorly soluble drug subst ance havi ng an aver age
particle size of |ess than about 1000 nm’ a solid or senisolid di spersi on
vehi cl e, -and optlonally a non-surface nodi fying excipient. 2. The

formul ati on ac%%r % 8 claim1 wherein said poorly soluble drug substance
has an average parifer&%ize of less than about 750 nm 3. The formul ation
according to claiml wherein said poorly soluble drug substance has an

average particle sijzg Va‘%ﬁo LGSR g%e!?x?&eﬁggl%rm@lgz?oxp%ﬁpésmg {&%oﬁ?{omﬂie@i\ig‘)”

according to claim1 ein east 95% oor sol ubl e "drug
subst ance has #bp#ics having a8 pyeeep palicly Srant sisdban s qqrﬁn ssolifpesepseliful at i on

according to calapemola,vema@@&idpumﬂyamwaifac@fmoagﬁﬁéé«xc@@htubl e drug Substance
|ntheforrmlat|onr from ab %t 0. a

fornul ati on accor di? 3£|e[ g lagiopfasor \Rﬁ@r%ﬁuﬂ Lifhgrel @ﬁ?org’fgo%tgg?rf‘%/su SQ nc%l e dr ug
substance in timeaf orenpd @itictasizcafigeshah pigmt 2ot 1 % t o about 20% by wei ght.

7. The formul ation 386 gﬁ@ﬁoﬁ?c&dﬁ%mc rnmggingalhgfcirﬁggluﬁyﬁrgfﬁxgstémg' fy' ng

excipient is a non- sur ace no g phar maceutic acceptable solid
filler. 8. Thehaﬁmmﬂaaqﬁaéwleé@e@ﬂaqsﬁtgnﬁwuw&nm | wherein said poorly sol uble

drug substance is 4omfeﬁnum5@a&&hﬁgmﬂuﬁw&&maﬁ%mﬂ@/ [ COmShostjABLRl A
protein, a peptide racey an .anti- inflammtory agent, an ,
a COX-2 i nhi bi bsé%°%ﬂé?§%’§? [ ??Sglﬁ??bﬁﬂtslgg(?’i“ﬁl c agent, a nuscarinic

agent, a corti cost ér Tiedpmahutied @sdréisgtoicihi bjwhorein thaanpmooif pwlysﬁeblacﬂxyg agent ,
an _anti emet | Gy A 08HEARLALERL] YOG B A0xaseML A agent . an

anti-platel et agent I'1 pI agent, an anti‘coaqul ant, an
anthel mintic, an ahtThsfermylafien Q‘}Cod@%‘io Claﬁn & arhgieicthe amount of poorly soluble drug

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

7. The formulation according to claim 1, wherein the non-surface modifying excipient
is a non-surface modifying pharmaceutically acceptable solid filler.

8. The formulation according to claim 1 wherein said pootly 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 agent, a cardiovascular agent, an anti-platelet agent, a lipid
regulating agent, an anticoagulant, an anthelmintic, an antiarthythmic agent, a cardiac
inotropic agent, an antihypertensive agent, a diuretic, a diagnostic agent, a diagnostic imaging
agent, an antiviral agent, an anti-fungal agent, an antibiotic, an antimycobacterial agent, an
anticonvulsant agent, an antidiabetic agent, an antiepileptic, an antineoplastic agent, an
immunoactive agent, an immunosuppressive agent, an antithyroid agent, a thyroid agent, an
antidepressant, an anesthetic, an anxiolytic agent, a hypnotic, a neuroleptic, an astringent, a
beta-andrenoceptor blocking agent, a dopaminergic, a haemostatic, an immuriological agent, a
muscle relaxant, a parasympathomimetic, a parathyroid calcitonin, a biphosphonate, a
prostaglandin, a radio-pharmaceutical, a sex hormone, a steroid, a stimulant, an anoretic, a
sympathomimetic, an anti-allergic agent, aniantihistamine, a cough suppressant, a vasodilator,

and a xaathine.



i notropic agent, an anti hypertensive agent, a diuretic, a diagnostic agent,
a diagnostic imaging agent, an antiviral agent, an anti-fungal agent, an
antibiotic, an antinmycobacterial agent, an anticonvul sant agent, an
anti di abetic agent, an antiepileptic, an antineoplastic agent, an

i nununoacti ve agent, an innunosuppressivqsagent, an antithyroid agent, a
thyroid agent, an antidepressant, an anesthetic, an anxiolytic agent, a
hypnotic, a neuroleptic, an astringent, a beta-andrenoceptor bl ocking
agent, a dopam nergic, a haenobstatic, an inmunol ogical agent, a nuscle

rel axant, a parasynpathom netic, a parathyroid calcitonin, a biphosphonate,
a prostaglandin,  a rEaienprion sereringie dpim Swheesin amrphiesolulle drug sEEiguce i

stinulant, an 3poEEkdEselcded SITMAEDBAINBIINE of ARuRPbiccthlaBnf € arB@etithmian
anti hi stam ne, a cough su Fr essant, a vafo_dl |ator, and a xanthine. 18 9.
et

The fornul ati oAB&EAED a5t agpki il & WHIBPEF A8°8%i d poor |y sol ubl e drag
subst ance i s one orinmohefoselatot adorfling m ddive | guherd said pSidgsolnige dfig bstance
neuroprotectio i arr ] _gﬁﬂ; - ant j co sant agent,
and an anxi ol y% isgiggé%ﬂrﬁ@i%mgﬁ%é%%%%ﬁ(& éc%%nr%gl'?'ﬁg&%ogp%\éﬂl ?ﬁ%I wherein
sai d poorly soHisre-4gmigdagingdFiindle-i-scetmidsct-Beprd-9-omby herigpddgreehdipst i ng
of 7-chl or o- - Ny NycabiymBS- i e 0¥ R:d373;4P0 88 1= che, 2md isopropyl 2-butyl-3-[4-[3-
dihydro-4Fprringin3m4,5-b fnd ngl?zg@tanide? nd isopropyl 2-buiyl 31

6-f1 uor o- 9- met Hgl/tru_t)éqnﬂ %yﬂ qne Pl rgn-5-carboxylate fumarate.

| -yl carbonyl ) - 2, 9- dithysh forndubdiipyydct@dih Sto4tah § Madbdreih sabi@orlasvihbiesiogrsoipizhce
2-butyl-3-[4-[3+ (dib |.anmi ng),pr 2RZ( - |p g boxyl ate
fumarate. 11. %ﬁé&#g?H ng?gHgéégggﬁ%%§$?§%%b%Pélf%géﬁégggﬂ}ggﬁgﬁpoorly
sol ubl e drug swfsmidice is

7-chl oroN, N, 5- t ri Mt h¥iefRbor3 @Yo cRin® 1 CHRYGH Qididody ol BRZAR Mk BReeb] | ndo
le-1-. acetam de, 12. TFe for Ia}lon,accor in to,clalﬁ%lo.m@ereln sai d
poorly sol ubl els thl@ro-s%mg yé»ﬁ@geng?%- yrrolidin-1-ylcarbonyl)-2,9-dihydro- 1L H-pyrido} 3,4~

6-f 1 uor o- 9- met hjddeZ-@henyl - 4- (pyrrolidin-1-yl carbonyl)-2, 9-di hydro-| H pyrid
o[ ~.3’ 4- b]indol - | 1984 f&%u]g;[&eacéo%ix[{%go%falng)fb %e?i% Qldrbgoﬁypsoﬁ)b@'dmg%gos%&r en
said poorly soluble drug substance 1s 1sopropy

2- but yl - 3- [ 4- [18ispeirpi 2y iand-1d§ iopjeriporeey bpuievibéhssrirean-gdesidoxyl at e
fumarate. 14. fheafeor mul ati on according to claiml wherein said dispersion

vehicle is one or e material (s) selected fromihe group.consisting of
hydr ogenat ed veget é%l e (gcﬁngl,anon acéorgmg to claim therem salé (gspegxon Uit ek
' more material(s) selected from the group consisting of hydrogenated vegetable oils,

triglycerides, hydrogenated coco-glycerides, mixed glycerides, hydrogenated glycerides,
synthetic glycerides, glycerin esters of fractionated fatty acids, non-surface active esters of
fatty acids, fatty acids, cocoa butter, cocoa butter substitutes, hard fat, natural and synthetic
waxes, and petrolatum,

15. The formulation according to claim 10 wherein said dispersion vehicle 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, glycerin esters of fractionated fatty acids, propylene glycol diesters of
fatty acids, other non-surface 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.




triglycerides, hydrogenated coco-glycerides, m xed gl ycerides, hydrogenated
gl ycerides, synthetic glycerides, glycerin esters of fractionated fatty
acirds, non-surface active esters of fatty acids, fatty acids, cocoa
butter, cocoa butter substitutes, hard fat, natural and synthetic waxes,
and petrolatum 15. The fornulation according to claim 10 wherein said

di spersion vehicle is one or nmore mater’al (s) selected fromthe group
consi sting of hydrogenated vegetable oils, triglyceridgs, hydrogﬁnated
coco-gl ycerides, m | ycer i des, ..hydrogenat.ed. gl ycerides, . synthetic

ol yceri tes. gl yeer 1 deda SRl FPru AT YR SRS rbaf e gl yool

di esters of frawe hydapewiéed vedehable olon- sur f ace active esters of fatty acids,
fatty aclds, coCOaduUb i GAGABRN L hainPHRALl A A%usp AL Jidh o Jabr al and
synt heti c waxes, and pet rol atum . e formilation Accordi ng to claimi15
wherein said diSpe¥&fabn vehicle is one or nore material (s) selected from
the group consisting 10t rhvsleReenRtEE v a6l BRIte O &l aispasich JeRES is ondd

hydr ogenat ed coco-qgl ycerides. 19 17, The fornul ati on according to claim 11
wherein said (Ti‘°§°p]@g§1>é8’ﬁte§}8‘?$" &% one or nore hydrogenated vegetable oil .
18. The fornul ati o. e trdilatyn baotlimgiidrldid Wier« daidsalidhbrdénspain sismiahe\rll\/incl e
IS one or noLe.: : he fo | ation according to claim13 erein
sai d di spersi é’%leg{#g{%&%&g%%ﬁgz%gmmr?%rgés'hydrogenat ed coco-glyceride. 20,
The fornul ati on acerdietepdtodiresting mpationienmising gdihidisisnnd td thewatiselrr sol i d

di spersion veRipb@cd§ efrediledbuft @6 nindPar@ic fHRFScORES Fr@hiBtionddeordfhgtBt hOd  Of
treating a pat'.en# conprising adm nistering to the patient a

t her apeut i cal F%?mé ‘fective anmount of a nanoparticle pharmaceuti cal
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24. A method of treating or preventing arrhythmia, said method comprising
administering to a patient in need of such treatiment or prevention a therapeutically effective
amount of a nanoparticle pharmaceutical formulation according to claim 13. |

25. Use of a nanoparticle pharmaceutical formulation according to claim 11 in the
manufacture of a medicament for the freatment of a neurodegenerative disease or cancer.

26. 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.

27. Use of a nanoparticle pharmaceutical formulation according to claim 13 in the
manufacture of a medicament for the treatment of arrhythmia.

28. A process of preparing a nanoparticle formulation according to claim 1

comprising the steps of'




anount of a nanoparticle pharmaceutical fornulation according to claim 11.
24. A method of treating or preventing arrhythm a, said nethod conprising
adm nistering to a patient in need of such treatnment or prevention a
therapeutically effective anobunt of a nanoparticle pharnaceuti cal

fornul ation according to claim13. 25. Use of a nanoparticle pharmaceuti cal
formul ati on according to claim1l in the mnufacture of a nedi canent for
the treatnment of a neurodegenerative disease or cancer. 26. Use of a
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(b) media-mlling the mxture to rmthe nanopartic ormul at 1 on.
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30. The process according to claim 28 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;

®) combining one or more poorly soluble drug substance with the molten
dispersion vehicle to form a mixture;

(© media milling 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.

31. The process according to claim 28 comprising the sfeps of:

(&) 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




above the nelting point of said solid or sem solid dispersion vehicle to
forma nolten dispersion vehicle; (b) conbining one or nore poorly soluble
drug substance with the nolten dispersion vehicle to forma mxture; (c)
nmedia mlling the mixture with a plurality of grinding nedia to forma
nanosuspension; (d) filling the nanosuspensi on into capsules; and (e)
cooling the capsules to a second tenperature range below the nelting point
of - the solid or sem -solid dispersion vehicle to formthe nanoparticle
fornulation. 31. The PLAGESS: ACCRALALRAsLR ofb @nPA-LBH &ML ifE Blla bhict eps
of: (a) heating a solid aor sem solid dispersion vehicle to a first
tenperature range at oﬁbﬁgﬁﬁﬁémiﬁﬁn ¥ing point of said solid or senisolid
di spersion vehicle to forma nolten dispersion vehicle; (b) conbining one
or nore poorly soluble drug substance with the nolten dispersion vehicle
to forma mxture; (c) nmedia mlling the mxture with a plurality of
grinding nedia to forma nanosuspension; and 21 (d) granulating the
nanosuspensi ons onto a non-surface nodifying solid excipient to forma
solid formul ati on.




