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GLUCOCORTI COSTERO D FORMULATI ONS FI ELD OF THE | NVENTI ON The i nvention is
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chronic treatnment of asthma in adults and pediatric patients and for the
relief of synptons of allergic conjunctivitis and seasonal allergic rhinitis
in adults and pediatric patients. The sterile conpositions conprise a

gl ucocorticosteroid. The invention is also directed to pharnaceuti cal
conpositions of the sane useful for parenteral, inhalation and topical
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d ucocorticosteroids 3 ucocorticosteroids have been shown to be effective
for the maintenance treat ”e'ﬁIEQfD@)?'i‘Pﬁ:mVFl\?f ylactic therapy, for the
managenent of the nasal synptons of seasonal and perennial allergic and
nonallergic rhinitis in adults and pediatric patients, and for the relief
of the signs and synptons of seasonal allergic conjunctivitis. U S. Patent

No. 6,392,036 t s : " . JEN ' f
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t he gener anflemnuitory emidallergi¢c doeditiondvbr eover, beta and gamma irradiation as a
process for sterilization of mcronized budesonide denonstrated significant
chem cal breakdown at | ow radiation exposure levels. 1 WO 2007/089490

PCT/ US2007/ 001851 U.S. Patent No. 6,464,958 to Bernini et al., for "Process
for the Preparation of BACKGROUND OF THE INVENTION

A, Background Regarding Glucocorticosteroids

Glucocorticosteroids have been shown to be effective for the maintenance
treatment of asthma as a prophylactic therapy, for the management of the nasal
symptoms of seasonal and perennial allergic and nonallergic rhinitis in adults and
pediatric patients, and for the relief of the signs and symptoms of seasonal allergic
conjunctivitis.

U.S. Patent No. 6,392,036 to Karlsson et al., for "Dry Heat Sterilization of
Glucocorticosteroid,” refers to a process for the sterilization of a dry powder
comprising a glucocorticosteroid. The process comprises dry heat treating the powder
at a temperature of from 100 to 130 degrees centigrade. This process is disclosed for
the sterilization of budesonide powder followed by aseptic addition of liquids and
excipients to prepare the product, Pulmicort Respules. The patent also teaches that
sterilization in the presence of water (i.e. moist heat sterilization) is not an acceptable
method for sterilization because of particle agglomeration. Further, ethylene oxide is
not an acceptable process for sterilization because of the generation of toxic residues.
Moreover, beta and gamma irradiation as a process for sterilization of micronized
budesonide demonstrated significant chemical breakdown at low radiation exposure

levels,



Suspensions of Drug Particles for Inhalation Delivery," refers to a process
for making therapeutically acceptable sterile m cronized becl onet hasone

di pr opi onWi02000894%esult of ganmma irradi ati on. The ref EANERIGIHSbses t hat
becl onet hasone di propi onate, when subjected to gamma-irradiation at 2 to 9
KGy under particular conditions, remains chemcally stable. The irradiation
Is carried out in 'a polythene container having replaced air with nitrogen
and sealed in two oxygen- proof materials, Polikem bags. The sterilized
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beclomethasone or beclomethasone dipropionate. Preferred sterilization is at 121°C

for 20 min. The impurity profile of the sterilized glucocorticosteroid suspensions of
the invention are not significantly different from the profile of the non-sterilized

glucocorticosteroid.

U.S. Patent No. 6,039,932 to Govind et al., for "Medicinal Inhalation Aerosol
Formulations Containing Budesonide,” describes a propellant-based
glucocorticosteroid formulation. Claimed preferred surfactants include oleic acid,

sorbitan oleates, and lecithin.

International Patent Application WO 98/00111 to Waldrep et. al., for “High
Dose Liposomal Aerosol Formulations,” refers to a high dose budesonide-liposome
aerosol composition comprising up to about 12.5 mg/ml budesonide in up to about
187.5 mg of dilaurolyphosphatidylcholine/ml. Other phospholipids useful in the
practice of the described process can be selected from a group consisting of egg yolk
phosphatidyl-choline, hydrogenated soybean phosphatidylcholine,
dilauroylphosphatidylcholine, dimyristoylphosphatidylcholine,
dioleoylphosphatidylcholine, and dipalmitoyl phosphatidylcholine.



U.S. Patent No. 5,091, 188 by Haynes, for" Phospholi pid-coated m crocrystals:
I njectable formul ati ons of water-insoluble drugs,” refers to the preparation

of a syrW87/e8%49h ect abl e pharmaceutical conposition RoHYSPTH48¥f a
suspension of solid particles of a water-insol uble pharmacol ogically active
substance on the order of about 50 nmto about 10,000 rim coated with a

| ayer of nenbrane-form ng anphipathic |ipid (phospholipid). The conposition
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conbi nation surface nodifier or sugfactant. an hq ol i pid approach
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hydr ogenat ag)filtegabloundey steyde £onditony, Udrcloz¢00 pescess for the sterile filtration of a
nanoparticle suspension comprising one hydrophobic, water-insoluble and water

indispersible polymer or copolymer emulsified in an aqueous phase comprising a
phospholipid and an oleic acid salt. The nanoparticles contain a pharmaceutical

agent, with focus on the “taxoid family” and an injectable composition.

U.S. Patent No 5,922,355 by Parikh et al., for “Composition and method of
preparing microparticles of water-insotuble substances,” discloses a probe sonicator
technique in which poorly watér-insoluble drugs are prepared in submicron particle
size when combined with one or more surface modifiers or surfactants together with
natural or synthetic phospholipids. The combination surface modifier or surfactant
and a phospholipid approach generates a final particle size at least one-half smaller as
compared to that obtained when using phospholipid alone. The phospholipids may
be phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine,
phosphatidylinositol, phosphatidyltglycerol, phosphatidic acid, lysophopholipids, egg
or soybean phonpholipid (natural, partially or fully hydrogenated).



U S. Patent No 5,858,410 by Muller et al., for "Pharmaceutical
nanosuspensi ons for mnedi canent adm nistration as systens with increased
saturati oWOXBTAM#0 ty and rate of solution,” discloses %%U%PQZOQF i on of
drug carrier particles containing at |east one sparingly soluble

t herapeutic conmpound in the particle size range of 10 to 1000 nm Natural
occurring surfactants include phospholipids (Ilecithins, phospholi pids,
sphingolipids, sterols, egg lecithin, soya lecithin, and hydrogenated

lecithins are ytiljzed to_sjabjlize the systemal ong w t.h other dispersion-
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enhanced ireating higtesheacef oquildibia jot steasmh.odext rins. U, S. Published Patent
Application No. 2002/ 0037257 Al to Fraser et al., for "Budesonide Particles

and Phar maceut iw.8l P&lenpsi 5,09598 ContsaeNendl. The rfElutithsqes@spiohe i nport ance
of crystalline budesonide particles having a "smoth surface” with BET
val ues f r &¥ablligable Farmyplafionsy eefefs do brikeysprnsions of flagigasons ppyonai$ ¢  cal
fluid. 4 20074 R8940 PCT/ US2007/001851 B. Background Regar di ng
Nanopart i cufat e Conpositions Nanoparticul ate conpositions, first described

in US Patent fpopeanlpheertSbplication No. EP 1 310 243 Al to Santesson et. al., for
“Novel Formulation,” refers to a metered unit dose comprising 32 pug of budesonide,
wherein the budesonide is produced as fine particles which are suspended in an
aqueous medium with a pH in the range of 3.5 to 5.0. Preferably, the formulation
contains the chelating agent EDTA at about 0.005 to 0.1% w/w.

U.S. Patent No. 5,914,122 to Otterbeck et al., for “Stable Budesonide
Solutions, Method of Preparing Them and Use of These Solutions As Enema
" Preparations And Pharmaceutical Foams,” notes that the stability of budesonide
solutions critically depends on the pH (claim pH <6). Budesonide stability is
enhanced in the presence of EDTA or cyclodextrins.

U.S. Published Patent Appiication No. 2002/0037257 A1l to Fraser et al., for
“Budesonide Particles and Pharmaceutical Compositions Containing Them,” stresses
the importance of crystalline budesonide particles having a "smooth surface" with

BET values from 1 to 4.5 m?/g. The described process uses a super-critical fluid.



("the 684 patent"), are particles consisting of a poorly sol uble
therapeutic or diagnostic agent having adsorbed onto, or associated wth,
the surfad¥ORi8H®Ia non- crosslinked surface stabilizePCTAUSEHGALSR} naklng
nanoparti cul ate conpositions are described in, for exanple, U S. Patent

Nos. 5,518,187 and 5, 862,999, both for "Met hod of Ginding Pharmaceuti cal
Subst ances;" U. S. Patent No. 5,718,388, for "Continuous Method of Ginding
Phar maceuti cal Substances;" and U. S. Patent No. 5,510,118 for "Process of
Prepari ng Therapeutlc Cbnp05|t|ons Cont ai ni ng Nanoparticles."”
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Compositions Useful in Medlcal Imaging;” 5,326,552 for “Novel Formulation

For Nanoparticulate X-Ray Blood Pool Contrast Agents Using High Molecular
Weight Non-ionic Surfactants;” 5,328,404 for “Method of X-Ray Imaging
Using Iodinated Aromatic Propanedioates;” 5,336,507 for “Use of Charged
Phospholipids to Reduce Nanoparticle Aggregation;” 5,340,564 for
“Formulations Comprising Olin 10-G to Prevent Particle Aggregation and
Increase Stability;” 5,346,702 for “Use of Non-Ionic Cloud Point Modifiers to
Minimize Nanoparticulate Aggregation During Sterilization;” 5,349,957 for
“Preparation and Magnetic Properties of Very Small Magnetic-Dextran
Particles;” 5,352,459 for “Use of Purified Surface Modifiers to Prevent
Particle Aggregation During Sterilization;” 5,399,363 and 5,494,683, both for
“Surface Modified Anticancer Nanoparticles;” 5,401,492 for “Water Insoluble
Non-Magnetic Manganese Particles as Magnetic Resonance Enhancement
Agents;” 5,429,824 for “Use of Tyloxapol as a Nanoparticulatg Stabilizer;”
5,447,710 for “Method for Making Nanoparticulate X-Ray Blood Pool
Contrast Agents Using High Molecular Weight Non-ionic Surfactants;”
5,451,393 for “X-Ray Contrast Compositions Useful in Medical Imaging;”
5,466,440 for “Formulations of Oral Gastrointestinal Diagnostic X-Ray
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Coatings for Nanoparticle Compositions;” 5,571,536 r ormulanons of

Compounds as Nanoparticulate Dispersions in Digestible Oils or Fatty Acids;”

5,573,749 for “Nanoparticulate Diagnostic Mixed Carboxylic Anydrides as X-

Ray Contrast Agents for Blood Pool and Lymphatic System Imaging;”

5,573,750 for “Diagnostic Imaging X-Ray Contrast Agents;” 5,573,783 for

“Redispersible Nanoparticulate Film Matrices With Protective Overcoats;”

5,580,579 for “Site-specific Adhesion Within the GI Tract Using

Nanoparticles Stabilized by High Molecular Weight, Linear Poly(ethylene

Oxide) Polymers;” 5,585,108 for “Formulations of Oral Gastrointestinal

Therapeutic Agents in Combination with Pharmaceutically Acceptable Clays;”

5,587,143 for “Butylene Oxide-Ethylene Oxide Block Copolymers Surfactants

as Stabilizer Coatings for Nanoparticulate Compositions;” 5,591,456 for

“Milled Naproxen with Hydroxypropyl Cellulose as Dispersion Stabilizer;”

5,593,657 for “Novel Barium Salt Formulations Stabilized by Non-ionic and

Anionic Stabilizers;” 5,622,938 for “Sugar Based Surfactant for

Nanocrystals;” 5,628,981 for “Improved Formulations of Oral Gastrointestinal

Diagnostic X-Ray Contrast Agents and Oral Gastrointestinal Therapeutic
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Nanoparticle Dispersions;” 6,267,989 for “Methods for Preventing Crystal

Growth and Particle Aggregation in Nanoparticle Compositions;” 6,270,806

for “Use of PEG-Derivatized Lipids as Surface Stabilizers for Nanoparticulate

Compositions;” 6,316,029 for “Rapidly Disintegrating Solid Oral Dosage

Form,” 6,375,986 for “Solid Dose Nanoparticulate Compositions Comprising a

Synergistic Combination of a Polymeric Surface Stabilizer and Dioctyl

Sodium Sulfosuccinate;” 6,428,814 for “Bioadhesive Nanoparticulate

Compositions Having Cationic Surface Stabilizers;” 6,431,478 for “Small

Scale Mill;” and 6,432,381 for “Methods for Targeting Drug Delivery to the

Upper and/or Lower Gastrointestinal Tract,” 6,592,903 for “Nanoparticulate

Dispersions Comprising a Synergistic Combination of a Polymeric Surface

Stabilizer and Dioctyl Sodium Sulfosuccinate,” 6,582,285 for “Apparatus for

sanitary wet milling;” 6,656,504 for “Nanoparticulate Compositions

Comprising Amorphous Cyclosporine;” 6,742,734 for “System and Method

for Milling Materials;” 6,745,962 for “Small Scale Mill and Method Thereof;”

6,811,767 for “Liquid droplet aerosols of nanoparticulate drugs;” and

6,908,626 for “Compositions having a combination of immediate release and

controlled release characteristics;’ 6,969,529 for “Nanoparticulate

compositions comprising copolymers of vinyl pyrrolidone and vinyl acetate as
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all of which are specifically incorporated by reference. In addition, U S.
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formul ations,” U.S. .Patent Publication No.. 20060154918 for K "|njectable
nanopas t | Al SF TS R PPHF dE O g et aHER R o BB | on o,
200601211. phAiréMlorid) Bhd aiTRERePRBFITRC @US | Batbnt FEDMRASsA Nen, " U. S. Pat ent
Publ i cati on No. 20020012675 A, for "Controll ed Release Nanoparticul ate

Conposi t | 960195896 Tppt'Agrosplid insactable fgmulations of nanoparticulate
benzodiazepine,” U.S. Patent Publication No. 20060193920 for

“Nanoparticulate Compositions of Mitogen-Activated (MAP) Kinase
Inhibitors,” U.S. Patent Publication No. 20060188566 for “Nanoparticulate
formulations of docetaxel and analogues thereof,” U.S. Patent Publication No.
20060165806 for “Nanoparticulate candesartan formulations,” “U.S. Patent
Publication No. 20060159767 for “Nanoparticulate bicalutamide
formulations,” U.S. Patent Publication No. 20060159766 for “Nanoparticulate
tacrolimus formulations,” U.S. Patent Publication No. 20060159628 for
“Nanoparticulate benzothiophene formulations,” U.S. Patent Publication No.
20060154918 for “Injectable nanoparticulate olanzapine formulations,” U.S.
Patent Publication No. 20060121112 for “Topiramate pharmaceutical
composition,” U.S. Patent Publication No. 20020012675 Al, for “Controlled
Release Nanoparticulate Compositions,” U.S. Patent Publication No.
20040195413 Al, for “Compositions and method for milling materials,” U.S.
Patent Publication No. 20040173696 Al for “Milling microgram guantities of
nanoparticulate candidate compounds,” U.S. Patent Publication No.
20050276974 for “Nanoparticulate Fibrate Formulations™; U.S. Patent
Publication No. 20050238725 for ‘“Nanoparticulate Compositions Having a
Peptide as a Surface Stabilizer”; U.S. Patent Publication No. 20050233001 for
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“Novel Nimesulide Compositions™; U.S. Patent Publication No. 20040141925

for “Novel Triamcinolone Compositions™; U.S. Patent Publication No.

20040115134 for “Novel Nifedipine Compositions™; U.S. Patent Publication

No. 20040105889 for “Low Viscosity Liquid Dosage Forms™; U.S. Patent

Publication No, 20040105778 for “Gamma Irradiation of Solid

Nanoparticulate Active Agents™; U.S. Patent Publication No. 20040101566 for

“Novel Benzoy! Peroxide Compositions™; U.S. Patent Publication No.

20040057905 for “Nanoparticulate Beclomethasone Dipropionate

Composiﬁons”; U.S. Patent Publication No. 20040033267 for

“Nanoparticulate Compositions of Angiogenesis Inhibitors”; U.S. Patent

Publication No. 20040033202 for “Nanoparticulate Sterol Formulations and

Novel Sterol Combinations”; U.S. Patent Publication No. 20040018242 for

“Nanoparticulate Nystatin Formulations™; U.S. Patent Publication No.

20040015134 for “Drug Delivery Systems and Methods™; U.S. Patent

Publication No. 20030232796 for “Nanoparticulate Pblycosanol Formulations

& Novel Polycosanol Combinations™; U.S. Patent Publication No.

20030215502 for “Fast Dissolving Dosage Forms Having Reduced Friability”;

U.S. Patent Publication No. 20030185869 for “Nanoparticulate Compositions
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Patent Nos. 4,783,484 for “Particulate Composition and Use Thereof as Antimicrobial
Agent;” 4,826,689 for “Method for Making Uniformly Sized Particles from Water-
Insoluble Organic Compounds;” 4,997,454 for “Method for Making Uniformly-Sized
Particles From Insoluble Compounds;” 5,741,522 for “Ultrasmall, Non-aggregated

Porous Particles of Uniform Size for Entrapping Gas Bubbles Within and Methods;”
and 5,776,496, for “Ultrasmall Porous Particles for Enhancing Ultrasound Back

Scatter.”

Nanoparticulate glucocorticosteroids are described, for example, in U.S.
Patent No. 6,264,922 for “Aerosols Containing Nanoparticulate Dispersions,” U.S.
Patent No. 5,747,001 for “Aerosols Containing Beclomethasone Nanoparticle
Dispersions;” U.S. 20040208833 Al to Hovey et al., for “Novel fluticasone
formulations,” US 20040057905 A1 to Wood et al., for “Nanoparticulate
beclomethasone dipropionate compesitions,” US 20040141925 to Bosch et al., for
“Novel triamcinolone compositions,” and US 20030129242 to Bosch et al., for
“Sterile filtered nanoparticulate formulations of budesonide and beclomethasone

having tyloxapol as a surface stabilizer.”
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This is also true partlc aggregation, as Inj ations
pr ef er abl yoHewgaxpesirede elevatwdderaperatupes duriigehe hed stiérilipatian procelan about
250 nm Larger particles formed by particle

Crystal growth and particle aggregatmn in nanoparticulate active agent

preparations are highly undesirable for several reasons. The presence of large crystals
in the nanoparticulate active agent composition may cause undesirable side effects,
especially when the preparation is in an injectable formulation. This is also true for
particle aggregation, as injectable formulations preferably have an effective average
particle size of greater than about 250 nm. Larger particles formed by particle
aggregation and recrystallization, such as particles having a size of greater than 2

microns, can interfere with blood flow, causing pulmonary embolism and death.

In addition, with both injectable and oral formulations the presence of large
crystals, and therefore varying particle sizes, and/or particle aggregation can change
the pharmacokinetic profile of the administered active agent. For oral formulations,
the presence of large crystals or aggregates creates a variable bioavailability profile
because smaller particles dissolve faster than the larger aggregatee or larger crystal
particles. A faster rate of dissolution is associated with greater bioavailability and a
slower rate of dissolution is associated with a lower bioavailability. This is because

bioavailability is proportional fo the surface area of an administered drug and,
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as the particl epstiiARalEE pRHITLRRScdRFosHfdHs6F Yoty ®aRP solBlel th_@t%ﬁélnﬁ:
phar macoki netic profile. Pulnonary drug delivery is acconplished by

i nhal at i orgemtsaprrtiele sizslis alip sritinak dsahepartiplesine datgrorines thg delivgrgsithayi ng

aer odynam ' . qt. t agﬁzg ) 0 not
reach the edlrlégﬁ??gl?@%@h%%?} élﬁd@tagnl np gﬁ#&%%% agg%hgé}{eﬁrb at and are
swal | owed ialdatpmssi 41 aerosdl thrpuglatisontet anfPalivorc | Restitlay haging irarvdyeargsicof about
2 to about,.5 microns are . smal enough to reach the upper- to.md-pul nonary
Fegi on (cIRBEEITY BFHEYa) Sbos DHEoras I G0 st TPAARE 1UREs M8l | Even
snal | er pandy ©he %o ihp®ot thebitlofAhSthrOat aRQHEe Avdlldwedtind RIsSiblycaaab! e of
reaching the al veolar region. Particles havi n%? di aneters small er than about

0.5 mi cr orbserked-aPawiclss haupadiamgtersofigheut? teenaut Sreigrans asg swaliepeighat i on,
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reach the alveoli. Even smaller particles, i.e., about 0.5 to about 2 microns, are
capable of reaching the alveolar region. Particles having diameters smaller than about
0.5 microns can also be deposited in the alveolar region by sedimentation, although

very small particles may be exhaled.

As taught by U.S. 20020102294 A1, conventional techniques are extremely
inefficient in delivering agents to the lung for a variety of reasons. For example, it
has been reported that ultrasonic nebulization of a suspension containing fluorescein
and latex drug spheres, representing insoluble drug particles, resulted in only 1%
aerosolization of the particles, while air-jet nebulization resulted in only a fraction of
particles being aerosolized. Susan L. Tiano, “Functionality Testing Used to
Rationally Assess Performance of a Model Respiratory Solution or Suspension in a
Nebulizer,” Dissertation Abstracts International, 56/1 2-B, pp. 6578 (1995). Another
problem encountered with nebulization of liquid formulations was the long (4-20 min)
period of time required for administration of a therapeutic dose. Long administration

times are required because conventional or non-nanoparticulate liquid formulations
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very small particles may be exhal ed. As taught by U S. 20020102294 Al,
conventional techniques are extrenely inefficient in del @ nts to
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ul trasoni c nebulization of a suspension containing fluorescein and |atex
drug spheres, representing insoluble drug particles, resulted in only 1%
aerosolization of the particles, while air jet nebulization resulted in only
a fraction of particles being aerosolized. Susan L. Tiano, "Functionality
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required CBFP a?ﬁqﬂr@tmskq Gﬁuilﬁra: 1 Rt di fesed ISE-‘G‘?fb aa«%ﬁlﬂf)sw%t i on
tinmes are E@ﬁtﬂd %eg%c FURAY CRIYN FhRNAMIRE JTATerRRRRArhY GH @t Fedsitlelbst
formul ati ons 12 20077 089490 PCT/ US2007/ 001851 for nébulization are very
di | ut e soldgep bmg dﬂlvwsqfeﬁetsbmowlqﬁmmmebe@ﬁuagtfmbgpmceeedﬁdtﬂ onged
adm ni str | i ance
and make ?%Acgﬂ?«% Jfll(r‘:rlgﬁlta? ? ﬁqe t 1@ro§§£§g§g mg Iﬂglg er e ?rﬂrég%dtt%: gg%fm&\%gfh
pedi atri c dpad cxgstals, vxlhéxﬂiér;t ty;aealb,s@B thiztonsl catrh@esn dianméter. oni zed drug are not
feasible for deep I'ung delivery of water-insoluble compounds because the
dropl et s neededCdriventiewdl [préssariadd/eletsd dosgiintialdrd (FMIDIs Pargiatsodnafficighe t 00
smal|l to accommodate m croni zed dlrwg ﬁ% stal s, W&é?f are, t |call¥ 2-3

m crons ofl ABH¥ETING PG Febsianceds tReng o iy mo fr??é% ‘?Pé‘?’éF SUGB"SQ? 9hal er s
(pMDIs)  argg nikRidedefrhg Shiidnce iR heldbéned msgildwgommgce to the lung. In
nost cases, pMJ s consist_of suspensions m _croni zed drug substance in

hal ogenat shlargfiwestbens(Gilen %@ydmﬂl@rwkws GEABbnACluation pf the pM

hydr of | f
motered. aceRteaREecry 67 A mACl HoBr gl ozt E5H Wtéﬁhﬁg{&.“*éir At hi gh
velociti esiebe:eauhghofelddmeqdm@pmel afrthe propsBantgsessilies. ﬂmgﬂungEVdccmt)yamhd

pact | on o) P RBla s ot E Pk g et AERbORP el BRRRESM e

| osses | ead viell aédbssatblthd: tyvice Osddnerdrliest the ag@NTheayeksesdedll dORFiabilligy apeut i c
control. In addition, or ophar ngeal . deposition of drugs intended for

t opi cal adRithAreRenticiagent; Bvqlﬁén%e%mb?r@aaﬂ&. GoRgrpL Inyaddetiom orerfirryngsal er oi ds)
can | ead t&géﬁﬁ&@& 8r@ SRERI LR Yhrishl %ﬁﬁlﬂ?éﬁé}bn‘{mﬁéb?xﬁﬂcﬁng §ird,§ yeffects.

Addi ti onal | conventional mcronization (air jet ml pur e drug
(such as corticosteroids) can lead to systemic absorption with resultant undesirable

side effects. Additionally, conventional micronization (air-jet milling) of pure drug
substance can reduce the drug particle size to no less than about 2-3 microns. Thus,
the micronized material typically used in pMDIs is inherently unsuitable for delivery
to the alveolar region and is not expected to deposit below the central bronchiole

region of the lung.

Delivery of dry powders to the lung utilizing micronized drug substance is
also problematic. In the dry powder form, micronized substances tend to have
substantial interparticle electrostatic attractive forces which prevent the powders from
flowing smoothly and generally make them difficult to disperse. Thus, two key
challenges to pulmonary delivery of dry powders are the ability of the device to
accurately meter the intended dose and the ability of the device to fully disperse the
micronized particles. For many devices and formulations, the extent of dispersion is
dependent upon the patient’s inspiration rate, which itself may be variable and can

lead to a variability in the delivered dose.
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substance can reduce the drug particle size to no | ess than about 2-3

m crons. Thus the mcronized material typically used in pMDs is

i nher ent | WORYG84B) e for delivery to the al veol ar regi BET/ERN07/8018
expected to deposit below the central bronchiole region of the |ung.
Delivery of dry powders to the lung utilizing mcronized drug substance is
al so problematic. In the dry powder form mcronized substances tend to have
substantial interparticle electrostatic attractive forces which prevent the

powders from W n othly and enerall ma.léeethemd icult to

di sper se. Thusbﬁwﬂk@mﬁa%ﬁﬂﬁﬂ WO taohEe %%ﬁOmPéPb ‘Eﬁv‘tg'raﬁ“ﬁ?ﬂﬁders are
the abil I?ﬁb pefladtitRise® \or dey bowdecfounalabbis. THbREvdrNgbdonptesitethstpsewasd t he
ability of the device to fully disperse the nicraonized partlcl es. For many

devi ces afRjub lsm%qamdwwbwa@ﬁtbéﬁ%uswf muspeilignGHeaancewhishdemsPUEon t he

patient'sg, Ls'fAS g%?e |l ead to a
vari abil i tfﬂé&é& ﬁéﬁgel | vergwgnphgﬁt%%%ggoﬁ%%%@%} (5101851
Delivery ﬁibmjxlclgslehmnbhgemﬂrakiy omumwiithhaabomlt 3 5-20emamtesniThius hpwbrly witemqueous,
propel | ant - b V. powé r for i.ons. wever ab on,of poorly
wat er FQ}BE% d(c‘JifJ hl&éﬁloﬂg’ 15P1VE j& sz ?‘ﬁgﬂ% ithet ance
whi ch tranﬁamﬁ@st&ﬁggsm\t@d particles from t he nasal nmucosa to the throat
where they are swallowed. Conplete clearance generally occurs wi thin about

15-20 m nut es. Ab¥rSgatiBA@F hindRiredle a6Vddtet é’drﬂﬁ&lﬁ%scﬁbdﬂ%daﬁﬁgfbcﬁfa‘éhye

within this tinme frane are unavail able for either |ocal or systemc

activi ty. reiged &yteinsecipitatipanefihe surdace siabilizes ahlsatperatuigs dbPYe BWSC Qsbn heati ng
i's direct béfmt& {hatRE: éé)st%lgi‘ﬁé&r ekd tﬂist%c%htoﬁxeodcm&?%uﬁ%é ﬁ%ﬁfééﬁ%ﬂeb&ﬂ at

t enper at utes above th poi nt e surface stabilizer
poi nt, t harelJikghdtosdisfomiate ﬁbabﬂklnaeopamtlesaﬂlcbgrecmﬁtetel idaalqg the di ssoci at e from

t he nanopart I cl e and reC| at e, |leav articles un t ect ed.
The unpr oPBRPREEIG 1Bt ErEod " hERrosgat L faarin TR ek e Gy SRS oe
Sever al nef patislchagevdiglenethog§ BadetibentufRtddl inQhie Bfibr 410 forlréveditingRgels uch

crystal growth and particle aggregation follow ng heat st;erl |.i zat i on,
i ncl udi ng°RE# BPVE aéfimmg% praregginny follpwane hga) sterlizefisninelviine £A4Rgt o t he

nanoparti gy cﬁ‘lﬁ‘;‘po%&trh&ﬁﬁéﬂ&nérysﬁpg%% ‘iﬁ&i‘?ﬁéﬂg tlﬁ’élﬁdnfo%hﬂ%um@ aStVel At

stabilizer. exan{g 262 descri bes the use of an
ani oni ¢ orfompesiten gn pwﬂn;g)thensurfe@h stablhmrn Fomamtpalec UcS: Ratentdd.i ve agent

conposi t1 9638 32%9 dU Scnbes Shle cuoan a%ic;’nz%g 017 ca%lo%w c o{u? point modifier in
nanoparticulate active agent compositions and U.S. Patent No. 5,346,702 describes
nanoparticulate active agent compositions having a nonionic surface stabilizer and a
non-ionic cloud point modifier. The cloud point modifier enables heat sterilization of
the nanoparticulate active agent compositions with low resultant particle aggregation.
U.S. Patent No. 5,470,583 describes nanoparticulate active agent compositions having

a non-ionic surface stabilizer and a charged phospholipid as a cloud point modifier.

The prior art also describes methods of limiting crystal growth in a
nanoparticulate active agent composition by adding a crystal growth modifier (see
U.S. Patent Nos. 5,662,883 and 5,665,331). In addition, U.S. Patent No. 5,302,401
describes nanoparticulate active agent compositions having polyvinylpyrrolidone
(PVP) as a surface stabilizer and sucrose as a cryoprotectant (allowing the
nanoparticles to be lyophilized). The compositions exhibit minimal particle

aggregation following lyophilization.

Another method of limiting particle aggregation or crystal growth of
nanoparticulate active agent compositions during sterilization known prior to the

present invention was the use of purified surface stabilizers. U.S. Patent No.
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nanoparticul ate active agent conpositions having a nonionic surface
stabilizer qg non-ionic cloud point nodifier. The cloud point nodifier
enabl es héﬁﬁ ?i§¥49pzation of the nanoparticul ate acti vE@CAGSA070018pbsi ti ons
with low resultant particle aggregation. U S. Patent No. 5,470,583

descri bes nanoparticul ate active agent conpositions having a non-ionic
surface stabilizer and a charged phospholipid as a cloud point nodifier. The
prior an also describes nmethods of limting crystal growh in a

nanoparticylate active agent conposition by adding a ¢rystal growh nodifier
(see U, S5-392 0 deppribes phggperfigalain astiye ggart smpositions Raipe gpuried. | pat ent
No. 5, 302 ¢d@dce {S5IGHrTREVIARNR AN Ps%@inﬁuﬁﬁé%}éﬁda%ﬁfﬂd paAPRSiiHepns havi ng
pol yvi nyl pyrrol i done PVP) as a surface stabilizer and sucrose as a

cr yopr ot edusficaien ebwirkige stabilizgrogaarte expersivoansktimg ¢pnsuminggthus The

conpositi - YoM eI Ml r I . 1.an: 1Q I 1ization.
Aot hor - e RRuEAarhisfHetr ot of ooBLARRL Hlinidd b HBLIRDNY
nanopart i pubdatce aztdble parsgparticutaapaivedgenscaupositiprst eri | i zati on known pri or
to the present invention was the use of purified surface stabilizers. U S.
Patent No. 14 \0 200StetidOFffirafioh/ US2007/ 001851 5, 352, 459 descri bes
nanoparticul ate active agent conpositions having a purified surface

st abic lizer (ha}mn@ti]lfms:saﬁ bﬁucl;tlils@»ﬁuémmféﬁsgaﬂ)ziﬁglﬂomogémgs palutidnswherd | er .
Purification of surface stahilizers,can be expensi and ti consum ng,
thus si gigeRbrane tﬁ&irﬁ%ﬁﬂﬁ? b?zjlﬁﬁstt?‘%%%{ag“g&% '?rPB%&%PéE& ring such

stabi i zengcdife a@i?ﬂ#&%m%l&??@étﬁ‘ﬁ@i@ﬂ%@%ﬁb%‘E;&’éﬁtiﬁ@} al.wgafgﬁats&ﬂlreoosi tion.

2. Sterile Filtration Filtration is an effective netho or sterilizing

honpgeneodstratiruisingrsalln apt useddo gepibea aenventiorsl spencasions ef micrpassizedhan or

it . ‘ : . :
suf T oi enciippadloies B 80 tnd B sUancd 35PHAS Bo pdIAEIthst Hrb IR IR,

nor mal | y membrsscpomessieprihcipke, 6 @nyrertliretial causperditonteribize m cr on- si zed

dr article e e.the dr hst anc articles are toqg.large to pa

Chr oubh 1 FEPSTAT ARECHYT e EBPRRCRD BoRgven frerre panoranufid ButGsed to
sterilize aghanepiobitiont Ahte 86izeYenRyMahy 0OHRANIit1eNsT a tipieler, because

nanoparti cul ate active, agent conpaositions have a size range, many of the
parti cl es N8RORATtigHate ACtive ARSI £PHIPSHIIQN baying ad BVEYER PatisH et of 490 Mavi ng an

average Pagty el asé'iiegg{éﬁte?%rm nfPBubiMEo? pattffeHeRRISELOL IR s1&GR Nm Such

| arger parti'cles tend to clog the sterile ] )
filter. Thus, only nanoparticulate active agent compositions having very small

average particle sizes can be sterile filtered.
3. Ethylene Oxide Method

The ethylene oxide method has been a widely used sterilization method for
suspension/dispersion products where product or components are thermolabile. Most
of the currently marketed products utilize this technique by which individual ‘
components are sterilized using this method and then processed or assembled together
aseptically. The technique, however, requires the elimination of residual ethylene
oxide from the product, which is a time consuming and difficult process with the

possibility of residual ethylene oxide contaminating the final drug product.
4. Gamma Irradiation

US 2004105778 A1l to Lee et al., for “Gamma Irradiation of Solid Dose
Nanoparticulate Active Agents,” relates to methods for terminal sterilization of solid
forms of nanoparticulate active agent compositions via gamma irradiation. The
nanoparticulate active agent has an effective average particle size of less than about 2

microns, prior to incorporation into a solid form for sterilization. The resultant
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filter. Thus, only nanoparticulate active agent conpositions having very
smal | avergg article sizes can be sterile filtered. 3. Ethsél ene xide
Met hod TheW HVV ®¥%0xi de method has been a widely used SCEASIIAPIEHh net hod
for suspension/dispersion products where product or conponents are

thernol abile. Most of the currently marketed products utilize this

techni que by which individual conponents are sterilized using this nethod
and then processed or assenbl ed together aseptically. The technique,
however, h u fromthe
product | icHigef BoibFyiRah bR BRectlenl ARl PH R 0By B ¢ e

possi bi | i tunifotmites Maoaénoetﬂpphmglramxmoﬁﬂmgxﬁndmwmbe ﬂ@rzbemaietldrd@dpr oduct .
4. Gamma lrétgdéq\%tlr{on .US 200 105 8 Al tq Lee et al for "Gamrma I rradiation
of Solid (B Tspgapipals g"f‘!”\?@s wyeaFL '°°F'%ﬂ’°<§fté’§sto met hods for

termnal steril] olid for of napoparticul ate, active agent
conposi ti ons w%éﬁ%ﬁ”ﬁ%@&ﬁﬁqsﬁhetarl‘(‘rsaéor%tﬁﬁg &FﬁP%‘Slz%‘ﬁpge agent has an
ef fecti ve \auRpadRuRMs Abﬁ{r@ ge,;ﬁ with G&&#nd ﬁ@&ia@&w}el&es P8 fle@fdds f6F 1 Or to
i ncorporationinto a solid formfor sterilization. The resultant 15 WO
2007/ 0894 $teridzatiospHdizpersivas of one er mlore:moomhw pative agehisbiia sareel | ent
redi sper si.hi 0 €nco assed are

per siiblbiahiks DO IHE IR 18 Bl L LTSk podlis R, enCOmP

conpositi ohé“Rnge €SCri ods of treati ng ani nal s

and humans usi ch co I ORnS 00 30 osc et. al., for

Steri i zation ofiibr EpupOrBREEd b ERan s Apit ufsﬁs gie%qceﬁwxa 08 Wi ih Ganm
Radi at i on,confpisiioas eilﬁbﬁﬁighﬁd&aieﬁlrphasﬁl%duhbil&fffeﬁﬁvafesdI Thepsdsoits of one or
nor e nanopartlculate actjve agents via gamma irradiation and to the

obt ai nabl dPpHYioRSeHHigs RIS %e8posi ti ons. There remains a need in the art for
sterile, stable glucocorticosteroid conpositions exhibiting increased

phar maceuti cal effectivene [ ' satisfies this need.
SUMMARY OF THE | NVENTI ON Tﬁm&ggﬁégﬁ] “g%ﬁ&‘l ected to the unexpected
di scovery that | ucocorticgstergjds,. in the nce of ope or nore

noni oni ¢ sur f ac BISPIERRNF iByenEOn isdireqied fodhanpeXnsated AoV Py thald wi t hout

i ncurring g%@b%hﬁ%bt%}oﬁi‘%‘ﬂ%spﬂe&rﬁéb&"bﬁé 6r &b;@né}{lonﬁﬁﬁfﬁé@imlﬂﬁ%ﬁsy@mpr ovi ded
that an anphiphilic Iipid ded to the conposition prior
be readily heat stenhzed w1thout incurring substantial changes in particle size or

chemical purity, provided that an amphiphilic lipid is added to the composition prior

to the sterilization process step.

The present invention is directed to drug compositions comprising a heat
sterilized glucocorticosteroid aqueous dispersion or suspension. Such drug
compositions are known to be effective for the maintenance treatment of asthma as a
prophylactic therapy for the management of the nasal symptoms of seasonal and
perennial allergic and non-allergic rhinitis in adults and pediatric patients, and for the
relief of the signs and symptoms of seasonal allergic conjunctivitis. The dispersion is
formulated as a sterile, pharmaceutical composition of glucocorticosteroid particles
suspended in an aqueous vehicle comprising at least one nonionic surface stabilizer
and at least on\e amphiphilic lipid. The glucocorticosteroid particles have an effective
average particle size of less than about 2000 nm. Thus, in one embodiment of the
invention, the composition encompasses a sterile composition comprising: (a)
particles of at least one glucocorticosteroid, wherein the particles have an effective
average particle size of less than about 2000 nm; (b) at least one nonionic surface

stabilizer; and (c) at least one amphiphilic lipid.
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to the sterilization process step. The present invention is directed to drug
conpositions conprising a heat sterilized glucocorticosteroid agueous

di sper si oW%FOOg/HE%%Si on. Such drug conpositions are kntwHUPIOBYRHf ecti ve
for the maintenance treatnment of asthma as a prophylactic therapy for the
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gl ucocor t | R¥SPRA 6{;8 which iy %ddbtefab@th gEmary mnse&wﬁghwbbﬁl%ﬂa@fézneawt

becl onet h%QQ&ntQBQ{egQEi&H?ﬁkﬁargé@Ph@éphh@d’e%? s&'ﬂ%s%ﬂ@ﬁﬂﬁki@yﬁ%sﬁ@ﬁe stabi l'i zer
(e.g., polysorbate 80, tyloxapol, or Lutrol F127 NF) and an anphiphilic
li pid (e. gehospharidyiserige nhwsphatidic agidostipsphatidetelygrrel and thedwirespending t he

rimary c It . nhos I i L ivel
(F:) har g eé pﬂg g%hgt elsf];ggbé ugﬁ@%ﬂg&éﬁgg@%&ﬁ& !ﬁf ?%aorse ?l%%ﬁ%,p%g%%g%lg ﬁ%ﬁﬂg{}/ﬁ al\ségr |y ne,
phosphat i dprefementih]lymincshéchin ubgatjvgly ehalged ahdspgholipiissnes gondi ng
| ysophosphati d Preferred iphilic lipi. are thos sphatj des which
ot o P or of anisnpiaidviATuf L RER RO eI vhpsP Bl R B RBSTRERTE e ebch as
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phosphatidylinositol, _and the correspondi ng | ysophophati des. However,
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one or nore excl plent uffering agents,
isotonicity adjusting agents, chelating agents, and antioxidants) suitable for the

preparation of sterile pharmaceutical formulations for parenteral, inhalation, or topical

administration.

Examples of glucocorticosteroids include, but are not limited to, budesonide,
triamcinolone acetonide, triamcinolone, mometasone, mometasone furoate,
flunisolide, fluticasone propionate, fluticasone, beclomethasone dipropionate,
dexamethasone, triamincinolone, beclomethasone, fluocinolone, fluocinonide,
flunisolide hemihydrate, mometasone furoate monohydrate, clobetasol, and

combinations thereof.

In one embodiment of the invention, the chemical purity of the
glucocorticosteroid can be greater than about 99%. In another embodiment, the

chemical purity of the glucocorticosteroid can be greater than about 99.5%.

Exemplary amounts of the glucocorticosteroid that can be present in the
compositic;ns of the invention include, but are not limited to, in concentrated form or
upon dilution in a pharmaceutically acceptable vehicle, from about 0.01% to about
20% by weight.

17



I sotonicity adjusting agents, chelating agents, and antioxidants) suitable
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SRR 8 IR ool e o SN P A e RN
ethers, cenIBAEAUNbsel BoxpahyRENELEY, neherySRRERI cellilosélgidly@hyVg&ohol,

pol yet hyl ene gl ycol s, Carbowax 3550(r), Carbowax 934(r), pol yoxyethyl ene
st ear at es, tyla¥ane) rabo¥ames.-isapemyrpetonypelatEliciad), noncrystal | i ne

b1 sononyl SO By T R O ey S B YT B0t 2:
decanoy! - Nnmcbygmgﬁwaspﬁahosiae;c}eaiydg @E3plngkcpsemosRIRosidddecyl pABCY |

(3-D nal t opyranosi de; n- dodec?/l (3
glucopyranoside; n-dodecyl B-D-maltoside; heptanoyl-N-methylglucamide; n-heptyl-

B-D—glﬁcopyranoside; n-heptyl p-D-thioglucoside; n-hexyl B-D-glucopyranoside;
nonanoyl-N-methylglucamide; n-noyl B-D-glucopyranoside; octanoyl-N-
methylglucamide; n-octyl-B-D-glucopyranoside; octyl B-D-thioglucopyranoside;
PEG-phospholipid, PEG-cholesterol, PEG-cholesterol derivative, PEG-vitamin A,
PEG-vitamin E, and mixtures thereof.

In one embodiment of the invention, the concentration of the nonionic surface
stabilizer present in the compositions can be from about 0.01% to about 90%, from
about 0.1% to about 50%, or from about 1% to about 10%, by weight, based on the
total combined dry weight of the glucocorticosteroid and the surface stabilizer.

In another embodiment of the invention, the nonionic surface stabilizer can be
poloxamer 407, polysorbate 80, polysorbate 60, tyloxapol, or block copolymers of
ethylene oxide and propylene oxide. For example, the nonionic surface stabilizer can
be Pluronic® F68, Pluronic® F108, or Pluronic® F127.

In one embodiment of the invention, the amphiphilic lipid can be a

phospholipid comprising at least one negatively charged phospholipids. Examples of
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gl ucopyr anosi de; n-dodecyl (3-D-maltoside; heptanoyl-N nethylglucam de;

n- heptyl - ucopyran03| de; n-heptyl (3-D-thioglucoside; n-hexyl

(3-D gl uco ‘&9@3 nonanoyl - N- net hyl gl ucani de; n- noyPCT/US2007/001851

(3- D gl ucopyr an03| de; oct anoyl - N- net hyl gl ucam de;

n- oct yl - p- D- gl ucopyr anosi de; octyl (3-D-thioglucopyranoside;

PEG phosphol i pi d, PEG chol esterol, PEG chol esterol derivative, PEGvitamn
A, PEGvitamin E, and m xtures thereof. In one enbodi ment of the invention,

t he concentr.at.i on C surfa stabilizer present .i.n

conposi ti W RIGSP B@’Rlaﬁmcg'f%u‘?r}(?‘ﬁf% E%Bonf"mé’ﬁ% Zkf ﬁ?t’%ﬁgﬁflﬂﬁnﬁft o about
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dry weight of the glucocorticosteroid and t surface stabilizer, In another

ermbodi mentecithin, h@dm@@zﬁ@d eithing partighy @Hﬂ@eé éﬁqtaab sQY éﬂﬂthlrsz@wsa%lds
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copol ynmers o ropy l'e, the nonionic
sur f ace sphbphatmles, hydrogebate®soy bavitbins comp8ising) amiani¢ phosphﬁtw@ or Pluronic(r)
t he invention, id.can be a
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synt het i ¢ SYRBgtigphpsgiatidy) h‘?‘?fétf’ éymhe%amsavbﬁ 1 sring, iphpsRhatidyl inpsitel,
hydr ogenat,gdspHag8yitRhiRe ﬂ%@ﬁl%i%@@&&&’ ﬂff%@fnﬂa'?ﬂd?l gn%éﬁol a&édﬁhrakgﬂahafld | eci thin,

soy lecithin phosp hat | des onprising anionic ecithin

phosphat i mn@brﬂwmﬁoaghﬁﬁlwbmrme btsephnsphatidic awgidg'égmvb@n@gglﬁce@ﬂ,t hi ns

co I‘I sin n

oo oni o pR R BRRRAT B LSS <! PRARRNTE SRS PERIRIE 1D ¢
phosphat i dgtlineg Id;sd:&alrydl phosy}nmidm acnd,pdlstsqiﬂyht}nsdplmosphamﬂyl ghyertdiediseagyhosphat i dyl
phosphat | WPLeRARe SRRiah it RspulospRutih afting Bagdr of

l ySODhOSpm;aaopﬂuéphan@@%btdoHlpakMﬁypﬂ@%meyﬂmosﬁ&r Hﬂﬁlmit}'lsﬁl—maﬁ fegtidic acid,

| ysophosphat i dyl cer ol di st ea hosphat i ycerol , distearyl
phosphat i d§ing, ﬁa@?mﬁvl lesﬁh@lﬂ*%/ poig %lﬁabil@;msp}@}éfivﬁ@ycwbtdwﬂrwwl

phosphat i earyl
I ysophospﬁ%sﬁpggﬁpﬂfﬁg}gﬁ% oYddl wﬁépeﬁé Eﬁ%ﬂédaggfxﬁﬁ‘{/?a %ae“?‘.“?r di stearyl
| ysophos plysopliosphatidid acid, qu:lalmttyl lyprjpcbwp]bmttuddyglypmi;lotrmﬂlxtuchspl@rmﬁ. vih

glhgig? gf | dé‘r‘ %e“ nem tg\e, F;))ﬁosphoﬁpuf)L Si tti'm{, Iaga%heai%ci%‘nn coﬁxpnses l% &ggsphat | dyl

90% phosphatldylcholme In yet another embodiment, the phospholipid is lecithin,
the lecithin is comprised substantially of hydrogenated phosphatidylcholine, and the

remaining composition composed of mainly hydrogenated anionic phosphatides.

In one embodiment, the composition of the invention can further comprise
sodium salt of ethylenediaminetetraacetic acid, calcium salt of
ethylenediaminetetraacetic acid, or a combination thereof. For example, the amount
of sodium salt and/or calcium salt of ethylenediaminetetraacetic acid present in the
compositions of the invention can be from about 0.0001% to about 5%, from about
0.001 to about 1%, or from about 0.01% to about 0.1%

The compositions of the invention can further comprise one or more
pharmaceutically acceptable excipients. In addition, the cémpositions of the
invention can be formulated: (a) for inhalation, injectable, otic, oral, rectal,
pulmonary, opthalmic, colonic, parenteral, intracisternal, intravaginal, intraperitoneal,

local, buccal, nasal, or topical administration; (b) into a powder, lyophilized powder,
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| ysophosphatidyl inositol, dipalmtyl |ysophosphatidyl serine, dipalmtyl

| ysophosphatidic acid, dipalmtyl |ysophosphatidyl glycerol, orm xtures

t her eof . W0 20018949bodi nent, t he phosphol i pid is |ecit hPET/USAYTORIEST ocit hi n

conprises |less than 90% phosphatidyl choline. In yet another enbodi nent, the
phospholipid is lecithin, the lecithin is conprised substantially of

hydr ogenat ed phosphati dyl choline, and the renaining conposition conposed of
mai nl y hydrogenat ed ani oni ¢ phosphatides. In one enbodi nent, the conposition

of the invention can further conprise sodiymsalt of )
et hyl ened PRV FEEL PPRLER SPRY A rRplaied pedsS: §%]I1$]Q?an%t°ﬁ9?‘-@?rééhl’éﬁ’d’ﬂ’et etraacetic

acid, or grmAMEligald ASpdriibh S, acF¥ol, SERHRhE or L&A B} ko a AbsapRdbia Sal t

and/ or cafciumsalt of ethyl enedi aninetetraacetic ‘acld present in the
conposi t i e¢lscted frioprethergrewn censisting of eoftraladaslase foromdativn solidbdase f85%, from

about 0.0Q0 a %. QL. fr a 01%t uy al 9% T,

conposi ti gheit %&Pﬁg‘%’r{%&tﬁ%‘?@ rt;oncnziﬁa fcﬁ"?t é?l%élgﬁ%%qr%éﬁ%ﬁﬁsb el% i dise

phar ma_ceufc‘brﬁmﬂd;)tynn]gtpex—:tarlicwdlxglee?em;onax;nerati_snsH |p:ill§aﬂlﬁ release fdrhmézftmmp,@aidtdqma f)f t he
i nvention,can pe fornmul ated: or inhalation, injectable, otic, oral,
rectal, Bnm%ﬁaw?eaaﬁﬁﬁ F%tﬁelﬁeéd@&ﬁfrecfgnaa@eﬁ%@a@ A GOLeRIBRE 3

i ntravagi gakeofl 1 bl eimbb@iEdH: of HRGRVentIMC AR contlidflons Abe fRRNERL into a

adm ni stration; (b) into a powder, |yophilized powder, 19 WO 2007/089490
PCT/ US200 250 388Y. i prethernmbeipent die commasitiaps are famadptpdinier, sol id

| ozenge, f)ﬁ‘?ﬁéﬂ , a&@%&et, pill, granule, liquid dispersion, gel, aerosol,
oi ntnent, *or cream (c) into a dosage form selected fromthe group
consisting of controlled release fornulation, solid dose fast nelt

formul ati on, fddwe aesipositonsaterdiogdo thejioptntianzad Hedormbatadanw, del ayed

rel ease fqrmul ations, extended | ease fornul.ations ul.sati.l e rel ease
o oot i e ioR hAP o SR EG SRS et Ok SR oIS Pletertilst
formul at i eqfuiredby(rdgulamyy agetivisdatAmimhalation €simul htiorpizdn eiRmE i staflet he

i nvention,, the conpositipns are fornulated into.a nasal spray. |In another
enbodi mentiISPERPCHIERSTSI BN Y gFAn £ GPmBPEtien aPearging to Suf YRR HarlkBe! . The
CONpPosi ti @RSIHGES) SF RAYedi®s dBBletdVoRmin £ 8lhcBSortiesftodd 6 d MeRlizdrnPal ati on,
nasal , or ocular "fornulations where a sterile fornulation is preferred or
requi red By pEm@RarGYsteay@wibeenchia systhml agdilures)o s laksoi epvisianeid ibatfer f or m of
a sterile; l.SPenSI 019 nsj red.n St cording to the
I nventi on’lrllhsaﬁjagi% rg%i Sgéhl?g}sigééﬁoﬁlvéjrs& g%"f“\eggu@&u%&‘o‘?%g? 08} Asccégcﬂn fostl?‘%g a

gl ucbcor t imveation eay beitilEed b obmbitiatidw with other liquids and excipients and

optionally a propellant for delivery via a metered dose inhaler (MDI) to the
pulmonary system. It is further envisioned that for inhalation, the sterile dispersion or
suspension of a composition according to the invention may be utilized with other
liquids or excipients and converted to a dry powder alone for delivery via a dry
powder inhaler (DPI) to the pulmonary system (see e.g., US 20020102294 Al to
Bosch et al., for “Aerosols Comprising Nanoparticle Drugs™). Sterile nasal
formulations can be in the form of a solution of a composition according to the
invention in an appropriate liquid phase with additional excipients and surface
stabilizers as required. Ocular formuiations can be in the form of a solution of a
composition according to the invention in an appropriate liquid phase with additional

excipients and surface stabilizers as required.

Yet another aspect of the invention is directed to a pharmaceutical
glucocorticosteroid nanoparticulate composition comprising an aqueous suspension
for inhalation and/or a nasal spray. The pharmaceutical nanoparticulate composition

comprises a therapeutically effective amount of a nanoparticulate glucocorticosteroid
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t he pul nonary system (e.g. bronchial systemand lungs). It is also

envi sioned that for inhalation, the sterile dispersion or suspension of a
conposi t i W0 200TeRA0Ng to the invention may be utilized RGT/EBAGYNESLon with
ot her liquids and excipients and optionally a propellant for delivery via a
netered dose inhaler (MDI) to the pulnmonary system It is further

envi sioned that for inhalation, the sterile dispersion or suspension of a
conposition according to the invention may be utilized with other [|iquids
or excipients and converted to a dry powder alone for delivery via a dry
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an aqueous suspension_ for inhalation and/or _a nasal spray. The

phar maceutPBeantigEAB ppataut &P memd oprysare; Akt 188 mg/mdear morsabae®i cal | y
ef fecti Ve"?%fn r % It ] id 20 WO 2007/ 089490
PCT/ US2007/700 8éﬁ&Lfg?%&98@@é§ n|dg%E?P%P?gggggg@gﬁ%gﬁgnate, becl onet hasone

di propi onate) conposition together with one or nore surface stabilizers and
an anphi phi | i ¢ Thepindention asreenoebudisses e efmpesitionsvadnibe ryventiorefarombded ti ons
of the in t | 0 rise from
about 0. 018 ris A G aer ol e 8 el BEHEAIRBEROREY rAREWERER, \°° |

anot her embodiymenic ditineter ofifess thancrsqazldo fabo il 0k mdtroms; dromm abmudou® aer osol

and the glucocgrticosteroid ncentration is,about 10 nL _or npore, about
100 g i B e o 8l prAbobEe Feans AR b Sp R eratss FBFG, o
about 600 BB -to ARt 1 OV Hitroas) &!fid aP&aReas 286utl FEmeabRASi tions of the
I nvention formulated into an aqueous aerosol, wherein the droplets of the

aerosol have a Jjmss nedi an aerodynam c di aneter of_.]ess than _or ual to
about 100 mi cr oh InVeRiRnAsRencemPassss g eRIRPAHoRSGIShe InvephaR ate 1

about 6 MigHORSierd B8 8nd hﬁﬁe@@&gbri%ngigﬁé 8Pfhoré 5AVentdBRGor prdRaRguUt 100

m crons; or fromabout 30 to about mcrons. . ]
dissolved in a non-aqueous solution for co-administration from a multi-dose inhaler.

In another embodiment of the invention, the compositions of the invention
further comprise at least one non-glucocorticosteroid active agent. Such a non- -
glucocorticosteroid active agent can be an active agent useful in treating asthma,
allergic conjunctivitis, seasonal allergic rhinitis, or other inflammatory or allergic
condition for which glucocorticosteroids are conventionally used. Examples of such
non-glucocorticosteroid active agents include, but are not limited to, long-acting beta-
agonists, leukotriene modifiers, theophylline, nedocromil, cromolyn, short-acting
beta-agonists, ipratropium bromide, prednisone, prednisolone, methylprednisolone,
salmeterol, formoterol, monoleukast, zafirlukast, zileuton, albuterol, levalbuterol,

bitolterol, pirbuterol, and terbutaline.

In yet another embodiment, the compositions of the invention can be
formulated into an aqueous aerosol wherein: (a) essentially each droplet of the
aqueous aerosol comprises at least one nanoparticulate glucocorticosteroid particle;
(b) the droplets of the aerosol have a mass median aerodynamic diameter (MMAD)

less than or equal to about 100 microns; (c) the glucocorticosteroid is selected from
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The invention al so enconpasses the conpositions of the invention formul ated
into an ae@%szﬁ{) and further conprising one or nore solvents and/ or

propel | ant B8 0ed in a non- aqueous sol ution for co- 2EHUH2847/04185dn from
a multi-dose inhaler. In another enbodi nent of the invention, the
conpositions of the invention further conprise at |east one

non- gl ucocorticosteroid active agent. Such a non- glucocorticosteroid active
agent can be an active agent useful in treating asthma, allergic

conjunctivjtis, seasopal lergic rhinitis, or ather inflanmatory or
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aerosol have a mass nedi an aer odynam c di ameter (MVAD) | ess than or equal

to about wFePHPRitiskipid is®phasehelifidocorticosteroid is selected from21 WO
2007/ 089490 PCT/ US2007/001851 the group consisting of fluticasone,

budesoni de, tri g LAGheNAHBGEITARN fRsent ifveRlBh HOAiPALed DI RRARANT treABAET asone
furoate, fluticasone propionate, ~becl onet hasone di propi onate,

dexanet hagomemmal suiferieg Femomeondiéen Brpihiel sheocorticersenvirsl (81ge budgsariérnoni de,
flunisol.igle. ' . ' | de, t ydr at e,

cl obet asolﬁb@gégg%?%%%%ghéé#%gﬁ%%@%(d clf;{'g Pﬁgelg%?l%?ggga%?é‘g%?@ %ﬁ is present
i N a concenmiatsteringdd the manmmhad @t th&apdBically rffectpret analndwf aG@Bopayticdlate( e) t he

noni oni ¢ st.abilizer is .a polyoxye | ene sorbit.an fatty acid ester; and (f)
t he arrp_hi%}H?qﬁoglqﬁsﬁf%‘éicgg‘ﬁ’%ﬁ‘(?\éﬁhw?‘Eﬁeﬁe.n%ﬁvief’ho%npt her aspect of the

From a condi 1 ofie dRveHPB i cBEbHeT Bos AT poEd SHTidont de.
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conprising admnistering to the mammal a therapeutically effective anmount of
a nanopar tineilipd cempgisercesadacting galegospeicesisirid ppd ahleast angaopiasdesirfacavent i on.

stabilizer for a time and under conditions sufficient to provide a nanoparticulate

glucocorticosteroid composition. The one or more nonionic surface stabilizers can be
contacted with a glucocorticosteroid either before, during, or after size reduction of
the glucocorticosteroid. Prior to sterilization, at least one amphiphilic lipid is added
to the composition. The composition is then sterilized. The amphiphilic lipid can be
added either before, during, or after size reduction of the glucocorticosteroid. In

addition, the dispersion can be formulated into a dry powder prior to sterilization.

For example, in one embodiment of the invention encompassed is a method of
making a sterile composition comprising: (a) particles of at least one
glucocorticosteroid, wherein the particles have an effective average particle size of
less than about 2000 nm; (b) at least one nonionic surface stabilizer; and (c) at least
one amphiphilic lipid, wherein the method comprises: (i) contacting particles of a
glucocorticosteroid with at least one nonionic surface stabilizer for a time and under
conditions to reduce the effective average particle size of the particles to less than

about 2000 nm; (ii) adding at least one amphiphilic lipid to the glucocorticosteroid
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This invention further discloses a nethod of making a sterilized

nanoparti cul ate gl ucocorticosteroid conposition according to the invention.
Such a neYN3W7EBMI i ses contacting a gl ucocorti cost er oi BCHEE207/001831st one
nonionic surface stabilizer for a time and under conditions sufficient to
provi de a nanoparticul ate glucocorticosteroid conposition. The one or nore
noni oni ¢ surface stabilizers can be contacted with a glucocorticosteroid
ei ther before, during, or after size reduction of the glucocorticosteroid.

Prior to steril.izatign, | east one anphiphilic lipid is agdded to the
conposi {1 BHTPHH G, PP AN BRAFIE e oA iaie B Bieem | pi d can
be added 73&4&@&11@@&19?85&@#@ Debmratffd Gfréth A8ohtENUC A Nt 19 C.

gl ucocorticosteroid. In addition, the dispersion can be fornmulated into a
dry powder prior to sterilizatjon. For exanple, in one enbodinent of the

i nventi on enconP&Pseent nvantien sedsapdirectrdidp mpethods eftreatmentiysing theon
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anphi phi | PECEiMaVE 87 CHECHYRXERFERAES e 876 08 1952 A ey 77 dtbmop(D) at

PCT/ US2007d30d:8oni 5B RAFALd Qabiligdrt AR (cPef Ras ondWhiphphiRE li?fci. er particle
size reduction; and (iii) steam ‘heatihg the conposition to a tenperature
of from about Kkish oGrdafin@Qh bh SPainfkifn S SEMask VLA drtodifiigndi T ect ed
to methods of treatnent using the sterilized nanoparticul ate

gl ucocor t theogeatmenicandregfos asthmascystic fibeosis; ebrinionbstiustive pulmeernsoyi nent, t he

i nvention enconpasses a met-hrgo of.BreSati ng a SH% eg% inl’é need. cotr?ri si ng
adm ni ste |Sﬁgsf P gﬁﬂjjr%sc?f aqﬁés rgf)eﬂ’tnl cé’f‘?’f ety VB BnbURT2'8F a sterile
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fibrosis, cepuoetidtiainstseasonalallepgicmbinittsy di sease,. enphysema, respiratory

di stress syndronme, chronic bronchitis, respiratory illness associated with

acquired i mung, def J ffd SmaiteA T e Afnd diVARBL T aerosol
administration of the composition of the invention can be from about 15 seconds up to

about 15 minutes.

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

invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to the surprising and unexpected discovery
that nanoparticulate glucocorticosteroid compositions, comprising at least one
nonionic surface stabilizer, can be successfully moist heat sterilized, when the
composition to be sterilized additionally comprises at least one amphiphilic lipid.
The glucocorticosteroid particles have an effective average particle size of less than

about 2000 nm. As shown in the examples below, the invention is surprisingly
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conditions of the eye, inflammatory conditions of the skin, inflammtory
conditions_ of the ear, allergic conditions of the eye, allergic conditions
of the skiwngﬂmé?‘bqpc conjunctivitis, or seasonal all er &Ca/i2007i001881 | n yet
anot her enbodi nent, the patient delivery tine for aerosol adm nistration of
t he conposition of the invention can be from about 15 seconds up to about
15 mnutes. Both the foregoi ng general description and the follow ng

detail ed description are exenplary and explanatory and are intended to
provi de furtlg}eé?&l expl anati on of t i nvention_as_claimed. Other objects,
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the art fpaaesbhiRle! BédiOMEMAsAHRIAPIBIHNERS Ghd AhliCRoRE pidponadtddent i on. DETAI LED
DESCRI PTION OF THE | NVENTI ON The present invention is directed to the

sur pri si ngxemplitieBxpenioeig surfeewstabilizers having glifferant staigfuregand both low and
I 0 . bl o A ¢
ot abi 11 ze RSBy SATRIC! o ARt 8IS GRRE, Bhd LS P EENERE " 0 Do £ on
to be steexémphifieddand amphiphilicdipifs hasdisg diffekem strucnesgbptitinphiNKE,c |ipid. The
| ucocorti cost.eroi, rticles have an tjve.average particle size of
Pess ¢ hanPasBg POsGiR T foeraaen IR e Te TS b ag rr kel 1 on i s
surprisi ngtpG® Mfeﬁ?e’a%%&@)pfi%%ﬂéﬁ%@%/(gﬂi@ﬁiPGambh@ai)l ghd @palmityl
gl ucocorticosteroids having different chem cal structures(e.qg.,
budesoni d@hosrbatidiceacithddROLBI Rk d pi0oHuelewergsaremplifieda sV raisidowes e ar e
exenplifi : LN L zens . | | res and
bot h 1 ow SaHon R BRE faB e o b e R LBl i Lt ol
F127 NF weralucexamgparti¢wdate, ghanvdorivpbtemid boropbsiponksthhednnue wiofst beaint

structures, (.Lecithin NE artial rified hydrogenated.lecithin (LI POD
Srse) " pRerEH Yt rodn Rl gmC ekt B R E i
phosphat i dyl gl ycerol ..(LLPO D PG 18: 0/18:0),, and di pal mtyl. hosphati di c
vl (11 POl b pATR s s S rRs e oo el B BBt B SR Boni oni o
surface stabillate@isto anpGuaBlB dpstgeiforn,i sRbklgs Y&IE saml-ssluT e Sighid ddéa%éﬂ own to
produce nanoparticul ate glucocqorticosteroid conpositions that can be noi st

heat st efoThZedudingrioseepiosanéonryals Pemameeamese)) Brsrisrali ©e@ldeeild particle
gl cocort PeSEres (Bl RRLSGRCTEL ARPalt RIARRALIF R 590598 e form
such as sdbsage forns whidhi ein hercohidygiiveitcdesdagaination, such as injectable, aerosol, or

ocular dosage forms, or liquid dosage forms for otic administration. The sterilized

dispersion can be formulated into a dry powder, such as a lyophilized powder, spray

dried powder, or spray granulated powder of a nanoparticulate active agent

dispersion. The dosage form can also be a controlled release formulation, solid dose

fast melt formulation, aerosol formulation, lyophilized formulation, tablet, solid

lozenge, capsule, powder, ocular formulation, a formulation for otic administration, or

a liquid for injection.

The heat sterilization process destroys substantially all of the microbial and
viral contamination in the dispersion, such as microbes, mycoplasma, yeast, viruses,
and mold. The microbial contamination which is to be destroyed is generally that of
bacteria,mycoplasma, yeast and mold contamination. The moist heat sterilization
step: (1) results in minimal, if any, increase in glucocorticosteroid particle size on
storage, (2) maintains the chemical integrity of the nanoparticulate
glucocorticosteroid, and (3) shows generally acceptable impurity concentrations for
the glucocorticosteroid composition following heat sterilization. The moist heat

sterilization process does not significantly degrade the glucocorticosteroid or reduce
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form including dosage forns for oral, pulnonary, nasal, parenteral, rectal

| ocal, buccal, or topical adm nistration. The invention is particularly
useful forWRFIN$8490dosage forns which can be conduci ve PETHSAEMISAL i on,
such as injectable, aerosol, or ocular dosage fornms, or liquid dosage forns
for otic admnistration. The sterilized dispersion can be fornulated into a
dry powder, such as a lyophilized powder, spray dried powder, or spray
granul at ed powder of a nanoparticul ate active agent dispersion. The dosage

formcan al sq be a.controlled release fornul ati.on, |id dose fast nelt
for mul at | 4% EHERGSTIFOSSSPILT SHICBRY- TR’ MEPRHER FOTEIES BRPCUERP BER: 5ol | d

| ozenge, caIPk&uiRBWRAEY for SEHlSproldEt s WiRblPRarming Bieiei®t agentf or otic

adm nistration, or a liquid for injection. The heat sterilization process
dest roys subst awvepasinglyafalloyfing pisrilizatiosshe dispergionqfragle asan@gni nation in the
di spersio . ) . ' . . The

i ot obi al TEaiH e AR IR R R ARE AT b RRSen VIS ST e

bact eri a, nycogplstattivedyphysicalend chehrdcal prapeniasatvhide metliag eGiMP heat
sterilization step. (1)..resylts in mnimal, jf any, Jjncrease. in.

gl ucocor t MEDRIeEROrLEop ST oftdt DG g ptraiseted B et et S rgian e cal
integrity thd dispsioatFRAE br elbréhendabecRlaé E1ue88dr8Edtehoiditbeks Abt Shows ,
general ly acceptable inpurity concentrations for the glucaocorticosteroid
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WO 2007/ 08¢ 01851 he gl ucoco cost ficacy. The
present i riispatsianwenbidbesthersdefitssffordadint beingivemubated rdmentagopasticdateri | e

products without. har m. t he .active agent. Surprisingly, follow ng
sterili za\tgl%cr?c?ﬂlé’o%legoﬁcgggﬁngﬁmgl "one or nore nanoparticul ate

gl ucocorti cost %g%sgs.exhi bi t.z. unegﬁl'eect ed..ov rgjgl st abi | h%% rraidnt ains the
pre-sterilized ?THSF%{W&S‘ {1101 IBY_C8B8PI 48 aqpequs angdly PRY ede g

requi r energaitidulirlystsRhillih the trédtmiefit PRESPiRrRrblatddiehpaet ot Ralsthimd, st heat
sterilization of- the dispersion of one Qr nore nanoparticul ate

gl ucocor t {SEHEYEBR.JSSRIGEY BEress SRfrpmeahr pic Jronshitis, ey giigr brepis, dyomicof t he

one or MlugseH, ﬁ@%pﬁlbﬁagtﬂéaba%s Ttody iifhes$ h@BEihtddaNih Q@(ﬁﬂféﬁﬁdﬂuﬂehe

sterilized product tTornmed aggr egatpes o)r, 'arge crystals, the | spersi on

woul d | oselefibientyespfdrome sdrfdonfennintortyeind gllbrgicedratidons ofitbe dememGhimt i cul at e

01 ucoCOr {ihgS LR fA ek CQIPRSH Loy inEhAb & REROT AN B | nvention
surface area coverage of the application site (e.g., lung, nasal, eye, ear, efc.) by the

administered composition according to the invention.

Sterile dosage forms are particularly desirable for subjects at risk of infection,
such as neonatal, pediatric, elderly, and immune compromised patients, as well as for
dosage forms to be administered to areas at risk of infection (e.g., the eye, ear, mouth,
lungs, nasal cavity). This need for sterile dosage forms is also demonstrated by the
recent issuance by the U.S. Food and Drug Administration of guidelines requiring
inhaled products to be sterile. The requirement of sterility can be problematic for
formulations of nanoparticulate drugs, as heat sterilization can result in solubilization
and subsequent recrystallization of the component drug particles. Furthermore, drugs
which become soluble in the aqueous media may also be more labile to chemical
degradation. This process results in an increase in the size distribution of the drug
particles. In addition, some nanoparticulate formulations also exhibit particle

aggregation following exposure to elevated temperatures for heat sterilization.

Crystal growth and particle aggregation in nanoparticulate preparations are

highly undesirable for several reasons. The presence of large crystals in the
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particularly useful in the treatnment of respiratory-related illnesses such
as asthma, e stena, respiratory distress syndrone, chronic bronchitis,
cystic fi bWQszf’n&/ 82¢Poni ¢ obstructive pul nobnary di sease, PCFE[SR2004001851 i | | ness
associated with acquired i mune deficiency syndrone, and inflammatory and
allergic conditions of the derma (skin) (e.g., psoriasis), eye, and ear.
The formul ations and nethod result in inproved surface area coverage of the
application site (e.g., lung, nasal, eye, ear, etc.) by the admnistered
conposition according to the invention. Sterile dgsage forps are
parti cul aPF@ORi’é%‘?‘ﬂﬁﬁIcemPBFmQB@%c?%‘sﬁﬂnwgﬁbléﬁlqeﬁfé&?% Wec%dﬁhe&sthﬁeonat al ,

pediatric Bxéﬁg.gﬁfohm i lic SERAHIE SGRNTALRIH. S]E'ﬂ% %a%lé@@ﬁéforﬂn%{t\éﬁg hjgﬁ't%ﬁz{tﬁ’fn dosage

forms to mn_lsteredto areas at riIs nfectl.o ] ) e eye, ear,
mout h, | Latgsr padicdds formed hy particlesagpsegitipn and renrydtallidaieyearf iptarferé withl so

denonstrated £ ' V. . S. Food and Drug

Adm ni st r?f‘%%%@‘*“%&?‘&gﬁ’?‘%gﬁﬁéﬁﬁﬁﬁ‘% anﬁ@%gtﬁéd products to be sterile. The
requi renent of .sterility can be bl emati.c far, farmulations_ of .

nanopar t1 cul at da aptiion! the HiEepee PE AR GRS, Ao BlveRing BErtls 179t  on
and subsegHémt pitieleyslppddatioaican Bhaigetthe plariaosiantti clptodil@af thecl es.

Furt hernore, ,drugs . which becgqr}g~t ?ol uble in the gueous nmedi a nay al so be
mor e | abi REMiRsERdANg) Fopem Rmyldionsite §r6§f:wec§ ke LEYHalS (OF 2887CE316S ease i n

the size disidsiDptiaBR EﬁBa\;aﬁﬁbg{t&' grofﬂébééaﬁg@%alhé} ;ﬁ%&&é &Y9s01vOfster than

nanoparticul ate fornul ati ons also exhibit particl'e aggregation follow ng
exposur e the lefgev agedgttenpelagareystdlgartmest A fastérirateatfidassoh@opds al growt h and
particle agaregat.i I.n,nanopatr.tjcul at reparat i Ops_ar hi ghl desirabl e
Por  sever Araeaginth o AASRALLAL s BOSRRLE PRRrllRen ARG 7 068400
PCTI US200 %if}0d Biwler biveiveilatitityc ULt s ineapebiddvallabiiyy sairsportindelstoriiadl e si de

ef fects, especially_whep fhe reparafion s in an_injectable formulation.
This is af¥da¢qaies ¥ %ﬁ?ﬂl%??fégé?ggﬁ @b&aﬁeﬁ ore, Piaaygilatiipt neTeasesriithdd by
particle a0icEERNA AR paRtklE 8REWTHR disgadiddUpehfBed ULSIHALR NY. 5l56204309d 1 ow,
causi ng pul nonary enbolism and death. In addition, the presence of |arge
crystal's, Vil archmpesition hoding wigelyavaryios eagickesizes, hirgvarahiibthespmeaggr egat i on
can Chang%;gsh*fﬁvﬁfﬁﬁlgﬁﬁcﬁ)mcﬁﬁéi%{éfl%ﬁ dds§ @%et%%nat‘%ypﬂycg&%rcﬁ'ﬂicqftpg' For oral
formul ati oS, the presence o arge cr%s al's or aggregates <creates a

vari abl e Diloevedr] bdualisd suchrooystilegrbetaarsipastielk laggrepation slecamcdntssitdble f ast er
than the | arger ,agqgregates .or l.arger crysta articles.. A faster rate of

i osol ut 1 A PaPegCRAE B Ay B eCe P b Rt sy s RroR P B ate of
di ssol uti emtrdvenassd &jédtedparticulate formulations, the presence of large crystals or

aggregates can induce an immune systems response which causes the larger particles
to be transported by macrophage cells to the liver or spleen and metabolized, in

addition to the embolytic effects described above.

Aggregation of nanoparticle compositions upon heating is directly related to
the precipitation of the surface stabilizer at temperatures above the cloud point of the
surface stabilizer. At this point, the bound surface stabilizer molecules are likely to
dissociate from the nanoparticles and precipitate, leaving the nanoparticles
unprotected. The unprotected nanoparticles then aggregate into clusters of particles.
It was unexpectedly discovered that glucocorticosteroids, in combination with at least
one nonionic surface stabilizer and at least one amphiphilic lipid, can be successfully
heat sterilized, producing a sterile compositions having an effective average particle
size of less than about 2000 nm, with minimal or no degradation of the
glucocorticosteroid. Such particle size growth results in a loss of the pharmaceutical

benefits afforded by formulating the active agent in a nanoparticulate dosage form,
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with a |lower bioavailability. This is because bioavailability is
proportional to the surface area of an adm nistered drug and, therefore,

bi oavai | aWDIZ0¢Y08P498r eases with a reduction in the part PETAISHTQOBAT ¢ o

di spersed agent (see U S. Patent No. 5,662,833). Wth a conposition having
wi dely varying particle sizes, bioavail abi i ty beconmes highly variable and
i nconsi stent and dosage determ nati ons becone difficult. Mreover, because
such crystal growh and particle aggregati on are uncontrollable and

unpredlctable the quality of th rtic te co ositi S

i nconsi st &RER aszfaster ﬁf‘?%?\?% ﬁSE%‘FX/ ':é‘g%‘g’ocrtﬂﬁal Fireaie ‘\“cﬂf r?ﬁ'l?‘ﬁﬁ Bs, the
presence @flelodd Shditi ?%ﬁu&rd toﬁﬁﬁ&%ﬂtaeﬁvdéﬁ&oé g@‘&ﬁcﬁ% agggpine systens
response whi ch causes larger particles e transported by macrophage
cells to the liver or spleen and netabollzed, in addition to the enbolytic

effects degscri «ﬁ'rﬁ 8¥? Aggregation of nanoparticle conpositions upon
heating is direc y related to the precipitation of the surface stabilizer

at tenperaturessabove the cl.oud ur.f ac ilizer this
poi nt 1 the. bourEedtreat Bennt i S e rdip ek AaLadb Ao Bt st o' £ e om
t he nanop@eldv@hﬁst}@m@gmemempbm@on[ eavi ng the nanoparticl es unprotected.
The unprotected nanoparticles then aggregate into clusters of particles. It

was unexpect edlpy eurs@f@é&mciv&ﬁg& pBttie RO 2Pt AL @t dletdiflSit i MeaRRitRAldaON W th
at |east _one nonionic surface stabilizer and at |east one anphi philic

lipid, carOfe( lseu@cé%%f% M 9hthe gligocartiepsieroibRArtiples haes ﬁaarawket% pidess

conposi ti qRg, Jﬂé\éfﬂa&l@éﬁa@e@ié‘e‘?@e'é’ Se %ﬁ&?gﬁolﬁébg ﬁ}r? 1960 A, quod)gge;cl(}aggabout
2000 am with m ni nal atl on of e glucocorti costerol

particl e dveightgyelwms, n@@bm or bm oéhelr suisablé mepnrghentiachnigiesavhenenef it s

af f or ded i AN form
26 w0 2007153858V AEk e, PilbiEsRAE Rk P £ARRSREL, O ERORRRF, [
(parti cul aptotrasropy, dight $aattetingaliskecentiofugasdrt) mad ariter tedhinépugs &ncwndd t | ons) ,
reduced toxicity d a | ower dosage of active agent. A. Definitions The
present i tqféhﬂﬁg e &Eri bed herein using several definitions, as set

forth bel ow and t hrqughout .t he application. By "an Clive averag
particle size" %Bsqgle‘EelﬁeE HE W fif T pesundergigod prapergeny %Tje&‘fhna%ﬁ idiinthe 5

" D50"), Ofarttzhﬂ WHIUERE 8 Bbxﬁ@%&féﬁ%x@t}ﬁ%rohte%{ BSwhiK Gt B UR8d.T [fGh&e %&@@se@fof' ess
than the effective average (e,g., less than about 2000 rim 1900 rim 1800

run, et c. )the isym wiichhre notsllearso perapscef ordinanyskall e thesart giabn thengsataxt ément
techni ques,,&Ns used, “about” will mean up to plus or minus 10% of the particular term.

As used herein with reference to a stable glucocorticosteroid particle connotes,
but is not limited to one or more of the following parameters: (1) the
glucocorticosteroid particles do not appreciably flocculate or agglomerate due to
interparticle attractive forces or otherwise significantly increase in particle size over
time; (2) that the glucocorticoid particles do not appreciably solubilize either during
the addition of stabilizer or amphiphilic lipid, or during the subsequent moist heat
treatment; (3) that the physical structure of the glucocorticosteroid particles is not
altered over time, such as by conversion from an amorphous phase to a crystalline
phase; (4) that the glucocorticosteroid particles are chemically stable; and/or (5)
where the glucocorticosteroid has not been subject to a heating step at or above the
melting point of the glucocorticosteroid in the preparation of the nanoparticles of the

present invention.

The term “conventional” or “non-nanoparticulate active agent” shall mean an

active agent which is solubilized or which has an effective average particle size of
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measured. by for exanple, sedinentation field flow fractionation, photon
correlation spectroscopy, light scattering, disk centrifugati on and ot her
t echni queWOZBUIB4Y those of skill in the art. As used 207001855 ut * wi | |
be understood by persons of ordinary skill in the art and w N vary to sone
extent on the context in which it is used. If there are uses of the term
which are not clear to per sons of ordinary skill in the art given the
context in which it is used, "about” will nean up to plus or mnus 10% of

the particular term ed rein h reference to

gl ucocort |g6‘c’:i’§“ffeti’6‘i‘ ﬂb‘ﬂﬁ%ﬁﬁ utlatﬁﬁ?“‘fesagi’?&s qslq‘??‘f‘ﬁélgf“i?“bh%"ecﬂ“ nore of
the fol | owrRetivas eeﬁaiucle%izetdﬁessqumvftomherOI d particles do not
appreciably flocculate or agglonmerate due to interparticle attractive

forces or ot herpleSghrad %Jo&l?%t&ﬁ/sdlﬁl% Qs b&u&afﬁér&h@eﬁkszt% tAY&S drufd Me; (2)
that the glucocorticoid parficles do not apg@'em ab sol ubilize eitTher
i

during t Hbatdaue alsohlbditysn an@tdrlo/f@ssmharm’qm mg/ml, Iprpﬁenably)tesaleh‘am@ouhe
3?‘Biﬁ?gf?fzgo@ééélo?%?%swb{% Wb%ﬁbré%% ey iy R R nbe&fnlt“e

conversion fro | i.ne ha £ t. the
gl ucocorti cost %P%e%g'gefg é‘}ﬂﬁ‘}ﬁf%@’%&ﬂﬂ’% oﬁhakﬁ% dre the
gl ucocor t idi9s Hesagk thAt o viaes me@pa@ﬂbpﬁmndcelo@daeaésp@mqbeWhaih tBé dakoee t he
mel ting poi nt of the glucgcorticosteroid in the preparation of_the

nanopart Adgynistergdyip 2 %E%'é"@ﬁ‘ﬂt st of spbieathin 't‘@tdrﬁf suehireRishaltss or
'non- nanowgﬁagf&@wat a%érxﬁe@msm effeQtfle! antRAR o B4 dr@gctmhf/ﬁ a@ﬂﬁﬁnfstem m is

sol ubi I'i zed ‘'or which has an effective average particle size of
2007/ 0894 9Bty sSkFeyingop8culay instance Wilh ant albens beeffectiverin tmtqog)met i cul ate

active agephaARsHELhShhSIClM AN &2l mRlhaTh NSLBUSL A ARl o1 28 O

| ess than a hrase ™ poor as used

herein refthempémichhps&‘echiuganomﬂtaiy thasesn fakHbintthe lartty in water of |ess than
about 30 nmg/ M, preferably | ess than about 20 ng/m, preferably |ess than
about 10 g/ M , Comppkifomsabl y | ess than about 1 ng/m . As used herein, the
phrase "therapeutically effective amount” shall nmean that drug dosage that

provi des the spaggy bberlphatsaonitig n%mabcdra&mérsm Which WhhettHehfclyugbilsto
adm nistered, in a significant, nunber of subjects in need .of such treatnent.

It is enﬁﬂa@tlﬁatr@ﬁtartenaa?m#@géamwppweéfprmﬂre@la%%ﬁﬁltmdlﬂea drug that is
adm ni st er@ehdRitfons Qéé&r&ﬁ:‘é't@rthéﬂx%ﬁt%n IdluécBAidokertbial hhistRGRoWh b Not

al ways be effective in treating t
have a wide range of inhibitory actlvmes against multiple cell types (e.g., mast cells,

eosinophils, neutrophils, macrophages, and lymphocytes) and mediators (e.g.,
histamine, etcosanoids, leukotrienes and cytokines) involved in allergic and
nonallergic/irritant-mediated inflammation. Corticoids affect the delayed (6 hour)
response to an allergen challenge more than the histamine-associated immediate

response (20 minutes).

Exemplary glucocorticosteroids include, but are not limited to, budesonide,
triamcinolone, triamcinolone acetonide, mometasone, mometasone furoate,
flunisolide, fluticasone, fluticasone propionate, beclomethasone, beclomethasone
dipropionate, dexamethasone, fluocinolone, fluocinonide, flunisolide, flunisolide
hemihydrate, mometasone furoate monphydrate, clobetasol, and combinations
thereof. Preferred glucocorticosteroids are budesonide, fluticasone, triamcinolone,
mometasone, beclomethasone, and combinations thereof. The amount of the
glucocorticosteroid, in concentrated form or upon dilution in a pharmaceutically
acceptable vehicle, typically ranges from about 0.01% to about 20%, by weight,

although other glucocorticosteroid concentrations are envisioned in this invention.
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condi tions/di seases descri bed herein, even though such dosage is deened to
be a therapeutically effective anmount by those of skill in the art. B.
CowpositiéNEZ%W%mﬁgﬁrly wat er - sol ubl e gl ucocorti cost er oi #CRRIS2097/0818Hbt
chemcally labile to noist heat treatnment according to the proposed process
can be used in the conpositions according to the invention.

Quucocorti costeroids have been shown to have a wide range of inhibitory
activities against nultiple cell types (e.g., mast cells, eosinophils,

neut r ophi |l s, crophages., and_| hocyt es) and nedi at or, e. . hj st am ne,
ei cosanoi ds, rghﬂla%lpgﬂ%?egﬁaf@}ggm%’é%&?&3&0\9&%‘%’ emlﬁé‘%ﬁ? ghéﬂ’l’&af

nonal | er gherity'dfigh@Htér RS D9%E dnl ARbHRIBRbodIhentof tHeGRVSioR] fieCt the del ayed (6
hour) response to an all eraen chal l enge nore than the histam ne-associ at ed

i medi at egluceeqstiprsterpEbhas yal paxisnef sregterthaa 89614 cost er oi ds i ncl ude,
but are not limted to, budesonide, triantinolone, triantinolone acetonide,
nmonet asone, noihbe stevitized glusacerticostenoid foomubigions pfithequessneinvention fimthene

pr opi onat | A t ' ' one,
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Preferred pl ucocort i.c,_glst er.oi ds are buﬂ;soni de, fluti f:asone,. tri anci nol one,

momet ason8t EdRNepATHFats RlucarRicosieNA Bt o a0t $herucally eaet With e of t he
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phar maceutically acceptable vehicle, typically ranges from about 0.01% o

about 209gretyeigeabinessentialihBeg pf Btermolegnie sEasstlinkagese rAds UseddsE®BnLd at i ons are
SR TORE 5007/ 0
envi st onea,| or![hE" SurfibES MY Ry 1%%5%&1&9&?1 \9]%?1?)’ g% eﬁ%@ﬁgg%%% Jo%%louflhn one

enbodi ment o e invention, t ucocorti a chem-wcal purity
of gr eat eis ridtalec8idlylchampedt Kienewmilypdie serfaceodtattilieeri haw artyidoorarthdretail and

gl ucocorticosteroid,has a chem cal, purity of greater than,99.5% The

Jtori i1 zeh PG BERb RPEs R E AP o AT Bolsr o 5 AR PAREEKE .  ur t her
conpri se gdlubkabiit K2AR MOl @sdd. nked, | ow or hi gh nol ecul ar wei ght nonionic
surface stabilizer. Nonionic surface stabilizers useful herein physically

adhere on the Stehptfy noh-ibhie saFRePRIBiligts alcPudl, YEOAE bt iRSane)isdrtisl do not
chemcally react with the glucocorticosteroid particles or itself.

| ndi vi duaPsteis) epeestisrlenniorbiip extersdicatnolyspahate 8Ppodyenbatally essential ly
free of i BLRLkIREATY! R potbAimkr!407KAE PRuroR@PES! F198BhE F137, which are block

copolymers of ethylene oxide and propylene oxidej, Polysorbates, spans, and other
sorbitol esters, sorbitan oleate esters, sorbitan palmitate esters, sorbitan stearate esters,
polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan mono-oleate,
glyceryl mono-oleate and glyceryl mono-laurate, as well as other surfactants which
are polymeric or copolymeric in nature such as those containing polyethylene oxide
chains and mixtures thereof, hydroxypropyl methylcellulose, hydroxypropylcellulose,
polyvinylpyrrolidone (PVP), random copolymers of vinyl pyrrolidone and vinyl
acetate, dextran, cholesterol, polyoxyethylene alkyl ethers (e.g., macrogol ethers such
as cetomacrogol 1000), polyoxyethylene castor oil derivatives, polyethylene glycols
(e.g., Carbowaxs 3550% and 934® (Union Carbide)), polyoxyethylene stearates,
methylcellulose, hydroxyethylcellulose, noncrystalline cellulose, polyvinyl alcohol
(PVA), 4-(1,1,3,3-tetramethylbutyl)-phenol polymer with ethylene oxide and
formaldehyde (also known as tyloxapol, superione, and triton), poloxamers (e.g.,
Pluronics F68® and F108%, which are block copolymers of ethylene oxide and
propylene oxide), p-isononylphenoxypoly-(glycidol), also known as Olin-10G® (Olin
Chemicals, Stamford, CT); and SASOHCO, which is C18H37CH2C(O)N(CH3)-
CH2(CHOH)4(CH20H)? (Eastman Kodak Co.); decanoyl-N-methylglucamide; n-
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"noni oni c" surface stabilizer is a stabilizer in which the polar group of
the conmpound is not electrically charged. Generally, the surface stabilizer
has a hydr%@3HER¥4i | and a pol ar head whose oxygen at BEE/USZQOF/ALSSMat er
nol ecul es and nake the head water soluble, but bears no ionic charge.

Exenpl ary non-ionic surface stabilizers include, but are not limted to,
sorbitol esters, polyoxyethylene sorbitan esters, i.e., polysorbate 80,
pol ysorbate 60; pol oxaners (e.g., poloxanmer 407 and Pl uronic(D F68, F108
and F 127, which are bl ock,  copolyners of ethyl ene oxide and propyl ene
oxi de), Péwéﬁrlaealwyym@e, amcxitﬁr&-mabt@mpwﬁldeeﬁ@@cyls%ﬂm tan ol eate

esters, bi t an sonbitan st
pol yoxyet ﬁﬁcgwgagtgm tna N m‘fﬁﬂ? s t85‘dfyo‘|‘%%?éfﬁ’§ @ de nr’rl)'lr)tlyo ol eat e,
gl yceryl B@%‘]&Ho@?ﬁﬁaoﬁlﬂé @hep§1 BLDARIBgukasid@ trPhe:8/d Bmptglu yeaﬂwrdesurfact ants

which are polyneric or cop oﬁérrerl c in nature such as those cont al ni ng

pol yet hy| speangyl-Nemediyiglnearai mmyhﬁ@sghwgpﬂeﬂomwmcm;xk-blpyl

Copol yror SeRghrgidsy AR RE i Gpio B! B BBb e bR oct erol

pol yoxyet PEGEH® ghmldemetamﬁ@um PRECE RIS terBl A& vativE CPEGagtagéth yacr ogol
1000), poI oxyet hyl ene castor oil derivati ves, pol ethylene glycols (e.q.

Car EOY\IaXIS DitamingpeamBiherlike @fﬁeglﬂ f’eam%%ﬁrfaceﬁtﬁbﬁ%@%@ﬁkﬂdéne st ear iat es, I
met hyl ce %E@?fatﬁﬁ%ﬁé %&gﬁéﬁ‘&t&% dndi ’ﬁ??‘ﬁ cﬂ&?cﬂo‘ﬁﬁsto%é[té R6 c?o‘?xlxxjn’a‘xlc?a?ﬁ epo yviny

al cohol tetramnet pol ynmer Wt t hyl ene
oxi de andavdibblesdsdehgme8q.al so known as tyI oxapol superione, and triton),
pol oxanmers (e.g., Pluronics F68(r) and FI 080, whi ch are bl ock copol yners
of et hyl ene oxiltie aampthiptplio tipidethet isim@e;)qrawdiistmnhmyﬂeplieerbxypoI y- (gl ycidol),

| k dn-1 : i St ant d, CI): SA9CHCO,
o o e B Rerrtitiemi f At ofs o F A R I ERFO Tk b el te e e pr
geg}anfyl Nvaﬁétmdfg;bmpmmﬁds rpraﬁdm}ﬁﬂﬂlydéﬁ%gﬁloﬁ%ﬁﬁ%é&ﬁ@ﬁb]gﬁﬁﬁelydeCy|
gl ucop

d dod
gl ucopyr aﬁ%%’ggégl‘?ﬁgh@d@égfﬁﬁe ma% rlgﬁggltcg?d?yguﬁ\ﬂgﬁggﬁbweﬁé%m de;
n- hept yl - 1d3niaF gAY 02 8Perth S8 ﬁbs&}ﬁtpﬁ;}ihs (rﬁld&iﬁ@le@ﬁhi‘ﬁqqﬁ | (Rifida 1B&Mh

(3-D gl ucopyranosi de; nohanoy I-N-mat ucam de; n-noy

G3- D gl uc Ros #ak hydmggn@tyd 1¢q.1thrm@i§D@D lﬁ;’éﬁfﬁhéoy or egg 1e01thm
B T v A
A, PEG viphesphatidylinoanel, ph@s;ihaﬁeylséﬂimt phosphatidiniacids phoastentigly ppydetder s
i ncl ude the corresponding lysophosphatides, synthetic phosphatidyl glycerol (LIPOID PG
18:0/ 18:0), synthetic phosphatidic acid and mixtures thereof. Additional
phospholipids that can be utilized in the invention include anionic phosphatides,
lecithin NF, synthetic lecithin NF, synthetic phospholipids, partially purified
hydrogenated lecithin, partially purified lecithin, soy lecithin phosphatides comprising
anionic phophatides, egg lecithin phosphatides comprising anionic phophatides,
hydrogenated soy lecithins comprising anionic phosphatides, hydrogenated egg
lecithins comprising anionic phosphatides, lecithins comprising anionic phosphatides,
synthetic phosphatidyl glycerol, synthetic phosphatidic acid, synthetic phosphatidyl
inositol, synthetic phosphatidyl serine, phosphatidyl inositol, phosphatidyl serine,
phosphatidic acid, phosphatidyl glycerol, lysophosphatidyl inositol, lysophosphatidyl
serine, lysophosphatidic acid, lysophosphatidyl glycerol, distearyl phosphatidyl
glycerol, distearyl phosphatidyl inositol, distearyl phosphatidyl serine, distearyl
phosphatidic acid, distearyl lysophosphatidyl glycerol, distearyl lysophosphatidyl
inositol, distearyl lysophosphatidyl serine, disteary! lysophosphatidic acid, dipalmityl
phosphatidyl inositol, dipalmityl phosphatidy! serine, dipalmityl phosphatidic acid,
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pol yoxyet hyl ene sorbitan esters and in particular, polysorbate 80,

commer ci al | avai |l abl e as Tween 80. The anphiphilic lipid that is
incorporaﬂ@éZWWﬂﬁm@ﬁe sterilized glucocorticosteroid foPGUIUSEI0BAGISSE t he
present invention nmay be selected fromone of a variety of phospholi pids,
provi ded that the conposition contains sone negatively charged
phosphol i pi ds. Exenpl ary phospholipids include, but are not limted to,

| ecithin NF grades or synthetic phospholi pids including | ecithin NF,

o1 g | oI BRGEY aleeh i i DRPRECRE oA et b P Bhac s des

such as SROKPhLEY1s8AsE, tdiﬁlam@dypﬁy@lgpﬁdsg NAtERE hele, diphespiat i di ¢ aci d,

phosphat i ngcheroI t he correspon sophosphatldes synt hetic

phosphat i d5poPhPspBatidy! slyqere B’CID(QIX@@SGWT@ synthetic phosphatidic acid
and m xtures thereof. Additional  phospholi p| ds that can be utilized in the
i nventi on i ncl daenagmbaiimertes treinvertion, theamplnphilistipidisdesitinanddbe t hi n NF,

syntheti c é?:'f'tﬂffﬁ?b‘?%;&xf? egie{sﬁfﬂlﬁaféés(g{? 'p}ée%}hakﬁ%lﬁﬂ%h ﬁg?@?%ﬁ& én‘?&d&u%ﬁ'ﬁ of

partial l'y pur eci des co I'ng ani on
phophat i déiss 1nagrg.1dre the amphiphidicjipad lsdes;ltmm,rqmd| the tegithini io momppxlaerb hati des,

hydrogenat tRins co ) n hat.i des dr.o enat ed egg
"2t ¢ ne “RoaALY 75 ifioagna 2 Rhu Al Ao BT RSB ouHG A, oni o
phosphat i @emposelysfirisihlychyliogaaddd Aydnigbhssphatidessynt heti ¢ phosphati di ¢ aci d,
synthetic phosphatidyl inositol, synthetic phosphatidyl serine,

phosphat i dyl | MOt startlizep tgumha;&icdmbros@ fdrﬁﬁl.latw@lb%ﬂ’fba;bﬂeﬁbxﬁ umhdon pgsphat i dyl
gl ycer ol hati dyl jnositol, |ysophosphatjdy| ser

| ysophospHQ Flepg?ba IHP“?%%@WP@§P°fg?%FéEYlﬁP3dl%FP§ieéSV9ﬂ°eBﬁ8%‘6hat i dyl
gl ycerol, (ﬁbm Qﬁ%&y@é&%ﬁ@él'tﬂ%’(heﬂa%h&&hyl dhadeaiylr whesahatid¥lq serine,

di st earyl hosphati'di ¢ aci d | st ear ysophosphat v dyl glycerol, distearyl
| ysophosplBEidyl whichds rddsd, todhsfmljatldnysﬁmﬁmm&tels(ﬂ%rkllmpn aep. di st earyl

| ysophosp | mtyl

phosphat i %fe%“é’?x» 2‘%’ g‘ﬁ?‘g‘%@%ﬂfx R&Sh %@?@%@%? g@%%&r\?{&osfg{?g‘foswgo

:DCT / UﬁZOOE«Sl&Q}éI&;:Edq Js(ﬁepahc?int gh t}iﬂlmﬂ@hﬁblfdmbhgihylw]ﬂ]mﬂ ,addedas aﬂ’bmrﬁced | |
ysophosp | osito almt serine | pa mty

I ysophospﬁﬁ‘f&J lHﬁ'yE: J&E‘? areatﬁrf}éﬂ Pyt °f¥]§f$%ﬁﬂg Wﬁt 1%@?5%%8&%?8 teL®8 ni xt ur es

thereof . hmoRREoERDIA mm‘ istab8ed Mee&dniveRely MR e 3BRAI-PiRk 148 abriphiithilis

| ecithin, and the lecithin conprises |ess than 90% phosphatidyl choline. In
yet anot hdipidadsied; theessgiDTA or EGTA added. Thus, in one embodiment of the

invention, the composition can comprise a sodium salt or calcium salt of EDTA or

EGTA, or a combination thereof. In another embodiment of the invention, the
amount of sodium salt and/or calcium salt of EDTA or EGTA can range from about
0.0001% to about 5%, from about 0.001 to about 1%, and from about 0.01% to about
0.1%.

The compositions of the invention can be formulated into any suitable dosage
form. For example, the compositions of the invention can be formulated for
injectable, otic, oral, rectal, pulmonary, opthalmic, colonic, parenteral, intracisternal,
intravaginal, intraperitoneal, local, buccal, nasal, or topicél administration; the
compositions of the invention can be formulated into a powder, lyophilized powder,
spray dried powder, spray granulated powder, solid lozenge, capsule, tablet, pill,
granule, liquid dispersion, gel, acrosol, ointment, or cream; the compositions of the
invention can be formulated into a dosage form such as a controlled release
formulation, solid dose fast melt formulation, controlled release formulations, fast
melt formulations, lyophilized formulations, delayed release formulations, extended

release formulations, pulsatile release formulations, and mixed immediate release and
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the invention, the anphiphilic lipidis lecithin, and the lecithinis
conprised substantially of hydrogenated phosphatidyl choline and the

renai ni ng YOPYL8?49%n  conmposed of nminly hydrogenated aBCEAIS003MOPhat i des.
The sterilized glucocorticosteroid formulations of the present invention may
additionally conprise a chelating agent, such as ethyl enedi am ne tetraacetic
acid (EDTA) or ethylene glycol-bis(beta-am noethyl

ether)-N,NN ,N -tetraacetic acid (EGTA), which is added to the fornul ation

just prior to e sterilizatjon step. referaply, . the amunt of EDTA or
LGt hcidotoR oo Te B iormh BHo0s: &5 Fomburation SrERF: QSR SRHBSHS! he

amount of pafeRbRINtErle ihdlRdé bag BRhoR finfted 46,/ REolsSfor Rhddl e pulnddifirgr eat er the
amount of the anphiphilic |'ipid added, the greater the anount of EDTA or

EGTA i s adeléveriniaicstable and opthalmiccdogegesiormst he | ess anphiphilic 1ipid
added, the | ess EDTA or EGTA added. Thus, in one enbodi nent of the

i nvention, thelconposiwéans Aeneselsnpri se a sodiumsalt or calciumsalt of
EDTA or EGTA, or a conbination thereof. In another enbodi nent of the

i nvention, the Orerasubrdinénsell vanopatticubateiglocomaticistarpisiadispesfioE fiimasal, EGTA
can range_fyom about . 0001% about, 5% .from about. 0.001 to_about ,1% and
rom abouP gy ey e sk feeRianh, mebiel pATREBE Blc dafiYey 0 e B%en " he

f or mul at ede.gnhasahBstossls |t lphal decwbracrbsld)or thalfianget@old) haqoesosi ti ons of
the invention can be formulated for injectaple, otic,, ora%, rfctal,

pul monar y foraptafAngiof thepiesentdnvention fpRTIH O cphieidakdisheIriaRp Of PRQItY WAEH nal

i ntraperi 5eReR nanbpafitulaRif6bcorfi@R RroidRomipeBHioal isHThdliedlht dhieR; the
conpositions of the invention can be fornmulated into a powder, |yophilized

powder -, Whiehalp agraselizqsousires airdgiraaypligasanigi ngbelizggawdbe adwantaags od tene,

capsul e, t L ¢ L QU ' | . o aeraesol , ointnent,
or cream %?E&e&c% ug%%% %ﬁr%%slég% l%?}ajbé %egﬁgé%ﬁﬁégﬂﬁg%én glrerrsﬁ gtogd I nto a dosage
f or m such nasoperitiohdte ahd ednvesitieaslenict@rized gticaortigstdarcdiddoseosiamns nel t

formul ation, contral led rel ease for.nul ation f ast | t, fornul ati ons,

| yophi || 2BPPOPRIP S BHEHRILT D 4iF FETcadIe T bIaRI S PIONLCERY EISAIoT) sase
for mul at i @Bsulidety. SRérveatiogd] eRiseori AdTHAREA1GH Sencrillly A AQD oGl Rhfcrbsd ease
and 31 WD 2007/ 089490 PCTI US2007/001851 controlled rel ease formul ations; or

any conbi REFISHIT Hamebr andisapraorigiataly thtatamerdze pyibe dianisl Jroplebfizbe i ncl ude,
but are ngoducga Eg ddfoal AEGARRES I%ng?rﬁggs?ﬂ{aneﬁaxﬂehm@mfoco‘ii@&dsi’é?ﬁi)ﬂ’

I nj ect abl and- opt hal m ¢ dosage
compositions having a size of 2 microns or less are equivalent or smaller than the

droplets in such an aerosol. Thus, aerosols containing nanoparticulate
glucocorticosteroid compositions according to the invention improve drug delivery
efficiency. Such aerosols can also contain a higher number of nanoparticles per unit
dose, resulting in each aerosolized glucocorticosteroid droplet containing active

compositions according to the invention.

Thus, with administration of the same dosages of compositions according to
the invention, more bronchopulmonary or nasopharyngeal tissue surface area is
covered by the aerosol formulation containing a nanoparticulate glucocorticosteroid

compositions.

Another advantage of the use of these aqueous aerosols is that they permit
poorly water-soluble compositions according to the invention to be delivered to the
deep lung via an aqueous formulation. Conventional micronized drug substances are
too large to reach the peripheral lung regardless of the size of the droplets produced
by the nebulizer. The aqueous aerosols comprised of compositions according to the

invention permit nebulizers which generate very small (about 0.5 to about 2 microns)
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1. Aqueous Aerosols One enbodi nent of a nanoparticul ate glucocorticosteroid
di spersion for nasal, pulnonary (upper lung), lung (deep |ung), nouth,

ocul ar, oW@28YYvery is an aerosol (e.g., nasal aer BEBUS200/PHEHal
(rmout h) aerosols, or inhalation aerosols). Aqueous formnulations of the
present invention consist of colloidal dispersions of poorly water- soluble
nanoparti cul ate gl ucocorticosteroid conpositions in an aqueous vehicl e,
which is aerosolized using air-jet or ultrasonic nebulizers. The advantages

of the use of such aguequs aer osol an best,.be under.st ood hy ¢ aring the
O T I e O AR O S R
conposi ti ﬁ{ésforrﬁ(b‘f%ﬂdﬂ%gtiél@s Me!awé@m IO eihinl _let&esu%h;l%ic@é islthgui d df opl ets
produced by conventional nebulizers. Conventional mcronized naterial is
gener al | yé‘@ﬁ\?ﬁ"@aqr@so&lﬂ'}{ﬂsugedr@@%nrgucsg% A% in diameter and is

approximately the sanme size as the liquid droplet size produced by nedical
nebul i zers. | n Yebanether advantigp &f thecagugews guercotiivastaseigtasrasols is #iposi ti ons

having & Biegot ngnMiElo0m B o835 o for SUHG \ERL: Bl SURLLBLSAN the

;
droplets i'n such an aeros aeros ntai ni ng nan Bartlculate
gl ucocort acasdiagod thedawgadiint todhs lvagc dirdikegotreerttioaal muaahized composdtiensdr ug
delivery effé.ci enﬁ%.. Such aerosol.s can al[r?so cogt ain a hi?g erf nunher of
nanopar t i BFLSUHEMC Hifi Vet COPRAHPORTRYCPIF RO NG 1\ 6EBPR HE e form o

gl ucocor t ne@saeidéshre k&idiStacfstBlided ARG F06R inGAMPASHdsitits according to the
I nvention. Thus, with adm nistration of the sane dosages of conpositions

accor di ngchaacterigiasnesnacHic adygniage obesd pinassn slupoeprigagersihasrasdais ti ssue
surface a | % D601 61 QB RIochid 40 s Gy a
nanoparti?:}ﬁa?%egpgeﬁ}cggggy%%g%g@g co%og%%%%%.&gﬁgéf}&% _fgg%ant age of the
use of t heswesaipgdbyyluasamsohebuligersivatich trgyirp apndpartigonedppuistdert- sol ubl e
conpositiqgns_acgording {0 the i.nvention t e delivered 1o t deep | ung
Ve an aqoooReSRaRT it o s MR BIE P BiBuRR Y el i g Bedsdf saBERR ar ot oo
| ar ge tg ltlf)b%iibh(bﬂtﬁe Eailbis@rriwdalrﬂjalefsg Wﬁﬂﬁbdl\eﬁﬁoxiiﬁl driye m’t&zﬁé Qfo;llm@e droplets
pr oduce y the nebulizer. The agqueous aerosols conprised of conpositions
accor di ng SXKere§ieto QeRPER tRGPPIERISHER DARAPATHHUATES HHR elf leafed Gt pass nal |

(about 0. e @gﬁg;or% W& R BFcuite, WO 2007/ 089490 PCT/ US2007/001851 aqueous
droplets to deliver water-insoluble conpositions according to the invention

itEe the form ofp,R3HARAL faER:'s@ﬁfohﬁufg%né}'a‘ﬂ%%faartiEﬁlﬁteegiﬁém:'o?ciﬁste%iﬁh devices is

composition according to the invention is present at a concentration of about 0.001
mg/mL up to about 600 mg/mL. In other embodiments of the invention, the
glucocorticosteroid can be present at a concentration of about 0.015 mg/mL up to
about 3 mg/mL; about 10 mg/mL or more, about 100 mg/mL or more, about 200

" mg/mL or more, about 400 mg/mL or more, or about 600 mg/mL. Dry powder
aerosols of the glucocorticosteroid compositions of the invention are also
encompassed by the invention, For dry powder aerosol formulations, compositions
according to the invention are present at a concentration of about 0.001 mg/g up to
about 990 mg/g, depending on the desired dosage. Concentrated nanoparticulate
aerosols, defined as containing a composition according to the invention at a
concentration of about 0.015 mg/mL up to about 3 mg/mL, or about 10 mg/mL up to
about 600 mg/mL for aqueous glucocorticosteroid aerosol formulations, and about
0.015 mg/g up to about 3 mg/g, or about 10 mg/g up to about 990 mg/g for dry
powder aerosol formulations, are specifically encompassed by the present invention.
Such formulations provide effective delivery to appropriate areas of the mouth, lung
or nasal cavities in short administration times, i.e., less than about 15 seconds as

compared to administration times of up to 4 to 20 minutes as found in conventional
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Circul ar TM aerosol (Westmed Corp., Tucson, Ariz.). Yet another advantage of
t he aqueous gl ucocorticosteroid aerosols is that ultrasonic nebulizers can
be used t oWOAONP49 poorly water-sol ubl e conposition a®EFUHRMG0PB5Et he
invention to the lung. Unlike conventional mcronized conpositions
according to the invention, conpositions according to the invention in the
formof nanoparticles are readily aerosolized and show good in vitro
deposi tion characteristics A specific advantage of these aqueous

gl ucocortic ster0| erosols.is erm oorl y. water-sol ubl e

O toocort PURYRAE neba Eres eranics, Jntits e odBEUF o 0l IByeriars He g ohopyl | zer s
whi ch requhg Be B@tﬁﬁﬁﬁéidd%%&uﬁé’@frbﬁ%o@f 10 %ﬂ%bﬁ) t@ﬁ’&otﬂ‘?,@%ﬂhﬁ frémt he

i nvention to pass throug ver&sll ne orifices to control the size of the

aer osol i z@bowrifeeprds lWﬁol aboy éﬂtﬂl“téhéionéiﬂh@“dﬁtséwfais upoliglakowie20 expect ed to
occl ude t an%E %om%‘ﬂﬁgtu{@%b%gﬁﬁst ilxﬁ ﬁ? 13 hfindfes '?ro?ﬂ%ia&ftlr 1o R PRSS

t hrough t he pores wit or aqueous aerosol fornulations, a
nanopart i abbutt 16 xginmascﬁbmahmﬁéﬂmecbndsupm@abmut@rmannm &longabamttlbe I nvention

Is present at .a cC ration of. abqut 001 ut 600 mg/ mL.
o bt her " arBodF HERD S50 Chir e ot ot fnaccopef Bpdopbhu e BRE SR be
present atbauiCll¥eehdsaly @bt 6 Rdklites). fbkh aBBLIO J¢Bokdy upaééoabbuﬁs Mihdtes, about
10 nmg/ mL or nore, about 100 ng/nlL or nore, about 200 ng/nL or_ nore, "about

400 g/ nt. T e 10ecanls P 19GbOHY Fntes, JrogbakRse 10e5enslip (G RbOWG
| ucocort sed b
91 UCocor | iiakeel Ol SOIPRPLIbARSuSlo 48351 2 BHAHCL MAuBodl SOwecBREORPRSSC by

wder aerosol fornulations, compositions according
to the inebowt lomimrte brlé@tmlneratnlmdm)mtenfﬁmtmmt@h thisagtoso! Oﬂheng/ gupto

about 990 dependi,ng .on the desir d e. ncent

nanopartlclg‘%élﬂgn %’258%8%“ 1SteTS |1ﬂ<?§“3%ogé%ug?ﬁ%ﬁﬁmgoc%ﬁf?@ %@Ht Recording to
t he i nventse&ndabr greatm",n&&imt Raktcwndobr g&aw dbold 25 seponlls tipgieateqdgtt 3 N/ ni,
or about 1.0 no/nL u ?ﬁ%f Sout 600 %G q(_geous gl ucocortlcoster0| d
aer osol fé??ﬁﬁ’ggf’fg?f? eI e#Rol5 B o SEoongs e&sreﬁfg@pga Bt $¢,sea956t oneitgles, abgrt 4bout 10
M/ g up tQeaRaYb: gl%gte’i‘yé%ui 90 séUo\ﬁds BPYGfer AR08 54 %cBHJisa&‘ Qf@éter ¥ Gny

speC| fically enconpassed by t present 1nvention. Such fornul ati ons
provi de eﬁpmﬂmnd@rbvﬁswh@Wprabpuﬁ%k%ecan@a@ of abome 8 mpigiles. | ung  or nasal
cavities in short admnistration tines, i.e., less than about 15 seconds as

conpared to adrinwnsembodimentiofdse itventjon the drapets 0 iansressl aeve Dones i n

convent | Orxll”&iedlan aero yn%%?lé QBHRY WALf)Q)ZlcQJ{hgxq %Séqual to about 100 microns. In
other embodiments of the invention, the droplets of the acrosol have a mass median
aerodynamic diameter (MMAD) of (1) from about 0.1 to about 10 microns; (2) from
about 2 to about 6 microns; (3) less than about 2 micron's; (4) from about 5 to about
100 microns; or (5) from about 30 to about 60 microns. In another embodiment of the
invention, essentially each droplet of the aqueous aerosol comprises at least one

nanoparticulate glucocorticosteroid particle.

2, Dry Powder Aerosol Formulations

A dry powder inhalation formulation can be made by spray-drying an aqueous
nanopafticle glucocorticosteroid dispersion of a composition according to the
invention. Alternatively, dry powders containing a nanoparticulate composition
according to the invention can be made by freeze-drying the dispersions of the
nanoparticles. Combinations of the spray-dried and freeze-dried nanoparticulate
powders can be used in DPIs and pMDlIs. For dry powder aerosol formulations, a
nanoparticulate composition according to the invention may be present at a

concentration of about 0.015 mg/g up to about 990 mg/g.
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pul monary nebulizer therapies. In other enbodinents of the invention, the
aerosol can be adm nistered in a tine of from about 10 seconds up to about
30 mi nut esVORPYMBout 10 seconds up to about 25 ni nut eBCTUSHTAGSS 10
seconds up to about 20 mnutes, from about 10 seconds up to about 15

m nutes, from about 10 seconds up to about 10 m nutes, from about 10
seconds up to about 9 mnutes, from about 10 seconds up to about 8 m nutes,
from about 10 seconds up to about 7 mnutes, from about 10 seconds up to

ZBoonds up'to’ Hrsaeoerimplet DFRSRb oL Eoutirom iy b Biwnl 3" rrut oo,
from aboul’oﬁrﬁﬂa&ﬁlﬁﬁm?' BRwdRrs2 BOkhalRy Ay WiISa biirkOST ABSIKdd AP thue fQrdwnup t o
nye

about 1 m nute. ot her "enbodi'ments of the invention, the aerosol of

the i nvefirpugh Berinbido sghiven admeatosage. Suchdeviees atsalescritedsiacfgsamplegr eat er
about 15 (ﬁ§019£9r'{°t l\gcfJ ABPAS L tnPORHL 8‘?‘98?%§%h0i§§9‘{302§%&£fd 1Pl hy 2> seconds

or greater, abou seé¢onds or ¢rea abou nds or grgater, about
40 secondseferenck,esdtiieli is dibswidd S prsaotid poordegejeatbehaviapasictidh ssegoads or

reater, or .about 55 s r,.greater,, or.an C i nati on .t hereof, such
OLoT o aBb i daess ST Ol AR YrscRinaly hes BRl B AlsBREont ¢ e
i nvention hhﬂﬂﬁ%%iﬁhﬁr fRfw tiR; BEX e64ll, PadNRr andBEKk Eﬁ@ﬂé@%ﬁmg@ﬁé%ﬁ%‘f&%ﬁ C

n- ot her

MVAD) | ess than or equal to about 100 mcrons. |

di anet er

enbodi nen&Maﬁﬂl 1388).i devenibing @, venhusi effusisir dpyingrantayial airrigles tubeaipstreamwé e medi an
aer odynam L oL I)%%p . 1t Q. l crons; (2)
from abg}]’tE ntghfl' gﬁgg%%rg, n’% ‘é?z%gdjel ?%lg%ggﬁ)#hglg %og%d%tr %%%%Sglrlg?\@é:%@ from
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particle. ddugsbry Powder Aerosol Fornulations A dry powder inhalation
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gl ucocorti cost e gidpliddRansdl o forMuledith @5h hise beAeHOERUNY thears€ ani Nvent i on.
Alternatively, dry powders containing a nanogparticul ate conposition

accor di ngaewselfermnplating dhe pawdpe meeonsist of wealablf ggeregatefoldi sper si ons of
ar s OFt™ & _ e She!
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prepared from aqueous dispersions of nanoparticles by removing the water by spray-
drying or lyophilization (freeze drying). Spray-drying is less time consuming and less

expensive than freeze-drying, and therefore more cost-effective.

Dry powder aerosol delivery devices must be able to accurately, precisely, and
repeatably deliver the intended amount of a composition according to the invention.
Moreover, such devices must be able to fully disperse the dry powder into individual
particles of a respirable size. Conventional micronized drug particles of 2-3 microns
in diameter are often difficult to meter and disperse in small quantities because of the
electrostatic cohesive forces inherent in such powders. These difficulties can lead to
loss of drug substance to the delivery device as well as incomplete powder dispersion
and sub-optimal delivery to the lung. Many drug compounds are intended for deep
lung delivery and systemic absorption. Since the average particle sizes of
conventionally prepared dry powders are usually in the range of 2-3 microns, the
fraction of material which actually reaches the alveolar region may be quite small.
Thus, delivery of micronized dry powders to the lung, especially the alveolar region,

is generally very inefficient because of the properties of the powders themselves.
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¢ase one’or moie CO-S%R’lelal{S rﬁg)ghé)vne’ 1o be employed in order
to form a solution. Suitable co-solvents include, but are not limited to, short-chained

alcohols, and in particular, ethanol.

Nasal formulations can also be in the form of a dispersion or suspension. In
these types of formulations, a composition according to the invention can be in the
form of a glucocorticosteroid nanoparticle which is dispersed or suspended in water
with or without one or more suspending agents. Inhalation therapies, (i.c., dose
inhalers) containing nanoparticulate glucocorticosteroid compositions according to
the invention and pMDIs (pressured metered dose inhalers) can comprise either the
discrete nanoparticles and surface stabilizer, aggregates of the nanoparticles and
surface stabilizer, or motive diluent particles containing the embedded nanoparticles
or solutions of the drugs or combinations in solvents and/or propellants. pMDIs can
be used for targeting the nasal cavity, the conducting airways of the lung or the
alveoli. Compared to conventional formulations, the present invention affords

increased delivery to the deep lung regions because the inhaled nanoparticles are
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Is generally very inefficient because of the properties of the powders
t hensel ves. 35 WD 2007/089490 PCTI US2007/ 001851 The dry powder aerosols
whi ch conwa#i 200He89é89ar t i cul at e conpositions according to Ptcﬁ‘équﬂ V&b can be
made smal | er than conparable m cronized drug substance and, therefore, are
appropriate for efficient delivery to the deep |lung. Mreover, aggregates
of nanoparticul ate conpositions according to the invention are spherical in
geonetry and have good flow properties, thereby aiding in dose netering and
deposition of the adm ni stered conmposition in the WD%PF nasal cavities.
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glucocorticosteroid nanoparticle, nonionic surface stabilizer, and amphiphilic lipid
according to the invention. The diluent particles with embedded glucocorticosteroid
nanoparticles can have a particle size of about 1 to about 2 microns, suitable for deep
lung delivery. In addition, the diluent particle size can be increased to target alternate
delivery sites, such as the upper bronchial region or nasal mucosa by increasing the
concentration of dissolved diluent in the aqueous dispersion prior to spray drying, or

by increasing the droplet size generated by the spray dryer.

Spray-dried powders can be used in DPIs or pMDIs, either alone or combined
with freeze-dried nanoparticulate powder. In addition, spray-dried powders
containing a nanoparticulate composition according to the invention can be
reconstituted and used in either jet or ultrasonic nebulizers to generate aqueous
dispersions having respirable droplet sizes, where each droplet contains at least one
nanoparticulate composition according to the invention. Concentrated nanoparticulate

dispersions may also be used in these aspects of the invention.
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al veoli. Conpared to conventional fornulations, the present invention
affords increased delivery to the deep lung regi ons because the inhal ed
nanopar t.i 3Y@2004089436 WO 2007/ 089490 PCTI US2007/ 001851 sPel/U8200T/ba851
conventional mcronized material (<2 microns) and are distributed over a
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anphi phi | h@bééggélr%sr %c?x?%{sqhggaéa?mgsd nvention. The diluent particles with

enbedded gluc cost erol hanoparti cl es can have a particle size of

about 1 to abo 1.CLONS ui le for . ng del,.ver | ddi tion,
t he dil uent paf&%?e% Fglng?ifgwgg% %ftécﬁ\?a rré%%aetg%%glc%éa%%%fana%d%%rg%é?tgm%gg’lyi very
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cont ai ni ngorEaing Ablsastiang Amzhcd ded ppraarticolinta eempenifign aecordiagithithent i on can be
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aqueous | spersions having respirable droplet sizes, where each dropl et

contains at | €39dez 0 ied powders can be used in DPIs or pMDIs, either alone or combined
with spray-dried nanoparticulate powder. In addition, freeze-dried powders
containing a ﬁanoparticulate composition according to the invention can be
reconstituted and used in either jet or ultrasonic nebulizers to generate aqueous
dispersions having respirable droplet sizes, where each droplet contains at least one
nanoparticulate composition according to the invention. Concentrated nanoparticulate

dispersions may also be used in these aspects of the invention.
3. Particle Size

The compositions of the present invention comprise nanoparticulate
glucocorticosteroid particles which have an effective average particle size of less than
about 2000 nm (i.e., 2 microns). In other embodiment of the invention, the
glucocorticosteroid particles have an effective average particle size of less than about
1900 nm, less than about 1800 nm, less than about 1700 nm, less than about 1600 nm,
less than about 1500 nm, less than about 1400 nm, less than about 1300 nm, less than
about 1200 nm, less than about 1100 nm, less th;m about 1000 nm, less than about
990 nm, less than about 980 nm, less than about 970 nm, less than about 960 nm, less

than about 950 nm, less than about 940 nm, less than about 930 nm, less than about
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nanoparti cul ate conposition according to the invention. Concentrated
nanoparticg@gte di spersions may al so be used in these aspects of the
Cnventi on. WAL 089490 PCT/ US2007/ 001851 b, Freer hHUSMITSRT S
Cont ai ni ng a Nanoparticul ate Conposition According to the Invention
Nanoparti cul ate gl ucocorticosteroid conpositions according to the invention
in the formof nanoparticle glucocorticosteroid dispersions can al so be
freeze-dried to obtain powlders suitable for nasal or pul nonary delivery.
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the invention can be reconstituted and used in either jet or ultrasonic

nebul i zer sthed abRG0REn.datidban abant 588 /man. ders thnyabiryt PEA pms dgRsdhamrahgnet si zes,
wher e eachsy 0Bl fks ﬁl%ﬂtaﬁbﬂt%@mh,el%% thgﬂgboxﬂ%%gﬂﬁ,%&r’th% Qbé(jﬂrﬁ@%}ﬁ &8s

according to the Invention. ncentrated nanopart’icul ate di spersi’ons may
al so be ustdniaboutfédenmadpscthan elpoutt (520 inmy dessitlam at®ut BAO ning kess Shapeabbhe

conpositio of fhe.present.dnvention conpr,i nano ticul at

ol Uoocor t | A0e: leEaRaARPE 4 Wi low hat 8501 BP b POORE Bl P namiere < ze
of | ess thian aBbaui60200dess thng hbsut 458 nif, ¢és3MBdn abont d4D aim, GsEakinadLt of t he

I nvention, the ?Iucocorticosteroid artijcles have an_effective average

particle st#enBs Ipedunahant 4Afown. lesvben Abut|4d Oame.Hass e atout 888 npudess| ess
than about i1} Q00 350 ﬂxﬁ,sléssttlﬂﬁﬂ abRAYL0 hED YeddMhan about 370 nm, less than about

360 nm, less than about 350 nm, less than about 340 nm, less than about 330 nm, less

.than about 320 nm, less than about 310 nm, less than about 300 nm, less than about
290 nm, less than about 280 nm, less than about 270 nm, less than about 260 nm, less
than about 250 nm, less than about 240 nm, less than about 230 nm, less than about
220 nm, less than about 210 nm, less than about 200 nm, less than about 190 nm, less
than about 180 nm, less than about 170 nm, less than about 160 nm, less than about
150 nm, less than about 140 nm, Iess than about 130 nm, less than about 120 nm, less
than about 110 nm, less than about 100, less than about 75 nm, or less than about 50
nm, as measured by light-scattering methods, microscopy, or other appropriate

methods.

By “an effective average particle size of less than about 2000 nm” it is meant
that at least 50% (i.e., a “D50”) of the glucocorticosteroid particles have a particle
size of less than the effective average — in this case 2 microns - by weight, volume,
number, or by other suitable measurement techniques, when measured by the above-
noted techniques. In other embodiments of the invention, the “effective average
particle size” of the glucocoﬁicosteroid particles of the compositions of the invention

is defined as wherein at least about 60%, at least about 70%, at least about 80%, at
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| ess than about 1500 nm |ess than about 1400 nm |ess than about 1300 nm
| ess than about 1200 nm | ess than about 1100 nm |ess than about 1000 nm
| ess t han VE®aW/08%8% nm | ess than about 980 nm | ess t hBAI/EBOTOGEE nm

| ess than about 960 Mh, less than about 950 run, |ess than about 940 nm

| ess than about 930 rim | ess than about 38 WO 2007/ 089490
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t han about 2000 run"Sutface Steduliter, and Amphiphilic Lipid

The relative amounts of a glucocorticosteroid, one or more nonionic surface

stabilizers, and at least one amphiphilic/lipid can vary widely. The optimal amount of
the individual components can depend, for example, upon the particular
glucocorticostqroid selected, the particular nonionic surface stabilizer selected, the
particular amphiphilic lipid selected, the hydrophilic lipophilic balance (HLB),
melting point, and the surface tension of water solutions of the nonionic surface

stabilizer, efc.

In one embodiment, the concentration of the glucocorticosteroid can vary from
about 99.5% to about 0.001%, from about 95% to about 0.1%, or from about 90% to
about 0.5%, by weight, based on the total combined weight of the glucocorticosteroid,
at least one nonionic surface stabilizer, and at least one amphiphilic lipid, not

including other excipients.

In another embodiment, the concentration of the at least one nonionic surface
stabilizer can vary from about 0.01% to about 99%, from about 0.1% to about 50%,
)
and from about 1% to about 10%, by weight, based on the total combined weight of
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that at |east 50% (i.e., a "D50") of the glucocorticosteroid particles have
a particle_ size of less than the effective average - in this case 2 mcrons
- by wei ghWOWY/Qﬁ%?O nunber, or by other suitabl e neasurROmBI200%00M851 ques,
when neasured by the above- noted techniques. In other enbodi nents of the

i nvention, the "effective average particle size" of the glucocorticosteroid
particles of the conpositions of the invention 1is defined as wherein at

| east about 60% at |east about 70% at |east about 80% at 39 WO

2007/ 089490 PCTI US2007/ 001851 | east about 90% at, . | east, about 95% or at

| east abouhe ghwperticatergrt gt ash rdiopiasies sfabplirerypndat deashons ¢l e si ze of
| ess than é,,l(;;ﬁ, il iy & ﬁiﬂéhﬁﬂg%éﬁe{d&?&ﬁ'hﬁg.d above, i.e., |less than about
2000 nm 19 Ollﬁﬁ.'flnl]l 1%00 roun, 17 nm ...l | ess than about 1000 nm |ess than
about 990 run, }essuldambRRHin IR0 cBRent@adn bERHR AR of filcQipid al SO
referred to as 66%1% Dr0, D30, _nDQO, CDlSE‘;IQSe,n anangg{épartic?e %P@ggﬁ‘ Ir?lanot her
enbodi nentcaofvanhfommabemnt DOh % tohabott$$%¢ fromeatmut P d e tpalraut 50%, snd &omas

descri bed ahaqy i s, the n particle size of ;the c siti.on, (1., t he
vent 1 on RGL {4 2BE0CI TR BRIeb) Gy neRt s ieciabing FIRCRN AR beiel of 0o
t han aboutthe @Qf2oBdRticosteroid; 28 1dabttdhe raddtic 4G EenmbiliRssarid@neabond 990 nm
| ess than about 980 nm | ess than about 970 nm etc.). In the present

i nvent i on, anppfaprkilic Jipid. grot ipshnding athehensiRieRtScul ate gl ucocorti cost eroi d
conposition is the particle size bel ow which 50% of the _ glucocorticosteroid
particles fall,ngp qemmery epechadimentnfithe invegtiony hepgnaparisulaei t abl e
measur ene | 1S ! it : Bl i ch 90%
o The. ol paeReRioalfoid sbifoBiiofs b P i R R or
any ot her fxemntbbitel 0 pe¥¥uméneintcontachwith aaoninniCeurdasntstabilizen vdfick he
d ucocorti cost er oi ni. QNI ur f a t.abi | izer d,_ Amphiphilic Lipid The
relative acr?nmfﬁfsgggr?) ma%g)quﬁggggp %S%f(r)%l? g?etgﬁs%]?coé:r%tl%’Fteﬁgir%ecoﬂg%qu)aﬁlf’g' surface
stabilizers, and at ast. ope hi phi.l i cvlipid can vary wi dely. The opti nal
amount of the ?‘ndi v@ﬂ%‘“ag%%ﬁ B8 depend, for exanple, upon the
particular glugcocorticosterpid selected, the part.icular nonionic, surface
Stabi || zer sol eLREAISPEREN f bt Fetliad CARSRMEIF PRLipls Bl oo B e
hydr ophi | | ripdRRiNslof end at Adee glukb&Drticodi@bidss mﬁvm@rﬂﬁbﬁpmslarﬁae stdk for@e

S

tension of water solutions of the nonionic surface, abilizer, etc.
combination theregf. For example, a dispersion can comprise: (1) nanoparticulate

glucocorticosteroid A and nanoparticulate glucocorticosteroid B; (2) nanoparticulate
glucocorticosteroid A and microparticulate glucocorticosteroid A; (3) nanoparticulate
glucocorticosteroid A and microparticulate glucocorticosteroid B; (3) nanoparticulate
glucocorticosteroid A having an effective average particle size of 250 nm and
nanoparticulate glucocorticosteroid A having an effective average particle size of 800

nm, or combinations thereof.
a. Compositions Comprising Microparticulate Active Agents

Sterilized microparticulate glucocorticosteroid particles can be combined with
the sterilized dispersion of one or more nanoparticulate giucocorticosteroid particles,
either prior or subsequent to sterilization, to provide for a sustained or controlled
release composition. Such sterilized microparticulate glucocorticosteroid particles
can also be combined with a sterilized dispersion which has been processed into a .

powder or other dry dosage form.

The combination of very small glucocorticosteroid particles, i.e.,
nanoparticulate glucocorticosteroid particles, in combination with larger active agent
particles, i.e., micronized glucocorticosteroid particles, can enable obtaining the

simultaneous presentation of immediate-release (IR) and controlled-release (CR)
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I n one enbodi nent, the concentration of the glucocorticosteroid can vary
from about 99.5%to about 0.001% from about 95%to about 0.1% or from
about 90%Dao07aisewd 0. 5% by wei ght, based on the total PEDMISRIVEMOIREE ght of

t he glucocorticosteroid, at |east one nonionic surface stabilizer, and at

| east one anphiphilic lipid, not including other excipients. |In another
enbodi nent, the concentration of the at | east one nonionic surface
stabilizer can vary from about 0.01%to about 99% from about 0.1%to about
50% and from about 1% to about 10% by weight, based on the total conbined
wei ght of glusocarticosterpibeynpeneantst| UR0wr9w wcoqorkicostereiscrAri¢lenander oi d, at
| east one o3l : - i pbil e |ipid,
ot i nol uiipadftuer? BhieBGGEbaBlojd ftioicd i e HeRAR: AREROMRRMAM AL | oh o
t he at | edifferemegleosnsbitigosteraid! i pid can vary from about 0.01 %to about 99%
fromabout 0.1%to about 50% and from about 1% to about 10% by weight,
by-wei ght, basé&udr die furpodestodikthic invientiet “nengpaiticaidate? heti gl apgeatdave anst er oi d,

at | east ope nonionic sutface stabilizer, d.at | east .one, hi philie

i i 0. noB RS SRHURLS Szt Db SShiten SPHUATTETRRT Pl iORBEA RUAE of ¢ he

i nvent i on agd e hNRNRPdctiSE ladéRge PhicRC:Psd dFGREET 1Bhf aBOMIOMidrbSTIRONPr | Se a
gl ucocorticosteroid concentratiron of fromabout 10 to 30% w w i n contact

wi th a nofliengnized @etweegasit apiticiescan wp isterilizedbsipriligagoustvmitiibtt 5 to 10% of

t he total G ' j [ ' j ositions The
di sper si oﬁ%{to eIést%gﬁfﬁgggﬁgﬁ%;ﬁEe%u??%ﬁ%%%@%égﬁt@g%& eroi ds,
conposi t i seglioétiormethiodnor e gl ucocorticosteroids having nultiple particle
sizes, or a conbination thereof. For exanple, a dispersion can conpri se:

(1) nanoparti cUllhetnanopdrticdetr glicwstt@osiecbid partatlesarappesetiiog thatIB.

gl ucocorticosteroi d.B.. (2) .nanopartjcul ate. glucacortijcosterojd nd

M o opar { FEAPAE AT CHIP 8 S0P Rt hTRR: v et diF Pel Fizeand sltndin?

gl ucocort i@g@ %lwcqwsxﬂfa@eﬂ Tk Giie R deld QlthcdicBrtidbste 3@ phit et eipadsentiag (h3)
a

nanoparti cu e glucocortjcosteroid, A having an effective average particle
si ze of 26& smpercat. afford slamer éuvixe disgplytieRAWing 42 pcPBIPgraAivERVIRIS an

ef fecti ve ,gNgiag% N kA Qurfdkd), or comnbinations thereof. a.
Conposi ti gns1 Conpré}glrgng Nﬁ%roparﬁegﬁ?a'tme Active Agents Sterilized

m croparticul ayR Gh¥GRERkbbAAR! R En®RY 4 WidEanE20E B0 TR OGNS

(and hence, in vivo input rates for absorption) can be engineered through precise
control of glucocorticosteroid particle size. Thus, the compositions can comprise a
mixture of nanoparticulate glucocorticosteroid particles, wherein each population of
particles has a defined size correlating with a precise release rate, and the
compositions can comprise a mixture of microparticulate glucocorticosteroid
particles, wherein each population of particles has a defined size correlating with a
precise release rate.
b. Compositions Comprising Multiple
Nanoparticulate Particle Sizes

In yet another embodiment of the invention, a dispersion of a first
nanoparticulate glucocorticosteroid providing a desired pharmacokinetic profile
combined with at least one other dispersion of a nanoparticulate glucocorticosteroid
that generates a desired different pharmacokinetic profile. More than two dispersions
of nanoparticulate glucocorticosteroid can be combined. While the first
glucocorticosteroid dispersion has a nanoparticulate particle size, the additional one or
more glucocorticosteroid can be nanoparticulate, solubilized, or have a conventional

microparticulate particle size.
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the sterilized dispersion of one or nore nanoparticul ate gl ucocorticosteroid
particles, either prior or subsequent to sterilization, to provide for a
sust ai ned P 2UAM81M8P1 ed rel ease conposition. Such steri PEFA§2007/001851

m croparticul ate glucocorticosteroid particles can also be conbined with a

sterilized dispersion which has been processed into a . powder or other dry
dosage form The conbination of very small glucocorticosteroid particles,
Le., nanoparticulate glucocorticosteroid particles, in conbination with

larger active aggpnk or@ﬁi}dzlfﬁélth,ieﬁcﬁ’,- gluBoRYster Sl dHi Y5004 éa%ﬁ{rf@l; fbfh
particles, can enabfe dbt ar’ni ng 't he ®si nul t aneous presentation o
i mredi at ethecfimsgswd ftoR) eaghdotben forcdxanyple: o(1¢ s the (effR)ting aviDagd patticle Sies

PCT/ US2007/.Q01851 | ti t [ . _Th I cr.oni zed

0 PSR o O3 TPt Be BT 2 e o
ticl h I .11 cost L.d . Qiff t

por L, o0 B0 SLUCREREALERSLE, O Sl LRt oo

active agemngelR¥En@ or@bfiaohiiygesiéa) e wp Formdhforisl € cOmbliRESvithiag about 2
m crons and mcroni zed active agents have an effective average particle

si ze of gsEwEFOmPRHiGHHE0R cxamAle A gHal-relaee campesitioed active agent particles
can be sterilized sinultaneously with the nanoparticul ate active agent
particles or i-a sdphrcgeertinogteraid Ggmmgsiéiogsupgaéli@ sterilization nmethod.
The nanoparti cul at e Goujymstionivwitls Osher 4cpive Agemtss, representing the IR
conponent, afford rapid in vivo dissolution, owng to their small size and
attendant | ar géhesgleaicbiticosterdidcempbhitions of iheiireshtighwan additiooaldt er oi d

particles, representing the. CR co ent, afford slower in.vivo..

Gi ssol ut | SATPENY REE PLmRr cparus yary! ilrspuiie pathima: plieo eonims it nd

att endant sgpegilfdiRrgt rhiage, ahdomesiDRntRAPONeAtSler gBcea&ifioh thraviitide range
of in vivo dissolution rates (and hence, in vivo |Input rates for

absor pt i ogJucesertisesteipigiarscenventiopallnusnde dibsecomngsitians o the invention can

gl ucocort 'fb%%if‘éﬁﬁhﬂte‘a%&h Eh&1 ShéeactilBYUSentt N8 ¢ é&ﬁ?ééiﬁi&f&sof&/ﬁé‘izﬁz%fméﬁ S€ a

m xture of nanoparticulate glucocorticostéeroid particles, erein each
popul at i ocanbe cpsdtivisesedarssegueldiallyednenizeralinreengatrctign wiithhsuah petived se

rel ease rate,, and the conpositions can conprise a m xture of

m cropart i8St e gl ucocorticosteroid particles, wherein each popul ation of

particles has g defl 0CG Sh%€ ag il Sl M%reihib s afnnB 2%l SFARGS BLP-
that can be used in conjunction with the compositions of the invention, include but are
not limited to long-acting beta-agonists, such as salmeterol (Serevent®) and
formoterol (Foradil®); leukotriene modifiers, such as monoleukast (Singulair®),
zafirlukast (Accolate®), and zileuton (Zyflo®); theophylline (Aerolate®, Choledyl®,
Elixophyllin®, Quibron®, Slo-bid®, Theochron®, T-Phyl®, and Uniphyl®);
nedocromil (Tilade®); cromolyn (Intal®); short-acting beta-agonists (also known as
“bronchodilators"), such as albuterol (Airet®, Proventil®, and Ventolin®),
levalbuterol (Xopenex®), bitolterol (Tornalate®), pirbuterol (Maxair®), and
terbutaline (Brethaire®); ipratropium bromide (Atrovent®); prednisone (Deltasone®
and Orasone®); prednisolone (Prelone® and Pediapred®); and methylprednisolone
(Medrol®).

7. Additional Surface Stabilizers

In one embodiment of the invention, the compositions can also include one or
more ionic (including cationic and anionic), anionic, or zwitterionic surface stabilizers
of low or high molecular weight and be polymeric or copolymeric in nature. If such

surface stabilizers are utilized in a composition according to the invention, they are
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b. Conpositions Conprising Multiple Nanoparticulate Particle Sizes In yet
anot her enbodi nent of the invention, a dispersion of a first

nanopart i U0 20080849 ocorti costeroi d providing a desired HEPPROBASNL | c
profile conbined with at | east one other dispersion of a nanoparticul ate
gl ucocorticosteroid that generates a desired different pharnmacokinetic
profile. More than two dispersions of nanoparticul ate glucocorticosteroid
can be conbined. While the first glucocorticosteroid dispersion has a

nanoparti cul ate partlcl e size, the additional one or
gl ucocor t | ersteray pddedafteraneishnsh plerlization el the, GYIIRPYifi OB Exgp Ay wseful

convent i 09‘?8}5’15% Phitped drﬁé"n% Fonli3 ok g&hfer%h?cesurﬁa%e @Qbﬁ%?d iA8RAAbut are

PCT/ US200 e secon ourth, etc | 'ucocorti costeroid
di sper si onsotdizmited ﬂof know’m orgamtumrﬂl meltgpnmrpﬂlatmmaadrcxotm@rrts Such exanpl e: (1)

in the effectiv arti Ieszes t.he orti eroid; or (2)
1 the dosSuwitts BN e p Bt PERlm R P S ARG MRS SRR oot at  on
of a "fastnaerdal p@"du’mrmd ﬁirfa@thntmcbﬁnbi'hhﬁé}gﬁfﬂhmtthﬂgiiné Qafrfate atabilixer S
desired, the two fornulatiops are conbined within a single conposition, for
exanpl e a ShRAe - ysef dathe ¥R tion. 6. G ucocorticosteroid Conposi tions Used

in Conjunction with Qther Active Agent s The gl ucocorticosteroid
conposi tions of REPESTHEYR PEmRlesPIaRIC: Fa5i98I0 SniopisAF ZWEiesioBIONIfRE? o

conpounds .ﬁt?tﬁlérs'u'iblﬁ d@%&&%ﬁ Idt@ulﬁnﬂ 1rﬁ;ﬁ]‘HeH%Bﬁﬂdettl t&mhu sonal

allergic rhinitis anmat’ory Ic conditions tor which
gl ucocor t i svshelininisn aaudé:awm/aéhmmnnabdlymuged'l sulfege ahnqztgbutfpmlrtate t he
i nvention can, or nu or .the

conposi t1 RG=5k o i e, il e BT beREonRsf UB kR, iy
adm ni st er stearhte, g@lpmmﬁtdr@@temteh cSﬂd@tléa.@thlel@ol egemiasrogbkanplsefyingfwact i ve

agent s usef Lu% r? i reat as E I C con |t|on% and that can be
used in cofff éﬁlsﬂwoﬁn q’?“ti?ré’ t’sgp £3rBAy Rty el VIR PRI | ncl ude but are
not |imt e@krswn%gy@emmege M@nalwbﬁp?@pﬁm%ﬁ&lms@%ﬁ{a@éte(é %rf‘e‘éﬁlﬂi (r))

and fornoterol “(Foradil (r)) | eukotri ene rodi fi'ers, such as nonol eukast

(Si ngul ai rle)muszil‘ltartP,lIklaﬁlaanA&m aploxeminesie gz TettonisrOQ8Py plse knpyn as

theophylll I e(,g'v}h % | X l’l%f Jf’f r

oo bt i ry POk ABIR RSP rhich BR it domal GGl B Rdlved MR Bllntia
addition of propylene oxide and ethylene oxide to ethylenediamine (BASF Wyandotte
Corporation, Parsippany, N.J.)); Tetronic 1508®(T-1508) (BASF Wyandotte
Corporation), Tritons X-200®, which is an alkyl aryl polyether sulfonate ( Dow);

g

Crodestas F-1 10®, which is a mixture of sucrose stearate and sucrose distearate
(Croda Inc.); Crodestas SL-40® (Croda, Inc.); lysozyme, random copolymers of PVP
and PVA (e.g., Plasdone® S630), and the like.

Examples of useful cationic surface stabilizers include, but are not limited to,
polymers, biopolymers, polysaccharides, cellulosics, alginates, phospholipids, and
nonpolymeric compounds, such as zwitterionic stabilizers, poly-n-methylpyridinium,
anthryul pyridinium chloride, cationic phospholipids, chitosan, polylysine,
polyvinylimidazole, polybrene, polymethylmethacrylate trimethylammoniumbromide
bromide (PMMTMABY), hexyldesyltrimethylammonium bromide (HDMAB), and
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate dimethyl sulfate. Other
useful cationic stabilizers include, but are not limited to, cationic lipids, sulfonium,
phosphonium, and quarternary ammonium compounds, such as
stearyltrimethylammonium chloride, benzyl-di(2-chloroethyl)ethylammonium
bromide, coconut trimethyl ammonium chloride or bromide, coconut methyl

dihydroxyethyl ammonium chloride or bromide, decyl triethyl ammonium chloride,
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nedocrom | (Tilade(r)); cromolyn (Intal(r)); short-acting beta-agonists

(al so known as "bronchodilators"), such as albuterol (Airet(r),

Proventi | (o) 200888d49dent ol in(r)), | eval buterol (Xopenex(PCOr/US20G7¢M0185¢ ol
(Tomal ate( &), pirbuterol (Maxair(r)), and terbutaline (Brethaire(D);

| pratropi um brom de (Atrovent(r)); prednisone (Deltasone(r) and
Orasone(r)); prednisolone (Prelone(r) and Pedi apred(r)); and

met hyl predni sol one (Medrol (r)). 7. Additional Surface Stabilizers In one
enbodi nent of the invention, the conpositions can al so include one or nore
i oni ¢ (i ndeeydidirgethgt hydrogyathyl saminoniue) chlarideoor bronide, A1 jdémietdryl ¢ sur f ace

h nat ur ebydroRsant eBmonita <BREE br it renRR iRt WARSEBSLi o T
accor di ng afrPndri@mich¥GHe @ broifdy nirity} SriMEn P rALRRAMA On&thyY $ufes]/ 001851

preferabIY added after noist heat sterilization of the conposition, -

Exenpl ar ylapsyrdimethyd fenzyl amraeniam ¢detidaerdromiga, vy digethxli(ethengxypi ¢
surface s | LJ-7er.sl 1 h:mi : l.Gi.and

or gani ¢ “ApriEehoril tfomite, MRy o)A ciEiod oy RGN UAcS

pol ynmer s, Nealky! (G gdineshylmngylLidramoneing thloote,gdteraiecyldiethglbepzydduct s, and

surfactants. Conbi tipons of re t.ha e, surface stabjli.zer an be used
Tn the. T npBIRTENR cAlHBuRa P e iR SR asfienitel FhiskAs Nl and or

Zwi It t g_r [ on%g-,miﬁmalﬁgfl _1sﬁa?mylmam aimtd gl ,ch}ngtde?frﬁnétgylghirﬂbﬁiﬁdx }})a@i,d_e,a| bum;j_n,

I nCl udi ng ut not Imted, to unan . serum a um n an ovi ne al pum_n, sodl um
| auryl suPHal-&rimgthyiammeniugm, @@ﬁéﬂ@?yl-ﬁae&xlwwgw ﬁ?ltsg&wyg%ﬂéxl

t ragacant Bmn3dahichi Gided ethdRPBAKARY A6k Pl LRyl a Rl SHi b saftl88/Rkg. 0l ycer ol
nmonost earate, cetostearyl alcohol, cetomacrogol™ enul sifying wax, coll oidal
si | i con diethexylatedinetphamazonivmrdabx§intbvibenewie diplsylemmprivgnehloride, N-

car boxynetshyl Jolol r oY, ' | al at e,
magnesi umhn%ll cgﬁqkrhn%%fgﬁnﬁb%g#glmw fﬁg?ﬁéﬁﬁ%ﬁ%ﬁ# f@‘%ﬁf‘%&%ﬂ %‘Z@O?@%g. , Tetronic
908(r), akbridaovonchydrai MNebyl{(®,.2)d(mgthyhMirhaphthglneethdtanahomiatd onal bl ock

oxt g’ o ebfpitags daipea issub oz Aaren ies Rl SEIST BatenbEkiy . N o))
Tetronic éﬁﬁﬁ&ﬁﬁ.ﬁ&i&lﬂf& 1§@Sﬁwwq%m&ium%@, mg}rlben‘ipi ﬁ]en.gl X-200(r),

which is an al kyl aryl polyether sulfonate ( | ; Crodestas 110(r),
whi ch i s ammstignehipride, elkyl berzyd diragtbylammenapiwmnidet @ar GtseCi1{ Croda I nc.);

Crodest as y@he 4 Lohrd i@ Brotniies) dod ¥ S1BENTE i rANIME ARG ¥iiBFide, Holy- VP

diallyldimethylammonium chloride (DADMAC), dimethyl ammonium chlorides,
alkyldimethylammonium halogenides, tricetyl methyl ammonium chloride,
decyltrimethylammonium bromide, dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride
(ALIQUAT 336™), POLYQUAT 10™, tetrabutylammonium bromide, benzyl
trimethylammeonium bromide, choline esters (such as choline esters of fatty acids),
benzalkonium chloride, stearalkonium chloride compounds (such as stearyltrimonium
chloride and Di-stearyldimonium chloride), cetyl pyridinium bromide or chloride,
halide salts of quaternized polyoxyethylalkylamines, MIRAPOL™ and
ALKAQUAT™ (Alkaril Chemical Company), alkyl pyridinium salts; amines, such as
alkylamines, dialkylamines, alkanolamines, polyethylenepolyamines, N,N-
dialkylaminoalkyl acrylaies, and vinyl pyridine, amine salts, such as lauryl amine
acetate, stearyl amine acetate, alkylpyridinium salt, and alkylimidazolium salt, and
amine oxides; imide azolinium salts; protonated quaternary acrylamides; methylated
quaternary polymers, such as poly[diallyl dimethylammonium chloride] and poly-[N-

methyl vinyl pyridinium chloride]; and cationic guar.
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and PVA (e.g., Plasdone(r) 8630), and the |Iike. Exanples of useful cationic
surface stabilizers include, but are not limted to, polyners, biopolyners,
pol ysacchWiO M8H0894%| | ul osi cs, al gi nates, phosphol i pids, F: &152[%‘!7({’8&5 meric
conmpounds, such as zwitterionic stabilizers, poly-n-nethylpyridinium

ant hryul pyridiniumchloride, cationic phospholipids, chitosan, polylysine,
pol yvi nyl i m dazol e, pol ybrene, pol ynet hyl net hacryl ate

trimet hyl anmoni unbr om de brom de (PMMIMABr), hexyl desyltri nmet hyl amoni um

brom de ( HDVAB) nd | yvi nyl.pyrr.ol i done- 2-di hyl ard .noet hyl t hacryl ate
di mat hyl - sul 1 arehasmpiary Eafdil Sintrcs, bl Grean pnd SaPLUEt BUemeEHIaG o not
limted tQtabfidderPdre debdritedsin JSOtdseBhdl ) SingBR TTUAORNICUS/RAGhISUBRAISH AT Y

anmoni um conmpounds, such as st earislatrl met hyl ammoni um chl ori de,

benzyl - di @addiviegisel Ryelpatipg (MarsshDelkerpl ¥R, andde dRubingh (Bt  amoni um

chl ori de L O O ; el I I lde or
bront de. QTS acr R P BT CHl o) QUL DY 1 SO aBY oAt

PCT/ US200 Uddob85urfateays: Qrgeth@hehistyodavhlyDeldmnpifi®n chl ori de or bromi de,
Cr2.i5di nethyl hydroxyet hyl amoni um chl oride or brom de, coconut dinethyl

hydr oxyet hyl  dranbeilanty preferréedisorqrolyonernid prémaryystatsiipérstare angt toydpodymmarid um
nmet hyl sul phate, . | auryl i meth benzyl mmoni um chl oy i de or, brom de,
ol o eBERoRAd Rk ko o e BT SEg R, a@hoRphephi

( C12. 18) dicBRipayhdeMZddond i RBnpauEd) | atal $teum dIndoand, 4 EaktbniddFan®hbyllicdbenzyl

ammoni um chl ori de, N-tetradecylidmnethyl benéq){l ammoni um chl ori de

nonohydr aceMPARASAAHATGMAEE PhOSPhOFRRS FPIPPERA(LGY PEiniNmysPoyean (C, 2, 4)
di met hyl 1x i i dey i i ide,
ol Kyl 1 o e e L ey
tri met hyl priawarp airunerghinorongeqund; & escphdars dmahdyiom ehoapdapidda ddridgdyamroni um sal t

and/or an__ethoxylated trial kyl amonium salt, dialk

Gl byl o AESROTRA ARG, S BT s b ool SE R D e

Nt et r ade QYR FLRERIY| Fep zyihpanmayviihe formlaNRIR,RyRyGhydr at e, N-al kyl (C12_, 4)
di et hyl 1-napht hyl nmet hyl anmmoni um chl ori de and dodecyl di net hyl benzyl
ammoni um chl ori@ge, dhaeofiR bRpaRAEEALkyl ammonium chloride, lauryl trinethyl
anmoni um chl ori de, al kyl henzyl nethyl ammoni um chl oride, al kyl benzyl

di met hyl ammoni @ bronf FeR-Bas Chpis’ 17 tri net hyl anmoni um br om des,

dodecyl benzyl tdiet iyl ar@nRYMLELQri de, poly- diallyldimethyl anmoni um
chl ori de (DADMAC), di nethyl anmmoni um chl ori des,
(iv) all of R|-R4 are CHj3;
(v)  two of R|-Ry are CHj, one of R;-Ry is C¢HsCHj, and one of R -Ry is an
alkyl chain of seven carbon atoms or less;
(vi)  two of Ri-R4 are CH3, one of Rj-R4 is C¢HsCHa, and one of Rj-R4 is an
alkyl chain of nineteen carbon atoms or more;
(vii) two of R1-R4 are CHj; and one of R-Rj; is the group Cs¢Hs(CHy),, where
n>1;
(viii) two of R1-Ry4 are CHj, one of Rj-Ry4 is C¢HsCHa, and one of Rj-Ry
comprises at least one heteroatom;
(ix)  two of Rj-R4 are CHj, one of R -Ry is CsHsCH,, and one of Rj-Ry
comprises at least one halogen;
x) two of R;-R4 are CHj, one of Ry~R4 is C¢HsCH>, and one of R-Ry
comprises at least one cyclic fragment;
(xi) two of R1-R4 are CHj; and one of R-Ry is a phenyl ring; or
(xii) two of Ri-R4 are CHj and two of R-Ry are purely aliphatic fragments.
Such compounds include, but are not limited to, behenalkonium chloride,

benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride,
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al kyl di met hyl anmoni um hal ogeni des, tricetyl nmethyl ammoni um chlori de,

decyl tri met hyl amoni um br om de, dodecyl tri et hyl amoni um br om de,

t et r adecy|WO2RH089498. moni um bromi de, methyl trio ctyl amBATHFROAOSF He
(ALI QUAT 336TH), POLYQUAT | OTM tetrabutyl ammoni um brom de, benzyl

trimet hyl anmoni um brom de, choline esters (such as choline esters of fatty
aci ds), benzal konium chl ori de, stearal konium chl ori de conpounds (such as
stearyltrinonium chloride and Di-stearyldi noni umchloride), cetyl

pyridi nium brom de or chloride, _halide salts of quaternized

pol yoxyet hiprealkenium; chierid wm&eem shigridey qriEAniER PrarKds., qetrEReniuEy |

Conpany) , ahJsMhe R H@a ?dﬁlﬁmderg]mféu ﬁﬁlﬁﬂexﬁﬁun@hﬂf%hﬂ@( fiternium-

di al kyl am nes, am nes enepol yam nes, N, I al kyl am noal kyl
acryl at es, l%)ndlswarbgmlnwnum Qbéon Qt@tesaims-ﬁ), dbpyéshmaﬁhb’g/ethalbﬁn@yl acet at e,
stearyl STLBRAARR BhRyigBlAV BN gl 3900RlHb L SRRl and

anm ne oxi des el Y IR B ernary’a m des;
net hyl at ed18 hekﬁbﬁfendrnyethsbﬂa;tﬂﬁdiéthylshloi‘idahydmblylbdde,l dygleirh Ims&trhgﬂlamimnl um

25 v 2007Reuwsls e athelb Bk phaselit: defferaBindtimohce ©

stabilizerg 3@1@1 &h&%hd&ﬁﬁitb!'taH@&v'a‘PlEBn?urﬁléhfo@fB% §indPhyli zers are described in
J. Cross an Cationic Surfactants: Analytical and Biol ogical

Eval uat i ondr(omde@ilmm@rmbmgm;e staaraélmmm cRlesidsgomipdien brgmideCat i oni c

Sur factant § Ri chnond,
Cationic Surq‘a wgﬁr?fb% hz%lg%?hgt em S ajllog?%/aﬂrg rﬁﬁ)e%ki CIQB%S%O) Parti cuI arly
preferred ethykmb@aanmmecdmydmhyormba@ahlchm hydroehlarl;ie rpympkokymﬂ@h conpound,
such benzal ni umchl ori de rbom um c nd hos oni u nmpound,
an oxoni unt Ar‘é’tc}pig?g?nrﬂﬁg RoHsdisEeC ?lg&)rb&a{% ﬁ}%‘h@f‘ EH %
conmpound, myﬁmmarﬁmﬁafrynM%wy@ufm;mrmwm@, pay@uartex@lmmum conmpound, an

ani i ni um corrpou an anmoni um conpound dr oxyl ammoni um conmpound, a

primary anficrBshydsapiarde. %ceb@mﬁwémﬁwmrﬁ%awarallm‘épbwéwte
AL RoRo Ry SRty dPS 443 Sy IEH i AHTER B R AR R0 st fiut ek,

NR1R2R3RPt For NRIR?2R3R41}1: (1) none of R -R4
are CH3; &nd hexadecydfrimthiflammoghen bromide) three of R -R4 are CH3;

- Most of these surface stabilizers are known pharmaceutical excipients and are
described in detail in the Handbook of Pharmaceuti.cal Excipients, published jointly
by the American Pharmaceutical Association and The Pharmaceutical Society of
Great Britain (The Pharmaceutical Press, 2000), specifically incorporated by
reference. The surface stabilizers are commercially available and/or can be prepared

by techniques known in the art.
8. Other Pharmaceutical Excipients

Pharmaceutical compositions according to the invention may also comprise
one or more binding agents, filling agents, lubricating agents, suspending agents,
sweeteners, flavoring agents, preservatives, buffers, wetting agents, disintegrants,

effervescent agents, and other excipients. Such excipients are known in the art.

Examples of filling agents are lactose monohydrate, lactose anhydrous, and
various starches; examples of binding agents are various celluloses and cross-linked
polyvinylpyrrolidone, microcrystalline cellulose, such as Avicel® PH101 and Avicel®

PH102, microcrystalline cellulose, and silicifized microcrystalline cellulose (SMCC).
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(iv) all of R-R4 are CH3; (v) two of RLI-R4 are CH3, one of RI-R4 is
CoH5CH2, and one of R-R4 is an al kyl chain of seven carbon atons or |ess;
(vi) two OYORMIMREM8 e CH3, one of R -R4 is C6H5CH2, and PEBUS0M0IEHM | s an
al kyl chai n of nineteen carbon atons or nore; (vii) two of RL-R4 are CH3 and
one of Ri-R4 is the group C6H5(CH2),,, where n>1; (viii) two of R-R4 are
CH3, one of R-R4 is C6H5CH2, and one of R -R4 conprises at |east one

het eroatom (ix) two of R1-R4 are CH3, one of R -R4 is C6H5CH2, and one of

R1-R4 conprisgs. I . X - Ré..ar of

R Rt i s ObsoiAble 1S anE Fyohie ERepgs e A Bnithe BLORENAL BE IR i
(xi) two @ bédorfRbresded, RdTotloitladsidicoh didkide) sich =8 Adresy? 200;nglc, Siearfxi i) two of
R -124 are CH3 and two of R1-R4 are purely aliphatic fragnents. Such
conpounds afidcnageesiysy stegrate, rglciym sfearse.agd sHcR&$hI koni um chl ori de,

benzet honi um chl ori de, cetyl pyridiniumchloride, behentrinoniumchloride, 46
WD 2007/ 089490 BrempasHooreroessre annnpturak shaiificis suepigaecr, seshedsoni um

chl ori de, | ' ' et 1 ' i )

nydr of | doftagee st ReR B bR hatf el Bondintl al8 pe i, ol

di st earyl df favériny sgehoy drd ddgaewvesti(vaddmark dO6NEAFCOY) bttty puratfhivohandy|
anmoni um chl ori de( Quatem um 14), Quaternium 22, Quaternium 26, Quatem um 18
hect or i t e Irufi Bavorsy RadOEtSy | chl ori de hydrochl ori de, cysteine hydrochl ori de,
di et hanol ammoni_um POE (10) ol etyl ether phosphate, diethanol amoni um PCE
(3)ol eyl et her FRBEPRLProteRYatRs ATaROM S FITBRiE oty RRER BRPY

di oct adec ylMRABLIDE QN 48d afd B3 5AkK Bk BtER 0P HhAGy dRTHLENR: @M de,
denat oni um bénzoate, nyristal konium chloride, laurtrinmonium chlori de,

et hyl enedistsh asdudyhguabeatal entiodiesuchra sthal pebenzat alephels pagnolisweompoxnde HA |
T o . ; ) ; | Honi
| of et am ng, Gy Ar 9CAL oL} ﬁ}ﬁﬁéﬁ%r%%gg%@&ﬁ@s%Eh?aqlﬁ?rgﬁqgée@@rgd;%et ont um

chloride, "nyrtri rrpm u ; rinonium-c ; yguatem um 1,
Gt car al koni unhetepeneREagh8t PRl RS A AR e B I anees
di hydr of | meitiodeystdlkhd ceMuléseplactose cdibasid etdcium phosphate, saccharides, and/or

mixtures of any of the foregoing. Examples of diluents include microcrystalline

cellulose, such as Avicel® PH101 and Avicel® PH102; lactose such as lactose

monohydrate, lactose anhydrous, and Pharmatose® DCL21; dibasic calcium

phosphate such as Emcornpress@; mannitol; starch; sorbitol; sucrose; and glucose.

Suitable disintegrants include lightly crosslinked polyvinyl pyrrolidone, corn
starch, potato starch, maize starch, and modified starches, croscarmellose sodium,

cross-povidone, sodium starch glycolate, and mixtures thereof.

Examples of effervescent agents are effervescent couples such as an organic
acid and a carbonate or bicarbonate. Suitable organic acids include, for example,
citric, tartaric, malic, fumaric, adipic, succinic, and alginic acids and anhydrides and
acid salts. Suitable carbonates and bicarbonates include, for example, sodium
carbonate, sodium bicarbonate, potassium carbonate, potassium bicarbonate,
magnesium carbonate, sodium glycine carbonate, L-lysine carbonate, and arginine
carbonate. Alternatively, only the acid component of the effervescent couple may be

present.

Compositions suitable for parenteral injection may comprise physiologically
acceptable sterile aqueous or nonaqueous solutions, dispersions, suspensions or

emulsions and sterile powdets for reconstitution into sterile injectable solutions or
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and hexadecyl tri met hyl amoni um brom de. Mst of these surface stabilizers
are known pharnaceutical excipients and are described in detail in the
Handbook o&ﬂ‘?&i’m‘é"@t i cal Excipients, published jointly PeI/us2e07A0E85i can
Phar maceuti cal Association and The Pharmaceutical Society of Geat Britain
(The Pharnmaceutical Press, 2000), specifically incorporated by reference.
The surface stabilizers are comercially avail able and/ or can be prepared
by techni ques known in the art. 8 CIher Phar maceuti cal Exci pi ents

Phar maceut i cal osi t ns ?%1? g he invention 0 @o rise
one or noiLP sth%SHEX%B Q1 syiz ?ﬁ%}‘e 5%?1‘? norfaﬂﬂ?‘?‘tsactafrﬁﬂs’a%‘é g’ﬁﬁ’ndi ng
agents,  oRehieReiitcludd WiRE, ditandl a0l m FHIBHEE, RihEdeSsol BfibH, Qé&ate&vet ting
agents, d| si ntegrants, ef fer vescent agents, and ot her excipients. Such

exci pi ent RiBgE’saobien, ﬁtabﬂgemluh@@am@@ eFthanears (SHgToRgeRP4rogs.anakiohs e

nonohydr a i 1S e, bi ndi ng
ngont s ar SRS PIRMELOUS, paREny IRkl DLIFEADE Snd S hithler

m crocr ysmxkturefethemlolf \Megstablesaitst(sash awdlbelo(lk) pniiijodabledrganic estérs)suclPH 02,

m crocrystal I and siljcifi mecr alllnec IIquse
(svo0y - 5 el 1556 ourkah B efptiinsd ss R PR ARREER o ol udi ng
agents t hf&ClEﬁl@és Q™ telRiohl, pmtuhbd by Mick eblihingelo.| pageel a8 NPT essed are
col | oi dal silicon di oxi de, such as Aerosil(r) 200; talc, stearic acid,

magnesi um st earate, cal cium stearate, and silica gel. Exarrpl es of
sweeteners are any natural or artificial sweetener, such as sucrose,

xylitol, gpdi unvieafsdRafMakingd her@«hﬂ?oﬁﬁmaﬂﬂelnmi&psul fame. Exanples of
flavoring agents are Magnasweet (r) rademar k of MAFCO), bubble gum flavor,

and fruit flavgrsoetRpPdsgebeot ﬂaks@nve%ﬁame@é isHfroPides %rrﬂéthbdléﬁpfébﬁnﬁgﬂféss' um
sorbate, nethyl paraben, = propyl paraben, benzoic acid and its Salts, other

esters of rﬂ&%ﬁﬂ?@iﬂ@)@)&b@%@ﬁ@%@r%d f@mﬁatwsmftﬂw isweatinmn, The methods such as
et hyl or ol artemary
comyounds SrssPoEAa RANANE SARAH Mmoo AN Ming B B4

phar maceutlincitdd tp weataniliag)| homngamza‘twlnl mesgpltatmm feepzing trguatestmailiibne
cel l ul ose, |, actose, di b SI C ‘Hgl ci.um hos sacchari des, and/or m xtures

of any of HGGHRIGUSS e%‘BFrr‘f& e eﬁhl} 8 E'sc TONRIEY AEC PRI P al | i ne
cel | ul ose,cosibsihtiag threse ! Kxom bl Ohebds OVineRIngmhnEFikdulatedtongsRitinsh as

lactose are described in U.S. Patent No. 5,145,684. Methods of making nanoparticulate
compositions are also described in U.S. Patent No. 5,518,187 for “Method of
Grinding Pharmaceutical Substances;” U.S. Patent No. 5,718,388 for “Continuous
Method of Grinding Pharmaceutical Substances;” U.S. Patent No. 5,862,999 for
“Method of Grinding Pharmaceutical Substances;” U.S. Patent No. 5,665,331 for
‘;Co-Microprecipitation of Nanoparticulate Pharmaceutical Agents with Crystal
Growth Modifiers;” U.S. Patent No. 5,662,883 for “Co-Microprecipitation of
Nanoparticulate Pharmaceutical Agents with Crystal Growth Modifiers;” U.S. Patent
No. 5,560,932 for “Microprecipitation of Nanoparticulate Pharmaceutical Agents;”
U.S. Patent No. 5,543,133 for “Process of Preparing X-Ray Contrast Compositions
Containing Nanoparticles;” U.S. Patent No. 5,534,270 for “Method of Preparing
Stable Drug Nanoparticles;” U.S. Patent No. 5,510,118 for “Process of Preparing
Therapeutic Compositions Containing Nanoparticles;” and U.S. Patent No. 5,470,583
for “Method of Preparing Nanoparticle Compositions Containing Charged
-Phospholipids to Reduce Aggregation,” all of which are specifically incorporated by

reference.
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nonohydrate, |actose anhydrous, and Pharmatose(r) DCL21; dibasic cal cium
phosphate such as Ei nconpress ; mannitol; starch; sorbitol; sucrose; and

gl ucose. 3P 29B084YM si ntegrants include lightly crossli nREHURSPTQINY|
pyrrolidone, corn starch, potato starch, naize starch, and nodified
starches, croscarnell ose sodium cross-povidone, sodiumstarch glycol ate,
and m xtures thereof. Exanples of effervescent agents are effervescent

coupl es such as an organic acid and a carbonate or bicarbonate. Suitable
organi c acids include, fgqr. exanple,, citric, tartaric, malic, fumaric,

adi pi ¢, succi ni E?"%‘Naigefpﬁ{%&é’ ggaizaHon. PreriRia s efndhe Espliedal ts. Suitabl e

car bonat espAglalicaBhd gﬁ%é%ﬂ:@s‘i&éﬁ?ecrﬁﬁl{sﬁ?&@éﬁw B2 stétfl fHet End GRS e8 in SO UM
bi car bonat e, potassium carbonate, potassium bicarbonate, nagnesium

car bonat e, a saigiblsdegage foren furadoripiseation. | ysi ne carbonate, and argi ni ne
carbonate. Alternatively, only the acid conponent of the effervescent couple
may be present Prefenaplys the dispersion naidizusedfopthe sitegediiction) pgotdssms may conpri se

physi ol ogi cal | cceptabl e steril e .agueous or _nonaqueous sol ut.ions

i Sper si onfdueglis HRBEYHe 2y mediy iRl the eleqlortestereii A paoify foluble and
reconst it ullispérsibid eansbeciset @s iarjigeiab medial Norvaueots é8anifle? 00disP&9:da0

PCTI US2007/ 001851 _di spersions., Exanpl es of suitable z%gueous, and r’lonaqueous
carriers, BicfiadAeiade.dutt srnpat limiged tpepquerEs salhiql giRnswatEP Werpth 4R FOIVEYEI um

chloride, RidAAR%mndLtHutfid1, HedbhahRd gfcBger ' s sol ution, stabilizer
solutions, tonicity enhancers (sucrose, dextrose, mannitol, etc.) polyols

(propyl enegl ycofh,ffeeme/&te{g?dgggﬁg&{&sagg m&hyﬁﬁl%rceﬁpfp%rﬂgle! éii@rkduﬁwntcﬁbl e

m xtures thereo veget ab such as olive oi injecta organic
est er s suchlucesorticdspdromlsdntlade Bali mabing, midiadsilling andhemogerdation, Bemi ngt on' s

ey, L AP el Rl LB Eoshe ‘aR AR CAIhRHAR St e
aspect of ifigingRysdeks tHat LB TRIlliSy Pl 8&¢, fabRizbQ dndliqide PR Mgtekifle are

nanoparti cul ate gl ucocorticosteroid for rruf_atl ons of the invention. The

met hod coRrsdine williggaessel thapistotated it aptimad sared: suph that thy wediarcassadeson

(i ncl udi ng [FYag| : ol b ng) | i 4,pi tation,
freezing, ?lgdr;%ldggég tg%r{c}ﬁ]sglt %%lglftae%%nqy:qﬂl}{jg hﬂg%pgf?%ﬁ%? %Euasﬁ&ﬁl%?gaﬁ%ﬁ%}qques,
nano- el ect densgiy ay theeertengyfoerghe partigleyreduationiinptdvided hyegrawity afd grephassyp et hods
of maki ng B%%?ﬁgrti cul.ate conpositions are described in U S. Patent No.

5, 145, 684, 1548 "5¥“fraki ng nanoparticul ate

1, Milling of Glucocorticosteroids for Particle'Size Reduction

For milling, particles of a composition according to the invention are dispersed
in a liquid dispersion media in which the particles are poorly soluble and mechanical
means is applied in the presence of grinding media to reduce the particle size of the
composition according to the invention to the desired effective average particle size.
The particles can be reduced in size in the presence of one or more nonionic surface
stabilizers. Alternatively, the particles can be contacted with one or more nonionic
surface stabilizers after attrition. Other compounds, such as a diluent, can be added to
the composition during the size reduction process. Dispersions can be manufactured

continuously or in a batch mode.

Media milling is a high energy milling process. Drug, stabilizer, and liquid
are placed in a reservoir and recirculated in a chamber containing media and a rotating
shaft/impeller. The rotating shaft agitates the media which subjects the drug to

impaction and sheer forces, thereby reducing the drug particle size.

For milling, a composition according to the invention can be added to a liquid

media in which it is essentially insoluble to form a premix. The concentration of the
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conpositions are also described in U S. Patent No. 5,518,187 for "Method of
G i ndi ng Phar maceuti cal Substances;" U S. Patent No. 5,718,388 for

" Cont i nuou¥O 2MHW00f & i ndi ng Phar maceut i cal SubstanceQCT/HS2®7/0m5Ent No.
5,862,999 for "Method of Ginding Pharmaceutical Substances;"” U. S. Patent
No. 5,665,331 for "Co-Mcroprecipitation of Nanoparticul ate Pharnmaceuti cal
Agents with Crystal Gowh Mdifiers;" US. Patent No. 5,662,883 for
"Co-Mcroprecipitation of Nanoparticul ate Pharnaceutical Agents with

Crystal G.owth ; 560,932 for

"M CropreEPBHPPE%P/DBﬁC%‘FdMﬁ83§ﬂV8{aﬁW%{{@tB%ﬁﬂH’é ﬁc??(?%? V%@'efﬁ?’g aboutp ®  pat ent
No. 5, 543 abaut 6096, fréih @beats] Pio dBoaPHE%NG/V; Bay froandboas 20 @@Mﬁlm%rﬂ?he

Cont ai ni ng Nanopartlcl es;"” U S.  Patent Nao. 5,534,270 fgga" Met ho

Pr epar i ng nonjoass Rirfaee 5taRilizepean Pepissent inyths preseds it can be addest tpthe fimg

" Process Qistpgfs?&ﬁfdll'agvm% Ex‘héﬁesli%é fedfr B0 ST QRgerfthitodl JHthInbkiBRRAr Li Cl es; ™
and U. S. t 4 for "Method of Preparing Nanoparticle

Conposi ti Gnﬁi’a@m@lahmrn:@nmw@em aboah@é;th@bmpil 9o tivorretiaueld. Agyreqd20bn, " al |
of which are . spe n orat e reference. 49 WO 2007/ 089490
PCT/ [ JSZO@??S’@%‘% °Ut§akf’%’ %gﬁ}ﬁpw Wﬁ’& thormgenl zation, precipitation, etc.,
the resultant noparti cul ate ﬁéjcog F’t i cost eroi g% 05| t i on c?n be
sterilized and eR¥ PRI, Rguser ditgely, by SEPIECHSY arﬂl? MY i st rati on.

Pref er abl YedchaQhedw@@geslbeeﬁc1€@£Be6bfu§@@brﬁﬁ6s.1ﬁ&ea&b?cﬁng esihetih@dhtiphR @fS | S
aqueous. However, dia in which gl.ucocorticosteraoid is poorly

sol ubl e arﬁ]éFPeEﬁ‘%‘b@rl§$So‘1hé“ abeptO00 say Iass are‘éqrgeséhgqtaﬁpmxée 965 EEebus

exanpl es Qfnheli SPET B1P1 useﬁ%@adrﬁr&nuqﬂterﬁmvew%da Jsiti@nté?:@ofd%g @aHeous salt
solutions, safflower oil and solvents such ‘as ethanol, t-butanol, hexane,

and gl ycoIanGBﬂDe@nd e smfﬂqu@bdfzepﬁmb@dmgerﬁ@bmhc ahidfoedie using Spaa'wlecl e
si ze reduc rtlcoster nc .a mlling,
%it Ig gaf ES&? épe Jimxer Qr%tﬂ A(gr %‘f Lpen;mn Cr A feﬂ

and honoge I"ZET 0 Ul di cs
Corp.). Bairﬂlclmﬂcke ag riOSIatgeI ag‘gdo@ﬂima‘@y v1slihlb ko thg nakaat egs It Iimpreﬂsrml that the ng
medi a, drug, stabilizer e materials, are aced ina mlling
vessel th&FCPE beoﬁugﬂeéﬁedatf’ Sb‘ gb%%g ISRETSIPNSHER WREL? FRS ° LR mEdlE  and

reduces t Qgdk use Pk bitatign S ze by i npaction. The nedi a used nust have a high
density as the energy for the particle reduction is provided by gravity and

the mass of t hﬁle%ﬁéﬂahidaﬂnm &pplied to reduce the particle size of a composition

according to the invention conveniently can take the form of a dispersion mill.
Suitable dispersion mills include a ball mill, an attritor mill, a vibratory mill, and
media mills such as a sand mill and a bead mill. A media mill is preferred due to the
relatively shorter milling time required to provide the desired reduction in particle
size. For media milling, the apparent viscosity of the premix is preferably from about
100 to about 1,000 centipoise, and for ball milling the apparent viscosity of the -
premix is preferably from about 1 up to about 100 centipoise. Such ranges tend to

afford an optimal balance between efficient particle size reduction and media erosion.

The attrition time can vary widely and depends primarily upon the particular
mechanical means and processing conditions selected. For ball mills, processing
times of up to five days or longer may be required. Alternatively, processing times of
less than one day (residence times of one minute up to several hours) are possible

with the use of a high shear media mill.
2. Non-Aqueous Non-Pressurized Milling System

In a non-aqueous, non-pressurized milling system, a non-aqueous liquid

having a vapor pressure of about 1 atm or less at room temperature and in which the
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1. MIling of G ucocorticosteroids for Particle Size Reduction For mlling,
particles of a conposition according to the invention are dispersed in a
liquid di 9paRre7®R48%dia in which the particles are poorl| pCHasiob/eo1asd
mechani cal neans is applied in the presence of grinding nedia to reduce the
particle size of the conposition according to the invention to the desired
effective average particle size. The particles can be reduced in size in
the presence of one or nore nonionic surface stabilizers. Alternatively,
the particles can be contacted with aone or nore nopnjonic . surface,_ .

stabi | | zeFamRPHEPN AFOFAIPE SR theipKeniondnABRANALY sehbleds 4Sed A NE MiliRg be

added 10 pldat 9IRS hdrdpadithlfidcdlifosHidPadcBrtifE kOtheRhAGRDR: WS4 SI ONsS can
be manufactured continuously or in a batch node. Media m|ling is a high
energy mi pracas, psbesseommiisgd, of Shaxgarnpaosition anedrding)ty e inyantiohaswullgdning
reservoir rec | anper .. I 0iNng: | tating

chat |1 mpaPPR B R B gkl BRHRS AR BB PR B Q08 2 e
drug to inveaton,dbllewed biressistieacssrilitdiene Brampibsaifrgititie ndnugquemist i cl e
size. For m lling, a_conposition according to inyention can be added to
a liquid MeEH ‘Qcﬁﬁqe\ﬁhae ’F’t‘c}ilgroé%@@ﬁf’?%“? hf?“r‘?smﬂg 13% orm a prenmix. The
concent r aidhfbrdlerhfiforoshalEX BEO 14§ OARRAPATiASI S20G OPTBALs tATRARIei ON

according to _the invention in the [iquid nedia can varé fromabout 5 to
about 60%hardieghatgidy marginally spelueomgempareiires, ahereasdrk GddreporesneBout 40%
The noni Qi r : b ds : | I, X.0r it can be
added 0 {PARIRcoRfioRt Boicid Bl aRiclE ORGP Rihotlloh QFRIGR AN The

concent r atpmposfion hayertailized agd tfialiguid mellid inag becemoved gnd reocoveatbut 0.1 to

about 50% 5r om_ about 0't5 to a?tout. ZOC}(V anrgqjﬁr@m about Jt. toC about 1g% by
wei ght . THBRIYYERFYM OF Reging, LesyIine i & @ ngUORATHTERE SRBROFCE BIRSET 851 neans
to reduce cbhpositieh ageoriidipttb cheinveZitor0f AlidtRat@spablibivixy aecomatibnNget 0 t he

i nvention_in the  di s(sgrsi on to.less than about 2000 nm It is preferred
that the pAedimedia thidry comnositiop capbestesilipad Th Ary FanpREeR BAY M9k i on.

Al ternati yeky intd aGARNE icbhﬁﬂu_e@‘iﬁ&’&ﬁ’éwpgcb i%vghtahﬁ’nal pRYRMbhO ERReh LR f ace

stabilizer can be dispersed in the media using surtable” agitation,
e.g., a Cpwidust prppellanty evhichiideally domoherpériashioriiatgsddnsirosarbensphwhideed in

whi ch t he are,ng | e | Qner. LSi bl 0t he nak e. It is
preferred F\A‘a'tlg%ah@etr%;"g’r%o?(g%éecjs?ﬂ%?iepec'?é’%b oePSt%}: or%prBP%nrﬁejl Ie‘l;?}rl\gé/ |1§'persi on step
when a r echloeinhtall ipagpellanisanaynbe pref@redsfot edvirormidntaliregyons, chlorinated

propellants may also be used in this aspect of the invention.

In a non-aqueous, pressurized milling system, a non-aqueous liquid media
having a vapor pressure significantly greater than 1 atm at room temperature is used
in the milling process to make a composition comprised of a nanoparticulate
composition according to the invention. The composition is then sterilized. If the
milling media is a suitable halogenated hydrocarbon propellant, the resultant
dispersion may be filled directly into a suitable pMDI container. Alternately, the
milling media can be removed and recovered under vacuum or heating to yield a dry
composition comprised of a nanoparticulate composition according to the invention.
This composition can then be sterilized, filled into an appropriate container, and

charged with a suitable propellant for use in a pMDI.
3. Grinding Media

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

polymeric or copolymeric resin adhered thereon.
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The nechani cal neans applied to reduce the particle size of a conposition
according to the invention conveniently can take the formof a dispersion

mll. SuiWaBIE8Meersion nills include a ball nill, anPETAUS2008POIRSY |, a
vibratory mll, and medramllssuchasasandmllandabeadrriII.A
media mll is preferred due to the relatively shorter mlling tine required
to provide the desired reduction in particle size. For nedia mlling, the

apparent viscosity of the premx is preferably fromabout 100 to about
1, 000 centi poi of the prem x

is preferably ?rf %?‘H%g ofﬁl{all’?eu%d%w%(%? ﬁmﬁﬁg?%sggit%él A&l Iyﬁ%es tend to

af ford anpipidaliglindesabaentiiyveencBhbial, ssltvemadid mbﬁomreise an@efifiicienand
medi a erosiogn. The attrition tjne can varé)gw dely rq eﬁegds primrily upon
t

the parti haydggss aﬁéfﬁ%‘?@’a@ ¢hellsshemdo gred Sf?&ﬁj“ <riggt ed. For
bal I m 'l 54, @HECERAME polynT&fe &fco yﬁ&rfc'r&ﬁngﬁ%%dércrbﬁﬂgﬁéd PRYstyfenkgaui r]?d

Bl
Al ternatively, processr ng tines o? | ess than one day (residehcé tines
one m nut eumsmlwen%wmhduﬂ@i Va‘r}edlrﬂms’ﬁ?ebmne ﬁqumolweer&‘f a high shear

rodi 8 1| bty €t NS ONRASNOUR SISUFLAS: M b9 MRS g - 2aueous,

non- pressBOI’ry(z: on-aqu i qui
pressur e ofhyhblduiidd paltymeps aﬁ&@o&iméx@pﬁblymﬂﬁmﬁ podyaafides;n whi ch the 51 WO

2007/ 089490 PCT/ 8200 /001851 ccor to the | ention is
essent i al PHY(tRY ylen eagaglpﬁp O@t(&;nlr HP}HBt %SE “%a@%
nandpart i Gﬂrleﬁhﬁo&%w 5 JH2Bh ae%qaorsetﬁﬁeﬁéaepmw%tyréa@s deNufidé BitRrs PrOCess,

a slurry conprised of t he Conposition accord to the inventionis mlled
in a non Eﬁ@ﬁ@@fb@ﬁ eplltuéﬂsgeﬁetﬂ@s POlth@FﬁBWthaéml%t?epQ:lblflrxﬂf%!qth‘ﬁ accordr ng

to the rﬁ&tté -Qfd s lf&'thgISHtal nC ?sﬁ hsdE%l}Jsh AleQRng 'ﬁ?ﬂf‘l"@ &P Of

surtable adueous anol, trrc | 'or onono uoronethane
(CFC11), pahyrher dam:hé brotdegﬁadablleu@xeemlwylblo(degﬁdamd)polmexa@wanpcagmemf usi ng

tcgfr:r)er atur@i %%235§@ﬂ1¥§qu%°glﬂe? Orrllrilﬁrilﬁrs efg ﬁ%%%@%og'lr‘fﬂéﬁ?ﬁrons to avoid

evapor at | pﬂlyaﬂmhdé@rﬁﬂlﬂhg@fbx@éthm inth&Gylhfégﬂ, pdlPiRaR édrboha@y, pgy@l-erilized

and the li1quid, nedia e remved recovered, under vacuum or heati ng,

resul ti nga‘ﬁﬂ TéFleFWPrHBﬁ@B#‘tSr e@wﬁﬂ@ahaﬁﬁdéwerwe&wsb Fefers: ehylegevdmosi ti on
accor di N0adeit RapIDHERL pBR(oMeRIoRY! boiflckprof R RY NAATRIRKRRschlcob. || aui ¢

media the dry co n-can i on mey then be
filled i nFor_ biodegraddlile pekymieas mecopainers arogtanination &om thelmetiopedlf ant .
Exenpl ar yaghlrarr]x?allgeously can metabolize in vivo into biologically acceptable products that can

be eliminated from the body.

The grinding media preferably ranges in size from about 0.01 to about 3 mm.
For fine grinding, the grinding media is preferably from about 0.02 to about 2 mm,

and more preferably from about 0.03 to about 1 mm in size.

The polymeric or copolymeric resin can have a density from about 0.8 to
about 3.0 g/em’>.

In a preferred grinding process the particles are made continuously. Such a
method comprises continuously introducing a composition according to the invention
into a milling chamber, contacting the composition according to the invention with
grinding media while in the chamber to reduce the particle size of the composition
according to the invention, and continuously removing the nanoparticulate

composition according to the invention nanoparticles from the milling chamber.

The grinding media is separated from the milled nanoparticulate composition

according to the invention nanoparticles using conventional separation techniques, in
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product propellants, which ideally do not contain chlorinated hydrocarbons,
I ncl ude HFA-134aﬁétetrafluoroethane) and HFA-227 (heptafl uoropropane).
Whi | e non-WeRPEBHE® ed propel | ants may be preferred for BAEVUSAMEOIBS
reasons, chlorinated propellants may also be used in this aspect of the

I nvention. In a non-aqueous, pressurized mlling system a non-aqueous
liquid media having a vapor pressure significantly greater than 1 atm at
roomtenperature is used in the mlling process to make a conposition

conprised of a nanoparticulate conpgsitjon according to the_invention. The
conposi t | BASGAIIEYRFOSTSS SPeh bl simpls Rlirationy $ipyige thrgngh pgmeshdiiter 46| e

hal ogenat gdedy dh@ &y QN OfHRPSidaftion tbdmiges Lhira cex@ziiﬁ%ﬁfeiéﬁ %a[yrm.% tee filled

directly into a suitable pMD "container. Alternately, t | 1 ng media can
be renoveemalyedecover ed under vacuum or heating to yield a dry conposition
conpri sed of a nanoparticul ate conposifion according to the invention. This
conposi tion cad.t heHomogenization efiGliddchbrticaskeroidsn appropri ate cont ai ner,

and charged with afsuiPhatitle SizeoReddaitin for use in a pMdD. 3. Ginding Media

The grindi ng a ¢ [] e t reqpreferab ubstantially
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copol yner hénioheSubfacébthbilined, axé liyuidt(oe dgig andi ymidredihahe aonioaigpuifaee a core

havi ng a coafjn a ol yneri.c or, copol yneric resin adhered thereon. 52 WO
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sol vent, and nonorers, "and of sufficient hardness and friability to enable
them to albe grashichty ehirgasediisandeatedsineel thtunintg and thendfonepd @i Thblpeniog yner i c

or copolyneric.nesins kLnclude crosslinke ol ystyrene such pol,ystyrene
o osel | nicvRRE HaV i RD RS S RGfeRS By oS P B R a0 B s s iRy

pol yacet abfodust @it @$mel ¥4ld 19 didsell and thFiabtucles Reseithsoaitth©ntkiactivh ny|
chloride polyners and copol yners; pol yurethanes; polyam des;

pol y(tetr ahanab?rro&mﬁeeﬁ@gry,oféhfgl.n,termqw)@frybe{ produces pospsrfuldercrefbur s and
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cel |l ul ose et her and esters such as cellulose acetate; o
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directed toward each other and collide in the interaction zone, The resulting product

has very fine and uniform particle or droplet size, which is then suitable for

sterilization. The Microfluidizer® also provides a heat exchanger to allow cooling of

the product. U.S. Patent No. 5,510,118, which is specifically incorporated by

reference, refers to a process using a Microfluidizer® resulting in nanoparticulate

particles.

5. Precipitation to Obtain Nanoparticulate
Compositions According to the Invention

Another method of forming the desired nanoparticle glucocorticosteroid
dispersion is by microprecipitation. This is a method of preparing stable dispersions
of nanoparticulate particles of the composition according to the invention in the
presence of one or more nonionic surface stabilizers and one or more colloid stability
enhancing surface active agents free of any trace toxic solvents or solubilized heavy
metal impurities. Such a method comprises, for example, (1) dissolving the
composition according to the invention, in a suitable solvent with mixing; (2) adding
the formulation from step (1) with mixing to a solution comprising at least one

nonionic surface stabilizer to form a clear solution; and (3) precipitating the
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I ncl ude poly(lactides), poly(glycolide) copolyners of |actides and

gl ycol i de, pol yanhydrides, poly(hydroxyethyl nethacylate), poly(imno

car bonat eg)o 2000080499 acyl hydr oxyprol i ne)esters, pol y(N ROTI20§71001851

hydr oxyproline) esters, ethylene-vinyl acetate copolyners,

pol y(orthoesters), poly(caprol actones), and pol y(phosphazenes). For

bi odegr adabl e pol yners or copol yners, contam nation fromthe nedia itself
advant ageously can netabolize in vivo into biologically acceptabl e products
that can be elimnated fromthe body. The grinding nedia preferably ranges
in size ffommuptinn fromostep G)apBumigngwsingmoappropsiath Rengphgnt. « Ree gethedi ng
nmedia is : . bly from
about 0. 03 BEERARed B RANALE thyP kB 3RE plectil oy BN APLRRRRAELR" 1|
have a denadtyndentmatied ofithe(ighersion &pcohvertiong)/meedhs. Theaeprdmher red gri ndi ng

process the particles are nade continuously. Such a hqod conpri ses

Cont | nuoudFISF ARG o RPOSTEBEERIHEIA (B EYFRIIGR P PEEELS ATBHIBeR Okt 0 a
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grinding nedia while in the chanber to reduce the particle size of the
conposi ti ¢y Paweer r wee ino2 PREor BlYEM: i on, and conti nuously renoving the
nanoparti cul ate conposition according to the invention nanoparticles from
the mlling chanber . SapercyiticabFlvgd Methads of MakingNaaopabtiglehe il | ed
nanoparti cul ate conposition according to the invention nanoparticles using
conventi onal sdpaapaitisnlate compogitions ¢an algebaoadOITMERO4s OtiIRETEUS2007/ 001851

a secondary, BLOGeST SUCNAT LY Sl & ALLLallon oiaiexi00 Lhrough, g resh
ilter or creen, and the T Ke. ero'separation techni qués such as
cent ri f ugaiivehicieayhizh<an hkso ceriwyEldast one 4onibaiveyeface atabidizenf The

d ucocorticpsteroids for, Parti.cle Size Reduction Honmogeni zation is a
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stabilizer added after particle size reduction) constitute a process stream
pr opel | ed bejadded to theperide fasmationtyessel | he temperatvrstandinIPsErq#F is called the

gﬂée: ﬁg;i ]‘&'g?gggéﬁg Egn_:h tp%{;&igplér‘rgnﬁﬁg%dt&t&&i&r{ Sahedetitld RLUF LR EnRhRy t he punp,
simultaneously by the action of the supercritical fluid. Chemicals described as being
useful as supercritical fluids include carbon dioxide, nitrous oxide, sulphur
hexafluoride, xenon, ethylene, chlorotrifluoromethane, ethane, and trifluoromethane.

Examples of known supercritical methods of making nanoparticles include
International Patent Application No. WO 97/144407 to Pace et al., published on April
24, 1997, which refers to particles of water insoluble biologically active compounds
with an average size of 100 nm to 300 nm prepared by dissolving the compound in a
solution and then spraying the sol_ution into compressed gas, liquid, or supercritical
fluid in the presence of appropriate surface stabilizers. For the present invention, the
surface stabilizer utilized is a nonionic surface stabilizer.

Similarly, U.S. Patent No. 6,406,718 to Cooper et al. describes a method for
forming a particulate fluticasone propionate product comprising the co-introduction of
a supercritical fluid and a vehicle containing at least fluticasone propionate in solution
or suspension into a particle formation vessel, the temperature and pressure in which
are controlled, such that dispersion and extraction of the vehicle occur substantially
simultaneously by the action of the supercritical fluid. Chemicals described as being
useful as supercritical fluids include carbon dioxide, nitrous oxide, sulphur
hexafluoride, xenon, ethylene, chlorotrifluoromethane, ethane, and trifluoromethane.

The supercritical fluid may optionally contain one or more modifiers, such as
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val ve of the Mcrofluidizer(r) purges air out of the punp. Once the punp is
filled wth product, the primng valve is closed and the product is forced
t hrough t{R) Joii/eoaget i on chamber. The geonetry of the i rHaveszbémmoisshanber
produces powerful forces of sheer, inpact, and cavitation which are
responsi ble for particle size reduction. Specifically, inside the

I nteraction chanber, the pressurized product is split into two streans and
accelerated to extrenely high velocities. The forned jets are then directed
toward each other and collide in the interaction zone. The resulting product
has very metkarmhdthavol cathylpeetate; heetoe, de€phiiler zay milthab thesedfhetn sui t abl e

for sterilization., The rof |l uidi.zer als r.ovi des, a heat hanger to
al | ow cooISPﬂﬁcB?caqﬂ?égﬁ}og{lb‘ﬁ?t@r e9-2olventy s chqgnica] d}fﬁl,l’l‘ff oI %}ﬂ%éﬁo F‘sg

speci fi calshyertRee] IR @lREn Vs the RIBAEE pRopeftRE DT thd SuperditRaPAsidUtiony a
M crofluidizer(r) resulting in nanoparticulate particles. 5  Precipitation

to Obt ai naremdphe eritiealaoint. orpusiing oeonse ebildithefliticasaee prapienaton Anot her
method of LaiddiohiiadRid Sb-RAMRRAILICHE U HERERIIILARLELP) G 16! SPer si on

; . i _

is by m cP_opr eci'pitation. I's a met prepari ng e di spersions
of nanopamicous aprefquablyilctoessmadronshe conpositi on according to the invention
In the presence of one or nore nonionic surface stabilizers and one or nore

coll oid stabil i.;‘y_ eg einglcgl\,lse%(; qfﬁgigsc{oi &%{aqgent s free of any trace toxic
sol vents or sol ubiliged Heavy, neta clog,plu‘gsl LiEs couch . a met hod conpri ses,
for exanple, (1) di ssof‘?/‘?_ng_t%ae 03%0 !fl 5n accofﬁ??lg ?1_3) the invention, in
a sui table sol ventydi b0y ded0n: 2o ANI08 e d S QAR BB LEAMBE eP (1)
with mxing to’a solutron conprisrng at leas ne  nom onrrc sufrface
st abi | i zeroinpobitions & & gaay frebzihg ono lignd *SFL). €Thiptdchhology ichmphides\ i
2007/ 089490. PCT/ US2007/ 001851 . fornul ati on from step. (2 i th m xing using
2N appr op R FOPEan FAE Tt PR UESHPT B PIONER Sy e VACHOR any
forned' salifjectell itb@S@PSgerttylighial HhSs %_Elluﬂi' dtbhéd. athoaropiiigloe@ecent rati on of
t he di spersion by conventional neans. The resul tant nanoparticul ate
conposi t i ghuseedicasgEpid solutien fieoemati aterabpant teapaimizgsaysalbraticaangde
sterilize Ll I dol G | or processed
1 k {3 i P

to form a%ag;%e g}g&@gg&%g&g&a@g%ﬁ@ﬁmﬁe 85&? ° gi.ﬁcglsjpgoﬁgk?{tﬁc%[ Fl ui d
Met hods ofDéyiekiing oNdthe phoite of sdlvertisystparanidqubessingenpdisions,chs can al so be
made in rr%tagggasrtig&lgtlel g%tllcn&orticosteroid particles can have varying particle morphology.

In the isolation step, the nitrogen and solvent are removed under conditions that avoid

agglomeration or ripening of the glucocorticosteroid particles.

As a complementary technology to SFL, ultra rapid freezing (“URF”) may
also be used to created equivalent nanostructured glucocorticosteroid particles with
greatly enhanced surface area. URF comprises an organic or organoaqueous solution

of a glucocorticosteroid with stabilizers onto a cryogenic substrate.

8. Emulsion Methodologies to Obtain
Nanoparticulate Glucocorticosteroid Compositions

Another method of forming the desired nanoparticulate glucocorticosteroid
composition is by template emulsion. Template emulsion creates nanostructured
glucocorticosteroid particles with controlled particle size distribution and rapid
dissolution performance. The method comprises an oil-in-water emulsion that is
prepared, then swelled with a non-aqueous solution comprising the
glucocorticosteroid and stabilizers. The particle size distribution of the
glucocorticosteroid particles is a direct result of the size of the emulsion droplets prior

to loading with the glucocorticosteroid a property which can be controlled and
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supercritical fluids. In such a nethod, a glucocorticosteroid is dissolved
in a solution or vehicle which can also contain at |east one nonionic
surface sy@hodriogese The solution and a supercritical fPGILAS2008/081§8h
co-introduced into a particle formation vessel. If a nonionic surface
stabilizer was not previously added to the vehicle, it can be added to the
particle formation vessel The tenperature and pressure are controlled, such
t hat di spersion and extraction of the vehicle occur substantially

si mul t aneously by the action_of the supercritical fluid, Chem cals described
as being °BumzRd 1g§h§@5%qe§§.?fqrguaqnnpfq,%cjl§rgugm§qlgggé s W LARESAME, nitrous
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particl es®t Water rnsoftbl e biologlically active conpounds an aver age
size of 1@fbrphologieSdan bemghiepal edapyyrophiss obntralpfiphecesdnpoonditions.a sol uti on
and then spraying the solution into conpressed gas, liquid, or supercritical
fluid in the presence of _appropriate surface stabilizers. For the present

i nvention, the 9 surfNanodlesrespray TechnignesiUsed to Qbeidni ¢ surface
stabilizer. Sinil arl|Yanepasticplate Glupgsorticoptiyoid SCompwifigns et al . descri bes
a nethod for fiQr.yg ¥ i

conprising the Igc?!gicﬂ?rsgrgggériﬁ%ﬁwﬁ ﬁiglgu%pg?s????? 82 Wfﬁ’?%ﬁﬂﬁ&%ﬁ%\ﬁ,ﬂ cle

cont ai ni ngswallyl matd, capillars athisdigpidgintains Beidesised snbstance,grg.syspension into a
particle f ' « fs r r. ' [ .are

ot 1 ol | e CRRHRPHERIE eyl 5 Moot iS s SRR PPt Whigh 16

subst ant i alkhally muchiiricae eolatileythby tliehmabad.i Unlatile adids, bagaror bufiecsadre oftem d.

oo o D LB DBl R B RES S5 bul g et ik o oo oor
chl or ot ri frstohRBR ERANEr aPd@6n. ARTikE ChirgbPFPEE tARGuid plifgesStieETout bt | cal
2007/ 089460 FAETITB 200 FOBULBBIS! SrBBHErSH | oGPIRIHIPP <k SHAN 4D SemeEpshcet

, OSsacet one,
acetonitri i : i b I LEier (or
o sol venty £t oPRoRthiiEies Y IBR paiel SURRIEEL bl Srol eI el |
changes t Hermattomi ofsi Tayloomertand s jof fromehstipef this tomal Afeuirdl daniargasar ound
the critical, point. According . to Cooper, et . the fluticasqne propionate
particles SB?}bg‘ﬁ%’&?gﬂé Py ! m‘g?tf??st‘i‘ssgl?o p?laingéul%ﬁltge gqﬂﬁiﬂdﬁp}e&i ze range of
1to 10 mvepsraR thohehted ablvéniintthe SmAll AkdHlés. As the small droplets evaporate,

susfended in the air, the charged analyte molecules are fd}ced closer together. The

drops become unstable as the similarly charged molecules come closer together and
the droplets once again break up. This is referred to as Coulombic fission because it
is the repulsive Coulombic forces between charged analyte molecules that drive it.
This process repeats itself until the analyte is free of solvent and is a lone ion.

In nanotechnology the electrospray method may be employed to deposit single
particles on surfaces, e.g., particles of a glucocorticosteroid. This is accomplished b§
spraying colloids and making sure that on average there is not more than one particle
per droplet. Consequent drying of the surrounding solvent results in an aerosol stream
of single particles of the desired type. Here the ionizing property of the process is not
crucial for the application but may be put to use in electrostatic precipitation of the

particles.

57



7. Cryogeni c Met hodol ogies to Obtain Nanoparticul ate G ucocorticosteroid
Conposi tions Anot her nmethod of form ng the desired nanoparticul ate

gl ucocort W@2408/08#480 conpositions is by spray freezing i REHUPQUPHSI sFL") .
Thi s technol ogy conprises an organi c or organoaqueous solution of a

gl ucocorticosteroid with stabilizers, which is injected into a cryogenic
liquid, such as liquid nitrogen. The droplets of the glucocorticosteroid
solution freeze at a rate sufficient to mnimze crystallization and
particle growth,.thus, fornul atj a uctured glucocorticosteroid
particles. Depidi n%ﬁ%ﬂélﬂqﬁg%gﬁ‘ggs ‘gﬁ%&‘%nt system and processi ng

condi tions, the nan&pafpeasertieosieraid,COMNOSKNS: i d particl es can have

varying particl mﬂmem?blagymethba, thB@ahsiriadil @8 coimpsitioh@ ofiprisigen and
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of the gl uBlgeRRartiesiareidany paqnipRic surfacesstapiligmrys VEERKOPOYY ot o SFL,
ultra rapig idg)@m»g%%lﬁc':%'i&os’f@bﬁd A1d3BoRE I5Ro 8ol 20YE/AH Hok Rl

nanostructure cocorticosteroid particles wth greatly énhanced surface
area. URF swfaseistibdlizan begjthin phosphetidesnubign conteinsssimg argenicphosphatides

gl ucocarticosterojd.w th stabilizers onto a cr eni c _substrate. 8. Emul sion
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conposition is tenpl ate enul sio Te te .enul sion creates . .

nanost r uct &Eeco ?%%Bﬁf“tqnes&tfaém hb‘élagg‘ttfbeis ite ﬁgﬁlﬁﬁt}fgé'}”?‘@hlcﬁ‘é}?‘f’i cle size
di stributi gibspRstidedRleferatt S156ddatic3tePSl ahsFIESes. The et hod conprises an |

oil-in-water enulsion that is prepared, then swelled with a non-aqueous
sol ution conpri aidagidrafeMipeREYr cbrPoh&itOhstrang cBbARia pAfE&iondrenparticle
size distribution of the glucocorticosteroid particles is a direct result

of the sizalugpcartieossernidsices F¥Iopl antioxjslenbmitragsn) durdng hevdicphstenlézation
| ' | ' 1 . 2007/ 089490
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PCTI US2007 imzed in rocess. hernore, ough 'sel ect ed
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are recovered. Various ucocorticosterpoid partjcles . porphol ggi.es can be
achi eved b§t tgﬁb%liﬁfﬁtafeeg{b%%ﬁf aﬁlnm%@gﬁpggope@motqcawg? 2 Steril ingeycle: -

against potential microbial, yeast, and mold contamination.

The sterilized nanoparticulate glucocorticosteroid composition is diluted and
further compounded under aseptic conditions to achieve an acceptable sterile
pharmaceutical composition suitable for the treatment of inflammatory and allergic
conditions, such as for the treatment of inflammatory and allergic conditions of the
pulmonary, nasal, ocular, and otic systems. The additional compounding may include

excipients such as buffers and tonicity agents.

Exemplary final pharmaceutical compositions can consist of
glucocorticosteroid at a concentration of about 0.00125% to about 0.05%, nonionic
surface stabilizer at a concentration of about 0.000625% to about 0.005%, and an
amphiphilic lipid at a concentration of about 0.0000125% to about 0.0025%. The
final pharmaceutical composition following steam heat autoclaving demonstrates
glucocorticosteroid nanoparticles with an effective average particle size of less than
about 2000 nm, and glucocorticosteroid chemicél degradants accounting for less than

1% of the total glucocorticosteroid levels.
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9. Nano-El ectrospray Techni ques Used to Obtain Nanoparticul ate

G ucocorticosteroid Conpositions In electrospray ionization a liquidis
pushed t hrwagw7aswoy smal |l charged, usually metal, cappbiaikYoo7/dbiss |1 quid
contains the desired substance, e.g., a glucocorticosteroid (or "analyte"),
di ssolved in a | arge ambunt of solvent, which is wusually much nore volatile
than the analyte. Volatile acids, bases or buffers are often added to this
solution as well. The analyte exists as an ion in solution either in a
protonated formor as an anion. As |ike charges repel, the |liquid pushes
itself out of llhe d¥pthodsQf MakingAerosgl Kprmulations aer osol of snal |

dropl ets about 10 macross. This jet of aerosol droplets is at |east
partial |y proddceahdparticuiate cempositionaedording hethefipyemitondar afrosolTayl or cone

and a jet _fromthe tip.of thi,s cone. A . neutral..carrier gas, . such a

i t rogen BBIHRton caf bR raadi By Yot kamiRle LDLRRYERE B B ciseiPR Ohe
evapor at e nifitdhanildta compbyi€ioh atdorting 16 Rl ihvelitipl €2)acrdlitiig Sd@lgowdieopl et s
evaporate, @ suspended in the air, the charged anal yte .nol ecul es are forced

cl oser to§éegmreatonef 2 ppugpartrataleeompRY LY &Ccqrding & Yednyariop (Biar ged

mol ecul s ,6Q0Ri6H 3 RInot RBRLHE a@ifondFLoRlPPh BllSeANGE (FPAUrBsdiAY, Up. This
is referred to as Coul onbic fission bécause it s’ the repul sive Coul onbic
f or ces besvapensiohaf genbpartidujate aggiegaies efsa corapoddtion ecdording Thihe ipyantiess
repeats itself until th Y. L S f | d. i -lgne ion. In
nanot echnE) %69" % ﬁ‘tééoes E&?eg@g{r'a’glﬁen%%gﬁ%?e%m@ %’ga%gﬁi%ﬁtglﬁ% ?oc?% %‘gs;l)%osnlt single
parti cl es acoordivg tadesinventipn, widdch ine) eddidbnallygtomtanardihveasicen be thadéhh s i s
acconplished b S ra(%/ia&? col ) o(;llds and naki r_ngs e that (gn average there is
not nore PRART Fl‘é“%ﬁir TiaRTESSUREFd HPEBRRCUS E5tiEY RfFIFHEC8FO't he

sur roundi RGSMAMRRIMAEAY b mdledY A6k AERloast ream of single particles of the
desired type. Here the ionizing property of the process is not «crucial for

the application but gray bepRHIDIRIYRAvdEr AdrasdITbRiiaBioRs €Ci pi tation of the
particles. 57 WD 2007/ 0894%0 PCT/ US2007/ 001851 10. Exenpl ary Met hods of
Making the Gu & el RheksCRMROS JHiRRS ok dBP cEXETR: Gee t he
nanoparti cul at ggg%rnp‘gg?g(sl%%n&goﬁpg?i Si ng&bgﬁﬂgIHScoco??l?%costgg{l%}ogggﬁg ztac noni oni ¢
surface staig partides fallodvihgtpediold sike waltietion of ataropostion cor2psisedvuiia)

gl ucocorticosteroid and abaut 0.25% to .about 2 0% (w w), nopionic _surface
Tt ab 1+ zePERReEi s 2 e EREb kS R B o M B B msilt | e

spray-drying is used when the liquid media has a vapor pressure of less than about 1

atm at room temperature, A spray-dryerisa device which allows for liquid
evaporgtion and powder c;)llection. A liquid sample, either a solution or suspenston,
is fed into a spray nozzle. The nozzle generates droplets of the sample within a range
of about 20 to about 100 pm (“micron”) in diameter which are then transported by a
carrier gas into a drying chamber. The carrier gas’temperature is typically between
about 80 and about 200 degrees C. The droplets are subjected to rapid liquid
evaporation, leaving behind dry particles which are collected in a special reservoir

beneath a cyclone apparatus.

If the liquid sample consists of an aqueous dispersion of nanoparticles of a
composition according to the invention, the collected product will consist of spherical
aggregates of nanoparticles comprised of the composition according to the invention.
If the liquid sample consists of an aqueous dispersion of nanoparticles in which an
inert diluent material was dissolved (such as lactose or mannitol), the collected
product will consist of diluent (e.g., lactose or mannitol) particles which contain an
embedded nanoparticulate composition according to the invention. The final size of

the collected product can be controlled and depends on the concentration of the
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are added to the diluted nanoparticul ate glucocorticosteroid conposition at
a concentration which represents | ess than about %to | ess than about 5%
(W w) of tWez20qg1oatd¢orti costeroi d concentration. Thus abpot/€2005%01ks about
1% (ww) lecithin phosphatides generate glucocorticosteroid nanoparticles.
Addi ti onal excipients or conmponents useful in chemcal protection of the

gl ucocorticosteroid (e.g. EDTA, antioxidant, nitrogen) during the heat
sterilization process nay al so be added to the nanoparticul ate

gl ucocorticosteroid conposition. The nanoparticul ate gl ucocorti costeroid
conposi t i BAnqdpsrtiqwdae sompesitien ageordisgda thenayention andlandivgnbin the igeidat ur es

from abou : ] . r for a
time peri %ﬁg&%ﬁ?’?% g}et%gg&?lggg}ogﬂé%&éw ﬂ‘ltez#%g' %rgg?géﬁg%alﬁ%rg{eeég%’ tial

m cr obi al delyeag it is dasdrabid fbr cha¢alectedtproduct $ize ts be tdsh tlmmcboan® pactons i at e

gl ucocorti,costeroi d conmpasition js.diluted and, further . conpoynded under
Gsepti o oo ShVERHP she St priait B dssiie Yo HEREHRT Ca

conposi ti prodadi igdlehd Mout Deo bbaatgmitkomfinididrheetahe fyr wiidl @dliveryga C
conditions, such as for the treatnment of inf]Jamuatory and al|ergic

condi t i on§okgctedrodpet sigsrfrapouhs iaabouy 4P am is prefered.-c Coypoativns e

addi ti onal,.,QmRavns {88; Hvae) Lde, bREEYHcsGhiBsaritit s and tonicity
agents. E&gnpgllr’rgr y Ti n%cggi{earnwg}t:eutlaég?%%onpom Et:i ons1 can cor?siest of

gl ucocor t Cotlstted pratiuats may theodwetused iroepnykntadyal DRIs 80 b naryaboasal 0. 05%
noni oni ¢ face stabi.lizer .at concen I qn.,of t _0.000625% to about
0.005% _afiaiers ‘g?%ﬁt%?egﬁf‘ﬁr%pfilﬁﬁfﬁ% SRR, P u nefR g mdy 1007000012806 Lo
about 0. Oebfstitited infwatal fophey imambulizeesl conposition fol |l owi ng steam heat
aut ocl avi ng denonstrates glucocorticosteroid nanoparticles with an

effective aver ageomalistaices,9t #Ry ok desisabld vaddd aliasi c2B00 tothe sphdl-dried
gl ucocorticosterojd chem cal degradants (%cco%nti ng.for _less than % of the

|
total gl uBBEBH {2 BRRTEOBike EFEIE Praperiiys 2oty Iag ot BCThiPan pssipds1 11,
Vet hods Obe Wiekiadg wheh @okprk Uit BbkliSis AeRARRRRNES (iR AR OTRRRI: 67

according to the invention for aeroso ration can be nade by, for
exanpl e, @hen tebhipkindied dosmisgatrengly shapearherahy difse mederpsgbedomesakiBicult.
conpositi ccar di the,. | hon: (.2) WA er of
2gor ogat el BRI, Abebferpdfu Y Bl B0vl £ 0BG RS 88 Ehe BIATTL, (e
aer osol i zdelivoepstht inrg amlysiagly inprcatHeymewthtad threatdiddmeasivallowed.3) ‘
aerosol i zi ngha . . . .

Such carriers typically consist of sugars such as lactose, mannitol, or trehalose, Other
inert materials, including polysaccharides and cellulosics, may also be useful as

carriers.

Spray-dried powders containing a nanoparticulate composition according to
the invention may used in conventional DPIs, dispersed in propellants for use in

pMDIs, or reconstituted in a liquid medium for use with nebulizers.
b. Freeze-Dried Nanoparticulate Compositions

Sublimation, also known as freeze drying or lyophilization, can also be used to
obtain a dry powder nanoparticulate composition. Sublimation can also increase the
shelf stability of a composition according to the invention, particularly for biological
products. Freeze-dried particles can also be reconstituted and used in nebulizers.
Aggregates of freeze-dried nanoparticles of a composition according to the invention
can be blended with either dry powder intermediates or used alone in DPIs and

pMDIs for either nasal or pulmonary delivery.

Sublimation involves freezing the product and subjecting the sample to strong

vacuum conditions., This allows for the formed ice to be transformed directly from a

60



suspensi on of nanoparticul ate aggregates of a conposition according to the
invention in a non-aqueous propellant. The aggregates of a nanoparticul ate
conposi ti dYO0 2MEO¥HM ng to the invention, which may addi t POER10g7/000881ai N a

di luent, can be nmade in a non-pressurized or a pressurized non-aqueous
system Concentrated aerosol formulations may al so be made by such net hods.
a. Spray-Dried Powder Aerosol Fornulations Spray drying is a process used to
obtain a powder containing nanoparticulate drug particles follow ng
particle size reduction of a _copposition conprised of a_ nanoparticul ate
Rormosi ¢ | SHEEREAAGPRLStEe SURD aracsss 15 ialh Vet entad: therdipreg BFRids,
spray-dr yg&gtérs;riMaM@ﬁﬁytd}?idgt PG fBELOHERR-BicdaR0BuRBARIHS Of | ess than
about 1 atmat roomtenperature. A spray-dryer is a device which allows for
liquid ecupbesiionaceordingdoutherinventione tThsreomporitigniageerding 1o, the invsation

dropl ets SryPHAREBREMYin ahibekizelcd sfulaRPladINe] S5 inhdBABRERRE ARRET 21 oo
(" m cron" pulimordinaoehasal yin cwnjarcton vdth dihenspeteriath (actese, cannitdy eiggsini nto a

drying ch er. The carrier gas, tenperature is typically between about 80
and about %oﬂgﬁi@soré?cwggﬁ?%tﬂrg‘?%ma?’éebé‘éllﬁf"rect ed to rapid liquid
evaporation, |eaving behind dry particles which are collected in a speci al
reservoir beneath a cyclone apparatus. If the liquid sanple consists of an
aqueous dispersion of nangparticles of a_ conposition according to the

i nvent i onE-t he Methods O Usipg dhe Nagpparticyinte Gluppcorpigestereif Compesdtionss of
nanoparticles conprised of the conposition according to the invention. |If
the |'iquid sammhe peaRat mventidn flovARY QoKSheH SP8EHN2Mh BhmARN ORI £5 1N
which an inert diluent material was dissolved (such as |actose or

nanni t ol ) humpe, regpirisg administratier of wsteriledonagesiorprofd gluegrortieostgroid| act ose or
manni t ol ) I I ti t 8..0Qnposition
accordi nngg"rﬂ[iéﬁlgdfiov tlél\e?)rzllﬁ 1g€e¥1|n%£lf ag\lr@g&o %f%%{ew%o Oggt't%e%%?%guct can be
cont r ol | edorapdsitiepesmsding t¢ ke invertemt r at i on of the 59 WO 2007/ 089490

PCTI US2007/ 001851 n.ino$arti.gul at cor{potsi tion ac ortiii nx% to ts . itnventi on
and/ or di |l uent ‘i SIRES FYRBPY ‘°%Sa?f‘§i“%}n FRAQRP4N QR AT RIMYPSHI IR £ SEPSE VP oduced
by the spaayceiwationdddfs ifdudidgeut henImitdétd, Iatialatidn, osalig sdctalbl, e for the
col | ected product size to be . less than about mcrons in dianeter, for

2.
del i very Perlery Ragemerally (g Sail RRYFEOYS, InErsstlapiOr Subgrangegsk 8ifect ed
pr oduct S brtfact ekl pAthorary CinBR0AindlyThiRFBEAtonBalty, A0BH (v A, Nasal

del i ver

ointments or drops), or as a buccal or nasal spray. As used herein, the term “subject”
is used to mean an animal, preferably a mammal, including a human or non-human.

The terms patient and subject may be used interchangeably.

The sterile compositions of the invention, both aqueous and dry powder, are
particularly useful in the treatment of respiratory-related illnesses such as asthma,
emphysema, respiratory distress syndrome, chronic bronchitis, cystic fibrosis, chronic
obstructive pulmonary disease, respiratory illness associated with acquired immune
deficiency syndrome, and inflammatory and allergic conditions of the derma (skin),
eye, and ear. The formulations and method result in improved surface area coverage
of the application site (e.g., mouth, lung, nasal, eye, ear, etc.) by the administered

composition according to the invention.

Administration by inhalation of glucocorticosteroids, compared with oral
administration, reduces the risk of systemic side effects. The reduced risk of side
effect arises from the mode of administration because glucocorticosteroids are highly
active topically and only weakly active systemically, thereby minimizing effects on

the pituitary-adrenal axis, the skin, and the eye. Side effects associated with
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col | ected product size of about 5 to about 100 pmis preferred. Conpositions
for ocular, otic, or topical delivery can vary in glucocorticosteroid
particl e 3¥@e007/08abd ect ed products may then be used in cpaveRidognaksiDPl s for
pul nonary or nasal delivery, dispersed in propellants for use in pMJs, or
the particles may be reconstituted in water for use in nebulizers. In sone
I nstances, it may be desirable to add an inert carrier to the spray-dried
material to inprove the netering properties of the final product. This may
especially be the case when the spray dried powder is very small (less than
about 5 mirhalstion therapya@pritaarilyarephpsyngeskeanduliasiy arddysphenial (due her eby dose

net eri ng AN n | Lt | 0 known
s bul ki e o gristobtecios) R oo RUCAA! ESE aRBERy GLAR deBRBT )

I npact t heviththinskimdtride, aad eaohymaises bwtdhhalodgluco&@urtibostavidsaedosudt gpuseal | y
consi st of, sugars such=-as |actose, mannitol, or trehalose. Qher inert

mat er i al s SIRFECHARESS HUISIESRIENAYI S and cel | ul osics, may al so be useful as
carriers. Spray-dried powders containing a napoparti cul ate conposition
according to ffeeq mémaswﬁ»apalséeaer. wah@w@ﬁfqaaﬂapnqbpfes@redat PRASSER i n
propel | anggsitRJid HpthelatwVideh géneﬂrﬁﬂpﬁk%bidkklhﬁﬂe bféd@ctﬁﬁlﬁ'éhﬁxixﬂ%twﬂ.f or use
wi th nebulizers. b. FreeZe-Dried Nandparticul ate Conpositions Sublimation,
al so knowThaeordl desesaeguipédhipr adequatpenritior yaiyombstennallyl, ydepeasishbaled 0 obtain a
dry powder | t oSkl lgn. .oubl | ' Increase the
hol st aB RERREP S EILE SRRSO i) BB 080, Tha8 o P e ar 1y
for bi ol ohowaber, phosibiet sf fabtoeethat thflvencepthe tivailabslityaf ialtaded be reconstit ut ed

and used ip nebulizers Aggr egat es of of reeze-dri ed noparticl.es of a
Conmpos 1 BPCREEOr oG P DRGEY GHIELRN Gb ChRER AEA BRI i y
powder i NkRLIRCHRAIAS sPhllbwed ard flReaboNzdPintha Bl traelVihS pdint8iablIRY thasal or
pul nonary delivery. Sublimtion involves freezing the product and subjecting
t he sanpl éoqréqu%ﬁgele@m@wmmomﬁﬂzq mygiication; [pmesoff gJrcagesti¢astereld: i ce to
be transf gragd @Iiﬁ/@n?ég)éteg{.om a 60 WD 2007/089490 PCT/ US2007/001851 solid
state to a vapor staté. Such a process is highly efficient and, therefore,
provi des grea ' = ' . t -dvJ ed
product cont ai tr?sgmay dsgi)oqn%ésl?%?gE&Iag%%rﬁé%élng%chpE%éfﬁ#}‘e%@%&qﬁ%ﬁ@qg%%osi tion
accor di ngatezptdbée stenlersiquecus orsiohypienab kylufors dispersiomsnswaponegasierd st at e and

can be used for inhalatjon alone (either . . o e .
emulsions, ancfjl stenie powciers Porg-econstltutlon into sterile injectable solutions or

I=)

dispersions. Examples of suitable aqueous and nonaqueous carriess, diluents,
solvents, or vehicles include water, ethanol, sodium chloride, Ringer’s solution,
lactated Ringer’s solution, stabilizer solutions, tonicity enhancers (sucrose, dextrose,
mannitol, etc.) polyols (propyleneglycol, polyethylene-glycol, glycerol, and the like),
suitable mixtures thereof, vegetable oils (such as olfve oil) and injectable organic

esters such as ethyl oleate.

The nanoparticulate active agent compositions may also contain adjuvants
such as preserving, wetting, emulsifying, and dispensing agents. Prevention of the
growth of microorganisms can be ensured by various antibacterial and antifungal
agents, such as parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also
be desirable to include isotonic agents, such as sugars, sodium chloride, and the like.
Prolonged absorption of the injectable pharmaceutical form can be brought about by

the use of agents delaying absorption, such as aluminum monostearate and gelatin.

Solid dosage forms for oral administration include, but are not limited to,
capsules, tablets, pills, powders, and granules. In such solid dosage forms, the active

agent is admixed with at least one of the following: (a) one or more inert excipients
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pul mronary or nasal), in conjunction with diluent materials (|actose,
mannitol, etc.), in DPls or pMDJ's, or reconstituted for use in a nebulizer.
E. Met hooWO@POTU8P498 t he Nanoparticul ate Q ucocorticost ePSTYSEWIPEERL i ons
The present invention provides a nethod of treating a manmal, including a
human, requiring adm nistration of a sterile dosage formof a

gl ucocorticosteroid. The nethod conprises adm nistering to a subject an
effective amount of a sterile conposition according to the invention. The

sterile conpositions of the invention can be adm ni st d to a subject via
any. convelP1GRTShaustbas sdmicHEe B ficAlstin phowBate: ) IR PReTERert ol 1 y,
rectal Iy, su@iCadl stdrbNes, RREGB! ficAdseyglubosd; mahfitd1axaNEUSIc dcitf; (@BIAGH, Buch OF
subcut aneous), otic, intracisternall i; pul nonary, intravaginally,

i ntraperi epeEhpxymethyloglinlpse, alignates, spolysinylmyaralidlope, syeegse)andor as a
buccal or I L ., . | b . 0 nean
an ani nmal ’a Qﬁégf(%flg%]ﬁgc%lﬁgnhénﬁ’r%rg%s Qﬁﬁg{onllj,d@%gﬁgﬁ%gﬁa%ggéﬁngsgﬁy%hu%s;%#ﬁ ggﬁé terns
pati ent acelcBmbfabonateypdsetousdapioch sarchpalgimabaord, cEntairstenpler sidivatessi t i ons of

t he invention, ..both agueoys and. dr wder .. are rticul arly useful in the
L eat ment 257 S PLOAE D) Bt R BES Shen A ReraB R LA Ay e,

respi r at oaycdlérafor € $Gcls ¥NGURERaryCdh@ohnbEasdurds Sch) GyettinCaddnly, @8dHas chroni ¢
obstructive Eul nonary di sease, respiratory Illness assocjated with acquired
i mune  déFYEREARS! aad @Y sHR! lnawtqaﬁ%trrmawn%wc& 3sdsaglie 2gd Remtenideis of t he

derma (skifg (j) hﬁ%ﬁ;ant%,”ﬂxcﬁaa[s-talIf‘&aléiQﬁq’Eﬂéa%tE,%ﬁgﬁé(@ﬂnH@{eQ&@e, rsﬁﬁ&” t ininproved

surface area Coverage of the application site (e.g., nmouth, |lung, nasal,
eye, ear, pelyethylang glyeoladweiliving laarddulfetsnpomiztines thereek diongapoleshtabietuent i on.

Adm ni stratj by i i UCOCOLL | [.Qj conpared with oral
adm ni st r%Hl gﬂl,s’ %gadt}ggéea{oﬁ%grn?%kg% g%riilgl{lgéﬁrﬁ%g?e%ﬁ Ceéggﬁ%s'ect S. The reduced risk
of side effect .ari,;ses fromthe node, of . adm nistrati.on becaus

gl ucocorti cost g‘f’@‘l"&sd%ﬁ?%e %n&ﬁ??f orﬁfg?qr{’/lglsﬁgg‘%gﬁtl emﬁ?ef I\f/%@)kl y active
syst em calatyeptdbieébisiotisNssluonsgsiepbehds, Syrups,kadplikitkt af ydditdsetatheaxi s, the
skin, and the eye. Si ﬁe _efc{ ects_associated with 61. WO 2007/ 089490 .

PCTI US200 AFB(P1ass Dt the Hapididospes foamna fpy £omnsise st fluetopampRgesed in

candi di asijge #0duely 3PWARE 31 OHHE sb19entS oRMINZAL akérty BaRmIHEEtes) . O al
gl ucocorticosteroids cause atr oghy of the dermis wth thin skin, striae,
and ecchyfixsaplayeniuifies dryethybdoehdlcisepreppi aleohwd, atbyl asshenate, sthyl | ar
changes i gcét}a:'t%, 6een§91 5.1%5&51}%&{2%? Eenzoate, propyleneglycol, 1,3-butyleneglycol,
dimethylformamide, oils, such as cottonseed oil, groundnut oil, corn germ oil, olive
oil, castor oil, and sesame oil, glycerol, tetrahydrofurfuryl alcohol,
polyethyleneglycols, fatty acid esters of sorbitan, or mixtures of these substances, and

the like.

Besides such inert diluents, the composition can also include adjuvants, such
as wetting agents, emulsifying and suspending agents, sweetening, flavoring, and

perfuming agents.

One of ordinary skill will appreciate that effective amounts of an active agent
can be determined empirically and can be employed in pure form or, where such
forms exist, in pharmaceutically acceptable salt, ester, or prodrug form. Actual
dosage levels of an active agent in the nanoparticulate compositions of the invention
may be varied to obtain an amount of active agent that is effective to obtain a desired
therapeutic response for a particular composition and method of administration. The
selected dosage level therefore, depends upon the desired therapeutic effect, the route
of administration, the potency of the administered active agent, the desired duration of

treatment, and other factors.
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O her advantages of inhaled over oral adm nistration include direct

deposi tion roid in the airways which generally provides nore

pr edi ct abl g@%qﬁfﬂ%g?ﬂr ation. The oral doses required for BdEHRPHEOWMIML r ol
vary substantially, whereas inhaled glucocorticosteroids are usually
effective within a narrower range. There are, however, a nunber of factors
that influence the availability of inhaled O glucocorticosteroids: extent of
ai rway inflanmation; degree of lung netabolism anmount of drug swal | owed
and netabolizedn the. G tract: the pati.ent's ability t oordi.nate the
el ease and | nsBPTIES BT BPORRIIRS A BLRTRHE Spgpuncints PP o1 0. and
the deli veﬂrllayre_sylss Ry b@aﬂa@l | & inake 916 lslw dalyl @lsé.OIt widl'eniiglepdtodd)hevieve may
conpri se physi ol ogi,ga acceptabl e steril e aquequs or nonaqueous

sol uti ons, tef %ép%*ﬁlﬁﬁé?zf_slagﬂgfﬁs PBhBargrulagpficat 3l ?fe%ﬁm’_ W3 Y&IH6Hker s for
reconsti t Uab@ps:| 1Ak @ySd &id d2réd b ORE 30 Qac pHsRIGEiOd refPoB BRI OfthievExaNpl es
of suitable aqueous™and nonaqueous carriers, diluents, solvents, or

vehi cl es i ativitdof et snecifistagenbor careptisitancdmiplpy el thedpegific agentsi ait i on,

| actated Rj ;s sol ution, il ,zer .sol ution onLeit ers
(sucrose, %aogx orstlz)tlsoél ) é)mﬁlgk%ﬂtt}c}? %g%tbg d? ‘%clﬁﬁn 3&%‘3% 6?‘8%‘91’ g%\%galnéccg%}?o%ﬁe

pol yet hyl epeiegit; Whotimedifndaiiniktratisry réuie of kdanisiration] @il @tadidxceaontdfetieof
vegetable oils ﬁsgch .as ?I ive oil) _3nd i njectabl e organic, esters such as
ethyl ol ead8GFiedvraHeR af tecdifeaments f14es #Sey@roRIRBYY ¢4 Ghcitefalatish cont ai n
adj uvant s thg4pétiAS aPERSAIMIIRIfacttRs (el dno Rl B Mbdigat ARJ di spensing agents.
Prevention of 'the growth of m croorgani sns can be ensured by various

ant i bacteri al apguphbibiépoRle geRBRN bR dSHI ASCRAMGPER e lR) Ryt anol

phenol, sorbic acid, and _ . It may also " be desirable to include
i sot oni ¢ ag@hnntory gof thsiolleydrs exaroplesiatedniendsdiie, pravidedaher axplanatprodbnged
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Example 1

The purpose of this example was to evaluate the particle size of
nanoparticulate dispersions of budesonide having polysorbate 80 as a nonionic surface

stabilizer, both in the presence and absence of the amphiphilic lipid lecithin.
Budesonide has the following formula:

HOH,C
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t herefore, depends upon the desired therapeutic effect, the route of

adni ni st r Sefess sfesksgsenRartiste siFranalimisnidbe badesaridePolgeite-8P he desired

duration afsgextsfd?ﬁhﬁ'ﬁgta H&ch PRSI0 f2GL18%5e a83y¥Q @R, @89 ¥ wed a mean
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particle size of 205 nm, with a D50 of 192 nm and a D90 of 291 nm. A portion of the
30% budesonide, 1.5% Polysorbate-80 dispersion was then further diluted with sterile
water for injection to produce 20% (w/w), 10% (w/w), and 5% (w/w) budesonide

containing 1% (w/w), 0.5% (w/w), and 0.25% (w/w) Polysorbate-80, respectively.

For Table 1, separate portions of the 30% budesonide, 1.5% Polysorbate-80
dispersion were further compounded and diluted for preparation of:

#1) 20% (w/w) budesonide, 0.33% (w/w) Lecithin NF (LIPOID), 1%
(w/w) Polysorbate-80,

#2) 10% (w/w) budesonide, 0.05% (w/w) Lecithin NF, 0.5% (w/w)
Polysorbate-80 or

#3) 5% (w/w) budesonide, 0.25% (w/w) Lecithin NF, 0.25% (w/w)
Polysorbate 80. '

Lecithin NF is derived from soybean and is composed of a number of components,
phosphatidylcholine, phosphatidylinositol, phosphatidylserine, and other lipid

components. All of the resultant budesonide dispersions were placed in glass vials
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The results demonstrate that the presence of an amphiphilic lipid reduced
particle size growth of the budesonide observed following autoclave heat treatment.
The mean particle sizes of the budesonide formulations comprising an amphiphilic
lipid was about half, or less, that of the budesonide formulations lacking an
amphiphilic lipid. Moreover, even more dramatic results were obtained with
measurement of the D90 particle size, demonstrating that the presence of an
amphiphilic lipid effectively eliminated the growth of any large budesonide crystals

following heat treatment.

Example 2

The pmpose of this example was to determine the effect of different quantities
of a nonionic surface stabilizer and a amphiphilic lipid on the particle size of a

nanoparticulate budesonide dispersion following autoclave heat treatment.

Separate portions of the 30% budesonide, 1.5% Polysorbate-80 milled
dispersion described in Example 1 were further diluted and compounded with the
addition of varying levels of sterile water for injection (SWFI), Lecithin NF, and

Polysorbate-80 to examine the effects of different percentages of Polysorbate-80 and
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NF, 0. 5% (Wcwh [ysor lggt e- sq&rtmﬁa) wy P DS | (Pm B W)
Lecithin Nk De 50 (w/w)  Pol vqorl 8 %‘g%) \Fl‘(lg‘ll t)h ﬁﬂﬁﬁ (LHQ z ri vﬁc ((f r:j)wn
soybean and is ¢onppsed of a nurrber Of conponent 5 p’lOSph tidylichol | ne,
phosphat i dytTATOSHETIplagspTat Tdyhas nesgnd %Ll |E14g4 P8 Teyrpyrergss. Al
of the resyltan utlesoni de di spersipns were plated i h glass. Vial 68' WO
2007/ 08949(Q BCT| &&AD 0!1.P0B0 185 Q-lO%hd sééfled 32f h H7Lrd4Aum 45 rped ubber
stoppers, them Ptzg% TEghed T ag 5Esl garg?F autnG| ave 3l 0512 Mg 116C
al um num crlinps ol 1 ow ng autoclave heat treatnept sanpleg were
exam ned fqr deesDnl de parti cle sife in tthe Hofiba LA-91Q particle]size
anal yzer wifTHH T11§03ESUE 5% 0.20%| 52806|  823|163105| t159 | 549 | 2815

E 20% 3.00% 0.10%| 47935f 1197|155014} 1103 | 600 2593

F 20% 3.00% 0.05% 3318 534] 3206 1065 | 646 2440

G 10% 0.50% 0.50% 343 330 490| 346 332 496

H 10% 0.50% 0.10% 347 3341 495] 3438 334 498

I 10% 0.50% 0.05% 345 331 494 347 333 498

J 10% 1.50% 0.50% 350 337 502) 352 338 506

K 10% 1.50% 0.10% 350 336 501] 352 338 504

L 10% 1.50% 0.05% 351 337, 505] 353 339 507

M | 10% 3.50% 0.50% 396 367 610] 1510 | 839 3654

N 10% 3.50% 0.10% 2678 1424| 6362| 1653 | 797 4147

O 10% 3.50% 0.05% 1946 919 4453] 1731 | 1158 | 4062

The data show that higher percentages of Polysorbate-80 results in larger

particle size growth during exposure to the autoclave heat treatment, as compared to

lower percentages of Polysorbate-80. Higher percentages of Lecithin NF appear

beneficial in producing smaller post-autoclave particle sizes.
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treat ment g, b Ab%emsé)%ﬂemf mﬁie@asﬂa@heam&&sp Rd thpyrb@ast he effect

of different uantltles a nonlonlc surface stabilizer and a anphiphilic
l i pid on tthfm qrambrined withi 42764 3§ PalyMdli$ p2ia (O &1 polpchesronittidiah mpdiesindn

foll owi ng aut ocl, ave h [_trea ar rtjons of th 30% budesoni de,
1. 5% Pol y$GrigaE &1gh %@Laﬁ%ﬁqrsqf&ﬁgﬂ@g\éﬁ G milhings ThESBI f ur t her
diluted angsGRMRAYHOesImih th ltzb§rﬁu\lrﬁd(ﬂéﬁr?‘n%nﬁfletifcﬁ{ ch'tHthﬁMFg‘ &eQEsxﬁﬁﬁél l'e wat er

for injection (S W), Lecithin | ysor bat e- 80 to exam ne the
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PCT/ 1. 18295%}1/1]9&15%?6} cxlegﬁ; ! i’%ﬁlé\f %‘? Qna? O?P@IE %?d&%ﬁqﬁde%cﬁ%gqrgﬁejﬁl | owi ng

aut ocl ave at oty eat eren cl ave exposure
tenperatu tdwersxoralusmgl d Husbat aefl1 0 partiale sizel dnalyzer (Irvine, CA), showed a mean

particle size of 197 nm, with a D50 of 185 nm and a D90 of 277 nm.

The resulting budesonide/polysorbate-80 dispersion was then diluted with
Sterile Water for Injection and further compounded with disodium EDTA and one of
a number of different phosphatides. Next, 10 g samples were placed in 20 cc glass
vials and sealed with aluminum crimped rubber stoppers and steam heated in a
Fedagari autoclave for 15 min. at 121°C. The various phosphatides examined in the
formulation work represented Lecithin NF and examples purchased from the
company, Lipoid, which included partially purified Lecithin (LIPOID S45), partially
purified Hydrogenated Lecithin (LIPOID S75-3), purified Lecithin (LIPOID $100-3),
Distearyl Phosphatidylethanolamine (PE 18:0/18:0), Distearyl Phosphatidylglycerol
(PG 18:0/18:0) and Dipalmityl Phosphatidic Acid (PA 16:0/16:0).

Following the steam heat autoclave cycle, particle sizing was performed using

the Horiba LA~910 with the results shown in Table III.

Table III: Particle Size of Budesonide Dispersion Following Autoclave Heat
Treatment : Effect of Phosphatide Type

. Formulation. | 15 min. at121°C.

N . [Polysorbate-] * .l e | Mean | DSO | D90~
Code | API 80 | Leecithin I’ Type EDTA {nm) (nm) | (nm)
A [10% 0.50% 0.50%| Lecithin NF 0.0010% 350 335 505
C 110% 0.50% 0.50%j| Lipoid S 45 0.0010% 350 334 506
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Pol ysorbat e-80 was prepared by adding 12 g of Pol ysorbate-80 to
$Esults indicate that only impure mixtures of phosphatides (i.e., Lecithin

NF, Lipoid S 45, or Lipoid S 75-3) and phosphatides which are negatively charged in
these aqueous solutions (i.e., Lipoid PG 18:0/18:0 and Lipoid PA 16:0/16:0) are

effective in maintaining small particle size and preventing particle size growth

following exposure to the high temperatures during the autoclave cycle. In contrast,

those phosphatides which are not negatively charged in aqueous solutions such as
phosphatidylcholine (Lipoid S 100-3) or Lipoid PE 16:0/16:0 in combination with

Polysorbate-80 lead to marked particle size growth following exposure to the

autoclave heat treatment.

Example 4

The purpose of this example was to determine the resistance of a

nanoparticulate budesonide dispersion to heat-induced chemical degradation of the

budesonide and to determine if EDTA could provide additional protection against

such degradation.

The NCD described in Example 3 was further compounded with Lecithin NF
with and without EDTA to investigate the chemical stability of the budesonide

dispersion following heat autoclave treatment. Fifty gram samples were autoclaved at

121°C for 15, 25, and 35 min. with both the resulting particle size and level of total

budesonide-related degradants determined. Table IV summarizes the total level of

budesonide degradants as examined by HPLC for the three time periods of autoclave

heat treatment.
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The purpose of this example was to determine if dilution and further

compounding of a glucocorticosteroid dispersion to concentration levels suitable for

therapeutic use as an inhalation product has an effect on the particle size of the

glucocorticosteroid.

An aqueous nanoparticulate budesonide dispersion (NCD) comprising 30%

(w/w) budesonide and 1.5% (w/w) Polysorbate-80 was prepared by adding 12 g of
Polysorbate-80 to 548 g Sterile Water for Injection (Abbott Labs) and 240 g of
budesonide (Farmabios). The slurry was then combined with 474.3g PolyMill™ -500

(Dow Inc) polymeric aftrition media and charged into the 1215 mL chambér of a

NanoMill®-1 milling system. The slurry was milled for 95 min. at 1200 rpm. Upon

completion of the milling, the resulting NCD was harvested through a stainless steel

screen. Particle size analysis of the budesonide/polysorbate-80 dispersion, using a

Horiba LA-910 particle size analyzer (Irvine, CA), showed a mean particle size of
197 nm, with a D50 of 185 nm and a D90 of 277 nm.

The resulting NCD was then diluted with Sterile Water for Injection, Lecithin

n NF

506 68

degracrl]an%s EQIYA‘OMM nm D 10% 0. 50%

NF, and disodium EDTA to prepare a formulation containing 10% (w/w) budesonide,
0.5% (w/w) Polysorbate-80, 0.5% (w/w) Lecithin NF, and 0.002% (w/w) EDTA. Ten
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Li poid PG E 10% 0. 50% 0. 50%4.8: 0/ 18: 0 0. 0010% 384 351 598 Lipoid PA G 10%
0, 50% 0. 50946: 0/ 16: 0 0. 0010% 343 32 491 B 10% 0.50% 0.50% Li poid S 100-3
0. 0010% 183%2300388948H381 Li poi d PE F 10% 0. 50% 0. 5094.6: 0P4BUW7/H380s 16168
2577 56679 The results indicate that only inpure m xtures of phosphati des
(i.e., Lecithin NF, Lipoid S 45, or Lipoid S 75-3) and phosphati des which
are negatively charged in these aqueous solutions (i.e., Lipoid PG
18:0/18: 0 and Lipoid PA 16:0/16:0) are effective in nmaintaining snall

particle size d preventin article size grow foll ow ng exposure to the
R ah © enped B Aaof b g FHe EHroR Fesvlaced an 40 OF s Al i SeHe LR

phosphat i dgémphiing BritipRd REbbe? SEPPEMAINY sEART BiRfed iR APYROES a8R)cHive s SUCh as
phosphati dyl choline (Lipoid S 100-3) or Lipoid PE 16:0/16:0 in conbination

with Pol ywirbhl21%h FeHewing thaabteglaya heatdreatmente eaphonitthe 16Y4 (Wi exposur e

to the autogclav eat treat t . Examle 4 The. purpas f this exanple was
to determ ued%f'%gg? gksp granee ag'ﬁﬂ?f d‘ﬁ‘iﬁﬁ%@éﬁ‘?’%ﬁ’ﬁ’ S{tgc g@eg%aﬁ}ua]em ?tg’p sion to
heat - i ndr;ﬁiﬂlitﬁdﬁﬁﬂ?ﬁ%gﬁa@m@?ﬁd @isodifunt EBTAbwqﬁsdhﬁdectﬁs;?%gohocﬁﬁiiﬁm@ nehi f
EDTA coul d _provi de, a it]jona rotoection agai nst suc egradation. The NCD
descri bed FiHeERdrpbudesopide EYer Bb@?ﬁewﬁaéado@w&l@efﬂsmgf# orkgg-A0 and

wi t hout EDIH tQithilyReti gate the chem cal stability of the budesonide

di spersion foll owm ng heat autoclave treatnent. Fifty gram sanples were

aut Opl aved_ at 'i’%éflﬁufeﬁranggomﬁé}m@%psgﬁglég\/Oere‘gitcfrgd ngtogn{ Q?n e‘?a?ﬁ'l]egbpg )
particle size an evel of tofa udesoni de-rel ate egradants determ ned.
Tabl e |V sdaysand ten mhasurest for phuicds sied usibg thesldoribeLdefttpatick sige exam ned by
HPLC for t three, ti eri ods af aye heat treatnent. 69 WO
2007/ 08949%]% 'u?%ffgﬁldgﬁ%s walalﬂlrlgagfe&?lbﬁie{)&‘stance of Budesoni de Di spersion
to heat i q,cl? n}'iggtl gec%;nadati ey 6@98”50 a&@ggﬁctilo? In the Presence
of EDTA Egijgﬁlp%h igt}.}shg@gsﬁhéﬁ l;ﬁ,\o ljlr%)d t :%gteﬁlé’:?on f maﬁl%igp(e@sion

Particle Size ‘

Formulation' * =~ - *‘| Mean (nm) | D50 (nm) | D90 (nm)

0.0125% API, 0.000625% Polysorbate-80, 357 343 508
0.000625% Lecithin NF, 0.02% Citric Acid,
0.03% Sodium Citrate, and 0.002% EDTA

0.0125% AP, 0.002500% Polysorbate-80, 356 342 508
0.000625% Lecithin NF, 0.02% Citric Acid,
0.03% Sodium Citrate, and 0.002% EDTA

0.1% API, 0.005% Polysorbate-80, 0.005% 356 341 507
Lecithin NF, 0.02% Citric Acid, 0.03%
Sodium Citrate, and 0.002% EDTA

0.1% API, 0.020% Polysorbate-80, 0.005% 353 339 504
Lecithin NF, 0.02% Citric Acid, 0.03%
Sodium Citrate, and 0.002% EDTA

The results.demonstrate that the nanoparticulate budesonide dispersion can be
diluted and compounded to levels anticipated for usage as a therapeutic inhalation

product without marked changes in the particle size of the dispersion

Example 6

The purpose of this example was to evaluate the sterility of a nanoparticulate

budesonide dispersion following autoclave heat treatment.

Selected NCD preparations having been exposed to autoclave heat treatment

cycles in either a Fedagari Model FOB2-3 or Getinge GEV-6613 for varying time
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10%udesoni de, 0.5% .. Autocl ave;; ,121C;: 121C 121C, : Pol ysorbate-80,.0.5%
Treatnent % Total %lotal % Total Lecithin NF Degradant I

Degr adant%0 2M708%4%ved, EDTA absent 0.17% 0.17% 0. 13% i&?ﬁ%lz@\?@ﬂ‘f’gb.oozo%
0.12%0.12% 0. 12% EDTA present Not Autocl aved, EDTA 0.12% absent The
results denonstrate the resistance of each formulation with or without EDTA

to chem cal degradation of budesoni de. However, the presence of EDTA offers
a slight advantage in that a reduced |evel of total budesoni de degradants

was observed, A ~sterili.zed,contrql had adants level of
01206 Exirands 4 1302 HiFh et iediuipme Ged FRp AR DR ot on
and f urt hetansfQRAGHTEINSfr.0The réfults OF el st&rAfty @¥sbing afd EBAlaSdDM Tadle VI
concentration |evels suitable for therapeutic _use as an_inhal ation product

has an ef fedmeghthenequizamends as eytlinedyin thp surrept DR 5717 stesilidy tastiandan aqueous

nanoparti lsete  di j I8 0 w) budesoni de
and 1.5% ?@%‘%ﬁﬁ?@?g EISEﬁ%/}\géﬂ Sg{ép%%%g?ggéﬂioﬁg@%ﬁ&ggﬁpgw%l ysor bat e- 80
to 548 g Sbmpletion\Witler infabsation recioidan Thalbatpositmbof the N CI4 8utgelaed budesoni de

( Far mabi oﬁ; L't[he slurry was then conbined with 474.3g PolyM || TM -500 ( Dow
Inc) pol yM¥M LU W$Fon medi a and charged into the 1215 nlL chanber of a

NanoM Il (r)-1 muj | i nugsyfehematibie:1s! 596 (w/wasudidsohrid, 025998vAHN. at 1200 rpm
Upon conpletion of the mlling resultin harvest ed t hrough a

t he ti NCD was
stainless steel scrRalnsorimieid0ePasy Q’@“QHAP9§8§7(§T'3¢Q1%01% (wiw) EDTA,

budesoni de/ pol ysor bajesQwdhsREfsl, on, using a Horiba LA-910 particle size
anal yzer (lrvine, CA), showed a nean particle size of 197 nm wth a D50 of
185 nm and a D4@) of R&D formmulatien #3esldlb (wiyv)NCDeseride, fe¥Podiwwl ed with Sterile

Vater for Injection, it hir = ' ' DT,
formul ati on cont ai mg\%ﬁ%ﬁ%}f@m@5;;/&gg@%ggﬂb@%&@%@g@%g@r%t e-80, 0.5
% (W w) Lecithin NF,8%8a¢wO~0R2%r(W w) EDTA. Ten 70 WO 2007/089490
PCT/ 1JS2007/ 001851 al i quot s, .of_.t he, farnul at.i.o e placed in 20 cc
gl ass vials an(]j(g)sealfg‘%a/%o uﬂatlon 4 5‘% ?w/w)oburgésomde,rb.x\?‘% (\pr?
Polysorbate-80, 0.25% (w/w) Lipoid S75-3, 0.001% EDTA, 94.5%
(w/w) Water. ‘

4 GMP formulation #5: 5% (w/w) budesonide, 0.25% (w/w)
Polysorbate-80, 0.25% (w/w) Lipoid S75-3, 0.001% (w/w) EDTA,
94.5% (w/w) Sterile Water for Injection

Table VI: Sterility of Budesonide Dispersions Following Heat Autoclave
Treatment

Formulation - -|* 10 min' @ 121°C | .15 min @121°C- | 20 min @ 121°C

. Sterility Result * | .Sterility. Result Sterility Result
Formulation #1 No visible growth | No visible growth

Formulation #2 No visible growth

Formulation #3 | No visible growth

Formulation #4 ' No visible growth

Example 7

The purpose of this example was to evaluate the particle size of
nanoparticulate dispersions of the beclomethasone dipropionate having Polysorbate-
80 as a non-ionic surface stabilizer both in the presence and absence of the
amphiphilic lipid, LIPOID 45 or LIPOID §75-3.
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al um num cri nped rubber stoppers and steam heated in a Fedagari autocl ave
for 15 mp, at 121 C Follow ng the autoclave heat treatnent, each of the
10% (w w) UHEUBH*Ye di spersions was then diluted with RERPS2087/00185 aci d,
sodiumcitrate, and additional Pol ysorbate-80 and di sodi um EDTA to produce
di spersions containing either 0.1% budesoni de or 0.0125% budesoni de and
varying | evel s of Polysorbate-80 and Lecithin NF. The diluted and
conpounded sanples were stored at roomtenperature for 7 days and then
nmeasured for pagti.cle. size using the Hoti LA-910 particle .size analyzer.
The results ar ZﬁgﬂBWﬁtqaﬁo%‘ﬁPéOFgP%%.ti’erg(g}oémvg s%“?%‘fﬂltfﬁr%ﬂa' conpoundi ng of
Budesonide NCD to Levels for Therapeutic Usage as Ic?&%q_ti on Product
Retention of Small Dispersion Particle Size For nyil At Tort Mean(nn) D50 (nm
D90 (nm 0.0125% API, 0.000625% Pol ysor bat e- 80, g(§43 508 0.000625%
Lecithin NF, 0.02%Citric Acid, 0.03% $odi um Qs te, "and 0. 002% EDTA
0.0125% APl , 0.002500% Pol ysor bat e-80, 35 08.-®@CAR5% Lecithin NF,
0.02% Citric Acid, 0.03% Sodi um G trate; — o EDTA0. 1% API, 0. 005%
Pol ysor bat e- 80, 0.005% 356 341 507 (g F, 0.%2% ric Acid, 0.03%
Sodium Citrate, and 0.002% EDTA Q. 19 . 04Q ol ysdibat e- 80, 0.005% 353
339 504 Lecithin NF, 0.02% G . ¥03% Sodi um Citrate, and 0.002%
EDTA The results. denonstrate f tj cul at e budesoni de di spersion
can be diluted and conpoun
t herapeutic inhalation prgd
of the dispersion Exanple 6 The purpose of this exanple was to evaluate the
sterility of a hanepditeiponider avithnmeleonladwetihi 085621 34 andli$ vew vghilit ocl ave
heat treat npent Sel ect ed NCD preparations having been exposed to autocl ave

heat treaten le mc‘;’lvg “€s in either a Fedagari Mbdel FOB2-3 or Cetinge GEV-6613

for varying ti MR aqueous nanoparticulate dispersion (NCD) comprising 10% (w/w)

beclomethasone dipropionate and 0.5% Polysorbate-80 (w/w) was prepared by
milling in a DynoMill® System utilizing PolyMill™ -500 (Dow Inc) polymeric
atlﬁtion media, with milling for 40 minutes. Particle size analysis of the
beclomethasone dipropionate/polysorbate-80 dispersion, using a Horiba LA-910
particle size analyzer (Ir\;ine, CA), indicated agglomeration, with a mean particle size
of 30503 nm. Additional Polysorbate-80 was spiked inte the formulation to yield
10% {w/w) beclomethasone dipropionate and 1.0% Polysorbate-80 (w/w). Milling
was resumed for 5 minutes then re-analyzed for particle size, which indicated a mean
particle size of 272 nm, with a D50 of 254 nm and a D90 of 386 nm.

The resulting nanoparticulate beclomethasone dipropionate/polysorbate-80
dispersion was then diluted to prepare three separate formulations, namely:

)] 5% (w/w) beclomethasone dipropionate, 0.5% (w/w) Polysorbate-80,
and 0.5% (w/w) LIPOID 845;

*) 5% (w/w) beclomethasone dipropionate, 0.5% (w/w) Polysorbate-80,
and 0.25% (w/w) LIPOID S75-3; and

3) 5% (w/w) beclomethasone dipropionate, 0.5% (w/w) Polysorbate-80,
and 0.5% (w/w) LIPOID S75-3.

All of the resultant NCD samples were placed in glass vials and sealed with
rubber stoppers and aluminum crimps, followed by autoclave heat treatment in a

Fedagari autoclave for 10 min at 121.1°C. Following the autoclave heat treatment,
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71 WO 2007/ 089490 PCTI US2007/001851 periods at 121C were eval uated for
sterility using 6454 USP/EP Sterility by Direct
results ofWORWTEHBMWAY | ity testing are tabul ated in Tabl e RCT/USZIG7/0E631 t he
requirenments as outlined in the current USP <71> sterility test and

EP w. 6.1 sterility. There was no evidence of m crobial
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Example 8

The purpose of this example was tp determine the effect of the nonionic

surface stabilizer ty]oxa.lpol alone as compared to tyloxapol in combination with an

amphiphilic lipid on the particle size of beclomethasone dipropionate following

autoclave heat treatment.

An aqueous nanoparticulate dispersion (NCD) of beclomethasone

dipropionate having 10% (w/w) beclomethasone dipropionate and 1.0% (w/w)

tyloxapol was prepared by milling in a DynoMill® System utilizing PolyMill™ -500

(Dow Inc) polymeric attrition media, with milling for 30 minutes. Particle size

analysis of the beclomethasone dipropionate/tyloxapol dispersion, using a Horiba LA-

910 particle size analyzer (Irvine, CA), showed a mean particle size of 146 nm, with a
D50 of 141 nm and a D90 of 201 nm.

n

The resulting NCD was then diluted to prepare four separate formulations,

amely:
1)

@
0.5% (w/w) Lecithin NF;
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5% (w/w) beclomethasone dipropionate, 0.5% (w/w) tyloxapol;
5% (w/w) beclomethasone dipropionate, 0.5% (w/w) tyloxapol, and



72 WD 2007/ 089490 PCTI US2007/ 001851 Becl onet hasone di propi onate has the
follow ng structural formula: CH2000CZHS HH3 O OCOCCHS HOH3 HCH3 H
ClL HIt is Womebvesopmowder with a nol ecul ar wei ght of 521. ZfeiehodFooYdi Y
slightly soluble in water. An aqueous nanoparticul ate di spersion (NCD)
conprising 10% (w w) becl onet hasone di propi onate and 0. 5% Pol ysor bat e- 80
(wWw) was prepared by mlling in a DynoMIi Systemutilizing PolyMIITM
-500 (Dow Inc) polyneric attrition nedia, with mlling for 40 m nutes.
Particle size analysis of the beclonethasone di propi onate/ pol ysorbat e-80
di spersion, usin8) a Hifwi(bdw) Beddrethpsore dipepiinate, 8ridh (wéw) (loxapok andCA)

I ndi cat ed aggl oner ati i t,h n.parti.cle size of 30503 nm Additional
Pol ysor bat e- SO was sp(?ggoévtvm"g%ﬁgﬁ‘f’ dtion to yield 10% (w w)

becl onet hasone dipr opj%nay/) bedlothefifadiel disphaats, 805% W) tylbstapbhénd was
resuned for 5 mnutes then re-analyzed for particle size, which indicated a

nmean particle size oQ-ZQWW)LW@ 27656 of 254 nin and a DY0 of 386 rim

The resulting nanoparticul ate becl onet hasone di propi onat e/ pol ysor bat e- 80
di spersion was tAéaf Hielsgrpdes wergmdipgd an ermpeion spbhaststormsradiyialsiapd steamane| v:

(1) 5% (W w_ i RORAL 0..5% P e - _and
0.5% (W w) ° ef‘%%g‘kfw‘%f%g‘s%l?\@wqﬁ' @3’85’8&%?%%%%%’%%&&%?%%% Shg?o”gc%‘( w W)
Pol ysor bat a8l VIiIabeio®:. 25% (W w) LI PO D S75-3; and (3) 5% (w w)

becl onet hasone di propi onate, 0.5% (w w) Pol ysorbate-80, and 0.5% (W w)

LI PO D S7593bléWIIIef Pdkclé Sielof Beicldidthasie Bipropionapd Dispdriion Folewing al s

and seal ed AMtbBlave FRAE T rehQRAR": EHEH o Y10 2pE] &loneRT T¥16%4 udy autoclave
heat treat PaRiphatide Fedagari autoclave for 10 min at 121.1 Fol | ow ng the

aut ocl ave hegtd N
\L E -- “A? :’g i .fh‘ ﬁ ,jy}‘f:t._“"‘«:} g;,m..‘, a ’t _%-_r : %

5% Beclomethasone dipropionate,
0.5% Tyloxapol

5% Beclomethasone dipropionate, 785 746 1255
0.5% Tyloxapol, 0.5% Lecithin NF

5% Beclomethasone dipropionate, 795 752 1274
0.5% Tyloxapol, 0.25% Lecithin NF :

5% Beclomethasone dipropionate, 779 725 1268

0.5% Tyloxapol, 0,25% LIPOID S75-3

Example 9

The purpose of this example was to determine the effect of a non-ionic surface
stabilizer in combination with an amphiphilic lipid on the particle size of the

glucocorticosteroid fluticasone propionate following autoclave heat treatment.

Fluticasone propionate has the chemical name S-(fluoromethyl) 6a,9-difluoro-
11b,17-dihydroxy-16a-methyl-3-oxoandrosta-1,4-diene-17b-carbothioate, 17-

propionate and the following chemical structure:

Fluticasone propionate is a white to off~white powder with a molecular weight of

500.6, and the empirical formula CysH;31F3058S. It is practically insoluble in water.
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73 WD 2007/ 089490 PCT/ US2007/001851 sanples were exam ned for particle size
in the Horiba LA-910 particle size analyzer wth the results as shown in
Tabl e VI | WO2W7/88949) - " particle Size of Becl omethasone Di prHHPIALRUSS]

Di spersion Followi ng Autoclave Heat Treatnent : Effect of Pol ysorbate-80

al one and Pol ysorbate-80 plus Lipoid S75-3 Fornulation , .. Mean (nm D50
(nm D90 (nm 10% Becl onet hasone Di propi onate, 5336 5002 10260 1%

Pol ysor bat e- 80 5% Becl onet hasone Di propi onate, 2539 2082 5056 0.5%

Pol ysor bat e-80, ,0.5% LI PO D S45 % .Becl onet o] D propi onate, 2432 2065
1736 0 8% bol JBaRBATE RBOPTISHIANY Seperien BNGD SRR TR ARG
Di pr opi onaia#ing? fi% (WY ]gtlﬁﬁz&on@ px'i%ictﬁiﬂté/é&f (?.@bxg(-\%) Eb1pSbrbAtEOLwPrPwvds

Exanpl e 8 The purpose of this exanple was tp determ ne the effect of the

noni oni ¢ prepdrad by snidling inebyngMall@histem utiléizing PobAEIEdSQbM W dsapol i n

conbi nati on,w th .amphiphilise 1ipid qn the .particl.e $j.z f

bect ot haseifiEthr ARePE R oS sele®. Rt BE RS P keuieromsy aqueous

?\(jlwno;)alr3 ti lcp{bpioﬁatéi’;ﬁﬂ%osbam-S(ONﬁiﬁerﬂén,gﬁﬁigwmﬂ‘Allla@D,lAe91(ldbm'mni Spadralyrayi ngdlg%
w) becl gnet hasone di propignate and 1. 0% w) . tyl oxapal was prepared by

mlling i nCETESy oM Frdicdtesagglametation; ¥ithg Wnyma)r%l?l?-mz-e F3HEBBR- 1 nc)

polyneric attrition nmedia, with mlling for 30 mnutes. Particle siée

anal ysi s of the®Betiosablelyserhatedt bransriked 819 thedvaplatian &puield Ko Wévhg a

Hori ba LA- ' ' ' . m@m@gg Jap=¥=IeH ticle

size of 14%&%5%%ﬂgﬁ&ﬁa&%ﬂﬁ@iﬂﬁ%/ﬁ%@%&%&?&%6.39]}1/\%1 nm %ﬁe r egngl@{li ng NCD

was then dior treigutes hefarpae-analysis, whishcarénedrtmdisplayomiarge paiisleysize

{Dmean of 20675 nm).

Lecithin NF was spiked into the formulation to yield 10% (w/w) fluticasone
propionate, 1.0% (w/w) Polysorbate-80, and 0.5% (w/w) Lecithin NF. Milling was
continued for 10 minutes. The final mean particle size was 171 nm, with a D50 of

164 nm and a D90 of 232 nm.

The resulting NCD was then diluted to 5% (w/w) fluticasone propionate, 0.5%
(w/w) Polysorbate- 80, and 0.5% (w/w) Lecithin NF. Both samples were placed in
aluminum crimp-tcp rubber-stoppered vials and steam heated in a Fedagari autoclave
for 10 minutes at 121.1°C. The post-sterilization particle sizes are shown in Table IX

below.

Table IX: Particle Size of Fluticasone propionate Dispersion Following
Autoclave Heat Treatment : Effect of Polysorbate-80 plus Lecithin NF

. Forrpulatidq}_%.f:} " o[ "Mean'(nm) | D50°(nm) | D90 (nm).
10% Fluticasone propionate, 1.0 % 306 294 431
Polysorbate-80, 0.5% Lecithin NF
5% Fluticasone propionate, 0.5% 312 300 439
Polysorbate-80, 0.5% Lecithin NF

Example 10

The purpose of this example was to determine the effect of the nonionic
surface stabilizer Lutrol F127 NF as compared to Lutrol F127 NF in combination with
an amphiphilic lipid, Lecithin NF or LIPOID S$75-3 on the particle size of budesonide

following autoclave heat treatment.
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(1) 5% (ww) becl onet hasone di propionate, 0.5% (ww) tyloxapol; (2) 5% (ww)
becl onet hasone di propi onate, 0.5/a (ww tyI oxapol, and O. 5%& \/\%Lemthl n
NF;, 74 WOWQIPTOE%00 PCT/ US2007/ 001851 (3) 5%(w/vv) beR¢ HHE

di propionate, 0.5% (w w) tyloxapol, and 0.25% (ww) Lecithin NF;, and (4) 5%
(w w) becl onet hasone di propionate, 0.5% (ww) tyloxapol. and 0.25% (w w)

LI PO D 575-3. Al of the sanples were placed in crinp-top rubber-stoppered
vials and steam sterilized for 10 minutes at 121.1' C. The

ost-sterilization artlcle SIZ ar.e sho bl e bel o Tabl e
Ol Sharti of o Ah SabgtissgnruE A Hiernh 3TN of ot oAbt o e
Aut ocl ave d(ld#aay b{[ﬂé%%hi&%d 1. (E%f(gatv) DhtrdVF PXARP WAl Regared b'yrythagolala pl us
Phosphat i Jil; 11111,1111 1 =IMlation can, + )., ,,(nm D9 (nm 5%

Becl omet hd@m@@l@ﬁ@gﬁeﬁh@l@lngﬁgm\@ﬂ@? BHPEPovolisdpaiymsigmiritsyemedia for

Becl onet h nat.e, 5 Q,,5% % Le hi n NF
5% Becl orreaﬁﬁé‘énd‘%%spc}p a%{r“g szﬁa"‘t“é‘f,gy?‘fé)g@ 1?%% ‘%ﬁ%de/é . g%% ﬁ'y?gggp%%‘?gﬁf)ﬁ‘s‘%o{gem thin
NF 5% BecleehbaB@an@ipmmm sipadre]yzEY Arvind, GAHR8hoWed Sormdnopaicle si2¥b% LI PO D
o1 oni ¢ SRIFACEh eI P1 S0 PO DAL § s (HheAFe ABBIR S i d on
the parti cdifuéd ®prepark Meree SR ToirhA8SSR! RAuflelht Ut i casone propionate

foll owi ng aut ocl ave heat treatnent. Fluticasone propionate has the chem cal

name S (Tl uor onédhyl m@v/w)wpm@ 0.5% (w/w) Luizol F127 NF, and 0.5% (wiw)
11b, 17-di hydr oxy- | 6ay F% lNP?‘ oxoandr ost a- 1, 4-di ene- 17b- car bot hi oate, 17-
propi onate and the folTow ng ’chem cal structure H, ¢ COSCH2F

(2) 5% (w/w) budesonide, 0.5% (w/w) Lutrol F127 NF, 0.25% (w/w)

Lecithin NF; and ,
3 5% (w/w) budesonide, 0.5% (w/w) Lutrol F127 NF, 0.25% (w/w)
LIPOID S§75-3.

All of the samples were placed in aluminum crimp-top fubber-stoppered vials
and steam heated in a Fedagari autoclave for 10 minutes at 121.1°C. The post-

sterilization particle sizes are shown in Table X below.

Table X: Particle Size of Budesonide Dispersion Following Autoclave Heat
Treatment : Effect of Lutrol F127 NF and Lutrel F127 NF plus Lecithin NF

Formulation” **. . | Mean (nm) | D50 (nm) D90 (nm)
10% Budesonide, 1% Lutrol F 127 NF 1141 717 25 82
5% Budesonide, 0.5% Lutrol F127 NF, 838 611 1748
0.5% Lecithin NF
5% Budesonide, 0.5% Lutrol F127 NF, 863 641 1788
0.25% Lecithin NF
5% Budesonide, 0.5% Lutrol F127 NF, 936 6814 1967
0.25% LIPOID S75-3

The results indicate that the presence of an amphiphilic lipid during the
autoclave heat treatment significantly reduces the particle size of the budesonide

dispersion,
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Ho . 1s000C2H3 CHa HnCH3 t}' i FHF Fluticasone propionate is a white to
off-white powder with a nol ecul ar wei ght of 500.6, and .l gal

formul a CHO-BIIESBEM |t is practically insoluble in wat 3&9@%0%37/ 089490
PCT/ US2007/ 001851 An aqueous nanoparticul ate dispersion (NCD) of
fluticasone propionate having 10% (ww) fluticasone propionate and 0.5%
(ww) Polysorbate-80 (Ww was prepared by mlling in a DynoMII(r) System
utilizing PolyMIITM -500 (Dow Inc) polyneric attrition media for 25

m nutes. Particle size analysis of the fluticasone

pr opi onat rbat e- 80 di spersion, using a Horiba LA-91 0 particle size
anal yzer %ﬁ%&l CA), indicated aggloneration, with a nean particle size
of 23145 nm Adgl t ] B YBs ' ' ation to
yield 10% (w/w?ﬁhéf?‘g'??gceaggﬂrﬁ‘?%{a;o@%‘ﬁg?te anﬂb%?/?(é\:/\ffévﬁ? °§§ﬁ§£ﬁ°gg% e-80 (W w).
M1 ling wesmmmnd teugtbxapolinsombiudtion vigh tecehingNE walths particleizhoftont i nued to
display a, arge.particl.e size n_of 20675 nnm). Lecithin NF was spi ked
into the fbdlgﬁ%’g{ﬁ? ﬁ’af%“%f‘&ﬁz"a‘afé%%%j“@ ‘uti casone propionate, 1.0% (W w)
Pol ysor bat e- 80, ,and 0. 5% (w w), i t.hi n .NF. |l ing.,was.,contin for 10

m nutes. The fiARPIHEHS PP¥ ‘Flgleaé %@%gnﬁ%a&fbaﬂﬁ%ded?d"& P&f64_ nm and
a D90 of 232whBuddsdfideasidl 0% t}yl@)ga Qs Bhdpdtithy @ildiKy (WA \DyHovtitecasone

propi onate, 0.5% (ww Polysorba , and”"0.5% (ww) Lecithin NF. Both
sanpl es weSysteph atibzing PolyVili*rG0H0 (Powpne)glymblieattstiappedediov B @ nsinatesl st eam
heated in -edagari_ aut ocl av for. 10 mnutes at.121.1' C .. T

poot - st er /TIFGSIE IR aPEIecTdht PydesShig st APt bilbe PR LARIC 1 x
_I?arti cle S;iat%lf@fsizﬁaﬂ?iy%axlsaﬁﬂn@r@@j,gg@ﬁiﬁi Dirffaﬁ@aiﬁmb ﬁ"%é bltz‘z\dsmgrln, Mﬂa@c:\/gve %eat
reat ment ct of Pol ysorbhate- us Lecithin orjrul ati on -Meann
D50 (nm) D99 pf ﬁ?% nmygsg, ﬁpiogg%ﬁ@-pﬁéf‘p‘ieéﬁatlﬁ, ql?ova%tb%dli@tag kzprepare

Pol ysor bat gy B8Lpathte ¥8rhitadidsMnd¥fei3% Fl uti casone propionate, 0.5% 312 300 439

(D 5% (w/w) budesonide and 0.5% (w/w) tyloxapol;
2 5% (w/w) budesonide, 0.5% (w/w) tyloxapol, and 1.0% (w/w) Lecithin

NF;

3) 5% (w/w) budesonide, 0.5% (w/w) tyloxapol, and 0.5% (w/w) Lecithin
NF; and

@) 5% (wiw) budésom'de, 0.5% (w/w) tyloxapol, and 0.25% (w/w)
Lecithin NF.

All of the samples were placed in aluminum crimp-top rubber-stoppered vials
and steam heated in a Fedagari autoclave for 10 minutes at 121.1°C. The post-

autoclaved particle sizes are shown in Table XI below.

Table XI: Particle Size of Budesonide Dispersion Following Autoclave Heat
Treatment : Effect of Tyloxapol and Tyloxapol plus Lecithin NF

. .- .. Formulation ., -~ - - | Mean(nm) | D50 (am) | D90 (nm)
5% Budesonide, 0.5% Tyloxapol 4806 432 5777
5% Budesonide, 0.5% Tyloxapol, 1.0% 406 | 344 | 697
Lecithin NF
5% Budesonide, 0.5% Tyloxapol, 0.5% 401 341 689
Lecithin NF
5% Budesonide, 0.5% Tyloxapol, 410 344 712
0.25% Lecithin NF
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Pol ysor bat e-80, 0.5% Lecithin NF Exanple 10 The purpose of this exanple was
to determine the effect of the nonionic surface stabili 127 NF
as conpar %P 197P8?b] F127 NF in conmbination with an an%ﬁ/gjﬁq%{/@lf{pl d,
Lecithin NF or LIPO D S75-3 on the particle size of budesonide follow ng
aut ocl ave heat treatnment. 76 WO 2007/089490 PCT/ US2007/001851 An aqueous
nanoparti cul ate di spersion (NCD) of budesoni de having 10% (w w) budesoni de
and 1.0% (W w) Lutrol F127 NF was prepared by mlling in a DynoMII(r)
Systemutili zi Pol yM L1 TM - 500 trition media for 40
m nutes. Parti cn?}é §l§s %?{E?Véﬁag %‘%Pﬁ’ﬁ@r%sﬁécé %%r%' Eﬁ?ﬁ%‘c lfpﬂ’?' NF di spersi on,
using a H!blhitiiﬁatio‘h—@itﬁ) aphtibfiicsusfaze stabidikyz @rantdticallp eeduchy thettvaved a nean
particle size, of 221 nrn, w,¢th a PSO of 202 nmand a D90 of 324 run. The
resul ti ng SeBizrd &l ‘t‘c}?éﬂmcﬂ’?‘ie{ﬁ‘@d’aft E'p¥épare three separate fornul ations,
nanmely: (1) 5%(vv/w) budesoni de, 0.5% Syv/w Lutrol F127 NF, and O. 5%(w/w)
Leci thin NF; ni! 5%(W/vv) budesoni d (ww) Lutrol F127 NF, 0.25% (w w)
Leci thin NF; and willbgapgagepioghoss, ﬁ%@%ﬁndéeaoﬂ%\f@wm mogificstiops o NF, 0. 25%
(ww LIR i nmp- top
Tubber - sto%%@%ssw atfé%LadQ tt]sjtg gré‘?cn ﬁ&late 4 a iﬁﬁgggéﬂrﬁrgﬂ#? rf% 111:l

m nut es atwﬁ&dutlleﬁhmﬁgé‘rqmshe-spsmem dcopadt tha il]memtmnl dhegs,zes 1ateedsd1tham | n

Tabl e X bel ow. Tahl e Particl e Si.ze .of Budesonide ' ersi on Fol

At ool ave 8 Bresti i Soriiom et fedngtif i PU S RIS TRR Sh TR R 1 us
Leci t hi n Nhey borhewithin tHe dop8 of the)ap B&mefdrmrammﬁd(tmﬁ ediivalBh@esoni de, 1%
Lutrol F127 NF 1141 717 2582 5% Budesoni de, 0.5% Lutrol F127 NF, 838 611
1748 0.5% Lecithin NF 5% Budesoni de, 0.5% Lutrol F127 NF, 863 641 1788

0. 25% Lecithin NF 5% Budesoni de, 0.5% Lutrol F127 NF, 936 6814 1967
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0.25% LI PO D S75-3 The results indicate that the presence of an anphiphilic
lipid during the autoclave heat treatnent significantly reduces the
particle size of the budesonide dispersion. 77 WO 2007/ 089490

PCTf US2007/ 001851 Exanple 11 The purpose of this exanple was to determ ne
the effect of tyl oxapol as conpared to tyloxapol in conbination with

|l ecithin NF on the particle size of budesonide foll ow ng autocl aveheat
treatment. AWHAESCINGIMERES: cul at e di spersion (NCD) of budesoni de havi ng
10% (ww) budesonide and 1.0% (w w) tyl oxapol was prepared by mlling in a
DynoM |1 (r) Systemutilizing PolyMI1TM-500 (Dow Inc) polymeric attrition

medi a for 30 ym nUt&§ter1lepcgﬁei—é}&?co%oﬁc%n%@o}fﬁirﬁm%f t he budesoni de/tyl oxapol

di spersion, using a Hori article size analyzer (Irvine, CA),
showed a nean par t(acl e mitmdesaff alLEc@stmmp chbmracosm@ldoWh&Eﬁl thapartidiea D90 of

221 am The resulting NCD was.then diluted.to our rate

formul ati ons, nanel yg (hpye Ba#tiGatF aneragsBAies s %ﬁd’? S%%a(‘\ﬁ’zﬁ% Sﬁ@ﬁ&%pol : (2)

5% (W w) budesoni gg) 0..8%n W‘é’)noh%ln Pﬁ+e stQB"i zeJr Q% (W w) Lecithin NF; (3)
€, yl oxapo

5% (W w) budesoni 0. 5/0% 0.5% (wWw Lecithin NF;, and
(4) 5% (ww) budedoni dealldasﬁ%ﬁ(avdphip}nhd hnpqd;pol and 0.25% (ww) Lecithin NF.

Al of the sanples were placed jn alum crinp-to bber - st oppered vial s
and st eam heat ed iHECIREREEPHR gosg@pdﬁtgqlgzeg](hy @@Strﬁeﬁgﬁt%élhzﬁwﬁﬂ 1 C. The
post- autoclaved particle sizes are shown in Table Xl below Table Xl :
Particle Size of Budesonide D spersion Follow ng Autoclave Heat Treatnent :
Ef fect of Tybeapd]fhea:ndup‘liyiltionaﬁollaimlluwhtremithhktnri]i\ﬁngtﬁmpdraiuﬁedmfrbhﬁn (nm) D50
(nm D90 (mm 5% Budesgnj 5% Tyl oxapol 4806 432 5777 5% Budesoni de,
0. 5% Tyl oxapol , 13@%1"4163 §4 359‘?”3!? *thin NF

3. The composition of claim 1 or 2, wherein the glucocorticosteroid is
selected from the group consisting of budesonide, triamcinolone acetonide,
triamcinolone, mometasone, mometasone furoate, flunisolide, fluticasone
propionate, fluticasone, beclomethasone dipropionate, dexamethasone,
triamincinolone, beclomethasone, fluocinolone, fluocinonide, flunisolide
hemihydrate, mometasone furoate monohydrate, clobetasol, and

combinations thereof.

4. The composition of any one of claims 1 to 3, wherein the nonionic surface
stabilizer is selected from the group consisting of sorbitol esters,
polyoxyethylene sorbitan esters, poloxamers, polysorbatcs, spans, sorbitan
oleate esters, sorbitan palmitate esters, sorbitan stearate esters,
polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan
monooleate, glyceryl monooleate, glyceryl mono-laurate, surfactants
containing polyethylene oxide chains, polysorbate 80, polysorbate 60,
poloxamer 407, Pluronic® F68, Pluronic®F108, Pluronic®F127,
hydroxypropyl methylcellulose, hydroxypropylcellulose,
polyvinylpyrrolidone, random copolymers of vinyl pyrrolidone and vinyl
acetate, dextran, cholesterol, polyoxyethylene alkyl ethers, macrogol

ethers, cetomacrogol 1000, polyoxyethylene castor oil derivatives,
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5% Budesoni de, 0.5% Tyl oxapol, 0.5% 401 341 689 Lecithin NF 5% Budesoni de,
0. 5% Tyl oxapol , 410 344 712 0.25% Lecithin NF 78 WD 2007/ 089490

PCTI US2007/ 001851 The results denonstrate that the presence of an
anphiphilic lipid, in conmbination with a non-ionic surface stabilizer,
dramatically reduces the heat sterilized glucocorticosteroid particle size.

It will be apparent  t hose skil|ed int art that i ous nodifications
and variations cé’l‘?lﬁ&yﬁrﬁ?eg?}"i?l%ﬁjéﬁ??é“fai‘f(}égsgnéar%ﬁﬁﬁgggéons of the present

i nvention w thout g‘%ﬂ EthiRde SeRes NBeBPlcElliloR! h GRFtI1 diRgosenvention.

Thus, it is inten g tZaty t?\e pr eesen% ?lnven(t)i onﬁgoverl%{%e W[fdl fications and

vari ations of thi sioneystatlinercelbulose, gekyvinyhalgoledstyloxapdli poloxemeas,ape of t he
appended cl ai ns and the]l;?h equi vlal epts. 179 VWHAT IS CLAIMED IS: 1 A sterile
di sper si on conposi'tq"§RY VRO EYEWPDparticles of at |east one

gl ucocorticoster OiGJ[BHW@%@(@)DN(@I%%C?”@4((@§§M§)£lﬂe@aan?FNlVe aver age

particle size of |ess than about east " one noni oni ¢ surface
stabilizer; and (ahethylglwwamidepnealeaylghiDgdlidapyranpgidet;n-ddeat Bilr t he conposition
is sterilized by noist heat, sterili fon. 2 The co Siti of claim1,
wherein the st ot i TS IRRFTgEHitAeSY I D HapyRigstetngotsy b thout 135 C 3.
The conposi tion ofmglR|dy NYAEHS | dhudaltfd I3 DGRy Rindsils
selected fromthe nérgup E:I(Jﬂg&l{ns |lIr:]\é%o?ﬁi)%eson?bgfegt%?iﬁamcél?ngﬁgne gce’toni de,
trianci nol one, nonehgsyrfeD-thimghicasideim-hexyd fl2-glucbpyrasasided apndnoyl-Neasone

propionate, fluticasone bec|oneth ne di propionate, d met hasone,
tri am nci nol one, Hﬁgﬁglﬁblc BZHOVFE' - EIHEPRYA ,OS’ldleu%Wﬁ'ﬁe, flunisolide

hem hydr at e, nonetlﬁgtﬁﬂghfc%gﬁt E'W‘?E%%%‘?&ﬁ?’rgﬁw@%?@@g‘mnd combi nati ons

thereof. 4. The conposition of a I'ms 1 , Wherein the

noni oni ¢ surface thioghicbpyenoside; 8EGegttosphdlipadnPHGe clgrlestigrol; ®RESI-st i ng of
sorbitol esters, .. o (. .
cholesterol derivative, PEG-vitamin A, PEG-vitamin E, and mixtures

thereof,

5. The composition of claim 4, wherein the nonionic surface stabilizer is
selected from the group consisting of poloxamer 407, polysorbate 80,
polysorbate 60, tyloxapol, and block copolymers of ethylene oxide and

propylene oxide.

6. The composition of claim 5, wherein the nonionic surface stabilizer is
selected from the group consisting of Pluronic® F68, Pluronic® F108, and
Pluronic® F127.

7. The composition of any one of claims 1 to 6, wherein the amphiphilic lipid

is a phospholipid containing at least one negatively charged phospholipids.

8. The composition of claim 7, wherein the phospholipid is selected from the
group consisting of anionic phosphatides, lecithin NF, synthetic lecithin
NF, synthetic phospholipids, partially purified hydrogenated lecithin,
hydrogenated lecithin, partially purified lecithin, soy lecithin phosphatides

comprising anionic phophatides, egg lecithin phosphatides comprising
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pol yoxyet hyl ene sorbitan esters, pol oxaners, polysorbatcs, spans, sorbitan
ol eate esters, sorbitan palmtate esters, sorbitan stearate esters,

pol yoxyet hyl ene sorbitan nonol aurate, pol yoxyethyl ene sorbitan nonool eate,
gl yceryl nonool eate, glyceryl nono-laurate, surfactants containing

pol yet hyl ene oxi de chai ns, pol ysorbate 80, polysorbate 60, pol oxaner 407,
Pluronic(r) F68, Pluronic(r)F108, Pluronic(r)F127, hydroxypropyl

met hyl cel | ul ose, anahiophophetigdschydragansied soptecithing gomyprisiog aions, random

copel o v At GRS Moy RS S RBERT, Shobe™ 1O
pol yoxyet hyl ene C;ﬁl%gﬂ[ati@iaé, 1étﬁhin¥@binpﬁﬁlng 8RioRRIpretphatiene seigR! s,  Car bowax

3550(r), Carbowax 934(r), polyoxyethyl éene stearates, nethylcellul ose,
hydr oxyet hyl cel | uthosehatidploglizeeystt synithatis phesphatidic acidpsynghatieyhosghetithd| |

tyl oxapol, pol oxaner. - .1.sonon henoxypol,y- (,gl y.cj dol. .
Clarn7oreor O N B e PR el BT BRI phesehde. - decy
(13- D- gl ucopyr anosdedlge, ﬁhbgﬂﬁ}ihic(a%‘rd[)ph@hﬁtﬂﬁr}’ EBR&1, ds0pHoPREESN linositol,

(3- D-gl ucopyranosi de; 'n-dodecyl (3-D nal tosi de; .

hept aR_oyl I— N- et gylmphﬁa:hafié%l smgm Pmphqasphntgiw@@fi,ylvmpbsndllatldylrglmmlyI

O D-t hi ogl ucosi de;. n- - ucopyr anosi de: ,nongnoyl - N-..

net hyl gl 8cam' de; %Stﬁﬁyfﬁ@ﬂ!f’gmkg‘ﬁwaﬁﬁgs?e&@ pg%@ﬁ%@ﬁ-"i\ﬁ/sltﬂgpfﬁtﬁa@flucam de;
n-octyl - (3- D- gl uGHRWHIMEsI &eine kbhalkificoftd) ARmAEANPRIpASsphatidy]

- gl §t¥;{r¥)1|f_:[§ro 93%!tp .
PEG phosphol i pi d,” PEG chol esterol, G chol esterol derivative, PEGvitamn
A, PEG vitam n E,glyeedolnilistearyd dysoplsphasidyl Biositdledisteanyblyisophmsplutidgl ai m 4,
wherei n the nonioni.c surface stabilizer i se] ected fromthe group
consi sting of pol GRAFHS! l,elyfﬂﬂ_ Wﬁ%ﬁé"‘%@?‘pa}ﬂb‘ﬁb§g?ﬂ’§?€é3é(¥,‘osﬁ9ﬁoxapo! , and
bl ock copol ymer s @ibaiffilgy biEREhidyHSerROdipRRRRY bEABKANIE Seid YipditfryF ompOSI i on
of claimb5, wherein thé nhonioni¢ surface stabilizer I1s selected fromthe
group consi sti ng mhosphatidphgly¢ardl, Eipaimik] liysophasphitidyl @i®sitelndipakhity oni c(r )
Z}n%z. pzl | |T2 e| icgrgl?lsscgp Iogp%agfdylasg ing, ?pa r];ﬁt}gll l%op oslphtalgdig ’aci\g? girpgfnﬂty he

lysophosphatidyl glycerol, and mixtures thereof.

9. The composition of claim 8, wherein the phospholipid is lecithin, and the

lecithin comprises less than 90% phosphatidylcholine.
10.  The composition of claim 9, wherein the lecithin is comprised
substantially of hydrogenated phosphatidylcholine and the remaining

composition composed of mainly hydrogenated anionic phosphatides.

11.  The composition of any one of claims 1 to 10, wherein the chemical purity

of the glucocorticosteroid is greater than 99%.

12.  The composition of any one of claims 1 to 11, wherein the chemical purity

of the glucocorticosteroid is greater than 99.5%.

13.  The composition of any one of claims 1 to 12, wherein the amount of the

glucocorticosteroid, in concentrated form or upon dilution in a
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is a phospholipid containing at | east one negatively charged phospholi pids.
8. The conposition of claim7, wherein the phospholipid is selected fromthe
group consi sting of anionic phosphatides, lecithin NF, synthetic lecithin
NF, synthetic phospholipids, partially purified hydrogenated | ecithin,
hydrogenated lecithin, partially purified lecithin, soy lecithin
phosphati des conprising anionic phophatides, egg |ecithin phosphatides
conpri sing 81 ani phdrmaphuichidy acteptableydhiolperagesiremabpuatdd.f Wiote albarrpr i si ng

ani oni c phosphat?@ﬁs{j h%dﬁggenated egg lecithins conprising anionic
phosphati des, |ec i NS €8 ri sing anioni c phosphati des, synthetic
phosphati dyl glycerol, synthetic phosphatidic acid, synthetic phosphati dyl
inositol, synthetic phosphatidyl serine, phosphatidyl inositol, phosphati dyl
serine, phosphati Eh@cmp@,iti@wé}mmhdf/blaigm%/bérlﬂ, furthes opmprgihasédiytn i nosi t ol ,

| ysophosphati dyl seri | ysophosphat i di c.aci I osphati dyl gl ycerol
di st earyl phosphafaﬁwre?@fl?fﬁez}dgql?et ﬁrﬁcgté(_‘rﬁﬁl ’ﬁﬁgg%g@?gel inositol, distearyl
phosphati dyl seri p@yleHédibuffiewtraRlaR RBRAL bid CorAihstionthélesar y! | ysophosphati dyl

gl ycerol, distearyl "|ysophosphatidyl inositol, distearyl |ysophosphatidyl
serine, distearyl |ysophosphatidic acid, dipalmtyl phosphatidyl inositol,

di pal mtyl phosphatidyl serine, .di @énit l. phosphatidi ¢. aci %hgalnityl
phosphat | dyl i yoahsrompeygirispint G S5 REERRUR! ot s EDrlt sl i
l'ysophosphati dyl  gfgiuffsaltdfRHyRnedianintQRRAOSRNRI @hesdedH abslitpal m tyl _
| ysophosphatidyl glycerol, and m xtures thereof. 9. The conposition of claim
8, wherein the ph0dphbritpaboutd%,dwin hbaut 0D te Aeout [| ¥ andimamcabopt | ses | ess

t han 90% phosphat | dy} chol i ne 0. The conposition of claim9, wherein the
lecithin is conprb@ié””§%8§V%h‘?ally of hydrogenat ed phosphati dyl chol i ne and
the remaining conposition conposed of mainly hydrogenated anionic

phosphatides. 11. The conposition of any one of clains 1 to 10, wherein the
chem cal puril6y @he torepagitiaoefonyione sf elamigd] ics1gvémten theltance@@¥bion2. The

conposi tion of an ne of clai 1t0 11, erein the chemcal. purity of
the gl ucocorti cosggﬁ%ﬁinﬂn'ioglcgﬁ“étg?ee§tal?1ﬁé‘ﬁ 133@\%&/@ %“.”%%m%ﬁ?)‘b%ﬁt‘f‘g(% of any
one of claims 1 { frodPabo60 8o LBEu B HonPhbdif. 19910 REPS0% CARIRERT 0 11
concentrated formor upon dilution in a

about 1% to about 10%, by weight, based on the total combined dry

weight of the glucocorticosteroid and the surface stabilizer.

17.  The composition of any one of claims 1 to 16, wherein the effective
average particle size of the glucocorticosteroid particles is selected from
the group consisting of less than about 1900 nm, less than about 1800 nm,
less than about 1700 nm, less than about 1600 nm, less than about 1500
nm, less than about 1400 run, less than about 1300 nm, less than about
1200 nm, less than about 1100 nm, less than about 1000 nm, less than
about 900 nm, less than about 800 nm, less than about 700 nm, less than
about 600 nm, less than about 500 nm, less than about 400 nm, less than
about 300 nm, less than about 250 nm, less than about 200 nm, less than
about 150 nm, less than about 100 nm, less than about 75 nm, and less than

about 50 nm.

18. The composition of any one of claims 1 to 17, wherein at least about 60%,

at least about 70%, at least about 80%, at least about 90%, at least about
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82 pharmaceutically acceptabl e vehicle, ranges fromabout 0.01 %to about
20% by weight. 14. The conposition of any one of clains 1 to 13, further
conprising sodium salt of ethyl enediam netetraacetic acid, calciumsalt of
et hyl enedi am netetraacetic acid, or a conbination thereof. 15. The
conposition of claim 14, V\/ner ein the amount of sodiumsalt and/or cal cium

salt of ethyl enediam net cet i,d ranges. from about. 0.0001% to about
2% from about 0. S0 TGt AR Otb/é9%/eaﬁgﬂter&¥?ﬁ° piGpsteroicnRartieles Bys & 0. 1% 16.
The conposition ogargagsﬁg%ffgssg{aﬁltﬁgsefkchge dwragherein the concentration of
t he nonionic surfiace stabilizer is selected fromthe group consisting of
from about 0.01%to about 90% from about O. 1%to about 50% and from about

1% to about 10% wei based on e total i ned dr, wei ght of the
gl ucocorticoster of%e%@ng @P&@BGQ{‘QWSt Lig 18 mf‘eﬁ'ﬁ%m "G ?on of any
one of clains 1t h & lg% 8C Lo @verage particle size of the
gl ucocorti costerollﬂd gpara%q?geeé&ll ﬁact ed*}@en the group consisting of |ess
t han about 1900 nm | ess than about 1800 nm [|ess than about 1700 nm | ess

t han about 1 00 nm |ess than about g% nm Iess han tabo_ut 1400 run, |ess
t han about ﬂ‘e psaRositeRPARY ghe ohdamsinio 1948 2 dorags 19BBuUt 1100 nm | ess

t han about 1000 ny | efsm 999 Lesit, b aPvhind@rm |ess
t han about 700 ri@ | ess h %foﬁ?@gfm nJ'BE‘i.‘ab ess tﬁz%aglggt 500 ){1un | ess
t han about 400 nm | esspthdﬂanc cabomid, paﬁﬁtera],rnntrhtﬂstsmahanrtraazlagimal 250 nm |ess

t han about 200 nm | ess than m 31% m less tha Qa(%gout 100 nm | ess
than about 75 nm and NEFEReH{IARGRL » sl Qgtopieg ARS8 on of any one
of clains 1 to 17 whefel, at | east
about 80% at le abf:)ut ﬂbagég15??%}082%?qg%@ﬁgﬁedéghgga%ﬁgyﬁgﬂkgﬁgﬁ about 99%
of the glucocorti costesma;dgqaaulhiedlpewdha\mhchloz@ageta':apbelesﬁabket @ill,l ess than the

effective average. 19. The conposjtion of any e.of clains 1 to 18, further
conprising one or m)r%raﬁﬁlﬁf%Eggﬁpgﬂopyg%w?g@l@mé%zPb?ré‘ﬁfls

() formulated into a dosage form selected from the group consisting

of controlled release formulation, solid dose fast melt formulation,
controlled release formulations, fast melt formulations, lyophilized
formulations, delayed release formulations, extended release
formulations, pulsatile release formulations, and mixed immediate
release and controlled release formulations; or

(d)  any combination thereof.

21.  The composition of any one of claims 1 to 20, formulated into a nasal

spray.

22. The composition of any one of claims 1 to 20, formulated into a

pulmonary aerosol.
23.  The composition of any one of claims 1 to 22, formulated into an aqueous

aerosol and comprising from about 0.015 mg/mL up to about 600 mg/mL

of the glucocorticosteroid.
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20. The conposition of any one of clains 1 to 19 in a dosage form (a)
formul ated for inhalation, injectable, otic, oral, rectal, pulnonary,

opthalrnic, colonic, parenteral, intracisternal, intravagi nal
intraperitoneal, |ocal, buccal, nasal, or topical adm nistration; (b)
formul ated into a powder, |yophilized powder, spray dried powder, spray
granul ated powder, solid |ozenge, ca sule, tablet, pill granule, liquid

di spersion, gk, abeaagpol C@P’tﬁ’@ﬁﬁﬁlﬂo @Pln%ﬁ%a’t’ﬁer‘{lﬁﬁhtc@?Qﬁ}P‘ait@ﬂldi nto a dosage
form sel ect ed fro r%clgﬁtr&f QzIUiQ G084 FbhWe eg ﬁfuB%E} {tﬂtgse o l%arﬁg/IJLo&mJl ation,

solid dose fast ne or il At on, ~con or mul at'i ons, fast
mel t formulati onsmdryapbitl llmeﬂg/nﬁommbxat abons200rkaykedr ekgabeuti400mul at i ons,
extended release forpulations, pulsatile release formulations, and m xed

i medi ate rel eas&24n % oare-Andegowtd08a8mior nul ati ons; or (d) any

conbi nation thereof. 21. The conposition of any one of clainms 1 to 20,
formulated into a nasal spray. 22. The conposition of any one of clains 1

to 20, fornubéatedThetempositiol oftdigroncafclaind 1 t234, fdineulgiedas bh b@ueoa§ any one
of claims 1 to 22, forrrul ated into an aqueous aerosol and conprising from
about 0.015 mg/rrLa@rssq lowhersintth 6é®p}ﬁ3m‘a‘_theé¢romlélam ueBsvmedigbst eroi d. 84 24.

The aerosol conpogj] th@nﬁﬁ fifm&tegp BlicteldARhEH é%ttbfc%%ﬁsﬁlﬁég fsr%g

concentration is Sé rrom t heé group con ng O g/ L or

nore, about 100 my4ul tsbote1 €0 midiony; fe@Dabvat Oll toabe@Ne,miekduf frdd0 g/ nL or
nore, and about 60 na/m_ 25. The conposition of any one of clainms 1 to 24,
fornul ated into aAbe éoaboutéemwms lemha@abpqtﬁém@r@ﬁ; feems abputtie aer osol

have a mass nedi an Lﬂqbﬁ %Can%% 5§Jut§§ &0%96688 totlge group consi sting

of less than or mcrons; Trom abo 1 to about 10

m crons; from about 2to about 6 m crons; Iess t han about 2 mcrons; from
about 5 to about 100 microns:; and from about 30 to about 60 m crons. 26.
The conposit 26n offheegmpesition ofanyiang of clagn bt 3t fasmalaged inf 2 agrosebr osol

and further comprising one or more solvents and/or propellants dissolved

in a non-aqueous solution for co-administration from a multi-dose inhaler.

27.  The composition of any one of claims 1 to 26, further comprising at least

one non-glucocorticosteroid active agent.

28. The composition of claim 27, wherein the at least one non-
glucocorticosteroid active agent is useful in treating asthma, allergic
conjunctivitis, seasonal allergic rhinitis, or other inflammatory or allergic

condition for which glucocorticosteroids are conventionally used.

29.  The composition of claim 27 or claim 28, wherein the non-
glucocorticosteroid active agent is selected from the group consisting of
long-acting beta-agonists, leukotriene modifiers, theophylline, nedocromil,
cromolyn, short-acting beta-agonists, ipratropium bromide, prednisone,
prednisolone, methylprednisolone, salmeterol, formoterol, monoleukast,
zafirlukast, zileuton, albuterol, levalbuterol, bitolterol, pirbuterol, and

terbutaline.
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and further conprising one or nore solvents and/or propellants dissolved in
a non-aqueous solution for co-admnistration froma multi-dose inhaler. 27.
The conposition of any one of clains 1 to 26, further conprising at | east
one non-gl ucocorticosteroid active agent. 28. The conposition of claim27,
wherein the at | east one non- glucocorticosteroid active agent is useful in
treating asthma, allergic conjunctivitis, seasonal allergic rhinitis, or

ot her i nfl and&t or Yhecompositigy of anyendiof tloims bto 24hifeimujdted ttoan aqester oi ds are
conventional |y used. %PiQ. The conposition of claim27 or claim28, wherein
the non- gl ucocor PRI MIERIY active agent is sel ected fromthe group

consisting of | opg- ackisBatidIgi-aciR@RPlct bBthelaGieRE abRBS ORGrséLdt Seast ,
t heophyl I'i ne, nedocCromi |, cromolyn, short-acting beta-agonists, ipratropium
brom de, predni sone, pneganopaitioniate ghetdegitisogtevidpdrticle; sal net er ol

fornmot erol, nonol eykas zaf] rl.ukast i leuton, albutero], |eval buterol,
bitolterol, pirbut¥rol ?Heﬁapale%ts.@f agquHﬁl?avggxgﬁs_s nﬁ‘?éancacﬁ’ﬁodié'g?"fllcon of any one
of clainms 1 to 29, fOrMR&QMMAB)MSﬁﬁxﬂ%%&ual@@é&'i@!l%‘ﬂﬁér@hsﬁ: (a)
essentially each droplet of the agUeous aerosol conprises at least one
nanoparti cul at e gla)cocthetglemsoricosterophiststletted froh) the lgeouproopsisting aff t he

aerosol have a mass nedi an aerodynam.c  .di aneter l.ess. t han or equal
to about 100 microns; BS‘C”@H%G’S’P 8’8‘8?1?%?’8&%%%‘5&t@é@%’@op%mthe gr oup

consisting of fluti camasgﬂg%&ﬂ&g&nfrfﬁljogtgpmﬁa%}?éggﬁg%gde,

trianci nol one, nonmetasone, nonetasone furoate, sone propi onat e,
becl omret hasone di propi bedémgthdsna diirbpisnate, dekarnethasone; tniainiménolone,

becl onet hasone, fl uocipol.one, fluocinonide, flunisolide. m hydr at e,
flunisolide, nomet asongec‘fl?l‘?’?)@?‘%’n qeetluocineny gé‘BIS?L]‘g%d conbi nat i ons

2bout 0.0 15 /L up En et B b e 1 zer 16 &
pol yoxyet hyl ene sor bi t alobétasdlyamdaiothbiresivas therofl
(d)  the glucocorticosteroid is present in a concentration of from about
0.015 mg/mL up to about 600 mg/mL
(e) the nonionic stabilizer is a polyoxyethylene sorbitan fatty acid
ester; and

® the amphiphilic lipid is a phospholipid.

31. A method of making a sterile composition comprising:
(a) particles of at least one glucocorticosteroid, wherein the particles
have an effective average particle size of less than about 2000 nm;
(b) at least one nonionic surface stabilizer; and
(© at least one amphiphilic lipid,
wherein the method comprises:

1) contacting particles of a glucocorticosteroid with at least
one nonionic surface stabilizer for a time and under
conditions to reduce the effective average particle size of
the particles to less than about 2000 nm;

(i)  adding at least one amphiphilic lipid to the
glucocorticosteroid composition, either before, during, or

after particle size reduction; and

86



(f) the anphiphilic lipid is a phospholipid. 31. A nethod of making a
sterile conposition conprising: (a) particles of at |east one

gl ucocorticosteroid, wherein the particles have an effective average
particle size of |less than about 2000 nm (b) at |east one nonionic surface
stabilizer; and (c) at |east one anphiphilic lipid, wherein the nethod
conprises: (i) contacting particles of a glucocorticosteroid wth at |east
one noni oni ¢ surface sfibi [ §toasp headingshe ¢amppagiipnip @demperatues efi 6018 t o reduce
the effective average parti i f ticles to | ess than about
2000 nm (ii) adding at |ea§4°%%§1e§°§cn§%?bﬁﬁ?ﬁ5?§?i pid to the

gl ucocorticosteroid conposition, either before, during, or after particle
size reduction; and 86 (iii) steam heating the conposition to a tenperature
of from abotd 11Bhezamposhipntof 88y oug olxdaimsHetodd fBousetindheray- any one of
clainms 1 to 31 for use in therapy. 33. The use of the conposition of any one
of claimse 1 to 31 in the manufacture of a nedicanment for the treatnent of
asthma, cystix fiDiosdef iR dopmiositioadshniyehd ¥eclsits T aN Yin theSRagFact@ephy sem,
respiratory distress syndronme, chronic bronchitis, respiratory illness
associated with a@fmmﬂééammﬁfﬁ@he&é@m@émtm%éyﬁwé?b@ﬁﬂ chreiGmat or y

condi ti ons of theobeﬁ-ﬁcfvi nfll ammtdor% condi ti60ns eOfiraihe d%iien i Hf | ammat ory
conditions of the® BEPCUVERYIOUIY CSSASH TIBRSCHF RS SMePEII RS ndi t i ons
of the skin, all egfibsic besHhiRCilckpitdtdr§ illR3sl ass6ciaRnMitlpddqaired fnmithi tis. 34.
The use of claim 33, wherein the nedicanment is admnistered via a nasal or
pul monary aer osol def@gncyhgndieme gnddnBammaoryemnditions ohitheaei ent del i very tine
for the aerosol a3t abhaRoh or MR HAmARots SO0 Gout 15

=

allergic conditions of the eye, allergic conditions of the skin, allergic

conjunctivitis, and seasonal allergic rhinitis.

34.  The use of claim 33, wherein the medicament is administered via a nasal

or pulmonary aerosol.

35.  The use of claim 34 wherein the patient delivery time for the aerosol

administration is from about 15 seconds up to about 15 minutes.
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