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and chronic treatment of asthma in adults and pediatric patients and for the relief of
symptoms of seasonal allergic rhinitis in adults and pediatric patients.

Leukotrienes are biologically active fatty acids derived from the oxidative metabolism
of arachidonic acid. Leukotrienes work to contract airway smooth muscle, increase vascular
permeability, increase mucus secretions, and attract and activate inflammatory cells in the
airways of patients with asthma. The action of leukotriene can be blocked through either of
two specific m'echanisms: (1) inhibition of leukotriene production and/or (2) antagonism of
leukotriene binding to cellular receptors.

Leukotriene-receptor antagonists are the first novel class of anti-asthma drugs to
become available over the past three decades. The drugs have an unique profile in that they
are a hybrid of anti-inflammatory effects (antagonism of proinflammatory activities of
leukotrienes) and bronchodilator effects (antagonism of leukotriene-induced smooth-muscle
bronchoconstriction). The drugs can be taken as a tablet once or twice daily. The published
data with leukotriene- receptor antagonists show good anti-asthmatic activity over a wide

spectrum of asthma severity. Leukotriene-receptor antagonists are also effective in treating
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ALT elevation, myalgia and generalized pain. Zafirlukast has been associated with Churg-

Strauss syndrome. Churg-Strauss syndrome is an eosinophilic pneumonia, a variant of
polyarteritis nodosa with a predilection for the lung. This syndrome has been reported in at
least eight patients since the approval of zafirlukast.

1.  Zafirlukast (Accolate®)

Zafirlukast is a leukotriene receptor antagonist of leukotrienes D4 and E4. These
leukotrienes are associated with airway edema, smooth muscle constriction, and altered
cellular activity associated with the inflammatory process. Zafirlukast is used in the
prophylaxis and treatment of chronic asthma in adults and children over 12 years of age. It is
not recommended for the treatment of acute asthma attacks. The normal dose is 1 tablet (20
mg) twice a day. Zafirlukast is an oral therapy, which is rapidly absorbed after oral

administration, with peak plasma concentrations achieved approximately three hours later.
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3.  Zileuton (Zyflo®)

Zileuton is a specific inhibitor of 5-lipooxygenase. This action effectively inhibits
leukotriene production. Zileuton is a cytochrome P-450 enzyme substrate and as such will
affect plasma concentration of other such substrates. Caution should be used when dosing
zileuton with theophylline and propranolol. Zileuton therapy should be continued during
acute exacerbations of asthma. The drug is available as an oral dosage form only. It can be
given with or without food. The usual dose for adults and children over 12 years of age is 600
mg four times daily. It should be taken around meals and at bedtime.

B. Background Regarding Corticosteroids
Corticosteroids have been shown to be effective for the maintenance treatment of
asthma as 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
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I nhal ed corticosterolds wor y preventing certain cells int ungs and
br eat Hieirymode of application. They can be given orally, orally, injected into the vein or muscle,

applied locally to the skin, or injected directly into inflamed joints. Corticosteroid drugs can
also be used as ingredients contained in inhalers to treat asthma or bronchial disease and in
nasal drops and sprays to treat various nasal problems. Corticosteroids can be used in
conjunction with other drugs, and are prescribed for short-term and long-term use.

The potent effect of corticosteroids can result in serious side effects which mimic
Cushing’s disease, a malfunction of the adrenal glands resulting in an overproduction of
cortisol. The list of potential side effects is long and includes increased appetite and weight
gain; deposits of fat in chest, face, upper back, and stomach; water and salt retention leading
to swelling and edema; high blood pressure; diabetes; black and blue marks; slowed healing
of wounds; osteoporosis; cataracts; acne; muscle weakness; thinning of the skin; increased
susceptibility to infection; stomach ulcers; increased sweating; mood swings; psychological
problems such as depression; and adrenal suppression and crisis. Side effects can be

minimized by keeping to the lowest dose possible.
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having adsorbed onto or associated with the surface thereof a non-crosslinked surface
stabilizer. The '684 patent also describes methods of making such nanoparticulate active
agent compositions but does not describe compositions comprising a leukotriene receptor
antagonist in nanoparticulate form. Methods of making nanoparticulate compositions are
described, for example, in U.S. Pat. Nos. 5,518,187 and 5,862,999, both for "Method of
Grinding Pharmaceutical Substances;" U.S. Pat. No. 5,718,388, for "Continuous Method of
Grinding Pharmaceutical Substances;" and U.S, Pat. No. 5,510,118 for "Process of Preparing
Therapeutic Compositions Containing Nanoparticles. "

Nanoparticulate active agent compositions are also described, for example, in U.S.

Pat. No. 5,298,262 for "Use of Ionic Cloud Point Modifiers to Prevent Particle Aggregation
During Sterilization;" U.S. Pat. No. 5,302,401 for "Method to Reduce Particle Size Growth
During Lyophilization;" U.S. Pat. No. 5,318,767 for "X-Ray Contrast Compositions Useful in
Medical Imaging;" U.S. Pat. No. 5,326,552 for "Novel Formulation For Nanoparticulate X-

5



Smal | Magnetic-Dextran Particles;" U S. Pat. No. 5,352,459 for "Use of
Purified_ Surface Mdifiers to Prevent Particle Aggregation Durin

Sterili z&’t%%’ﬂ‘,?’g”ﬁ?ls Pat. Nos. 5,399,363 and 5,494, 683C Tt%‘izﬂ"ﬁr"%?f’sq»ws,urface
Modi fied Anticancer Nanoparticles;” U S. Pat. No. 5,401,492 for "Water

I nsol ubl e Non- Magneti c Manganese Particles as Magnetic Resonance

Enhancenent Agents;" U S. Pat. No. 5,429,824 for "Use of TyI oxapol as a
Nanoparticulate Stabilizer;" U S. Pat. No. 5,447,710 for "Method for Making

\op R 89 ) ol B 40K U by S g e 3
Conpomics et Vw0000
fOorrbl REQDAB %t:ﬁa" g@%ﬁh&éﬁé i 0y forc @595@3@%@5 Eﬁespho 1pids “PBF‘? g5 370 583
T o N1 (B, 10 S0 oGP TR LB OO DI 6
ANanonaPﬂeyené:Partaldlg[ymgwommﬂ Inex??s@eﬂtddnhhgﬁ'] IIJ'.&nByldNo'(ié,a4g,§OX;c§f{WséNigﬁt rast
59285 r EO %Y ; %" ﬁ%ﬁ%ﬁ%ﬁﬁapmrast Agent s
For E&ﬂ&a ?H’tlej@@ai—wg%%@ %&I"l’.—"&’%ﬂﬁ%ﬁg@ﬂ% gdéénﬁ%c P@&;gxédﬁ@%g 8,738 for

"Nanoparticu NSAI' D" For rﬁJ ations
NanoﬁaralllMagmtle-Dexﬂ'ani Pprtivied U.BePatvioi 5,852,455 forSEseasf Dariteed Smfat:c ast Agent s;

- Ray Mssiisrs i PratPattil AePtsaas Sio g aetaasha T Sob: dar. g u s, '

Pat . AMHER " pﬂgh&grﬁg v/ it ons
Cont a?ﬁ?ﬁgsgﬁanop%?t ?gﬁ‘aecse%ema%cg{& . 5521(%]?%01']%?5{ %ﬁ;rfsaqgg}l?/%dl fied

NSA| DforNéNuiq:xaInSolulbleNdn-Masneti@dﬂanganeseEPaﬁ:BﬂnS%Magnetlb Resonanet i ons of

U St Ke B USR5 Bo- SOP AT 6 sk Of ayBRbeszs arianepertindaB T ace
Modi f S?a'bﬁlziap" U'@'PAP @M 504493710 b BMethad forlmg%?% RaSoptfclfe X-R%' Bigdded

Non-i oni ¢ Bl’ock Copol ynér Surfactant as St | zer Coatings for Nanoparticle
6 WO PWWW%@@@W%MQH&M$M&M@& P S P N&, 571, 536

G5 ooEaPd AR Bey CoBRR CotRiont BSGTLNuhidy maRlaRO IR PRONSY o 0% ©

Di agnegiss g4biretomrilaged d@ﬁﬂ@ﬂé&dﬁﬁ&stﬁ&l ﬁmgﬂdsn@qma ﬁonﬁqam%sen&qh Bl ood
Pool and Lyrrphat I c System | 573, 750 Di agnosti c

| magi GgmkirRsipn “wrﬁhaag@cengeaiggﬁcceptasle @airs " NCS PQ’C 5‘118 57449, 5f85 rf01" 'FM@Ithl)er sible
0P8 bR ke bR R TR PRI e P 10
Aggregation;" U.S. Pat. No. 5,472,683 for "Nanoparticulate Diagnostic Mixed Carbamic
Anhydrides as X-Ray Contrast Agents for Blood Pool and Lymphatic System Imaging;" U.S.
Pat. No. 5,500,204 for "Nanoparticulate Diagnostic Dimers as X-Ray Contrast Agents for
Blood Pool and Lymphatic System Imaging;" U.S. Pat. No. 5,518,738 for "Nanoparticulate
NSAID Formulations;" U.S. Pat. No. 5,521,218 for "Nanoparticulate lododipamide
Derivatives for Use as X-Ray Contrast Agents;" U.S. Pat. No. 5,525,328 for "Nanoparticulate
Diagnostic Diatrizoxy Ester X-Ray Contrast Agents for Blood Pool and Lymphatic System
Imaging;" U.S. Pat. No. 5,543,133 for "Process of Preparing X-Ray Contrast Compositions
Containing Nanoparticles;" U.S. Pat. No. 5,552,160 for "Surface Modified NSAID
Nanoparticles;" U.S. Pat. No. 5,560,931 for "Formulations of Compounds as Nanoparticulate
Dispersions in Digestible Oils or Fatty Acids;" U.S. Pat. No. 5,565,188 for "Polyalkylene
Block Copolymers as Surface Modifiers for Nanoparticles;" U.S. Pat. No. 5,569,448 for
"Sulfated Non-ionic Block Copolymer Surfactant as Stabilizer Coatings for Nanoparticle
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G Tract Usi ng Nanoparticles Stabilized by H gh Ml ecul ar Wi ght, Li near
Pol y(ethyl ene Oxide) Polyners;" U S Pat. No. 5,585,108 for "Fornul ations
of Oral WR3M6EMPestinal Therapeutic Agents in Conbi nBETER200009P837
Pharmaceutically Acceptable Clays;"” U 'S. Pat. No. 5,587,143 for'Butyl ene
Oxi de- Et hyl ene Oxi de Bl ock Copol ymers Surfactants as St abi lizer Coatings
for Nanoparticulate Conpositions;” U S Pat. No. 5,591,456 for "MIIed
Naproxen wi t h Hydr oxypropyl Cellul ose as Di spersion St abl I izer;" U S. Pat.

N S ARARG ) 5 DD, 5 SO P ek 8 Cpo Pl bRl o1 ©

Sur f aOispétsiohPin D%ﬁﬂﬂé’@ﬂ&bﬁF attyJA8ds;PUL.S, IR N&. 565?3 POfot manopbimm@d
For mul at i ons _of Gast roi ntestinal Di agnostic ﬁ/ Contrast Agents and

Or al Diesnastio Miked Cmbapcyhménx%l@s %XA@@hilgntrasUAgentpéQr Inpd Pgoland, 552 f or

AgengL %%ﬂaﬁgkggtgmﬁa%&%g% { ?11%? 53,?2‘??09 "m%lﬁ%ﬁcdﬁ@my Cont r ast

5, 71&:&ﬁﬁsﬁ&gent@0ms rBaolN:‘o Wfsl?tam3 Q‘ér '&Reutsgeﬂsmle Rhgspaptieldte Piin Mubﬁ:bances
US Pat. No., K 5, Nanoparti cl Cont ai ni_.ng .the R(- )Enantlorrer of

| buprWithProtegivs O‘Fﬁiﬁoat-‘NoU SS Payy Nep b 89;579 f‘?Xé'lsﬁﬁ'@P%Clﬁb Adhesiom YVithpe heonet hasone

Na
O RS i ity ARAbRIANES Stabitized b e Vholeduir i, Llear FRIMERIOR OF
Phy si Oxide) RulymerSEdd.8i PatsNob. §)585,108or ! NﬁnmﬁatfbﬁEoB@Qal '‘CNatroftassingll | i ne

Formul ati ons of Hupan | pmunodeficiency Virus Prot ease | nhi bi tors
USI nol hempenioAgentsin € ambinatiom with Fharmaceutigally Amaspta Claysysd. 888t Nox " Met hods

(i vy R AEBE HRleR ORE-BAN T T ol Colihers SUEHIRINR LE0@Rer ) "p

NO CoatingL o Namparha,tletetcaim;msﬁmnscﬂ K.B$ | Rat Na@f5, 5% oot I'efill et Mapgkaxsnoxen;

Napr d;thydrgxgnr%pél?éel[%ggsefag %ISA‘UD b?lzgrggﬁgﬁgt%f #@3&32 Mtg Usi ng
'\'ano%éfﬁfn?gil{P@rgﬁﬁéﬁﬂﬂs%ﬂ?ﬁ%dq&ydggwoén@m&gufsﬁﬁ é‘"iﬁiﬁlﬁt( V) Protease

I nhibitors I zed A8rosol's nt ai ni ng
Nan o f5622,338foD' Supar BasedsSutfactast foPaanoddpstals;" 263, B&9ND 05,628,981 £906/ 099591

PCTI 2006/ 009837, f P h d Par
Aggr 3 P¥°cYF|‘? %H@Eﬁ%‘ff&ﬁf Q?!PIZG e evarﬁﬁggme%ékaﬁ&on% Ag%rﬂtsmgéef f or
g{) Pﬁ%s%mteéﬁhalzp&@lgeﬁégﬁoa&s,&eféqfa% Notegis 559%§"m{05 RRARA ¢ i cul ate

nposi tions 6, 316, 029 for "Rapi d I ntegrating Solid
O al IDegmaytic Mixed Catbofic AdadtydriNies ascX-Ka§ @ﬂ&aﬁto&géh&ﬂor BldoglRool Biahoparti cul at e

COMP Yt iafle sTROR Tt Pu XY BSE MoSh b is SR8 R "Bbhuodl MethSd HF8hhdGng" " T 2°¢
Pharmaceutical Substances;" U.S. Pat. No. 5,718,919 for "Nanoparticles Containing the R(-
)Enantiomer of Ibuprofen;" U.S. Pat. No. 5,747,001 for "Aerosols Containing
Beclomethasone Nanoparticle Dispersions;" U.S. Pat. No. 5,834,025 for "Reduction of
Intravenously Administered Nanoparticulate Formulation Induced Adverse Physiological
Reactions;" U.S. Pat. No. 6,045,829 "Nanocrystalline Formulations of Human
Immunodeficiency Virus (HIV) Protease Inhibitors Using Cellulosic Surface Stabilizers;"
U.S. Pat. No. 6,068,858 for "Methods of Making Nanocrystalline Formulations of Human
Immunodeficiency Virus (HIV) Protease Inhibitors Using Cellulosic Surface Stabilizers;"
U.S. Pat. No. 6,153,225 for "Injectable Formulations of Nanoparticulate Naproxen;" U.S. Pat.
No. 6,165,506 for "New Solid Dose Form of Nanoparticulate Naproxen;" U.S. Pat. No.
6,221,400 for "Methods of Treating Mammals Using Nanocrystalline Formulations of
Human Immunodeficiency Virus (HIV) Protease Inhibitors;" U.S. Pat. No. 6,264,922 for
"Nebulized Aerosols Containing Nanoparticle Dispersions;" U.S. Pat. No. 6,267,989 for

7



St abilizer and Dioctyl Sodium Sul fosuccinate;” U S. Pat. No. 6,428,814 for
"Bi oadhesi ve Nanoparticul ate Conpositions HaV| ng Cationic Surface

St abi | i z‘EP&”“"B”Ql Pat. No. 6,431,478 for "Small Scal ECTYSR006/009887 pat. No.

6,432,381 for "Methods for Targeting Drug Delivery to the Upper and/or

Lower Gastrointestinal Tract;" U S. Pat. No. 6,582,285 for "Apparatus for

Sanitary Wt MIling;" and U S. Pat. No. 6,592,903 for' Nanoparticulate

Di spersions Conprising a Synergistic Conbination of a Polyneric Surface

sk:gg%@?déqnp 3 ‘ée"gg‘%la%&t%g%ﬁfg"ﬁg% ?"ﬁ& %F%%‘E{S’Bégi%?g%g%gn ne:" 6,742,734

for "Compssitionsd UB!t Pa&dNB% 2‘M 806 M"W@Hpms)envﬁnie@il 1 ak SarfaceSmal | Scal e
M1l and Met hod Ther eof ; 811 767 for uid dro Iet aer osol s of

nanopiabilizass furdNamepasiculats, @U@%Q@nﬁﬁﬂ 8 8i 43 I Repidlyconbi nat ion of
'%gﬁ {)fegé{}ﬁgfsao?ﬁw 8?&%@%&'&13%9%& g&%ﬁ@é r"'§(§)lfvfﬁbs 6,969, 529 for

€ conposi tonpri Si V|nyI pyrrolidone

and \Nangbardicelatet Cora ?oﬁmﬁsmmsaig d $yrEdstic c&nsﬂlﬁu&ﬂafépélym‘éﬁatsaﬂfawd Met hod
for MII|n Materi a " and 991, 191 for " Using a Smal |l Scal e

MII; lahzer@n Rhoenl Sedium Sulfosyceinpiey’ UﬁcBatpHpa@éaf? §§f4 f@f"&@d@éswq n

S0 e A0 i i SGRAE AR A AN e oBg ey

nanoﬁar tSmall Sdate MillPYASSt PatnNo. G432,381 bp@ofeﬂmdafdﬁfargatmg@ugmﬁvhy toef er ence.
None of these references descrlage conposi tiqQns of nanoparticul a

| eukdbs Pener andfer iotest Cashpplestinad deactio U S Rie- 6, 139 2800y elmﬁmm@ i nhi bi t or

5t ticl

ComporigTeL AR eRALLS PG S R0R TS| Nijolaras R RRRSIGRST: 152 for

Par 2@ 6m689i?ymgmu¢ g:ogfbnﬁtlbh Ngf( d Belymhfc eSarmcﬁm ssuabmozlebazﬂllp tDlealgqu?dmhi S. Pat.

or Q r | I TOr |l Zze arti C S rom

Wt erS“?fi%?§’éﬂ°!P@1‘f‘e" 6,682 Horéb\l%gemﬂmﬂ%e Lég@ponﬂ&pzs fygmpasiyg Am @mﬁm " Met hod for
Mak I Q[gﬁpso Pat .
5, 7211%%!%&){)1%&“ Hﬁ%gggrg ﬁ%{yk%ﬁl ﬁgé\gétgg%tdgg@ or ar t rlg?es %Jﬁam form S| ze
for asmwmmmmm«aoﬁr 16,841 (767 ot “Hdquid’ dr@piet dor@olsraft .  No.

5,776, 496, Utra roys Particles, for E hancl n 2006/ 099591
oCr depoRAiaes SRSy G IO ST e S PeR QT Aving A copbLaoRID ?ém@%&m fically
'ncorrera%s%taﬁﬁ cBRESIdA R ?% PR Stcs] h@b 5§9R) rrecgéa‘i’tii Bglﬁ&fs of

i nproved conpositions treating ast ot r| ne I nhi bi t or
C oNp@Eemprising capoiymerstofmsquxyn'oﬂdmrqndymyl acmatbaveulfaogrstalbllrsl;” side effects.

COMPOSS Fo, S eor Ayshein ahd Meod 1o RANEE Mierials¥ o208 990481 5o Milodof therefore
Using a Small Scale Mill;” all of which are specifically incorporated by reference. In
addition, U.S. Patent Application No. 20020012675 A1, published on January 31, 2002, for

“Controlled Release Nanoparticulate Compositions,” describes nanoparticulate compositions

)

and is specifically incorporated by reference. None of these references describe compositions
of nanoparticulate leukotriene inhibitor compositions, or nanoparticulate leukotriene inhibitor
compositions in combination with corticosteroids.

Amorphous small particle compositions are described, for example, in U.S. Pat. No.
4,783,484 for "Particulate Composition and Use Thereof as Antimicrobial Agent;" U.S. Pat.
No. 4,826,689 for "Method for Making Uniformly Sized Particles from Water-Insoluble
Organic Compounds;" U.S. Pat. No. 4,997,454 for "Method for Making Uniformly-Sized
Particles From Insoluble Compounds;" U.S. Pat. No. 5,741,522 for "Ultrasmall, Non-
aggregated Porous Particles of Uniform Size for Entrapping Gas Bubbles Within and
Methods;" and U.S. Pat. No., 5,776,496, for "Ultrasmall Porous Particles for Enhancing
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hi ghly desirable. The present invention satisfies these needs. SUWARY OF
THE | NVENTI ON The invention is directed to conpositions _conprising a

corti coW@rH6®IWAH a nanoparticul ate | eukotriene receBFW%F’%"@ i st. The
nanoparti cul ate | eukotriene receptor antagonist has an effective average
particle size of |less than about 2000 nm The corticosteroid can have. a
nanoparticul ate particle size, a non-nanoparticulate particle size, or be
in a non-particulate form such as solubilized. If the corticosteroid has a

nano Lcul I h7 8 . i ' jcles have an

o cglipesily Sl S8t il B Skt ePigoafl FRbIOERE! flrBli iRl

conposi ti dfierenm ided forcediposiiens bf infrotedwompdsitibas for tfeating astigha.f or the
nanoparticul ate, | eukgtriene receptor antagonist. If the corticosteroid has a

nanofayreng [qukpiaiens hibitqr compegitions and corticopterpid eompesitionshaye signifisadlr i se at -

| east; r IR . t GO | The
nanop e, CORBOSHBM byl el Boved VORBMBE AR S SRS Belisthe T7C 1 1
t he Sdgklydssitabledi Tiegpresent invenadnvatists dlpese heeds| at e corticosteroid surface
stabilizer. The conpositions are useful in the prophylaxis and chronic

treatnment of asthma in _adults and pediatric patients and for the relief of
al | erWﬁQ&lﬂﬂMﬂMptons of seasonal allergic rhinitis in

adul ts an ' ' li&o L hgui(&% tor antagoni st
with a co%ggg%etgogﬁ%@?én&a siscr?&gggpgfrﬁrr%%ﬁ}so resu fsg&?i%ﬁl&rar%r oved efficacy.
| n ashdoparticulatp &uketriene aeqeptoa anmgomiste The namspasticutate wakytrieneredeptage formi s

needed. I n one e di.nent of the.,invent,ion tg)e cg ositions can be conbi ned
wi t h aptagoigthas ag elleqtive averagemagtiols size i less oY% Rt carrier. In yet

anot : ' tNen ' i?gﬂﬁ : b1 ' dinto
I nj e?’? %@?&gﬁg%ﬁgﬁﬁv& ns. %P%Hgﬁg{te er (laﬁ)%%??rrg%?l \égdf;ﬁdtrﬁgﬂ?t%?gﬁ{te ileggin%éggr osol
dosade ihamos-pafticalaté foaat, seoheas snhibiljzad.t Ifdhe earticdstarkict hais amanopaniidildter and at

| east one cortjcosterqjd are,described. Such, aerosol cogpasitions enable
| oc al PaKlR §17% ther 6 FORcottRrod BATREles Ak an SHECtNEAVeHIEe ZIEIHSTZE OIS WO

2006/ha0atht 2560 w2 %@69&%@%&0@6& als6 @8fnBrS %leé’é@bﬁé“s&&%b‘ kﬁﬁifli'zgr fopss liver

toxicity since the Ii1ver be exposed'to lower amounts o rug as
c onpéahe danopanticulatedldwkotriena meensor. antdgenist b teer dortieisteraid hasi k oanaperticulate cept or

o L e e bR DSBS o e e SRR B, 0L 2000
non- nanepafiddlse teitRofeioid.CTRe finbBartililate leukotriene receptor antagonist surface

stabilizer can be the same as or different from the nanoparticulate corticosteroid surface

stabilizer.

The compositions are useful in the prophylaxis and chronic treatment of asthma in
adults and pediatric patients and for the relief of allergic conjunctivitis and symptoms of
seasonal allergic rhinitis in adults and pediatric patients. Combining a leukotriene receptor
antagonist with a corticosteroid in a single formulation results in improved efficacy. In
addition, patient compliance is enhanced since only one dosage form is needed.

In one embodiment of the invention, the compositions can be combined with at least
one pharmaceutically acceptable excipient or carrier.

In yet another embodiment, the compositions of the invention are formulated into
injectable dosage forms.

In another embodiment of the invention, aerosol dosage forms of at least one
nanoparticulate leukotriene inhibitor and at least one corticosteroid are described. Such

aerosol compositions enable local administration of the leukotriene receptor antagonist and



be in a non-particulate form such as solubilized. If the corticosteroid has
a nanoparticulate particle size, then the corticosteroid particles have an
ef fecti vevQAIMOAIB%articl e size of |ess than about 200BCHWS2005/009837
conpositions can also conprise at | east one surface stabilizer for the
nanoparticul ate | eukotriene receptor antagonist. If the corticosteroid has a
nanoparticul ate particle size, then the conposition can also conprise at

| east one surface stabilizer for nanoparticulate corticosteroid. The

nanopart i cul at,g | eukotrjepe receptor .antagoni st surface stabilizer can be
the sdipaticpstesqidwhich resuits iy lss lives towigitsinceitelivar vill herexposedde Wers ur f ace

st abi I § &ﬂ%@# aﬂ{im&iﬂl L 1\ € My ] £t ons of the

[ nvent%‘ﬁﬁ%saélfmggg% or %ﬁgﬁl nto |§?‘r|%tfb\efllf %Hﬁ?ﬁﬁ%%ﬁgtﬁ%?@%@ég%e;ﬁ@f ormul ati ons.
An i nhetgtorantdgonisthatanaffecive derage pattigls sdzedofipsrtharogbone206hmoThe dry
powder aerosol,. A |iquid conposition, for, delivery viag nebul i zer or

met er PTEASETOIf KR L?V%g"’e‘??é‘f"ﬁ%ﬁ“lﬁei R“F%tl%ﬁz%l aé’@ﬁﬁ%?ﬁ%?ﬁé‘@ thYZ O t he

i nventy e | iy s S ks ' | ne, or in
comp! resin g Hofk P e Fofl, sio obilred CHIRPERONd b SiGhGp Aot
conposparficie size,dthemlfha gottiwosthmid particles baveanreffeetived averdpge ffactiale size af ldssy powder

al one, .or in I natjon with other substances such as gn exg¢jpient. Nasal
For it ehee GE00 B The CABPS R 2R ORGSR A BTG SRRTZEL B v ont
di spergé fih URREREkA e reBefiO Rifitohist Nf LA Jitbrdia Hab§ dufile Ccul ar

for mul atlong can be in the formof a solution, an appropriaté solvent,
di sperpsarticie size,shepthe sompositiomcdn ajso comprisa atleastont Iserfacesypahilizenffort he i nventi on

e o RS PRR T, EhSpSORREE SRS kB BELABAEE | o0,
di spersgdmiiser eaebSMERAME ﬁQoP&if&?én?ﬁom%@hiﬁFﬁﬁﬁicﬁﬁt@&ﬁﬂéoﬁéfﬁﬂ siPfage) emul sifier

or a surfactant and optionally, a propellant. In another enbodiment of the
i nventstabilizenere is provided a method of preparing a nanoparticul ate

| eukotri ene recepior. antagoni st fornul ation.. The. net hod.conprij ses: (1)

di Spor si ng 1AHE! FEARUEEPLHans VEpih L6 fOmPGHHGES oHA8 TPegHPRean Sper si on medi a
and ( Zbrmfeel 3o GdlMionSAE], BPoéuler BARIIAGHR. Hirahlhtibhforaldtidh ch@BEar eCept or
antagoni st to an effective 10 WD 2006/ 099591 PCTI US2006/ 009837 aver age

par t i diquiddispersibn aerosoltonardrypowdera@aBoln M liguidicommposition 461 delivery viaa be added
to the .di.spersion di a .either before. during, .or after rticle size

" ecuctiebHiZeB0E Fisfele Gose datiesibengrally fiTHing i FoRHeiitn Scniling B iR ErEnfer nt ai ned
W t hi Mptieforatda sehutibh,spddsish, & dispeddiéit/ilofk, or in combination with other

substances such as an excipient. A dry powder composition according to the invention can be

in the form of a dry powder alone, or in combination with other substances such as an
excipient. Nasal formulations can be in the form of a solution or an appropriate solvent,
dispersion or suspension of a composition according to the invention. Ocular formulations
can be in the form of a solution, an appropriate solvent, dispersion or suspension in a liquid
phase.

Another aspect of the invention pertains to dispersions of the compositions according
to the invention wherein the compositions are dispersed in a liquid or in a gas. The liquid
dispersions are comprised of water, a dispersing agent such as an emulsifier or a surfactant
and optionally, a propellant.

In another embodiment of the invention there is provided a method of preparing a
nanoparticulate leukotriene receptor antagonist formulation. The method comprises:

(1) dispersing the leukotriene receptor antagonist in a liquid dispersion media; and (2)

mechanically reducing the particle size of the leukotriene receptor antagonist to an effective
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during the size reduction process. An exenplary nethod of preparing a
nanoparti cul ate corticosteroid conprises: (1) dispersing the corticosteroid
in a |iqWY2MPEYSi on media; and (2) mechanically redtf%?%szo9ﬂ@9§}irt icle
size of the corticosteroid to an effective average particle size of |less

t han about 2000 nm A surface stabilizer can be added to the dispersion
nmedia either before, during, or after particle size reduction. Preferably,
the pH of the liquid dispersion nediumis maintained within the range of

from . [i t ize, reducti omn.proce

corti ?g%?é?%}rh&gg%%hégle?sg%ggg?t@ ?P%@'ﬁﬁﬁ&?cgﬁé%ﬂé‘%§cﬁ ?%aqq%gqﬁ?glﬁkot ri ene
I ecepldpersivhlragdis eftier beforé, [uriag) or\egteppatitls size RediRtibRIPRfetably, the HEI oM
separate_procedures and then ,  conbined. The surface stabilizer for the

| eukotthe liguid dispessionmegdiumm dompintained within the rapge effsomahewt 3to ahout§ £ f er ent from
t he sur{ L he corticosteroid. Yet another aspect of the

i nven;dp%ﬁg%%&/%&ééﬁ%%@ﬁ%s ‘of treating a mammal in need, including a

human, conir eieaplay tethal sfipregring atnagopariictiate domivostpid comprides: | eukot ri ene

i nhi bitor/corticosteroid ¢ompositiaon accordipng tqQ the invention, The
conpoébrdisnessing tc*wwemqommg l%ﬁ%l@ dispession merdl%;weg ;s%'sﬁghaa;saﬁy ERUcingr oni ¢

_ PR TR 62 oni e
al | or Greicle 826 BFThe Orfiblelols Bh o RRf) PhidrieeBaIE R BTt Baniabin %) 1 ©

adul t 2000 amp el saface tapilizeecdnsbe ddded ® the dispersiof atiglipeither baford) duting, e
foregoi,ng general descripti Wi, N det ai l ed description are

f ) n _and. the follow ng.
exenpREFEParHele sizp redustion. P r&%aa@néh? pHof thediquid a’FB‘?}F’GB med¥mds  expl anati on
of the. i L ' ' \ t features
1) R Rt e R e oot HREE 3 PHIRFL B ety BN SR u B0 RO | i ng
det ai IThd cagtcosteroid cam toef rethived in size simiubtanedoslyAvithcthe DGR éiEI rédep€lr THE
| NVENTI ON A, ervi.ew The co Nns,agcordin he i nvention conprise

osjti to

at | e AUPEYHY- ARG ASHYS AEGPIS AR bb eegueed inaive lPéﬁ@ﬁtng&ﬁ YUEHMEPRNd at | east
one ¢ ' t ' fa) | : t : agoni st has
on_ef PombaY Z&ﬁ%@%&@%?ﬁdﬁﬂ%@ i At e A B
PCT/ Us2h6 8¢ aodiffarént from the surfase tstabilizeefonilet caticosteveida nanoparti cul ate
particle size, a non-nangparticulate ,particle size,. or be in a
hon- par t i cU{chPRotheaiped A hedavesiphBravidiaa mathod pfeatipgiecoumBabingefiks o
Q?pgg?ri{c{l/% s g?gragﬁ‘ﬁréoh{ﬂrﬁing ArinitiARg i e GRMMhAGSIR0PhHcPaf bRl dhTedsave an

inhibitor/corticosteroid composition according to the invention. The compositions of the

invention are useful in the prophylaxis and chronic treatment of asthma in adults and
pediatric patients and for the relief of allergic conjunctivitis and symptoms of seasonal
allergic rhinitis in adults and pediatric patients.

It is to be understood that 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
A. Overview

The compositions according to the invention comprise at least one nanoparticulate
leukotriene receptor antagonist and at least one corticosteroid. The nanoparticulate

leukotriene receptor antagonist has an effective average particle size of less than about 2000

11



particle size of |ess than about 2000 nm. The conpositions can al so conprise
at |least _one surface stabilizer for the nanoparticul ate | eukotriene

recept orWR0WINt . 1f the corticosteroid has a nanoB&T{USReNcAPWIparticl e
size, then the conposition can al so conprise at |east one surface
stabilizer for nanoparticulate corticosteroid. The nanoparticul ate

| eukotriene receptor antagonist surface stabilizer can be the sane as or
different fromthe nanoparticulate corticosteroid surface stabilizer. Any

| eukof ri £ t ni st can included in the ¢ osi.fions
accorlétlEl n gﬂg 8&%t%§§e)[&i%ﬁ%§a%1?a%§ a @%Pr?%fcélﬁ)%e Pgﬁﬁfétsﬁeeﬁ 80?'88%‘&%%“;%% agoni sts

i ncl ugkaticlb wize 2drtberifta nonPatteshldtOformRithek Whlabilized affithé edefisdsterdid K hON,
pranlukast, their salts, G(tgrodrugs, esters and conbinations thereof. Any

cor t | eawpEtisnlategrtidde sige.dhen the corticesierpiskparticlesshave sorefieative average i nventi on.

Exempl at: ' ' ' d bu r | Jym . Pl uti casone,
budes%%ﬁ%lg?&qo??eg%%ﬁ%?)gﬁtei,ﬁgok‘#\ét eocr?gfp%fs’?igﬁg‘téaoq ?@e,oﬂpﬁﬁjs%ia(g;eggtno %pr opi onat e,
bec| osmfabestabitizerfop thepiaaopdrticulate faulktbtrizae esteptot antagamisti MHthe B6sticosteroid

becl onet hasone,, fl uoci nol gne, fl uoci nonide, flunisoljde hem hydrate,

nonet kRSGenoparigHate papirdhgiae dea thaeomposifionnandtse comprisp At leaghvadt ages of the
nanop, ' b - ' (e t | ' ' ositions
ot Pk e e B AR ARG Yer I, TR BRI AL e BRBP DS | 1
|'i mi tadadonist furfacee 3tabilizeechnvied the sad asor diffyrent 29mithefiappeadichiatavai | abi lity;
(3) snmaller dosage farmsize or volunme due to enhanced bioavailability; (4)
| ower corfieastepid sidacecdahiizerdue to  enhanced bioavail ability: (5) reduced risk
of unwante ' : : ' L: . | i ance;
(7)1 gherng edEofien Eiekptok tafti Bt RBdER i e ABHBOLERAF R BAHAGRAP

ef f ecthe weveption Bxeplarydsakdtriemtrasptorahtagsiibisindludeq 8ut 4rs natlimfteditoqat ri c
patients; and (9 nore effective relief of allergic conjunctivitis and

sy npt BRatelkast zadisivkpstAilentay, p ty their saits, prodrugs, estids pRAFUmbinationst i ent s.
The piesgpt invention also includes nanoparticul ate | eukotriene receptor

ant agoni st'l corti costeroi d conpositions together with one or nore non-toxic
physi ol ogi Aay torticesterejit ednlbe used ini the sompaliticisratsordimg to did iabeastioncol | ecti vel y
referred to as carriers, The . conpositions n be fqrmul ated for parenteral
inje ’F%?le.cgﬁ,lc%‘?{‘?léﬁﬂé‘ﬁ@g&’,b‘it mernaﬁh@@aﬁaq,?fi%waspye%%m%@gg5gl

PCT/L{;:II%Q, 8 Yot @ﬁ,@})'wn’ stef Bdd ' lid, liquid, or
aer oso Q@P%Véé?ﬁ%%%@%@%??ﬁfébno ufar, fg%dé@%%%o grs, oi ntments or
dr opsdipropionatel dexantetlasond, éramincinblone dpelontetisate, flnocinojonedluocinonide,

flunisolide hemihydrate, mometasone, furoate monohydrate and combinations thereof.

Advantages of the nanoparticulate leukotriene receptor antagonist/corticosteroid
compositions of the invention over conventional forms of the drugs include, but are not
limited to: (1) increased water solubility; (2) increased bioavailability; (3) smaller dosage
form size or volume due to enhanced bioavailability; (4) lower therapeutic dosages due to
enhanced bioavailability; (5) reduced risk of unwanted side effects; (6) enhanced patient
convenience and compliance; (7) higher dosages possible without adverse side effects; (8)
more effective prophylaxis and treatment of asthma in adults and pediatric patients; and (9)
more effective relief of allergic conjunctivitis and symptoms of seasonal allergic rhinitis in
adults and pediatric patients.

The present invention also includes nanoparticulate leukotriene receptor
antagonist/corticosteroid compositions together with one or more non-toxic physiologically
acceptable carriers, adjuvants, or vehicles, collectively referred to as carriers. The

compositions can be formulated for parenteral injection (e.g., intravenous, intramuscular, or
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adm nistration, and the like. A preferred dosage formis an aerosol dosage
form B. Definitions The present invention is described herein using several
definiti B2008Q9%H forth bel ow and throughout the apflGTABS2PVP098BAe t er m
"effective average particle size of |ess than about 2000 nm "™ as used herein
means that at |east 50% of the |eukotriene receptor antagonist and/or
corticosteroid particles have a size, by weight, of |ess than about 2000
rim when nmeasured by, for exanple, sedinentation field flow fractionation,

photon correl atio ectroscopy,.Light scattering, disk centrifugation, and
D1 her UL SR ARS8 50l 1R, B §Sr010h o1t 0SSR, SRl TRtAle . about
w | | ; rolicRar il ' .| vary to
Some ot o R Rels L ARNG: dop ) SlcPl Hobllotnd kR bkl S oplalt e

t er m wimitistration, andtthe likar A tpoefpredsdosagaformrisiamagrgsal idokdgeiformhe art given the
context in which it is used, "about” will nean up to plus or m nus 10% of

t he pgr"tic ﬁ;l.term As used herein, a "stable" |eukotriene receptor

ant agohi st OB and/or corticosteroid particle connotes, but is not
limted to a | eukotri ene receptor antagoni st particle and/or corticosteroid

particl e WrhépfEént YveEbe i@deséﬁ&dﬁﬁféh?t&éi@@sdi@fﬂﬂ@ﬁﬁﬁ%ﬂs, (ad bet'fBh béigwkot ri ene

recept or antagoni st and/or corticosteroid particles do not appreciably

f | occandithsoughoutthe ppplication due to interparticle attractive forces or

ot herw se sigpifi tly increase. in. ticle siz er tinme; (,2) .the
hysl cai s Pe R, SRRYe AereeE Rafieledine Rt ey oy S e eteih "
corti gRahethed £ 16a8f 50% lof thel lélﬂfdﬁﬁexﬂr&&F)&ﬂ afta@6niktl 418/or Tofitofterdid p&tioNer Si on
from an anorphous phase to a cilgsta | i ne phase; (3) the | eukotriene

r eg/eph@‘fe vasimémmeézhtarfdpssrthwhq 0asimeyj whengeasixeddy, BH@/XGWPM cally stabl 'eij
s nosdbu] Byt Mo BHERRRtGT RyO6h Ehirdhe G URBRHSby N KeateS Bh° " U1

| eukotértafigaticis; ahd theR fichaigiésinownds Gose of §Kill @stRraed. d i n the preparation of
t he nanoparticles of the invention. The term "conventional" or

"non- nanopastbed reseia; “abeutwelllhgamdersiood dyipetsenepfordnaapsiall in theeHged st
and/ og. 951&'&? 05he Egﬂtegtaoﬁ%@% lrcong@% i@ is\{ﬁe@gﬂ'\%ﬁrg %H:C&e?ﬁf % :t%d};&g{che he

recept or agoni corticosterord, 1SS0 or which
has anreaiok clekr toemons aferdindr¥Rkil @0he QAT tRETHMISAGD WHiR S Bed, particle
size of greater than about 2000 rim_Nanoparticul ate active agents as

def i netboHE T wallrmeanaptoiusgrminup  8%:0f d igdanteEle si ze of |ess than about
2000 DM A5 yged herein, a “stable” leukotriene receptor antagonist particle and/or

corticosteroid particle connotes, but is not limited to a leukotriene receptor antagonist particle
and/or corticosteroid particle with one or more of the following parameters: (1) the
leukotriene receptor antagonist and/or corticosteroid particles do not appreciably flocculate or
agglomerate due to interparticle attractive forces or otherwise significantly increase in
particle size over time; (2) the physical structure of the leukotriene receptor antagonist and/or
corticosteroid particles is not altered over time, such as by conversion from an amorphous
phase to a crystalline phase; (3) the leukotriene receptor antagonist and/or corticosteroid
particles are chemically stable; and/or (4) where the leukotriene receptor antagonist and/or
corticosteroid has not been subject to a heating step at or above the melting point of the
leukotriene receptor antagonist and/or corticosteroid in the preparation of the nanoparticles of
the invention.

The term “conventional” or “non-nanoparticulate” active agent or leukotriene receptor
antagonist and/or corticosteroid shall mean an active agent, such as a leukotriene receptor

antagonist and/or a corticosteroid, which is solubilized or which has an effective average
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The phrase "poorly water soluble drugs"” as used herein refers to drugs that
have a solubility in water of |ess than about 30 ng/m , |ess than about 20
ng/ m , I"%@éo‘l‘;ﬁ&w’ﬁbout 10 rmgy/m, or less than about 1PREUSR006/909837 e
herein, the phrase "therapeutically effective amount” neans the drug dosage
that provides the specific pharnmacol ogi cal response for which the drug is
admnistered in a significant nunber of subjects in need of such treatnent.
It is enphasized that a therapeutically effective anount of a drug that is

a1 veeristd S SRRl R 000 Rb Menbibfen R BPT ABbu S BRR il 07

even Hakeug bffectivd adaragoparticle 30 tkss thah@bsuttdoeoapcut i cal |y effective anount
by those of skill in the art. The term"particul ate" as used herein refers

to a st at &hsphrmse! Beorlyhyvater salulle drugs?t as ysed hereprefars tdmiga thathaye afj scret e
ti . - . ; 76« Sh
bor pifgl By BEaeh Sr1eRARGT a0 Mo deds BASRBE Y ol IiEanSbBE 100D OF

di scrag/ml, sxrlessabgy sboat Behg/mphrticles, pellets, beads, granules or mxture
t hereof irrespective of their size, hape or norphol ogy. C. Features of the

Nanopar t i M @ed bersin, the phase ‘ﬂ%ﬂﬁ%ﬂlﬁ’ glisameyntomepasiibe drug dpsagfposi t i ons
Th . L.OQi > i .St f th
nanopi RGP fectlc SRRRNCTSLIN LIRS BMARH ATLEH Slndlsididt fla 0%, 1 s

of t ixignifica@timber of $ubjedts iremeed df Bichatwatrhée [tiis ymbhasized thataodi ment of the
I nvention, the nangparti cut'légt e | eukotriene receptor

ant agbrirRRUtielI sHEssEv e pBPBNtAS Asisug thabis admsteied 1o APaRicylod SBhiBRRR | abi lity at
the ufl SGtfilce inlli'ﬁotseﬁ%fge]t éﬂ‘ﬁ%teiggo eatiflf the’ &ﬂﬂitfoﬁsﬁf&?%%?ﬁes@@ﬁ@@ as

conpared to prior conventio riene receptor an onr's
conpdsidin, @nen thouglhswch dosade iadesnaitb diea(thgrapeuiticglly efifective ammant bythbseo(r), and
corti os,ieroi d conpositions, such as Cel estone(r), Entocort(r) EC,

Cor t bhintheggt adron(r), Cortef, Medrol (r), Prelone(r), ortan(r),

PCT/ US2006 BOBES P oGS ety Mh GG qate B alifb RO terest ).

Kenadyrthg pieserea df Bsoratequftidles, Pellet) desdsaor prannldsimrespectiveodfi theis siaé, shiyse
Nanoparticul ate Leukotriene Receptor t agoni st/ corticosteroi d Conpositions
are 1M5moPholegl CEth o gartoaE o6 ee LR anE ARy A B Sy SERISEIRRRF g t he
ConPQgblebBa, particles, pellets, beads, granules or mixture thereof irrespective of their size,

shape or morphology.

C. Features of the Nanoparticulate Leukotriene
Receptor Antagonist/Corticosteroid Compositions

There are a number of enhanced pharmacological characteristics of the

nanoparticulate leukotriene receptor antagonist/corticosteroid compositions of the invention.
1. Increased Bioavailability

In one embodiment of the invention, the nanoparticulate leukotriene receptor
antagonist/corticosteroid compositions exhibit increased bioavailability at the same dose of
the same active agent, and require smaller doses as compared to prior conventional
leukotriene receptor antagonist compositions, such as such as Accolate®, Singulair®, and
Zyﬂo®, and corticosteroid compositions, such as Celestone®, Entocort® EC, Cortone?,
Decadron®, Cortef®, Medrol®, Prelone®, ortan®, Deltasone?, Liquid Pred®, Meticorten®,
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I n anot her enbodi nent of the invention described are nanoparticul ate

| eukotriene receptor antagonist/corticosteroid conpositions, wherein the
phar rracolw(i’ié?oﬁ@”ﬁgbfi le of the |eukotriene receptor anPEHYRI086/0083/ or
corticosteroid conpositions is not substantially affected by the fed or
fasted state of a subject ingesting the conposition. This nmeans that there
is little or no appreciable difference in thequantity of drug absorbed or
the rate of drug absorption when the nanoparticul ate | eukotriene receptor
ant agoni st/ gorti costegeroid, cg&@o i tiong are adgrini steredgin the fed versus
the f&dpsopestRanasolsp BrqdnicenMy Sierapigd rlsonacowhi-@nd Kepalognt i al | y el i ni nat es

the effect of food include an "increase in subject conveni ence, thereby

i nr easi ng 2 ubj opfe PRITRLGRERH oIS of HY KElofiPEEnIal lIRRFGhO eNSUI e that
they are & ng 5@%&@&&5@% 355&t{%@@@%ﬁ%ﬁiﬁém@m@gam1 as
at es

: : c
wi th poor subje I'] W eu e rege r...antagon and/ or
corticosteroid, egﬁoﬁ??ﬁt@ § ﬁ§u o5t &'?%‘?Bﬁ'l’%‘?‘%i ch the drug is
bei ng prescribed may be observed - i.e., an increase in asthma attacks or

al I ergi ¢ rihahéther embwlimemefitheinvertivn desaibed afe mxmopatictlarubwlictridr@ukot ri ene
receptor antagonist/corticQosteroid con‘gg%i_ tions having a desjrable

phar ndeRIos apagopsiRartieosiareid compasifions, whewgin e phammacpkinetiepofide of thene

desir r [ e ' I triene
Feceptil R DR bRl chrtbubitf AAMRRES IEM ARG, | 0% Ly
not | iaffietted by ahe fed or fastetbstaté of a Subgedt ingesting thaeompositidar Thismeganthat and/ or
corticosteroid, when assayed_.in the plasm of a mab | ect, foll ow ng

, i an sub
adni nitlere i ¥te or 1P ARprergblg dulATEICe IR e QUABNt, AL ATyERbSpFRed R the Tate of drug

non- n %gﬁ ' H&gﬁ j | :gorticosteroid
for rruladgtl réﬂ g’g%ﬁ?{r%?s#tagr e %dtlﬁgﬁegk §g§f§é %gggiemg@ﬁ %/rco?%)gétglﬁlmﬁuc for the

| euk otcompnsitiopcap hdmimstered dmthetfedimetsusthe fastedstate.er oi d, when assayed in the
pl asma of mral i an subj ect . fol | owi nhg adm.nistration, thaf.i reater
Phan the. ABECPBI Giisdodassdohs P‘Vﬁ“‘rbaﬁ‘?gﬁé’i‘qq%&ﬂ?@cnéat?% & F?té#efwi@eﬁ@gan

ant age e:?%?: Lidl, s-adni-ni : . and/ or
(3) a r{%etxse ogtmﬁ%eﬁlﬁa‘t ot ?%’gégé%elgg%ao@é anl?%(ggﬂllig%l&ggﬁ?s;'rﬁgg% ?ﬁls(?ggqt eroid,
when astageddoiensuréithapthes mee taking ardesereitliea withudrjvetiout foldoviihigis aipmifivast, r at i on,
that is l.ess 15 \WD 2006 .09959,ﬁbaPCT US2006/ 009837 than the T. for the sane
non- n&RSPErRACE SFbiect cPBRliBRceVaHEA leukIpeRs TesrRIIAAEORISh ARG BF cortieRstereidst er oi d,
adm ni,gt: whiéh | ' Lobddredd | e as
used %ﬁ@ﬁ&%ﬂ%ﬁe&gﬁgﬁﬁg@g@%& I C p@ggﬁ%@kgggﬁgagﬁﬂg?ﬁb%gbl ni tdi al dose
of t he e dndneregsedn astbmeattacks anabergivi thinitimd/ or corti costeroi d.

The invention also provides nanoparticulate leukotriene receptor

antagonist/corticosteroid compositions having a desirable pharmacokinetic profile when
administered to mammalian subjects. The desirable pharmacokinetic profile of the
nanoparticulate leukotriene receptor antagonist/corticosteroid compositions preferably
includes, but is not limited to: (1) a Cpax for the leukotriene receptor antagonist and/or
corticosteroid, when assayed in the plasma of a mammalian subject following administration,
that is greater than the Cyqx for the same non-nanoparticulate leukotriene receptor antagonist
and/or corticosteroid formulation, administered at the same dosage; and/or (2) an AUC for
the leukotriene receptor antagonist and/or corticosteroid, when assayed in the plasma of a
mammalian subject following administration, that is greater than the AUC for the same non-
nanoparticulate leukotriene receptor antagonist and/or corticosteroid, administered at the
same dosage; and/or (3) a Ty for the leukotriene receptor antagonist and/or corticosteroid,

when assayed in the plasma of a mammalian subject following administration, that is less
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I n one enbodi nent, a preferred | eukotriene receptor antagonist and/or

corticosteroid caonposition exhibits in conparative pharmnmacokinetic testing
with t heO9098%1 nanoparticul ate the |eukotriene rec&STErS284(043hi st
and/or corticosteroid fornulation, admnistered at the sane dosage, a T.

not greater than about 90% not greater than about 80% not greater than
about 70% not greater than about 60% not greater than about 50% not
greater than about 30% not greater than about 25% not greater than about

20% not .greater . than about 15% not, greater than apout. 10% or not greater
t han %#%ﬁ_@%%@'HWRﬁ%Wég lg‘afogﬁe@eﬁﬁﬁpﬁpéﬁﬁ} PRI ﬂcflﬁfe | eukotri ene
I ecepficeviiraiO M iinisdted af the Sdrhé @mg@.rm&deshable PRhRRIcORMBAC pIFEIN, as t he

| eukotri ene receptor antagoni st and/or corticosteroid conpositions of the

i nvenusedhersiniipthe pharmasekinetic profilepmagstieasioifien e initiabdosernd thd letkattienesane

non-n rti.cul KQp.r | receptor antagoni st and/or corticosteroid,
adm n%g?@sre%ﬂ%gonfs&]gné@gg%{laoggegglg: a Crex which is at |east about 50% at
| east abouln dfabodiméeas reféimdtlela&ﬁ*iéneaécegt&aﬁtag&h%d&%%{mioa&tef&@st about
400% at |east about 500% at |east about 600% at |east about 700% at

| east caBpAsitia@odibitsin cemparativropharmerpkdnetic testing withitbe samooow, at | east about

1100% 9 . %...at .about 1400% at
| east %%g#@ﬁ%&ﬁgfeggﬁgggce%géﬁg%%%% Mé gq?fgg%étierg doéﬁﬁg@%{ﬂ%&; at | east

about adiR®eredit thé sdrB@8osagl)QUT iy, At QRAt&ikad sHout HEM, Adteréateralidii dboued by the
non- nanoparticul ate | eukotri ene receptor antagoni st and/or corticosteroid.

I n ye80%nmnatigesates thanabouh?0%;: nat greatat dhan; abeut 6Q%e.axnt greatarthapobiovt SQuanasr

corti enQi 1] f Y, i on LDi{  LRAnE Lve

phar rneisar i Aboft 309 ot (RRRe fHan blin 29% ! BB el bor 207 FRRRRIGY .

r ecepthan abait 9%) n6t greme! than abditi1 0% benst gledtérthad s#0u0B8% ofabeTpi,st ered at the
sanme daosage,, an AUC which is at | east about 25% at |east about 50% at

| east exibitpd byghe ner-nproparticuiate leukeftisne weenterantagepist and/onearticastereidst  about

1509% at I@aaéﬁg 1750 04 . . .1225% at
| east abou %ggg%oﬁégesgq%ifguu%&g%}? peﬁ#ér%g%épsg%%d& 38% q&géldl east about
350% cahpdsitivmb ofitheuhvetiofiexhibitlie ecthpabiine phbfrhitokidetic eatihg wathahié s % at
| east about 550% at | east about 600%. at | east about 750%. at | east about

700% DR-nanepatticylgts feukotnone rseeptarantaganist anddueosticosteridadminisisredst g, at
a1 oSl Wsasty o Dl ¥ R IEKP AU oty X 100G SR D EESROATR | st
about ledst2abé4t 300%q at least abowtsk0to, 21P16E abowH08%0, atlaast abeutB00Ys whiehstt ed by t he
O N P00 Cat 1k about §00%, a1 least aboak 900%, a1 18 ahout 16909 %t 1639 abogt St € 0" &
1100%, at least about 1200%, at least about 1300%, at least about 1400%, at least about
1500%, at least about 1600%, at least about 1700%, at least about 1800%, or at least about

1900% greater than the Cppax exhibifed by the non-nanoparticulate leukotriene receptor

antagonist and/or corticosteroid.

In yet another embodiment, the leukotriene receptor antagonist and/or corticosteroid
compositions of the invention exhibit in comparative pharmacokinetic testing with the same
non-nanoparticulate leukotriene receptor antagonist and/or corticosteroid formulation,
administered at the same dosage, an AUC which is at least about 25%, at least about 50%, at
least about 75%, at least about 100%, at least about 125%, at least about 150%, at least about
175%, at least about 200%, at least about 225%, at least about 250%, at least about 275%, at
least about 300%, at least about 350%, at least about 400%, at least about 450%, at least
about 500%, at least about 550%, at least about 600%, at least about 750%, at least about

700%, at least about 750%, at least about 800%, at least about 850%, at least about 900%, at
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3. Bioequivalency of the Leukotriene Receptor Antagonist/ Corticosteroid
Conpositions of the Invention Wien Admnistered in the Fed Versus the
Fasted SMR&YUKYSPhvention al so enconpasses a conposi t i RET/ESHRHI8Ig a
nanoparticul ate |eukotriene receptor antagoni st and/or corticosteroid in
whi ch adm ni stration of the conposition to a subject in a fasted state is
bi oequi valent to adm nistration of the conposition to a subject in a fed
state. The difference in absorption of the conpositions conprising the

nanop rticul a kotr| en ep or nt agoni st nd/ r corti eroi d when
adni ni E%SE?IESH“ %’50%) ?*@Hal?%’rt SQ,QD%/C ta‘g’PB ﬁg{bg@@t east 39P¢ HOQB{;N feé%ts t han
about A4 oAUt %0 9 t han about 85%
| ess ta% %gggﬁ%% é&ltess tlﬁaé’y out f}ﬂ@f.@i{gb&h}_}gﬁe@a 011111:%%@8% | ess t han
about rahéparfiadate ldukotrizhe nicefldbanthgomdst ahdlor edrticdstéxdbih | ess t han about 50%

| ess than about 45% |ess than about 35% | ess than about 35% | ess than
about 30% | ess than about 25% | ess than about 20% | ess than about 15%

55 g han, 3pout il i) Bedaikbu i t%?%nt& stgbout 3% 1n one
FgB(IzCOth II:rlngI[’leO]lc’ ef:e erggg‘}algw F‘%t; %?E“OI’ I cost er ol dR erel %Pg:jf’nl ?\:J!S?JI[' g.t i on
J

of the corrpositl tgtsted state i s bioequivalent to
dm ni st f .th t fed

part i cul ar 118 MERERR 6155 FREOEASEFS ASCTRGRGH SHBLSPE SABPINEEE. 5. Food and
Drug AeliRoiicile réde! fb?aﬁédé&@ér)anami‘ chAR ofteYoIERRAIEH RdinfHidtARBA Bf fiROUI at ory

agency (EMEA). nder FDA gui del i nes, two products or nethods are

bi oeq wionaobsition td a subjeet ﬁoa/fmdfstaﬂembeodqutvaleﬂawsamtramn ofil1e eomdp@Bition ar e
g é.%%gt Tmax neasurenents are not relevant to bioequival ence

for r %ﬁlsﬂ 8?%’“&‘? 8s). To show bi oequival ency between two compounds or

adm ni st rat’lflféflilﬂ'&@ﬁhetm%®rgﬁér§bﬁﬁé cé:ﬁ SR ompri Ohdrdphrtieamte t he 90% C
for AUC nust be between O to 1.25 and the 90% CI" for X nmust bet ween

0. 70 tleukotrigpe racepippan@oeisicnddr contitpitgphwhanaisnistered in the &dﬂeirsus the of i | es

et ey EREaRRARs b oRAR R vl 4600 R less BRI P one. |

r eceptieys tha Hbago85%, 1esahin svut 80%] RsChaR a5dut 79%%; 13k tHaRbbh/D9, 1653 thay e
unexpect edlsx dramatic
about 65%, less than about 60%, less than about 55%, less than about 50%, less than about
45%, less than about 35%, less than about 35%, less than about 30%, less than about 25%,
less than about 20%, less than about 15%, less than about 10%, less than about 5%, or less
than about 3%.

In one embodiment of the invention, the invention encompasses a nanoparticulate

leukotriene receptor antagonist and/or corticosteroid wherein administration of the
composition to a subject in a fasted state is bioequivalent to administration of the composition
to a subject in a fed state, in particular as defined by Cyax and AUC guidelines given by the
U.S. Food and Drug Administration (USFDA) and the corresponding European regulatory
agency (EMEA). Under USFDA guidelines, two products or methods are bioequivalent if
the 90% Confidence Intervals (CI) for AUC and Cpax are between 0.80 10 1.25 (Tax
measurements are not relevant to bioequivalence for regulatory purposes). To show
bioequivalency between two compounds or administration conditions pursuant to Europe’s
EMEA guidelines, the 90% CI for AUC must be between 0.80 to 1.25 and the 90% CI for
Cumax must between 0.70 to 1.43.
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di ssolution profiles. Rapid dissolution of the | eukotriene receptor

antagoni st and/or the <corticosteroid is preferable, as faster dissolution
gener al WO PWSAPPYL faster onset of action and great er PEPESHAPUBIT ity. To

i mprove the dissolution profile and bioavailability of the |eukotriene
receptor antagoni st and/or the corticosteroid, it is useful to increase the
drug(s)' dissolution so that it could attain a level close to 100% The

| eukotri ene receptor antagonist/corticosteroid conpositions of the invention
pref erabl y, haveaa. di $so0 Lon okile jn | ch within ahout 5 m nutes at

| east about 20 '8?9%6??%??& l%o?&?'&ﬁﬁ"ﬁ%{g’e&?ﬁm@*efﬁﬁoﬁﬂﬂqmﬁtﬂd/ or the
corticosteroid QQ)‘H’&B%‘F’E‘T‘G ompqsitians,of the Inventigh o' enpodi nents of the

i nvention, at | east about 30%or at | east about 40% of the | eukotriene
recept or dntysgaivilsr embddident bthe divientioss tthd RukotEioRPRséftbON i s di ssol ved
within about 5 mnutes. In yet other enbodinents of the invention, at |east
aboutantagogistigortieqstaroidisompositons ofthe inventionhayg unexpretedly dramstic about 70% or
at | . %@f . JkOf & | nt.agom] or the

oor t | SblBBR Mo e Rinid isd AL HE ROLEFERP Lo AR Bha AP L0

I N anoitiwstefsid ddireferdble) bs fa3ter divyslatiowgenedlly Iealstto f3e onsdUS actionl dst about
80% at | east _about 90% or about at |east about 100%of the |eukotriene

r eceErepterieaygahility. dodimprove the disselutiomprolifeand tieavsdabilinefthe di ssol ved
R ; ") g S . di

whi cHCUIRRERHE éctolt B nisidoRT e dcofdsferdltt B B i TRRHLER WO UET VT

di f f elissolution se taviticonldattainesletelrcldsemo pod¥duct s  having very different

di ssolution praofiles in gastric juices, i. _e., the dissolution nmediumis
pr edi ct i velhsileykotrigng seceptos antagpmipt/ orticosternip semppahonsef theinypntion, di ssol uti on

med W vEAUERURBRAFotTE GRRhRA Withth bt 3 WibEL ks QB Tobey v! sul Fate

at 0. termnatio e anount di SS0 can be carried out by

s pec ttholhkéteisnd regeptdhantagohist amdjodtha derticesdtéroill copiposhjonds diskelvedidapoei a) can
be used to_neasure djssolution. . 18 WO 2096/ 099591 PCT/ l%S2006/ 009837 5.

Redi SHsr spbodimentsihe inventym, atigast abeu B0y esreat feasteahoyt 40% of the

ANt 29000 Edefid ShBE LIS LRIR U dohBOSeRdid LBERbANE S BB olVEd Hifhi T ment of
the i nvention, e | etkotriene receptor antagoni st/corticosterold

conpabotti ominutds. tThget otharrembodiments éfthenidvahtieh, iatleastabbutch 096,a¢ Idastrabout

i ncl ydi owder s, ic redi sperse such t hat e.effegtiyve average

vt 50y e o B B G0t o s sBPWCT ek ea bt 0% oF B 16 PN/ o the
corti | el I.Si 4l : . ' s des Significant,
o | pRBRbANOURYdAIE difistdid BRpoliNaR tAlved i Atk 1B iBules. B <

ant adimdllyt incandther embediment of the invention, at least about 70%, at least about 80%, at

least about 90%, or about at least about 100% of the leukotriene receptor antagonist and/or

the corticosteroid composition is dissolved within about 20 minutes.

Dissolution is preferably measured in a medium which is discriminating. Such a
dissolution medium will produce two very different dissolution curves for two products
having very different dissolution profiles in gastric juices, i.e., the dissolution medium is
predictive of in vivo dissolution of a composition. An exemplary dissolution medium is an
aqueous medjum containing the surfactant sodium lauryl sulfate at 0.025 M. Determination
of the amount dissolved can be carried out by spectrophotometry. The rotating blade method

(European Pharmacopoeia) can be used to measure dissolution.
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corticosteroid conpositions did not redi sperse to a nanoparticul ate particle
size, then the dosage formmay |ose the benefits afforded by fornulating

t he | eukdVO@2eA698tept or ant agoni st and/ or the corti coBCEBUS2H6/009837 a
nanoparticul ate particle size. Indeed, the nanoparticul ate | eukotriene
receptor antagoni st/corticosteroid conpositions of the invention benefit
fromthe small particle size of the |eukotriene receptor antagoni st and/or
the corticosteroid; if the | eukotriene receptor antagoni st and/or the
corticosteroid does not_redisperse into a snmall_particle size upon

adni ni strat¥on, RedispersibilifyrFyofiles ofithy loendiosriene Reeepder i ene recept or

ant agoni st and/ oAntagenist/cariticosternid Chnrpusitionis of thehwehtiomed, owing to the
extrenely high surface free energy of the nanoparticul ate system and the

win tho 1B easepSRiteRbE el o HEIARBIH Fotab PRl MR bAERIT OF

t he dasagesitionsrofthy invehtion Mefemvdited ile solidhdase foiosy hrlwlihepdveders, avtdch ecept or
ant agoni st/ cortjcosteroid . conpositions of the invention exhibit dramatic

r edi sg&dispesse weh il thesfistive avemestnarticle size of tha sedisnerssg dBIKOHIANE GRASPEE and/ or

the c ' ' i [Hﬁ%)'l&l h 2 | Fpafm@ asleh L as a
humnquggﬁﬁ{é{ﬁéggpgé%{r}% Fate lgsqrgl%%%;sa%‘%tbhﬁho%‘ Fear sper issi scl)é]ﬂfi% grhl:%l

bi or el \ifuonadutnisgativartha nanuparticoRite leikoteitdeetépter anaionipeamtion thel e si ze of
t he redi sper seggl eukqgtriene receptor antagoni st and/or the corticosteroid

par t i Cqosicosterqid sampesitiongisid notredisparsaio a nanepartipnlate Pagicknsize dddhie medi a can
b . s e i d pH whi ch
For m VIoBABHE offy1ibd, ho Bendhtyh Mrlod B iRt Bf s RlioubiRECHRor ST PEY O <
st r engintagenist dridereth¢ barticasteroiddptoesanbopirtiveatefpartivjssiad.ogi cal condi ti ons found

in the humgn_ body. Such bi orel evant aqueous nedi a, capn be, ,for exanple,
aqueous elrrgég?eéb &@%@M@%ﬁﬁ otngawg&gtowtasqnéﬁﬁ/§°6m§ﬁ§mia| t, acid, or

base, ; ' [ 1: i sty ot ' . LOoNi C

base, PmRgRaBINSL iRnlFCRR G GOSRATb e DR ordESieEShit Ao

st onmacntagbhist aid/erethe esrticdsierdid; HahdlelRathiee ﬂeeaift?mgwmmar thﬁr om s: : ghtly
.up to 4 or, e sna

|l ess than 2 (but, typical.ly greater than, 5..In
i nt est‘ﬁoﬁé"’ﬁtﬁéolgﬁwg‘g)ﬁ Ig ?Pﬁﬁ%ﬂ?tﬁrﬁsﬂmﬁl@aﬁt}&%ﬂae Ppen 3fmigistration.theny n r ange from

6 to 8 Wl s Lo - | .1 Iﬁfﬁ Fast ed
state Eg%tlﬁr%i ?k gg%%eﬁgeg lg%kﬁilﬁ(?gée?ﬁdé%té%&gf a Ooa{ﬂ'ﬁ? %&?kﬂ&%?ﬁa acsl?sed state
i nt estarafirmed,Lowing &s therexiremely high sufack freé emdrgyivf the bdnopaeticudatg systémndahl et

al., " racterization of FlLuids fromthe St ch.and Proxi nal Jejunumin
Ve’ ari tgspemnodphmfartviag fores p achipYe amovespbogadt in froe chefgy. With e
formation of such agglomerated particles, the bioavailability of the dosage form may fall.

Moreover, the nanoparticulate leukotriene receptor antagonist/corticosteroid
compositions of the invention exhibit dramatic redispersion of the nanoparticulate leukotriene
receptor antagonist and/or the corticosteroid particles upon administration to a mammal, such
as a human or animal, as demonstrated by reconstitution/redispersion in a biorelevant
aqueous media such that the effective average particle size of the redispersed leukotriene
receptor antagonist and/or the corticosteroid particles is less than about 2 microns. Such
biorelevant aqueous media can be any aqueous media that exhibit the desired ionic strength
and pH, which form the basis for the biorelevance of the media. The desired pH and ionic
strength are those that are representative of physiological conditions found in'the human
body. Such biorelevant aqueous media can be, for example, aqueous electrolyte solutions or
aqueous solutions of any Sa.lt, acid, or base, or a combination thereof, which exhibit the
desired pH and ionic strength.

Biorelevant pH is well known in the art. For example, in the stomach, the pH ranges
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It is believed that the pH and ionic strength of the test solution is nore
critical than the specific chem cal content. Accordin ropriate pH
and i oni WOSXPEGIEH val ues can be obtained through nurrg’l%@ész@gf% 844t i ons of
strong acids, strong bases, salts, single or multiple conjugate acid-base
pairs (i.e., weak acids and correspondi ng salts of that acid), nonoprotic
and polyprotic electrolytes, etc. Representative electrolyte solutions can
be, but are not limted to, HCl solutions, ranging in concentration from
about .0. 0
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el ect I C t N HCI or
| ess, gb%ﬁ?a%@gf’t"?\fa%? ﬁgrﬁgées@n%gﬁ%ﬁgg%g?ﬂ\lé HCI" B(;lfor g&& l@%%ut 0.1 M Nad
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gastrointestinal tract. Electrolyte concentrations of 0.001 N HCl, 0.01 N

HCl | Mm,’lPhamlRe&oMé‘ls)p691'13}5®2)(19973) 3, pH 2, and pH 1, respectlvel y. Thus,

a0.0lNHI lut i C ndtlonsfo in the
Stomach. Adspaiehsh Bt s BH iR el BEaPh R e sof A BB £
the | gl peditié Gﬁﬁiﬁleal%ﬂﬁyni ' RB&)rcﬁ]ﬁ aﬁﬂi’éﬁ%@?ﬂtana @&1@9@% Gﬂhé&ddaﬂ%et he
gastrointestinal fluids, althoug concentrations hi gher than 0.1 Mmay be
enpl opbidined threigh siemerofeebmbinatians of stratigtdeids, strangrhasesnsalis, smglstor Exenpl ary
sol utions of sal sSes. Or, c ons ther i chnexhibit the
dosi r BRLE bordChels pei B BRCR AL Wik iR ATE S hpBEE sHiR oMo s phor |
aci d/ plvasprlodt andpdlyprotit ekeflblyds, @t assi um and cal cium salts of chloride,
acetic acid/ acetate salts + sodi um ot assi um and cal ci um salts of

chl ori de, Bepiseaniativgelastrplyéasaiutinnssa be,tbyt areqoflimvted po tHiElssolionsind cal ci um

cal oi tedh Bobel ol b5 G bk Ba5 B Rt L RIBhF BB o her
enbodismehigatidn ffdie abst@001a0 abdit®. I BL b aiitares ksl Foe BLanigleept or
ant agoni st and/or the corticosteroid particles of the inventi Onhf{-ledl sper sed

in anelaqtm@IW§ol®p@$ eanckes hut are pot limifedstonehous 0i1tM 5@ omless.abortel AiHE! f ect i ve

ecs PRisRe abbf 0308 fictor k8 aobiefs RESHE GoAE, Bt cBINEADARE 1500 A
| ess hlbtﬂﬂi 07000 M N&GDOr 1283, ahé afixfufestharbefU tOfHENR eldciblytessiutidian0.abdHCL300 nm

| ess
and/or 0.1 M NaCl, are most representative of fasted human physiological conditions, owing

to the pH and ionic strength conditions of the proximal gastrointestinal tract.

Electrolyte concentrations of 0.001 N HCl, 0.01 N HCl, and 0.1 N HCI correspond to
pH 3, pH 2, and pH 1, respectively. Thus, a 0.01 N HCI solution simulates typical acidic
conditions found in the stomach. A solution of 0.1 M NaCl provides a reasonable
approximation of the ionic strength conditions found throughout the body, including the
gastrointestinal fluids, although concentrations higher than 0.1 M may be employed to
simulate fed conditions within the human GI tract.

Exemplary solutions of salts, acids, bases or combinations thereof, which exhibit the
desired pH and ionic strength, include but are not limited to phosphoric acid/phosphate salts
+ sodium, potassium and calcium salts of chloride, acetic acid/acetate salts + sodium,
potassium and calcium salts of chloride, carbonic acid/bicarbonate salts + sodium, potassium
and calcium salts of chloride, and citric acid/citrate salts + sodium, potassium and calcium
salts of chloride.
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t han about 1200 nm |ess than about 1100 nm |ess than about 1000 rim | ess
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6. Leukotriene Receptor Antagonist/corticosteroid
Compositions Used in Conjunction with Other Active Agents

The nanoparticulate leukotriene receptor antagonist/corticosteroid compositions of the
invention can additionally comprise one or more compounds useful in treating asthma,
seasonal rhinitis, or related conditions The compositions of the invention can be co-
formulated with such other active agents, or the compositions of the invention can be co-

administered or sequentially administered in conjunction with such active agents.

D. Compositions

The invention provides compositions comprising at least one nanoparticulate
leukotriene receptor antagonist, at least one corticosteroid, and at least one surface stabilizer.

The surface stabilizers are preferably adsorbed to or associated with the surface of the
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l'i nkages. I n another enbodiment, the conpositions of the invention can
conprise two or nore surface stabilizers. The invention al so includes
nanopar t i ¥01289689%8¥kposi ti ons conprising at | east one | BGRAISLG061G6988ECept Or
ant agoni st and at | east one corticosteroid together with one or nore non-
toxi c physiologically acceptable carriers, adjuvants, or vehicles,
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invention can also be formulated into a dosage form selected from the group consisting of

liquid dispersions, solid dispersions, liquid-filled capsule, gels, aerosols, including dry
powder and liquid dispersion aerosols and pulmonary and nasal aerosols, ointments, creams,
lyophilized formulations, tablets, capsules, multi-particulate filled capsule, tablet composed
of multi-particulates, or compressed tablet. The compositions of the invention can also be
formulated into a dosage form selected from the group consisting of controlled release
formulations, fast melt formulations, delayed release formulations, extended release
formulations, pulsatile release formulations, or mixed immediate release and controlled
release formulations. Preferred dosage forms of the invention are aerosols.

The leukotriene receptor antagonist and corticosteroid of the invention can be in a
crystalline phase, amorphous phase, semi crystalline phase, semi-amorphous phase, or a

combination thereof.
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Any corticosteroid can be used in the conpositions according to the

I nvention. Exenplary corticosteroids include, but are not limted to

f1uti casSHR20060¥WP%casone propi onate, budesonide, tri anfGHEPIPRL009837
trianci nol one acetoni de, nometasone, flunisolide, flunisolide hem hydrate,
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di propi onate, fluocinolone, fluocinonide, betanethasone, nonetasone,

nonet asone furoate nonohydrate, cortisone, hydrocortisone,
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sorbitan esters, polyoxyethylene alkyl ethers (e.g., nacrogol ethers such as
cet omacr ogel 10Q§pr ichtbooiay et hyl ene castor oil derivatives, polyoxyethylene
sorbitan fatty aCId esters (e.g., the commercially avallable Tweens(r) such
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3. Surface Stabilizers

Combinations of more than one surface stabilizer can be used in the compositions
comprising at least one nanoparticulate leukotriene receptor antagonist and at least one
corticosteroid of the invention. Suitable surface stabilizers include, but are not limited to,
known organic and inorganic pharmaceutical excipients. Such excipients include various
polymers, low molecular weight oligomers, natural products, and surfactants. Surface
stabilizers include nonionic, ionic, anionic, cationic, and zwitterionic surfactants.

Representative examples of surface stabilizers include but are not limited to
hydroxypropyl methylcellulose (now known as hypromellose), hydroxypropylcellulose,
polyvinylpyrrolidone, sodium lauryl sulfate, dioctylsulfosuccinate,' gelatin, casein, lecithin
(phosphatides), dextran, gum acacia, cholesterol, tragacanth, stearic acid, benzalkonium

chloride, calcium stearate, glycerol monostearate, cetostearyl alcohol, cetomacrogol
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Pol oxam ne 908(r), which is a tetrafunctional block copolymer derived from
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ammoni 1 {8 h I AL U benzyl

di (2- c%?%% Wiﬁ%y“ﬁ‘g nuﬁle%?‘?ﬁ%} o%l%e "%me @é%% | um chl ori de
or br@@ﬂpdﬁtloﬁ Feedippanyp ; Thtfonel mowqryisasmasp eratﬂd@fte @orpuratindm de,
decyl tr| eth anmoni um ¢ | or | de, dec di mret hyl hydroxyet hyl anmoni um

chi or i Bt MQ avhicis 20 ko anykpokigibenionsip SRR SR Predess Fe or

brom r.brom de,
myristy a]tui% aqﬁl&%ﬁ#ﬂ@%&t@’\éﬁ?ﬁdﬁﬁmﬁg ﬁ%] %BHQ?}] P pbenzyl anmoni um
chlori id@ldnylﬁhéﬁumyﬁely-dgmmdl), dlsmkhbwh a§ OliRd0G® bﬂswmtum6® (Olin
Chemicals, Stamford, CT); Crodestas SL-40® (Croda, Inc.); and SA9OHCO, which is
C18H37CH2(CON(CH3)-CH2(CHOH)4(CH20H)2 (Eastman Kodak Co.); decanoyl-N-

methylglucamide; n-decyl (-D-glucopyranoside; n-decyl (-D-maltopyranoside; n-dodecyl (-

[I

D-glucopyranoside; n-dodecyl (-D-maltoside; heptanoyl-N-methylglucamide; n-heptyl-(-D-
glucopyranoside; n-heptyl (-D-thioglucoside; n-hexyl (-D-glucopyranoside; nonanoyl-N-
methylglucamide; n-noyl (-D-glucopyranoside; octanoyl-N-methylglucamide; n-octyl-(-D-
glucopyranoside; octyl (-D-thioglucopyranoside; PEG-phospholipid, PEG-cholesterol, PEG-
cholesterol derivative, PEG-vitamin A, PEG-vitamin E, lysozyme, random copolymers of
vinyl pyrrolidone and vinyl acetate, 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
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chl oride or brom de, N alkyl (Cl12-18)dinethyl benzyl ammoni um chl ori de,
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(AL qamrn%@ql wg&ﬁme&yﬂ BerOFY R sAIIoR B SR orile a5 bromide,

trimet 4 S of fatty
aci ds)lfmoenzal oni gétﬂglh?%rn gﬂtiglg} IPgélllﬁhdr?i&ﬁzg ori d%gmgggg%rﬁﬁdgﬁy?such as

st ear )phtmommmchlumlhloobrmhade,rrdymht;slttameﬂiyﬂammmmnm odethoyl suldgte, lenﬂ’gyl pyridi ni um
br om ot chloride, hali of. at e j 0X | al k | am nes,

i PP Eiral SRRk SRt Her ecsx z@gulem% o1 S tossSh Rt cal 1o

a ne%hlogﬁe Y%Pb?o%ﬁé Q\?%ﬁ%‘i% &9 1864 ﬁme%Hthl ERloAUK -y N&S14-

di al kyl am nes, al kanol yethyl enepol yam nes, N’N- dri al kyl ami noal kyl
acryl dﬁhhmeﬂxyﬂbmzyyammpmwm anndmNr&t&dwyhdmsﬂwlbeazyll mmgmmmmhdxm@c etate,

ot e Rl T didesVpRmbuli bR N B A A R 1 s et
et hy|rﬁﬁﬁ9h€éiﬁ§}l%&ﬂlﬁ6ﬂuxﬁ%h¥d?ﬁesmme?hﬂﬂn%§nﬁﬁi He{lﬁieailk}'lLtri%éiﬁ}l&ﬁhx%ﬂﬂﬁi“ um

chloride] "and poly-[N-nmethyl vinyl “pyridinium chl ofide]: and cationic guar.

Such @abmndahgd ﬂly&ammnnmuesaéts,dbmwl mahsdmmwmem Ohmfdgl ethoxylated c

surfac st abi are descr bed, in J B. Singer, . Cationic

Sur f acReyRPadoIEl B o St gt S e RES r PR el Esblhcor | 1004); P,

and D. dlﬁéﬁb&ﬁéne( &diklyRimmoriakl (hlbride, N-didecyldimethyl ammonium chloride, N-
tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alkyl(C12-14) dimethyl 1-

naphthylmethyl ammonium chloride and dodecyldimethylbenzyl ammonium chloride, dialkyl
benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride, alkylbenzyl methyl
ammonium chloride, alkyl benzyl dimethyl ammonium bromide, C12, C15, C17 trimethyl
ammonium bromides, dodecylbenzyl triethyl ammonium chloride, poly-
diallyldimethylammonium chloride (DADMAC), dimethyl ammonium chlorides,
alkyldimethylammonium halogenides, tricetyl methyl ammonium chloride,
decyltrimethylammonium bromide, dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride (ALIQUAT 336),
POLYQUALT, tetrabutylammonium bromide, benzyl trimethylammonium bromide, choline
esters (such as choline esters of fatty acids), benzalkonium chloride, stearalkonium chloride
compounds (such as stearyltrimonium chloride and distearyldimonium chloride), cetyl
pyridinium bromide or chloride, halide salts of quaternized polyoxyethylalkylamines,
MIRAPOL and ALKAQUAT (Alkaril Chemical Company), alkyl pyridinium salts; amines,
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Surfactants: Physical Chem stry (Marcel Dekker, 1991); and J. Ri chnond,
Cationic Surfactants: Organic Chem stry, (I\/arcel Dekker, 1990).

Nonpol ym3Q 20060996%ce stabilizers are any nonpol yneric RSHHBIRA8H/00883h

benzal koni um chl ori de, a carboni um conmpound, a phosphoni um conpound, an
oxoni um conpound, a hal oni um conpound, a cationic organonetal lic conpound,
a quarternary phosphorous conpound, a pyridinium conpound, an anilinium
conmpound, an anmoni um conpound, a hydroxyl ammoni um conmpound, a primary

d d, t.ert [
compottit o Aaaass BT R e R Br ohEHB DAY NRRZRGRA( +).
For c&m?umﬁom ltahfylzit@sf fiﬁ&i am?ﬁs %ﬁﬂe salté Ishcmmugfl aalmé%ewt@ C113; (ii)
one of RI-R4 is CH3; |||) ee of -R4 are CH3; (iv) all of RL-R4 are

CHB gtearyk aming poqtate RIK ppridpmm salfe angd allwhrmdaz@lm sECaRd aming ondespf R -R4 is

o‘Pjﬁéﬁaﬁ’z&:“g‘“ S RO ey Uy By 2 %ﬁv@ﬁg%w%oﬁéﬁr?hit con
car boguchtag 1a1[§flrd@neﬁ1y1ahimdﬂ£@n%loﬁﬂe]%1d6}f iglmiipd i s the

group CGH5 where  n>l; (viii) two of R R4 are , one of RI-R4 is
tlgmcgparm corrprlses at | east one heteroatom (ix) two of

5&633686%%9%@%% i airle PaRIG Ry AR Rl foeflt oo e ' “ra are cro,

one %taﬁllzaﬁ&el@sdiﬁ;bdlﬁﬂ'@msm E)'Bingbfr EtionSurfe thints: A@ﬁly@”&:aﬂ @dst one cyclic
fragrrent (xi) two of -R4 are CH3 and one of RI-R4 is phenyl ring; or

(xii)Biolegies oraﬂ\ém@w@ldrar t1884) P- #ud IaRehinglp(Fditoy), §2|at19wat ic fragments.

h ' hl d
ot SHERARY b ek (Bl 0 Uad] TOUSE ), IBREGRL KRG o1 o 0,
| aur a$lattdnts: Oi@é.tﬂé CHemist§] @mﬁealmkeﬂllggm)de cetrinoni um brom de,

cetrinonium chloride, cethylam ne
Nonpolymeric surface stabilizers are any nonpolymeric compound, such

benzalkonium chloride, a carbonium compound, a phosphonium compound, an oxonium
compound, a halonium compound, a cationic organometallic compound, a quarternary
phosphorous compound, a pyridinium compound, an anilinium compound, an ammonium
compound, a hydroxylammonium compound, a primary ammonium compound, a secondary
ammonjum compound, a tertiary ammonium compound, and quarternary ammonjum
compounds of the formula NR1R2R3R4(+). For compounds of the formula NRIR2R3R4(+):

6)) none of R1-R4 are CH3;

(i) oneofR1-R4is CH3;

(iii) three of R1-R4 are CH3;

(iv)  all of R1-R4 are CH3;

v two of R1-R4 are CH3, one of R1-R4 is C6HS5CH?2, and one of R1-R4 15 an
alkyl chain of seven carbon atoms or less;

(vi)  two of R1-R4 are CH3, one of R1-R4 is C6HSCH2, and one of R1-R4 is an
alkyl chain of nineteen carbon atoms or more;

(vii) two of R1-R4 are CH3 and one of R1-R4 is the group C6H5(CH2)n, where
n>1;

(viii) two of R1-R4 are CH3, one of R1-R4 is C6H5CH2, and one of R1-R4
comprises at least one heteroatom;

(ix) two of R1-R4 are CH3, one of R1-R4 is C6H5CH2, and one of R1-R4
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hydr of | uori de, chlorallyl nmethenam ne chloride (Quaternium15),

di stearyl di nonium chloride (Quaterniumb5), dodecyl dinethyl ethyl benzyl
anmoni umYthPWFOWSIY Quat er ni um 14), Quaterni um 22, Quat®f W‘?@%s”

Quat erni um 18 hectorite, dinethylam noethylchloride hydrochloride, cysteine
hydr ochl ori de, di et hanol amoni um PCE (10) ol etyl ether phosphate,

di et hanol ammoni um PCE (3) ol eyl ether phosphate, tallow al koni um chl ori de,

di mret hyl di oct adecyl ammoni unbent oni t e, stearal koni um chl ori de, dom phen
brom de, denat I(fni m b?nzoat e, nyristal konium chloride, laurtrinonium

chi or | PEPTISES A ?ﬁg AR §i hydr ochl ori de, guani di ne hydrochl ori de,

pyri doxine (el . ty@ioFRATRA Gre UHB QG| 7 R1CRY is CEIISCHR,iad b IPRNLIRM | dle, |
met hyl benzet’honi um chl oride, nyrtrinonium brom de,” oleyltrinmoniumchloride,
pol yquempris¢sahlenst gneeyslie&hgaerichl ori de, cocobetai ne, stearal koni um

bentonite, stearal ko ectoniLte, st t.r L hydr oxyet hyl propyl enedi am ne
di hydr of | ucﬁul de,‘Wf’aq?wﬁ%‘ﬁﬁ%ﬁ?%ﬂ?%‘?ﬁ?%‘ék4dﬁﬁpﬁ%%¥i gy?rtyri met hyl amoni um
brom de. Mygfi) OftwoltFRE -RU afe?CH3 ah@Bid HZRT-R4%H€ plreBVAliphReé ﬂﬁ%ﬁﬂﬂtkﬁ al
excipients and are described in detail in the Handbook of Pharnaceuti cal

Exci pi ents, published jointl ié by the  Anerican Pharmaceutical Association

and The Phaugheemprends imlude; byt are nok limiteddo; behienalkgrium qienideaceut i cal Press,

2000), WA .4.n : | .n [ .eNc Vi Pol yner s
Povi o AR Ploice SHIRRTAb S AR oonffh B RorcR, LRI TPLT g
an i rghsidepdetalkGriigmahloriie] edtémbaiulaObromedys céteieRpie chloride, cethylamine

ant agoni st/ carticosteroid forpul ation. Povidone polyners, also_known as

pol yvilydrflpride, ohlazelylmethenaming ehloride (Quaterpisl o (distennadimeniumshipridsder t he

trad KOl dh i : /099591

e USBREOE) AE i BT el Boa Aol i RBRAE lodabenffhuf 185 07

oy B e oLyt o Rovdone ool unere are o oM
nmers an -vin - 4- .

D o1t CERISBierEe aYRIp TdiashiREidee So BRI RGBS RO (1) eith SEEPABRRES. wei ght s

rangi nged L R3O %ﬁgg)l?ié}é g@g%%&?%&%m@@m%ﬁp Jﬁ’%? ougl?é 1 als at e

surface noditier %"g‘r a g be adm nistere

povi datiectadeoyluiEfoninmsbentenit, stearalkoniumeshlovideg@émipheh bsnidbadenatonivin 40, 000
daltons, as a npl ecular _weight of greater {han 40,000 daltons woul d have
di f f i dgneEQate; myzistapnive °b1@a§i¢nwmra%rﬁem§§hn£r ethylegediaaiigr ed by, for

ety I EnEERIG, BERGERS I GRONPAE, Bdopbr HERlinlfe fydtotibaged ol Trom

meglumine hydrochloride, methylbenzethonium chloride, myrtrimonium bromide,

oleyltrimonium chloride, polyquaternium-1, procainehydrochloride, cocobetaine,
stearalkonium bentonite, stearalkoniumhectonite, stearyl trihydroxyethyl propylenediamine
dihydrofluoride, tallowtrimonium chloride, and hexadecyltrimethyl ammonium bromide.

Most of these surface stabilizers are known pharmaceutical excipients and are
described in detail in the Handbook of Pharmaceutical Excipients, published jointly by the
American Pharmaceutical Association and The Pharmaceutical Society of Great Britain (The
Pharmaceutical Press, 2000), specifically incorborated herein by reference.

Povidone Polymers

Povidone polymers are exemplary surface stabilizers for use in formulating an
injectable nanoparticulate leukotriene receptor antagonist/corticosteroid formulation.
Povidone polymers, also known as polyvidon(e), povidonum, PVP, and
polyvinylpyrrolidone, are sold under the trade names Kollidon® (BASF Corp.) and Plasdone®
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synt hesis; (2) dehydrogenating the 1, 4-butanedi ol over copper at 200 to form
y- butyrol actone; and (3) reacting y-butyrol actone with amoni a to7yi eld
pyrrol i d8¥@20068%458kquent treatment with acetyl ene gi vesPEHESH06((983

pyrrol i done nononer. Polynerization is carried out by heating in the
presence of H20 and NH3. See The Merck Index, 10th Edition, pp. 7581 (Merck
& Co., Rahway, NJ, 1983). The manufacturing process for povidone polyners
produces polymers containing nolecules of unequal chain I ength, and thus

diff | ecul i __Th | ecul i gh f the .ol ecul.
about G TEoB kT 167 mely fRbere tiame el derwe Sullts FiiEA g ace.
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directly, the nost 'widely uséd nmethod of ClasSifying various nolecul ar
wei ghtPayidame polysepyane-predused compwraiallyms aserenef nrodugssbaviegmses. The K- val ues

of vari rades, of povidon S I t function of the average
ol ec ot et HnghY HORaPoBLY R bhELISBTRY wofns ARl gha” =™
cal cul satfack medifieflfor@ drag CodiporintIab & a8minétened o a Matidi tletpotideh@ge of the

nol ecul ar weight, My, is determ ned by nethods that neasure the weights of

t he i rflymergapst hayes molesulas weight of logs thagabous 46008 deltens, Fadmelerulapr ovi des

| . . . o | |
o1 or vl gRiaher a0 SR RoyGRTE BERBU S Bl BG40 0057 AR E T
Povi done K-Péatidede lyiverd/r $db5 Xor'exambRNReppe’ §pfoaess, édmpridiggdone G 17 1
7,000 10,50_0,3,08?)glvs y%Zr gégfr Eai?godrjlweﬁc- ego.gmtp §ﬁ8ﬁ,eoog 62,50621) 1,?%00 30(r)
1.5 Kdil) pbtaining! ,4-butpnedjobfiomacetyleng and frrmaliehyderyy thy Reppe buladiens 16- 18 9, 300

becalVBtPRS Guidarizshiaelle 1Ol veinaRBu a8 AP Ui o' povi done

pol y Mejutyrolactone; and (3) reacting y-butyrolactone with ammonia to yield pyrrolidone.

Subsequent treatment with acetylene gives the vinyl pyrrolidone monomer. Polymerization is
carried out by heating in the presence of H,0 and NH;. See The Merck Index, 10® Edition,
pp. 7581 (Merck & Co., Rahway, NJ, 1983).

The manufacturing process for povidone polymers produces polymers containing
molecules of unequal chain length, and thus different molecular weights. The molecular
weights of the molecules vary about a mean or average for each particular commercially
available grade. Because it is difficult to bdetermine the polymer’s molecular weight directly,
the most widely used method of classifying various molecular weight grades is by K-values,
based on viscoéity measurements. The K-values of various grades of povidone polymers
represent a function of the average molecular weight, and are derived from viscosity
measurements and calculated according to Fikentscher’s formula.

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

which are soluble.
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I's not useful as a surface stabilizer for a drug conpound to be adm ni stered
parenterallil 4(, injected). **M/ is the viscosity-avera nol ecul ar
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aver age nol ecul ar weight. Mv and Mh were determined by |ight scattering and
ultra-centrifugation, and My was determ ned by viscosity nmeasurenents. Based
on the data provided in Table 1, exenplary useful commercially avail abl e
povi done polymers for injectable fornulations include, but are not limted
to, Plasdone C 15(r), Kollidon 1 gﬂ:ﬁ]&é Kol I'idon 17 PF(r), and Kol lidon
25(r). 4. Nanoparticul ate Leukotri ceptor Antagoni st and/or
Corticosteroid Particle Size As used herein, particle size is determ ned on
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nanopart g[@‘iﬁ‘@aeukq)ﬁp-ﬁéﬁwe recégtogp_' ant é%’ém)st havijng an BUtli ve aver age
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conposi t | Kiollidehd@ coiptilde atf | eds9000ne Pa;OODGdKMerm d, whitBO@an al so be
present ApfF& nanopart{icul ate(size. In other enbodi nents of the invention,

the | eukKGIRRE 177 €CEREAR angagonizypp nan p@bbjlqlm have an gEjgctli ve average
f

particle Fae 0 es$ than about 1900 n ess than about T800 am | ess

t han abow 56 ..@ﬂ-—| """‘";7 666 b T WO—206634699591

PCTI US20 KPHW@R% 32hout 1580 Qﬁm Vil 7@% Pmuh 14000099 | ess t han
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about s @seful aslasmisfatéistabiltiper for & dMmgrompbesdtot beadministered B@enterally (leess t han
about injéfled)u, | ess than about 650 run, less than about 600 run, less than
about 550 nm | ess than about 500 mu, |ess than about 450 run, |ess than
about 400 m#Mv ib eifesviidosify-aneage moleculis weights Minis themahberHVerags moldceddd t han
about e tQﬂHMﬁ§§ﬂfeW }ﬁl&%kh & fdlectilaPwel §5Mvhﬁmm%re¥15ﬁrrﬁﬁiedfb955 t han

about greasur ed
11 ci¥Brin e ﬂ@@%@@g&n@ afldMvOWad cgerﬁég&t.@egr appr it %am

by Ilg t- scatt ring met m croscopy, |ate met ods | f
the at |east one corticosteroid is present in nanopartlcul ate size, then

the cort i Bessdendhe datapremdest indisbley emreplag'euspﬁﬂpommr@albeawlabbss t han

et eSOR e e B GLORE ol RBAL virRESRIRa ] Pllfodgenton. the
15®, Kollidon 12 PF®, Kollidon 17 PF®, and Kollidon 25%.

4. Nanoparticulate Leukotriene Receptor
Antagonist and/or Corticosteroid Particle Size

As used herein, particle size is determined on the basis of the weight average particle
size as measured by conventional particle size measuring techniques well known to those
skilled in the art. Such techniques include, for example, sedimentation field flow
fractionation, photon correlation spectroscopy, light scattering, and disk centrifugation.

The compositions of the invention comprise at least one nanoparticulate leukotriene
receptor antagonist having an effective average particle size of less than about 2000 nm (i.e.,
2 microns). The compositions also comprise at least one corticosteroid, which can also be
present at a nanoparticulate size. In other embodiments of the invention, the leukotriene
receptor antagonist nanoparticles 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
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si ze be Ich 90% of the | eukotriene receptor antagoni st and/or
cort i @ mndess tham shanit 880 g, less thpan wbous 300 ni, 1685 thaarabowutt 709mnofless than

Nanopart i ate, Leykotrie Recept or Ant i st rti.co oi d, and

Sur { a0 e st thamabot 00, 6% Hsm oo e R B By st agoni st
corti 83 bBsRi4%0 ndt) desd thdrMdht 400180 JedsitRGFabOUEDS0 hrf Sles<@Bn ¥Bout 300481, Y. The
opti mal anount of "the individual conponents depends upon, for exanple, the

part i less than Bbaik @50 inen dess Granmbont 200tnay dess shansablowt  ¥hinmy Iess than about 100

nm, less than about 75 nm, or less than about 50 nm, as measured by light-scattering

methods, microscopy, or other appropriate methods.

An “effective average particle size of less than about 2000 nm” means that at least
50% of the leukotriene receptor antagonist and/or corticosteroid particles have a particle size
less than the effective average, by weight, i.e., less than about 2000 nm. If the “effective
average particle size” is less than about 1900 nm, then at least about 50% of the leukotriene
receptor antagonist and/or corticosteroid particles have a size of less than about 1900 nm,
when measured by the above-noted techniques. The same is true for the other particle sizes
referenced above. In other embodiments, at least about 60%, at least about 70%, at least
about 80%, at least about 90%, at least about 95%, or at least about 99% of the leukotriene
receptor antagonist and/or corticosteroid particles have a particle size less than the effective
average, i.e., less than about 2000 nm, less than about 1900 nm, less than about 1800 nm,
elc..

In the invention, the value for D50 of a nanoparticulate leukotriene receptor

30



particular corticosteroid selected, the physical and chem cal attributes of
the surface stabilizer(s) selected, such as the hydrophilic lipophilic

bal ance W B)06/00¥9ti ng poi nt, and the surface tension BETA&2096/089837ut | ons of
the stabilizer, etc. For the nanoparticul ate | eukotriene receptor

antagoni st: Preferably, the concentration of the |eukotriene receptor

ant agoni st 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

conbi ned wej ght, of the | eykotrigene receptor, antagoni st _and gt | eqst. one
sur f acaitagorist and/ormanpparticylate coricagiersideampositiosiis feartigle fige belgWodNeR at i ons
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| east one | ' : e | | -ye g}gﬁ } b ARGBRE N to
t he i nvent i%ﬁlﬁ%ta%ah‘? ngléﬁ?%g%ﬁ%bogt i‘g&?fot?gnﬂgg%ﬁd%}. fg 0) (B&)’vtt\%e?g f aﬁggt he
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about 10% wei ght en_formul a in an sol,. the c ositions of the
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sel ectRthHidedMdifiR ot BukRRSheebdflornt£BR and at least one surface stabilizer, not

including other excipients. Higher concentrations of the active ingredient are generally

preferred from a dose and cost efficiency standpoint.

Preferably, the concentration of surface stabilizer for the leukotriene receptor
antagonist can vary from about 0.5% to about 99.999%, from about 5.0% to about 99.9%, or
from about 10% to about 99.5%, by weight, based on the total combined dry weight of the
leukotriene receptor antagonist and at least one surface stabilizer, not including other
excipients.

If the corticosteroid is present in a nanoparticulate form, then preferably, the
concentration of the corticosteroid 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 corticosteroid and at least one surface stabilizer, not including other
excipients. Higher concentrations of the active ingredient are generally preferred from a dose
and cost efficiency standpoint.

Preferably, the concentration of surface stabilizer for the corticosteroid can vary from
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10 nmg/ mL or nore, about 100 ng/nL or nore, about 200 ny/nlL or nore, about
400 nmg/ L or nore, or about 600 ng/nmL. In addition, when formnmulated as an
aerosol , Whe0ewMpw¥siti ons of the invention can conpri s@Ca/US2006/089881 er oi d at
a concentration selected fromthe group consisting of about 10 ng/nL or
nore, about 100 ng/nL or nore, about 200 ng/nL or nore, about 400 ng/nL or
nore, or about 600 ng/nm.. 6. O her Pharnaceutical Excipients Pharmaceuti cal
conpositions of the invention may al so conprise one or nore binding agents,
fillin aggnts, Iubricating%agents, suspendi&¥gagents, sweet eners, flavoring

agent sabout).a%dp\aheut A9I99%,fram abouk,a (0% tapbeytPd-2%, ar fpmiabgriHi% to aiqubr vescent
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cel l ulpse, aﬁoﬁgamﬁg/ﬂQﬁﬁoge,%hgélﬂm(;%ﬁat e, saccharides, and/or m xtures

of any of the foregoi ng. Exanples of ents include mcrocrystalline
cel lulose, such as Avicel(r) PHLOL and Avicel (r) PHL02; |actose such as
| act ose norfehydrQther PhavmasenticahFacipients

Pharmaceutical compositions of 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
depending upon the route of administration and the dosage form desired. Such excipients are
well 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 silicified microcrystalline cellulose (ProSolv SMCC™),

Suitable lubricants, including agents that act on the flowability of the powder to be
compressed, are colloidal silicon dioxide, such as Aerosil® 200, talc, stearic acid, magnesium
stearate, calcium stearate, and silica gel.

Examples of sweeteners are any natural or artificial sweetener, such as sucrose,

xylitol, sodium saccharin, cyclamate, aspartame, and acsulfame. Examples of flavoring
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and Pharmat ose(r) DCL21; dibasic cal ci um phosphate such as Entonpress(r);
mannitol; starch; sorbitol; sucrose; and glucose. Sui ta@ﬂ/ﬁngpsdn ggrants

i ncl ude WQHP$Y99%Moss! i nked pol yvinyl pyrrolidone, cor S/ 09%)‘ tato
starch, maize starch, and nodified starches, croscarnell ose sodi um
cross-povi done, sodiumstarch glycolate, and m xtures thereof. Exanples of
ef fervescent agents are effervescent couples, such as an organic acid and a
carbonate or bicarbonate. Suitable organic acids include, for exanple,
citric artaric, nalée famar G, P4 succiqic, a lgi ni ¢ i ds and
onhya PR A Sarfes (raden B AR hims €88 ey, sRE Spd cPlscaicf bae.
for eypTdee, sodi um carbonate, sodi um bi carbonate, potassium carbonate,
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dry pivvderysaiineelllosd) dateoss, dibssic saélinm phessHal) sdbcharided'@idedsr mikplress than or
equal to about 100 mcrons. In other enbodiments of the invention, the

aer os of any efghe foregaing r Examples ofediBeninmchaivanisomsystal bpreelidogssugh 8837
nanopgrt i COMROSi fal 0 he invention for,agqueous. dispersion
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Solubl & or SEERTk skt enim RO NgEUY GPdioked RAT VbR TrliDPe o Ron: ot s and

cor't | G0alRakfniahhRndeld EiRE LArhRE ofREAm 1ALk Webds @Ridofe! e UDPT
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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 sodium bicarbonate component of

the effervescent couple may be present.

7. Aerosol Dosage Forms of Compositions of the Invention

The invention encompasses dry powder aerosol of the compositions of the invention
and liquid dispersion aerosols of the compositions of the invention.

In one embodiment of the invention, the aerosol droplets comprising the
nanoparticulate compositions of the invention for aqueous dispersion aerosols, or the dry
powder aggregates comprising the nanoparticulate compositions of the invention for dry
powder aerosols, have a mass media aerodynamic diameter of less than or equal to about 100

microns. In other embodiments of the invention, the aerosol droplets comprising the
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particle having such an aerodynam c dianeter and a density of about 1 wl|
have a geonetric dianeter of |ess than or equal to about 2 m crons. The
rel ati ond¥P BOO8EReNn aer odynanic di aneters and geonet rPET/HRAWEBTsi zes i s
represented by the foll ow ng equation: Aerodynam c di aneter = geonetric

di aneter (density)la See col. 11, lines 18-46, of Edwards et al.; and P.
Byron, "Aerosol Formul ation, CGeneration, and Delivery Using Nonnetered
Systens,"” Respiratory Drug Delivery, 144-151, at 145 (CRC Press, 1989). A

geonetric particle sizg of ss than ©Or equal ..t o about 2 .m crons is
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Che. cansb U Oba RS aIMMRDIGE toss MBS byt ihout B uifitond 8 S o o0c0y

PCT/ Upafidfe e aiiSshch ek iaetd dondsic divénetér ant aelefisitodfiadoiis] waly hingvaegdomeldc enpl oyed
to forma solution. Suitable caqgso]lvents_ include, but are not limted to,

shor t diamasteraf less daangrequalda abeutpicrons) The relationship betweenasresyarmicc ul at e
' : el : Ml ol g
e matiydors a8 gbSHEDE bACR NG SRR S TIRANEE Bl 0" 0 b mor e

the n NMUCOS such aeroso alfe absorbed nore

rapi dly and conpeodnantié\dianeter ogeonesirieldiametes (desityYdnposi ti ons, which may
absor (et 6l Theling? 18 brok BATBHLCIbAAH B 15e Acreiel F GRHIBHon UEBEPS: on or
Sushe T B LG o MBS S0 SR, SR 1o 0 e
ant ag@GR& Presy; 1989%) s tAegemintetsidparticle sizeiof fess thad oo equeal spatvoe @ miorongds er wi t h or
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drugs. The present invention overcomes this difficulty by incorporating nanoparticulate sized
drug particles into aggregates having a variety of MMAD sizes, thus allowing for targeting of
drugs to various regions of the respiratory tract, including deep lung delivery.
Deep lung delivery is necessary for drugs that are intended for systemic
administration because deep lung delivery allows rapid absorption of the drug into the
bloodstream via the alveoli, thus enabling rapid onset of action.
Nasal formulations can be in the form of a solution of a nanoparticulate leukotriene
receptor antagonist/corticosteroid composition of the invention dispersed in an appropriate
solvent or as a dispersion or suspension of the nanoparticulate composition in a liquid phase
and a surface stabilizer and a dry powder. A solution is comprised of a composition
according to the invention and an appropriate solvent and optionally one or more cosolvents.

Water is the typical solvent. However, the composition may not be soluble in water alone in
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surfactants, emulsifiers or surface nodifiers and can be sel ected from known
organi ¢ and inorganic phar maceuti cal excipients. Such excipients include
various pPY? HPEO¥S% ow nol ecul ar wei ght ol i goners, nat URGT/UPROBHIABY and
surfactants. In one enbodi nrent of the invention, for agqueous aerosol

formul ations, a nanoparticul ate | eukotriene receptor antagonist and/or a
corticosteroid conposition according to the invention is present at a
concentration of about 0.05 ng/nL up to about 600 ng/nL (concentration for
each aﬁ%ive a
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cor t i dbepaeesibiary srechapismpsionts drys disselytion pnd shspeptioand about 10 ng/g up to
about 990 ' f ' t /g up to
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speci ftypsslof Yoratutativns,sseinpusitionecpordihgné therinesiitiontan beldhthe dommbed | ons provi de
effective delivery to appropriate areas ofiéhe_ | ung, or nasal cavitjes in
shor t @aMRagHde feakpiene resgRfor antagonisticadicosteraid whishis disperardoryspeddedipar ed to

adm ni 4 ltﬂ@ﬁ tfairéﬁ Walll ' ent i onal

pul rmr}g%tf/ ne {;Jﬁ‘leer toﬁéroggllogé;s.lﬁP% 0 a@lghgnggg?@réﬁ %ngﬂﬂghgerlﬁ%é}éntion, t he
aer os ahrfaaastsenfulsifies an safade\rasdifiers uhd cape el ectegUftorh khywalorganidaidr i ene
recept,or inhipitor 35 WO 2Q06/0 ‘3:2191 PCT/ US 036/ 009837. and corticosteroid
in a tPOFEAHE PhamaserticalexciRignis- PUGH eXspiRntsIngiude vamous\nobmstfdaWapout 4

m nut : ahou 1 I u%‘]ﬁﬁ bout 2 mnutes, |ess than
about ﬁLOI(%lﬁmégﬁe%%lgomt béﬁatgt?ggﬁﬁﬁgw’saglg%n s,&rtgss t han about 30 seconds,

| ess t han dhont erhbodimenhofSthe mvehtiars forregneowsmerdsoliformelationssa a. Aqueous

Aer osol s of .the ositions of the,lnvention One epnpodi nent of a.di spersion
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nanoparti cul ate | eukotriene receptor antagonist, at” |east one
cort i omtcentritibn fanehchiactiemagent)ndn amihdr @obodinzdnt bf therinventian, fagdegous vehi cl e

whi ch plo%vd];ro gerrrgslo?%oergu?a%ogg aafaggggrliclﬂgtle Teldtrient ?écegtror antagonist and/or a

corticosteroid composition according to the invention is present at a concentration of about

0.05 mg/g up to about 990 mg/g (concentration for each active agent), depending on the
desired dosage. Concentrated nanoparticulate leukotriene receptor antagonist and
corticosteroid aerosols, defined as comprising a composition according to the invention at a
concentration of about 10 mg/mL up to about 600 mg/mL of leukotriene receptor antagonist
and about 10 mg/mL up to about 600 mg/mL of a corticosteroid for aqueous aerosol
formulations, and about 10 mg/g up to about 990 mg/g of leukotriene receptor antagonist and
about 10 mg/g up to about 990 mg/g a corticosteroid for dry powder aerosol formulations, are
specifically encompassed by the present invention. Such formulations provide effective
delivery to appropriate areas of the 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 pulmonary nebulizer therapies. In other embodiments of the invention,

the aerosol dosage form can delivery a therapeutic quantity of leukotriene receptor inhibitor
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ultrasoni c nebulizers. The advantages of the use of such aqueous aerosols
can best be understood by conparing the sizes of nanoparticul ate

| eukot ri eN 2P®I8H¥Lr  ant agoni st/ corti cost eroi d conposi PEEAS2096/09831 ng t o
the invention with mcronized particles of such drugs and the sizes of
l'iquid droplets produced by conventional nebulizers. Conventional

m croni zed material is generally about 2 to about 5 mcrons or nore in
dianeter and is approxinmately the sane size as the liquid droplet size
produced by, nedical nebuliz In contrast,_ nanoparticul ate | eukotriene

al ZEers.
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| eukotriene receptor antagoni st and corticosteroid conposition according to
t he i ragesel. oFhuspaerosols containing nanoparticulate leukotriene receptor

antagonist/corticosteroid compositions according to the invention improve drug delivery
efficiency. Such aerosols contain a higher number of leukotriene receptor
antagonist/corticosteroid nanoparticles per unit dose, resulting in each aerosolized droplet
comprising at least one drug particle (i.e., at least one leukotriene receptor antagonist particle
and at least one corticosteroid particle).

Thus, with administration of the same dosages of compositions according to the
invention more Jung or nasal cavity surface area is covered by the aerosol formulation
containing a nanoparticulate compositions according to the invention.

Another advantage of the use of these aqueous aerosols is that they permit water-
insoluble compositions according to the invention, e.g., leukotriene receptor antagonists and
corticosteroids, to be delivered to the deep lung via an aqueous formulation. Conventional
micronized leukotriene receptor antagonists and corticosteroids are too large to reach the

peripheral lung regardless of the size of the droplets produced by the nebulizer. The aqueous
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the lung. Unlike conventional mcronized | eukotriene receptor antagonists
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of the aqueous aerosol of the invention comprises at least one nanoparticulate leukotriene

receptor antagonist particle, at least one corticosteroid particle, or at least one leukotriene

receptor antagonist particle and at least one corticosteroid particle.

b. Dry Power Aerosols of the Compositions of the Invention

A dry powder inhalation formulation can be made by spray-drying an aqueous
nanoparticulate leukotriene receptor antagonist dispersion and/or an aqueous nanoparticulate
corticosteroid dispersion according to the invention. Alternatively, dry powders comprising a
nanoparticulate leukotriene receptor antagonist/corticosteroid composition according to the
invention can be made by freeze-drying the nanoparticulate leukotriene receptor antagonist
and/or corticosteroid dispersions of the invention. Combinations of the spray-dried and
freeze-dried nanoparticulate powders can be used in both dry powder inhalers (DPIs) and
pressurized metered dose inhaler (pMDIs).

37



5,785,049. The entire content of these references are incorporated herein by
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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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to a conposition having | ess than about 5% water.). Nanoparticul ate aerosol
formul ations are described in U S. Patent No. 6,811, 767 to Bosch et al.
and, whi 0 2006/8998%% f i cal |y i ncorporated herein by ref REHER06/9098} e

enbodi ment of the invention, substantially all of the aggregates of dry
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| eukotriene receptor antagonist particle and at | east one «corticosteroid

Recept or Atk pvIsFioeRE el rortiR prbpaicn B SpamasciaRofompnRd Rln
Nanopgivenfith sdrcbd MudenidIRP thanAC EdthPiralsle hildORiz8d ALY JubSiasdend] therefGHBPOSI ti ons

according to the invention can be nade by spray-dryi ng aqueous di spersions

of aarfeanppenriateior affisicnd dplbery toothe deeroluag nlylorepvehaigeregatiss Pbn and a surface

st abi || . r e I.sts. of

manop Pt bhhsiiat sBEERE e PR R eoBienfRIR IBHRRA I cgat es can
have &atd godoviprpertibs) ther@bpuiding iffidoseomsteyifip ahd epositionadfitlee f or  deep | ung
delivery. The aggregate particle size can be increased to target alternative
del i vediinigipred sompo@tion in the dungms@asab cavities. al regi on or nasal nucosa by

I ncreasi ng ' | £ [ i.pvention in
t he spray- (?rrpgl&& | sg@%?%r#ﬁg?ﬁﬁgl?qcﬁétrgfe%q%?y%%&%ﬁﬁé%we?méﬁoﬁeﬁg%ﬁge}¥at ed by

t he sbeayedihyoth DPIstad pMDYse |(Withif theagnRRtisf tHe pregétiioventibn,d‘digtnefeag t i cul at e
conposition according to _the invention and surface stabilizer can contain a

]gi ssolty agompesitaon hayinglesstham abays é‘Vq;wateh)arIfmo(pprtma&@ermé Forglatipng Mee;j,
' ' ' , ' i 6/ 099591
o T bR AL S PHEORES P BB el R TBEG B e bARR] 000

modi f ihereirobiheaf@rendeher et o. The diluent nanoparticles can have a particle
size of abgut Ito ahout 2 m crons, suitab,l<la ;lgr deep lung delivery. In
addi tion, thenyembedimeptpfithe inventione subsipnbally alt pEts sgeregaten Py PAVAEF nat e

deliv ' S | ' ar@ﬁ a by

[ ncregéiﬁﬁgb%ﬁzeasﬁoncea?‘tspéé%?%l%éggkgp{s%g%ﬂgﬁoa| ugﬁlpsﬁgn é’adléul:]égkeigdg% di spersion
pri or conicegtemdid particlagor ad teablyoneileukotriesie peceptoe antagmiist pasticie anybatdeast exk by t he
spray dryer. S]g?%-dried powders can be used in DPls or pMDl's, either alone

or cofPTteegeRt ¢lfeeze-dri ed nanoparticul ate powder. In addition,
spray-dried powders containing a
i Spray-dried powders Comprising Nanoparticulate
Leukotriene Receptor Antagonist/Corticosteroid
Compositions

Powders comprising a nanoparticulate leukotriene receptor antagonist/corticosteroid
compositions according to the invention can be made by spray-drying aqueous dispersions of
a nanoparticulate composition according to the invention and a surface stabilizer to form a
dry powder which consists of an aggregated nanoparticulate composition according to the
invention. The aggregates can have a size of about 1 to about 2 microns which is suitable for
deep lung delivery. The aggregate particle size can be increased to target alternative delivery
sites, such as the upper bronchial region or nasal mucosa by increasing the concentration of a
composition according to the invention in the spray-dried dispersion or by increasing the
droplet size generated by the spray dryer.

Alternatively, the aqueous dispersion of a nanoparticulate composition according to
the invention and surface stabilizer can contain a dissolved diluent such as lactose or

mannitol which, when spray dried, forms inhalable diluent particles, each of which comprises
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nanoparticul ate conposition according to the invention can be reconstituted
and used in either jet or ultrasonic nebulizers to generate aqueous
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t hese aspects of the invention. c. Propellant-Based Aerosols Anot her
enbodi nent of the invention is directed to a process and conposition for
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Ipequt ri ene %.( E“reeze— getf Powders Co pﬁslrllg g P

a Nanoparticulate Composition

Nanoparticulate leukotriene receptor antagonist/corticosteroid compositions according
to the invention in the form of nanoparticle dispersions can also be freeze-dried to obtain
powders suitable for nasal or pulmonary delivery. Such powders may contain 'aggregated
nanoparticulate compositions according to the invention having a surface stabilizer. Such
aggregates may have sizes within a respirable range, i.e., about 2 to about 5 microns. Larger
aggregate particle sizes can be obtained for targeting alternate delivery sites, such as the nasal
mucosa.

Freeze dried powders of the appropriate particle size can also be obtained by freeze
drying aqueous dispersions of a composition according to the invention and surface modifier,
which additionally contain a dissolved diluent such as lactose or mannitol. In these instances
the freeze dried powders consist of respirable particles of diluent, each of which contains at
least one embedded nanoparticulate composition according to the invention in the form of
nanoparticles.

Freeze-dried powders can be used in DPIs or pMIs, either alone or combined with

spray-dried nanoparticulate powder. In addition, freeze-dried powders containing a

40



receptor antagonist/corticosteroid conpositions of the invention. pMls
(pressured netered dose inhalers) can conprise (1) discrete |eukotriene
recept or WAh048BMSLk nanoparticles, discrete corticost FHEHNMURY ticles,
and surface stabilizer(s), (2) aggregates of the nanoparticles and the
surface stabilizer(s), (3) notive diluent particles conprising the enbedded
nanoparticles and surface stabilizer(s), or (4) solutions of the drugs or
conbi nati ons thereof in solvents and/or propellants. pMDls can be used for
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| eukobf therigvendogpt or ant agoni st/ corticosteroid pMD s of the invention can
utilize either chlorinated or non-chlorinated propellants. Concentrated
aerosol solutions or nanoparticul ate aerosol fornulations can al so be

enpl oyed in pMIls. fol ' are in the formof a solution
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5. 71 SERBR s BETROL A enREENOEPOPeBE IV AR s e o oS e ances:
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Nanop &riutatioas,ahe present invention affords increased delivery to the deep lung regions

because the inhaled leukotriene receptor antagonist nanoparticles, and alternatively the
corticosteroid nanoparticles, are smaller than conventional micronized material (<2 microns)
and are distributed over a larger mucosal or alveolar surface area as compared to miconized
drugs.

The nanoparticulate leukotriene receptor antagonist/corticosteroid pMDIs of the
invention can utilize either chlorinated or non-chlorinated propellants. Concentrated aerosol
solutions or nanoparticulate aerosol formulations can also be employed in pMDlIs.

Ocular formulations are in the form of a solution comprised of a nanoparticulate
leukotriene receptor antagonist/corticosteroid composition according to the invention in an
appropriate solvent or a dispersion or suspension thereof in a liquid phase and a stabilizer,

details of which are set forth above.
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bef or @ficfbprdcitation ofNaASpapidilldte PRarfiaduticBUANSHtPWitR Crifidl Glowwkot ri ene
receptor antagonist. The |i %w d di spersion nedium can be nmaintained at a

physi dasifiess;5 .S s Ratend vl 590,982 tfon ‘Mickeprecipitpsionfof Napapastiowlate3. 0 to about 8.0

during,the si.z requeti S, r&f er Lt hint range of from
about PedoBlRLAREHLE T 8P RORNGE S1saT 138 FB BB b S £ 70T, e
di speiCon@ast Tgipdsitivas CoftaidifENahopartichiircl SO RatehitNe€.553534527(fdd EMléthodaft hough
any dispersion nedia_in which the active_ingredient is poorlg sol ubl e can

r

be” us®eepating ftable RDaeNanopartisles;” &SnBatent Na. Spil0adifor ‘Proeass phPrepatiingt hyl ene
glyco LIhg:rEa)Eg}tic Corlr?ﬁ(oasﬂ?dns Qfongalh)(iﬁg Nanoparticles;” and U.S. Patent No. 5,470,583 for

“Method of Preparing Nanoparticle Compositions Containing Charged Phospholipids to

e+

Reduce Aggregation,” all of which are specifically incorporated herein by reference.

The resultant nanoparticulate leukotriene receptor antagonist/corticosteroid
compositions or dispersions can be utilized in solid, semi-solid, or liquid dosage
formulations, such as liquid dispersions, gels, aerosols, ointments, creams, controlled release
formulations, fast melt formulations, lyophilized formulations, tablets, capsules, delayed
release formulations, extended release formulations, pulsatile release formulations, mixed
immediate release and controlled release formulations, efc. In the present invention, aerosol
and injectable dosage forms are preferred.

In another aspect of the invention there is provided a method of preparing the
nanoparticulate leukotriene receptor antagonist/corticosteroid formulations of the invention.
The method comprises the steps of: (1) dispersing the desired dosage amount of a

leukotriene receptor antagonist in a liquid dispersion media in which the drug is poorly
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| f a nanoparticulate corticosteroid is to be utilized in the conposition,
then the corticosteroid can be sinultaneously reduced in size with the

| eukot ri BR200&BWEor ant agoni st, or the corticosteroi PCHHS08FIced in a
separate size reduction process. An exenplary nethod conprises: (1)

di spersing the desired dosage anmount of a corticosteroid in aliquid

di spersion nedia in which the drug is poorly soluble; and (2) nechanically
reducing the particle size of the corticosteroid to an effective average

particl i ze bout 0 run surface stabilizer cal

D toa S00RH 8% B mefRtice ) Deflatil ok Bttt of bl o ellotn EeehR 1 C i 2o
r eductd sefctive Qvérid paaBslE 8iz8 ol less thad dBiniti2000 nin €A SeFARGEbHIARPLAd BLr can be
either the sane as or different fromthe | eukotriene receptor antagoni st

sur f aeddestaithy dispersiorrmedial aither befonesduring, onafis pruiclesizorednetionefithed at a

physi ) 0 Qu 0 to about
8.0 d%"ﬁ)(ﬁén ng Pt%ar' Euc 1%“1%1{%‘8(?%&?@%%}6@9%% eré’ﬁqg]m%hﬁg‘? range of
from bsméloélcan Foradxaniple( mﬁthmhle Rghge ﬁ%nza;duesl 10ab iaBout¥. P e @Sz thk Bizanot her
enbodlnent t he di spersion nedia used for the size reduction process is’

aqueoestuctien prgoessmere preferably withindhe range ofFomabout 18 toabaut Ji eduringdhef t he

aver age: Faiefr ERLf%, PRIAI0 U SRREIOTRRE R b esfieERitsll slheftis G
provi d@muémth lmi/y dispegsiont @ediaah wWhidheths hativerigghediehtois pobrly bslubleeuiot ri ene
receptor antagoni st/cortjcosteroid include ball mllin media mlling, and

hormgbmlif&ls aspafiflowen pily athangl.ittbutangl, Gi)@?ﬂ&lRﬂlEéh)(l?I}e&MQit(BEGhl dics Corp.).
Bal | m egnzpo? | ow energy mlling process that uses mlling nedia, drug,
st abi zer iquid. The materials are placed in a mlling vessel that

is rotat edIfaet nampparﬁaﬂlla&mee&hoswﬁdidﬁmtbetdnhzerbnume carapesitimg tieendhe educes t he
drug particle,size by inpaction. The ngedi g use st have a high 43 WO
2006/ 69tigosterpisTaands sumnlrnausty redused inizg with e i‘ﬁ@’&}ﬁnf’ &ecepiog aafas?metb e

reduc [ PBRS medi a. 1.
Leuko%fr@gﬁg&ﬁgétg@&ig&gﬁ&gg%%&%)iég&g?t%grgzteer ol %&{Bto@% cle %JI zé’%duct I on

Usi B g lni\dtliddl dmgnpghcleh a(l)wgispermgg :tlse deghe@hosagemgymmdf Ialcog:jq@steundm a qugd
stabiljzer, and,ljqui e, pl ace re oi r an irculated in a
chaméwp@awpapﬁl%@w&%wMIX@P@I%%? 25 bangally rediing Bea ng shaft
agi t agﬁzﬁcfe“‘?ze’@%é‘%dfﬁgﬁ&r&ﬁ% ah bffedtlie a%fég%g&}}lbl'é'%%tdf‘?&s e HBEEI0G0OT Ces,

t hereby reducing t rug particle size. eukotriene receptor

ant agomi. A surfaceistabiizer cinchecaalded to thel disgensivnanédiayeiitheer ibefbirgy during, or after

particle size reduction of the corticosteroid. In addition, the surface stabilizer can be either

the same as or different from the leukotriene receptor antagonist surface stabilizer. The
liquid dispersion media can be maintained at a physiologic pH, for example, within the range
of from about 3.0 to about 8.0 during the size reduction process; more preferably within the
range of from about 5.0 to about 7.5 during the size reduction process. In another
embodiment, the dispersion media used for the size reduction process is aqueous.

Using a particle size reduction method, the particle size of the leukotriene receptor
antagonist/corticosteroid is reduced to an effective average particle size of less than about
2000 nm. Effective methods of providing mechanical force for particle size reduction of the
leukotriene receptor antagonist/corticosteroid include ball milling, media milling, and
homogenization, for example, with a Microfluidizer® (Microfluidics Corp.). Ball milling is a
low energy milling process that uses milling media, drug, stabilizer, and liquid. The
materials are placed in a milling vessel that is rotated at optimal speed such that the media

cascades and reduces the drug particle size by impaction. The media used must have a high
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which it is essentially insoluble to forma prem x. The surface stabilizer
can be present in the premx or it can be added to the drug di spersion

fol | owi nY PHPEFY si ze reduction. The prenix can be lf%”%f’?%@?’w by
subjecting it to nmechanical neans to reduce the average |eukotriene
receptor antagonist/corticosteroid particle size in the dispersion to |ess
than about 2000 run. It is preferred that the prem x be used directly when
a ball mlIl is used for attrition. Alternatively, the | eukotriene receptor

i s penaashyiaf e orS! OF fepat S GRS, pPAR Yy BT SRPRLHSSESLBET P20 1y pe

m xer atttitidri nediahonogeneous di spersion i s observed in which there are no
| arge aggl onerates visible to the naked eye. It is preferred that the
prem x be subjected to such a pre-mlling dispersion step when a

2ppl 1 ed 1o equikokfiritul Ree ‘*‘f‘%“%ﬂﬁ’é“%ﬁt@?&%ﬂ?s??ﬁé‘?t”i cost er ol d
particle size cgﬁr{la eS he SPrSnRSJfSE @:ﬂgj%grsi on mll. Suitable dispersion
mlls incl .a |l.mll, an attritor mll_ . a vihratory,mll, and medi a

T 1S suohMicmiagif Sieh oiftel iifindronehs. DmHaniz i s eieeda due <o
the real afds¥Sbit a8l %—Fﬁéulﬁ?eél ke %g;a&ﬂﬂég contiinig’ 18éHiA IndPh PothiE: éﬂiﬁ/iﬂﬁ%llér?d

reduction in particle size. nmedia m|Ming, the apparent viscosity of
t he plberotating shafifagitatos thefmestia whivhtsubjocts the drbg ta ini0dor amd sheer fegesand f or

ball _mlling the,apparenf .viscosity of the prem x is preferably from about
1 up %r%&a&%me%&ﬁ.paﬁﬁqlg&ze&mh ranges tend to afford an optimal bal ance
bet ween ef fihe ialbtridas }écgbt%r SntgSonidtREHIbERIPEM BMIded &) #RLEH mebi@indt tri tion
time can vary wdely and depends primarily upon the particular mechanical

means waigh ipisessentialyginsolubiletto dorsn 8 presix.e dhe Rufach stabilizet ¢an beproscatinithg ti mes

of up__44 WD..2006/ 0 91 .PCJT/ US2006/ O 37. to five days .or lgnger may be
Fequl PR RF 1 EPR Bt PRS0 e e SEPRG P Rdawine shenels Srefitedi, T oo dance

t ”Espfbfmiﬁ!aﬁﬁéﬂééﬁ%fé@ﬂ*ﬁyw&{tﬁb ihRUhidchaMitsl Mams tdtedudd the ab&ragéise of a high
shear™ media mll. The 1eukofriene receptor antagonist/corticosteroid

parti ukstricasirdseptoraniaganisticonicoserpid particle size imtherdispsrsiemtodessshamabout

signi ficant |y .degr.ade, t he, |l eukat ri ene, r.ecept qr n{,agoni st/ corticosteroid
ot ec P ey $18 SR e R be 556y diEGRPnaHon SR BANGS BUABERTR ° Sbou
40C apgtefiativelf! the Yeukb@ieat k@eptot hntdgsiistRerticobteroid atPaledifonslstirRigent can be
cooled with conventional cooling equipnent. Control of the tenperature,

e. g., stabilizerqantbedispersed iribe diquid media using yitablangitetienise., 3 Gowles it er, i s
cont egH)I{ea}:[ &Igdl a%%ﬂl%%%é&ﬁs d}sggrsfg‘ﬁtip%segedtig hidENE' 2P o large agglomerates

visible to the naked eye. It is preferred that the premix be subjected to such a pre-milling

dispersion step when a re-circulating media mill is used for attrition.

The mechanical means applied to reduce the leukotriene receptor
antagonist/corticosteroid particle size 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 1000 centipoise, and for ball
milling the apparent viscosity of the premix is preferably from about 1 up to about 100
centipoise. Such ranges tend to afford an optimal balance between efficient particle size
reduction and media erosion.

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
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I's conveniently carried out under conditions of anbient tenperature and at
processin ressures which are safe and effective for the mlli ng process.
Ambi ent M?Q)é@é@?%&l pressures are typical of ball nillsPCHUBP¢/HP8Hi | |1s, and
vibratory mlls. Ginding Media The grinding nmedia for the particle size
reduction step can be selected fromrigid nedia preferably spherical or
particulate in form having an average size |ess than about 3 nm and, nore
preferably, |less than about 1 mm Such nedia desirably can provide the

. oo . b - e . di |
hear 0758k RhegP AR oSl ANBREL P ARk B TR R 18 01 i g
medi a (fesidade thwds Ff\one niidutd&ipas sévieee hours) #re Poksible with e useodhigh sB&do Zr O

stabilized with magnesia, zirconiumsilicate, ceramc, stainless steel,
tit animediamilhi na, 95% zr O stabilized with yttrium glass grinding nedia, and

tanimedizgpl na, 95% 2 ss grinding ed
o & can daruregiaiotefif ORI BT MR EREN fileod ST 2 1

shape terepeagaturedelidh doesonts isiphifitantds degradethe Jeukbtrient yereptoe resi n or ot her
suitable mgterial. Alternatively, the grinding nmedia can conprise a core

havi ngniggenstiqoricosterqid malecls.  Rrogessing teniparatieeg of fess than abqw30deilessihanc resin

h PAAL L 0 al . l,,...sui t abl
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net al gonvedtived) cooldipeqiiiRdi! Con@bicbfPhe RiHipbiatire Y g."BY fldRS gt dmiderabh | ity to
enable themto avold being chipped or crushed Cﬁ,ll’l ng grinding. Suitable

pol ymef the midlingehamber indiee wetessis coniemplated) engrallyicthe meihad efshesivestion ene
crossl.] d_.wi L.vi pvl benzena.. st vre 4 2006/ 099591 PCT] US2006/ 009837
copol JhrSenalatitd S BO8F AR ¥ i e PerBRA P AR qu Pont e
NenDumpgesiuiies Which are saféaid efdctive & thomilRE rozesd. PanbieNtFbcessipg pydss@ehanes;

pol yam des; pol yﬁt et raf | uoroet hyl er]esz , e.ﬁ. , Teflon(r)(E 1. du Pont de
Nenou e typigalef ball mills, aeitermills) andrabratopygills. hi gh density pol yet hyl enes;

pol ypr opyl enes; cellul ose ethers and esters such as cellul ose acetate;

pol yhydroxygﬁ;zh@c te; pol yhydroxyethyl acrylate; and silicone- containing
pol yners suc zli {)’% l?/zsi | oxanes and the |ike. The polyner can be

bi odegradabl e. Exenpl ary bi odegradabl e pol yners i nclude poly(lactides),

pol y( gl ycolThe giinding miedizefos tieef particle sizel eegluetiah stépy caml becselected| fyam nigith | des,

Dol ( RICA I sertiy SAPRI R paciuiats 5, 5im RaviBapFYessae Bepctets o ehash yms or s,
ot 11 G fdrR bhefBiaBly21eRs BARAbYISim. RN MU \RSRAA) Bin pRAUMGEPEALRE! ONeS)
of the invention with shorter processing times and impart less wear to the milling equipment.
The selection of material for the grinding media is not believed to be critical. Zirconium
oxide, such as 95% ZrO stabilized with magnesia, zirconium silicate, ceramic, stainless steel,
titania, alumina, 95% ZrO stabilized with yttrium, glass grinding media, and polymeric
grinding media are exemplary grinding materials.
The grinding media can comprise particles that are preferably substantially spherical
in shape, e.g., beads, consisting essentially of polymeric resin or other suitable material.
Alternatively, the grinding media can comprise a core having a coating of a polymeric resin
adhered thereon. The polymeric resin can have a density from about 0.8 to about 3.0 g/cm’.
In general, suitable polymeric resins are chemically and physically inert, substantially
free of metals, solvent, and monomers, and of sufficient hardness and friability to enable
them to avoid being chipped or crushed during grinding. Suitable polymeric resins include
crosslinked polystyrenes, such as polystyrene crosslinked with divinylbenzene; styrene
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pol y(phosphazenes). For biodegradabl e polyners, contam nation fromthe nedia
Itself advantageously can netabolize in vivo into biologically acceptable
product s WhH068BIbe elininated fromthe body. The griPfel/HSR0pNO837
preferably ranges in size fromabout 0.01 to about 3 mm For fine grinding,
the grinding nedia is preferably fromabout 0.02 to about 2 mm and nore
preferably fromabout 0.03 to about 1 mmin size. In a preferred grinding
process the | eukotriene receptor ant agoni st/cort i cost eroi d particles are
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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.

In a preferred grinding process the leukotriene receptor antagonist/corticosteroid
particles are made continuously. Such a method comprises continuously introducing the
leukotriene receptor antagonist/corticosteroid active into a milling chamber, contacting the
compounds with grinding media while in the chamber to reduce the particle size, and
continuously removing the nanoparticulate active from the milling chamber.

The grinding media is separated from the milled nanoparticulate leukotriene receptor
antagonist/corticosteroid using conventional separation techniques, in a secondary process
such as by simple filtration, sieving through a mesh filter or screen, and the like. Other

separation techniques such as centrifugation may also be employed.
Sterile Product Manufacturing

Development of injectable compositions requires the production of a sterile product.
The manufacturing process of the present invention is similar to typical known manufacturing

processes for sterile suspensions. A typical sterile suspension manufacturing process
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be used. 2. Leukotriene Receptor Antagonist/Corticosteroid Particle Size
Reducti on Usi ng Honbgeni zati on Honbgeni zation is a technique that does not
use mu‘i@&“%é“g?%?.l Drug, stabilizer, and liquid (or dFGEUSAWSHOPREET d with
the stabilizer added after particle size reduction) constitute a process
stream propelled into a process zone, which in the Mcrofluidizer(r) is
called the Interaction Chanber. The product to be treated is inducted into
the punp, and then forced out. The primng valve of the M crofluidizer(r)
purg i e punp. Once the punp is filled with product, the

pri m'e%%‘g‘%/%art\?gaslfsbfng%'sed and the product is forced through the interaction
chanber. The geonetry of the interaction chanber produces powerful forces of
sheer, inpact, and cavit ati on(MédiegRonditioningponsi bl e for particle size
reduction. Specifically, inside the interaction chanber, the pressurized
product is split into two streans an{ﬂ accel erated to extrenely high

vel ocities. The forned jets are(fdﬁfﬂbuﬂhﬁl cted toward each other and collide
in the interaction zone. The resulting pFoduct has very fine and uniform
particle or droplet size. The Mcraofluidizer(r) also provides a heat
exchanger to allow cooling of the 47 WO 2006/ 099591 PCT/ US2006/ 009837
product. U S. Patent No. 5, 5¥PerticiesSizeRedwstion specifically incorporated by
reference, refers to a process usi % a Mcrofluidizer.(r) 3. Leukotriene
Recept or Ant agoni sUCorti costeroid rticle Size Reduction Using
Precipitation Another nethod of fyg4Rinegt he desired nanoparticle Ieukotriene
receptor antagonist/corticosteroid dispersion is by mcroprecipitation.
This is a nethod of preparing stable di spersions of nanoparticul ate
particles of the conposition.accordi to invention in the presence of
one or nore surfacen&? l}@gg@ @IEEWSEWIZEBW)Oi d stability enhancing
surface active agents free of any trace toxic solvents or solubilized heavy
metal i MPUA{ fridRsated bYURE opticHRl gk IPARMIRSSS, sdé o£the PRORssifigis dép&Riehti ng t he
| eukotriene receptor antagonist’ and/or corticosteroid conposition according
to t heponribemethod of partiglessigetraducsion andlenmetkiodiof sietiliratipn. (Foy exataplag t he

f | at.i e t 1) . w,t.h m xi. t l,ut i | Si { t

sur  Anetie SanoBRg T e oh Al BE ol B gy R pS el efigl he.
f or muté@tlizatiod 1sqitt faSible dulto hérhichl aHdNG ph§dicd imtabilp| ARpliepRcBRRHEaMent . The
nmet hod can be foll owed by renoval of any forned salt, if present, by

di al yesiusedr diafiltration and concentration of the dispersion by

2. Leukotriene Receptor Antagonist/Corticosteroid
Particle Size Reduction Using Homogenization

Homogenization is a technique that does not use milling media. Drug, stabilizer, and
liquid (or drug and liquid with the stabilizer added after particle size reduction) constitute a
process stream propelled into a process zone, which in the Microfluidizer® is called the
Interaction Chamber. The product to be treated is inducted into the pump, and then forced
out. The priming valve of the Microfluidizer® purges air out of the pump. Once the pump is
filled with product, the priming valve is closed and the product is forced through the
interaction chamber. The geometry of the interaction chamber produces powerful forces of
sheer, impact, and cavitation which are responsible for particle size reduction. Specifically,
inside the interaction chamber, the pressurized product is split into two streams and
accelerated to extremely high velocities. The formed jets are then directed toward each other
and collide in the interaction zone. The resulting product has very fine and uniform particle

or droplet size. The Microfluidizer® also provides a heat exchanger to allow cooling of the
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conventional neans. The resultant nanoparticul ate | eukotriene receptor

ant agoni s\& (()71%26?09 tionally also conprising a nanoparticul ate

corticost &9 3%09 tion according to the inventionPEIAS3e06(909837 zed i n
| i quid nebulizers or processed to forma dry powder for use in a DPl or
pMDI . 4. Methods OF Making Aerosol Formnul ations A nanoparticul ate

| eukotriene receptor antagonist/corticosteroid conposition according to the
i nvention for aerosol admi nistration can be nade by, for exanple, (1) by

nebul i zing a ueous_dispersion of a nanpoparticul ate | eukotriene receptor
ant ag d??PE‘EC/tc E’r§ﬂ’é‘§?§‘@ &%5&9&8 i%c}gil?lil 5§P8@§€ﬁab’| ipgprperated by rﬁg‘*é?ﬂcF’o‘i‘?ﬁ‘ébpai ned by
grindi i h.QR; ecipitation, or supercritical fluid particle
genera;? oRC g’?zﬁg%q%ggcg(?ﬂ‘?%zmpgerosol i zing a dry powder of aggregates of a
nanoparti cul ate conposition according to the invention, conprising at | east
one nanoparticul ate | eukotriene receptor, at |east one corticosteroid, and
at |east onk surkemkotsiensReceptor Antagonist/Sosticosteroibnpositi on may

addi tional |y conRanticleSiae Rednetjon Using Precipitadient i zi ng a suspensi on of a
nanoparti cul ate 48 WO 2006/ 099591 PCTI US2006/ 009837 aggregates of a

conposi t i onAnatbenrmethgd oHfarméng the desitedmanopagticio leukofieneisecpptopel | ant, wher ei n

the conposition,.of the i.nvention conprises at |east. one napoparticul ate

| eukotdaZamsy Bertifostsord dispeprion i by akapreaiblion, IR is 3 Mptad SHERTe sur f ace
st abi | gt disgétSioAs8f RARpAcAhateaRRIITFthd CdthPsRichUIBGirg toThSmeeitfiinng to the
invention and surface stabilizer, which nay = additional I’y contain a diluent,
can bentbgipresance ofione grrogresnifaesdstahilizerpanskengrar neate golhoid gtability enlansingm
Concentrated aerosql .forpul ati ons .may, al.so b de by such.met hods. 5.

Non- AqyEBtEesRE aBRTE 867 PLR iR Rt Sy @i i ARG A B TRRGRES, cosu i zec

m |1 rguchashefibd Soriptiseafee extimple,qU) disétMvihg thedeukotiéie BEIcntagohisebout 1 atm
or less at roomtenperature and in which the |eukotriene receptor

ant agomidéar cerispeigiold eempesifiiprogseording togheiaentionnin a dtapleisolvegt with

corticQsteroid, ;. di ng .t he | nyant..0on.i.s. es tlhally insoluhle is used
e & VDAt aaghR B eloR o BT i P B oS e g 1o
the i romRRuHBEL stabilizdd ed fimPd €le/S8lutidnSindr (3 pre6ipitatingthe formuilattorcRém@tpt | on
according to the invention (|eukotriene receptor antagonist and optionally

a cor trWithaniging)usingpnsapprepeiatesnamsolvente The semiad aag berfoloredibr ofs nedia

Ex a0 TaedhelE F BRAE e BY B AR b LA GERE A oh Br 1 T RSREN 87
tri chl@hoemionhl Hedns MIhb a¢kiltart Gahopatticul@e tkukotriene receptor antagonist (and

optionally also comprising a nanoparticulate corticosteroid) composition according to the

»)

invention can be utilized in liquid nebulizers or processed to form a dry powder for use in a
DPI or pMDI.

4, Methods Of Making Aerosol Formulations

A nanoparticulate leukotriene receptor antagonist/corticosteroid composition
according to the invention for aerosol administration can be made by, for example, (1) by
nebulizing an aqueous dispersion of a nanoparticulate leukotriene receptor
antagonist/corticosteroid composition according to the invention obtained by grinding,
homogenization, precipitation, or supercritical fluid particle generation techniques; (2)
aerosolizing a dry powder of aggregates of a nanoparticulate composition according to the
invention, comprising at least one nanoparticulate leukotriene receptor, at least one
corticosteroid, and at least one surface stabilizer (the aerosolized composition may

additionally contain a diluent); or (3) aerosolizing a suspension of a nanoparticulate
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di chl orot etrafl uoroet hane (CFC-114). An advantage of using CFC- 11 is that it
can be handled at only marginally cool roomtenperatures, whereas CFC-1 14
requi r esWRBPE/BSMWirol | ed conditions to avoid evapor at PSR/USLSROB3HpI et i on
of mlling the liquid nmediummy be renoved and recovered under vacuum or
heating, resulting in a dry nanoparticulate conposition conprised of a
conposition according to the invention nanoparticle. The dry conposition
may then be filled into a suitable container and charged with a final
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accor #isteg. t Goncapirated, gerasql dprmuylations may; also begmadedhyssuch methedst abl e hal ogenat ed

hydr ocarbon propellant, the resultant dispersion may be filled directly
into a suitable pMDI container. Alternately, the mlling nedia can be

removed an§l r ecNef!Afhesis NonVPressurized Mitknig Sgstéra yiel d a dry conposition
conprised of a nanoparticul ate conmpgsition according to the invention. This

conposi t i ol @ REAqUEaYS, Ben-Presswized Milingsystems o pen-agucoys Hauiddevingdd char ged

with Ui QR! e I | Bg@ . ( ' Powder Aer osol
For rru?aeijt% ‘Hgltr?s p‘r’%b%g'?;f‘ﬁgt"ur Isegga p?%(rzletésrgp éaf%e A(“g %M}gﬁﬁﬁé%@o e cont ai ni ng
nanopfcépterdntigonit tempdsitidn, ahd sptiohlallp wdditond comptising a zérticostertid,on of a
conposition conprised of a nanoparticul ate conposition according to the

i nventscerdmgtoshe myentionds gssentiallyingalulle 43 used gs aywetmylling media toggakehen t he

i qui ks 2000 t room
teme&ag%%gmﬁ%?gﬁ)ggﬁgg)%@rfﬁ?agé g\%\eeéﬁ%i %{;ﬁgﬁl?%\%&?%ﬁ%p%ﬁl d evaporation
?ng peomisrised of ﬂﬁ@binpnfitién alr:]doqdm" gtcfmm' ventien (lad{oga’eemlcrhw;it@r?nmgoﬂissmﬂlnsi on, hi s
ed into spray. nozz| e. e nozzle generates droplets of the sanple within
a rangpiiopallnpgg C%erp@%asgawfaw%%rHi%mthemn@ﬁu%%n@ to r anspor t ed

by a Al ' | i rpe reis
0y pr Bttt A ppatithu odiipdcfiin 00 10 Y inc bh BxdifBlogof SRERR 11 °
non-aqueous media include ethanol, trichloromonofluoromethane, (CF C-l 1), and

dichlorotetrafluoroethane (CFC-114). An advantage of using CFC-11 is that it can be handled

at only marginally cool room temperatures, whereas CFC-114 requires more controlled

conditions to avoid evaporation. Upon completion of milling the liquid medium may be
removed and recovered under vacuum or heating, resulting in a dry nanoparticulate
composition comprised of a composition according to the invention nanoparticle. The dry
composition may then be filled into a suitable container and charged with a final propellant.
Exemplary final product propellants, which ideally do not contain chlorinated hydrocarbons,
include HFA-134a (tetrafluoroethane) and HFA-227 (heptafluoropropane). While non-
chlorinated propellants may be preferred for environmental reasons, chlorinated propellants

may also be used in this aspect of the invention.

6. Non-Aqueous Pressurized Milling System
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
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subjected to rapid liquid evaporation, |eaving behind dry particles which
are collected in a special reservoir beneath a cyclone a aratus If t he
liquid sHHI6BYAY st s of an aqueous di spersion of nancﬁﬂ?&

conposition according to the invention and surface nodifier, the coIIected
product will consist of spherical aggregates of nanoparticles conpri sed of
the conposition according to the invention. If the liquid sanple consists
of an aqueous di spersion of nanoparticles in which an inert dil uent

nater I oyt pr oduct
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the cegl ﬁﬁﬂﬁ? product size to be about 2 to about 6 mcrons in dianeter,
and for nasal delivery a collected product size of about 5 to about 100 pm
is preferred. Collected products may then be used in conventional DPls for

pul nonary @r nasal iV er d in propellants for use in pMJ's, or
the particlles rr%’““ﬁ@ ‘?"t fiTr?" é?"nﬁor use in nebulizers. In some
I nst ances ; .y:i\irhg, #a?tl y-dried
mat eri al tobf rov ﬂg‘%ﬁé“’??fﬁ%qﬁ%%a nggﬁ’{)r t he™ 'ﬁ%uct gaTh|s may
espec patticles iellawiag patdiske siteeradudtionih aaymposmch gmnpiesedrosf a\nanqpastmtlate (1 ess than
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ot or FRGPRREGhakoRig ol trvenion i Regom. Tagerieh spdygnels Wso known
as bultieR theAtRid RkdRbPhdsAvdpdt gl%séu?e Qﬂeﬁ%éﬂ’ﬂfo%@ﬂaﬁntahﬁ)ohp&&p%%es' nply

i npact the nmouth and throat "and are swallowed. Such carriers typically
consi séts;may-dls'agmrasiesrwchvlash alkowsofor liquid remanondtjoncandtpomtdat osliection.hdr i nert

mat er in sacchari.des d cel |l ul osi al,.so be useful as
var 1 tuisampte et d sofiiol oF SCBRHIGH B o S e R BR BB on o

accor ?éﬂ&iatb@dxbbﬁts dﬁlﬁ@ I\%@mmalﬁﬁﬂe bPabeRPIG B abyﬁ@ho@ﬁﬂnﬁndﬂhnﬂ&f sed in
propell ants for use in p reconstituted in a liquid nmediumfor use

Wi th mdiich dre dhes tragsporied dye @riergasinto pdrying chambsr.CEhe oartiet gass
temperature is typically between about 80 and about 200 degrees C. The droplets are

et

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 and surface modifier, 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 nanoparticles. The final size of the
collected product can be controlled and depends on the concentration of the nanoparticulate
composition according to the invention nanoparticles and/or diluent in the liquid sample, as
well as the droplet size produced by the spray-dryer nozzle. For deep lung delivery it is

desirable for the collected product size to be less than about 2 microns in diameter, for
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For a conposition according to the invention that is denatured or
destabilized by heat, such as having a low nelting point (i.e., about 70 to
about 15028YYVRWIC ), or, for exanple, biologics, suBCTHHI6AQ09837 preferred
over evaporation to obtain a dry powder nanoparticulate conposition. This

I s because sublimtion avoids the high process tenperatures associated wth
spray-drying. In addition, sublimtion, also known as freeze-drying or

| yophilization, can increase the shelf stability of a conposition according

to the,inventjon articul arl.y. for. i ol qai cal oducts. Freeze-drjed
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i nvent.i | { I i ' n, using
the. reig e EBo kol A0 buling {Efis) B9 o6 HRERIB o eliDEEH 1 B2 e

c onposimiplyoingpacf the eoutinaehthiean afidiretsivallpwed Such>carrieds tyipicadlly vendistof
respiratory-related illnesses such as asthma, enphysena, respiratory

di st r B@arssPeRaciastose masmitel, B Behalesei ch%wq@ateﬂgﬁr@ﬂ@ngchr oni ¢ obstructive

pul mﬁg%c&a?ﬁ?i%q ‘%MFE’%F?.QI%?gé Pge%medgtcmrs t ubercul osis and ot her

i nfe ns o ung, ftuga ctirons, respiratory illness associ ated

W t h acqui $prdy-drisdpowdels costainiyya sytogatioelateqoaposigivn aacttdingd é C-
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: tic, 3
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cover mﬁji ' ORASI kd cording to the invention. Such
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ef fective amount of the nanoparticul ate |eukotriene receptor
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J é Freeze- r(i)ed Nanoparticulate Compositions

For a composition according to the invention that is denatured or destabilized by heat,
such as having a low melting point (i.e., about 70 to about 150 degrees C.), or, for example,
biologics, sublimation is preferred over evaporation to obtain a dry powder nanoparticulate
composition. This is because sublimation avoids the high process temperatures associated
with spray-drying. In addition, sublimation, also known as freeze-drying or lyophilization,
can 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 solid

state to a vapor state. Such a process is highly efficient and, therefore, provides greater yields

51



conposition of the invention via any suitable nethod. In one enbodi nent of
the invention, the conpositions of the invention are admnistered via an
aerosol WESHHUIPEHM The aerosols of the present i nventBGAUSBWI8ueous
and dry powder, are particularly useful in the treatnent of
respiratory-related ill nesses such as asthma, enphysema, respiratory

di stress syndrone, chronic bronchitis, cystic fibrosis, chronic obstructive
pul nonary di sease, organ-transplant rejection, tubercul osis and ot her
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Such methods comprise the step of administering to a subject a therapeutically
effective amount of the nanoparticulate leukotriene receptor antagonist/corticosteroid
composition of the invention via any suitable method.

In one embodiment of the invention, the compositions of the invention are
administered via an aerosol dosage form. The aerosols of the present 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, organ-transplant rejection, tuberculosis and other
infections of the lung, fugal infections, respiratory illness associated with acquired immune
deficiency syndrome, oncology, and systemic administration of an anti-emetic, analgesic,
cardiovascular agent, efc. The formulations and method result in improved lung and nasal
surface area coverage by the administered composition according to the invention

One of ordinary skill will appreciate that effective amounts of a leukotriene receptor
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The purpose of this exanple was to prepare a nano particulate fornul ation of
the |eukotriene receptor antagonist zafirlukast. An a%ueous di sgersi on of
5% (W w) WOR006/0998st (suppl i ed by Canida (Tower House, PGEAR2U409838 onnel
County Tipperary, Ireland) and manufactured by Mrepen Laboratories Limted
(Morepen Vill age, Nal agarh Road, Near Baddi, Distt, Solan)) was conbi ned
wth 2.0%(ww Plasdone(r) S-630 (copovidone K25-34). This m xture was
mlled in a 10 m chanber of a NanoMII(r) 0.01 (NanoM || Systens, King of
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st abi tdrtiyostersid, thedesifcdiraticiof treathadilt, eand . othofBAdtord. St ability Over 14 Day
Period of a Nano_ articulate Zafirlukast Di spersion Storage condition
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exampl e, was f o pr.epa a nan ticulate formulati on of .the ., .
m:)and rate of excreti 1? otE Sle agent; 81% uration o?the treatment; drugs used in combination or

cw

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

* * * ¥ *

The following examples are given to illustrate the invention. It should be understood,
however, that the spirit and scope of the invention is not to be limited to the specific
conditions or details described in these examples but should only be limited by the scope of
the claims that follow. All references identified herein, including U.S. patents, are hereby

expressly incorporated by reference.

Example 1
The purpose of this example was to prepare a nanoparticulate formulation of the

leukotriene receptor antagonist zafirlukast.

An aqueous dispersion of 5% (w/w) zafirlukast (supplied by Camida (Tower House,
New Quay, Clonmel, County Tipperary, Ireland) and manufactured by Morepen Laboratories
Limited (Morepen Village, Nalagarh Road, Near Baddi, Distt, Solan)) was combined with
2.0% (w/w) Plasdone® S-630 (copovidone K25-34). This mixture was milled in a 10 ml
chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA), along with 500
micron PolyMill® attrition media (Dow Chemical) (89% media load). The mixture was
milled at a speed of 2500 rpms for 60 minutes.
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| eukotriene receptor antagonist zafirlukast. An aqueous di spersion of 5%
(ww) zafirlukast (supplied by Cam da (Tower House, &Jﬁ d onnel ,
County TWHWPHIYSOL (el and) and manuf actured by Morepen 11_(3 %Q“&”?’g’g Li nit ed
(Morepen Vill age, Nal agarh Road, Near Baddi, Distt, Solan)) was conbi ned
with 2.0%(ww Pharmacoat(r) 603 (hydroxypropyl rret hyl cel | ul ose (HPMO)).
This mxture was mlled in a 10 mM chanber of a NanoMII(r) 0.01 (NanoM I |
Systens, King of Prussia PA; see e.g., US. Patent No. 6,431, 478), along
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The results demonstrate the successful preparation of a nanoparticulate zafirlukast
composition, and that the nanoparticulate zafirlukast composition is stable at room

temperature and at elevated temperatures over an extended period of time.

Example 2
The purpose of this example was to prepare a nanoparticulate formulation of the

leukotriene receptor antagonist zafirlukast.

An aqueous dispersion of 5% (w/w) zafirlukast (supplied by Camida (Tower House,
New Quay, Clonmel, County Tipperary, Ireland) and manufactured by Morepen Laboratories
Limited (Morepen Village, Nalagarh Road, Near Baddi, Distt, Solan)) was combined with
2.0% (w/w) Pharmacoat® 603 (hydroxypropyl methylcellulose (HPMC)). This mixture was
milled in a 10 m] chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA; see
e.g., U.S. Patent No. 6,43 14,478), along with 500 micron PolyMill® attrition media (Dow
Chemical) (89% media load). The mixture was milled at a speed of 2500 rpms for 60
minutes.

Following milling, the particle size of the milled zafirlukast particles was measured,
in dejonized distilled water, using a Horiba LA 910 particle size analyzer. The mean milled

54



The results denonstrate the successful preparation of a nanoparticul ate
zafirlukast conposition, and that the nanoparticul ate firl t

conposi M(bﬁoop/§99g?]abl e at room tenperature and at el ev%é@ﬂ%@%@?ﬂtures over
an extended period of tinme. Exanple 3 The purpose of this exanple was to
prepare a nanoparticulate fornulation of the |[|eukotriene receptor

ant agoni st zafirlukast. An aqueous dispersion of 5% (ww) zafirl ukast
(supplied by Cami da (Tower House, New Quay, Connel, County Ti pperary,
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was %19Fl}aendgat a spgggﬁ’%?qé% rp%s?%r 8€§0m¥é?8€%ggn%§ﬁ?%w ng mlling, the
particl e diheatability bftheimhilled zafidukabtkasshegzarediovees fouateemeld) dag geriod n

deioni zed distilled water,, .usi a Hori LA 910 particle size analyzer. In
addi 4PEH, vapies teg{pgfﬁtqnptcyn@}fwrgq.,gﬂ}ﬁrpﬁta Og afei SF‘}balk‘é{égs"\%?ss WP over a

fourtggp A 14) day period under various tenperature conditions. The results
of the stability test are show below in Table 3. TABLE 3: Stability Over 14
Day Period of a Nano articul ate Zaful ukast D spersion Storage Storage Mean

[ D50——am-D90—/—DP95-1—60-Sees—eonrdi-ti-on—tre—-Congi-tH-er—Am-Rm-t-soni cat i o
n Tife = 0 Days Ambi EABLEE BiabibyOverddDayPepiodobapays Anbient 144 159 220
245 Y__Tine = 14 5C_20YanepartigulatrBafirluiesy Dispengion14 5C 198 190 264 295 Y
Days |TStorage coadiiod P05 S2x2ge98 | 208ean / DB/ | D90/ | DIS/ 60 secs
time Condition nm nm nm nm sonication

Time = 0 Days Ambient 189 179 253 289 N

Time = 0 Days Ambient 188 178 | 253 288 Y

Time = 14 Days 5°C 199 188 | 270 310 N

Time = 14 Days 5°C 196 185 | 266 307 Y

Time = 14 Days 25°C 220 203 307 366 N

Time = 14 Days 25°C 196 184 | 271 316 Y

Time = 14 Days 40°C 182 173 249 282 N

Time = 14 Days 40°C 177 169 241 270 Y

The results demonstrate the successful preparation of a nanoparticulate zafirlukast
composition, and that the nanoparticulate zafirlukast composition is stable at room

temperature and at elevated temperatures over an extended period of time.

Example 3
The purpose of this example was to prepare a nanoparticulate formulation of the

leukotriene receptor antagonist zafirlukast.

An aqueous dispersion of 5% (w/w) zafirlukast (supplied by Camida (Tower House,
New Quay, Clonmel, County Tipperary, Ireland) and manufactured by Morepen Laboratories
Limited (Morepen Village, Nalagarh Road, Near Baddi, Distt, Solan)) was combined with
1.5% (w/w) Tween® 80 (polyoxyethylene sorbitan fatty acid ester). This mixture was milled
in a 10 ml chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA), along
with 500 micron PolyMill® attrition media (Dow Chemical) (89% media load). The mixture
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npl e 4 The purpose of this exanple
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( suppiti deipnigeddigtilled watesviasing o Bloaiba LA Oquaaticle size nmﬁéyzerohmd@thn, theer ary,

N aghr A PR OC Rt al HeERE SR ST Bl B b B85

inperaturt $OdiiD. ORRTesulS@B)he stbility sk anershowdridW id Bablé B, @ 10 m chanber
Systens, King of Prussia, PA),

PonMII(r) attrition nedia (Dow Chemcal) (89% nedi a |

Pl ur oz
of a NanoM I | (r)
500 mi cron
m Xt ur

0.01 (NanoM | |

al on

> VWA (e CA) l' \J U C U U VV
mlling, the partlcle 1- of gﬁ%- J ot partlcles was
i n de| nlgnrl rll st | ad i,-'.' ! M A L 3-’-, .‘.l papt | fal
In additiSteragee |st §Eﬁllag?y ht Mean 7 | D50 nm i Wﬂl(astmlﬁé Te§§§P‘é!‘d
t wel ve qomdl,xhoaat;mp¢r|(2nndm@er valﬂm)us t enper 4t URIA conAlM| ohSonipato r
the stlability tesf are show bel ow in|Table 4| TABLE{4: Stabiliny OV
Peri od Tinea= 0 Bage |ar Ainthiémt e| Zafl66 r | Ykas60 Di $pe22d on JA48r ape SNor ag
D50 / LPithe/= OPays |O0Anfiént condiig4 on|ti o9 Condigagon| nm43m hm ny son

Time = 14 5°C 201 192 269 300 N
Days

Time = 14 5°C 198 190 265 295 Y
Days

Time = 14 25°C 205 332 398 208 N
Days

Time = 14 25°C 205 332 398 208 Y
Days

Time =14 40°C 377 294 626 961 N
Days

Time = 14 40°C 373 294 616 931 Y
Days

The results demonstrate the successful preparation of a nanoparticulate zafirlukast
composition, as the D50 is less than 2 microns, and that the nanoparticulate zafirlukast

composition is reasonably stable at room temperature and at elevated temperatures over an

extended period of time. However, given the moderate particle size growth observed,

particularly at higher temperatures, this formulation is suitable for the invention, but is not

necessarily a preferred formulation.
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n Time= 0 Days Anbient 236 218 323 384 N Tine = 0 Days Anbient 233 216 317
375 Y Time = 12 Days 5C 218 194 332 409 N Tine 12 Da s 5C 218 194 331 406
Y Tinme MOQ2Q960WSIEC 294 281 412 464 N Time = 12 Da 25REDHSR0AEHIRY6 277 v
Time = 12 Da s 40C 341 313 507 603 N Tine 12 Da s 40C 339 312 503 590 Y The
results denonstrate the successful preparation of a nanoparticul ate
zafirlukast conposition, as the D50 is less than 2 mcrons, and that the
nanoparti cul ate zafirlukast conposition is reasonably stable at room
tenpe&gturq gnd at el evated tenperatures over an extended period of tine.
57 WO 9591 PCT/ US2006/ 009837 Exanple 5 The purpose of this exanple
was to Prem?.uﬁ)daaﬁﬂﬂ@déxaﬁiﬂl@%s {orepHreth naxbpaiticulite fdrenlkdiohiof B I ecept or
antagoni st _zafirlukast. An aqueous dispersion of 5% (ww) zafirl ukast

( supplleukgtrispe ceaeptos aptrEgoRist ykast. New Quay, Cl onnel, County Tipperary,

I rel and f agt o s R Vil | age,
Aot agar h RO AR Y SO MRE A RRRL AL BRET by Callif oW EEEED ) | 20°
Pl asdoqsy Qﬂ@},mbmaycwhfyqq%ﬁégéﬁélaé’d) ahl nfantfacturé€byBEorepdnl Iefbotalories 10 N
chanmber of a NanoM || (r)_ 0.01 noM I'l_ Systens, King of Prussia, PA), along
wi t h Jdmited{Mprapepyiilage, NalagarhiRaar; Neas Baddi, PigthSalaniewpseanbipgbwathedi a

| oad) .q <b ) . 1.4 S . d . f ' es.

Fol | ov&'sn}é?%ﬂfélﬁ%&cm 033}’ {)llog%g&g?fo?g gﬁ%&?@%‘%@?ﬁ%%@&%ﬁl cl es was
meas urofd NanbMill®i 0001 @ethoMiHtSykiead, Mg PrutsianPAY, atietg with 500 thi¢roparticl e size
anal yzer. |In addition, the stabil] t8§ of th?om' Il ed zafirlukast was neasured

over  FolyMillRaifrition madia gLpwchemenlt (89% medis loadynibhe mixiwes wermilledaha. The
resul %Eee%;%/f{zgg(r)?%@p%}frltsg)ﬁ]%g&g. are show below in Table 5. TABLE 5: Stability

Over no articul ate Zafirlukast D spersion Storage
St orage MedollowiipOnillihf)Ghe pdvBble 5iz6 @f drasilled zafirlukast particles was measured,

in deionized distilled water, using a Horiba LA 910 particle size analyzer. In addition, the

]

stability of the milled zafirlukast was measured over a twelve (12) day period under various
temperature conditions. The results of the stability test are show below in Table 4.

TABLE 4: Stability Over 12 Day Period of a
Nanoparticulate Zafirlukast Dispersion
Storage Storage Mean/ | DSO/ | D90/ | D95/ | 60 secs
condition time Condition nm nm nm nm | sonicatio
n
Time = 0 Days Ambient 236 218 323 384 N
Time = 0 Days Ambient 233 216 317 375 Y
Time = 12 Days 5°C 218 194 332 409 N
Time = 12 Days 5°C 218 194 331 406 Y
Time = 12 Days 25°C 294 281 412 464 N
Time = 12 Days 25°C 280 407 456 277 Y
Time = 12 Days 40°C 341 313 507 603 N
Time = 12 Days 40°C 339 312 503 590 Y

The results demonstrate the successful preparation of a nanoparticulate zafirlukast
composition, as the D50 is less than 2 microns, and that the nanoparticulate zafirlukast
composition is reasonably stable at room temperature and at elevated temperatures over an

extended period of time.

57



condition tinme Condition nmnmnmnmsonication Time = 0 Days Anbi ent 167
160 224 252 N Time = 0 Da Anbient 166 159 223 251 Y Tine = 14 Days 5C 172
164 232 YEORMEOM% e =12 Days 5C 169 161 226 256 Y Ti mEA/US3046083%5¢ 172
164 231 259 N Tinme =12 Days 25C 170 162 227 256 Y Tine =12 Days 40C 162
157 219 245 N Time = 12 Days 40C 161 156 217 242 Y The results denonstrate
t he successful preparation of a nanoparticul ate zafirlukast conposition, as
the D50 is less than 2 microns, and that the nanoparticul ate zafirl ukast
cConpogit.l } S reasonably stable at roomtenperature and at el evated
terrpoﬂ!“tllh nsover an extended period of tinme. 58 WO 2006/ 099591

PCTI US2006ThOp&@pdse dbthispkample Was tpprepase mbopdrtisulete fomhdatiasof the prepare a
nanoparticul ate formul atjon I the |eukotriene receptor antagoni st

zafi rie gne IRREPLOR AIRONYT 2 n of 5% (ww) zafirlukast (supplied by

Cam da ( TowR L hkyes Qi Eﬁﬂ%k 'yp@‘-@ﬁ- and
manuf ac'g ure agy I\/brgtlaS g%%gaob@g?%‘gﬁ)gs |aﬁ1$g@;1%élg/§ epenﬁéfﬁ‘?‘ggﬂmﬁg% agarh
Road, NblgdpuaBaGtinmel) Gavnty Tipperajy), Iretend) amdmamdactiuteld by Matepes Wabgratories ol (r)
F68 (pol. r 188)..and 05% (W dogusate, sodi.u DOSS),. This, m xture
s LGRS (ViorepenoVitREs AR Bpac Neab e Dist: SOIB) PR FORIRFA )k armm. K ng
of ' | ' P Ak | i a (Dow
Cher S75 OB ERd @Ol pInctiind) 2082 Ik MhbhE b willbd WL TR 200 1 prs
f or 6¢hambenofs NafaMill®i00] (NahoMinly Systémes, King b PmssiaZRA ), hlanigevith $00ed

zafirl ukas JoCl es. was = ured, i Loni ze |stdlled water, using a
Cor 1t ot B RlaiEtiondre i Qi § Bemica ) S5 Feciofpat. nne wheNay of "t o

m || egilFf at b lspéedSIf 2506 rpiRafor 60 thigyRs. & twel ve (12) day period under various
tenperature conditions.” The results of the stability test are show below in

Tabl e 6. TRelawiag malling) the pyrticlesyizelof thepilkesk dafidlubdst particles ovasmdasuredyt e
Zafi rilnu ezliosnrizeQ| didhiled '\A(')art]er,s &%gag ﬁo%i)g 13%1 O%Ea%]clé si%) gnz{lyz%%.o II{ aﬁf?ox{, t]:?eo S€cs

stability of the milled zafirlukast was measured over a twelve (12) day period under various

temperature conditions. The results of the stability test are show below in Table 5.

TABLE 5: Stability Over 12 Day Period of a
Nanoparticulate Zafirlukast Dispersion

Storage Storage Mean/ | D50/ { D90/ | D95/ | 60 secs
condition time Condition nm nm nm nm | somication
Time = 0 Days Ambient 167 160 224 252 N
Time = 0 Days Ambient 166 159 223 251 Y
Time = 14 Days 5°C 172 164 232 261 N
Time = 12 Days 5°C 169 161 226 256 Y
Time = 12 Days 25°C 172 164 231 259 N
Time = 12 Days 25°C 170 162 227 256 Y
Time = 12 Days 40°C 162 157 219 245 N
Time = 12 Days 40°C 161 156 217 242 Y

The results demonstrate the successful preparation of a nanoparticulate zafirlukast
composition, as the D50 is less than 2 microns, and that the nanoparticulate zafirlukast
composition is reasonably stable at room temperature and at elevated temperatures over an

extended period of time.
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condition tinme Condition nmurn nmnmsonicatio n Tine = 0 Days Ambi ent 198
190 259 290 N Tinme = 0 Days Anbient 196 189 257 288 Y Tine =12 Days 5C 198
184 285 Y4@2006/09958 = 12 Days 5C 198 184 285 332 Y Ti nBCLUSNOGINIEID5C 289
280 392 435 N Tine 12 Days 25C 289 280 392 435 Y Tinme =12 Days 40C 333
316 478 540 N Tinme =12 Days 40C 333 316 479 542 Y The results denonstrate

t he successful preparation of a nanoparticul ate zafirlukast conposition, as
the D50 is less than 2 microns, and that the nanoparticul ate zafirl ukast

conposg}.i IS reasonably stable at roomtenperature and at el evated
terrpeSlt duifle's ver an extended period of tinme. 59 WD 2006/ 099591

PCT/ US2006/TH:fi3gose of &@iifp bxampld vas fiuprppere a ahndgarticubate farhmilation dfehedr epare a
nanoparticul ate formulation of the |eukotriene receptor antagoni st

zaf i r | \eikobuiene geceptns aptagomistaadirlikast of 500 (ww) zafirlukast (supplied by
Cam da (To : red b RELA Imﬁg and
manuf actur\ggﬁ%@&k}/ggglsgwgbgg?%{(on gﬁﬁ'ﬁkﬁ‘n t:eglﬁllsglrbgpen %ﬁ%’:’, %’agarh
Road, NeéeveQuBpddionmel, CouptyShipperiny, veland)cankdi mamhfavitdrad by Matpénaorbrassdoneo
C- 15 (povi K15 5h- 17. an . 5% . SQdi deoxychol ate, .This
o TBmed Wordrien Viiiase. Nolaphnat st ot A LAY EH Db | |
Syste ' i ' ' trition
medi am‘(;%sg{/évl(%ﬁ?n%%ﬁ F?g%loﬁéﬂdﬁraﬁ?g@‘%m%é@ﬁ}@&ﬂﬁ%ﬁ%@ﬂ?ﬂﬂxwgﬁg Tgfss peed of
2500 rmixturé was Gfilled imet EGml Ehdohimeniofig NanbMili® ,0.01h@apnaMill Systemis ZKingfoft he mi | | ed
zafirl yukast rticles neas e N, deioni zed distill.e r, uUsing a
Cor i b Thstin P Apte Bith 0D scin JopAGiL® fiitendnrdi roowicieniralh e fedh ™ ne
m || e%&ﬁf ITht WiRkte %@ﬂm@%geéavms@o h&isf £28D ntikfilesday period under
various ‘tenperature conditions. The results of the stability test are show
bel ow i n Tdillewing MABLE, the pBtialsisizetof tieumilled zafidykaptparticles wasimenguned,
arti Cl{l'l%gi%mzzggi Idlrsltlﬂé&fl %vtatelguss egrasll-lglllnba LA 910 particle size analyzer. In addition, the

stability of the milled zafirlukast was measured over a twelve (12) day period under various

temperature conditions. The results of the stability test are show below in Table 6.

TABLE 6: Stability Over 12 Day Period of a
Nanoparticulate Zafirlukast Dispersion
Storage Storage Mean/ | DS0O/ | D90/ | D95/ | 60 secs
condition time | Condition nm nm nm nm | sonicatio
n
Time = 0 Days Ambient 198 190 259 290 N
Time = 0 Days Ambient 196 189 257 288 Y
Time = 12 Days 5°C 198 184 285 333 N
Time = 12 Days 5°C 198 184 285 332 Y
Time = 12 Days 25°C 289 280 392 435 N
Time = 12 Days 25°C 289 280 392 435 Y
Time = 12 Days 40°C 333 316 478 540 N
Time=12Days |  40°C 333 316 479 542 Y

The results demonstrate the successful preparation of a nanoparticulate zafirlukast
composition, as the D50 is less than 2 microns, and that the nanoparticulate zafirlukast
composition is reasonably stable at room temperature and at elevated temperatures over an

extended period of time.
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Storage Storage Mean / D501 D90 / D95 / 60 sees condition tine Condition am
amamnm sonicatio n Tinme= 0 Days Anbient 144 140 193 214 N Tine 0 Days
Anbi ent YARROWGB93Y3 215 Y Tinme 14 Days 5C 141 137 191 P£1T2U$€0061‘0Pﬁ%’714 Days
5C 143 138 193 215 Y Tinme = 14 Days 25C 141 136 191 212 N Tinme = 14 Days
25C 141 137 191 212 Y Tine =14 Days 40C 142 138 192 214 N Tinme = 14 Days
40C 142 137 192 214 Y The results denonstrate the successful preparation of
a nanoparticul ate zafirlukast conposition, as the D50 is |ess than 2

m cr OEE aﬁdgt hat the nanoparticul ate zafirlukast conposition is reasonably
st abl mterrperature and at el evated tenperatures over an extended
per od of ThEpurdle UAKAAGHHRORRIHTAIZARRHAARIRT. fobkaELE oBkENe pur oSS
of this exanple was to prepare a nanoparticulate fornulation of the
|eukotltruk@ﬁ@nc&,eepﬁoaantamrasj@nf@uk@hf| rlukast. An aqueous di sper sion of 5%

(C\(,)vfj\rllvz yz‘all':c Ip)gn%géus(a 1{8§9f§b}' (W%I%Qgg{ugw%gr epen {éa ra% Ic-)lﬂl%g rre:_l mted

( Mor epiew Qudy, @@mé‘ﬂﬁC@&ﬁ? Tippesdy, INiaid) Bad eianufactiréd byPvioepen I%Sram i ned

with 1.5%(ww Tyl oxapal. Th|s mxture was milled in a 10 chanber of a

NanoMLip{ted omaen rlém:\lN g &%ﬁﬂmﬁa@dl@mﬂs gelany) Wmaombamqs‘n\gltbm th ﬁoo
et o0 Vi dstiofe® €15 (EBH B 2740 GRET0S % b Ho8 T ey iRfide, T

mi |1 Mhis thixurd &ab intilled & 2 €0 ol chdmbemofhMnélalﬁn@Iama@lanbMﬂl|Srylstemsvlaﬁ1grreasur ed,
I n deiqgnized distilled water, using a Horiba LA 910 part icle size analyzer.

TABLE o8P BistincRyd), slosgagth MO-micromBolyMill®afsgiion nysdiz Doy Chemical) (8% tion ti e
Condi t{ah 1354)" Yhe Mk WaS tdifteH at a speed of 2500 rpms for 60 minutes.

Following milling, the particle size of the milled zafirlukast particles was measured,
in deionized distilled water, using a Horiba LA 910 particle size analyzer. In addition, the

stability of the milled zafirlukast was measured over a fourteen (14) day period under various
temperature conditions. The results of the stability test are show below in Table 7.

TABLE 7: Stability Over 14 Day Period of a
Nanoparticulate Zafirlukast Dispersion
Storage Storage Mean/ | D50/ | D90/ | D95/ | 60 secs

condition time | Condition nm nm nm nm | sonicatio
n
Time = ( Days Ambient 144 140 193 214 N
Time = 0 Days Ambient 144 140 193 215 Y
Time = 14 Days 5°C 141 137 191 212 N
Time = 14 Days 5°C 143 138 193 215 Y
Time = 14 Days 25°C 141 136 191 212 N
Time = 14 Days 25°C 141 137 191 212 Y
Time = 14 Days 40°C 142 138 192 214 N
Time = 14 Days 40°C 142 137 192 214 Y

The results demonstrate the successful preparation of a nanoparticulate zafirlukast
composition, as the D50 is less than 2 microns, and that the nanoparticulate zafirlukast
composition is reasonably stable at room temperature and at elevated temperatures over an

extended period of time.
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Time = 0 Days Anbient 163 159 217 240 N Tine = 0 DM s Anbient 163 159 217
241 Y The results denonstrate the successful preparation_ of a

nanopar t WWQPO9SE99%k i r | ukast conposition, as the D50 i sP¢EYSZPHINBY i crons.
Exanpl e 9 The purpose of this exanple was to prepare a nanoparticul ate
formul ation of the corticosteroid trianctinolone acetonide. An aqueous

di spersion of 5% (ww) triantinolone acetonide (supplied by PMRS, Lot No.
R10829) was conbined with 2% (w w) Plasdone(r) S-630 (copovi done K25-34) and
0.0S(V%igée sodium This mxture was mlled in a 50 mM chanber of a
NanoM .01 (NanoMI| Systens, King of Prussia, PA), along with 500

m cron Pol yielgutpose af this éxatiplewas @ préfaesa Glrpastivu)atd RRfulatidhaf tiead) . The

m xture was mlled at a speed of 1333 rpns for 60 mnutes. Foll ow ng

mi | | i Agpkofrieae secgpior pripgomistzalitlukasbpar ti cul ate tri anti nol one acetonide 61 WO
2006/ 09959 o (AirSPEeleS, QN | . ' jcally. A
stabl e col M%eb&?cﬂ%%ﬁ%@ﬁ%%é @(/:e 6nr%“t3@8géi§%%§@§2§?\%é’w th no

| ar ge Newy Quay, Clorimeélg Goegs Tipperary] Iélend)Ngd manufiteed by Moréen Labotdteries

tri anti ngol one acet gni de i@g' %I €S .Was neasure in deionized djstjlled

: ured ]
wat er Ligéted Mgrepep Village, grhRoad; Neag Bsqﬁéb Disth Splasy) Waseombinedsyith
parer e e LA I ! . 50 of
S04k TR (AR BAGKRY Toni8 Biikhuy G Afkan a BN cHafitbefof pRANIIGIT, & BOO ©
pr eparNanaviilbSystems Kipaof PrusdiatRA), aloagwiithai00meicromdRalyMili® attritipm sietiaon.

Exanpl e 10 The Rur e Qf .thjis_exanple was t.0 prepare oparticul ate
f ornu I(ﬁpw&peﬁlcﬁh@%&e&aé%‘be rTgP OIS vreg ‘i‘?blfeélr?é aéE@ldd%iﬁga T&Hs g’d&@ous
di sperél?ihgﬂgs‘of 5% (W w) triantinol one acetonide (supplied by PVRS; Lot No.

R1082 was conbined with 2.0% (ww) hypronell ose (Pharmacoat(r) 603) and
0. 05% doc FeHvwirpndilling, thepaticle siza o€ theasilled kifirdbkiast parfiflestacinaasnesd, of a

NanoM.1 .(r). 0,01 M) Systens,, King of Prussia, PA), al i th 500
ot of® BEPYigFd PRI RER LIS AR LA P PElEIn L Fepae0s moai & | oad) . The

m xture was mlled at a speed of 1333 rpns for 60 m nutes.

ped

TABLE 8
Storage Storage Mean/ | DSO/nm | D90/ D95/ 60 secs
condition time | Condition nm nm nm sonication
Time = 0 Days | Ambient 163 159 217 240 N
Time =0 Days | Ambient 163 159 217 241 Y

The results demonstrate the successful preparation of a nanoparticulate zafirlukast

composition, as the D50 is less than 2 microns.

Example 9
The purpose of this example was to prepare a nanoparticulate formulation of the

corticosteroid triamcinolone acetonide.

An aqueous dispersion of 5% (w/w) triamcinolone acetonide (supplied by PMRS; Lot
No. R10829) was combined with 2% (w/w) Plasdone® S-630 (copovidone K25-34) and
0.05% docusate sodium. This mixture was milled in a 50 ml chamber of a NanoMill® 0.01
(NanoMill Systems, King of Prussia, PA), along with 500 micron PolyMill® attrition media
(Dow Chemical) (89% media load). The mixture was milled at a speed of 1333 rpms for 60
minutes.

Following milling, the stability of the nanoparticulate triamcinolone acetonide
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Followng mlling, the stability of the nanoparticulate triantinol one

acetonide dispersion was first determned optically. A stable coll oidal
trianci N¥P3AW/MR¥E oni de di spersi on was observed, w t hPREUSANGAOBIY st al s or
aggregates visible. Next, the size of the mlled triantinolone acetonide

particles was neasured, in deionized distilled water, using a Horiba LA 910
particle size analyzer. The mlled trianti nol one acetonide particles had a
mean size of 264 mu, with a D50 of 259 rimand a D90 of 356 nm The results

denongt rat.e the.s essf F rati fa noparti cul ate .tri anci nol one
acet CRRSEgh s 674 HE R oBEERY) Adeil BBl RARARMIORE W EEREE L O, 0 r epar o
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nanopar t i cthexeallisdeaonsiraie the supeessftbprepgiation ol nangpaisiculatectiamsinolaze| y. A

st abl I dal Dbudesoni de di spersion was observed, with no large «crystals
or aga&e@éﬁe&gﬂ@)log@gﬂ.& Next, the size of the mlled budesonide particles was

measured, in deionized distilled water, using a Horiba LA 910 particle size
anal yzer. The mlled budesonide particles had a nean size of 296 rim wth
a DoExampledlr i m and a D90 of 384 rim The results denonstrate the

successf uITﬂS@Rg(?SQE' i Ssgégﬁ%?w%%' &gla%ﬁoﬁyﬁl&ﬁagif&ﬁug%mé i on. Exanple

12 The purpo e was prépare a nanoparticul ate fornul ation
of t hertistetdid addmeinoldnd ackesddd. de. An aqueous di spersion of 5% (w w)
budesoni de, (Si cor Phar nace . nc.

Pl ur oni c( r40 pausgus ¢ispersion E!f/‘g(f‘i’ldlg’% qu%ﬂg\g;a%ggﬁéﬁgﬁgﬁ%grpﬁ@ é‘\;\{/ "
magfghn&.' R10829) Vs (HRRAA Inith 2945 (AP hyBtdieiRse (Biihbai®683) afl BB th 500
docusate sodium. This mixture was milled in a 50 ml chamber of a NanoMill® 0.01
(NanoMill Systems, King of Prussia, PA), along with 500 micron PolyMill® attrition media
(Dow Chemical) (89% media load). The mixture was milled at a speed of 1333 rpms for 60
minutes.
Following milling, the stability of the nanoparticulate triamcinolone acetonide
dispersion was first determined optically. A stable colloidal triamcinolone acetonide
dispersion was observed, with no large crystals or aggregates visible. Next, the size of the
milled triamcinolone acetonide particles was measured, in deionized distilled water, using a
Horiba LA 910 particle size analyzer. The milled triamcinolone acetonide particles had a
mean size of 264 nm, with a D50 of 259 nm and a D90 of 356 nm.
The results demonstrate the successful preparation of a nanoparticulate triamcinolone

acetonide composition.

Example 11
The purpose of this example was to prepare a nanoparticulate formulation of the

corticosteroid budesonide.
An aqueous dispersion of 5% (w/w) budesonide (Sicor Pharmaceuticals, Inc.) was
combined with 0.5% (w/w) Tween® 80. This mixture was milled in a 50 ml chamber of a
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PolyM 11 (r) attrition nedia (Dow Chem cal) (89% nedia |oad). The m xture was
mlled at eed of 1333 rpns for 60 mnutes. Following mlling, the

st abi | i tng} 09%3{%9 ﬁ%%nopart i cul ate budesoni de di spersion REI/§52086/009832t er i ned
optically. A stable colloidal budesonide dispersion was observed, with no

| arge crystals or aggregates visible. Next, the size of the ml I ed

budesoni de particles was neasured, in deionized distilled water, using a

Hor i ba LA 910 particle size anal yzer The mlled budesonide particles had a

Hompns Mgl d u RepeMill sSsPasdiine St Rrisriac b alnsa Vit NOREBhteson do
conpos ;g%pu@%m*ﬁ@n%ﬂ&ﬁé Q@&% ChefRicht lé%%f&i@ﬁﬁgi TERMLR vl% Jﬂggd g4 pose of

this e e was prepare a nano artlcu ate fornmulation o
corticspetedrocﬁllma‘tprnsﬁoaébnﬁmptes:pl onate. An aqueous dispersion of 5% (ww)

LLF;L??;?B&%@%&E b, B RS 5% naBopesiNIat b OO AT VALt A 6
(SLS). d?:c %%Uaﬁ% nsst%lle k@l@ol&ﬂ bﬁd&%ﬂ&ﬂe gﬁgﬁﬂ%{ A otReNRAOMH hé [Qf%@ 01

(NanoM g of Prussia, P 500 mcron PolyM I (r)
attrit cxystals&maggregmasw@ibéen Natt) the 8izeofithdi milled hudesoiiide pamclasr\mswas mlled at

d of 1333.r 0 t LI quj illing, th ility of
he nafmEh e b At seagainte LA PE Bl inanifeft tifet of mi ned
opt i cahiiled Eﬁd%&cﬁﬁél@paﬁﬁélh@hﬂ?d meh§i & SEITER With 2 DF0OIDRS B! SIPIDIURBE

observed, with no large crystals or aggregat es visible. Next, the size of
the m BS‘bum fluti casone propionate part I cl es was neasured, in deionized

dlstllled er sing a, ba LA article size an e The mlled
f1uti casone [3 éﬁ]“%‘%‘& oY tcltb? e °§|l5 6?01’%?%# ‘ilﬁs?l?fg%l D50 of
121 nme@fposttida?0 of 238 run. The results denonstrate the successful
preparation of a nanoparticulate fluticasone propionate conposition.

Exanpl e 14 The purpose of this exanple was to prepare a nanoparticul ate
f or mul i}‘,t L on o{ the corticosteroid fluticasone propionate.
xample 12

The purpose of this example was to prepare a nanoparticulate formulation of the
corticosteroid budesonide.

An aqueous dispersion of 5% (w/w) budesonide (Sicor Pharmaceuticals, Inc.) was
combined with 1.5% (w/w) Pluronic® F108. This mixture was milled in a 50 ml chamber of
a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA), along with 500 micron
PolyMill® attrition media (Dow Chemical) (89% media load). The mixture was milled at a
speed of 1333 rpms for 60 minutes.

Following milling, the stability of the nanoparticulate budesonide dispersion was firs
determined optically. A stable colloidal budesonide dispersion was observed, with no large
crystals or aggregates visible. Next, the size of the milled budesonide particles was
measured, in deionized distilled water, using a Horiba LA 910 particle size analyzer. The
milled budesonide particles had a mean size of 304 nm, with a D50 of 296 nm and a D90 of
390 nm.

The results demonstrate the successful preparation of a nanoparticulate budesonide

composition.
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An aqueous dispersion of 5% (ww) fluticasone propionate (Dey Laboratori es,
Inc.) was conbined with 1.25% (w w) Pluronic F68 and 0.03% V\$ docusat e
sodi um TP 200609304 re was nilled in a 50 M chanber of BCNESHWPEIH 0. 01
(NanoM I'| Systens, King of Prussia, PA), along with 500 mcron PolyMII(r)
attrition nedia (Dow Chemcal) (89% nedia |oad). The m xture was mlled at
a speed of 1333 rpns for 60 mnutes. Followng mlling, the stability of the
nanoparticul ate fluticasone propionate dispersion was first determ ned

opti c%l ﬁ ﬁlat abl e colloidal fluticasone propionate dispersion was
obser no large crystals or aggregates visible. Next, the size of

the nilled THe pirpdss 0 s Bx1ORAL & Frepdre ahaaﬁopm&mawﬁﬁﬂhudnrbf@ﬁ oni zed
distilled water, using a Horiba LA 910 particle size analyzer. The nmlled

f1 uti coostinestepnid Jutiersone pwpiangiees had a nean size of 64 WD 2006/ 099591

PCT/ US2006/ § (aI I
particle s@lgg‘ﬁfv%é‘rl%&lgéeég&?g%/h(t gB Eegé‘]i'gggh?@glggy B?rg{n(ﬁn%g?llﬁ results
denonswissdombited WB%S(SWWD p@llyemtmzhbﬁdon'a‘ (P¥P) H29YB2 dnida00 3% €wiw)dodhas one

pr opi onate nposi ti on. npl e 15 The purppse of this exanﬁJI e was to

pr eparlauryl S) OW%F'J%WQHHHC%@&&&N ¢hambsr ef 2 DBaroVIHR VD], ecept or
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dlsperSJon of the corticosteroid triantinolone acetonide prepared in
Exanp|BIResThe nanoparticul ate zafirlukast dispersion and the

nanoparti c ined in the
ol | ow g FPoite mAllic 1A, Q2618 oGPk pRie Bt A SRR R RonigRE "17'1 "

10/ 1. di{pe;mmdwaﬂgﬁmpdetemmae&apmally k Asstablocdlloddad flaticasdne propeonatei dlspcesion 1, 5,
or 10 isL,of t nan articulate zafirl ukast rsio ed to 10 5,
or 1 i Qhery 9 courils & SadPiadsatiibieo NP T SrePee Tl T o

di Sperﬁit&ﬂ&n% 1&1{& hddgeled Gra@m'éhéiﬁé& HPMibhiz D@ shIBw AR u!ﬁgtaqmarﬁ)af or 10
seconds prior to analysis. L of thé vortexed di spersion was pl aced on a

m cr odchPé0 pantldle sizzragakymer. y’ElEdmlﬂsd flyticdsend propnalepattinlés hadraemeanmize of
oD} €0t ks, wiSa D34 151 Asad iS00 sl O below

The results demonstrate the successful preparation of a nanoparticulate fluticasone

propionate composition.

Example 14
The purpose of this example was to prepare a nanoparticulate formulation of the

corticosteroid fluticasone propionate.

An aqueous dispersion of 5% (w/w) fluticasone propionate (Dey Laboratories, Inc.)
was combined with 1.25% (w/w) Pluronic F68 and 0.05% (w/w) docusate sodium. This
mixture was milled in a 50 m] chamber of a NanoMill® 0.01 (NanoMill Systems, King of
Prussia, PA), along with 500 micron PolyMill® attrition media (Dow Chemical) (89% media
load). The mixture was milled at a speed of 1333 rpms for 60 minutes.

Following milling, the stability of the nanoparticulate fluticasone propionate
dispersion was first determined optically. A stable colloidal fluticasone propionate dispersion
was observed, with no large crystals or aggregates visible. Next, the size of the milled
fluticasone propionate particles was measured, in deionized distilled water, using a Horiba

LA 910 particle size analyzer. The milled fluticasone propionate particles had a mean size of
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TABLE 9 Zafirlukast Corticosteroid Quantity Quantity Ratio Results
Conposition Conmposition of A of B AB (A (B) 5% Zafirl ukast 5%

triamci noVOR04¥8Yni de 1 10 1/10 stable col |l oi dal di spdCH/ER0062099837

Pl asdone(r) 2% Pl asdone(r) 5630 no | arge crystals or S630 0.05% docusate
sodi um aggregates 5% Zafirl ukast 5% trianti nol one acetonide 5 5 1/1 stable
col |l oi dal dispersion 2% Pl asdone(r) 2% Pl asdone(r) S630 no |l arge crystals
or 5630 0.05% docusat e sodi um aggregates 5% Zafirl ukast 5% triancti nol one

2061 asdanaey pabde T 5f 2o BB a D02t 88 BBl o i e AR IRebled sty gt s
65 WO 30Q&d0a896LbnRafibn)S2006/ 009837 The results denpnstrate the successful

preparation of stable conpositions conprising the nanoparticul ate
| eukot ri ene Thesespltedemensimpierthbe sucgessful prapsration of 8 saRonartiewate fluticaspee

nanopar}d' ?&{aﬂé&u@%@f&o osteroid triancinol one acetonide. Exanple 16 The
purposg o) IS exanple was to prepare a conposition conprising a
nanoparti cul ate | eukotriene receptor inhibitor in conmbination with a
nanoparticulate corticosteroid. The nanoparticul ate di spersion of the

| eukot EXample B ept or ant agoni st zafirlukast prepared in Exanple 2 was

conbi ned w rt| i | : | costeroid
tri ancti nol oﬁgegtg@?gﬁl e Ek(g%gire:%%tg p@’gfrﬁs)% g&l&}gc?sniloqﬁgcort]rgﬁgs%dgf i cul ate
zaf i r | nhespartitutareleakairiemdcépier inRibitppint dodbimdtion twithbananophsticalatc et oni de

di spersions were conbined in the following different ratios of
zaf i r| GRHEiSestereid | costeroi d: 1/10, 1/1, or 10/ 1. Dependi ng upon the

zafirl ukast: | ' ] il . I :

nanopart i cuﬂggé&;@%ﬁ %‘ﬁ%ﬁ%@fgﬁ %%lggé’?{s"!eé%‘ﬁ@géengéﬁéa“?é‘n t%gc’)mg%zagﬁ-lu&&ﬁ of the

nanopaptepateddh Exampletli wassdozibinet with flerminopartidilate idispedicysfithe ons wer e

conbined jn am trifuge tube and vortegegg or 10 seconds prior to
l-ac

cro-ce
anal ysF%".tlc?aSt?_m{Bfm@Wé“\? &xeignide o dn Exgap papopatticllatsscope sl i de

zafirlukast dispersion and the nanoparticulate triamcinolone acetonide dispersions were
combined in the following different ratios of zafirlukast:corticosteroid: 1/10, 1/1, or 10/1.
Depending upon the zafirlukast:corticosteroid ratio utilized, 1, 5, or 10 pL of the

nanoparticulate zafirlukast dispersion was added to 10, 5, or 1 pL of the nanoparticulate
corticosteroid dispersion.

The two dispersions were combined in a micro-centrifuge tube and vortexed for 10
seconds prior to analysis. 5 pL of the vortexed dispersion was placed on a microscope slide

and analyzed using the Leica DMR (oil immersion objective). The results are shown in Table

9, below.
TABLE 9
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition Composition of A of B A/B
(A) (B)

5% Zafirlukast 5% triamcinolone acetonide 1 10 1/10 | stable colloidal dispersion
2% Plasdone® 2% Plasdone® 8630 no large crystals or
S630 0.05% docusate sodium aggregates
5% Zafirlukast 5% triamcinolone acetonide 5 5 in stable colloidal dispersion
2% Plasdone® 2% Plasdone® $630 no large crystals or
$630 0.05% docusate sodium aggregates
5% Zafirlukast 5% triamcinolone acetonide 10 1 10/1 | stable colloidal dispersion
2% Plasdone® 2% Plasdone® $630 no large crystals or
$630 0.05% docusate sodium aggregates
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and anal yzed using the Leica DVR (oil imrersion objective). The results are
shown in ‘iﬁ?bf 10, bel ow. TABLE 10 Zafirlukast Corticosteroid antity
Quantity K88 ts  Conposition Conposition of A of PQTWE’OW%I”?'B) 5%
Zafirlukast 5% trianci nol one acetonide 1 10 1/10 stable colloidal dispersion
2% HPMC 2% HPMC no | arge crystals or 0.05% docusate sodiuma e ates 5%
Zafirlukast 5% trianti nolone acetonide 55 1/1 stable colloidal dispersion
2% HPMC 2% HPMC no | arge crystals or 0.05% docusate sodi um aggr egat es

5%Zafirl uk L. 0 | 1 10 0 i . di spersion
2% HPMC 2%%%@{3 gHr%’E‘%}9%?%fsg'gése%c??p&@.}%%%né%é%%@% %ﬁﬁéﬁ%&%@é&%ﬁes The

r esul tthe deropagicuiteleibstrishceeqadinhipitopzufiztukast i tombiabtion withylgsi ti ons
conprising .the nanoparticul ate | eukotriene receptor inhibitor zafirl ukast

i n corsnARartigHatgicoricopteroid iraeaRalone Acgtomideor t i cost eroi d tri anti nol one
acetoni de. 66 WO 2006/ 099591 PCT/ US2006/ 009837 Exanple 17 The purpose of

this egaﬁll%!ggs to prepare a conposition conprising a nanoparticul ate
| eukot eptor inhibitor in conbination with a nanoparticul ate

corticost erph i@ of @il9 BRdniple Wad toeprép AR @'comPBsifibn thaptisigat ri ene recept or
ant agoni st z;ﬁjulr%-kast prepapr ed i,n&%xgrrpl e iC?(pwas coannedgwith t he _

nanopanppartieulate deukotiene geceptor inhabitardn combinatienwith sugaepatiiedatpr epar ed i n
Exanplc%{&c]o. eg{lg nanoparti cul ate zafirlukast dispersion and the
nanopar ti c&f " budesoni de di spersions were conbined in the follow ng

di ff erent rEid m@opdrtidalhie/dispersin ofahé leaRsttieneiedeptds didagohist zafrlukhey 1.
Dependi ng upon the zafirlukast:corticosteroid ratio utilized, 1, 5 or 10 L
of t herepasesbirExample? avas spmpingd xgth theynanovesicylatedispessionef ths 10, 5, or 1 L of

the n ril . | oi L$ReEs]-0 h ' | ons were
(e, MBI 5O KRB SpALa e 16 il
zafirlukast dispersion and the nanoparticulate triamcinolone acetonide dispersions were

combined in the following different ratios of zafirlukast:corticosteroid: 1/10, 1/1, or 10/1.

Depending upon the zafirlukast:corticosteroid ratio utilized, 1, 5, or 10 pL of the
nanoparticulate zafirlukast dispersion was added to 10, 5, or 1 pL of the nanoparticulate
corticosteroid dispersion.

The two dispersions were combined in a micro-centrifuge tube and vortexed for 10
seconds prior to analysis. 5 pL of the vortexed dispersion was placed on a microscope slide

and analyzed using the Leica DMR (oil immersion objective). The results are shown in Table

10, below.
TABLE 10
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition Composition of A of B A/B
(4) (B)

5% Zafirlukast 5% triamcinolone acetonide 1 10 1/10 | stable colloidal dispersion

2% HPMC 2% HPMC no large crystals or
0.05% docusate sodium ‘aggregates

5% Zafirlukast 5% triamcinolone acetonide 5 5 11 stable colloidal dispersion

2% HPMC 2% HPMC no large crystals or
0.05% docusate sodium ‘aggregates

5% Zafirlukast 5% triamcinolone acetonide 10 1 10/1 | stable colloidal dispersion

2% HPMC 2% HPMC no large crystals or
0.05% docusate sodium ‘aggregates

The results demonstrate the successful preparation of stable compositions comprising
the nanoparticulate leukotriene receptor inhibitor zafirlukast in combination with the
nanoparticulate corticosteroid triamcinolone acetonide.
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seconds prior to analysis. 5 L of the vortexed di spersion was placed on a

m croscope. slide and analyzed using the Leica DVR (oil i nmersion

obj ecti ve‘yp 200009988yl t s are shown in Table 11, bel ow. PSB{US2006/009887 r | ukast
Corticosteroid Quantity Quantity Ratio Results Conposition Conposition of A
of B AB (A) 5% Zafirlukast 5% budesonide 1 10 1/10 stabl e coll oi dal

di spersion 1.5% Tween(r) 80 0.5% Tween(r) 80 no large crystals or a ates 5%
Zafirl ukast 5% budesonide 5 5 1/1 stable colloidal dispersion 1.5% Tween(r)
80 0.5% Tween(r) 80 nq large crystals or aggregates 5%afirl ukast 5%
budesonide 10 1 10/1 stable colloidal dispersion 1.5% Tween' 80 0.5%
Tween(Exafiplerdd | arge crystals or aggregates The results denonstrate the

successf ul reﬁfqr)ati of stable con})osi tions cigin*p‘ri sin t he
nanoparti cu ¢ § EXRIMPIE W45 (1O PIEPHE A FOMPOSBOR CPMPREBE 2 n conbi nat i on

W th thg, ﬂﬁeﬂ%g&&l&i&i@i{e% fdrliGIBHG iR cOm BRSO Wit nafdpatid @6/ 099591
PCT/ U82008/ 00983 Exanpl e 18 The purpose of this exarrp?e was to prepare a

conposeédrticosteraidpri sing a nanoparticul ate | eukotriene receptor inhibitor in
conmbi nation. M th a nanopar.ticul at orticosteroid. The,nan rtjcul ate

di sper si onnBl?e Wp?ré‘ﬁﬁ&&{é_r“@?é“?%ejgtﬂ? M&WFB@WF@P# ?&T‘g‘?ﬂ‘ I?ﬁg'ﬁ‘?kaﬁ{ epared in
Exanpl prepard@in EXAN 188 Gyad! cothbired vﬁﬁf‘ﬁ@ﬁéﬁdﬁéﬂf&lzﬁie 8ispisioaloPheof t he

corticosteroid budesonide prepared in Exanple 12. The nanoparticul ate
zaf i r | eetiensterofid dpdesonisie prepirediia Examppeal 1t. | The manepastidadsteriafidukiist per si ons were

mbined in th |1 ow i ff t rati f zafirlukast; i cost er oi d:
R L R G e S
uti i Zgigereht radios Bf zakfikhst@ortiddSteRATOPAN] 1/¢1Wra0F1 . ZBEpentiifgaion il SPEr si on was

added to 10, 5, or 1 L of the nanoparticulate corticosteroid dispersion.
zafirlukast:corticosteroid ratio utilized, 1, 5, or 10 pL of the nanoparticulate zafirlukast

dispersion was added to 10, 5, or 1 pL of the nanoparticulate corticosteroid dispersion.
The two dispersions were combined in a micro-centrifuge tube and vortexed for 10
seconds prior to analysis. 5 pL of the vortexed dispersion was placed on a microscope slide

" and analyzed using the Leica DMR (oil immersion objective). The results are shown in Table

11, below.
TABLE 11
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition Composition of A of B A/B
_(4) (B)

5% Zafirlukast 5% budesonide 1 10 1/10 | stable colloidal dispersion

1.5% Tween®80 | 0.5% Tween® 80 no large crystals or
aggregates

5% Zafirlukast 5% budesonide 5 5 171 stable colloidal dispersion

1.5% Tween® 80 | 0.5% Tween® 80 no large crystals or
aggregates

5% Zafirlukast 5% budesonide 10 1 10/1 | stable colloidal dispersion

1.5% Tween® 80 | 0.5% Tween® 80 no large crystals or
aggregates

The results demonstrate the successful preparation of stable compositions comprising
the nanoparticulate leukotriene receptor inhibitor zafirlukast in combination with the

nanoparticulate corticosteroid budesonide.
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The two di spersions were conbined in a mcro-centrifuge tube and vortexed
for 10 s&ac&g%ogggggilor to analysis. 5 L of the vortexed di spersion was pl aced
on a mcroscope Sl

ifde and anal yzed using the Lei ca DVRPCATUS2006/089837 on
objective). The results are shown in Table 12, below TABLE 12 Zafirl ukast
Corticosteroid Quantity Quantity Ratio Results Conposition Conposition of A
of B AB (A 5% Zafirlukast 5% budesonide 1 10 1110 stable coll oi dal

di spersion 1.5% Pluronic(r) 1.5%Pluronic(r) F108 no |arge crystals or F108
a ates 5% Zavl ukast 5% budesonide 5 5 1/1 stable colloidal dispersion
1.5%?5&%@&&) 1.5%l uronic(r)F108 no large crystals or F108 aggregates 5%
Zafi rl ukast %@5&% i I il 8 sion 1.5%

Pl uroni c(r )Tl% %00 Pl ??g%?g%a}?pl%%ag/é&%%biﬂgragcgﬁ%%lg? giegmgirﬁﬁg%% aggr egat es

The r esmbparticelaterdietkotriene rénepton dabdbisdrih combimation with agfanepaxtitwdateonposi t i ons
conpri sirﬁ%{s th«a nanoparti cul ate | eukotriene receptor inhibitor zafirl ukast

in conBIMMSITNYmi th the nanoparticulate corticosteroid budesoni de. Exanpl e

19 The pur pPEenabpirfitfa® ddpRetfor\G¥thé RukbERAS &ceptspmﬁ%hﬁét QRfEMRf i Sing a
nanoparti cul ate |leukotriené receptor inhibitor in conbination with a

nanopaprepased ix Exangde $ywas combosd 3vth themanspaopelatodispersion of thecost er oi d.  The
nanopartj.cul at.e,di,sper.si on of. .t | eukpt ri.ene recept.or apt,agoni st

zafirlUl %%s{ef?iﬁé’ﬂ‘é\?@a‘dﬁ?f%%&%exﬁﬂ\kges%o |9?88pﬂfﬁ€‘ﬂaﬁeﬁ8ﬁﬂ%gartipul ate

di spergbpision ande nafdpatticsite badedonitie! Hispérsione wifednfhigéEinRhefllo®dng N Exanpl e
13. The nanoparticul ate zafirlukast dispersion and the nanoparticul ate

f1 uti cdiffereat ratioppbradirlukayt:spuicostereid: w8, 1/t.rdi0He d¢nending wentheni ng di f f er ent
ratios_of fir t:eorticasterord: A/ 10 . 1/ r di ng upon
the o eRrinebtiRRbiah siREE b Sr bt vishe hanoblriffate sufiRER, 12
dispersion was added to 10, 5, or 1 pL of the nanoparticulate corticosteroid dispersion.
The two dispersions were combined in a micro-centrifuge tube and vortexed for 10
seconds prior to analysis. 5 pL of the vortexed dispersion was placed on a microscope slide

and analyzed using the Leica DMR (oil immersion objective). The results are shown in Table

12, below.
TABLE 12
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition Composition of A of B A/B
(A) (B)
5% Zafirlukast 5% budesonide 1 10 1/10 | stable colloidal dispersion
1.5% Pluronic® 1.5% Pluronic® F108 no large crystals or
F108 aggregates
5% Zafirlukast 5% budesonide 5 5 mn stable colloidal dispersion
1.5% Pluronic® 1.5% Pluronic® F108 no large crystals or
F108 aggregates
5% Zafirlukast 5% budesonide 10 1 10/1 | stable colloidal dispersion
1.5% Pluronic® 1.5% Pluronic® F108 no large crystals or
F108 aggregates

The results demonstrate the successful preparation of stable compositions comprising
the nanoparticulate leukotriene receptor inhibitor zafirlukast in combination with the

nanoparticulate corticosteroid budesonide.

Example 19
The purpose of this example was to prepare a composition comprising a

nanoparticulate leukotriene receptor inhibitor in combination with a nanoparticulate
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nanoparti cul ate zafirl ukast dispersion was added to 10, 5, or 1 gL of the
nanoparticulate corticosteroid dispersion. The two di spersions were

conbi ned iWOZ0060PB¥1 cent rifuge tube and vortexed for 10 PEBWS2EE/OMSEDI t O
anal ysis. 5L of the vortexed di spersion was placed on a m croscope slide
and anal yzed using the Leica DVR (oil imrersion objective). The results are
shown in Table 13, below TABLE 13 Zafrrl ukast---Cortccosteroid Quantity
Quantity Ratio Results Conposition Conposition of A of B AB (A (B 5%
Zafirlukast 5% fluticasone propionate 1 10 1110 stable coll oidal dispersion
2% PVP ckgitbSeratdo PVP K29/ 32 no | arge crystals or 0.05% SLS aggregates 5%

Zafirlukast .5% fl uti casone, propi onat 5.1/1 stabl e, col] pi di sper si on
2% PP K20/ AP REPoRABIGIE gﬁﬁé&“&‘?@ﬁé %Hesfeﬁ‘?PtOf(ﬁf'@?@@)S”éf@qﬂg{“é(aites 5%

Zafirl ecﬁ%oﬁﬁajﬁ@héﬁwemﬁﬁﬁmwtﬁe ﬁ&og@m%%ate%i bgortOf thei dal di spersion
2% PVP K29/ 32 2% PVP K29/ 32 no | arge crystals or . 05% SLS aggregates The

resul t sotisostemid futicasbre propiossts Prépapaddp dixawiptenl o f Thetnabbpartiowlptesi t i ons
" ongelidkashiapeiHoR Ahd e daBhhrt iR SlEEnd oBREa A e one

pr opi ORgBinct iR Rl fBlleWinkBffenaa6s O zafiluRasiGtRbRerdRE 1/90,A/ERRNG/12 _
conposition conprising a nanoparticulate |eukotriene receptor inhibitor in

conbi nAepending uporathe zafifulast: carticasteroidaatio uidléizedy bisd or TheLrefamarti cul at e

di spersion of e | otri.ene.recept n ni st rzafj rl ukast. WO

2006/ 0388 st A AR O FEL AR W I SRR B Db R e ns RN it ¢ ne
nanopaicbitiedbtaiond Bispésioal on of the corticosteroid fluticasone propionate
prepared in Exanple 14. The nanoparticul ate zafirl ukast dispersion and the

nanopar t i culTRedwp disprisions werpeambinedine micspreenirifigs tyee and vortexed for 10
seconds prior to analysis. 5 pL of the vortexed dispersion was placed on a microscope slide

and analyzed using the Leica DMR (oil immersion objective). The results are shown in Table

13, below.
TABLE 13
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition Composition of A of B A/B
_(4) (B)

5% Zafirlukast 5% fluticasone propionate 1 10 1/10 | stable colloidal dispersion

2% PVP K29/32 | 2% PVP K29/32 no large crystals or
0.05% SLS _aggregates

5% Zafirlukast 5% fluticasone propionate 5 5 171 stable colloidal dispersion

2% PVP K29/32 | 2% PVP K29/32 ' no large crystals or
0.05% SLS aggregates

5% Zafirlukast 5% fluticasone propionate 10 1 10/1 | stable colloidal dispersion

2% PVP K29/32 2% PVP K29/32 no large crystals or
0.05% SLS aggregates

The results demonstrate the successful preparation of stable compositions comprising
the nanoparticulate leukotriene receptor inhibitor zafirlukast in combination with the

nanoparticulate corticosteroid fluticasone propionate.

Example 20
The purpose of this example was to prepare a composition comprising a

nanoparticulate leukotriene receptor inhibitor in combination with a nanoparticulate
corticosteroid.

The nanoparticulate dispersion of the leukotriene receptor antagonist zafirlukast
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conbined in the following different ratios of zafirlukast:corticosteroid:
1/10, 1/ 1W or 10/1. Dependi ng upon the zafirlukast:corticosteroid ratio
utilized, WP 208609839110 pL of the nanoparticul ate zafir| BEEES20064098833i on was
added to 10, 5, or 1 L of the nanoparticulate corticosteroid dispersion.
The two di spersions were conbined in a mcro-centrifuge tube and vortexed
for 10 seconds prior to analysis. 5L of the vortexed dispersion was placed
on a mcroscope slide and analyzed using the Leica DVR (oil inmersion
objective). .The results are shown.in Table .14, helow., TABLE 14 Zafirl ukast
Cor ¢ | c BiEDbied I Ryl & e Snaniined with e apaasticidite AEREBIAnALABE Conmpos ¢ on of A
of B A&+ ' & HG rnapt p’grt}‘gﬂ 10 stable

col | oi ggﬁneﬁ%tesrggﬁgﬁ%dﬂffﬂg%%%{%f# %eﬂ%%%ﬂ%ﬁgl%%@ﬁ&:h ?S%F“(%?) F68&é10 | ar ge

cr yst aksfinlukastGligessidOsH he 0sRopBORSate futimacespropiodate dispeisiss w86 f | ut i casone
propi onate. 5,5 1/ tabl e.col | oi dal .di rsjon. 1 5%.1L I, (4 1.25%
P ¥ o Eotbiagd e folfeyiing fifbp i of GafStepl:&kiepssmolt bs s be s os 506
Zaf i r| Wepeddimdbgonthé SARNNQstIoRd03REIIE ratd whiliked, 11, 5! el ey ef kel dal di sper si on
1.5% Lutrol (r) F68 1.25% Lutrol (r) F68 no |arge crystals or 0.05% DOSS

0. 05% DEKPagis FH elispersion wasqaddedhtnt Y Seon huL of theanppppartipylatsar at i on of
stabl e sitions gonprising the nanoparticul ate | eukotriene receptor

i nhi bi g@ﬁﬁ@@sg?rpﬁ PELYOYn conbination with the nanoparti cul ate

corti cost er Fheltd Bisp&rsivas Vel RALIALif o HECANBErifake AR apdvBRELedor 1B S
exanpl e was to prepare a_conposition conprising a nanoparticulate

| eukot seconds prinséparalysinhd piliadithe yorteaeddispersion wes placed B aspigraseang stide

cort! 5 s TR PSRN BRSPS E ok Ml MM B

nanopantwidvat e di spersion of the corticosteroid fluticasone propionate
prepared in Exanple 14 The nanoparticulate 70

TABLE 14
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition Composition of A of B A/B
(A)_ (B)

5% Zafirlukast 5% fluticasone propionate 1 10 1710 | stable colloidal dispersion
1.5% Lutrol® F68 | 1.25% Lutrol® F68 no large crystals or
0.05% DOSS 0.05% DOSS aggregates

5% Zafirlukast 5% fluticasone propionate 5 5 11 stable colloidal dispersion
1.5% Lutrol® F68 | 1.25% Lutrol® F68 no large crystals or
0.05% DOSS 0.05% DOSS aggregates

5% Zafirlukast 5% fluticasone propionate 10 1 10/1 | stable colloidal dispersion
1.5% Lutrol® F68 | 1.25% Lutrol® F68 no large crystals or

0.05% DOSS 0.05% DOSS aggregates

The results demonstrate the successful preparation of stable compositions comprising

the nanoparticulate leukotriene receptor inhibitor zafirlukast in combination with the

nanoparticulate corticosteroid fluticasone propionate.

Example 21

The purpose of this example was to prepare a composition comprising a

nanoparticulate leukotriene receptor inhibitor in combination with a nanoparticulate

corticosteroid.

The nanoparticulate dispersion of the leukotriene receptor antagonist zafirlukast

prepared in Example 7 was combined with the nanoparticulate dispersion of the

corticosteroid fluticasone propionate prepared in Example 14. The nanoparticulate
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WD 2006/ 099591 PCT/ US2006/ 009837 zaf ul ukast di spersion and the
nanoparticul ate fluticasone propionate dispersions were _conbined in the
fol | owi ngVAPIEPBAL ratios of zafirlukast:corticosteroi BETPPAG6/0087
10/1. Depending upon the zafirlukast:corticosteroid ratio utilized, 1, 5,
or 10 L of the nanoparticulate zafirlukast dispersion was added to 10, 5,
or 1 L of the nanoparticulate <corticosteroid dispersion. The two

di spersi ons were conbi ned in a mcro-centrifuge tube and vortexed for 10
secon : .di sp pl aced on a
i o1 oo Rk dhBerSf o3 o8y naboBiBhtal i RlobE R RPRER Al el

obj ectgonthinedlifi¢he fodluiviny differentiritios bfizaflukest:céfiicostetoddy. IHABIJE, d510ZRhf i rl ukast
Corticosteroid Quantity Quantity Ratio Results Corrp05| tion (A Conposition

of A dPemsndmgworythezafiriakast:comicosteroidatio ytiligndp bi Dieatl@ 1L afgha/ 10 st abl e

cr yst Apopitiafi s il SaccoR3RRARIR 16,5 of s SOE RnSRBie BT OV, o 6o
fluti cmmwtemidﬁispmm 5 5 1/1 stable colloidal dispersion 1.25% Pl asdone

Cl5 1. 25% Lutrol (% F68 no | arge, crystals or Q.05% deoxychol i 0 05% DOSS
aggr egat es B %CE%QIFW‘HRQQIPI’HWM HmiergspE i’%ﬁ%ﬁ %Ofi%eé g0 stabl e

g(r)| | Ol%gé}ldggo%{c?ho I°C Sls é’ﬁ g%gggaggre tes@c@#’% e res&?%rﬂ&gh%]%getf;%’zt ?lhz

succesatuahalyreimingg the ﬂLem‘a DRNMRlod imargpsian dbjectived. 0T resultsare shewn in Table
nanopa |culate | eukotriene receptor inhibitor zafirlukast in conbination

wtht 1I%’nopar ticulate corticosteroid fluticasone propionate. Exanple 22
The pur pose of this exarrpl e was to pr epare a conmposi tion conpri si ing a
nanopeat Lr L,TI'I ate T eLTKUTITelTEr reuvptﬂrﬂLlfllgTL or T ConmbrattTomr wtira
nanoRar e e Pt Rt Quantity | Quantity | Ratio Results
Composition (A) Composition of A of B A/B
(B)

5% Zafirlukast 5% fluticasone propionate 1 10 1/10 | stable colloidal dispersion

1.25% Plasdone C15 | 1.25% Lutrol® F68 no large crystals or

0.05% deoxycholic | 0.05% DOSS aggregates

acid

5% Zafirlukast 5% fluticasone propionate 5 5 mn stable colloidal dispersion

1.25% Plasdone C15 | 1.25% Lutrol® F68 no large crystals or

0.05% deoxycholic | 0.05% DOSS aggregates

acid

5% Zafirlukast 5% fluticasone propionate 10 1 10/1 | stable colloidal dispersion

1.25% Plasdone C15 | 1.25% Lutrol® F68 no large crystals or

0.05% deoxycholic | 0.05% DOSS aggregates

acid

The results demonstrate the successful preparation of stable compositions comprising
the nanoparticulate leukotriene receptor inhibitor zafirlukast in combination with the

nanoparticulate corticosteroid fluticasone propionate.

Example 22
The purpose of this example was to prepare a composition comprising a

nanoparticulate leukotriene receptor inhibitor in combination with a nanoparticulate
corticosteroid.

The nanoparticulate dispersion of the leukotriene receptor antagonist zafirlukast
prepared in Example 8 was combined with the nanoparticulate dispersion of the

corticosteroid fluticasone propionate prepared in Example 13. The nanoparticulate
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The nanoparticul ate dispersion of the | eukotriene receptor antagoni st
zafirlukast prepared in Exanple 8 was conbined wth the nanoparticul ate

di sper si oVQRI06MISItort i costeroid fluticasone propi onat epEr/EpAneobossy Exanpl e
13. The nanoparticulate 71 WD 2006/ 099591 PCT/ US2006/ 009837 zafirl ukast

di spersion and the nanoparticulate fluticasone propionate di spersions were
conbined in the followng different ratios of zafirlukast:corticosteroid:
1/10, 1/1, or 10/1. Depending upon the zafirlukast:corticosteroid ratio
utilized, 1, 5, or 10 L of the nanoparticul ate zafirl ukast dispersion was
added tzafidakasbdispersidn andthetnanopaaticate fluticdsanepropionateclispersiansdvete sper si on.

The two disper.sions,.were conbined in. a ro-centrif and .y.ort exed

f or 10.00@&!@(&3%&119&?8?% dgﬁgmtsriaggs &@@P&‘ﬁ@@&%@?%%ﬁ@fﬁ}@rgﬂy ]\Nas pl aced
on a MsdyeRdiap 8pd thd LafifiithsAeHivFRdoidShildutiilRdl-Bi 5 8r RVREL(dTithe | MTer Si on
objective). The results are shown in Table 16, below. TABLE 16 Zafirl ukast
Cor t i c@enepagtichlate zafidukastispersion wanadded e 3 S, or 1 gbmidke nanvpartisplaonposi ti on
of A of Fﬁ AE{ 5% é‘gfi rl ukast 5% fl uti casone propionate 1 10 1110 stable

col | of GaTHCaFtEond dispsrsion. oo Tyl oxapol 2% PVP K29/32 no large crystals or

0. 05% SLS agteewddspeiond Meré totliGingd ﬁ%ﬁlidﬂé%&xﬁﬁﬂi}@ tiseOgtidofMeRedfo? 10/ 1 stabl e
col I oi dal dispersion 1.5%lyl oxapol 2% PVP K29/3Z no |arge crystals or 0.05%
SLS aggecands prorsiocamalysis) (kdsef theyentexed dispersionprasplanedoa aimicrostopeisliseabl e

0. 0596 S HFRT B ety NIRRT Bimo i e, “ThelBul B P AMEATABICT o

st abl e 16op@e@wi ti ons conprising the nanoparticul ate | eukotriene receptor
i nhi bitor zafirlukast in conmhination with the nanoparticulate

cortigosteroid flutjcasone propi onaffABIEMmM| e 23 The purpose of this
exanpl|e véadirlugagir epar e Gortieosfsveid t | oh Quantiyyi| Quantity | Ratiopar t i c uResulis
| eukot] r CempositiondAd dr | nEempesition n cprixfdat ijonolBt h| aAlanjoparti cul ate
B)
5% Zafirlukast 5% fluticasone propionate 1 10 1/10 | stable colloidal dispersion
1.5% Tyloxapol 2% PVP K29/32 no large crystals or
0.05% SLS aggregates
5% Zafirlukast 5% fluticasone propionate 5 5 111 stable colloidal dispersion
1.5% Tyloxapol 2% PVP K29/32 no large crystals or
0.05% SLS aggregates
5% Zafirlukast 5% fluticasone propionate 10 1 10/1 | stable colloidal dispersion
1.5% Tyloxapol 2% PVP K29/32 no large crystals or
0.05% SLS aggregates

The results demonstrate the successful preparation of stable compositions comprising
the nanoparticulate leukotriene receptor inhibitor zafirlukast in combination with the

nanoparticulate corticosteroid fluticasone propionate.

Example 23
The purpose of this example was to prepare a composition comprising a

nanoparticulate leukotriene receptor inhibitor in combination with a nanoparticulate
corticosteroid.

The nanoparticulate dispersion of the leukotriene receptor antagonist zafirlukast
prepared in Example 1 was combined with the nanoparticulate dispersion of the
corticosteroid triamcinolone acetonide prepared in Example 10. The nanoparticulate
zafirlukast dispersion and the nanoparticulate triamcinolone acetonide dispersions were
combined in the following different ratios of zafirlukast:corticosteroid: 1/10, 1/1, or 10/1.
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corticosteroid. The nanoparticul ate di spersion of the | eukotriene receptor
antagoni st zafirlukast prepared in Exanple 1 was conbined with the
nanopart i 12806989 per si on of the corticosteroid tri amPCARAIS30M6/089837 oni de
prepared in Exanple 10. The nanoparticul ate zafirlukast dispersion and the
nanoparti cul ate trianci nol one acetoni de di spersions were conbined in the
followng different ratios of zafirlukast:corticosteroid: 1/10, 1/1, or
10/ 1. 72 WD 2006/ 099591 PCT/ US2006/ 009837 Dependi ng upon t he

zafirlykast,: corticosteroid ratio utilized,..1l , «0r 30 .1 t he
nanopaﬁ??e@&%‘?o?i% %ﬁﬁ@gﬁt'c F?Bgf?ﬂ%ﬁmhﬁ%zds’t% @d‘,L gﬂfh& 1L of the
nanopagidniopattishlate Zafflhik4se afs?é@ioﬂ vlis 28&¢dto a0, 5,1d1e [iIVef the TRAGSIr@AHateer €
combined Tn a mcro-centrifuge tube and vortexed for 10 seconds prior to
anal ys¢asticasteroidfdigpaesioror t exed di spersi on was pl aced on a microscope slide

and anal yz using the Leica .(qQi.l _imersion object] I results are
Shown i Tabhe R SsbGontines et o IR bR AOhBE b Fhuettel FEV | 5
Quant i egoldtpridr Regaliysts. RN HetvoRtBxdd disSepsin Sak Fraegcpén AmiérobeodeBlife 5%
Zafirlukast 5% triancinolone 1 10 1/10 stable coll oidal dispersion 2%
Pl asdo#(anplysedusing thedriereDMR (calrigunassipn obieetive). The pesnlts (u@(sgywagg?f@ldat es
0. 05% ao%;/(’ Zafirlukast 5% riancinolone 5 5 1/1 stable coll oi dal

n

di spers? % Pl asdone(r) 5630 acetonide no |arge crystals or 2% HPMC (603)
aggregates 0.05% DOSS 5% Zafirlukast 5% trianci nolone 10 1 10/1 stable

col | of dal_dispersron 2% Plasdone( rTaBpgd7acet oni de no large crystals or] 2%
HPMC [(6UZIRARGE T8 €5 COrtaBroisS | Gudntity| Quakhy ] RAGAT € [ NE RebRReSST Ul
prepar YohiPdsiQbn @[)abl € QMPositibh ONS |COGPAI S| NGhf B A/B
(B)_
5% Zafirlukast 5% triamcinolone 1 10 1/10 | stable colloidal dispersion
2% Plasdone® S630 | acetonide no large crystals or
2% HPMC (603) aggregates
0.05% DOSS
5% Zafirlukast 5% triamcinolone 5 5 1/1 stable colloidal dispersion
2% Plasdone® S630 | acetonide no large crystals or
2% HPMC (603) aggregates
0.05% DOSS
5% Zafirlukast 5% triamcinolone 10 1 10/1 | stable colloidal dispersion
2% Plasdone® S630 | acetonide no large crystals or
2% HPMC (603) aggregates
0.05% DOSS

The results demonstrate the successful preparation of stable compositions comprising
the nanoparticulate leukotriene receptor inhibitor zafirlukast in combination with the

nanoparticulate corticosteroid triamcinolone acetonide.

Example 24
The purpose of this example was to prepare a composition comprising a

nanoparticulate leukotriene receptor inhibitor in combination with a nanoparticulate
corticosteroid.

The nanoparticulate dispersion of the leukotriene receptor antagonist zafirlukast
prepared in Example 3 was combined with the nanoparticulate dispersion of the
corticosteroid budesonide prepared in Example 12. The nanoparticulate zafirlukast
dispersion and the nanoparticulate budesonide dispersions were combined in the following
different ratios of zafirlukast:corticosteroid: 1/10, 1/1, or 10/1. Depending upon the
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t he nanoparticul ate | eukotriene receptor inhibitor zafirlukast in

conbi nat i 0%/'6 %5:1(29 nanoparticul ate corticosteroid trianti nol one

acet oni de ? 4 The purpose of this exanple was t oPEFERMNPE009837
conposition corrprl sing a nanoparticulate |eukotriene receptor inhibitor in
conbination with a nanoparticulate corticosteroid. The nanoparticul ate

di spersion of the |leukotriene receptor antagonist zafirlukast prepared in
Exanpl e 3 was conbined with the nanoparticul ate di spersion of the

ti bud i.d Th tj cul at
o 1| R R ReRR TR ERANE 5 U RE R BrecianoretBelRR BRI < ons vere
conbi n%fbl@lohh@asfaﬂﬂé@w s, & ﬁEro?ﬂ{erf %ﬁﬁcﬂite éaafﬂcbita@dsals §foh COSt er oi d:

1/10, 1/ or . Dependln upon t WO 2006/ 099591 PCT/ US2006/ 009837
zafirl ukast Thetwo dispersrons dverea@ombm@d ﬂm azmxstro-stentaﬁlggfcubpcand V@ttembfor 10

nanoparticyl ate .zafi,rl.ukas élﬁa tﬂhs was added,t o Rﬁesh of the

nanopats't’(foéla? Bt 1R 3Pyt s ALATdnG BCTS*PHé""’tS\%a"SFQBé‘r‘E CIREORRNILE ¢ orrbi ned
in a Mgy aneﬁ%am»sfngr@e Leleg DMIR (¥i® iﬂlﬁéﬁ,fbnfdbjechoe) SEHeQBélftsRkd owndnanBleysi s. 5
L of the vortexed |sperS| on was placed on"a m'croscope slide and anal yzed

usi ng tllﬁebq_@v-ca DVR (oi | i mmersion obj ect i ve) The resul ts are shown in
Tabl e J.v UCI va** |7“\DLE 18 Z(Ir] I | u='\ %8 | \JUDL Cl U_I U Wallll L _y Wa.llll L _y
a

Rat ~e Uol at—AofrBArB5%Zaii+ukast—p %
budlegq ?éﬁ “Iﬁ’?ﬁ éE‘f“é’“@‘c‘ﬂ'ﬁu d , Qyanfity | m,een(“?esgb 1.5%
Pl uromé‘(‘??‘ﬁfﬁg( | ar R's or greega’t’ 5P

rl ukast 5%
budes bt Ao B E 1 onhl e ! ! Q_i_d!)l nll anorxd Lr\n

fi

5& ~J .I.T .I. \.S Ul \.:I \ bvmnr}/ f \ o% 1 ‘:n/
Pl ur oni ég‘,%\%s:" ? es%" g ?45 of ggregat atids S%Yﬁla n:l?lk %:(’ ‘sPersm
budesonl 10/ <TaBre” coll oi dal  di spgrsion [1.5%T] . 5%
Pl ur onisg; ZBd R0 1 cTsy/dBuHés%ﬁdedl SOT [ aygr egqtess 1 Te[ T ey U tshp
succe§ 3y Twine BEr at|i109 MhroRiBbE CONPOSI ti NS CONMPF i Si N no large crystals or
aggregates
5% Zafirlukast 5% budesonide 10 1 10/1 | stable colloidal dispersion
1.5% Tween® 80 1.5% Pluronic® F108 no large crystals or

aggregates

—

The results demonstrate the successful preparation of stable compositions comprising
the nanoparticulate leukotriene receptor inhibitor zafirlukast in combination with the

nanoparticulate corticosteroid triamcinolone acetonide.

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

appended claims and their equivalents.
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t he nanoparticul ate | eukotriene receptor inhibitor zafirlukast in
conbination with the nanoparticulate corticosteroid triantinolone
acetonide. It will be apparent to those skilled in the art that various

nodi fications and variations can be nmade in the nethods and conpositions of
the present invention wi thout departing fromthe spirit or scope of the
invention. Thus, it is intended that the present invention cover the

nodi fications and variations of this invention provided they conme within the
scope of the appended clains and their equivalents. 74 What is clainmed is:
1. A coppasd dlhigedgenpri sing: (a) at |east one stable | eukotriene receptor
ant agoni st having an effective average particle size of |ess than about
2000 run; (b) at least one surface stabilizer selected fromthe group

consi sti ng of ce&yl. pyridiniumchloride, gelatin, casein, phosphatides,
dext r ar; ngb%W@?F“ﬁﬁﬁ%nﬁEﬁgga, chol esterol, tragacanth, stearic acid,

benzal koni ugoh! gf el ont abieiliobt G akBror BhESHA halRRARIARL Aelefiat 05t ear yl

al cohol, cetomacrogol enulsifying wax, sorbitan esters, polyoxyethylene
al kyl ethers, polputiclessiteydfdess thamsdbout 2000 nngler i vat i ves, pol yoxyet hyl ene
sorbitan fatty acid esters, polyethylene glycols, dodecyl trinethyl

ammoni um br €M de at lsastwas yeraeg istantizer welgciddzom ¢hy greppigensisting pEestyldi oxi de,

phosphat es, sodi . . C .cel S {.um
Ry oxypropyl  ceP Ut BAEE AL Bkip @heIR SHBFUMAET Ut Bl BL BT,
met hyl cel | ul ose, abasel, @noleston), eRkAdah®S Stearity Vi@ HRh il chRkidk Salcium
noncrystal line cellul ose, magnesi um alum num silicate, triethanol am ne,

pol yvi nyl al coholstearsis, glicerpl monesi¢araiornstostearyl alcghol3getomacrogol emulsifying
3-tetranet hyl butyl) - phenol ol r wth ethyl ene oxi de and fornmal dehyde,
ol yxaner s pol oXi fegnesicy B REw SIS STt B HeRRDiomesetet rha o
di al kyl esters of gsodimes, paHokPsHEhdYothinhifhty RA8EERs! fotothylsnd diddts, al ky!

aryl polyether sulfonates, ~ nmi xtures of sucrose stearate and sucrose
di stearate, p-i sdodevyl pinenioy ppohoniurh dromiddaiolyoxyethgileoy stedtatess dojloglalican de;

pet a- D ol ucopyr aPbEPHBIONHEqBRRBEes, SR UmIoH kM BURgecarbo ey loctlose Y
hepL oY 1 TEC U e A DB oo e G GRS ARET s et
sodium, methylcellulose, hydroxyethylcellulose, hypromellose phthalate,
noncrystalline cellulose, magnesium aluminum silicate, triethanolamine,
polyvinyl alcohol, polyvinylpyrrolidone, 4-(1, 1, 3, 3-tetramethylbutyl)-phenol
polymer with ethylene oxide and formaldehyde, polyxamers; poloxamines, a
charged phospholipid, dioctylsulfosuccinate, dialkylesters of sodium
sulfosuccinic acid, sodium lauryl sulfate, alkyl aryl polyether sulfonates,
mixtures of sucrose stearate and sucrose distearate, p-isononylphenoxypoly-
(glycidol), decanoyl-N-methylglucamide; n-decyl beta-D-glucopyranoside; n-
decyl beta-D-maltopyranoside; n-dodecyl beta-D-glucopyranoside; n-dodecyl
beta-D-maltoside; heptanoyl-N-methylglucamide; n-heptyl- beta-D-
glucopyranoside; n-heptyl beta-D-thioglucoside; n-hexyl beta-D-
glucopyranoside; nonanoyl-N-methylglucamide; n-noyl beta-D-
glucopyranoside; octanoyl-N-methylglucamide; n-octyl-beta-D-
glucopyranoside; octyl beta-D-thioglucopyranoside; lysozyme, PEG-
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gl ucopyr anosi de; nonanoyl - N- et hyl gl ucam de; n-noyl beta-D- gl ucopyranosi de;
oct anoyl - N- net hyl gl ucam de; n-octyl -beta-D gl ucopyranosi de; octyl

bet a- D-t hi ogl ucopyr anosi de; |ysozyne, PEG 75 phospholi pid, PEG chol esterol,
PEG chol esterol derivative, PEGvitamn A, PEGvitamn E, random copol yners
of vinyl acetate and vinyl pyrrolidone, <cationic polyners, cationic

bi opol yners, cationic polysaccharides, cationic cellulosics, cationic

al gi nate, cationic non-polyneric conpounds, cationic phospholi pids,
cationic lipids, polynethylnethacrylate trinmethylamonium brom de,

sul f oni um conpounRHssphBApMY PRILMIsREIPRG-cRoRbtERA Qi RiivB OBt GWhtamiEAhacr yl at e
di met hyl sul fate, hexadecyltrinethyl ammoni um brom de, phosphoni um
conpounds, quar t éHtavitarammiirandont copedomets of ieplzacktatti gnd-vinyl pyrrolidone,

chl or oet hyl ) et hyl ammoni um brom de, cocqnut trimeth ammoni, um chl ori de,
coconut trimet hy|ca%9ﬁ+6m5ﬁm%%mn&e? OB EBFS: CAEDS 053@?%169&/%*?9}0 anmoni um

chl ori de, coconu k t ni : O £ riethyl
amoni um chl ori dtec,emgé%%%’ c%?ﬁ“e?ﬂ%ﬂﬁ?é%%?yet W&%ﬂlﬁ%ﬁﬁ?ﬁ& ugﬁﬂ%‘ri‘%ﬁ eIE decyl
di met hyl hydr oxy ehbsphoHpideiationib lipidsdsolyrhdtByhfethaeatidty krimbhelaamay@iiiy |

amoni um chl ori de, Cl12-1sdinethyl hydr oxi_/M%t hyl anmmoni um chl ori de brom de,
coconut di net hyl brgraidexspdionipm egmpmindsnpehivarilrieroliders: nlimethylaatinnethyl

hyd t hyl i i d i styl trimnethyl ' thyl sul phate,
"yl ot byt RS R ol Nerabécy et aRRBRY SO0 armron um
brom de, lauryl oheghoHiun] ESrMSRRAYY, ohart@ AR RiiHerith @biPBundsabénzyl-gizret hyl

(et henoxy) 4 ammoni um brom de, N-alkyl (C 12-1 g)di et hyl benzyl anmoni um
chl ori de, N-al kylchlo®etiyl)etlgylatnmeniuyl bromndey tocoanttyimetiml @hingomiigre chloride,

N-t et radecyl i dnet hyl benzyl anmmoni um chl orj de nonohydrate,. di net hyl di decyl
anmoni um chl ori dé?é/%uémé%)/?thglm@ﬂmﬂ’fom@?n@cﬂwt niévtgpdgiﬁ%gﬁrwgﬁv anmoni um
chloride, trimethy ARy aldd |l itk paTanueala &S,

di al kyl - di nmet hyl anmoni umcgg}[rﬂtas’,dol grlljurtﬁﬂlﬁ%{r f%t(ﬁz%ﬂﬂgimmni gfrlrl] o Il%glruflecsie,

et hoxyl at ed al ky astyd ddthyil attiradd ymadihihopidie pdacysdimethyh hy drbiayetlysil aindtbriurh al Ky |
ammoni um sal t, di al kyl benzene di al kyl ammoni um chl ori de, N-di dec Ildi met hyl

armmoni um chl ori débloﬂdﬁ,&f’ﬁﬂd@@?ﬂm oxpeHYhapmongmnBriAe, (o sgHne
monohydrate, N-a lh§¥ﬂo&$etﬁ§l_a}1ﬁ}xorﬂhﬂ%%wide}cBgﬁ%gﬁyw&&yabﬂ ammonium

chloride bromide, coconut dimethyl hydroxyethyl ammonium chloride,

coconut dimethyl hydroxyethyl ammonium bromide, myristyl trimethyl
ammonium methyl sulphate, lauryl dimethyl benzyl ammonium chloride,
lauryl dimethyl benzyl ammonium bromide, lauryl dimethyl (ethenoxy),
ammonium chloride, lauryl dimethyl (ethenoxy)s ammonium bromide, N-alkyl
(Ci2.18)dimethylbenzyl ammonium chloride, N-alkyl (C4.13)dimethyl-benzyl
ammonium chloride, N-tetradecylidmethylbenzyl ammonium chloride
monohydrate, dimethyl didecyl ammonium chloride, N-alkyl and (C5.14)
dimethyl 1-napthylmethyl ammonium chloride, trimethylammonium halide,
alkyl-trimethylammonium salts, dialkyl-dimethylammonium salts, lauryl
trimethyl ammonium chloride, ethoxylated alkyamidoalkyldialkylammonium
salt, an ethoxylated trialkyl ammonium salt, dialkylbenzene dialkylammonium
chloride, N-didecyldimethyl ammonium chloride, N-tetradecyldimethylbenzyl
ammonium, chloride monohydrate, N-alkyl(Ci,.14) dimethyl 1-naphthylmethyl
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76 ammoni um chl ori de, dodecyl di met hyl benzyl ammoni um chl ori de, di al kyl
benzeneal kyl amroni um chl oride, lauryl trimethyl amoni um chlori de,

al kyl benzyl net hyl ammoni um chl ori de, al kyl benzyl dinmethyl amoni um
brom de, C12 trinethyl amoni um brom des, C15 trinethyl amoni um brom des,
Cl7trimet hyl ammoni um brom des, dodecyl benzyl triethyl ammoni um chlori de,
pol y-di al I yl di met hyl ammoni um chl ori de, di net hyl amroni um chl ori des,

al kyl di met hyl anmoni um hal ogeni des, tricetyl methyl ammoni um chl ori de,
decyl tri met hyl ammoni um brom de, dodecyltriethyl anmoni um brom de,
tetradecyl tri met RydReATRMI JATBride Odd ddey1dinfBRRyIydnz{ T dnG biiuA GRS deTdfalMdyer | de,

t et rabut yl anmoni um brom de, benzyl " tri nmet hyl ammoni um brom de, chl ori de,
choline esters, benzaklbyl ammoeniwrdhitwide, ek trathétbyli amm ooy dhdigideonpounds,

cetyl pyridiniumhraomde, cetyl iridini um chl qride,,. halide salts of
quat er ni zed pol y E"t’q]i‘ﬁﬁaﬁl%s}'laﬁ’i’i“ﬂg‘éum ciqu{t;ip, %gl’ﬁﬂf‘ﬁﬁ@h‘?‘%‘hﬂ@é‘,‘mﬁ%s, am ne
salts, anine oXi 4@Smidet(larifkfyl AaHithidRblofiddd! 01 ARfeR)1 ShAHRRRAT Y
1

acryl am des, methy at ed quaternary polymers, an cationic guar; and (c) at
| east one corti cdsomides,d’,; @iméthy anonpasmtbramides, doldedylbehzytheiethyh t he
| eukotriene receptor ant a%on,l st is selected fromthe group _consisting of
nont el ukast, zaf iFHEREYEN.C qudétﬁc_ﬂ}‘rfhaﬂb’@#m%b&@mmqné‘%@?g’&lﬁf’r@n@h}’bnd rel at ed
O e 2, Clalin T T R RAD IR hGHE TR Th L L AR a0 4057,

p S, €s

and LY293111, their salts, prodrugs, ers and co hati’ons théereof. 3. The

conposi tion of clagirdrdumttiopide, ddeglteaeth Rasiaigh brofidee! ected from the group
consisting of fluticasone, fluticasone propionate, budesoni de,

triamci nol one, t dodeayitristhyhenmerdemdnorisle, teadecaliamethy lanumoerdemibaemide,

fluni solide hemh te examet hasgne,. trian ncinol.on becl onet hasone,
becl omet hasone. i BRIGS EPErAR ERBT Ut AR AR L romee. BEEATe: hasone.
nomet asone, MONELAKQMS1AMAORES BIBARIY EHIGI®, cRliel SRS bedPAoRAMN ERISAAE

nmet hyl pr edni sol one, pfedni sol one, prednisone, and conbi nations thereof. 4.
The conpositi on ofeardllxinum chlohide eompounds,cstil pyodinemobebnkids, catyl ef f ect i ve
average particle size of less.than about 2000 run, and t corticosteroid
is present in comﬂ‘é‘f%ﬁhwlaﬁ hagg? f‘ﬁltélo quatsraized Ppb@yqtbpélgli& €59000 nm

and the corticostarehdidifiutl &FE Yminbs, G AfL Aindbiildes, imide azolinium
salts, protonated quaternary acrylamides, methylated quaternary polymers, and

cationic guar; and

(©) at least one corticosteroid.

2. The composition of claim 1 wherein the leukotriene receptor antagonist is selected
from the group consisting of montelukast, zafirlukast, zileuton, pranlukast, leucettamine A
and related imidazole alkaloids from the marine sponge Leucetta microraphis, ONO-4057,

and LY293111, their salts, prodrugs, esters and combinations thereof.

3. The composition of claim 2 wherein the corticosteroid is selected from the group
consisting of fluticasone, fluticasone propionate, budesonide, triamcinolone, triamcinolone
acetonide, mometasone, flunisolide, flunisolide hemihydrate, dexamethasone,

triamincinolone, beclomethasone, beclomethasone dipropionate, fluocinolone, fluocinonide,
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at | east one surface stabilizer, wherein the corticosteroid surface
stabilizer can be the sane as or different fromthe | eukotriene receptor
ant agoni st surface stabilizer of claiml. 5. The conposition of claim4,
wherein the corticosteroid particles have a size selected fromthe group
consisting of |ess than about 1900 nm |ess than about 1800 nm | ess than
about 1700 nm |ess than about 1600 nm | ess than about 1500 nm | ess than
about 1400 nm |ess than about 1300 nm |ess than about 4200 nm |ess than
about 1100 nm |ess than about 1000 nm |ess than about 900 nm | ess than
about %Qﬁnﬂfﬂas&ﬁsﬁloh{'é@d@oﬁé)%m&%né‘ %oit@%ﬁm%ﬂf’d?ate n€ My dRBortisBas, t han
about ['e§s t han aBout | ess t han a’bout 500 nm |ess than
about M}ﬂmdxhlsadene Ipeeddnisb ok, plﬁdmmne drelsconitigatioab thereo350 nm | ess t han
about 300 nm |less than about 250 nm |ess than about 200 nm | ess than
about 150 nm less than about 100 nm |ess than about 75 nm or |ess than

00Ut 90 MMy oSS BATBOAkI Pyl ] ddeosiBSE Ol Dfediouobtjene recept or

ant agoni st partic a size Selec group consi % | ng of | ess

t han abauiclels?toMeRs thesdbotih2000ak8,UHnd HEOEbrtidviterdid $Sprekedn irbdabindtiddOvithin | ess
t han about 1600 nm |ess than about 1500 nm less than about 1400 nm | ess

t han atpgmcleiswcpfdms th@s@wh%ﬁooammdimmster@dss prgsant ab@nmbma_twwmh | ess

than a 1000 s than _abqut 900 n about | ess
than agotfest 70 it slaBitet MR ik cosBs{iRia pEbbe ciiRMiBE S becBO R 23 cos
than aléPHfffe?e"}lQﬁQfﬁ thb?eﬁﬁcoirf&ﬂ@ ré&epik antaghid RurfARSEbiiRN oAl 1650 rim |ess
t han about 600 nm | ess than about 5 nm |ess than about 450 nm | ess

t han about 400 nm | ess than about 350 nm | ess than about 300 nm |ess 78
t han about 2 nm | .ess bout 200 nm, | ess . than about 150 ess than
about 200 m? e CP@EQSI@%H‘L ‘Q W@rﬁﬂ]theocrorﬁl@é@r%aﬁrﬂalfa V@S%)Slﬁ?rfeqqcte

conposigl d;ol ehgﬁg@%cmés tﬁé&%oﬂt iﬁib‘&ﬁﬁﬁbg%ﬁa:{ eg)f‘oﬁp §do trﬁ%@&o{ﬁﬁt at a

concentra romthe group consi sti ng nor e,

about hséht lrrge)ﬁin wss ﬂ‘ﬁ.ﬁ@botﬂh@(m nambssrg{amabomrlwonm,leabmah abo lmg()mn or nore,
and about 600 The conposition of claim 1 conprising a

corti cdess Sepiaott 390 &@Bh é@ﬁ thantabewt 4280 ast, dess thapshputhd 0§ msy pess éhm ab?iltn g of

about f t nor e,
about ig%%”hﬁ %1@%?% 96@%31 g‘gﬁggﬁ}aﬂn%ggttr@;) g le9gs thﬁ?ea%é%ﬁ)& qu cI aim1l,
wher ei Rbéilt %50 A Rsh tHaRbbet G00mM|16ds hnl Aot S50 3€/1855CGhan Wbkt 5(§(ﬁﬂmt kg anmount
of leukotriene receptor antagonist is fromabout 0.1 to about 10%

than about 450 nm, less than about 400 nm, less than about 350 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, or less than about 50 nm.

6. The composition of claim 1, wherein the leukotriene receptor antagonist particles have
a size 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 nm, less than about 1300 nm, less than about 1200 nm, less than about 1100 nm,
less than about 1000 nm, less than about 900 nm, less than about 800 nm, less than about 700
nm, less than about 650 nm, less than about 600 nm. Less than about 550 nm. Less than about
500 nm, less than about 650 nm, less than about 600 nm, less than about 550 nm, less than

about 450 nm, less than about 400 nm, less than about 350 nm, less than about 300 nm, less
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by wei ght; (b) the anbunt of the corticosteroid can range fromabout 0.01 to
about 10% by weight; or (c) a conbination of (a) and (b). 10. The
conposition of claiml fornmulated into an aerosol dosage form wherein the
aerosol is formed froma liquid dispersion of droplets conprising the
conposition of claiml1l and the droplets have a mass nedi an aer odynam ¢

di aneter selected fromthe group consisting of |less than or equal to 100

m crons, and about 30 to about 60 microns, about 0.1 to about 10 m crons,
about 2 to about 6 microns, and | ess than about 2 mcrons. 11. The aerosol
CONPOSithanQBof 250! rith, TeskGhan ARUEROD S PISésARAA Mouy 180 hmOfesd thén kbéiii160 ghsper si on
droplets of the aerosol conprise at |east one nanoparticul ate | eukotriene

r ecept dgss thanagouti tnm, 29 lersthanbeut i ntheast one corticosteroid particle, or
at | east one | eukotriene receptor antagonist particle and at | east one
corticosteroid particle. 12. The conposition of claim1l fornmulated into an
agueousg aer E}&é}( i F E IS present at
about g.' 05 %?h%m p tugd g%%%?l %E%Hﬁg%%gﬁgsﬁt%ﬁgkggp}tﬁ?%s e?%%tdéi S present at
about @ofkzntration selepted draab thet grofiidcomgistihg oflabouf hemginp os hiorgaboit 100ai m 1
formul ated into an aerosol dosage form wherein the aerosol is fornmed from
a dry mefabror grorabpull0aag/ml eryaorcorhont 0Q wg/mk o merenand abpis 689 n t he
aggreg;&%@ﬁmhave a mass nedi an aerodynam c di aneter selected fromthe group
consi stifig of less than or equal to 100 m crons, about 30 to about 60

m crons, about 0.1 to about 10 mcrons, about 2 to about 6 mcrons, and

| ess than about 2 mcrons. 14. The conposition of claiml1l fornmulated into a
dry powder, Thiaeempesitioreof daikpl eorapiasing @ earpicenteraidtalgsanesntraopsedestast at about

0. 05 ngy/ 0 about 990 ang, th orticosterojd i present . at out 0.05
mal'g ¢ SoLBREFSBEoRgLE SeboRntd HRTCS Mol it dPAmaTES B aHE abhut 200
subst apld/@l lof nfdirt, Bbul 400 AYHICHANER, &ld oMt 6(}0%@?1&.09”?3“ se at |east one
nanoparti cul ate l'eukotriene receptor antagoni st particle, at |east one
corticosteroid particle, or at |east one | eukotriene receptor antagoni st
particle and_at |east ope corticosteroid particgle. 16. The conposjtion of
cl ai m P- f or ¢ semBosttemolglaigel.gdsrein ghefomposition 1s4oamulatediipto anasrseki tion i s
Sui tablalq for aerosol administration of the | eukotriene receptor antagoni st
and cort’icosteroid dosage in about 15 seconds or |ess.

(a) the amount of leukotriene receptor antagonist is from about 0.1 to about 10%

by weight;
(b)  the amount of the corticosteroid can range from about 0.01 to about 10% by
weight; or

(c) a combination of (a) and (b).

10.  The composition of claim 1 formulated into an aerosol dosage form, wherein the
aerosol is formed from a liquid dispersion of droplets comprising the composition of claim 1
and the droplets have a mass median aerodynamic diameter selected from the group
consisting of less than or equal to 100 microns, and about 30 to about 60 microns, about 0.1

to about 10 microns, about 2 to about 6 microns, and less than about 2 microns.

11.  The aerosol composition of claim 10, wherein substantially all of the liquid dispersion

droplets of the aerosol comprise at least one nanoparticulate leukotriene receptor antagonist

79



17. The conposition of claiml fornulated into an aerosol dosage form and
further conprising a propellant that is admnistered froma nulti-dose

i nhal er. 80 18. The conposition of claim1, wherein the conposition is
fornmulated for adm nistration selected fromthe group consisting of oral,
pul nonary, otic, rectal, ocular, ophthalmc, colonic, parenteral,
intracistemal, intravaginal, intravenous, intraperitoneal, |ocal, buccal,
nasal, and topical administration. 19. The conposition of claim1l1l, wherein
t he conposition further conprises one or nore pharmaceutically acceptable

exci pi giaftile, aBlehdt ¥ coicodteroRIPUriAL, 21t AR08 leukéRiend RRepOIRAREIHIGN of claim
1, wherein the surface stabilizer i's selected fromthe group <consisting of

a non- ipartiole andrdt denst wteadortidozterqid partialei oni ¢ surface stabilizer, a cationic
surface stabilizer, a zwitterionic surface stabilizer, and an ionic surface
stabilizer. 21. A method of making a nano-particul ate | eukotriene receptor

abi | i zer ! na ul ate i eukot i ene
par tongs. of acofiBeHHARL SR ARATRAS! ki FARBE RSl MO 2T 20t one

sur f ac gewkodink irég@ptok afitagoristi®pessht dnatdut 0.05 ehgd/mbny 16 wbdutc@0Omhg/nd, gndovi de a
nanoparticul ate [|eukotriene receptor antagonist conposition having an

ef f ect ithecartiegstggeid gy prepent at asbozléwg mgiak, uprtp ahowelmgmboo nm and (b) adding
a corticosteroid to the conposition. 22. The nethod of claim 21, further
conprising contacting particles of the corticosteroid wth at |east one

sur f acq 3st alinkicaRipodifibn of &1aite 1 Forehuldteleinte ANEHrbdoP O8saph Fdrnt; Mateih thePr OVi de a
nanoparticul ate corticosteroid conposition having an effective average

part i claerosolde farmel dwan a diyapovedso of aggré@esmefithe2@mpdhigionef hlain df wherimth@1,
\3/:16;5;) glgérggqitgqo }Qi;[é’%%?lil 4 algeod% ) Sgggfgl ﬂ'g{cl (ﬁ%{l&gr sele@?egof?oenrl] Ithzeaérlm?lgl (’:orPs{s?igflg g% tation,
less than or equal to 100 microns, about 30 to about 60 microns, about 0.1 to about 10

microns, about 2 to about 6 microns, and less than about 2 microns.

14.  The composition of claim 1 formulated into a dry powder, wherein the leukotriene
receptor antagonist is present at about 0.05 mg/g to about 990 mg/g and the corticosteroid is

present at about 0.05 mg/g to about 990 mg/g.

15.  The composition of claim 13, wherein substantially all of the aggregates of dry
powder comprise at least one nanoparticulate leukotriene receptor antagonist particle, at least
one corticosteroid particle, or at least one leukotriene receptor antagonist particle and at least

one corticosteroid particle.

16.  The composition of claim 1 formulated into an aerosol dosage form, wherein the
composition is suitable for aerosol administration of the leukotriene receptor antagonist and

corticosteroid dosage in about 15 seconds or less.

17.  The composition of claim 1 formulated into an aerosol dosage form and further

comprising a propellant that is administered from a multi-dose inhaler.
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18.  The composition of claim 1, wherein the composition is formulated for administration
selected from the group consisting of oral, pulmonary, otic, rectal, ocular, ophthalmic,
colonic, parenteral, intracisternal, intravaginal, intravenous, intraperitoneal, local, buccal,

nasal, and topical administration.

19.  The composition of claim 1, wherein the composition further comprises one or more

pharmaceutically acceptable excipients, carriers, or a combination thereof.

20.  The composition of claim 1, wherein the surface stabilizer is selected from the group
consisting of a non-ionic surface stabilizer, an anionic surface stabilizer, a cationic surface

stabilizer, a zwitterionic surface stabilizer, and an ionic surface stabilizer.

21. A method of making a nano-particulate leukotriene receptor antagonist and
corticosteroid composition comprising:

(a) contacting particles of at least one leukotriene receptor antagonist with at least
one surface stabilizer for a time and under conditions sufficient to provide a nanoparticulate
leukotriene receptor antagonist composition having an effective average particle size of less
than about 2,000 nm; and

(b)  adding a corticosteroid to the composition.

22.  The method of claim 21, further comprising contacting particles of the corticosteroid
with at least one surface stabilizer for a time and under conditions sufficient to provide a
nanoparticulate corticosteroid composition having an effective average particle size of less

than about 2,000 nm.

23.  The method of claim 21, wherein the contacting comprising grinding,

homogenization, precipitation, or super critical fluids processing.
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