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A. Background Regarding Leukotriene Receptor Antagonists

Leukotriene receptor antagonists have been shown to be efficacious in the prophylaxis
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 detived 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 ﬁechanisms: (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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As a class, leukotriene inhibitors cause headache, abdominal pain, nausea, dyspepsia,

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.



not recommended for the treatnment of acute asthma attacks. The normal dose
is 1 tablet (20 ng) twice a day. Zafirlukast is an oral therapy, which is
rapi dly aveanimadomiiter oral admi nistration, with peak plPasrm2@o008a81rati ons
achi eved approximately three hours | ater.Food reduces the bioavailability
of zafirlukast by approximately 40%in 75% of patients, and it is therefore
advi sed by the manufacturer not to be taken with neals. 2. Montel ukast
(Singulair(r)) Mntelukast is an orally adm nistered, selective cysteinyl

| eukotriene (CysLTl) receptor_ antagonist. The initial,reaponse,after a

P

si ngl el'erskiedees fsrienakatiitoelarislukest by pppraximaiz 407hia T af pabients anget i on
appr Oglg ri'kftﬁlgl%éorg g&&i?edﬂ#‘thg Irﬁdﬁhfa%lcur&tﬁbq kS talB vith 'ﬁﬁﬁsé adm ni stration

yield rovenent 1 n several asthna paraneters. These included inproved
FEVI, day tinme and nighttinme synptons scores, and reduction in as-needed
bet a- agoni s use, Mntel ukast hasg al so been denonstrated to provide
signifi canti'prot B&qﬂgnﬁ%ﬁgg% P %drci sei nduced asthma. The suggest ed

pedi atric dQRSitdlskast T8 ARty daBlinkRAYIE sAEive By steiayPRhSribRATyABTYY S, the
dose is 10 ng/day. Montelukast is an oral therapy, rapidly absorbed after

oral aumeptpsantagonish, The infitiad eesponiecasiena simglealose at inontslukesti avwd iRp e dxi mat el y

(adur ¢ DS oThe Ehion MorcPR pgrordhd 2 Aty Y ofied et POulRBefonc o uikast
t abl et adip@ekitation gieliRd ehpiovenRAtiagdvddyl dsthath pRgh &b Thefcint Rikedimgnevéur

before or two hours after food. 3. Zileuton (Zyflo(r)) Zileuton |s a

speci f FRVil rdaydinmeindighttimesyapjepanieores, g redugiiondn agneededibgtardgonish s t s

| eukot {4 i ' [ 0 S ; trate and
as. such o TREAALaloIRon Sh a5 pfb A0 RO oy e SRR BHRR 2 o

shoul dindecadsathmd) €Thetbaggestedzpedaatiiodosaiis 5 mgidayp Ryt thbseepagiedts preyperaiuol O .

Zi | euton qElgerap,y ého | d be continued during acute exacerbations of asthna.

The drYig: the da3e’ 1850% %% an oral dosage formonly. It can be given with or

Wi t hout f oogfonfdi@adidah o @i, rafY hBs AP Atk beH] 8BmAUGFatibl, ¥RRHEalOT age
is 600 ng four tinmes daily. It "should be taken around neals and at bedtine.
plasma concentrations achieved approximately three hours later. The oral bioavailability of
the 10 mg montelukast tablet (adult dose) is unaffected by food, however that of the 5 mg
montelukast tablet (pediatric dose) is reduced by food and should he taken one hour before or
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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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Corticosteroids are widely used for many conditions. Corticosteroids are versatile in
their mode 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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C. Background Regarding Nanoparticulate Active Agent Compositions

Nanoparticulate active agent compositions, first described in U.S. Pat. No. 5,145,684
("the '684 patent™), comprise particles of a poorly soluble therapeutic or diagnostic agent
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-
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5,466,440 for "F ormulatlons of Oral Gastrointestinal Diagnostic X-Ray Contrast Agents in
Combination with Pharmaceutically Acceptable Clays;" U.S. Pat. No. 5,470,583 for "Method
of Preparing Nanoparticle Compositions Containing Charged Phospholipids to Reduce
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 Iododipamide
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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desirable. The present invention satisfies these needs. SUMVARY OF THE

| NVENﬁhmaquéﬂlcﬁlﬁé‘?ﬂe%Wnﬁge TcpRiet atiagosist okt sartiensiereigrhos iagrmepagticulate
corti C}?ﬁfi(ﬁé Qi'zg, A3 composition can also comprise at least one surface stabilizer for

nanoparticulate corticosteroid. The nanoparticulate 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
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nebulizer or metered dose inhaler generally utilizing a composition according to the invention

in the form of a solution, suspension, or dispersion alone, 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 a_tntagonist 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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conprises: (1) dispersing the |eukotriene receptor antagonist in a liquid

di spersinsrasmos differenirdtpng e surface stabilizer for the corticosteroid.

Yet another aspect of the invention provides a method of treating a mammal in need,
including a human, comprising administering to the mammal a nanoparticulate leukotriene
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



mechani cally reducing the particle size of the |eukotriene receptor
antagoni st to an effectiveaverage particle size of |ess than about 2000 nm
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during, or after particle size reduction. Preferably, the pH of the liquid
di spersion nediumis maintained within the range of from about 3 to about 8
during the size reduction process. An exenplary nethod of preparing a
nanoparticul ate corticosteroid conprises: (1) dispersing the corticosteroid
in a liquid dispersion nedia; and (2) mechanjcally reducing the particle
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the surface stabil|izer for.t corticosteroid, Yet.another aspect of the
 nvent 1BEEpab Mt tof MinaeRiic B EREGHRRTHR TR Rt EE ko RRREeron
hunan, atadonkst Sudgeaehbilivies tA1 boWe bané Aeord@feRht Romane@paidbheliate | eukotri ene
I nhibitor/corticosteroid conposition according to the invention. The
conpossartienstergid sprface sigliligston are useful in the prophyl axis and chronic
treatment o )l : ' ' L1 oant . . i ef of
Al Lor 16 conPlRERPEip P oRRel SuBlihili el Bl [iofocBls) BEIcEnBlRGbA eckBbil Al

adul t sthaimtveptoi.aExémplant eeladtdenel recdptortantdgenistsdeslsde) bdt drbabt baited tdhe
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of thepkfyention as clainmed. OQher objects, advantages, and novel features

will be readily apparent to those skilled in the art fromthe follow ng
det ai | ed dedvy cpticosienoid tamnee usodint the nomPESitidTiSEOCDEBERD T igKertionT HE

| NVENTﬁ)%ﬁlplary corticosteroids include, but are not limited to, fluticasone, budesonide,

triamcinolone, mometasone, flunisolide, fluticasone propionate, beclomethasone
dipropionate, dexamethasone, triamincinolone, beclomethasone, fluocinolone, fluocinonide,
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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one nanoparticul ate | eukotri ene receptor antagoni st and at | east one
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ant agoni st surface stabilizer can be the sane as or different fromthe
nanopaBtlcup&ﬁE“@BFtlcoster0|d surface stabilizer. Any |leukotriene receptor
ant agoni st can be included in the conpositions according to the invention.

Exenpl ary | ?H&gxfegén% ﬂ?vehﬁ&?ﬁtdegcrmea@%m %ﬁiéé%fa‘l‘ggﬁmﬁb'ﬁs a4 Sot fstth hdipit ed to,

nont el ukast l'ukast, zileuton, pranlukast, their salts, prodrugs,
estersalahidirmtghbmtrth@appiwaMmreof Any corticosteroid can be used in the

conposition cor.dj to the invention r |cgster i.ds .i ncl ude,
but are not %‘i‘IP tp ‘glvefalvﬁliagféag%‘ﬁg Slzﬁl?éé%sé)ﬁ?r%ea% %{tr@ Qo P s hr?{)er]r%t asone,
fluni sgllehﬂethatfdt WakCFPH BEthRAKCBTEHe SecepRE hABSAI PO dbRicOfERNBHBticles

dexanet hasone, triam nci nol one, becl onet hasone, fl uoci nol one, fl uoci nonide,

f1 uni shvedesizre hy it ol lessrhas aboph2000mmm.gatea mensBied dyatos ex#aPlEonbi nat i ons
th
e eoleqndAtARas @gpoﬁgb%lgggﬁgogg Bhdibl bl PIHOLSIcERE 1fREAkBHnG, disk

ant agoni ions o el nventtdon-over jent i onal
forns edntiifugattingsd bthet tediniqiistknava toidiost bfiskikdh the'art( 1) i ncreased wat er

lubility; (2 bi | | | f
vl e dus 68 SREed AP REa aParEtpod B ptaue et eHERErRat T8 Geas due.
to enh@f(ﬁ}?ﬁﬂy% OAMALAERN drd th¥ coktent ih SHUGEEisTdsSK Hfthéig‘é?erﬁsggoﬁfh@ eerff WeehsS: (6)

enhance i ent
are not clear to persons of ordinary skill in the art given the context in which it is used,

“about” will mean up to plus or minus 10% of the particular term.

As used 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

13



conveni ence and conpliance; (7) higher dosages possible w thout adverse
side effects; (8) nore effective prophylaxis and treatnment of asthma in
adul ts amstopeaiimbsviic patients; and (9) nore effective relcrafS2ab/oedsBer gi c
conjunctivitis and synptons of seasonal allergic rhinitis in adults and
pedi atric patients. The present invention also includes nanoparticul ate
| eukotri ene receptor antagonist/corticosteroid conpositions together with
one or nore non-toxic physiologically acceptable carriers, adjuvants, or
vehi cles, colle t|veI erred to as carrjers. The conpositions can be

f or mul Rardgle s8¢ 0 g’fﬂé‘ﬁf ala ?IHR@QQP% TH@OQMICPH{%MM&@S asrelefingd, Besainar |
orsubqr&eaﬁeﬂ%atlve%eﬁagewue e%tlieatfﬂ(%%sg ﬂrzr(r Bl shooldmL} d. o aerasol form

vagi nal, nasal, recta ocu ers, olntments or drops),
buccal , i ntFlaacplsassrpadrly water aqzieb]etdmméi Ias ugrd lteoepn cdbrsao diuys shat tbveom, and t he

R e R E T A R T R

forth ﬁgh,qy\bﬂegbththwﬁ /fane appl i catl on. The term "effective average
particle size of |ess than about 2000 nm " as used herein neans that at

| east 50% ohs used heraimedhe plaate ‘heraprubicallineifagtine smourtd meang thetdrepdesegoi d

t t 20 wh d
by ' 1 anErOaE, Be3pdsiie Mokl bhivalteonpfisrol WARpARE Hhaes A RiedO T, (oo T o
spect rsmgnﬁmn,t nhingbit ofSabjet e in nEsd dirs&ckh genneht llgﬁtehqﬂhas@étﬁthéﬁ dier techni ques

known fo those of skjll in the As used herein, "about" wll be
under stgfaBewicalle plfertive gmogpig; r?t‘:’%h@? s administseeddpr I%ilﬁé)cur}@}TISPbJ@‘éFrlil at 0 sone
ext entp il IGn SR 8%l nbf‘alwagﬁ?eé edtive 5 Ghtin gfth% ths‘éﬁfé dggcrfb@? term
whi ch are not clear to persons of ordinary e art given the

cont exterdin, apen thouigh sich dosegh is'datroed to twid tlherapamuuahy effec;:timanmuntrbyrtImmO% of

t he p‘fkﬁf” 35 tlgrm As used herein, a "stable" |eukotriene receptor
ant agoni IB §#& e and/or corticosteroid particle connotes, but is not

limted to Phd ek OpdriieNfe’ 2CQRH AbredHcAGOW @&tarea;ma@deﬁwﬁmvl@&ha&méﬁ&ast eroid
particle with one or nore of the follow ng paraneters: (1) the leukotriene

r ecepttyrthe presepssiof disarety prticles. Pelesthendy of pramulesdliespedtivaot theip sizecshaps y
flocc Lgr%cﬁpﬂélogy. The term "multiparticulate" as used herein means a plurality of discrete, or

aggregated, 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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aggl onerate due to interparticle attractive forces or otherw se
significantly increase in particle size over tine; (2) the physical

st ruct ur ewof20adm93seukot ri ene receptor antagoni st and/ or PcoriS@EAIBWBDI d
particles is not altered over tinme, such as by conversion from an anorphous
phase to a crystalline phase; (3) the | eukotriene receptor antagoni st
and/or corticosteroid particles are chemcally-stable; and/or (4) where the
| eukotri ene receptor antagonist and/or corticosteroid has not been subject
to a heating step at_or above Ephe mel ti ng point of the |eukotriene receptor
ant ago@rasbn%nﬂhmsobﬁ@tﬂredm«mr dSﬁGraptdﬂg, Kﬁmﬂgt ashKefalaghe hanopar t icles of
the invention. The term "conventional" or non nanoparticul ate" active

| euk hal |
Z%eggt ?\r/e 2 e(r)]: ”l‘ wﬁr gcg (; Oéetkc ” e oﬁ'tt € a{lgpa chliatgi%{lﬁiﬁ'ieéds yat% mean

corticosteroid, HBF g t(‘J'FO AP % %Fg‘
averageparticle EF‘i@rgf‘S*@ i3t éPff hiptflngsting the Wgﬁﬁﬂst i cul ate active
agents as defined herein have an effective average particle size of |ess

than about RBOARtH¥MembbainkA 35@e iRRatibY ddvefiBéd 56 nudRrtbulgsleuRstrivaed herein
refers to drugs that have a solubility in water of |ess than about 30

g/ m |, Tecepier athagpnisbisonticogenoisy qﬂmpqSé@@s,twelamhamammﬁm msefile @ they han
about t

20Ut b AP R AFE ol OFabNARS cohURBRU P RAREL Ve
I es pongfedi€l bynhie g&d bxfliestdd sigtel of aesdbjem mgwtmg thencoasisgionf iThanmeansidwegr  of

subj ects in_need of suc nent s e utlcally
ef f ect thgee 1§ AgHmer I@rapérftﬁqbge ‘s%tﬁ’ﬁenP%l Frlhadity %E&“ﬁ&%yr%%‘f?r tgﬁ Fag ect in
a part nl Wi biag t he

condi télgsgléﬁ{é) | seas 2?5%1?@5&10&%6 lg{rﬂglﬁ%\i&legégﬁﬁé%tdgﬁﬁggibﬁé%zé&ge I's deenmed to

be a tbmnmmmnnscaed dtclmmfstﬂodlm/the fadoenustye fabtod statst skill in the art. The
term"parti refers. to.a.

characteriz 8“‘%193 Pf]% %ﬁlﬁggg% @Fﬂﬁ'iﬂ%séa}n@?gy B]él?’fl}s Ee e’égeclt P% OOdl ags]adof

gr anul BRrdaké SRS y&v@&eﬁ&etﬂer@ya@cre@hﬁgaﬁ {w sanplaka gy theTshﬁ)J etceﬂases
"mul tiparticul ate" as used herein neans urality of discrete,, or

aggr egaetawed pcamsmq that, thewepre daking @é@@selthglr wﬁh pézz,vﬂéaputrﬁosz@ ulhisihsgaifeant,

irres pgscévi p08r sutbje%lt Eorﬁf)l%a%t:e with a leukotriene receptor antagonist and/or corticosteroid,

an increase in the medical condition for which the drug is being prescribed may be observed
—i.e., an increase in asthma attacks or allergic rhinitis.

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 Cay 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 Tmax 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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shape or norphology. C. Features of the Nanoparticul ate Leukotriene

Recept or Ant agoni st/ Corti costeroid Conpositions There are a nunber of
enhanced wbanmaoedongi cal characteristics of the nanopar raaisate/obsakot ri ene
receptor antagonist/corticosteroid conmpositions of the invention. 1.

I ncreased Bioavailability In one enbodi nent of the invention, the
nanoparticul ate | eukotri ene receptor antagonist/corticosteroid conpositions
exhi bit increased bioavailability at the sane dose of the sane active
agent, and require smaller doses as conpared to prior conventional

| eukot thee the Trac fop il saare nogorAngpartieple deukofisne reqsptor antagomibt aad/odccol at e(r),

Cor 2ot e A DAL de PR ORI SRR L o8
Medr ol {gefl hefirg liome phizmazokiasii¢ profilemtaandelfie) thelihifidl doserofdferpukotriene

Meticorten(r), Oaso%r), Panasol - S(r), Prednicen-Mr), Sterapred(r),
Kenac ofegRter ankagpnieh and/glggarticosteroifhe  Phar macoki netic Profiles of the

Nanoparti c Flngdb]g [+ ' ‘| LQlloSieisResi tions
are not Af 191 en?%r% y ?ﬁéeﬂtﬁﬂ eor ggé%ﬁ%%i%ﬁ??%ﬁ%%ﬁ@é@?clellrtlfgégst| ng the
Conposcamprsgionrexhibits e corepdyetivenpintmadokinetdc itestieg withrthel emeoe ndved ar e

nanoparti cul.ate | eukotrjene receptor antagonist/.corticaosteroid

o 6o MG s [ PR A TR ERPSFE AP EoS o BT UGNt 1 ene
recept miARtRSPRN thé sANIIQaE AT i, SR BB rdn&PIBIAB H0%ORGt dréntdtTharspdst anti al |y
affected by the fed or fas%ed state of a subject ingesting the conposition.

Thi s né¥snatigeeatar legncabiost 7%+ nad gerates thaamboute Qi) not grdates thangdoh’ @Yot
ti t t e of '
nanopar e it 8o 3007 BELa@hnel Rn bR 230, Bt B RP B MOAR ARG Boter . 1 o1

are adihiafibB&hiR116%, hot grogtef den Wed 8 U6%d, bendtaséae thimdtut Bensfthé T,0f a dosage
formwhich substantially elimnates the effect of food_ include an increase

i n subfEetited i BnPetarIoPe iy lepkiFienesierRpteiAARORISt BREPY Gadsteadd  he

subj ect doe%l a[?%he?%@o&iﬂmﬁﬂ%@ RukdAbnd RENE ﬁt&lg%hisg&cﬁo%%o‘@{e}&ﬁr w th or
wi t hout food. IS 1S significant, as w poor- subject conpliance wth a
| eukot congmsitions ep therinwantiag erhibit imoehhparativer fhiacnadodin@itid testing with the same

non-nanoparticulate leukotriene receptor antagonist and/or corticosteroid, administered at the
same dosage, a Cnax Which is at least about 50%, at least about 100%, at least about 200%, at
least about 300%, at least about 400%, at least about 500%, at least about 600%, at least
about 700%, at least about 800%, at least about 900%, at least about 1000%, at least about
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 Cyax exhibited 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 8§50%, at least about 900%, at

16



an increase in the nedical condition for which the drug is being prescribed
may be observed -i.e., an increase in asthnma attacks or allergic rhinitis.
The i nverwODano6al9gs™1pr ovi des nanoparti cul at e | eukot ri ene PCEASPE06/009837

ant agoni st/ corticosteroi d conpositions having a desirabl e pharnacokinetic
profile when adm nistered to manmal i an subj ects. The desirable

phar macoki netic profile of the nanoparticul ate | eukotriene receptor

ant agoni st/ corticosteroid conpositions preferably includes, but is not
limted to: (1) a Cmax for the | eukotriene receptor antagonist and/or

cort i cleastebout)500h ehleasgtshyetd 0A%4, htlepit abert 1660%, atdearthbar 13 0Wpeaitledsbl | owi ng

admnistration, th i.s.qr t, than the fQp ..t S

non- na%%‘gﬁ:l?@{ﬁi %ftagiela ngfﬁeoﬁe/" grgetgb{hgp ﬂgggggcoer#%@g r?a’;%oer ¥brticosteroid
for mul g4dparicamid BhisiaeRfeadptéRtHR: ARBaaRiticdsriad. (2) an AUC for the

| eukotri ene receptor antagonist and/or corticosteroid, when assayed in the

pl asma of a mammalian subject follow ng adm nistration, that is greater

than the AUg for gy Pﬁ%ﬁ*&%ﬂmﬂ@mﬁm Refopl G A{dosifly T ecept or

ant agoni st and/ ol C Lcosterold,. . at ki e; and/or
(3) a Tnax for t%’é}iﬁf&%sgg p?%%;%%gg;:ﬂflggoﬁoﬁlsw aﬁtﬁ or é%rg elﬁgoster oi d,
when assayed in

that is | es%glhan the Tmax for the sane non- nanol%arti cul atgﬁ. I ﬁgkot ri ene
receptor ant'&gYRCBEOLA BRCOLYREICE BSPRPOTHO™ SRR BPEPPATVHE same dosage.
The deglkahi-Re RRBHOELRKEIMN: afid/BF &irtib&tersR iH W RInGinivtralisn biBe _

phar macoki netic profile nmeasured after the initial dose of the |eukotriene

r ecept opmperiterotol sstubieatiingy fasted stateds bimeaiigalentio gdmirippaivnasithe conposyiogr r ed

| eukotr i enq%jr cegg:&r a?nt agoni st and/or corticosteroid conposition exhibits
in conph? VYL IhREF %Ki netic testing with the same nonnanoparticul ate the
| eukot ri ene The dERiréice aMbiB@eticht of ahslé ipasiifdnk compasiag thef minopdrtitulae,

adm ni stered at the sane dosage, a Tmax not greater than about 90%. not

gr eat efeukpiiena KRSAPOBIVRZ BT aeg/@a@@?w%tﬁdﬁlda‘mfa&ad%%ﬂe méﬁf‘e%ﬁé’ﬁr% about

60% n o SR 5 H}g?agtglgg%gﬁht Oa%q)upgfo%ﬁ%ggq n 4030 BROLLs HlYabJPHoG! eat er

t han about an about not greater than about 15% not
gr eat etest tian abbonf5%d,084s them about §0% dtesrthamaboua Bt 1le59than abis 70Mmtese fisinbi t ed

ggrt |h gagé)\g;ég%?gggﬁaln% gl?’ct&%ﬁlejslégc e[nl a %ﬁt gs%g,elleagsqcﬁar? 260%998%? ieséfjl gﬁ%ﬂout
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%.

$h subject following adm nistration,

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 Cmax 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 Cpay are between 0.80 to 1.25 (Trax
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
Cmax must between 0.70 to 1.43.
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I n anot her enbodi nent, the | eukotriene receptor antagoni st and/or
corticosteroid conpositions of the invention exhibit in conparative

phar macokwoebisnop®sti ng with t he same non- nanoparti cul areTiusasosnoisane
receptor antagoni st and/or corticosteroid, adm nistered at the sanme dosage,
a Cmax which is at |east about 50% at |east about 100% at |east about
200% at |east about 300% at |east about 400% at |east about 500% at

| east about 600% at |east about 700% at |east about 800% at |east about
900% at Ieast about. 1000% _at | east about 1100% at |east about 1200% at
| east about4-1300Disselutipn Rrefiles of thelsgdmiriene Recoptorabptagonstioo, at | east
about 1600% at CerticosteneidiCompositions of thadnvemtiont 1800% or at |east about
1900% greater than the Crax exhibited by the non-nanoparticul ate

| eukotri eNeInl 6 AL cMHoRERHt SF tRH(Piofi Hhb u&&%&%@;&e tff yet another

enbodi ment, t'he | eukotriene receptor antagoni st and/or corticosteroid
co nposarﬁamt/gcbrtlpmemmPoemoax bf thEUnventlomhMIMexp@tqnﬂljadrmmukl netic
testi ng e.l eukotriene re ant agonl st

th t
and/ or ZQ:S\MllLF O&%?@lsﬁ% :Tgal?lg E}Fﬁﬁ?@fg % hﬁE‘H&HF?P@ Feegrlor a?tﬂ%‘ms‘é%gﬁ@’%} an AUC
whi ch dostiddstdrid$é prab@able, %%st@tdds@&ﬁbn @&%&11}5139(&5 t%tfaét&fb?fse@f‘ab'ﬁory éld? at

| east about 100% at | east about 125% | east about 150% at | east about

175% Sreatprebieavailpbility. Jboimprave th@@asolalbeuprc@@%d bmawelabthtjabﬁm 250% at
| east 7 t 0 st a t.350% st about
400% lg@&#’té%rgetr% 8%tankf%§§/‘t“ ﬁ‘fﬁ? é%%? ra(‘%%sg?m’élgg(?}s b’ ?‘ﬁ%%ﬁg’feaé gﬁtd at

| east diwoliitionG0%hatadt coukbattairadlwt] d6R% 180% east about 700% at Ieast about
750% at le st boyt 800% at | east about 850% at | east about 900%
at | east abolfi© lg8lipieng regepiarantaegpist/aqtieseraid qoEwesitigpy ek the mysntiomt | east

about ﬂré@@e%ﬂy Rlvel £8SHOLARY Wrofid 2P Whic@ widthin b6 ﬁkﬁts AR At ROQ%6868RRE L t han the

AUC exhi bited by the nonnanoparticul ate triene receptor antagoni st
and/ orthe tukpient saceptdr arBagdBish aqdfm/‘diee:nmcostkrdldh eorhpeskiidrr is éissolRed. et or

P20 SR 5L 545 o SRR RLMRNS, 5 gL el 2 1 st
CONMPO Skl ereQBEYt St ANthodniBEdHARA thé @dih@és@erbﬁ%ﬁ{ﬁbbﬁﬁﬁ if @SN Arwiithagoni st
and/or corticostéroid in which admnistration of
about 5 minutes. In yet other embodiments of the invention, at least about 40%, at least about
50%, at least about 60%, at least about 70%, or at least about 80% of the leukotriene receptor
antagonist and/or the corticosteroid composition is dissolved within about 10 minutes.
Finally, in another embodiment 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 medium 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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conposition to a subject in a fasted state is bioequivalent to

adm nistration of the conposition to a subject in a fed state. The

di f f er encwoi2no6atosdn pti on of the conpositions conprisi ngpPChaSeaxopmsst i cul at e
| eukotriene receptor antagonist and/or corticosteroid when adm ni stered in
the fed versus the fasted state, is preferably | ess than about 100% I ess
t han about 95% | ess than about 90% | ess than about 85% | ess than about
80% | ess than about 75% |ess than about 70% | ess than about 65% |ess

t han about 60% | ess than about 55% | ess than about 50% | ess than about
45% | ess than aBedispesdhilityddofilesaf thobeuk@bizne Receptohan about 30% | ess
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10% | ess than about 5% or |ess than about 3% In one enbodi nent of the
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1.25 and the 90% Cl for Cmax nust between 0.70 to 1.43.4. D ssolution

Pr of i | @¥agsmist pad/peibr sevticesferorbivipe srnopattisglst raficlesizei cost eroi d _
Composi ti ong,q0fg, Rﬁkené&%%mg{% 1&&&@%2%@%? rap&gg@gﬂ/é@{?&os&i?ihhe ' nvent i on,

the | eukotriene’rece antagoni s coste conposi trons of the
I nvent ¢ammpdsitions ofi edevdntidh Heaktafimin thedhmiglattidlosizeodthe lekotridapireteptor

di ssol uti on, of éhe |GUKptriGQf'é§fip or ., ant agoni st and/ or *he

cor t i cHNREINEY and/er e &piicapiprold; dkthe detkairicp $aBPIOF PRIASYHSNAIr {he eads to

fast er cpRe&terola R68 hOte@8fkrse into a small particle size upon administration, then

“clumps” or agglomerated leukotriene receptor antagonist and/or the corticosteroid particles
are formed, owing to the extremely high surface free energy of the nanoparticulate system
and the thermodynamic driving force to achieve an overall reduction in free energy. With the
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 salt, 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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greater bioavailability. To inprove the dissolution profile and

bi coavail ability of the |eukotriene receptor antagonist and/or the

corti costwoanah/09ioli s useful to increase the drug(s)' dipsTalseancomssd t hat

it could attain a |level close to 100% The |eukotriene receptor

ant agoni st/ corticosteroid conpositions of the invention preferably have a
di ssolution profile in which within about 5 mnutes at | east about 20% of

t he | eukotriene receptor antagonist and/or the corticosteroid conposition
i s dissolved. In other enbodinents of the invention, at |east about 30% or

at | eafomadhightly ke9shen 2t(hut typigkldy gicateethand @ pp to 4 anb afoilie smalngeginetthe
corticgosteraoid. co ition.is dissolved within t 1.nut e In yet
ot her - BrhsEh P FOTER T fual b B et K etk PO A B B8 ' Rt 5096

at | easttenattoidals6 96l ladowreiashe @&boPistedRate QhistAd flhiRiAgk afheriié st8todf dbbeat
| eukotri ene recePt or ant agoni st._and/or the corticosteroid conmpqQsition is

di ssol 0¥ Whilaiastedistaie nfestnpl fipid sas gn ignicisjrength of AbAY Orl4e ris6 diSrariRdad t he
i i , : 0f 0 ; 90%
bout oty <BharnBATaRE B R fodupd SRR RALE A BhnbiAEMARA T !

antagoni st and/ or the
corti cW&imenyi BhoomBesi {4 6H: 4%7-805686PY)ed wi t hi n about 20 m nutes.

Di | uti i f bl red i i whj ch 1Ls di i mnati .
Such a-ai seBiit bR eTHAr thhriT fid Torsotreath E oty G e esti Bt on
CUr Ve i Qpedih0 RIABHL AR ARDIIREY, Sk 21R0bH S S kGRIPY Ak 2 pen

gastric juices, i.e., the dissolution nmediumis predictive of in vivo
di ssol obteimad dfroughcwmpayeis ¢ambingiions wé sipdngragidsi sewiglhakesnsakisdsingle s an aqueous

medi um cantai ni.ng.the. surfactant sodi uml ayryl sul fat t .

Dot er I ReH P &% Bite AL PR A e P S s PPt ot atid)

spect r glohoprotehiid/polypetit elcairblyshérade net hod (European Phar nacopoei a) can
be used to neasure dissolution.5 Redispersibility Profiles of the

Leukot r i eneRrpssespiasive slachglyis salytions car be touf afedrotlmisd te.itirisobitiophe

I nvent |.QQ:.J hodi t i { Erj.ene recept or

ant ago%\a%g%nlgg%??l?cggst er o?@ﬂcag%to%@ ﬂg%é&gt}d.fﬁﬁé a§%§g§§ ,fggﬁﬁ%ﬂrs’e&ﬁglﬁlggﬁat ed into
sol i d dasentraionsrom aAbdut @00 tp abolerls], Myhnd mixtecs sipeecfe Forctamplat t he

of et e, YEAHRRALLIC) 8,0k 20 oL L0 0 SharSRth kel L el RESPY O
M cr ongy ledd)aBout 9,091 N1 @B Mss, about 0.1 M NaCl or less, about 0.01 M NaCl or less,
about 0.001 M NacCl or less, and mixtures thereof. Of these electrolyte solutions, 0.01 N HCl
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 HCI, 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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as if upon adm nistration the nanoparticul ate | eukotriene receptor

ant agoni st and/or the corticosteroid conpositions did not redisperse to a
nanopart iwol2atepsnt i cl e si ze, then the dosage form nayPCodas2e0am@odsanefits
afforded by fornulating the | eukotriene receptor antagonist and/or the
corticosteroid into a nanoparticul ate particle size. Indeed, the
nanoparticul ate | eukotri ene receptor antagonist/corticosteroid conpositions
of the invention benefit fromthe small particle size of the |eukotriene

receptor antagoni st and/or the corticosteroid; jf the |eukotriene receptor
ant agoni st h%remcbﬁaﬂ%f‘aﬁtft oidhe fnvention. hsasdisprrseddgukqidencareraptier antagenist

par ti clud/sHke 1S pakRy L & di

| eukotri ene rCédggeig(%oérilgarﬂaggoéﬁ?iqtg%ﬁa’%%%%t(ﬁégﬁcbg? té ?léocrg% %ﬁ%b%gﬁ%lgc é’sorar e
f or medgnymtharguitable mediex haeraml offekiighacmdequetidle siee eflesOiiawibdun 2000 nm,

nanoparticul ate emand.the th dynam ¢ drijvi orce to achieve an
over aﬁf:ssrtg?fh%qué)rsﬁgﬁmf"rIggdt&ﬁ%%wm ?Wﬁ‘}/‘t ﬁés ?‘6‘? ﬁ‘&wgﬂoéms Sht @F‘E}ﬁer at ed
part i c1689.nni,hessBhaaabaid B80! rink Me@fihdrn ¥bot SAmah Qb4 thRY Rt I3odMBhaeyer . the
nanoparticul ate | eukotriene rece&g or antagoni st/ corticosteroid conpositions

of t hethpmglaytil 200 aniess thar kol 00 nagdlespibias rbontdH0 he, leasthenabow 08t e

b i Lo EFARRES0RRE RIS sROE7ED ai fosf Bh s RS0 1M o by
T ottt Svor At DAt Lol B e oo F e o
ant agdtiPut 00 am dessthan skt 330 ameless an apaut ARSI, koss thes Abhvi? REBLLICS

M CT ONfian bR 260 RfCleSYMAh aBAHESY ,an%ialgg?a@aﬁtﬁ gg%gﬁgﬁﬁgﬁ%@f@@@ e

exhibit the desired 1onic strengt
bi or ellessghaeatwiut §Gempredineasuiduchydegitseattepibg avedhddsninicredcopngic btlre e t hose t hat

are representatiye. of siol ogi cgl. conditions found in the hyman body.
Suoh GPBREFBlHPhEN. SRS it B Yl ie B oo e RbYe atieds railones gyt e
sol ut il@R%nab a3RLLAYS ofdRhdty kNSn &e ANY salt, acid, or base, or a conbination
t hereof, which exhibit the desired pH and ionic strength. Biorelevant pHis

wel | known Redispeesibility capbe tessednping anyrsuitilde steanslkotownt inghpattr Semgegf fom
| i ght . i . tQ 4 5. In th
o1 AP RAORR S ol KBl £ a6 S5 lia DR aehep it on Ti con range

f r om @Cdmpdditidais Worleiigta $yaRtdstic Combination of a Polymeric Surface Stabilizer and

Dioctyl Sodium Sulfosuccinate.”

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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strength is also well known in the art. Fasted state gastric fluid has an
ionic strength of about 0.1M while fasted state intestinal fluid has an

i oni c st rwogbés/mpssabout 0.14. See e.g., Lindahl et al., PCChae@ctessdzat i on
of Fluids fromthe Stomach and Proxi mal Jejunumin Men and Wonen," Pharm
Res., 14 (4): 497-502 (1997). It is believed that the pH and ionic strength
of the test solution is nore critical than the specific chem cal content.
Accordi ngly, appropriate pH and ionic strength val ues can be obtai ned

t hrough nunerous conbi nations of strong acids, strong bases, salts, single
or nul leihdteenorecepjor antegonist partielepalfithe atileast ongerticestdreisl iaalgo prseabandi ng

I f th i d),. ) j .
Repr osaeatul SevEROPAbELIE o RBIPRRLE, SR Poncliee

sol uti gasilizérgefentBly MseHREeNbY Abdcdited Wi thbautface 0O cotticabiatiid Particls. and
NaCl solutions, ranging in concentration from atgout 0.001..t0 abgut g 1M
ePLIO/IPS ar e

and mi Xheleakoirines ESFRIORYHAgORIBITECe SIREHPBIA R 186 FUPT B1Y TFrepk!
not 11 {{élﬁ%ggt%&dl QPR iﬂizé}lo ﬁ%fﬁﬁ\%%?ﬁ%errs ﬁ%@lﬂthe iR do Not &erfiéallygesot about

0. 001 ess, about ss, about 0.01 M Nad or |ess,
about @ithGHe Mukstfienorecémssantagodistoxtartiestarbidpagicles@f itsélésBreddrallyr ol yt e

solutions, .0.01 N HCO and/or 0.1 .M NaC,6 are t representative of fasted
ummn PR BRI S TGRSRl e bR R A PSSR

condi 1 ;050 Irf AHStHRE BbBBmeAR $hd QnfRfdnS 8f theifdntiof LAt édmpride@wo or
concentrations of 0.001 N HO’, 0.01 NHA, and 0.1 N HO correspond to pH
3, pH doraswfaseistabilizesspect i vel y. Thus, a 0.01 N HO sol ution sinul ates

typi cal acigic.conditions und in the stonmach... M NadCl

provi des a &h%gg’ﬁﬁtﬁ‘?nee_déopﬁ’tc&(&afesrr%a(DiOB?l}USPlafehceo rITll%)(S’ gflugﬁg ? é}lé%gtlﬁé]%@%%#to 1|j[eons f ound

t hr oughQubtriche rdeestyr attiednivdian@at 164t 986 torticout@sid 0gdthdrl witltdene @ hoeuwgh-

concentrations higher than 0.1 M may be enpl qyed to_simul atie fgd condi tions
Hs

wi t hi ntaxiephisirdeeiallyacaentablecurprsad juetsy OF ?6‘?@015?’ cglé"?ctt‘é’?lyefﬁ H3%es or
cont nehk Bl eyl o) eibhRchis damseatiant s bR,
pot asstotsisting of atat, pimendry srecthl, opthamiidey oadet, btic,avlaliapeteatesaldakt s +
sodi u m1ntrawenous, intramuscular, or subcutaneous), intraperitoneal injection, intracisternal,
intravaginal, local, buccal, nasal, or topical administration. The compositions of the
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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pot assi um and cal cium salts of chloride, carbonic acid/bicarbonate salts +
sodi um potassiumand calciumsalts of chloride, and citric acid/citrate
salts + swoi200w09p9 assi um and cal ci um salts of chl ori dePCm/ustéveno9ss?

enbodi ments of the invention, the redi spersed |eukotriene receptor

ant agoni st and/or the corticosteroid particles of the invention

(redi spersed in an aqueous, biorelevant, or any other suitable nedia) have
an effective average particle size of |ess than about 2000 nm |ess than
about 1900 nm |less than about 1800 nm | ess than about 1700 nm | ess than
about 1600 hm | beuketkigpe Resenton ADtrgomst| ess t han about 1400 nm |ess than
about 1300 nm |ess than about 1200 nm | ess than about 1100 nm | ess than

about 1000 ARy 1duRkSfichdadtepdP Hita SRRt M bé BRAICEAM 1R RO &H0n I UBcoldifStot han
about 700 nm |l ess than about 650 nm |ess than about "600 nm | ess than

about @8nvention.cExemplary lapmitierB0ecapiar antagenistsanclade but 245 donlimited®s t han
about 400 | e han .about 350.n | ess thap aboyt, 300.n | ess .t han
about 385effFesy S3TARTBRE, rotgbufl ep ELEminta o filed BBidRRMe pEBid a0
about {0 thetinalifs Spdngameak@itmiéforiphis @hahes al. Lhaar. Frod!t 56Q0pme-2p neasur ed
by light-scatterin or ot her appropriate nethods. Such

t hod i ,

bt o6 S8 QMO ArbhepiHd (@ilP@eenya-Briaraie- e IePEIaw e ar o known (o
. i i . »| I - 1 1 -. t d -

ooy SR P M B G5, 0

Pat ent aloconthidton98erdodr " Sol i d Dose Nanoparti cul ate Conpositions
Conprising a Synergistic Conbination of a Polyneric Surface Stabilizer and
Di octyl Sodi um Sul fosuccinate." 6. Leukotriene Receptor

Ant agoni st/ gorti egst&sRirGigsonposi tions Used in Conjunction with Q her
Active Agents The nanoparticul ate | eukotriene receptor

ant agoni st / 8oy tortiostteronl eindemsed intthe nempdsitidrs aceardmgito theciaverdiodi t i onal |y

conprigse _one or _nore ¢ ound seful ..in treating ast seasonal

et R O R e R DA e R T S
cof or nhudeb@tde)itrtidin SiH61BnQthghciaslony Bccd@RNd, SmoRktab b, BaRkeISdd fleRisoiale t he

i nventjon can be co adm ni stered or sequentially adm nistered in

conj unkemiBydrgie; dexamethasens, réiangigeinplone, beclomethasone, beclomethasone
dipropionate, fluocinolone, fluocinonide, betamethasone, mometasone, mometasone

furoate monohydrate, cortisone, hydrocortisone, methylprednisolone, prednisolone,

prednisone, and combinations thereof.

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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D. Conpositions The invention provides conpositions conprising at |east one
nanoparticul ate | eukotri ene receptor antagonist, at |east one

corti costwopanah/o9esyd at | east one surface stabilizer. ThecTursb@emo9ss7
stabilizers are preferably adsorbed to or associated with the surface of

t hel eukotri ene receptor antagoni st particles. If the at |east one
corticosteroid is also present at a nanoparticulate particle size, then the
corticosteroid particles also have at | east one surface stabilizer
preferably adsorbed to or associated with the surface of the corticosteroid
part i cemsisiffing Wasusabitireesters, pobpryethuenagibyl ehers (7. apecrogaksthers sichasn be

Sur  acEapamrEo BP0 BEEPE R Gl h SRR TP oy b AGRp2 LB £EY

| eukot piigR&els§6.8 D HY corith@oRly Sbailible DivedrR@Sdueh aé elgpaficen L6® and Tvesel f .
Preferably, individual nol ecules of the surface stabili rzg %re &ag{&nt lally
free oBORKIGHSsrielitn Ghenaicalsl) polkethdene ghiceln (R deFabrYa%SIP® g

corTDOSt%%igﬂﬁa%i?@g%o%%g%gﬁﬂe Ee@&afeg,%hpﬁﬁl 5800 Pl ofRE SoEoupaaGe Stabilizers.

The in ron a nanoparticulate conpositions conpfising at
| east esrBokEukbylciRidesercaliyph arartaxyagthyl etluse satiuh aasthylsaBuloss; t i cost er oi d
together with qne nore non toxi.c [ghysi olygglilcal gﬁllaccept able carriers,

adj uv ahY@PXYﬁ*hX}%Wgsés@YH‘E@PP%F iphhalpts, SPRYT i_PS CHSLRYr Mg T Y Y he
conmpos hfuhﬁﬁ‘%? %ﬂﬁaﬁl@,etrfle Y laAlifd p&@é’%‘g’? Qi'cglhctﬁtr(lg?hb,%(ls, £h QCtF:ﬁQmEﬂhS’IButyh)? group

consi sting oral; pul nonary, , op mc or ocular, otic, colonic,
par ent phalol pelymer withtettgleneawsde dndtformaldehyide alsoknoybas iy replsyuperione,

i ntraperitoneal .injection,jntr.ac rn |0t r ' cal,
nasal , a’{‘)‘ii ﬁ’(‘%‘@r polpx (581 %?%W%G?{ga%%%o(gs@tv}’h g%lggjgﬁg ﬁh‘%e Oﬁfr;l@ienr? %)%frcl can

al so beiyRnEdkAkadd biipdlche SREREG NIt (8¢, Gdtrbhio 908Bealgs kupwveansi sting of
| iquid di spersions, solid dispersions, lLiquid-filled ¢ psule,ngels,

aer os oPsloxamiie 988y Wigh is aveteatungtionsl begkeopplypisr derpvediEem seauentizly pul nonary
and nasagl...aer I | g WEP frane Wi ioRse tablets,
capsul é@,&m% Pfﬁ I%Bglre ?‘?é%?g?%& ?ﬁh?’{éég@Bééu%(tg?l%%%%gﬁeé%ép@gse of © >

nul t i pa@dipaticat, @srsippany ANp))e Teeechit ABOKD (T-THESOBART Wyiandwtedforphratipmvent i on

consi s oY 300 vbichéter SKaHSE HOreer stlTones Of g HEME ST IR Bins,

del ayeq 1@l &ARA if PHIAAL 41U Sros& At 8RLGHd kBB RS@stearate (Croda Inc.); p-
isononylphenoxypoly-(glycidol), also known as Olin-IOG® or Surfactant 10-G® (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 (-
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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formul ations, pulsatile release fornulations, or mxed i medi ate rel ease
and controlled release fornul ations. Preferred dosage forns of the

i nvent i orwanreoc®evsol s. The | eukotriene receptor ant agomCItUSaevd/009837
corticosteroid of the invention can be in a crystalline phase, anorphous
phase, sem crystalline phase, sem -anorphous phase, or a conbination
thereof. 1. Leukotriene Receptor Antagonist Any | eukotriene receptor

ant agoni st can be included in the conpositions according to the invention.
Exenpl ary | eukotri ene receFtor ant agoni sts include, but are not limted to,

mont elturaide, (CYAITMARRt hexyldesylirgpethylammanius bromide EEPMABhand and r el at ed

PRl R oL QRO 4R HEEESTHEL OB

( 2 [ 2-qatiogy Is’fanl{zBrs[lﬁ’eledld;jpht- are 4t lithited top beivpiq Hifids, sulfonium, phosphonium,

hydr oxyghenox pr opo henox Z0i C CJd S dlun1salt alts,
o ar ol gy St Sy S PR e SR ghest
corti GREL&NlSoeihsH &hyﬁnh%ﬂmhmr&hﬁe%EBﬁ@thhﬁﬂ@l Aa6RhLinnenbAds Be i nventi on.
Exenpl ary cortlcoster0|ds I ncl ude, but are not limted to, fluticasone,

f 1 uti daswids, pcvc@putmethel dibydtesyatnd epmonianmshloside we bramiderdsiyldrietiel acet oni de,

nomnet asone | i de ol,i de drate,..de a t has

e am R S 1 e S R b SRR B0 ot one,
f | uoci IsahétByl }@ﬂtc&){y&ﬂ@ﬁﬁﬁﬂ@m@iﬂHlﬂbﬂé@&ﬂ)roﬂ@d@b@@ﬁﬁedmuﬂ@ﬂh?dmmhyldr ate,
cortisone, hydrocortisone, nethyl rednlsolone pr edni sol one, predni sone,

and comBARiBRGIoTdeer Bemmids, muritty e eﬁi}’él@mm%’é‘f*@ bl iSHHEPORSYSf ore t han
one sufifag ﬁérﬁs)i érhr’n oI BEad S ohile ot %?gsaima %flt(ie&@ﬁ?f&g?g&hﬁinﬂ'&n at |east.

one nanopa I cufate rlene recep tagoni's east one
corti ammreiemrdbrcﬁmdbm ajlky&e(ﬂlz-d)&)dlrﬁeﬂlymbﬂlzyl amnfomdien shlehide,iN¥-atkyl (Ot4-ude, but
nd i.nor nmaceut j cal | pi ents.

are not to, known organi.c an har ex
Such ekﬁeélme&ﬁ Berl PR ¢ d&ﬁ mdgcylfodaw ey HRmREEH e orer s,
nat ur ghoRih9aMe, Jim&BH BEHRELARLR m SHAH&E N-alkyl and (C12-14) dimethyl 1-

napthylmethyl ammonium chloride, trimethylammonium halide, alkyl-trimethylammonium

salts and dialkyl-dimethylammonium salts, lauryl trimethyl ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialkyl ammonium salt,
dialkylbenzene dialkylammonium chloride, N-didecyldimethyl ammonium chloride, N-
tetradecyldimethylbenzyl 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),
POLYQUAT, 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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stabilizers include nonionic, ionic, anionic, cationic, and zwtterionic
surfactants. Representative exanples of surface stabilizers include but are
not | i m two 20@/dey3dn oxypr opyl nethyl cel l ul ose (now knownra3/usg@eonsBt ose) ,
hydr oxypr opyl cel | ul ose, pol yvi nyl pyrrolidone, sodium |l auryl sulfate,

di octyl sul fosucci nate, gelatin, casein, lecithin (phosphatides), dextran,
gum acaci a, cholesterol, tragacanth, stearic acid, benzal koni um chl ori de,
calcium stearate, glycerol nonostearate, cetostearyl alcohol,

cet omacr.ogol erul si fyin sorbitan, esters, pol yoxyet hyl al kyl ethers
(e.g. SUFRET® ﬂﬁm&qﬁie@%ﬁé’@&ﬁm&salk%‘%%%’é’%g@iyeﬂl)’ ’;ﬁ{l\ﬁyl ene castor

I , th
gi)rmerm a afnY@%yF’%?{r%éﬁ%%@%%yz@g% g@{hee sahs 3§11&Pésqa {%l ang tv?feen gO(r)
(I (Cj:l gefipfacylaknmq/a@tmmag@llpyr)d;mpml sylbldtyilaélglehrgldymbdum s(agat, end atffilmicb&iahx,es I3550( r)
an nj on Car bi 0X ene es, coll oi silicon
di oxi dgl E%%@f&g 61 E%‘F‘i ‘2" b’QF@V{?%d iRIFRREY RRDTRAT el | ul ose
sodi ungchTRy ﬁm&fa%ﬂym hﬁﬁ&hylaﬁaﬁfogﬁw&mhaquna I BEeIN-ReR 2 FRlv p§RdiRhfhal at e,

noncrystal 1 ne cel'l ul ose, magneS| um al um num’si | i cat'e, triethanol am ne,
pol yV|q1‘i§quda],cadiﬁ@h‘tl<(rﬂ?<vg\l)lar 4-(1,1,3,3~tetranet hyl butyl)- phenol polymer with

friton), po gﬁ&%@l}q&fa%’yé”éonwﬁ‘ﬂfe% bt odR AR R e i ook

copol )Bmﬁl&efﬁ ar@dbychi®Be irX iCiessand EDlSﬁ@éf ch)ﬁwmﬁactaml axapiiegande. 9.,
Tetronic 908(r), also known as Pol oxam ne which is a

t et r afBintogicshHyalpatinsMaserd Rakker, éi%?‘})v%cﬁnfir]%rﬁ itap), Gefini¢ on of

propyl d e andotte

Cor por S iefiblsL AR Eh IR M el Cert 1 D) SR, RGO S Uy ot 1 o

Cor porSatrfaotajts: OrgantnShomiRQ((MarceMlekker, $9%0). al kyl aryl pol yet her sul fonate
sucrose

(Rohm and ﬁ%‘“@}{? Crpodest as F-. 110%5 V\/mc i's.a mxture o

stearate a bR S eeR srbiligery &&anpﬁe ymerie CIRBMAD MERoxy pol y- (

gl yci dhlaikisd cﬁ&ﬂﬁi@(@ @§ar%ﬁ1ﬁm'c@%pbhn&ra ;ﬁ%ﬁlﬁ)ﬁhﬁ’ﬁ%orﬁﬁmgdr 3n b&ddiimChemi cal s,
Stanford, CI): Crodestas SL-40(r) (Crod I'nc.); and A9OHCO, which is

C18 I—BK@H@(O@@J(@%@IH@HZQWM eCr20KY orgepometallic q«zmnn«l:@ quartemary
g T e R e e T
D MedohiPouale®;a H}@%)@Mﬂﬁloﬁ}uﬁﬂdﬁ)ﬁdﬂhﬂ,%ﬁﬂlﬁ@;anﬁn&ﬁﬁh}ﬂonfpoaﬂﬁ WRpIHdanosi de;
ammonium compound, a tertiary ammonium compound, and quarternary ammonium
compounds of the formula NR1R2R3R4(+). For compounds of the formula NR1IR2R3R4(+):
6) none of R1-R4 are CH3;
(ii) one of R1-R4 is 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 CO6H5CH?2, and one of R1-R4 is an
alkyl chain of seven carbon atoms or less;
(vi)  two of R1-R4 are CH3, one of R1-R4 is C6H5CH?2, 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 C6HS5(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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n- heptyl (-D-thioglucoside; n-hexyl (-D glucopyranoside;

nonanoyl - Nmet hyl gl ucam de; n-noyl (-D gl ucopyranosi de;

oct anoyl -Weormadngbsgli ucam de; n-octyl - (- Dgl ucopyr anosi de; POTIUBR006/009837

(- D-t hi ogl ucopyr anosi de; PEG phosphol i pi d, PEG chol esterol, PEGchol esterol
derivative, PEGvitamn A, PEGvitamn E, |ysozyne, random copol yners of
vinyl pyrrolidone and vinyl acetate, and the |ike. Exanples of useful
cationic surface stabilizers include, but are not limted to, polyners,
bi opol yners, pol ysacchari des, cellul osics, alginates, phospholipids, and
nonpol GerBpiises eblepdoneibalogdish as zwitterionic stabilizers,

pol y- n- met hyhpyr i gi Qi#im I b AN i at doni

phosphol i pi é!g chi gg%ﬁ?%%% 9%P%eggf%g$3\#?ﬁl?r@?&g§q cen?e %fol?gggene,

pol ynetdwypriset hilesst loat eydlici fragidept;armoni ur nbr omi debr o de ( PMMITMABY ) ,

hexyl desyl tri et hyl a ium m de (H . an X
pol yvi nyl py&bl i B%?]%fg?'&“r?é? %&ﬁa@ﬂ%@épﬁwﬂ#ﬁsﬁa&‘?ﬂdp@@f methyl sulfate.
Q her usef u?msat HROGER BIRAPIrL CIRY dhd! (6!0¢ #a -R P bie ﬁ&%ﬁhdﬁcrﬂ Gfnis0, cationic

| i pi ds, sultonium phosphonium and quarternary a um cornpounds, such as
stearyl trinethyl anmmoni um chl ori de, benzyl di ( 2-chl oroet hyl) et hyl ammoni um

broni de, codéHuronpoupes gludarhi ateunet dbtitse iteldbebenalirapitina ehlogide.onut et hyl

di hydr hyl a g U | oride or, broni de.. .decyl t.r.iethyl noni um
chi o 1 S E P QRN S R b6 BhtoRe BefnrfiBiim e g o BERRAL "o .
15di metiiyptidd) yetatosurinhyhloAds e siriOniith Ofdrtide Qetrixh Ofuthechl srieo tathylghin iRt hy|
hydroxKet hyl amoni um chl oride or. _brom de, nyristyl trinethyl anmmoni um

met hy| Dedspflugride, ehlpsallylngthenapyne edenda (Qusrpswimn Dhdisiepyidimoniinpehlgdde | aur y!

(L2 1R b T A R bR AR 1 ) penzy
amoni Quatehivuni2@eQuitetrtmdlbe Qpbiedriem gl Heetoriyd, dimethyliaminathydclilokdde :

i ot WY aShopds Eibne RS G B ERR e IR () ARG PRSI e,
al ky! - SietiaRs BhARIEA POR SlE M pHbsphk! b Walitbni @ ORRLHE) d@dbkingl | auryl

trimethyl ammoni um chl oride,” ethoxyl ated al kyam doal kyl di al kyl ammoni um sal t
and/ or digatadeaylpayhenivmbentonitd piearatiraniioy phlozitle, dodiiphdnHrbmidee denatonium

di al ky ni_um. or.i de..N:di decvl di net hyl . nium,chl.ori de,
Nt etra e%g%&i %rtlﬁis!l}kgngnycfhlorug, Paurt imonium Igl)(longer%ﬁwllenedlamme
dihydrochloride, guanidine hydrochloride, pyridoxine HCI, iofetamine hydrochloride,

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 incorporated 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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amoni um chl ori de nonohydrate, N alkyl (C12-14) dinethyl 1- naphthyl net hyl
anmoni um chl ori de and dodecyl di net hyl benzyl ammoni um chl ori de, di al kyl
benzeneal wpl20@myessium chl ori de, lauryl trinethyl amoni eoTalsb@wiookks3?

al kyl benzyl et hyl anmoni um chl oride, al kyl benzyl dinethyl ammoni um

brom de, d 2, C15, C17 trinethyl ammoni um brom des, dodecyl benzyl tri et hyl
anmoni um chl ori de, pol ydiallyl di net hyl ammoni um chl ori de ( DADMAC), di net hyl
anmoni um chl ori des, al kyl di net hyl ammoni um hal ogeni des, tricetyl nethyl
amoni um chl ori de, decyltri nethyl anmoni um brom de, dodecyl triethyl anmoni um

br oni déISPtT@thd%% {nq. retheylasemelsdioperss @mra@olwkanwoletwk‘écwgﬁh ashemicain
hi b |
'fri (r)nra!t ﬁgrpéﬁﬂ)m qny lggﬁr%l?&gl%?ﬂ%e&gé@?w ﬁ%ﬁ?}% eﬂlgsfe(rarslzzf fatty

aci ds) Fohﬁﬂﬂﬁaﬂ)d{ﬁﬁwﬁ Fr&ﬁﬂgdmdd&:pn&ﬁ@amﬂy kon saties off bmdluclte hgm:gmads ( suc_hdas_

t t
b o JECRR -G anRe fiseh bk 20500 1 shont PG I P Tebr g nes.
M RAPOL,,,ad ﬁdﬂ“«fi’#@{ a A gcgmpg}lg‘w%l%m)wmﬁh&m tRYpdvilidHeum sal t's;

am nes, such as al k , am nes, al kanol am nes,
pol yet pqﬂymwepmbiylmwe amleWMégkmfémmmjdbput 45000 dalions, aandnalcwzir pyri di ne,

i | h t at t at
21 ky! pyEieE pf S fen SB0Y ap R BE5HR Gently oupBelRel oxues: i m de
azol i ni um sab{idondpdl flﬁ@@ta?@?ﬂrlﬁ*e@'biyafo}’eﬁeﬁﬁpdb q(ap@e%,pr@@@mbmbﬁﬁmguat ernary
pol ymers, such as di al di et hyl ammoni um chl ori de] and

pol y- [ ml,stmng \1;4nwarwqul cftqm mtsdmwdcfeqmaléﬂwde ay |ﬂ@mR@p1ft§lbal¢ad1®@c h

exenpl cat urface stab e her £, on| c surface
st abi | FBQ%IP?IS @r}f&g%%?g%]@gng ﬁjeall‘lbazmois © %Vgr pp§| n‘é%’?) %:g 1oni ¢ Surfactants:
Anal yt b&t?]rol@dié’mBhﬁ’d G?Q'r@&%hngz HablaBoné Wit GRlmdRk keyield3Pdlidom. and D.

Rubi ngh (Editor Cati oni ¢ Surfactants: Physical em'stry (Marcel Dekker,

1991) ; Sebs#quent Reatimrohwith@attylene gives thieatnyd rpp’srohdlvr@anmpr@xe Robmerizatiwmiscel
compoulHP e AUHBAD S KT Srr ERoH 40 i WH o T B8 ot o SBEbnoni um
conpoupg, 7581 (MRS &Mo., 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 determine the polymer’s molecular weight directly,
the most widely used method of classifying various molecular weight grades is by K-values,
based on viscosity 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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conpound, a hal oni um conpound, a cationic organonetal lic conpound, a

quarternary phosphorous conpound,
conmpound, wearzo@myesyi um conmpound,

a pyridi ni um conpound,
a hydr oxyl ammoni um conp@amaiS2@e6[p0ISaRr Y

an anili

ni um

anmoni um conmpound, a secondary anmoni um conmpound, a tertiary amoni um
conpound, and quarternary anmoni um conpounds of the formul a NRIR2ZR3R4( +) .

For conpounds of the fornula NRIRZR3R4( +):
(iii) three of RL-R4 are CHS;
-R4 are CH3,
chain of seven carbon BABKE
and one of Rl1-R4 is an al kyl

one of RI1-
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*Because the molecular weight is greater than 40,000 daltons, this povidone polymer
is not useful as a surface stabilizer for a drug compound to be administered parenterally (i.e.,

ted).

**Myv is the viscosity-average molecular weight, Mn is the number-average molecular
weight, and Mw is the weight average molecular weight. Mw and Mn were determined by
light scattering and ultra-centrifugation, and Mv was determined by viscosity measurements.

Based on the data provided in Table 1, exemplary useful commercially available

povidone polymers for injectable formulations include, but are not limited to, Plasdone C-

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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(Quaterniumb5), dodecyl dinethyl ethyl benzyl amoni um chl ori de
(Quaternium 14), Quaternium 22, Quaterniurn-26, Quatem um 18 hectorite,
di et hy| awDreo@tdey3sehl ori de hydrochl ori de, cystei ne hydr echmluseeodo)9ss?

di et hanol ammoni um POE (10) ol etyl ether phosphate, diethanol amoni um PCE
(3)ol eyl ether phosphate, tallow al koni um chl ori de, dinethyl

di oct adecyl ammoni unbent oni te, stearal koni um chl ori de, dom phen brom de,
denat oni um benzoate, nyristal konium chloride, laurtrinonium chloride,

et hyl enedi am uanj di ne hydrochl ori de, pyridoxine HO ,

i of et 33?%@%3?%@%%%5 ?Hllo %ﬂﬁ%@fﬂ%mhkﬁa% then F‘%?L}tdé(,)o A 155 theR 2BedR00m

chl or i g, et J8FRR1 46D ARORLian QLR 1 B0 ARNCUIRGRLAN, g0 aBOlUGHRRET ni UM 1,

procai nehydrochl ori de, cocobetai ne, stearal koni um oni
st ear adbeoh$Qireclesatherabaeit 00 win, fes$ thaol about &0 v, pess thanerbedt G0Gi mw, less

di hydr.of | uori tall i poni hloride, .and trineth i
br o e it 959 i st PR O o 135 piab B e T ekt o
exci pilegitarabuB 80 H@S kké BRAH absut 360 &k, 1ds8 tHaAAb5RISRARK 16§ (it ysacess | cal

Exci pi ents, published jointly by the American Pharmaceutical Association

and THELPREThetehaut &30 ngeleseihpn gboutl B nmBless Hian abute/ Spivarardess thancablouPr ess,
2000), clfd ' . r al reference. Povi done Pol.yners
ovi #oi et hERLH vy GRS RORAEE oo Rt IniGtoshine DEREE; PRt el ot ng

an i nj ect alif éhenat engtivric cuticiserdie ijaresone ica fi@e@tidlate size, then the
ant agoni st/ corticosteroid formul ati.gn., Povi done pol yners, also known as

pol yviSEHfCE ;016(1}.99', HOFTRIVPIEETagRATREE §ige A lesy theabeBrE00 ape(igold under the
trade HRMES). K Athé}%ﬂ(dﬂohirﬁgﬁs?‘gf&@'irﬂre)lﬁi@rg Q}Fﬂo?ﬁé’cﬁ{%%ip)nﬁiﬁ%m@&me%ﬂ! es,
ul ar es t

Inc.). They are polydi sperse nmacronole nol ecu , a chem cal nane
of | - etffectivd av2ragemadidlelsino nflepothymebait 49QD hmyless/tha alpyut 1800 dinnksethaal yner s.

Povi done ners_ar r.od co rei all a series of pr cts having
nean @E’P%ﬁﬁ%?‘%@?ﬁﬁﬁﬁa@ﬁgf@ W’g%%éﬁ%ﬁboﬁbf%‘? eS3d %Habf)g‘@? 0"%al t ons.
To be lesahatl atdst 8300Uih e BRdABJue 1 26005m Aesl 8 S PYOFnhOleBehal AbditSt er ed
to a mammual, the povi done pol yner nust have a nol ecul ar wel ght of less than

about 490000 lesathasraboutd0OnmdpssdbarazbonkBYhemolesythem plequt 7AGNmM4 espdondal t ons
woul d al%{{te&%' I{ntl,' 18§Js| th¥n %o%?%b(g'gmf QS“S tlﬁgr(lebout 550 nm, less than about 500 nm, less

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, 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,
efc..

In the invention, the value for D50 of a nanoparticulate leukotriene receptor
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Povi done pol yners are prepared by, for exanple, Reppe's process,
conprising: (1) obtaining 1, 4-butanediol from acetyl ene and fornmal dehyde by
t he Reppewbubvadioesve synt hesis; (2) dehydrogenati ng the PcaAisatoanesssdl over
copper at 200 to formg- butyrol actone; and (3) reacting g-butyrol actone
with anmonia to yield pyrrolidone. Subsequent treatnment with acetyl ene
gives the vinyl pyrrolidone nononer. Polynerization is carried out by
heating in the presence of H20 and NH . See The Merck Index, 10th Edition,
pp. 7581 (Merck. & Co. 1983). The nanufacturing process for
povi doHKagnals) ard/er %ﬂnea%}@éslamoytf@ﬁsr%ﬁwvﬁlw irdhepaitiels sige beledthichchai n

| engt hSO"/@'3@tﬂehé{ﬁ%%éﬁeq[a%%or%{aggﬁg%dw BlcdsterbiEpdRERE Fglla'B WRights of the
nol ecul es var an or ~average for each grtl cu Lo rcially
avai | a&helaglyalaéo isBbe partiele sizel telaiv TWIhI(ﬂilLﬂO% bf)thd éeuslmtnane ré¢deptop ahtppgenists

mol ecul ar _wei ght, di.rect.l t nmost. Wi del y used net hod of classifying

vari ou |°8§%P5tff%é?afl¥%§f%{g§¥‘*(é gy K-val ues, based on viscosity
nmeasurenents. The K-values of various grades of povidone polyners represent
a function &f t heomseatagonINGidpartiotitg Teukaiifend Recdpior Dikassfiy, Vi SCOSI ty
neasur enent s andceaicovterbiadand SarfeoStabliferikent scher's formla. The

wei ght - average of the nol ecul ar wei ght, My, is determ ned by nethods that
measur e t heTnele ke aﬁﬁ)uﬁt@%f !éﬁﬂbﬂisﬁé‘?&ceﬁf@i @rﬁ&%cﬁﬁst &?ﬁ&s&?oﬁ}’aﬂd‘@'[@ast
scattering. Table 1 provides nol ecul ar wei ght data for several commercially
avai | atiesupiacd danbzesshy wetysyidelyl Toe optiingharapunt o6 thebhdividaBl oniponBetsause t he

I
ot *uster PRl o Brthe Bl bR e R B0 G P ko B ) st er e

par ent}&ﬁﬁédla& cbm@sterdlﬁllsﬁéétedl)the pHyMeal gndt dhemida3 eRShiitYs GAiRE s@eacaD| ecul ar
wei ght, My is_the nunber-average nol ecular weight, and Mv is the wei ght

aver agséa%?eé@hﬁeé‘?d%lsw as thehydraputic \hﬁ‘?@ﬂd@?@iﬁ?ﬁer{g&demPlt@Eﬂ)O%»aﬁnﬁéh@ ng and
ultra- ﬁ%gitghﬁgﬁ‘t"f%"“Qﬂqgwsnaﬁﬁ%ﬁ%ﬁ%p hed by viscosity neasurenents.

Based on t ata provi exenpl ary useful conmercially
avai | abl e For the nanoparticulate leukotriene receptor antagonist: Preferably, the concentration

of the leukotriene receptor antagonist 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 leukotriene receptor antagonist 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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povi done pol yners for injectable fornulations include, but are not limted
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25(r) . 4.wbhanapmeidicul at e Leukotri ene Receptor Antagoni SLTAISA#6M009837
Corticosteroid Particle Size As used herein, particle size is determ ned on
the basis of the weight average particle size as nmeasured by conventi onal
particle size neasuring techniques well known to those skilled in the art.
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a nano tjculate size, then the cotrﬁgai costeroid haqsh:an ﬁffeﬁti ve average
parti c‘{ %éﬁes’iné’ént&‘rn (P8 SSMPHEN? aprbGpsterg tﬁrﬁoP??nér.a?m?S b 91_)“.‘3 § BI9Pher

enbodi JRBEEnOf 4BEt 1AL 8P mdkdl@bSRMTOD GRTHE! HiHoRANEAL A fighSL Rave an
effective average particle size of |ess than about” 1900 nm ~|l ess than about

1800 rmore} dait #mzahb or nbTO@r phoutl688 sng/mdn about 1600 nm | ess t han about
1500 nm | ess than about 1400 nm |ess than about 1300 nm | ess than about

1200 nm | ggs ¢ hgR ANt ORi AT Exkifisd Nan about

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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1000 nm | ess than about 900 nm |ess than about 800 nm |ess than about
700 nm |less than about 650 nm |ess than about 600 nm |ess than about 550
nm | ess wbanocaleeast 500 nm | ess than about 450 nm | es®Crhmnocalooss? 400 nm
| ess than about 350 nm [|ess than about 300 nm |ess than about 250 nm
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| ess than about 75 nm or |ess than about 50 nm as neasured by

Iight scattering methods, microscopy, or other appropriate nethods. An
"effective average parti cle size of |less than about 2000 nnf means that at
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receptor antagoni st and/qQr corticosteroid particles have a size of |ess
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particle si %%%E’E:pcéﬁteﬂtﬁﬁnﬁﬁ% m%cteiuv%a”é(\ﬂéf’%lﬁéﬁe jueg, flﬂ?qr%?@éc}’c #an about 2000
nm | effrddttal 8RO Olabke, Hﬁﬁ&ctcgﬁﬂm@%c?’sch&tgosqc&ﬁhdﬁ Gnd/of hitifes

i nvention, the val ue for D60 of a nanopa ul ate T'eukotri ene
recethf@éﬁPﬁé@rfp@lgomd/EXﬂmm@ﬁéﬂtl@ntuinahlée ouetopystlneaietulossyposti 4s on is t he

f the | ta t d/
Part] dledr STt Mg prl0 gﬁ%%u gs a%&h?%?m%@ycde%gﬁavr‘é‘é‘q a8t o' "
si ze helieNawhieR®I961.91; cmka%lcl c%}b'ﬁ% 84 131%%%@[?%;]@ a,,gng{ Qirch;
\Be ncent | dn 0

corticosteroid particlées fall
Nanopapthitoll satwse;cnk gludosme Recept or Ant agonl st, Cortl costeroid, and

Surface St el.s The unt kot ri ene receptor
ant agoni st aﬁ%@’f C%%Etteg% Sdnﬁgaf‘dl gty Cé%%sf “F%lld’é(rr@f 14Phe, FO@Staeth vary
wi del \potalh Stafihl ifaBle seEHRhd Bodiltal stadlick] GoalarkaIRe 96N, &%Fﬁg&'xﬁdé%on for

exanpl e, the particular |eukotriene receptor antagonist se ted, fthe
sodium starch glycolate, and mixtures thereof.

Examples of effervescent agents are effervescent couples, such as an organic acid and
a carbonate or bicarbonate. Suitable organic acids include, for example, citric, tartaric, malic,
fumaric, adipic, succinic, and alginic acids and anhydrides and acid salts. Suitable carbonates
and bicarbonates include, for example, sodium carbonate, sodium bicarbonate, potassium
carbonate, potassium bicarbonate, magnesium carbonate, sodium glycine carbonate, L-lysine
carbonate, and arginine carbonate. Alternatively, only the 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 aecrodynamic 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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particular corticosteroid selected, the physical and chem cal attributes of
the surface stabilizer(s) selected, such as the hydrophilic |ipophilic

bal ance (WOBges/ave39tii ng poi nt, and the surface tension ofPCraiSesoc®msat i 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 wei ght of the |eukotriene receptor antagoni st and at |east one

sur f aceangptirlptecsompesitionnef the invgniserhior agyeoupdispersiontdersisels, @ighe dt r at i ons
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99.999% from ahout 5 0%to a? ut, 99.9%6 or from about, 10% t o about 99. 5%
by wei §fhEICTHR ﬂg?ﬁu&(hgt? dhoat 10 BHEPRS kP Ui £QaRous b MigEonEQTKH) lesshan
recept YoutPhAaGeRs St and at | east one surface stabilizer, not including

ot her excipients. If the corticosteroid is present in a nanoparticul ate
form then dsieg éreadsinypositives obihe dmtention, good§ walker solmble aresseatiallylwa@n vary

f about. 99. 5% to ab 0.0019% f bout 95% t t 0.1% f
about  BOUHHIS TaBetres e ias gniagoite aisBeoitioih gan B ArDietsebip JEKGRR gt of
the cokhg ¢RSYAI &8 tRO Rk IBRSThis Meeifhdf ARGR SR kk#&helyWtichRebigi ng ot her

exci pients. H gher concentrations of the active ingredient are generally
pr ef eraceepof fasmulatigns ef mirdonisest le@kcftn@neem@qpt@ta@mwsmandppéfcestam&. t he

concerbb Ayl ARe Sl Aok B BRI BRA R (o,
about gfole havihgwtichh &Yedybymiedightter HRbedersity bhebduoll alilldandh gesinetty wei ght
ot her GHBFIT BHES (RROBHETb AU HOMCTBE. { e T HIERITB AT aARASRRITAEUY ar |y for
e S5Ol AR el Rt GBI Lot e [ ecerL
about 0.1 to aboéerod@sgmioylianeitertt geamelrichibamaeten(dengty) Che at
See col. 11, lines 18-46, of Edwards et al.; and P. Byron, “Aerosol Formulation, Generation,
and Delivery Using Nonmetered Systems,” Respiratory Drug Delivery, 144-151, at 145
(CRC Press, 1989). A geometric particle size of less than or equal to about 2 microns is
difficult or impossible to achieve with jet milling; i.e., the process used to obtain micronized
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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| east one corticosteroid can range from about 0.01 to about 10% by wei ght.
When fornul ated in an aerosol, the conpositions of the invention can
conpri se WoOl2easkobI9iene receptor antagoni st at a concent Pariusaoosmhest ed from
the group consisting of about 10 ng/nL or nore, about 100 ng/nlL or nore,
about 200 ng/niL or nore, about 400 ng/ni or nore, or about 600 ng/niL. In
addition, when fornul ated as an aerosol, the conpositions of the invention
can conprise a corticosteroid at a concentration selected fromthe group
consi sting of about 10 ng/nL or npre, about 10Q ng/nL or nore, about 200
my/ L Whichspage ongrs irorg GosalYpnia may hassrta be gmplgysdfo agplwiion. gSuiteblger

Phar ma I.cal: | RI g et .cal. - R : 3 i I on may
ol g0 coahefRlincrtde, BLERL 2ol HAATE U E Bl BFierdqifyy AR 0
agent s, susphadimgadigelatesgerasotsaifeheinyentidnaonablie mapid gesul absopptemerWhen ves,
buffers,. wetti agents, disintegrants, efferyescent agents, agnd other
exci pi QST ATRAE BPRTHED POHT COmPRRiHeH GTPh 9l AHhePsoieddeSge form
desi r eghyidbyGhd SorplRieB ihdn AiGroWRLd dKRBAMbsbIcduljdsAldhs, Ve RIa9De@leatdd By NY
agents are | actose nonohydrate, |actose anhydrous, and various starches;
exanpl 8 nacopiligry mochagisnt pricirte dyeg disnpdutionland labssptiethd cross- | i nked

pol yvi nyl pyff.oli.done... m crocrystal line cellul ose, such as.Avi r) PHOA
o’ Avi cel { NpSab ol EARoY B i BE 4 4to@ESon R SBpRRig DEghSt

M cr octyyss éff formelatiehd, b lcompodift® aborlimMoGhé MventiSUtdnatd ig thaiedRt S,

I ncl udi ng ag,ents that act on the flowability of the powder to be

conpr eBdgartigledewkstrigfegarepior antaganigy epetiensteraid syhiels is fdynsrsefl oF yusperglediin ¢,
steari ' ' : ' S N el .
Ecanpl S2REpDTRAREH AP 3 AL Shipen i GhAR. S ARLH rpAibSlachiHdIl 11 s
sucr ossyrfactantst edplsifteas amsustace madifiers ayldaabateectad frant lareyn anganiaasdl f ane.

Exanpl es _of . fl avori ngagent.s, are nasweet (r trademar k of FCO, bubble
gum f Wfﬁa,mcé?mn?l?‘iﬂlﬁcqg CXGHBIeats. §r’1‘lNEl? F’F@plF?tﬁi‘?")l OB PR MSF % vat i ves are

pot assindBcaRf RRldht BN RBLARERIRIOBY] RATRRER, benzoic acid and its
salts, other esters of parahydroxybenzoic acid such as butyl paraben,
In one embodiment of the invention, for aqueous aerosol formulations, a

nanoparticulate leukotriene receptor antagonist and/or a corticosteroid composition according
to the invention is present at a concentration of about 0.05 mg/mL up to about 600 mg/mL
(concentration for each active agent). In another embodiment of the invention, for dry
powder aerosol formulations, a nanoparticulate leukotriene receptor 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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of theyhqy&ssd Qﬁc&ﬁfiarﬁm%%ﬁ@biiesddﬁﬁﬁéﬁdr@&n@e@ &k fene Mceplde dry powder
aggregates conprising the nanoparticul ate conmpositions of the invention for

dry poswiegonasicogisiosterdidh vempositinns amdlagé@ﬂ@dwm@p@ vithamicreizesfparéaes t han or

equal ut 10 Gron n h tion, the
or osob st iles 28 1R 51 SR yabiRREAST oFIREES B Bivsliodieblelt ' 07
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diameter and is approximately the same size as the liquid droplet size produced by medical
nebulizers. In contrast, nanoparticulate leukotriene receptor antagonist/corticosteroid
compositions according to the invention are substantially smaller than the droplets in such an
aerosol. Thus, aerosols 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 lung 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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powder aggregates conprising the nanoparticul ate conpositions of the
invention for dry powder aerosols, have a mass nedi a aerodynam c di aneter
(MVAD) ofwQDpocaloosst 30 to about 60 microns; (2) about OPLTIUS2@60048310

m crons; (3) about 2 to about 6 microns; or (4) less than about 2 mcrons.
Usi ng the conpositions of the invention, poorly water soluble or
essentially waterinsoluble | eukotriene receptor antagonists and
corticosteroids can be delivered to the deep lung (as well as to the upper
lung). This is either. not possible. or extremely diffjicult, using aerosol
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coNPOSiehy B bflfifes' th BhFoIRRASiSe of the aerosolized droplets. While conventional drug

material would be expected to occlude the pores, such nanoparticulates are much smaller and

can pass through the pores without difficulty.

In one embodiment of the invention, substantially all of the liquid dispersion droplets
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).
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and a surface stabilizer and a dry powder. A solution is conprised of a
conposition according to the invention and an appropriate sol vent and

opt i onal lwoan&/959m0r e cosol vents. Water is the typical PeEmiuseos/004deMEVeEr ,

t he conposition may not be soluble in water alone inwhich case one or nore
cosol vents may have to be enployed to forma solution. Suitable cosolvents
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et hanol . The nanoparticul ate aerosols of the invention enable rapid nasal
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t he fodmgdpsagedSugledssicns atr desodlpralis) fonexdnmple Hé SePaty Pos4,807 8bt,miliclt isons, a
conposi.t | rding to the.invention can be in the.f.ormof a panoparticle
eukorsTsh F EEBEI e udss el Bivd 2 siBpdageling 6h im&itinginafsdl of
suspeniEsY3 QA bataet), &ﬂs&ﬁilbiﬁg aWohd Bl poR@eOdispEREc? havinp @l dkAYaiR @8Rt Ebe; Sui t abl e
suspendi ng agents are surfactants, enulsifiers or surface nodifiers and can

be sellRt@dliPondacsordPudl Basinecringdragse paahiMasetnl Hhdo.cleserihing axentpiient s.

Such exgi.pi S | . i .ecul i-ght ; ol L,goners,
mat ur ol o R b G 6 U RRLAHTEE ver B RIGRR. BP S D GBBRT £ o
aqueoushadrieddpowddrriidpatsenhs/inga ochppibdletdxpahsidrecHagitentand €Ne. P2 OEPL OF
ant agoni or a corticosteroid conposition according tq the invention
is pr £Z€é=0%? qlﬁe EBHE SRRt PidReTelsBGes B° G OmprHPLhersin by mhrserceand affy/ nL
_(Concedlfercféﬁ'tQHr}fd&fw@e@%li@&§/U¥ﬁc&%ﬁ&ﬂ1 s/ n anot her enbodi ment of the
invention, for "dry powder aerosol for |grul ations, a nanoparticul ate
| eukot ri eneA decepvdar ishalatiporfosulanay @n alsoderdeliverst by maing ofigosrosobn

a concentration. of about 0.05 ng/g

accor di to t invention i s present .

up todtlg_ 016198%0 ? {]eé%'ﬁlg‘% ﬁ?l?sgstt ioiﬁﬂlﬁ{?ﬁeeagéﬁga‘&?f P ’éa%?Q@W_tc)l{atedependi ng on

t he desifpReitidasa@erdit@RCc@pinahesh, BaBPRAAGDIE Paictes FAKkBEABHGCH EGRRLET
ant agoni st and corticosteroid aerosols, defined as conprising a conposition

accorcﬁtmsﬁ%lqm@eﬂﬁ%%ﬁmmitgm @C@dh@émfheaipv@ﬁiogf Pawidats comprsieta Up to about
290 Mo ficl R EObbaNGy hEGERRSIo ARIRAIRRLS L AP dfh el UP TO aPout

600 a corticosterol I agueous aer os
dispersions of nanoparticles by removing the water by spray-drying or lyophilization (freeze

drying). Spray-drying is less time consuming and less expensive than freeze-drying, and
therefore more cost-effective.

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

is generally very inefficient because of the properties of the powders themselves.
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formul ati ons, and about 10 ng/g up to about 990 ny/g of |eukotriene
recept or antagoni st and about 10 ng/g up to about 990 ngy/g a corticosteroid
for dry pwadess/mevesol fornul ations, are specifically ercomsassmmsdy t he
present invention. Such fornulations provide effective delivery to
appropriate areas of the lung or nasal cavities in short adm nistration
tinmes, i.e., less than about 15 seconds as conpared to admnistration tines
of up to 4 to 20 mnutes as found in conventional pul nonary nebuli zer

t her api es. Il[; gt her enbodi rrené,s of the invention, the aerosol dosage form
can del i ver Yhadymomdsetfrpsolywhichicoytaprnapapartieylaie sempesitipRbaccoidngiorbs and
cor ti COSLATR dnib neadb HRIA:D BB A, ! d ess

t han a@out 4 mnnut es, Sﬁgss t a%cg uta%S ljgrll?c?l%%l%s gggﬁé{tﬁgﬁ%ﬁglﬁﬁéﬁffﬁl nut es,
| ess tdrapppdoptiste fomdfficicwt, delizery to hizndeap durtg. Adomocandggredadsoft han about 30
seconds, less than abaut 15 seconds, or |ess than abo 10 seconds. a.
Aqueo S RRTICHRE BPIBREORTHETETY Bite Biver et v EeHp R R S et of a
di spergdveizob®flofaiaper@es, BérdBNAdMg HHAGsR nddtérdid A1 depodloRSf @80! . Aqueous
formul ations of the invention conprise colloidal dispersions of at |east
one nadtpaistaredisepirositionkio the lung or resebravitieant agoni st, at | east one
corticostergj . t one surface stabilizer. in.an _aqueous vehicle
whi o s oPrL PR EUale AR B0 Sl 5 R Ao A P FBmR R Ser .
The advauncd@gebothfDRIBendIpRIDIE. EWithinahe esitextaE HRSHsent iivelist, “0e” wiider st ood
by comparing the sizes of nanoparticul ate |eukotriene receptor

ant agoRidtommesttiondayiag &sa thagabaul 1% Sraterac Sepapaculateagrosplivanvlpbensgre h

m cr onj tr gl hzes: af: |1 s

o1 oduc s Ran S, Ifer NG SAL1 P67 AT BORE S UE af Z6Rich i (iR Re] |
gener ahdrgindlygeferéiceé.o about 5 microns or nore in dianmeter and is

approxi matel y the . sane si as the liguid.dropl si ze produced by nedi cal
ebul | zer's InonecamERmE of fspupbeyditattiebh s adebisiol A5 polact
ant agogyngir{se Af fch&Qht AR FAEAURORULHHBRe REGRESAMEE It biMicie)¥EBsk BRe ar e
substantially smaller than the droplets in such an aerosol . Thus, aerosols

cont ai ¢9rvepstearidparticle of aftleast enk lsuketeinee resempr artagomish ganticktand ot teastoweer oi d
conpos&'otd'ié)dg?er&cdg)g{&ileng to the invention inprove drug delivery efficiency.
contain

Such aerosol's n a hi gher nunber of |eukotriene receptor
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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ant agoni st/ corticosteroi d nanoparticles per unit dose, resulting in each
aerosolized droplet conprising at | east one drug particle (i.e., at |east
one | eukowvoizers9pdeept or ant agoni st particle and at | ea®CTAIsR006/009837
corticosteroid particle). Thus, with adm nistration of the sane dosages of
conposi tions according to the invention nore lung or nasal cavity surface
area is covered by the aerosol fornulation containing a nanoparticul ate
conpositions according to the invention. Another advantage of the use of

t hese aqueous aerosols is that they perm_t waterinsol uble conpositions

y .
accor dtigpst ope sebsddedpanogptticulatp drug and srface modifiraghered theraigohhet s and
corti i ; i V[%Et?cq : I -
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the size. of the droplets }g)r duced,by.the nebulizer. The aqueousaerosol s
conpr icie Welgfﬂté%r?ﬁ%l%%tgﬁﬁg eé%&%}pg‘}%bygfcﬁl ?rﬂbasﬁﬁ%‘éﬁ‘{s?@ﬁ IEPRRE WMBbul i zers
whi ch @epaitatien vetissivad dileabRlthe fueohPdidhasibn rib} &' PRS) droRigeausy dropl et's

to deliver a &%orly wat er sol uble or water insoluble active agent in the
f or m dRcisaieDHietdrenleisizegenprated by thesivay divene receptor ant agoni st and a

corticostergi . i ] f ch,devices,is,th

Circul ar(t n‘% rgyéfl %)lg%b gﬁé@égﬁgﬁdﬁ! I@S%ED%@(%\%D ?SAF ﬁ efr)a_lon&&r Cgli%’{nﬁgrw 1ﬁ’dvant age
of t hefregerdoind nawspastivhitasoadd Dgadditiént) epiagdeiati ipotvdes dohinitd 4 r asoni ¢

nebul i zers can be used .to deliver a poorly water soluble or water-insoluble
| euk ot 1AREREUFERIS SOBPOSHOM BHATERE ik anyention S8 Pp Fesopsipied and B¥eddBcor di ng to

the i ny@et1e08r difaldi& ﬁ%ﬂzerym ééﬁ@ra@e%qﬁsgﬁé @ﬁ@éﬁ@ﬁ&ﬁ&ﬂiﬁ%ﬂﬁ%&%ﬁ%ﬁ 2|e ti ons

receptor antagonists and corticostero nanopart ate co
of t hesizesyehtre eachadrepletemitdiys atdeass ohd madpatidulstemengosition acedrding taltheosi t i on

characteristics. A.specific advyantage of thes ueouys aerosols is. that
t hey dg‘(‘?ﬁtltonvvg?t%g?qqnﬁlga I%B?@rﬁ?u\f%Sg}Sg?sm g}aygiqoﬂ% L@eglﬂ &‘9%"' 3Pesit L theuch as
| eukotifpi@itienr ecept or ant agoni sts and corticosteroids, to be aerosolized by

ul trasoni c nebulizers which require nanoparticles conprised of conpositions
according to the invention to pass through very fine orifices to control

the size of the aerosgliz dr onl et il e conventional drug nmateri al
woul d be expected to lgccl 519 ee%eﬁ@“e.gi)o \mgﬁgﬁn}%%’&rti cul ates are nuch
snal l er and a Nanoparticulaté Compeosition

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
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can pass through the pores without difficulty. In one enbodi nent of the

i nvention, substantially all of the liquid dispersion droplets of the
aqueous awpas@l09efIit he i nvention conprises at | east onePoarusp@cIsat at e

| eukotriene receptor antagonist particle, at |east one corticosteroid
particle, or at |east one | eukotriene receptor antagonist particle and at
| east one corticosteroid particle. b. Dry Power Aerosols of the
Conmpositions of the Invention A dry powder inhalation fornulation can be
made by spray-drying an aqueous napoparticul ate | eukotriene receptor

ant ag o‘%/ﬁnggalﬂ ‘é‘%@ﬁ@ﬁﬂ&ﬁﬂﬁ%ﬁonﬁﬁg inthe dentam sproperticlas £e. be scongtiuted end d
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nanoparti cul ate | eykotriene receptar t agoni st and/ or cqrticosteroid

di s per S B, SO Lo B s i RARES o avea s Peayseelin igsepapects
freezesfdhd B er@gioparti cul at e powders can be used in both dry powder

i nhal ers (DPIs) and pressurized netered dose inhaler (pMDs).Dry powder

i nhal ers (DPIs), which invol ve deaggregati on and aerosolization of dry
powders, nor nal Ié/ relly is drawn through

rlrﬁ%ﬂgl&z_a%gsurs of inspired air that
the unit to deliVer a 't ug-do a& ) eé.ﬁﬁ‘hlsdevi ces are described in, for
exanpl e, U.SnotRatemi¥dimént®@ theShdentioniic firdctedlolaqsib&ds bl ondRitivRtfof powder
(bst rhippeantiBastn Mt g ohech o a1 GO\ Gegtorting an S ot eylkamions al o
str ; ial air
flowt tor : : r : ' : | - ch
1038) e iR R e RO RSO MR BRI cam
of a wes¢ inhialergsen canpose, (1EBIsG4R [@Ttrichesecdphirngtagohianhnbpirdceswder
5. 755, DR TN PP RaS FER D62 e F Jor at ed her ei n
by 1 efiRhefEacIaNEhBhE seifR B ARs (Y RANEiLs! ot élﬁﬂ%fs dher drugs. A
dry powder inhalation fornul ation can also be delivered by ans of an
aer os smbfedded mapopeticley red pavate stabitizgr(eo as(4) solufionsifahadiiugs aggr egat es of

oD B AP AL oG i S Y B b bor e 2! 2P1 ©
nasal cavity, the conducting airways of the lung or the alveoli. Compared to conventional
formulations, the present invention affords increased delivery to the deep lung regions
because the inhaled 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 pMDIs.

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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at | east one enbedded conposition according to the invention. Powders
conprising a nanoparticul ate conposition according to the invention can be
pr epar ed woameneous di spersions of nanoparticl es by recouise@eibesinat er by
spray-drying or lyophilization (freeze drying). Spray-drying is less tine
consum ng and | ess expensive than freeze-drying, and therefore nore
cost-effective. Dry powder aerosol delivery devices nust be able to
accurately, precisely, and repeatably deliver the intended anbunt of a
conposition coy di {0 e invention. Mreover, such devices nust be able
to fulty di@??zli _qfﬁ\gaﬂpﬁ%ﬁﬂéfﬂqqhtﬁ]-ieHHP'{}‘I“H’tﬁ’aRecﬁBWi cles of a respirable
si ze. Conveffagenist/Goxtiegsterord Hoxmulstiens cl es of 2-3 microns in dianmeter are
often difficult to neter and disperse in small quantities because of the

el ect r ost at Nanqpgrissiajelepkelziene reqertprantagonisy/oetticpseudish comphistiions dirf b cul ti es

can le : e Iy C | jver V] as well as

i nconp?lg%léeﬁ)sﬁ%%r&g?@gg% é[;ﬁ%g;ﬁrg% @l}%é)%%?ﬁ? Cr%lgﬂ%’ %)\é?)l(%//r%&y’ Iflgﬁ?%e | ung. Many
drug chomogeniation, eréaipieatidasorf saperdstl fuitppattle genaratioitteSits§i@Rl ¢ absor pti on.
Si nce the a]\?/er a%E artliﬁ(lz,e si zes of conventionally prepared dry powders are
usual | y*FRP PR ﬂ%eo Jralgngnapoppigiqulate agiive pafat PORPeTtioRstass deseribgd ian

act ual ys. 1PaRaes. 4,145,684/ enk@bds 68h2hn Xno%%?ﬁ;ﬂe{tfaéi lagerft-wiﬁ?osiﬂ&llé. HETY of

m croni zed dry powders to the |ung, eSpecra e alveéolar region, Is
gener aﬂllﬁcg/dﬁﬁenge ind{.Bi RatenttNdb ScH$sl87dbr tMethpd op Erinilimg Ribrriveutiealder s

compost U BHES. oy RRRET R SRLERH Bn Cortuin bEhndid Shiine Pharhafeugia
conpar SiseinbisyT UMS. Pe@ntiNu s, $61)9IBHe EMVRIdI IR PharRh&eudipRr opri ate for
efficient deli ve% to the eegél ung. Moreover, aggr teogat es of

nanopab#hsépes eU o Rptsst Npoheb a2 tlofod i AerMisrapiecipitaiontof dlanapastigdataet r i cal | y
gl e e T e M N L
cavi t i escrofeyipitativopeiNinophricelatecRHaahideatial Ageaptwith Crystal Growth
(W £ i PloRer g o ERRteBt Noins SETLote FHeRer BHAToRPyNaREREISA® 2 composi &1 on
(ot POPLERRANRY AN 6% Mg 5 SRR b Sraeg A i 1o e
speci fCeuitdstCompaonijpasdiathining Nanoparticles;” U.S. Patent No. 5,534,270 for “Method of
Preparing Stable Drug Nanoparticles;” U.S. Patent No. 5,510,118 for “Process of Preparing
Therapeutic Compositions Containing Nanoparticles;” and U.S. Patent No. 5,470,583 for
“Method of Preparing Nanoparticle Compositions Containing Charged Phospholipids to
Reduce Aggregation,” all of which are specifically incorporated 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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herein by reference. In one enbodi nent of the invention, substantially al

of the aggregates of dry powder conprise at |east one nanoparticul ate

| eukot ri ewe 2n@uopioor ant agoni st particle, at |east one eamitisecastesssi d
particle, or at |east one | eukotriene receptor antagonist particle and at

| east one corticosteroid particle. i. Spray-dried powders Conpri sing
Nanoparti cul ate Leukotri ene Receptor Antagonist/Corticosteroid Conpositions
Powder s conprising a nanoparticul ate | eukotriene receptor

antagonﬁs /cortico%%Frp%@%conpositions acporg{ng to the invention can be
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accor ding e?ff%ctri\*fbeafvjefh‘g@ BhitRE A0 AeSUhIRARUSLER ArhZ A subficd QLHNiZe Y Rowder

whi ch consi sts of an aggregated nanoparticul ate conposition according to
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conposi tion according to the inventron in the sgray-drl ed di spersion or by
i ncr ea$ilugiontsoesss prae pifsrablyeridhia thedrapge eftfeors pbet i tpeabouin].-6 duriag theel v,
the a 0 | ' L.cul ate conpostiion accerding to the

| nvents e andl R RS lendh PO RRRONEH niee SRR IS O RN e

| act ossuesusiraltivuigh lanyispérsiontiedtlis b alyich theerdtivé Digialid ﬁsg;b@i@ly%oﬁiﬂlélﬁiht
particles, each of which conprisesat |east one enbedded nangparticul ate

drag aWdssdrsugl as sablowereil, sthanele hbytaeelcglycerm aolypthylene sheab@AEWi cl es can

have a,Rahd ioggfé,cgli_ze of about 1 to about 2 microns, suitable for deep |ung
delivery. I'n dition, the diluent particle size can be increased to target
al ternat e dékinaropartiiulas corsingdteras] is he beipiblézedtin drecdvinglositieg) then tre nasal

RS TR T N T Y RN SR AT N W
gener adrafle 8itibEMeerSiAroal bekaRiced P4 @}sﬁﬁw f5k RAWHRINSr6&3s. bR ¥R&Hplafy DPI's or
pMDI's ’mgtlhz)g gcr)mgrlisoersl:e (Brdiscpce):?;i)rllgnt%g d\é\gired dosage amount of a corticosteroid in a liquid

dispersion media in which the drug is poorly soluble; and (2) mechanically reducing the

particle size of the corticosteroid to an effective average particle size of less than about 2000

nm. A surface stabilizer can be added to the dispersion media either before, 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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freeze-dried nanoparticul ate powder. In addition, spray-dried powders

contai ning a nanoparticul ate conposition according to the invention can be
reconst i twoedoczmgsoused in either jet or ultrasoni c nebulPCTAS200600938NeEr at €
aqueous di spersions having respirable dropl et sizes, where each dropl et
contains at | east one nanoparticul ate conposition according to the

i nvention. Concentrated nanoparticul ate di spersions nay al so be used in

t hese aspects of the invention. ii. Freeze-Dried Powders Conprising a
Nanoparti cul ate Conpgsition Nanoparticul ate | eukotriene receptaor

ant ago#finstty BN ICBUEY PGhADESRFISTIGHNSS Piekied prgraviyend thepawatdie i n the
form O{mﬁﬁ;ﬂqﬂ@d’ia.i cle dispersions can also be freeze-dried to obtain powders
suitable for nasal or pulnonary delivery. Such powders may contain

aggregat ed nanoparticul ate conpositions according to the invention having a
surface stapilizer. Such regates m ve sizes Wthin a respirable
range, i.e., aboﬁf’“l?%fg,“?ﬂ ﬁ"tp%g’ éﬁg‘}%’ b ozﬁﬁ‘g‘ésiterz?b‘bregat e particle sizes
can be obtained Fafticleige Refyetion UsingMilling i very sites, such as the nasal
nmucosa. Freeze drjed powders of the appropriate particle size can also be

obt ai ned byMediaapidling iyiadugtnenceiimilling peacesse Adruss stabilizemmadiliqushara plasedi ng t o

the in I . . I fi L.Gh &1 opal i a di ssol ved
i uen e iR At AL ARG T chiber AR SRR B 520
powder Bhewingingtshaft agieaes thablediapsliith shtgsctothe dirhg@rimpacttsihandfshedrifoleeg,ont ai ns
at Ieaq?lt 8”6 enped eggugano%t_i cul ate conposition according to the

i nvent Y28y Vﬁe‘}“ﬁglgft ¥ fPAHIEHOTAT 1 i cles. Freeze-dried powders can be used in
OPl s or PM fhe Gk AfiEndHcl S0k tafg%gt;go odrdrBidSRh BY a8 mdgﬂdi)ﬁ{eaiaqw ate

powder. In addition, fre z%- rre ers contai ning ananoparticul ate
conposwhichit iaessentiillygns@dublago fommenpremix. "Eimopaface sthbitizeranantbe presentrintthe ut ed

o7 ook oh el b SO A b8 ARG ESS o e o
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Concentrat ed nanoparticul ate di spersions may al so be used in these aspects

leukotriene receptor antagonist/corticosteroid particle size in the dispersion to less than about

2000 nm. It is preferred that the premix be used directly when a ball mill is used for attrition.

Alternatively, the leukotriene receptor antagonist/corticosteroid and at least one surface

stabilizer can be dispersed in the liquid media using suitable agitation, e.g., a Cowles type

mixer, until a homogeneous dispersion is observed in which there are no 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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of the invention. c. Propell ant-Based Aerosols Another enbodi nent of the

I nvention is directed to a process and conposition for propellant-based
MDI s ( metwoedoddos®1i nhal ers) conpri sing nanoparti cul at e PCEMISRM06i089387
receptor antagonist/corticosteroid conpositions of the invention. pMIs
(pressured netered dose inhalers) can conprise (1) discrete | eukotriene
recept or antagoni st nanoparticles, discrete corticosteroid nanoparticles,
and surface stabilizer(s), (2) aggregates of the nanoparticles and the
surface stapilizer(s), (3) notive diluent particles conprising the enbedded
nanopatrotf’rs"él 8 %néfﬁrn?—aé’c efuisg iéléﬁr’(l%t)",eiyei’“("&ﬁSl%me?ﬁ gssghart hdaxir ugs or
combi adsidSe HiAEE 6P0nd Mindl PR 8y antdlts) REORRIHLR fn R %fﬁﬂf%hbs‘ﬁe ed for
targeting the nasal cavity, e conducti'ng al rways of the lung or the

al veolmedicoriar ed to conventional fornul ations, the present invention

affords increased . delivery to the deep |ung regions because the i nhaled
eukot 1 enel e e RSP R AT ST A Thaed can CBHae Y 8 Y24 e

corti cemperfirg whalhQRRs hoiCdi@sificakle depmtt & IbharigRIN&ptdonal nicroni zed
material (<2 mcrons) and are diStrrbuted over a |arger nucosal or alveol ar

sur f aciitagosist/eertieeigaidadoleeulni Brepssing tempersturasaef lessribaeatiout 30 tot less than

I kot 1,1 o { t | st L L t I d pMDL f the i tl

i1 2008 FREREE R G P RAER L ASURIRT A S e Besmienti B ed
aer Ios Odogsgitibhk%b%liﬁ%gdilﬂﬁﬁhﬁﬁﬁ t@'&ﬁuoabﬁha@élﬁﬁe%u&e?@.@L@ﬁa&@ﬁngmnﬁhéﬁoﬁe

enpl oyed 1 n S.

el ular fornulations are in the formof a solution
conpr | ddbe willing gbamabrain iceuraigreis| contemidted eGenagally, dre method of the invention

‘ . ; ; e : he i G :
appr ooy bty SAREE 0L e TRATAd AP AR KRRl eldlf b POSRMAR, (1 & phase
and a mesbiek iwhich ardedfaiahd effbctiveifotha el B@tprocess. hAabne plocedviihaesurk Maki ng

Nanoparti cul at eukotriene Receptor Antaggnist/Corticosteroid Fornul ations
Nanopat't Fy@&ﬂagf’gbarlﬂe@ﬁ@t ?‘]trétﬁénﬁi%é%iﬂtbméﬁwa@%lﬁi st/ corticosteroid conpositions

can be made using any suitable nmethod known in the art such as, for
exanpl e, M &hihiiEe Media

The grinding media for the particle size reduction step can be selected from rigid
media preferably spherical or particulate in form having an average size less than about 3 mm
and, more preferably, less than about 1 mm. Such media desirably can provide the particles
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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honogeni zation, precipitation, or supercritical fluid particle generation
techni ques. Exenpl ary net hods of maki ng nanoparticul ate active agent
conposi t iwooarmsdescri bed in U S. Patent No. 5,145, 684 PChhishad®0w87 maki ng
nanoparti cul ate active agent conpositions are also described in U S. Patent
No. 5,518,187 for "Method of Ginding Pharnmaceutical Substances;" U S
Patent No. 5,718,388 for "Continuous Method of Ginding Pharnaceuti cal
Subst ances;" U. S. Patent No. 5,862,999 for "Method of Ginding

Phar maceuti cal Substances;" U S. Patent No. .5 665,331 for

" Co- M enpopymassi;giolyeaibonates; iubyaeptalst sushlas Delrbhd Ernde Boitalsl Nexgeurs sndvCol);

Crystal. h, Modi fi " U, S, Pat ent . 5,662 883 f " Co-
M Zfongggcg\\ﬂ%réqeipé) I ‘!ffgrﬁﬁ%8?§§ﬂ¥m%faf%°§§‘“ﬁ%§?%8‘gﬁ%‘%§?5 Agrent s with Crystal
G ot hpdib@étdRibfoethylénes), B%E,%:'ﬂoﬁ@(-E.ﬁ a8 @&g&%&xx&ﬁmﬁ Whe tep! & @héat i on of

Nanoparticul ate Pharmaceutical Agents;" U S. Patent No. 5,543,133 for
" Pr oc efigoropolpmersahigh gleisifayolisiylenest pdppropsliendso pedluBnetetions angl dstenvpueht i cl es;

" U S Patent No. .55 70 for. "Met.hod.qf Preparin abl e .Dru
anopafy Sl Rse Mkgte PO o i thasg Fpisty i bR Buele Srf ol g

Ther apgsiifing@eRasdrd s1vhss Polysabindgadieihe BRe.t Thé plymentch Bé Boddgaddble. No.
5,470,583 for "Method of Preparing Nanoparticle Conpositions Containing
Char gedx@nplaryiedagragiable pokaass inclyglenebitactides), paly(glycokidp) eprelymesdci fi cal | y

i ncor i . 1M | eukotri
vy e R S e e e v
uti | i zeadbonateshlpoty(Nsyihydadxygroline )ektersy paly @dpalyetdydb hpdroayprolise) estecsh as

| i quid di spersi aero oi ntrents, creams, controlled rel ease

I | s,
f or nul ylgﬂg—ympfggct%’tqﬁggqp%ﬂgp?pm Ig’iYéﬁ@?esFeﬁngPﬁlV@ﬂ@&?q%&nﬁﬂb a4 ons, tablets,
capsul ﬁflg(p@lsé;ﬁﬁ%e@.elr%%fodfe AH18bb R RRys, XtRRHRH A BloRPGE i Mt | ons,

pul sat rel'ease flormul ations, mxed inmediate release and controlled
r el easalivhorageduslyi cansnetaiatize imvive intp bidegicaliyrmgeeptatdeprodeets it cambe i nj ect abl e

dosage . or re preferred. In another aspect of the invention there is
pr ovi d%lgn’élg%g?f?ghﬁ’ﬁioay‘epari ng the nanoparticul ate |eukotriene receptor

ant agoni st/ ¢Ré biikdisd SleBiathréforablyl Ahbaya spE ffdAeaboty O1iite AboukBemAe tHy® dine
compr grei!r?dilggh,e’!thes ér?r?dsingogedia]ig plglfesrglfﬁ; ?‘rlorr]ngalsorl]lﬁo%gsté) Ell%jut %Orgr?l,ggndanqgl%nt of a
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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| eukotriene receptor antagonist in a liquid dispersion nedia in which the
drug is poorlysoluble; and (2) nechanically reducing the particle size of

t he | eukowoizessn9p®eept or ant agoni st to an effective averPafaSpawiisBe size
of |l ess than about 2000 nm A surface stabilizer can be added to the

di spersion nedia either before, during, or after particle size reduction of
the | eukotriene receptor antagonist. The |iquid dispersion nedium can be
mai nt ai ned at a physiologic pH for exanple, within the range of from about
3.0to abqg%,8.0 qgring the size reduction process; nore preferably within
the rangEehart i pofAlloBSut 5.0 to about 7.5 during the size reduction process.
Preferably, the dispersion nedia used for the size reduction process is
aqueous, al though any di sper si Qledigdlofditidnid) Ch the active ingredient is
poorly sol uble can be used, such as safflower oil, ethanol, t-butanol,

gl ycerin, polyethylene glycol (PEGQ, hexane, or glycol. If a
nanoparticul ate corticosteroid igﬁ}o be . utilized in the conposition, then
the corticosteroid can be simult Meduced in size with the

| eukotriene receptor antagonist, or tphe corticosteroid can be reduced in a
separate size reduction process. An exenplary nethod conprises: (1)

di spersing the desired dosage Partizlm$izeReduationt i costeroid in a liquid

di spersion nmedia in which the drug is;,poorly soluble; and (2) mechanically
reduci ng the particle size of the cor+icosteroid to an effective average
particle size of less than about 2000m0Re A surface stabilizer can be added
to the dispersion nedia either before, during, or after particle size
reduction of the corticosteroid. In addition, the surface stabilizer can be
either the sane as or different fromthe l.eykotriene receptor antagoni st
surface stabilizer. Tﬁquf{hﬁtﬁaH‘”@i@%%?Wlﬂ%gqt%fﬂgéﬂo‘% mai nt ai ned at a
physi ol ogic pH, for exanple, within the range of from about 3.0 to about
8.0 during AbmdidaZ Uyady 6hiicAl PeACRarentis6s, BEBE 8 ARIpYodtkdihg 13 dePendeange of
fromabout 5.0 to about 7.5 during the size reduction process. In another
enbodi yaentthe mgthodiof pattislegizeredicdiongad/of mrethodef stezidizateanu dior ekamplecess i s
aqUEOUge kS| 0 8RR IS ot k&L BEA Bl CAHALS BRaTRINAdN.d DS RAELLG! G ahag Pl the

| eukotrrene receptor an{ébonls /corticosterord e Yeduced to an effective
aver aggerfliation isenos feaeibtef dueas shéhral aldiitph2§04] insabildyf sebiiy provedshpasinof

provi di ng nechani cal force for particle size reduction of the
be used.

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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| eukotriene receptor antagonist/corticosteroid include ball mlling, nedia
mlling, and honobgeni zation, for exanple, with a Mcrofluidizer(r)

(M crofl uwoi2ess/0@s9p. ). Ball milling is a | ow energy m | lpcmgispooemaess? t hat
uses mlling media, drug, stabilizer, and liquid. The materials are pl aced
inamlling vessel that is rotated at optiml speed such that the nedia
cascades and reduces the drug particle size by inpaction. The nedia used
nmust have a highdensity as the energy for the particle reduction is

provi ded by gravity and the nmass of the attrition nedia. 1. Leukaqtriene
Recept godiit A ITasdnt Sor 554041 &rohidh RespeéititalySineerpReatnddeyi 16Frensenisians 19 i ng
Media mlling is a high energy mlling process. Drug, stabilizer, and

l'i qui daﬁlfoée%ﬁl‘ﬁé’é@MFPrﬁﬂ‘t“é%’ﬁvoi r and re-circulated in a chanber containing
media and a rotating shaft/inpeller. The rotating shaft agitates the nedia
whi ch subjects the drug to inpaction and sheer forces, thereby reducing the
drug particBe siLeukdthient Rekepitoi Améagomiss{ioticesterdibni st/ corti costeroid can
be added to a | i BuiticleBite Rednctibn TkingtPriesipitatient i al |y i nsoluble to form a
prem x. The surface stabilizer can be present in the premix or it can be
added to thapghegmdieaer somating theldeyirsinanaparticledewdiopreene eehgptoron. The premi X

can be used directly by subjecting it to .nechanigcal. nea [ ce the
aver ag@l}tﬂmﬂfcpﬁ@ﬁ@e&éﬁi’@%méﬁ ‘é)g@ﬁﬁfglffFEJBF%tf%sﬁﬁ Bidd™ %gl?é ?;(E:Prggeg? in the
di sper gi g tdﬁs%e%ﬁﬁoz% ogﬂglgqplgﬁ%ﬂht@ﬂegﬁcl@%f thé cblﬁFé‘éiﬁd()I?édcﬁﬁﬂiﬁé'lﬁithé hevepti@iri X be

used direc I's used for attrition. Alternatively, the
| eukot i B @rdsemeptfone antmgosiriict sebilizensné et or maw @llojdegahiliyfahaifigce

cukot 1 #ogrdsemenitanc antagonirits sebivessudodt o mal @lolds tttace
R e L N e

whi ch E’ﬂg{ Qﬁéﬁﬁ)d%rﬂﬁirsék‘? fGaShQAPRY ol @sssylviighhe lduRotriee Rmkptor egtegonist i s
preferred that the prem x be subjected to such a p i.§persion

h a pre-m.lling di.
step waedloncarteastareid] conipogition @feoréing fo the igeaton.dp aéillt?*rglf ??}ﬁgnt'm mechani cal
means applied to.reduce the.. kotrie Foof=t [ inblacRakter oi d
part; crioes) odiing PRI T OB T o R o At R Bt R o
mlls bAskueReatabalder 18 fokm aafeattéluiidmrandi(3) precipitimgahofoymmiation fepmristardi a

mils ?ZU)Cvt]riﬂ?rsni)?ing using an appropriate nonsolvent. The method can be followed by removal of
any formed salt, if present, by dialysis or diafiltration and concentration of the dispersion by
conventional means. The resultant nanoparticulate leukotriene 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 pMDL

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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sand mll and a bead mll. A media mll is preferred due to the relatively
shorter mlling tinme required to provide the desired reduction in particle
si ze. Forwomdic9pdolil i ng, the apparent viscosity of the preEmszo®0sseferably
from about 100 to about 1000 centipoise, and for ball mlling the apparent
viscosity of the premx is preferably fromabout 1 up to about 100

centi poi se. Such ranges tend to afford an optinal bal ance between efficient
particle size reduction and nedia erosion. The attrition tinme can vary

wi dely and depends primarily upon the particul ar nechani cal neans and

pr oc es¥IZEREAUS P RCPBREsIEan 8eq0sding tthe fryentipn in anompgieedspiegeanieehessiny pt o
five d : i ' ' | of
| ese 1 RanoPouRnpSLnrtielof Ephel at el Sho Ao ieuloR REESERAGCkLIE 0
possi batdeast ote d¢dricasteoidf aral dtilepst etecsarfacedalsdlindr] The Tpgrepsekafa i ene recept or

antagoni st/ cortjcosteroid particles can he reduced in gjze at .a tenperature
whi ch ERSBEATiGHIals coRPos CaRep réf@g 1 Tr¥Rotion ARG TR Sapilizeh pgHch may

ant agogidsidralty thsamt £difictt, WA BE Hiae i AGESRENGIZLEOPLP RGBS Rbn-hRDut han
about 30 to | ess than about 400C are ordinarily preferred. If desired, the

pr ocessisieg- daenoenisated sernsdl domudatenhs mayralsdreveads naich smshddsg equi pnent .
Control of the tenperature, e.g., by jacketing or immersion of the mlling
chanber in ice water, is contenplated. Cenerally, the nethod of the

i nvention i% conNeniMjiidovs DadntPRssu@ired Mg Seteit i ons of anbi ent
tenperature and at processing pressures which are safe and effective for
the milli ngg eRNeagiconsBPRprespiied sulling systeds o nag-agyeous ligpiddavisg apal |

) VB T 301 L8 0 s S BT h0
pr ef er @béporsmitemonisatompositant, andibpticmally additiondh avinprisiag a avaicasgtercdd,z e | ess
(han abouty (MDY, £ Brehalabl vyl ces e Sbout, S such e
Pr oCesgindfarticiB® @RPokifBAabcor&iBg R indeRtibeTduch LMo RS ARIRAL - The
sel ection of material for the grinding nedia is not believedto be
criti ceamprized obtiesamprbitien astording & HE s END® (laidtiiasdesdptdr antegoeisi znd
zirco né)}%{f(r)]nglil}lf 5 8gﬁi%0stgr%{cﬁ %‘n& Sur%egc%ispalbﬁlszser igstnei‘i?lled in the non-aqueous media to
generate a nanoparticulate composition according to the invention. Examples of suitable
non-aqueous media include ethanol, trichloromonofluoromethane, (CF C-1 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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titania, alumna, 95% ZrO stabilized with yttrium glass grinding nedia,
and polyneric grinding nedia are exenplary grinding materials. The grinding
medi a carwoamiIs®iparticles that are preferably substamCiraiskqoeopdsari cal in
shape, e.g., beads, consisting essentially of polyneric resin or other
suitable material. Alternatively, the grinding nedia can conprise a core
having a coating of a polyneric resin adhered thereon. The polyneric resin
can have a density fromabout 0.8 to about 3.0 g/cnB. In general, suitable
polymeric resins are chemically. and _physically inert, substantially free of
met al sPTOSEH \‘;%W@?e aﬁ@nﬁﬁ%ﬁﬁ%?%{lg%a ob# napgayt CW%H&@“&%@G&@&%@ lity to

enabl et Basnt of My %iﬁlir@%&ﬂa & Hf?ﬁgle‘}falo%iéhlﬁg@ﬂydwédrﬂ% u@ﬁbglgdhggPe ridhikap! e

pol ynmeric resins include crosslinked pdlystyrenes, ystyrene

cr oss| dispassionintaly beifilied direett imtrea suitapleepDd patyimer. sAltgrohtylyatheamniiies ;

ol yacet al s ch as Delrin(r E,l. du Pon e Nemouys.and Co.).. vinyl
o or e an B diRq B4 kB frka bads s Ged BihertiBe o UM G 0mpRition ! ™
pol y( t@imd@isba of R ahiiphRiRkke céngbsitiohtct&ra{np)tb Fhd invetiidRO MthidebryesiRohS and
Co.), and other f]luoropolymers; high denS|tyg£oI et hyl enes; ﬁgéy ropyl enes;
:

cel | ul gadhen brefilledinip ansanpreprisiespniinereinfl ghayged withtaguigable propellant for use

pol yhygr. t hacryl ate; pol yhydroxyethyl acrylate; and siliconecontai ning
pol ymer's 'such as pol ysil oxanes and the |ike. The polymer can be

bi odegradabl e. Exenpl ary bi odegradabl e pol yners i ncl ude pol y(I acti des),

pol y(glycol ide) copolyners of |actides and gl ycolide, polyanhydrides,

rol y( hydr ox{et hngthﬁ'&E‘} Pawdyr Agresol Fﬂi"ﬂB“"%ﬁP%onat es),

pol y(N-acyl sydy axysy gl ﬂi‘@ée%?ﬁé’erdsto OB%% ﬁ%\?ﬁ‘%ﬁﬁﬁlm M&fog%i?m{é dgﬁ% esters,

et hyl ene-vi nyl " acetat e copol yners, oesters), p capr ctones),
and popayi¢ wingssiicle Fae rggluoteyobaabhpospinoversised ofd sariopatticolatef r om t he

nmedi a | tsel f. advant %gﬁ(gﬁls '

F bal i ze. i i nt o_bi gl ogi cal |
e cept ST BATEE L AR A EnaR P AR BH ot P oty -HaTE e ng

medi a whef @e sighid dieie@hab B vEpRESrésed FRQY thdd :Bdut Pa@PaUbod t8perk@ite.f i ne
grinding, the grinding nedia is preferably fromabout 0.02 to about 2 nmm

and nofépyelEstant devicowhisballowe fodiquid exsporationand powilerecollpetion. gk ef er r ed
grindi 1hi® Eé}ﬁﬁaseiﬁlgxea Loqﬂtlfc% 51] s%gfenrsi%(ﬁ?igtf@c{ Bk 9}%89 hgéz/lec Oflrié r%)zszfeer oid
generates droplets of the sample within a range of about 20 to about 100 pm in diameter
which are then transported by a carrier gas into a drying chamber. The carrier gas
temperature is typically between about 80 and about 200 degrees C. The droplets are
subjected to rapid liquid evaporation, leaving behind dry particles which are collected in a
special reservoir beneath a cyclone apparatus.

If the liquid sample consists of an aqueous dispersion of nanoparticles of a
composition according to the invention 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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particles are made continuously. Such a nethod conprises continuously

I ntroduci ng the | eukotriene receptor antagonist/corticosteroid active into
a m |l ingvohambmeioicont acti ng the conpounds w th grindi rgTrasdéoa/ovdsst e i n

t he chanber to reduce the particle size, and continuously renoving the
nanoparticul ate active fromthe mlling chanber. The grinding nedia is
separated fromthe mlled nanoparticul ate | eukotriene receptor

ant agoni st/ corticosteroid using conventional separation techniques, in a

secondary process such as by sinmple filtration, sieving throygh a nesh
filt e_r‘?eél)r(’e clodhsconduptingiryigdt lgpéﬁﬁ&bl%’t@ﬁﬁreaqoﬂlsﬁe@ @aﬁlﬁgfq%smig@h%@
cent ri {ugahi OmidBYs &l Aander, RPFRYES dshRir h%oﬁé&&ﬁ%%d&@ﬁ%%%%dt%&o

Devel opnent of injectable conpositions requires t production of a sterile
pr oducthouTh@) pmrisi peederd. rigplleried esxluofs mdjethpn bs vsed in nueventionaliRPIsifori | ar to
typi cal ;known manufacturing processes for sterile ensions. A typical

o1 or  PeeIOBHY CTRA Al farBreR T poRelhs Bl SremnpA IO Sr s tginls tor a
Condi t horchgstinftedoNRet fod uRRinidebligzerl. ze Reduction Vial Filling
(Lyophilization) and/or (Terminal Sterilization) As indicated by the
optional stBpmeingancen:ihugEde degrablep adf en preseeasaenig thesspgapenefent upon t he
met ho par t.] | Lon.: L0r f rill hQn, r
exanpl BerEo B e Bl BN IRM AN Wl siIEbROCL TR ok sl Blllfbe 8! e
not usesawdica thel dprdyedrddnmiwdst Brveky il dessitbarnatiouf & adeohs) adughehahehem cal

and/ or, physi cal .instability, aseptic processing can _be used. 2. leukotriene
Recept igfenslpd é@ﬁ?ﬁ? Xty PugluhaREY e preitiederameg diiaedlo nngsnsrgL suc
Honogeg 1O | ' 3 [ t ) 144 ng

o o, PRICHARA R0 AR o A AechBE IR (X farde e tRiferblle D AL DY) e
added sifapéyr ingact the neush el thesitiend ae)swabowed.t Suah carriers typically consist of

sugars such as lactose, mannitol, or trehalose. Other inert materials, including

polysaccharides and cellulosics, may also be useful as carriers.
Spray-dried powders containing a nanoparticulate composition according to the
invention may used in conventional DPIs, dispersed in propellants for use in pMDIs, or *

reconstituted in a liquid medium for use with nebulizers.

8. Freeze-Dried Nanoparticulate Compositions

For a composition according to the invention that is denatured or destabilized by heat,
such as having a low melting point (7.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
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process stream propelled into a process zone, which in the
Mcrofluidizer(r) is called the Interaction Chanber. The product to be
treated iwoizneod®ad i nto the punp, and then forced out. PCmaSpeccnn9sgr val ve
of the Mcrofluidizer(r) purges air out of the punp. Once the punp is
filled wth product, the primng valve is closed and the product is forced
through the interaction chanber. The geonetry of the interaction chanber
produces powerful forces of sheer, inpact, and cavitation which are
responsi ble faor particle size reduction. Specifically, inside the

i nt er 4884 IHav-HBiRS r The wesulling &sererdried nspdistieantaias theinahopaitielato st reans and
accel . I L.oG1L1 1 h b et directed
Fovar & Baeh S R R TS o o] P BB R oS B

pr oducithvérdionvetypidallp erezseut inahbggmpgied sthteland oan be agldefdr mhalatiom hlene

Mcrof | uidizer(r) also provides a heat gxchanger to allow cooling. of

t hepr o%ﬁ%?.p“&‘é*.‘g%ﬁf nasalNGR copyuppgon witg di tdﬂg‘f"’éalé aetpys, fgppifol; ﬁtgéflﬁor at ed
by refBPEQE?MIDEI S ecditifuted 0 @kSinUSieBdlizM crof I ui di zer. (r) 3. Leukotriene
Recept or Antagoni st/ Corticosteroid Particle Size Reduction Using

Preci pitati on Anot her nethod of formng the desired nanoparticle

| eukotriene receptor antagonist/corticosteroid dispersion is by

M cropg eci ﬂ*flte oido& r-gg}rﬁeﬂts a nmet hod of preparing stable dispersions of
nanoparti culate par]tﬂl cl'es of the conposition according to the invention in
the presence of one or nore surface stabilizers and one or nore colloid
stability eYidtanothegaspactfcftiee pesdny mvagidont srofideea afettardyofitreatisg & aanmmapl vent s

or sol.ubilized heavy .nmetal inpurities. Such a nethod conprises, for
exanplBIUEIDgE 2RuTEg) BSing! W@nﬁg&%{l%‘: i%owe%ﬁcmoam% pylsertcageesid

cort i cQadRERHs 6OME AHiehiion f&ﬁﬁ@ls@hmaiig of REthBNEN b PratdrrAaRUillARLR
solvent with mxing, (2) adding the fornulation fromstep (1) wth mxing
to a sorhies sthmaemnbybeng,aespiretesy distesssprdrame, diratic branshitisoeyfste m a cl ear

sol utign; . : reci.pitating the formulation fromste 2) W th m Xxing
usi ng fgd%o%%%g%c%?% %l?sémﬁ%ﬁes lﬁ@é’ﬁ%?’ dStase RIS ra?iﬂargéej%tll?%&@%r Josistidval  of
any f ajthednfeetidns ofthalu@g efabal ikfctibng] Mspitatery iltherb bisotatddofitaduaemcent rati on
of the dispersion by conventional neans. The resultant nanoparticul ate

| eukot!PIRHE deBeiepeoryndag oRFAlPLY, aRd seyRmisrdmigisEtios femantisinrgca
nanopafhi g@élk,aéa?digﬂs&ﬁlﬁp%eﬁﬂ AT BN AR MBS SH Gt & i}rﬂ)?oved lung

and nasal surface area coverage by the administered composition according to the invention.

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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invention can be utilized in liquid nebulizers or processed to forma dry
powder for use in a DPI or pVDI. 4. Methods O Maki ng Aerosol Fornmul ati ons
A nanoparwDcuécamesdli eukot ri ene receptor antagoni st/ corti @eOTUSR@icM09837
conposition according to the invention for aerosol admnistration can be
made by, for exanple, (1) by nebulizing an aqueous dispersion of a
nanoparticul ate | eukotri ene receptor antagonist/corticosteroid conposition
according to the invention obtained by grinding, honogeni zati on,
precipitation, or supercritical flujid particle generation techniques; (2)
aer os o1agoRt %\n‘ﬁ‘f%m%fbg\frﬂ%‘ﬁ cgh ba dgteupined smpirically and ey b @uplayed Bawsosi ti on
accor di . . hCh | .

I eukoﬂoﬁgr?té’q?%éggg%dg\r&,%ﬂg% Q)Prétélsti O?]rg%gg?%a? s %ﬁ%ﬁl@%’é%@@%@ ?F’ %Jgg#ﬂ %hg' surface
st abi | Theeselectedaloazged sl itlreefonndapesdstupon tivedesardd tterapeatid yffao thaisut@of
diluent):. 0 3) ..aerosolizi.ng a.suspension.of a nanoparti cul af eaggregat es
of a c® B%Sff?ts%% ﬂ}fc}?:og?‘ﬁ"yr‘? tl}eoad?nglszéE AYF e rece Ay ANAZQBISL Y opel | ant
wher ei dortidiRteesaPas dbdiRd ditatiR®iRMAI, AR 6RRPFcRRS at | east one
nanoparticul ate | eukotri ene receptor, "at | east one corticosteroid, and at

| east one skpfage unid cempesitiens maheoniaiy secanenings ofsulasidpanltiplos theteof as

conposi.Ld i jnyenti. and surface stabhili.zer, .whi.ch may
add t1 5L Yy RRSE RN By i e R e RSO0 IR s P U psaliC g,

pr ess Uk dor amgrpastipui patientstiidep&sangentanaties Fdiase] ok peliad dape smy al so
be made b iuch Het,hods. 5. Non- Aqueous Non-Pressurized MIling SystemlIn a
non-acfﬁ%ﬁ%/}gu, angs physielogical eappnss tq berphisyediastivity abthe sperafiviagant ei d havi ng a
vapor : : : : LA: whi ch the
e TRSHOR Rpl e e R Monls i SobotAGTERGIRELThb LS 308y bl o

conpr i gsiengl bealtby seixcast dicodfdhe patcnt; dharigme of adreinistration,ironteics admsdstdtiah) v

i nsol ubl.e jis_.used.as wet mlling.nedia to nake nanoparti cul at e

co npo_sa}ntdir B oL EXGptR %%faq‘% agewé; t}"ﬁ 9@%{1?16 ﬁf t%F’ #egt&lﬂ’i‘t ”b%?o‘l?@gg} ccgn@pwc}%pr

conpr i d@etiddntal REHARIBRRIAJ RRnAGEOTIRE HOtokOWEI RndWY Bhe Mbdidakot ri ene
receptor antagoni st and optionally a corticosteroid) and surface stabilizer

is mlled in the non- aqueous medﬂ! a to generate a nanoparticul ate
conposition according to the inventicdh. Exanpl s of suitable

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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non- aqueous nedi a i nclude ethanol, trichlorononofl uoronethane, (CFC1 1),
and di chl orotetrafl uoroethane (CFC-1 14). An advantage of using CFCII is
that it oao2be/desvdl ed at only marginally cool room tenperatsaees)Isaher eas
CFC-1 14 requires nore controlled conditions to avoid evaporation. Upon
conpletion of mlling the liquid nmediummay be renoved and recovered under
vacuum or heating, resulting in a dry nanoparticul ate conposition conprised
of a conposition according to the invention nanoparticle. The dry

conposi tion y .then_be t&i lled into a suitable container and charged with a
final propeftteing milding: the patticlesizent Shrmillosizgfenkas pacticlen wep megapdy do not
cont ai; | 14 nal s o t 4ar oat hane) and
i A 237 R SRUTEd M ASN AR B8 Ol sl el P ddiRo Bl 0

pr ef erstaulifymf themiltedrmafiriukdst wesmeasyedcineonifoateed (p4)ajaglpesind sndawadbso be

used in this aspect of .the invepntion,.6. Non-Aguequs Pr rized MI1ling
Syst erﬁe‘i’“ﬂ?"%‘a’ﬁ?) ﬁg’hcg{ﬁ%u ; eﬁ?sé@é ﬁffhféglbmty F‘ish@tegg%‘f"g’ﬁfo“élmyeagueous l'i qui d
medi a having a vapor pressure significantly greater than 1 atmat room

tenperature 1S USed T T ABRE At ISth R O%er 14 DAy Poktodbfao TPOST LT o conpni sed
of a ranoparticulate cORRESHLIy rﬂkﬁ %ﬁ%ﬁsttéisﬁcg%ii nvention. If the mlling

rTEdla T =} buiI iC Al U qna"’u*, +h s urtartt
di spers$t8ﬁagfa nfitigh Ie§:g R8Tty iﬁ??ﬂlsafﬁﬁnb ) /ﬂ B%?ai n‘iﬂ,rf?ec_s

Al ternatel y"™%e nil|in&oRHOR can By ehoVEB ahdfbcovdiRd |FRBEALIQRG UUmM or
heating Tomg+@lbhya dfy cAnpisitti on cl@opr | sadiof | a2aanopanyi dqul ate
conposi t Tie 20q0dydi Ng t OAfbeent NVent 11gs. Thijg7conpess t i onggan thep be|filled
i nto gn BRRFOD] Daj€ Font aisagr and| chgigef Wyih | 535 17 bi27g4Eropei1ann_t for

use i aI‘mW% ]4]{)3,}{5?? ay- ﬁsloeu' P p'wl%e_l bT{|§7E ﬁ:igglzl Pmbtiﬁx {Jl VAL !Ig is a
uruy

roce 1 —a—poter—econtat rpg-nanopat e partiicl es
1I‘Ool | o 'J.‘T: Eg: -z;’]p:;{gsﬁg Izre(rrz’ﬂﬁ:flu; Jgjtlczg € urégu 9.%35:,0!?,3. | choilg‘
nanope;iﬁ.&ili-j} ADDaYqu Siti io‘tgr‘mr Hi dd 9% o 82i nveddd on i287a |1 i %Yd di um

P t
hi generkime <M Boysiryi ng #8°Gised Whed0t he 11#Guild 2% inm2B4s [a vabor
pressur eige 5 BeBayhan abo#@°Cl at m atl4Poom tldhper aRQk e A24priay-dfyer |is a
device which allows for liquid evaporati on and powder collection. A

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 ml chamber of a NanoMill® 0.01 (NanoM.ill Systems, King of Prussia, PA; see
e.g., U.S. Patent No. 6,431,478), 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 deionized distilled water, using a Horiba LA 910 particle size analyzer. The mean milled
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liquid sanple, either a solution or suspension, is fed into a spray nozzle.
The nozzl e generates droplets of the sanple within a range of about 20 to
about 100worméangidanet er whi ch are then transported by &®CTArSRN0Pas i nto a
drying chanber. The carrier gas tenperature is typically between about 80
and about 200 degrees C. The droplets are subjected to rapid liquid
evaporation, |eaving behind dry particles which are collected in a speci al
reservoir beneath a cyclone apparatus. If the |liquid sanple consists of an
aqueous di spersion of nanpparticles_of a conposition according to the

i nvent%agalukat paticlesdee weyl &9 an, withha DS@|af 29 am, pafi25dinm. agd ada%t ofof

spheri id rl . Of e 0S5l Li
R S T A L
di spermemorenient andip@lidd whtes themedn xalficiakast pearticleciideneat 1 38atnewith a WSS of
di ssolved (s a ctose o ifol),. the collected product will consist
of dil { 80 0??£%s@d&ﬁﬁgﬁﬁ%i{)w’ W@Sé?‘é@%ﬁ’@?ﬁt 8nt ai n an enbedded
nanopar t i Cufid fatiRARATHE hnPMbdREAURIEYal Prehfifed We?@tfb%eﬁgﬁ'g)%g? gbgs. The
final size of the Collected product can be controlled and depénds on the
concerindgt Vasious temprsatsmenpdittons.ulThe resultmefobe stabititiatestare sy beowhe i nvent i on
nanopafgi cbes and/or diluent in the liquid sanple, as well as the dropl et
si ze produced by the spray-dryer nozzle. For deep lung delivery it is
desirable for the collected product size to be | ess than about 2 mcrons in
di anet ?L_'__Lg_pd_gl ivery to the rnnd.u-m‘i ng airways it is desirable for fhe
col l ected product sizdARLEQ: sHabilitp Over 2 Bay Berisdfens in di aneter, | and
for nasal delivery a colNamopadiculagddafirkikast Bispesiox 5 t o about 100 mi s
pr ef er | Sthragotémtitien |pr Btocdge nmely Mesn/ beD88¢d DAO ¢QnOSYi ponad0 ddes s | or
pul nonary ortimesal del | @eiditiodi spers@d i h phopeldmnt|s §@r UsenicatiphDl s, or
SRR G 1.3 7 il 1S AT e (AP 0 A R bl
. T I._ T T \" AvEe) .w A A\~ X TATT] T \>2 T ToT O LA 2 fl A= 4
mat er i gl HBeTOPAYE e ARPERY nd o B8ar 1} o301 238 fli 288 ok oduct. Th| s may
especi pLTimes [#RaYeade whatCt he |sprid) dri el8pdwddP ils 3yl smalN (I eks than
about 5 WmeeoddDays when BHe i ntlend dokel8s |exd6berel307snal |, Yher epy dose
nmet er i hgTimecefdPaysf fli cul25°Cln gene22l , sWBB qar3i7er| w6t cl es Nal so| known
as bul ki Tgnegentysarie t azoCar gg t ojdge deligqerled 7o [t el ung and
Time = 14 Days 40°C 182 173 249 282 N
Time = 14 Days 40°C 177 169 241 270 Y

A

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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sinmply inpact the nouth and throat and are swall owed. Such carriers
typically consist of sugars such as |actose, mannitol, or trehal ose. O her
i nert matwoi2ade9oiomcl udi ng pol ysacchari des and cel | ul osiPCT/US®ENg/00483D be
useful as carriers. Spray-dried powders containing a nanoparticul ate
conposition according to the invention may used in conventional DPIs,

di spersed in propellants for use in pMD's, or reconstituted in a liquid
medi um for use with nebulizers. 8. Freeze-Dried Nanoparticul ate

Compositio For a co jtion_according to the invention that is denatured
or des‘fv%‘inﬁfeiléaaﬁveﬁ@gﬁgséﬂﬁﬂs@§6H§W‘ﬁﬁs-a | ow mel ting point (i.e., about 70
to about 15GRRGAERANG, hebartfeRl s Rilld ARAUKRE pablfll WIBGQlyb
preferred over evaporation to obtain a dry powder ngnopartl culate
conposintdetmized disilled watar ausieg 3 Hotibahi U0 mvailelsiz¢ healieghlipaddiess the

: ' j 1 h -drying. In addjfion, sublimtion, al
nown SRR BRGNS iR PRI P caftFRd) D.s rebdundifadbini 1 1y

of a clenpediiré 6ehdAESR! dileGedults bhfheisBbEI kedNareRAGWIbEINVRIH Fabi@3, bi ol ogi cal
products. Freeze-dried particles can also be reconstituted and used in

nebul i zers. Aggregates of freeze-dried nanoparticles of a conposition

Ial o

accor dimgto the—nventj A DN detwi-th e ther—dry—powder
intermqui ates or usedTéqi?r‘l%(sl‘ ff -l@??r&r e ,P1e5‘r°_dé¥?taher nasal or pyl monary
ALY L SREjion o

del i very—SublHati-or—HArores— f nd subj ecting tlhe
sanpl e |t o JOFa8ey vacuSHragndi | i Msan/ ThPS0 Ammb{sDPB/ { hB9F br freed Sess tjo be

t r ansf prepBditigntise | y Gondjfien sp| j dmst afe to a yapom statmm Suebnigate dcess i s
highly|efficient and, therefofe, provjdes greater vyieldsthan spnay-drying.
The resullimart0 Papeze- Ambanht pr pdut6 cont aié® t he A22noparM8cul at eNconposi ti on
accor di Miime e @ Dayd nveAambisatand noeh fier($39 The ponppsidgson accerding to

the inyentTing=118 typi calely presepd; I n| an1@gar €galged st apg and cgn be used
for inhal at]j)g@ al one (either pulnmonary or nasal), injconjunction w th

di | uent Ii%ﬁéi s (Tact@se, manmidot; e ; n—PRsTorszpVEHs,—or
reconsti EuE ;?gr ise !‘Sﬁéa n_ebul |92gér_. F.ri’%%tthzgfg TFe&PﬁBV;It Ye%7 anat her
aspect roft BS_ RSPt L pentpR-piovipes A Rerhogrobrthsgti reagRamnl
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.

56



i ncluding a human, using the nanoparticul ate | eukotriene receptor

ant agoni st/ corticosteroid conpositions of the invention for the prophyl axis
or treat nwotomfospmIpi ratory-related ill nesses such as agChms200enpdsgseny,
respiratory distress syndrone, chronic bronchitis, cystic fibrosis, chronic
obstructive pul nonary di sease, organ-transplant rejection, tubercul osis and
other infections of the lung, fugal infections, respiratory illness
associated with acquired i mune deficiency syndrone, oncol ogy, and system c
adm nistration of an anti-enetic, anal gesic, cardi ovascul ar agent, etc. The
f or mul nd nmethod result in inproved |ung and nasal surface area
cover age by ] 346 5? el i OV Lon. Such
met hods con%%?ggﬁt éﬂgﬁggko p%ﬁﬁ?ﬁ?E%%%?ﬁgﬁﬁg&ghggg%g?%mgm%ﬁgﬁg%%uticalIy
ef f ect levkotampetemér antagonmhogfahukagtul at e | eukotri ene receptor

Tot hod, T SREUTEBARERONGE UGV VARG oM G g Rt
| nvent New Gua9, el L RMBATHparaf)) [REMAF MNd HesFeeuicd P MIRBeRE R oficdf the

present invention, both aqueous and dry powder, are particularly useful in

t he t rkeiitad{MaepanclifipgatNalagarieRaad dNepf Baddi sldisttsBelan)d svag sombined svifhhy sema,
respir r } ® ch i ptls, i i Brosi chronic
bt r uEe /) PEGEE, PR [R Bkans 08 il Btde B BT L 616 bfsBRbBoroci < "ana
ot her offd MatdMilE® 0001 (NendMilpSystéraq Kingb£RiuknPAY alopg athad0P rhictdiess
associated wth acquired | e deficiency, syndraone, oncol ogy, and systemc
admi ni QIVMI%&“&P%HI‘?Q%&@Oé?ngég?fel,calaﬁ%?‘%é%qd& %é‘g)r dihevmixsyre syas myled at asi ¢, The
f or mul geL®B 2,%@‘@(1[5 teosh t in inproved lung and nasal surface area
coverd%% byﬁthe gﬁfﬂlstggggskonposition according to the invention One of
ordi nary skFéllowing mibingy the ipattiele sizxt ofehé millddvafialokast psrtiofes avas endesdred.ene

recept.or ant agagnj. nd, corticost ey ol n be determ ned jrilcally and can
b’ orrisERt YiSed Bt G FoRRe L R S paven Bt calty
accept asMiBtys¥the m8fdSiafirlAkas® a8 iédsr @1 Rer ARG eRE |(P25tcﬁ? pRAS@ R HRbus

t heref ore depends upon the desired therapeutic effect, the route of

admi ni iemparaitup condibonset iheagsudts of the stabiity itest ateshowdghot ini Eade fecept or
ant agoni st and corticosteroid, the desired duration of treatnent, and ot her
factors. Dosage unit conpositions nay contain such anpunts of such

subrmul tilpl es thereof FABLE 4: 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 | 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.
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may be used to nmake up the daily dose. It will be understood, however, that
the specific dose level for any particular patient will depend upon a

vari ety ovofaeimo®1 the type and degree of the cell ul ar pomr/yshyosioedsayi cal
response to be achieved; activity of the specific agent or conposition

enpl oyed; the specific agents or conposition enployed; the age, body

wei ght, general health, sex, and diet of the patient; the tine of

adm ni stration, route of adm nistration, and rate of excretion of the
agent ;_.t he Egiation of the treatnent; drugs used in conbination or

coi nci €3ith the specific agent; and like factors well known in the

medi cal artppe ﬁnﬁog‘ecafltm%ﬂaanﬁwz@k@ﬁrg?&t% ﬁg{a}sigﬁfyhrﬁ&llétk rsisdui At chm%%i nvention.

It shoul d be understood, however, t pirit and scope of the
i nventleekotiienemgeentier anéagonist zadlukastt he specific conditions or details

described ip_these exanples shoul nly be.limted. he ope of the
cl ai ns that‘&?gﬂ‘feg\k‘/.s ﬁ?ﬁn&o rogﬁ%fa(sw iwgéﬂglil aég(swgfl:?,y @%@%&*‘Hﬁe@? “®pat ent s,
are hexebw¥pCrasley, Ges Pippatad elant ey BaGSactipéd By MorkpdEati#4itBAsE Of
this exanpl e was to,%repare a nqggﬁartlculate formul ati on of the

1 >

| eukotlridisd (Mesanenoyillags. Atpbagrdr Roagk NeplRadst, Diaf, Selemdvas eompiaed mith of 5%

w i ' ] . LAy, mel ,
(Cou\rllvg yzz%)p@éw;r?@d%d(flﬁetp glhgﬁgg%ol%% a%%lé?'\é@mgw %B@I%%%cg%aat @r ]IBQS Limted
( !\/bLerzxélgr?‘bﬁ(ei bﬁagNancb‘MLl@ a:0h (Ramﬁ\/s 6312)11\B$§telﬁk3§ﬂ’dhg oﬂ’ﬁlgii%, 30), i&_lr?hg wighs500onbi ned
Wi t . 0% .Plasdone(r)._. S- copoyi done - : is mxture was
mll ednlcﬁ%%wl@aﬁ‘élﬁlﬁaﬁn a@%@&ﬁm celﬁx?%meﬁﬁmﬁ% The mixtyre s ki ng of
Prussigillcia) a spdea™d 2906 B8y BY &fiffe0! YM 11 (r) attrition media (Dow
Chem cal) (89% nedia load). The mxture was mlled at a speed of 2500 rpns

for 60 m nutdlvieg malkinggtherparticlegizet dféhqmilicdctabirlukase paticleh svasinlcagted,

zafirl.,ukast .parti el es S_heasyre i eioni.zed distilled ter,, using a
Fori bat CReo B ded el FERHFoL A Baling o e s Eoa o s 1 ne

m | | edstabilfityrdf Wkcagilledas fiffelRstivedmeNRiteovep B itivel9d (12)4hy PedloPBiide daticider

vari ous tenggrature conditions. The results of the stability test are show

bel ow tPmpaRIe canditions. rlhs gesulis gbthe Ftabildy test are sheny belost im Tablepar ati on of a
nanoparti cul ate zafirl ukast

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 | sonication
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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conposition, and that the nanoparticul ate zafirl ukast conposition is stable
at roomtenperature and at el evated tenperatures over an extended period of
ti me. Exawpl2e062993ve pur pose of this exanple was to prepRCe/S2006/009837
nanoparticul ate formul ati on of the | eukotriene receptor antagoni st
zafirlukast. An aqueous dispersion of 5% (ww) zafirlukast (supplied by
Cam da (Tower House, New Quay, Connel, County Tipperary, Ireland) and
manuf act ured by Morepen Laboratories Limted (Mrepen Village, Nalagarh
Road, Near Baddi, Distt, Solan)) was conbined with 2.0% (w w) Pharnacoat(r)
603 (Mopyl met hyl cel | ul ose (HPMC)). This mixture was nilled in a 10
m chanber 'Plfle @h’gag\df{thls Qef(ﬁmgle%s (tcly\lgféﬁMelalnaﬁMﬁérﬁ@iﬁate%‘bﬁ%lQﬁorP SRS a, PA
see e.g., Pat ent ) along wWith 500 mcron PolyMI1(r)
attri tlleulmtrramh laceépw\mn@twmscaaﬂrh(lﬁg% madl a l oad) The mixture was nilled at

o “The 1188 Sl RF iRt K B0 Bl ] Cich RFoBR e Tea”

wat er , NewyiQighy aC tdaii D aC duityD Tippprary, E&l&d}?aﬂcﬁm@ﬂﬁbm&@ﬂ TVi6repB@Naboratories
mIIedzaflrIukast particle g)lpze was_189 nm wth a Dgo of 179 nm a D90 of

253 nnimiid Mwno‘(ﬂlzs@ NrlegerinRead, M@&%Eﬁ@ Helist, felpe) yeas comhigd without
ran. ok PGl Plagr T bolckiind S35 GE0 FRASYRTBE G Qhitht (DGSM T, 1

253 nnmmmd veasDBBledfin 288 nmirchambéret a@ﬂhmbﬁﬁ@d&;%aﬁamﬂkﬂystememw lity of
afirl] ukas s nmeasur.ed a fourte under

tvgrei? ?ré)é Japlepg v IP’&F@ Pom%fﬂf(é@mlflgn Blred %és\% éb%mﬁc% @0 %Wegrae show

bel ow johd)T alleGnZurd Was WAAL hia SLEPHSIT0RLBmE 5 GUAERSSS Ul preparation of a
nanoparti cuI ate zafirlukast conmposition, and that the nanoparticul ate

zafirlu kast F@tnmos ntilling, the psttixkd zeaaf th@nnhletdeza;ﬁeltuhaan pertisted vers nedaswrad.ed
t t t ended | tinme., EX l.e 3 Th f thi
! B e e B R B bR s nelcte AR B PSR eRS Of TS

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/ | D50/ | D90/ | D95/ | 60 secs
condition time | Condition nm nm nm nm | somicatio
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 = 12 Days 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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| eukotri ene receptor antagoni st zafirlukast. An aqueous dispersion of 5%
(ww) zafirlukast (supplied by Cam da (Tower House, New Quay, d onnel,
County Tiwpenavopesolir el and) and nmanuf actured by Mrepen Pabarsatoenoss? Li mted
(Morepen Vill age, Nal agarh Road, Near Baddi, Distt, Solan)) was conbi ned
with 1.5% (ww Tween(r) 80 (polyoxyethylene sorbitan fatty acid ester).
This mxture was mlled in a 10 m chanber of aNanoM |1 (r) 0.01 (NanoM ||
Systens, King of Prussia, PA), along with 500 mcron PolyMII|(r) attrition
medi a (Dow Chemical) (89% nedia |oad). The m xturewas mlled at a speed of
2500 rﬁﬁﬂl’_&_ 60 minutes. Following milling, the particle size of the

7
mlled zafr LclLe o i-Qnl (M wat er,
using a Horjr‘t’)lé; O%iJ tpl)lgr@ ;Fiﬁgiﬁ%%@%ﬁ%hgﬁéfzﬂg%gﬁag%%???%’H?ﬁc?#eﬁg? ability of
t he m lebkarizaf tec¢pikemitagrast nefabikngd over a fourteen (14) day period under
arious tenperature condjti The r lts of t stabili test are show
bel ow 1 TabRadOAEDPBIN LS HeHOn SR ANt et deroa sFpe e een of a
NanopaKky st élo%ﬁie!l,rd_dﬂﬁ%s’fip%&'ﬁﬁg§1}e1dn9?an@1§aﬁﬁ§ct%9 Hyﬁ\/[bx%é@n 1 B6at@rild Cr Ons,

and that the nanoparticul’ate zafir|ukast conposition’is reasonably stable
at r oohimitadydareneneVidlage, dNalagadyRoat NeenBeaddis DistsSdwe)) vas cembimndadthper i od of

par 1 ot 9 Py CARRER AP A3 L bl E B RN s GG ebotete ¢ e

i nvent TS miktite was Mdledig@a9sar dHanbar §Ff £NeidM U@ 00T Naho Ml S, Kifg The
pur pose_ of this exanple was to prfg)ﬁ)are a nanoparticulate fornul ati on of the

| eukot 9f IgHE 13, Edoprlong with2§8 mistonPolyYili@ aitritionymadia Bow Chespieals(89%0 of 5%
; ! . . = .
Count y P82 The WHRR Wiy liea L AR F 9368 phNIEE o0 BEIELSY . Ol Poe L i ted

(Mor epen Vi Folhydng Mallingathh pRaik siddeaithBadlikd, zabrlskist pAdicks Was weeaswredibi ned
wth 1.5% (ww,.Pluronic(r) F108 . | oxanmer .308). This m xture s mlled
ina 18 %O%ﬁ?%%&ﬂeéf“{%ﬂ( _ﬁ%{lﬁ? Lo R@N&ﬁ% ¢ pnady _Q&?f%%%

Prussi ﬁabiﬁ‘? of tRd ﬁﬂﬂzd"!aﬁﬂgﬁ&@%ﬂ ﬁfe_@ﬁn@é\)él}ﬂalfbﬁrﬁel)epqg«i)rdat}" RRoARAIE Vel

)
Chemi cal ) (89% nedi a | oad). e mxture was mlled at "a speed of 2500 rpns
f or 60tempaatwrs 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/ | DS0/ | D90/ | D95/ | 60 secs

condition time | Condition nm nm nm nm | sonicatio
n
Time = 0 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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Followng mlling, the particle size of the mlled zafirlukast particles
was neasured, in deionized distilled water, using a Horiba LA 910 particle
si ze analwoeapos/dpsvaddi tion, the stability of the m || edpzaftiscéodloesss7 was
measured over a twelve (12) day period under various tenperature
conditions. The results of the stability test are show below in Table 4.
The results denonstrate the successful preparation of a nanoparticul ate
zafirlukast conposition, as the D50 is less than 2 mcrons, and that the
nanopa:rti cul ate zafirlukast conposition is reasonably stable at room

t enper €ihd at el evated tenperatures over an extended period of

time. Ex I L I . articul ate
For mul at | onr TP RE A TRESSarile Wi To SRS Ok Gy RE SRR BIREE Lot
di sperlsikniriesfe 06ty anjagonikt zdfulvksst. (suppl i ed by Camida (Tower House, New

, d |, County Ti | cel d factured by Norepen
o R TP A s A SO BEr RRLSRET,
Sol an)NewaFag o0niRYd CMuhty "ﬁg@%ﬁgﬁﬂn\?f@aﬁﬁj ﬁﬂiﬁﬁ%ﬁ&@eﬁ%ﬁ?ﬁ%ﬁéﬂé@ﬁ?ﬁe& 9/ 32.

This m xture was mlled i'n chamber of a Nano r) 0.01 (NanoM ||
Syst enkimitgdidylasepenrViblage Nafagprh Roagh Yeo Baddb(0istii Solam) Mek givhbingd Witht t ri ti on

medi a | (89% .a.load).,.The. m xture wa 111 t speed of
2500 ror For) otonuah: AR RS el Btheq i g o bigndhet B o NangFuBg AL 12

m | | edNaabMill Skstsins [King iof PASsipBA ) aisigvith 500 meeboPbEBAII@ ritoh ekt er ,

usi ng Horgba, Lﬁ 99329 particle size analyzer, In addition, the stability of
t he ni QoxgChemical) (§%e meginsloada siheanixgire wag milled ate speed ol2P0gems dor Afhder
vari oygideaperature conditions. The results of the stability test are show
below in Table 5. The results denonstrate the successful preparation of a
nanopar t i c fdtosvizgmiltihgkhs partiokpirei dfitlenmilked afigdulkBOparticlee $&s ifeasur@d,m cr ons,
and that, t he noparti cul ate zafirl uk conposition i s reasonably stable
at rodf’f]df“@%agifsg‘ﬁg 3 r,&{su@aeﬁgg@adﬂﬁgﬁéé}ag{%gge #rb¥ZeEn ext ended period of

time. Exanpl e 6 The purpose of this exanple was to prepare a nanoparticul ate

fornul ation of the TABLE 8
Storage Storage Mean/ [ D50/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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| eukotri ene receptor antagoni st zafirlukast. An aqueous dispersion of 5%
(ww) zafirlukast (supplied by Cam da (Tower House, New Quay, d onnel,
County Tiwpenavopesolir el and) and nmanuf actured by Mrepen Pabarsatoenoss? Li mted
(Morepen Vill age, Nal agarh Road, Near Baddi, Distt, Solan)) was conbi ned
with 1.25% (ww Lutrol(r) F68 (pol oxaner 188) and 0.05% (w w) docusate
sodium (DOSS). This mxture was mlled in a 10 mM chanber of a NanoM I | (r)
0.01 (NanoM |1 Systens, King of Prussia PA)5 along with 500 m cron

PolyM 1| (r) attrition nedia (Dow Chem cal) (89% nedia |oad). The mxture
was i diprRsgsian was &gt detegpingd enthaﬂws A gble goligidaltaameinglong areignide | ling, the

parti S red,

et oni S dr T PRT e A2t LM ARl BRI 6) SRMENERER R o 1
addi t i milledtttiamsihalink atetowte patrﬁclm: iMae chezafred, litu Hasmzm&snﬁalswated usingra a

twel v per d unde varj.ous eratu condi.ti ons, e results of
t he sﬁééﬁlli’% {“‘869%18 eeS%ﬁh?fW 5@8’f 0 ‘ilﬂlﬁﬁgg}) %mgmo Ea?eé%‘ﬂitd? Earﬁélr%g%‘i?at e the
succeslﬁééfﬂS@é@mm{m%tmnaoweopﬁﬁltdlﬁt&m@oﬁmﬁ&lukast conposi tion, as the
D50 is less than m crons, and that the nanoparticul ate zafirl ukast

conpositio nThesreS@thyats tmﬁsful pisparaterpef ananopaiculatet trieineinaland
terrpera% es Quer . an ext ended period of tine. Exanple 7 The purpose of this
exanple %% r?r %gfle a nanoparticulate fornulation of the |eukotriene
recept or ant agoni st zafirlukast. An aqueous dispersion of 5% (w w)
zafirlukast (supplied by Cam da (Tower House, New Quay, C onnel, County

Ti pperw and) and manufactured by Mrepen Laboratories Limted

(Morepen Vi %‘mﬁg j %ﬁﬂﬂ onbi ned
with 1.25% 1{‘A//e %ﬁpﬁgagg Jaskrn %q’fﬁ N?%%Biﬁ%%ﬂ%“ %‘hef?% ata"n\(l)}@f % (W W)
sodi umodieas ;ecch‘dltﬂzlmcind]lohsacrdto«ﬁdrr. ewas mlled in a 10 m chanber of a
NanoM || (r) noM | | st ms Ki ng of Prussi th 500
m cron Pol yM Iaﬂ‘(er";"Na’cSP‘?r?’PP@ FE%’Q\?Q Teplans E‘&Fc)m‘?%@ %6%3%1% Lotrne
m xt UrIQo VIRRIDY Wefe@hbife FRRRY. (f% (@%%ybf&ﬁelfo@é Iﬁ‘lﬁrﬁhéﬁéE@é()Sg Bak b@wbng
mlling, the particle size of the m’ll'ed zafirlukast particles was
nmeasur usate 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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in deionized distilled water, using a Horiba LA 910 particle size anal yzer.
In addition, the stability of the mlled zafirlukast was neasured over a

f ourt een Wwo4posdaysoper i od under vari ous tenperature condiPCirars006/0es3T esul ts
of the stability test are show below in Table 7. The results denonstrate

t he successful preparation of a nanoparticul ate zafirlukast conposition, as
the D50 is less than 2 mcrons, and that the nanoparticul ate zafirl ukast
conposition is reasonably stable at roomtenperature and at el evated
tenperatures over an extended period of time. Exanple 8 The purpose of this
exanp| Hanadill® 001 épaneMill Spstapsa iing of Btussis,d A blang ovithof00thisTdneukot ri ene

receptor. antagoni st zafirlukast.. eou i siaon.of 5% (.
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Wi th 1.5% (Helgwingnulingothe swbiliy of shemesonmaticuiste badespridg dispersiong of a
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meas ur 8wasured, defeipnizeddigiided watgy uﬁ)&ﬁérﬂ”&]@i%% Perticlsz14e408 5erp\gﬁ'te1 cle size

anal yzgery. 4f egd‘:tﬁ%% Iikaﬁigigm{lﬁé FRbBsibh6r SHGEE SR b DB0RF2R8 hirPahdof D8O of

nanoparticulate z ast conposition, as the D50 is less than 2 m crons.
Exanpl 888nhhe purpose of this exanple was to prepare a nanoparticul ate

formul ation_of th orticosteroid trianci nol one acet oni us

i Spor i on R S ESASpOTTREIR Mo RCraneRar p O OAGHEPLS

RI OBZggm iGpnbined with 2% (ww) Plasdone(r) S-630 (copovi done K25-34)
5% do

and O. cusate sodium This m xture was mlled in a 50 mM chanber of a
NanoM Il (r) 0.01

Example 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 first
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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(NanoM I'| Systens, King of Prussia, PA), along with 500 micron PolyMII(r)
attrition nedia (Dow Chem cal) (89% nedia |load). The m xture was mlled at
a speed ovoD28@&A99ME for 60 m nutes. Follow ng mlling, PCmAS3a0@londsBty of

t he nanoparticul ate trianti nol one acet oni dedi spersion was first determ ned
optically. A stable colloidal triantinolone acetonide di spersion was
observed, with no large crystals 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
t ri ancEsampked3scet oni de particles had a mean size of 330 nm with a D50 of
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di spersion was first determned optically. A stable colloidal triantinolone
acet onMgdHefH sper si on was observed, with no large crystals or aggregates

visible. Ne . i g i i i particles was
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25 et Sol ) SR sty e W ot SE b ™t
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
140 nm, with a D50 of 121 nm and a D90 of 238 nm.
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 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 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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acetoni de conposition. Exanple 11 The purpose of this exanple was to
prepare a nanoparticulate formnmul ation of the corticosteroid budesoni de. An
aqueous dwvepesdiesyiof 5% (W w) budesoni de (Si cor Phar maeeutise@o®)9sBnc. ) was
conbined with 0.5% (ww Tween(r) 80. This mxture was mlled in a 50 m
chanmber of aNanoMII(r) 0.01 (NanoM || Systens, King of Prussia, PA), along
with 500 mcron PolyMII(r) attrition nmedia (Dow Chem cal) (89% nedi a

| oad). The m xture was mlled at a speed of 1333 rpns for 60 m nutes.
Following mlling, the stabiljt t he nangparti cuyl at e budesonj

of de
di sper 89brmywaih ﬁlOf@&f‘é’ﬁhﬁWe%lis%toif 838 nip (alh pagtigly sizes gyeremgaturest i oni de
di sper gj , Wwth no large crystals or aggregates visible.
Next , 6%5&3%4@%0%@%%% illed budesonide particles vvaggmagsured, in
dei oni zed diThs idshkddanmdirsirate dlsd sugcessfibd preparatidn 91 8 nprnpriticbtsfluticasms yzer .
The m |l ed budesoni de particles had a nmean size of 296 nm wth a D50 of
289 nnPRRPIACHOPRIFIISBA nm The results denonstrate the successful
preparation of a nanoparticul ate budesoni de conposition. Exanple 12 The
purpose of this exanple was to prepare a nanoparticulate fornul ation of the
((:orti cBsampds I budesoni de. An aqueous di spersion of 5% (w w) budesoni de
Si cor Pharpgmceuticals,. lnc. ), was .conbined with.1l. 5% (w Pl uroni c(r
F205. Thi ' TS BineSe nisieRfrabie % 16 BB Escthidcionrchintlstie o) | (1) 5oL
( NanoMddopsitihRiSleukdtiignedtcdpiotSiahiditoiA)conitiition withha @ paiticalate Pol yM 11 ()
attrition nmedia (Dow Chemical) (89% nmedia |oad). The m xture was mlled at
ahspeeqor@ﬁoslggsi-rprrs for 60 mnutes. Following mlling, the stability of
t he nanopar t4 i i RS han. i ) tically. A
Stabl o col | oG AEEHRER" R aan P RIS iM R CepleTn b PaRAlRE 2l 1Y

prepared in Example 1 was combined with the nanoparticulate dispersion of the

corticosteroid triamcinolone acetonide prepared in Example 9. 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.
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 uL 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® $630 no large crystals or
S630 0.05% docusate sodium aggregates
5% Zafirlukast 5% triamcinolone acetonide 5 5 1/1 stable colloidal dispersion
2% Plasdone® 2% Plasdone® $630 no large crystals or
S630 0.05% docusate sodium aggregates
5% Zafirlukast 5% triamcinolone acetonide 10 1 10/1 | stable colloidal dispersion
2% Plasdone® 2% Plasdone® S630 no large crystals or
S630 0.05% docusate sodium aggregates
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crystals or aggregates visible. Next, the size of the mlled budesoni de
particles was neasured, in deionized distilled water, using a Horiba LA 910
particl e wozeocaedoyzer. The m |l ed budesoni de parti cl espPhadSaooamess3si ze of
304 nm with a D50 of 296 nmand a D90 of 390 nm The results denonstrate

t he successful preparation of a nanoparticul ate budesoni de

conposi tion. Exanpl e 13 The purpose of this exanple was to prepare a
nanoparticul ate formul ati on of the corticosteroid fluticasone propionate.
An aqueous dispersion of 5% (ww fluticasone gr opi onate ,(Dey Laboratori es,

Inc.) was cEhbiesdts demansteats (e spcessiv piengiaon pbstille gempesiivynsieouypssingn d

0. 05% 4w/ odi J I FFEH% ' ) mlled in a 50 n
c_harrbet&le 8%\{)1 an%gﬂco }e?%t%ﬁp‘g%c%%gﬁlo }g%/ﬁsqu ek%%t?hélgﬁgﬁlg pﬂ%st [ é'jl, PA), al ong
Wi t h SehopinticalateRoktyddstekdid triatdinslbhoaetmddea (Dow Cheni cal) (89% medi a
| oad). The m xture was mlled at a speed of 1333 rpns for 60 m nutes.

Following mlling, the stability of the nanoparticulate fluticasone
pr opi oxamplei Mnersi on was first determned optically. A stable colloidal

fluticasone | i [ gvg% e -t l.gr,ge crystals or
aggr egat es yﬁé%g&%&?&@ﬁ@%ﬁ rzgé P?‘%Zd‘{m egw{llcg{nﬁsgglg’gr?e propi onat e
part i chespusisulzedsultettene capeiranhibok idicembidatidn wather nanopartigulateHor i ba LA 910

particle size analyzer. The mlled fluticasone propionate particles had a
nmean sfYECHHCIYW nm with a D50 of 121 nmand a D90 of 238 nm The results

denonst r at eTh g, ReAR AR §HRE AL WhkBiriche RRRPRR At Sstligtafifllikst casone
propi onate conposition. Exanple 14 The purpose of this exanple was to

pr epar prepamd fropsample 2l wasesofndimad] with the nehopanécudase disperstoaraditee f | ut i casone
E;ggir g‘? G 'g@g@gﬁdﬁﬂfaj@gﬂlglo%ie Sageetgnslidg Bre?)];re 01/?1 E%r\flv lefllol.J th%%%ﬁ@ﬁart%u?ﬁé onate (Dey
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 uL 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
A4 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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was conbined with 1.25% (ww) Pluronic F68 and 0.05% (w w) docusate sodi um
This mxture was mlled in a 50 mM chanber of a NanoM Il (r) 0.01 (NanoM ||
Syst ens, WongoaPdnussi a, PA), along with 500 m cron PolpgituskgospomBtriti on
medi a (Dow Chemical) (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 di spersion was first determ ned
optically. A stable colloidal fluticasone propionate dispersion was
observed, with no |arge crystals or aggregates visible. Next, the size of
the mlled fluticasone propionate particles was neasured, in deionized
distil gedmwgify . using a Horiba LA 910 particle size analyzer. The m |l ed
qutica‘mn‘@ﬁm ionate particles had a nean size of 293 nm wth a D50 of
284 nm and ZhOPWpose F3BiswrrnAlel WIFLP PIOPPE SGORBROSIHINCORPESHEA] af ter 60
seconds of sonjcation).. The resul I . : preparation
o o naHOBAREREG s Ra SRR Shly SRR B TETT
pur posgoicodidtbRl. exanpl e was to prepare a conposition conprising a
nanoparticul ate | eukotriene receptor .inhibitor in comnbi nai?z‘g?ﬂﬂié\%%h a
nanopar t i culThe sarapprticulpis disprrsion phthe O PEITeEPIRr 8GRIy 21 t he

| eukotr ] I 1 kol i t Répl e 1lwas

conbi ng}cF%\%%fl I’III??: ﬁg‘%ﬁ%n%g%%%ﬁdﬁ%%éﬁ :t}{sepﬂéfhgﬁ)ﬁﬁag?g? El%grg%)d}t(iggost eroid

tri anticomicosieohtinidesimide prepped edExamtix dhplThe ancpadiculatordirtukad| at e

zafirlukast, dispersion and th anoparticulate trianginelo opni de
di sper §ISBFF§1°%@P5 theorasopaticylate; e?"&?ﬁéﬁﬁpﬁbﬂ‘a}sf‘yeé? 8?1'{'11]6?5 f%{sillgggﬁggﬁ rl ukast :
corti coakeLQi-stios HriQridiabs.cticdk®irdid: Rerendi 8g16/ROMepaiRling upon the

zafirlukastcorticosteroid ratio utilized, 1, 5 or 10 nmL of .the
nanopaztfitukast ertiedsteroid iatin uidizsgel.Si ohl Quk oftheatrnppartienlats zafiflulasty  of t he

nanopar.ti cul ate cartico r Qi i rSi . - d] I00sioher e

conbi nSFPFI§IOR ‘?ﬁﬁ‘s&%‘ 9‘%@%@:» :gf %rgfg“ Elﬁ%@l%annhgg o e%&)ﬁ%ﬁb%‘?@fg@n% prior to

anal ysis. 5Tk t@6 dispersions inexechnlbiagbing mivrovasntpfige ecbeomdarontexsebdcdpe sl i de
seconds prior to analysis. 5 uL 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
(&) (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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and anal yzed using the Leica DVR (oil imrersion objective). The results are
shown in Table 9, below. The results denonstrate the successful preparation
of st abl ewoanwoa®pigions conprising the nanoparticul at e | eghatseeosnesssecept or
i nhibitor zafirlukast in conbination with the nanoparticul ate
corticosteroid triantinol one acetoni de. Exanple 16 The purpose of this
exanple was to prepare a conposition conprising a nanoparticul ate

| eukotriene receptor inhibitor in conbination with a nanoparticul ate
corticosteroid. The nanoparticul ate di spersion of the | eukotriene receptor
ant agopkshpkal§ r | ukast prepared in Exanple 2 was conbined with the
nanoparticul ate di spersion of the corticosteroi g.ot rci %rr%;lisi Iaone acet oni de
prepared i nTBEEHPPE o (his PRAMHS YRS LY Prepfica WP GREY @gspersi on and the
nanopay b j el e | ;8@ ofhibEREDS ndths MRbpartouthiened in the
foll oﬁéﬁ{gﬁ’%"?@%ﬁt ra‘%@ﬁﬁ%’?‘”ﬁ%ﬁ?ﬁﬁ“ﬁgsf ccorti costeroi d:pa 1/10, 1/1, or

10/ 1. &efieswtkromgl. upon the zafirl ukastxorticosteroid ratio utilized, 1, 5, or

10 nL of th i cul fi ' ' : e 10, 5,
1ot of 1 ho THRORRRE G PR RlPt PEGE (A kS RSB B RRRRk 0L 21 e

wer e o8 FRamplidca-caitindd wigle tHettaropmiculaie tispeioharf thed) seconds pri or
to analysis. 5 nL of the vortexed di spersion was placed m croscope
slide eorticesterpidtudespaidegorepased & FxpanpNRI .ol he P%H?B?’gﬁcﬁﬁteo?@?@é‘??%). The
results. are. sho i . , B& i @k Soltdiel

§]|SB?ISI[9P gﬁ%ﬁ%&l%l&s@% buﬁ@oﬁiﬁe dﬂb@rs‘i(ﬁﬁ WS c&ﬁﬁiﬁ ng

succes bl'e conpositions conprising the
nanopagificestt aithsl Fukflukiasneriiesepoidr 17 10hiHi vot0/zaDep¢ndiagsepanihe onbi nat i on

The purdabeasrrifseEs o iz b Sk LT Rne e ARE el ! © 7
nanopa B{s%)grgio%tvgasl RHEPL 1028 0 13&9 RF Ble laRBhRtiéDite cBrticoftbioNBdispetsiont h a

nanopar ate corticosteroid. . ) i
The two dispersions were combined in a micro-centrifuge tube and vortexed for 10

seconds prior to analysis. 5 uL 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
Compaosition Composition of A of B A/B
(A) (B) I

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 /1 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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The nanoparticul ate dispersion of the | eukotriene receptor antagoni st
zafirlukast prepared in Exanple 3 was conbined with the nanoparticul ate

di sper si omoabodideesoeorti cost eroi d budesoni de prepared i nPEXArspdos/0d9837 The
nanoparti cul ate zafirl ukast dispersion and the nanoparticul ate budesoni de
di spersions were conbined in the followng different ratios of

zafrl ukast xorticosteroid: 1/10, 1/1, or 10/1.-Bependi ng upon the
zafirlukastrcorticosteroid ratio utilized, 1, 5, or 10 nL of the
nanoparticul ate zafirl ukast dispersion was added to 10, 5, or 1 nL of the
nanopadoificditendi@. corticosteroi d di spersion. The two di spersions were
conbined in a mcro-centrjfuge t nd vortexed for . rior to
anal ysi s. SThﬁ_naélppmﬁéuL@@rdﬂ%’)@‘é%orﬂ‘?ufgg%f?gﬁwe%?cﬁ?dt%%a%b%usz%%ﬁmgﬁope slide
and anal yzed. usi b®ide¥RviltPihk nhiPRFRudRe @Rp&siohvEthe The results are
shown Rrﬁy g%fngéﬁ#?plggs%%sv%ﬁrﬁé res}fjlfl)ﬂthgngermnstrate it)he successf ul

pr epar @riicostadbid<Shalhsne prpisiatd praaredinpExaninig 18 hdhe BHOPATIHEE at e

| eukotriene receptor inhjbitor zafirlukast in i, NAd.] 1 he
nanopafairiRg OESPEsIn ad’{‘}ﬂ’ee*‘%oaa%lﬁﬁf@geotﬂh{f@@@f%%ﬁ é%i‘ga#hée}ﬁgﬁér %Vg%ete of this
exanpl g, Wased & RE ?&ﬁﬁﬁn%dﬁﬂ%?@ $dtios O zefMiNabtsioncoatenaido pAOL Ldubat®].

| eukotriene receptor 1 nhibitor in conbinatjion wth nlﬁgaﬁ rticul ate

corti cPspexdiighponitke refirbikasticogisosteridiralisaridized lof- @ ri ene receptor

antagoni st zafjrlu r.epar j I rlenadomirtibulitae
nanopa?‘il}oé?ﬁ‘ft’ﬁld@{ed?az.@%¥8}§8%fs 1%9 r}{éﬂcagg‘?q@o@f é’r%iia%u%gdes,eoni de Sr epared in
Exanpl goridosterBRI A ticulate zafirlukast dispersion and the

nanoparti cul ate budesoni de di spersions were c i n in th I hNQ

di fferent rhe Ko SDISIONT PaReLIMII IBG&JQF%F‘H%%EE gﬂ’ef}“??’og‘?’te%oéfgm

Dependi n - AT ' URP&QLn vitls inthced bh hzeidrosdopeslider 10 niL
of theSer?gﬂ%%ér??rittgg?%?%é'zggltﬁ?hlﬁé;gdegieipeirasi‘ oﬁ vvaé)%gdded to 10, §, 0{;] 1 nL
of t heanbmedpetivcingahel eiox DMR §eibinunerswinsypiscsiven. Theresuinarerboperailshls wer e
conbined in a mcro-centrifuge tube and vortexed for 10 seconds prior to
anal ysi1§>.b°$°‘ﬁ-1_ of the vortexed di spersion was placed on a mcroscope slide

TABLE 13
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition Composition of A of B A/B
(4) (B) N
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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and anal yzed using the Leica DVR (oil imrersion objective). The results are
shown in Table 12, below. The results denonstrate the successful

pr epar at iwo 2066/®93bl e conpositions conprising the nanop&cTiusadoainass37

| eukotriene receptor inhibitor zafirlukast in conbination with the
nanoparticul ate corticosteroid budesoni de. Exanple 19 The purpose of this
exanple was to prepare a conposition conprising a nanoparticul ate

| eukotriene receptor inhibitor in conbination with a

nanoparticul atecorticosteroi d. The nanoparticul ate di spersion of the

| eukot piiepared ireExqphple 6arasagorbiinad wigh thelnahepartigiap disersion offinpl e 5 was

conbined . Wth t nanoparti.cul at e di |.O ' roid
luti caebresr A s B b PR e BB R T e nERLERRAE 2 €
zaf i r| gieakikadidpRfssiromdand nidipanubpafliticasdmipgopibndte dapasienprer onat e
di spersions weré conmbined in the follow ng different ratios,.of
za]: i r | combinedin the Sellasyipg differgntgatiop of zafglukaglcortieasireeid; 32}%3&% H¥L.

zafrl uka.. sfecort | Mo P =\ e , 50 t he
nanopabt%P %Ldﬁgg[ﬁ O;l gﬁ?%ﬁ&%‘%ﬁ%&%@%@%%%ﬁv\ﬂlshh;za%gd Si%r %gﬁm{g,fﬂlfgr 1 nmL of the
nanopanaricpattizatecafiriukast dispersibndvaspered wnl0, Ther T wb oflthepengpastieuleier e
conbined in a mgro-centrifuge tube and vortexed for 10 seconds prior to
anal ysF%ITlc%St??@_ 1SRFEOY or t exed di spersion was placed on a mcroscope slide
and anal yze@‘fﬁﬁb&&ﬁ%&l@i&@%ﬁ MR 1h ol 1FHORS-SdrRAfU@B I tand &brtextddefor eSUl ts are
shown in Table 13, below The results denonstrate the successful

pr epar sdconds miorgo abdlsis ofrpbaifthovrsteseddispersiog vias dlasad op amictogeeneaslide

| eukotriene.receptor, inhibj zafirlukast.] oty | ' .
nanopa?‘?f@@#&eg ugl&g lﬂ?ecg%‘faepm (?lfﬁ?lpgrglé)gr? th B IBX‘%I' (;nf‘r%l 5? g@h&%‘%&g@g q%hlg
pur pose4 tfeldti S exanpl e was to prepare a conposition conprising a
nanoparticulate |eukotriene receptor inhibitor in conbinati-on—w

Lol
LA LB L

nanoparticul ate TABLE 14
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
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 /1 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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corticosteroid. The nanoparticul ate di spersion of the | eukotriene receptor
ant agoni st zafirl ukastprepared in Exanple 6 was conbined with the

nanopar t iwol2atensiosper si on of the corticosteroid fluti casorus2@eopssnat e
prepared in Exanple 14. The nanoparticul ate zafirl ukast dispersion and the
nanoparticul ate fluticasone propi onate di spersions were conbined in the
followng different ratios of zafirlukast:corticosteroid: 1/10, 1/1, or

10/ 1. Dependi ng upon the zafirlukasfccorticosteroid ratio utilized, 1, 5,
or 10 m__of the nanopartijculate zafir|ukast dispersion was added to 10, 5,
or 1 natglukesidispsisipeand thenapopartishlatecibaticasaseroniapis dispersionhwera

di sper si r i &P eE Mk ang veort for 10
secondg&g@lﬁgr tge gcﬁ%@?gﬁfegerﬁ{éﬂoo% O? fe vora%tféxe cogjfég%cel'r gﬂgh?%gf(g?éced on a
m cr osDepandéig wendhszadirhikystedrticokterpid tetioligilized, DYR ¢ralill pL ofitesi on
objective). The resulfs are shown in Tabl 4, bel ow. The results
dermns’é‘?‘%?%’émtcﬂl@te i‘g‘@%ﬁ a}SpﬁrP@Bé?’aa?talggﬁf@f 1%3 %a‘?ﬂ 195168 JPRPRAREC Hfipr i si ng

t he napgpeasdidr6idl BdRrdigtkotri ene receptor inhibitor zafirlukast in

conmbi nation with the nanoparticul ate corticosteroid fluticasone propionate.
Exanpl e 21 Thetwudigpssions wetsi combiradih @ nrigro-cantppiugp tirbe aad voripkedifor bh

conpri sing,a _nanoparti.cul at e l,eukotriene receptor.inhibitor in comlination
PRI T G oAy Sy R e SR G A R TN

t he | epkdDiralyBe usifg et IdicADNEY (i Eimesibh lobjésaed). [The pesinttsl atershbvaMpTeblé was
conbined with the nanoparticul ate di spersion of the corticosteroid

f1uti ch>3K%r opi onate prepared in Exanple 14. The

nanoparti cul at ezaf rl ukast di spersion and the nanoparticulate fluticasone

gra.folp:— et vy + o + AP~ PR I A I o W | A El 1011 PN S
: ““ﬁ?#ﬁik’%s% i "‘E >~ “Corticosteroid ' ' (?ilan ity I Quantity | Ratio [© P~ Results
zafir Lt?o%]s X lrn|( ostercv[;Om rozglggqo utifl A0 1 —l ny of the
nanopar Pairare Patiriu as& I'Sper sii on Was added tlo B 5, or 1 nL of the
vt =l at + 1 +. HEP~ B~ H r—oi -
NaANOP ALY, et R C O S idason hiBpicHat ST =1TOM 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 1/1 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 two di spersions were conbined in a mcro-centrifuge tube and vortexed
for 10 seconds prior to analysis. 5 nL of the vortexed di spersion was

pl aced orwea emeeope slide and anal yzed using the Lei eaThisRo6004837

i mrersion objective). The results are shown in Table 15, below The results
denonstrate the successful preparation of stable conpositions conprising
the nanoparticul ate | eukotriene receptor inhibitor zafirlukast in
conbination with the nanoparticul ate corticosteroid fluticasone propionate.
Exanpl e 22 The purpose of this exanple was to prepare a conmposition

conpr i giffigikastaispesiunt dnduhenanopatikulatd fiisasane eperienath HisBIEIORS WAtecombi nat i on

with a nanopartjculate corticosteraoi.d. e na l-gU e di i on of
the | cemabrroRes buGiter Sisral SRea: R AEpR R YA VL SPRIE' 21, 0
combi npd wigt{y R (RERIRRIKhitGulRbeteriS RATSIt0ReAN , Sher 10tE bttt er oi d

fl utlcas%ne propi onate prepared in Exanple 13. Tﬁ .
nanopandriopattigtieteatafirluliaca Sispersiopayasiadfediod & Aeotianb s e RaPRATHCHMSt i casone
propi onat.e di sper.sions were conbined in the following different ratios of
zafirlﬂ%%lg?g%f’{g‘ic@%’s?fsé?%id: 1/1 0, 1/1 , or 10/1 . Degendi ng upon the

zaf i r1 ukast ¥BE twé aisp&siohsiwert dombitidd in aenicrakcertitifuge tub® and vofiexddefor 10
nanoparti cul ate zafirl ukast dispersi 0@ was added

[ . oﬁ}o 5.or1n11_.dgfthe
nanopasacondd 2 te aralytins? EL(ﬂfgledY%éF 1SRCTSIPR &VAS R Y glbéﬂlg]lcg)ﬁ?%esrl_e
combi nggy h@l;fzﬁfﬁhgihgiﬁeeﬂéiéd bﬂﬁg iV REmBRBn W dca¥ed Thetresllts sROMBAE ipMable t 0
anal ysi's. 0 he vortexe oh spersion was placed on a m croscope slide
and anabyedslv.usi ng the Leica DVR (o

I mrer si on objective). The results are
shown inTable 16— below

i
L+ o a
T

_ ~ .._c+ est |i,6"‘|oti'a£c tte—successful
prepatation of stahle conpesitions—EeapriStg-thenanpparticutgt
| eukot r i diafiriukastpt gr | Gartisortsroid o1 ; | Quigusy |, %ﬁbi %é‘]gl gn wit hma%sﬁlés
nanopar¢9measiios @brlt i cog?@?ét;ftﬂ’“fl utj cd46ne |pr 8pf onpt'@:” Bxanpl e 23
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 11 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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The purpose of this exanple was to prepare a conposition conprising a
nanoparticul ate | eukotriene receptor inhibitor in conbination with a
nanopart iwol2aten9e39nt i cost er oi d. The nanoparti cul at e di sperdiSerncohosshe
| eukotri ene receptor antagonist zafirlukast prepared in Exanple 1 was
conbined with the nanoparticul ate di spersion of the corticosteroid
trianci nol one acetoni de prepared in Exanple 10. The nanoparticul ate
zafirlukast dispersion and the nanoparticul ate trianti nol one acetoni de
di spersions were conbined in the follow ng_different ratig%ﬁof

t he

zaf i r | DReendingruriondhe zafslubrastromtigosteyoid ragip uiidizad, e petidiOriy- 0

zafirl ukast xortj i d- ' ! , , Obardi
nanopa?%}oﬁﬁﬁt(lg{l%{e%%ﬁ ?@Fﬁ%ﬁglﬁ géfloggﬁs sa!d g%l@{v%/also’l g’d eldﬁ)]% gﬁ%fﬁaggaééagatﬁt of the
nanopagdrticaskardd digretsierost eroi d di spersion. The two di spersions were

conbined in_a mcro-centrifuge tube .and vortexed for 10 .secon lor to
anal ysi s. 5UR¢ W diSpRISIORT PVeseegr P @iRifropratTnge Bibe 3Ad é{oﬁ?’i?ngg‘g&e slide

and an i ' kba §RpEREis] c8& bh ¥ MicroddtpersBgsl ts are
houn (i BTGt SLERTRT kN LRRIEh bas PhicRTbA Kiiero i

pr epar ad amlyatd ssia e oepDdR (@hismeasioniobjeativa)h &ha zerups arei shawatie Table

| eukot H n& receptor inhibitor zafirlukast in conbination with the

nanopaf Ci%tH%t e corticosteroid triantinol one acetoni de. Exanple 24 The

purpose of this exanple was to prepare a conposition conprising a
nanoparticurate eukotri ene recept OoTABI M tor 1n conbination wth a

nanopar tZGHakR: CONT T CoglioRbia NS QaARie ] Quallift RS HEr ST ORIl he

| eukof re sitioft €Rf ﬂ)r antampditdh zaf|i rppkast psm@pariedy/pn [Exanple 3 was
conmbi ped W th the lanopartéBguI ate di spersi on of the cortiicosteroid
budes O, dEr REEPAT €U shdhidaedlidhe 12. (The tnanpparpi CUl avie 4 afbié tdkiad Wispersion
di spel 9% 0nRsamnd skfve [Raa@arti cul at e jbudesonide di sdersi orﬁsloweeryﬁﬂn&i ned | n
the follow ng differeHPMatdy)s of zafirl ukastxortijcost ereeglegatty 10, 1/1, pr
10/ 1. | Dependi ng upQ.05h@®0ssi r | ukast|xorti costeroid ratiolutilized, 1, 5,

10 ni| &% Zefirlekaynoparnrta tadanpciobne af i r | lukast 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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di spersi on was added to 10, 5,
corticosteroid dispersion.
m cr o- cerwoizbesgmoioube and vortexed for

or

1 nL of the nanoparticul ate
The two di spersions were conbined in a
10 seconds pri or PCO/UBR@IGHEIS37 5 L

of the vortexed di spersion was placed on a m croscope slide and anal yzed
The results are shown in
Tabl e 18, below. The results denonstrate the successful

stabl e conpositions conprising the nanoparticul ate | eukotriene receptor

using the Leica DWR (oil

i nhi bitor zafirl ukast

i mer si on obj ective).

preparation of

in conmbination with the nanoparticul ate
cort i costrikaitaotticostamiidiotionsilizedtiofj ae0 ult ofdhe naprpaginyliate piriwkastose

killed in th that vari ificati yaLiati pns. can be made |
he. motRBASORNES BOTRHIGI0) arte Tof Phe pEar it ARG ARS8E 27 T "

from the spirpd fwdtisS&8BSs Rerelddmbimden bintibro-ddhusfugt tubeand nosedddot hat t he
present invention cover the nodificatiogns and var ons af this vention

e 4
provi deetondsayriar deranalysihi hHLies thecwpiexest disprasigp ves (E?L?ge PR A CRAPH ﬁb{&?

equi val ent s, What i s el al; S (oillt BlchilON THR TS bRGhotvd)in Thbleeast
one | eﬁ‘?{‘g?rf'ailyezﬁ uf‘lgggbet]gérlgiﬁp}ggg%?g?rﬁ%rg@?%gﬁgﬁ @f fective average particle
si ze ofiglw&sy.t han about 2000 ran; (b) at |east one surface stabilizer; and
(c) at_least one corticosteroid—2—THhe_eopposttton—of—ctatrmiI—wherermthe
| eukot{riene receptqr antagonist_is Eé;];g@ egd—from-the—graoup wrﬁi ;tsu ng—of
mont el uk Zafirlulast r | JkasCorikopterpidn,  pRUAMHK A QuanilcBPEA i ne A Sl ol at el
i m dazdFampgsition §AH < frcﬁ%‘?"ﬂz’g“’r?&ri ne| sPbftge | Letfdt tla MPcrior aphis, ONO- 405f,
and LY2931 11, theilr salts{Bprodrugs  esteis—and—eprbinatipnsothereof-—3
The coAfdaiiiiesh of ér/o%ﬂuﬁﬁs‘in{ﬁrF &% aim 2 wher i n the fofti C(fgﬂézo(iw é:lfgbje son
sel ect éd%P6eh the griodpt @8HSITEY ng pbf flutilcasone, | fluti GasQgs P opi onat g,
budes¢apde—triafethphone —triancinptone aget Ogn de} [WTE @60 Bstloidal dispersion
f 1 uni sélﬁ%\l rleuex;%gyni scil.?(%eia%%%ﬂ]wr atp, dexanethasonp, trilaRidgicRehete,
becl onet ﬁasone, begl onet hasone di prppi onate, fl uocj nol oneggtdawoci noni de,
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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bet anet hasone, nonetasone, nonetasone furoate nonohydrate, cortisone,

hydr ocorti sone, nethyl predni sol one, prednisol one, predni sone, and

conbi nat iwooadmemaf . 4. The conposition of any one of e@C&iUsB0E/009333,
wherein the corticosteroid has an effective average particle size of |ess
t han about 2000 nm and the corticosteroid is present in conbination with
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,
wher ei Wh#ds elaigddsst er oi d particles have a size selected fromthe group
consisting of |less 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 rrrporhpssitidnmpatsingt 1300 nm | ess than about 1200 nm | ess than

about 1100 l e t han.about 1000 nm | ess than abo 900 nm | ess than
about 800 nzi‘rs] I e?gfel?ﬁa%‘e é%%ﬁ?ne?‘@ée‘i‘?mor P’é@goﬁlﬂ;}"}&%@fl e%%ﬁtlwvefa@gs t han
about 600 nm | eggrtfcan00Lss thaPaBdep20dess; t han about 500 nm |ess than
about 450 nm |ess than about 400 nm |ess than about 350 nm | ess than
about 300 nrth) | estlensiame shdage seibdlizem andess t han about 200 nm | ess than
about 150 nr&) Ie_sfi eta an about thO nm |ess than about 75 nm or |ess than
about 50 nm““6. % %oﬁﬁ&g tPER 4 any one of claims 1 to 5, wherein the

| eukotriene receptor antagonist particles have a size selected fromthe
group consisting of |ess than about 1900 nm |ess than about 1800 nm | ess
than aBeut IThocomppsitian ef ¢laign 1 ywtain thedeuketgieneaecspigs #ntagpwist is selogfedm | ess
than a | t . S m | ess
han i i Sk Bsts 832 of B AR Rt B RS pal ARG e BRE AT |02
t han ahodtel®060 iminiazdle skaloidsnfrah oht m7hke spongd Earetrh aricrabapltis, EBO#H057) ess

t han abo m. |.ess thapn about 55Q nm, .l ess than_about 500 nm | ess

t han a@B@i&gglﬂmthq“esﬁ S%M%&F“&%Sﬁtﬁrs@@gcﬂm inafigns thereaf.ahout 350 M, | ess

t han about 300 nm |ess than about 250 nm |ess than about 200 nm | ess

t han about 150 nm |ess than about 100 nm |ess than about 75 nm or |ess
t han aBout Shegampdsitigiel daimpdor tlaom 2ovhesgin theeradostsreid nsselectes] Bomdhgr i si ng

a leukaotriene rece r. . . . .
group consisting gft f?uucasone, fluticasone propionate, budesonide, triamcinolone,

triamcinolone acetonide, mometasone, flunisolide, flunisolide hemihydrate, dexamethasone,
triamincinolone, beclomethasone, beclomethasone dipropionate, fluocinolone, fluocinonide,
betamethasone, mometasone, mometasone furoate monohydrate, cortisone, hydrocortisone,

methylprednisolone, prednisolone, prednisone, and combinations thereof.

4, The composition of any one of claims 1 to 3, wherein the corticosteroid has an
effective average particle size of less than about 2000 nm, and the corticosteroid is present in
combination with at least one surface stabilizer, wherein the corticosteroid surface stabilizer
can be the same as or different from the leukotriene receptor antagonist surface stabilizer of

claim 1.

5. The composition of claim 4, wherein the corticosteroid 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

75



ant agoni st at a concentration selected fromthe group consisting of about
10 ng/niL or nore, about 100 ng/nL or nore, about 200 ng/nL or nore, about
400 ny/ mworeemmeidiand about 600 ng/ L. 8. The conposi t iPom/uskooanyosone of
claims 1 to 7 conprising a corticosteroid at a concentration selected from
the group consisting of about 10 ng/nmL or nore, about 100 ng/nlL or nore,
about 200 ng/nL or nore, about 400 ngy/nL or nore, and about 600 ng/nL. 9.
The conposition of any one of clains 1 to 8, wherein the conposition is

ant agodratt 650 k. diks Hiitrbon: SN SR by abRtEy SGameiees R FOOR ORI  of ¢ he
cort i C@sdnfHbRLL4 STRkn 188U Barl S8 A0@Hk, RsPhah BARBYH P&gzespmi a@ftaaﬁc @nhC) 2

conbi nati on of (gg_ﬁand( ). 10. The conposition o y one o aimns 1 to 9
f or mul aesé dhanrabeuiads Vaem.dsssl thatpahege2¢nmm lestidiae about HE0 any, tesethanstbbar 198d f r om
a liqui i [ S roplets. c LSing the conposition of claim1l and

t he drggf’gésgaﬁdgva@gtfrgargg’ Orqgs:%atﬁlana%%ééi%c di aneter selected fromthe
group consisting of less than or equal to 100 m crons, about 30 to about 60

m crons, ab&g}tG 0.1 to about 10 microns, about 2 to about 6 mcrons, and

| ess tRan addGcoPpasiiphAsanyiane oflained 48 &1 WhaRdbe inbseirigne eacaptar 10, wher ei n
subst a%ﬂa%!)ﬂjyt kic1d navB e skie%gﬁegteg'ﬁ%ﬂ?{h%' P8l 1|sﬁﬁéo@fessttﬂgn ?@Ju?%?(!m conprise
at | east one nanoparticul ate | eukotri ene repcep of “antagoni st particle, at

| east ong less thanabetter880hnpdessitledneboot 1740 Hngdeds theareaboat kaOringlessrteaept or

ant agonj st ticle and at |east one corticosteroid particle. 12. The
corrpo_siat’?‘gﬁgg{) 1 Sfbﬁ@né‘gm&tl ]éllsén?ml? Si}?n. P\‘Mﬁ P &g lgs6 hagrpbag b0 e r os ol |
wher ei est Bfunl BUHOLI00HAE 168 U MouBTHOAIRAN 18ds thah aryoafsmmﬁ,tleésbtﬂgﬁ albnff> Mo/t
up to about 600 ng/niL and the corticosteroid is present at about 0.05

my/ i 800 nv, dtse than@boutriglOmim, 1as8 thaPteboubbifoun lessrthatf atamy 66hemotessthanms 1 to
9 for ”%c?&t%@o 'nﬂ{, P8 th-A%H35C OOdn%iqgses tflé)nr 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.

7. The composition of any one of claims 1 to 6 comprising a leukotriene receptor
antagonist at a concentration selected from the group consisting of about 10 mg/mL or more,
about 100 mg/mL or more, about 200 mg/mL or more, about 400 mg/mL or more, and about
600 mg/mL.

8. The composition of any one of claims 1 to 7 comprising a corticosteroid at a
concentration selected from the group consisting of about 10 mg/mL or more, about 100
mg/mL or more, about 200 mg/mL or more, about 400 mg/mL or more, and about 600

mg/mL.

9. The composition of any one of claims 1 to 8, wherein the composition is formulated
into an aerosol and:
(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
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wherein the aerosol is forned froma dry powder of aggregates of the
conposition of claim1, wherein the aggregates have a mass nedi an

aer odynarnwo 2dicznveioer sel ected fromthe group consi sti ngpofi/use@s/ovdsan or
equal to 100 m crons, about 30 to about 60 mcrons, about 0.1 to about 10
m crons, about 2 to about 6 mcrons, and |l ess than about 2 microns. 14. The
conposition of any one of clains 1 to 9 or 13 fornmulated into a dry powder,
wherein the | eukotriene receptor antagonist is present at about 0.05 ng/g
to about 990 ng/ aqgfthe corticosteroid is present at about 0.05 ng/g to
about 990 ny/g. %g;g h¥ conposition of claim13 or claim 14, wherein

subst anti al () alblgﬁﬁﬁﬂgoﬁ@ggggﬁag@.of dry powder conprise at |east one
nanoparti cul ate | eukotriene réceptor antagonist particle,at |east one
corticosteroid particle, or at |east one | eukotriene receptor antagoni st

ticl , ticosteroidoparticle. 16, Th j t f
By ondlor  araroeBdalioPBaRedERES The's S Finuo Snadiid PERRTMhor oi
the conghesiii ihermeidsokisiforakddefrdma 1iqardaﬁ§4ersasmmraplre@tdoﬁ{pr@fngtth@ | eukotriene

receptor antagonist. and cortjcaosteroid dosage in about 15 seconds or |ess.
17. ThEBBYHY o4 Jpip aafﬁ@e&ﬁ@ﬂ%iﬁ haye massimedan gerpdyneimia diseneterselegisd aer osol
dosage f : I S e t } ). i froma
i1 e Bk oehlidfs GRER R Ao R I0E Bt 1By I AL UFH TG,

wher ei abaut@.lctlorabosi 10 mivromss, Alovutd ltablseit Hanicaohsj anddessahdroabosie? adteds.f r om t he
group consisting of oral, pulnonary, otic, rectal, ocular, opthal mc,
colonic, parenteral, intracisternal, intravaginal, intravenous,

i ntrapetit omaaherobdlEBmpobiti6s af cla@ 36 whedbidl sﬁ@d?eiuﬁﬁllgf %ﬁ'@f'ﬁﬂéﬁiﬁ& Hﬁﬁer?ﬂag The

conposition of any one of clains 1 to 18, wherein the conpositio urt her

conpr i d@plahel he aerope cohmriseelaast ond hanopertieplatedbekaniciepieeaptar, antagoniser s, or
nbij i . I 14 f f clai 1 to 19,
ther o PAFHIER LA DAL oriEMerd i peFRIE 37 a0 o ISR RS S5m0t BhBFulitng of ' a

hon- i opartickuinfiackastaabicbitivestercidipaticleni ¢ surface stabilizer, a cationic
surface stabilizer, a zwitterionic surface stabilizer, and an ionic surface
stabilizer.

12, The composition of any one of claims 1 to 11 formulated into an aqueous aerosol,
wherein the leukotriene receptor antagonist is present at about 0.05 mg/mL up to about 600

mg/mL and the corticosteroid is present at about 0.05 mg/mL up to about 600 mg/mL.

13. The composition of any one of claims 1 to 9 formulated into an aerosol dosage form,
wherein the aerosol is formed from a dry powder of aggregates of the composition of claim 1,
wherein the aggregates have a mass median aerodynamic diameter selected from the group
consisting of 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 any one of claims 1 to 9 or 13 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 or claim 14, wherein substantially all of the aggregates

of dry powder comprise at least one nanoparticulate leukotriene receptor antagonist particle,
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2 1. The conposition of any one of clains 1 to 20, wherein the at |east one
surface stabilizer is selected fromthe group consisting of cetyl

pyri di ni wwochdsovpsde, gel atin, casein, phosphatides, dexcariS2@opewsdl , gum
acacia, cholesterol, tragacanth, stearic acid, benzal koni um chl ori de,
calcium stearate, glycerol nonostearate, cetostearyl alcohol, cetonacrogo
emul si fying wax, sorbitan esters, polyoxyethylene al kyl ethers,

pol yoxyet hyl ene castor oil derivatives, polyoxyethylene sorbitan fatty acid
esters, polyethylene glycols, dodecyl trinmethyl amoni um brom de,

pol yoxatdeasydnermeriscostereid partiss, Poaideast eng leukpirignaseperior smraopishpadicleaddi um

dodecyl sul fate, car cel lul ose cal ci um hydroxypropyl cellul oses,
hypronaétlﬁ?aég%n,e d(%ltrl og%@&éé%ﬂ%’éél | ul ose sodi um nethyl cel |l ul ose,

hydr oxyet hyl cel | ul ose, hypronel | ose phthal ate, noncrystalline cellul ose,
magnesi um al um num sj |l i cate, tr%ethanol L.yvin al c

1 he, | |
pol yvi Myl pyFireotamrastiionef apy ope gt ‘31@%#@?}3%%%18%9@)@ @ﬁ%ﬂm‘g‘gﬂg%ﬁﬁﬁf% th
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phosphol 1 pi dio osuccl nate, dial kylesters of sodi um sul fosuccinic
aci d, smagonist hadicorticesidrbit dosagel inypbowtrlylsepmidy ot kess. sul f onat es, mi xtures of
sucrose stearate and sucrose distearate, p-isononyl phenoxypoly-(glycidol),
decanoyl - Nnet hyl gl ucam de; n-decyl beta-D gl ucopyranosi de; n-decyl

bet a- Dyl t1gRYLAPBSIHER of ARPEIRCH c1ARk 3161 8lfsieRiime@ RS helgsrofol dosieebrm
bet a- D- nal t osi de; heptanoyI-Nnethygglucanlde; n- heptyl -

IC pLyl - .
bet a- Dangl fucthgryaommuisinges prap¢itant (hat isadmimstereddtiny e sreyldwiossinhaley |
bet a- D- gl ucopyr anosi de; nonanoyl - N- et hyl gl ucam de; n-noyl
bet a- D- gl ucopyr anosi de; oct anoyl - N-net hyl gl ucam de; n-octyl -
bet a- Digll uCTRY cgsitie: ofedy Yhe betlaind hicold, wherst threasinpesitiby soibymelated
PEG- phosphol i pi d, PEG chal esterol, PEG chol esterol derivative, PEG vitamn
A, PEGOypeminisiration selsetsthiionhibe grrconfising gl oral, Bulmanaty, g TRl BSHR | i done,

cation), hﬂﬂlié’,%{cﬁiic ?Q}egﬁmlfin%aﬁgﬁﬁéﬂ%tﬁvagﬁﬁi R aCeRRsyBRaEHRENAEJocagal | ONI C

cel lul 6sics, ’cationic gl nate, cationic nhon-polyneric conpounds, cationic
phosphbhdcpl, dssal, @aatl itapicat atlinmistsatiopol yret hyl net hacryl ate tri net hyl anmoni um
brom de, sul foni um conpounds, pol yvinyl pyrrolidone-2-di net hyl am noet hyl

met hacryl ate di met hyl sulfate, hexadecyltrinmethyl anmoni um brom de,

phosphegi UMrROIRAKSTon SRR ORE BAEMInR RN 8)RMherein the composition further
comprises one or more pharmaceutically acceptable excipients, carriers, or a combination

thereof.

20.  The composition of any one of claims 1 to 19, 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.  The composition of any one of claims 1 to 20, wherein the at least one surface
stabilizer is selected from the group consisting of cetyl pyridinium chloride, gelatin, casein,
phosphatides, dextran, glycerol, gum acacia, cholesterol, tragacanth, stearic acid,
benzalkonium chloride, calcium stearate, glycerol monostearate, cetostearyl alcohol,
cetomacrogol emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers,
polyoxyethylene castor oil derivatives, polyoxyethylene sorbitan fatty acid esters,

polyethylene glycols, dodecyl trimethyl ammonium bromide, polyoxyethylene stearates,
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conpounds, benzyl -di (2-chl oroet hyl ) et hyl amoni um brom de, coconut tri nethyl

anmoni um chl ori de, coconut trinethyl amoni um brom de, coconut nethyl

di hydr oxywOlgde/mpsyoni um chl ori de, coconut net hyl di hydr exyatshgoe/oeesapni um

brom de, decyl triethyl anmmonium chloride, decyl dinethyl hydroxyethyl

ammoni um chl ori de, decyl dinethyl hydroxyethyl amoni um chloride brom de,
Cl12- 15di net hyl hydr oxyet hyl amoni um chl ori de, Cl12- isdinmethyl hydroxyethyl
anmoni um chl ori de brom de, coconut di methyl hydroxyethyl anmmoni um chlori de,

coconut di net hyI hydr, xyetﬁpg anmpni um brom%1 styl trlrret hyl amoni um
Ry ISoBEmAR TR

met hy| C%llﬂléfﬂéi feon dig¥i
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hlif@@aq:lngfqeddlalﬂwwtﬁmﬁfm um
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(S:ﬁl ori %2 l%ﬂ- gﬁéseu%f/e ar%rla hyﬁlfl}”qn l%mr?gdr% C i & gﬁjbﬂ&% sgfe%)%ﬁtgl ?hﬁﬁoenzylm o
ammoni wiidroseBtearite endmieadky diadazate Nb- ﬁbkmiydﬁhei;axmw-@glymddﬂy,ldea:andyap]ht hyl et hyl

ammoni um chl ori de, dodecyl di_net hyl benzy ium chl oride, djalkyl
benz en By glugamig e s %@PTQTQ ucP@(fF‘%“‘%% P%D et A QR 0IGE; R,

al kyl bﬂG&é&l &l @l%l}l]l £Hdéﬂiecﬁ"dBHéﬁFbetQ'ﬂ%lathﬁH@ﬂep h?ﬁtlby | anmoni um

brom de trime ammnl um br des trinme

anmoni um br om des,

Cl7 tr mvﬂtyrhglhcaamnﬂa,m-heptjak batadeglucdpylenydidee nzheptyl bamtmyhlogkmmlda.; mrlehybr i de,

D kT PRt 2P BN, Gegety ehusaingte: Ation] PEBEMerR Bt e,
decyl t bEEREIN-AHBALIMBARIE M- @@byl dfé@hepyglﬁadp Ay LiasmaRn Belabmoni de,

tetradecyl tri met hyl anmoni um br oni de, net h}ll/?ﬁ tri octyl ammoni um chl ori de,

t et r abthiggluennyranesider lysozyere, BERzyHospholipist, R Caghrlestare), BEGehnlestesolol i ne

S;? |e£ils H?rgf}%@%?bﬁ(g-v%g]%lﬁ] l@.? {)Ee%-\hta%%lﬁ% ranlc(lonI c%g]oﬁfn{e%r 6tdx§in}(/\loa@t%{é%ﬁ vnﬁg tyl
pyrrolidone, cationic polymers, cationic biopolymers, cationic polysaccharides, cationic
cellulosics, cationic alginate, cationic non-polymeric compounds, cationic phospholipids,
cationic lipids, polymethylmethacrylate trimethylammonium bromide, sulfonium compounds,
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate dimethyl sulfate,
hexadecyltrimethyl ammonium bromide, phosphonium compounds, quarternary ammonium
compounds, benzyl-di(2-chloroethyl)ethylammonium bromide, coconut trimethyl ammonium
chloride, coconut trimethyl ammonium bromide, coconut methyl dihydroxyethyl ammonium
chloride, coconut methyl dihydroxyethyl ammonium bromide, decyl triethyl ammonium
chloride, decyl dimethyl hydroxyethyl ammonium chloride, decyl dimethyl hydroxyethyl
ammonium chloride bromide, Cj;.;sdimethyl hydroxyethyl ammonium chloride, Cya-
1sdimethyl hydroxyethyl 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)s ammonium chloride, lauryl dimethyl
(ethenoxy)s ammonium bromide, N-alkyl (Ciz.15)dimethylbenzyl ammonium chloride, N-

alkyl (C14.18)dimethyl-benzyl ammonium chloride, N-tetradecylidmethylbenzyl ammonium
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pyridi niumchloride, halide salts of quaternized pol yoxyet hyl al kyl am nes,
al kyl pyridiniumsalts; am nes, am ne salts, am ne oxides, imde azolinium
salts, prwbanarmesdguat er nary acryl am des, nethyl at ed quaCenusasog/opsBy mer s,
and cationic guar. 22. Use of a conposition according to any one of clains
1to 2 1 for the manufacture of a nedicanent. 23. A nethod of naking a
nanoparticul ate | eukotri ene receptor antagonist and corticosteroid

conposi tion conprising: (a) contacting part icles of at |east one

| eukotr i rece ant a t h at, n rfage stabj e for a
. Rt STOTE TR ST et Lamp g . N AkHoBaM Choa dimets!

| eukot ri@fpehyl@eBPt ShmehfuRdebSde, &IPS glamn%mﬁﬁ\ﬂange a gﬂﬁlﬁeﬂlyréﬁlﬁ&ﬁﬁlﬁge
particle size of |less than about nm and ing a corticosteroid

to the selémdiditidinethylanmpenivmtshle lmldnmethyiz arnnrommm ehlotdensthoxiyhaged
contactj e [ east e surface
stabili z &‘Jaﬁléﬁ%ﬁ%g l%'i&l aftconzﬁc?{‘ gar%ésjd eé‘f&; }glltnénr?tm% g][’]ovi de a

nanopardﬁalEjdbﬂizEnéldmﬂdymelﬁlQmemmpﬂLdld@lyldiﬂl\éthﬁgalﬁfhoﬁflfnﬁ clilbM@e,ayer age
particle size of |ess than about 000 nm met hod of claim 23 or

cl ai m seradgpddigethylbrnzylammenivay cabﬁﬁ? mﬁbycgaqer{%{ ralgyl(Cromd dEpethdti-on,
preci pPighghthPhetB aditRShiud chiokide! dddedy 18t yI6ESS1 i¥monium chloride, dialkyl

benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride, alkylbenzyl methyl
ammonium chloride, alkyl benzyl dimethyl ammonium bromide, C;; trimethyl ammonium
bromides, C;5trimethyl ammonium bromides, C;7 trimethyl ammonium bromides,
dodecylbenzyl triethyl ammonium chloride, poly-diallyldimethylammonium chloride,
dimethyl ammonium chlorides, alkyldimethylammonium halogenides, tricetyl methyl
ammonium chloride, decyltrimethylammonium bromide, dodecyltriethylammonium bromide,
tetradecyltrimethylammonium bromide, methyl trioctylammonium chloride,
tetrabutylammonium bromide, benzyl trimethylammonium bromide, choline esters,
benzalkonium chloride, stearalkonium chloride compounds, cetyl pyridinium bromide, cetyl
pyridinium chloride, halide salts of quaternized polyoxyethylalkylamines, alkyl pyridinium
salts; amines, amine salts, amine oxides, imide azolinium salts, protonated quaternary

acrylamides, methylated quaternary polymers, and cationic guar.

22.  Use of a composition according to any one of claims 1 to 21 for the manufacture of a

medicament.

23. A method of making a nanoparticulate 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.
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24.  The method of claim 23, 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.

25.  The method of claim 23 or claim 24, wherein the contacting comprising grinding,

homogenization, precipitation, or super critical fluids processing.
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