NANOPARTI CULATE LEUKOTRI ENE RECEPTOR ANTAGONI ST / CORTI COSTERO D
FORMULATI ONS FI ELD OF THE | NVENTI ON The invention is directed to
conpositions conprising at | east one nanoparticul ate |eukotriene receptor
ant agoni st and at | east one corticosteroid. The corticosteroid can be a
nanoparticul ate corticosteroid or a conventional, non-nanoparticul ate
corticosteroid. The conpositions are useful, for exanple, in the

prophyl axis and chronic treatnent of asthma in adults and pediatric
patients and for the relief of synptons of allergic conjunctivitis and
seasonal allergic rhinitis in adults and pediatric patients. BACKGROUND OF
THE | NVENTI NANOPARINCUTATE BEEKO TRIFNE RECERTORRANIAGOMNSTHgoni st s
Leukotriene receptor a STEROH FORMULATIONSbe ef fi cacious in the
prophylaxis and chronic treatnment of asthma in adults and pediatric
patients and for the relief of synptons of seasonal allergic rhinitis in
adul t s. Leukotrienes are biologically active fatty
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snoot h- muscl e bronchoconstriction). The drugs can be taken as a tabl et once

or t WBACKEROUNDORTHE ENCENTION Wi th | eukotriene- receptor antagonists
show good anti-asthmatic activity over a wide spectrumof asthnma severity.
Leukotri ene-receptor antagonists are also effective in treating | allergic
rhinitys, ' | ! | L h. ast hnma.

Leukot“*'i en\emrc gg%ﬁ@?ﬁ%#&g‘%@@‘%gﬁ&??‘{e}l‘iﬁ%ﬁﬁs’@éﬁz. dal, are al so known as
LTRAs or anti-inflammatorybronchoconstriction preventors. To date, the U S.
Food and Dilggkotriene 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 derived from the oxidative metabolism
of arachidonic acid. Leukotrienes work to contract airway smooth muscle, increase vascular
permeability, increase mucus secretions, and attract and activate inflammatory cells in the
airways of patients with asthma. The action of leukotriene can be blocked through either of
two specific niechanisms: (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



Adm ni strati on has approved three LTRAs: zafirlukast, nontel ukast, and
zileuton. Zafirlukast (Accolate(r); Zeneca Pharnmaceuticals) and nontel ukast
(Singulair(& Merck, Inc.) are both selective and conpetitive |eukotriene
receptor antagonists of |eukotriene D and E. These are conponents of

sl owreacting substance of anaphylaxis. Zileuton (Zyflo(r); Abbott
Laboratories, Inc.), a specific inhibitor of 5-1ipooxygenase, inhibits

| eukotriene formation, especially LTB1, LTCl, LTDl1l, LTElI. Additionally,
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| eukot ri enAs & Class, Tédukotriene 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.



receptor antagonist. The initial response after a single dose of nontel ukast
occurs in 3 to 4 hours. The duration of action approaches 24 hours. In
clinical studies, nontel ukast admnistration yielded inprovenent in several
ast hma paraneters. These included inproved FEV 1, day tinme and nighttine
synptons scores, and reduction in as-needed beta-agoni st use. Mntel ukast
has al so been denonstrated to provide significant protection against

exerci se- induced asthma. The suggested pediatric dose is 5 ng/day. For
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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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predni sol one (Prelone(r)), prednisone (Cortan(r), Deltasone(r), Liquid
Pred(r), Meticorten(r), O asone(r), Panasol-S(r), Prednicen-Mr) and

St eraprede), and triantinol one (Kenacort(r), Kenalog(r)). Corticosteroids
act on the inmune system by bl ocking the production of substances that
trigger allergic and inflammtory actions, such as prostagl andi ns. However,
they also inpede the function of white blood cells which destroy foreign
bodi es and hel p keep the inmune system functioning properly. The
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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.



wi th other asthma nedicines, such as bronchodil ators (nedicines that open up
narrowed breathing passages) or other corticosteroids taken by nouth.
Exanpl es of inhalation corticosteroids currently commercially avail able

i ncl ude becl onet hasone (aerosol, capsules for inhalation, and powder for

I nhal ati on); becl onet hasone di propi onate HFA (aerosol); budesoni de (powder
for inhalation and suspension for inhalation); flunisolide (aerosol); and
trianci nol one (aerosol) C. Background Regar di ng Nanoparticul ate Active

Agent Conp SItI n e active agent corrpositions, first
descri bed ?n U +\la ﬁlﬁr{'%osglgl 84 ("the '684 patent"), conprise

particles nﬂzaaubﬁ%moﬁeﬂoﬁasl de borbscRAKe e diéingh, amé%&é ised 46 Rélp ﬂié%hﬂg
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compo et b 5 bl s ARRK prBRR 3R BE Bup S B Felf S e A afack
nanop&fathgstahea@ §étameéd. Met hods of nmaki ng nanoparticul ate conpositions are

descrl bed, for example, in US. Pat. Nos. 5,518,187 and 5, 862,999, both for
"Met hod of Inheled eartivgsterpidnerkihy praventing sertaie eells'in thedungsand heeathing7 13, 388,
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Cont aivithotheNastbina niddidiacs, sudliaaacwﬁrchmmaltas éméditinvethadedn ORRWedi ons ar e
al so descri bed, for exanple, in U S Pat. No._5,298,262 for "Use of lonic
O oudbreathing nessages)or othes coxticosteroidssken dyanowihr Byamplen of inbplatign St er i | i zat i on;
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For Nanoparticul ate Ray Bl god Poql Contrast ent S USI ng Hi gh Mol ecul ar

Wi ghbudqwm%moav snfqré\%haéafttogan suspensigmfor inpglationy #H of X- Ray
Imagl ed Aromati c Propanedi oates;" U S Pat No 5, 336, 507
for @ gﬁ*"% rgegbal hosphol i pi ds to Reduce Nanoparticl e Aggregation;" U.S.
Pat. No. 5,340,564 for "Fornulations Conprising AQin 10-G to Prevent
Particle Aggregation and Increase Stability;" U S. Pat. No. 5,346,702 for
"Use of  Ngheldbinid Rephiri Nahgfmi It Ackife MgBhrCompbigirpar L i cul at e

Aggr egati on ng(r}| ng S?eﬁlﬁgzatio chy ¢ eMg gibllgi 957 for Prepar ation
and Magnetic Properties of Very Snall I\/agnetlc Dextran Particles;" U S.
Pat. No. SNaEpantaldtoactiveagentcompositions) figadescribed 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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Modifiers to Prevent Particle Aggregation During Sterilization;" U S. Pat.
Nos. 5,399, 363 and 5,494,683, both for "Surface Mdified Anticancer
Nanoparticles;" U S. Pat. No. 5,401,492 for "Water |nsol uble Non-Magnetic
Manganese Particles as Magneti c Resonance Enhancenment Agents;" U. S. Pat.
No. 5,429,824 for "Use of Tyl oxapol as a Nanoparticulate Stabilizer;" U S
Pat. No. 5,447,710 for "Method for Making Nanoparticulate X-Ray Bl ood Pool
Contrast Agents Using H gh Ml ecul ar Wi ght Non- |on|c Surfactants;" U S
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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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Oxi de) Polymers;"™ U S. Pat. No. 5,585,108 for "Fornul ations of Oral
Gastrointestinal Therapeutic Agents in Conbination with Pharnaceutically
Acceptable Cays;" U S. Pat. No. 5,587,143 for'Butyl ene Oxi de- Et hyl ene

Oxi de Bl ock Copol yners Surfactants as Stabilizer Coatings for

Nanoparti cul ate Conpositions;"” U S. Pat. No. 5,591,456 for "M || ed Naproxen
W th Hydroxypropyl Cellul ose as Dispersion Stabilizer;" U S Pat. No.
5,593,657 for "Novel Barium Salt Formul ati ons St abl | ized by Non-ionic and
Anionic Stahilizer w2 622,938 for "Sygar Based Surfactant
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Conposi tions u. Pat. No. 6,270, 806 'Usé of PEG Defivatized Lipids as
Sur f ampr@tedfidrinniations of Otdh fﬁapmmiesmnathagﬁosqmmRaydamﬁ'astA&nthd Ondd.
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Lympbhatic System Imagmg," U.S. Pat. No. 5 718,388 for "Continuous Method of Grinding
Pharmaceutical Substances;" U.S. Pat. No. 5,718,919 for "Nanoparticles Containing the R(-
)Enantiomer of Ibuprofen;" U.S. Pat. No. 5,747,001 for "Aerosols Containing
Beclomethasone Nanoparticle Dispersions;" U.S. Pat. No. 5,834,025 for "Reduction of
Intravenously Administered Nanoparticulate Formulation Induced Adverse Physiological
Reactions;" U.S. Pat. No. 6,045,829 "Nanocrystalline Formulations of Human
Immunodeficiency Virus (HIV) Protease Inhibitors Using Cellulosic Surface Stabilizers;"
U.S. Pat. No. 6,068,858 for "Methods of Making Nanocrystalline Formulations of Human
Immunodeficiency Virus (HIV) Protease Inhibitors Using Cellulosic Surface Stabilizers;"
U.S. Pat. No. 6,153,225 for "Injectable Formulations of Nanoparticulate Naproxen;" U.S. Pat.
No. 6,165,506 for "New Solid Dose Form of Nanoparticulate Naproxen;" U.S. Pat. No.
6,221,400 for "Methods of Treating Mammals Using Nanocrystalline Formulations of
Human Immunodeficiency Virus (HIV) Protease Inhibitors;" U.S. Pat. No. 6,264,922 for
"Nebulized Aerosols Containing Nanoparticle Dispersions;" U.S. Pat. No. 6,267,989 for

1)
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Nanoparti cul ate Conpositions Having Cationic Surface Stabilizers;"” U S. Pat.
No. 6,431,478 for "Small Scale MII;" U S. Pat. No. 6,432,381 for "Mthods
for Targeting Drug Delivery to the Upper and/or Lower Gastrointestinal
Tract;" U S. Pat. No. 6,582,285 for "Apparatus for Sanitary Wet MIling;"
and U. S. Pat. No. 6,592,903 for "Nanoparticul ate D spersions Conprising a
Synergi stic Conbination of a Polyneric Surface Stabilizer and Di octyl Sodium
Sul f osucci nate; " 6,656,504 for "Nanoparticul ate Conpositions Conpri sing

Anmor phous cl osporine;" 6,742,734 for "Systemand Method for MIIing

Mat er i Meéhodsc%?rﬁ:s‘,'@@zg stal(agomyth ang ParticlgAggregationin Nenoperisleof ; " 6, 811, 767
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"Control | ed  Rel ease Nan,opaht I cul ate Conpositi oir}s, " describes nanoparticul ate
conposYaPpadculaty awgﬁﬁtlpﬁw(ﬁuﬁgﬁ%@@é iggrsi e S Bal-DNo. RAAL488 t hese
refer i .C I tN ¥ | . ' L, ahi bitor
oottty SlRald ML IR et NG S3t32381 180 MARbCK: Tafpelifl DL DRIFrl 0! 0
conbi tieet Upper and/or Eower Gasttodutestiial Traon't PisH Bat. Noab)58p 285 ifed "Appargdassfor i ons ar e

descri,bed, r e, .| . S.. Pat 783,484 for_"Particul at
CormpoSltisn Wt MG s ok Vot Nan bisapD or NaAGRskoletg Dispegtions .

4, 826 f " . i ; . i ot i . .

Wat er dlé %@)&sgfg Iaegﬁ{&i:%%ﬁ généo%@g%%ds; élghgﬁygégﬁ&@ﬁgkg% ?1)515)‘5 @od;w/gt hod for
Maki n§ulfiosutcinatey’-G6 566504 foafNandpastichtabaComposititnscC nprising AmorphduS. Pat . No.

R e e

5, 77640y shete N drisaOmbl TROOS GBI VP EAS idtia BRIMISLAROR ol L1 asound Back

Scatter’ I ch are spec y 1 ncorp ereln by reference.
Ther e naropartivatate drmgs;t 6;8085626i forn'Canipasitjome heving e wpmbirtation of immediateat i ng

asthma.. Current |eukotriene inhi,bitqr sitjQns and rticosteroid
e orosileass ad Femselied Giease Chrpoteunins, G TS ot RmRRIHL FRIPRA Rt oved
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6,976,647 for “System and Method for Milling Materials;” and 6,991,191 for “Method of
Using a Small Scale Mill;” all of which are specifically incorporated by reference. In
addition, U.S. Patent Application No. 20020012675 A1, published on January 31, 2002, for

“Controlled Release Nanoparticulate Compositions,” describes nanoparticulate compositions

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

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

ant agoni st. The nanoparticul ate | eukotriene receptor antagoni st has an
effective average particle size of |ess than about 2000 mm The
corticosteroid can have.a nanoparticul ate particle size, a

non- nanoparticul ate particle size, or be in a non-particulate form such as
solubilized. If the corticosteroid has a nanoparticulate particle size,

th A I h ffect ticl f
| oos URRsHBBAER S50hS" D7 hish 5 B Be oo BB Eeie | cact “ono
surface StPtd isatleed Bt cot}sitidNPOFIprovEdFbmpositibag fdr%ﬁt:ﬂg%‘s‘&%@r ant agoni st.

If the corticosteroid has a nanoparticul ate article size, then the
conpdsurrdn leuksetnicnt mlb;tnmompesmonslaedgprtm@te ¢<anpossumislhavqagmfmant

nanopak{ i teral d. The.nan Lic ate eukot r| recept or
ant ag%(!ﬁ eé:ﬁec ¢$‘3§8Sl 8?5 x%?ﬂ%b%avfﬁ%aé A% Fr odF’fgfaé? g’r‘?fe%?]ieom t he
nanopsghly dedidbRe. CRtetprésnt ﬁxﬁr@ﬂtﬁbnsddﬁiﬁé@%eséhééaﬂ i zer. The conpositions are
useful in the prophylaxis and chronic treatnment of asthma in adults and

pediatric patlents and for the relief of allergic conjunctivitis and
syt OF HHE| INVENIFON rhinitis in adults and pediatric patients.

Conbi - +i casteroi d
sonol e 1 orthe Lﬁ%@?zﬁLlf@‘?«?c%eid"f.%%%wﬁ%%%" Rlng! dolithslebid B3, Dot ent
conpldaapgetitidate Itk Rile $¢depOr antayoriste THO aatpattivultte Rukeihérecktopne

enbodi ment, of the invention, the_ conpositions can be conbined with at | east
one RtAgeRiskhasian gifegtiveaeragsiparticlsszenidess than shout 2000 nmn Thet anot her

thodi

e e S ARl B AL RER B LT A e

dosags ih @meB-pafticalate faml swheas soRbilizad.t Ifaks erlicdstsrbiditak Qﬁﬁnd)}fhbﬂldiﬂét@r and at
| east one corticosterojd are described. Such aerosol conpgsitions enable

| ocalDagtisl ize; thesk the gordicostereid pastigles have an cieetiveverage aBiviatizawides
cort 'tﬁ%f{b%hfidbo ' §8e 5?@8%%1&%3:& 885 cbin nﬁﬁlr e%?%ﬂg?%%&fagg &aﬂﬁtﬁeﬁ oyer w !l be

expose ower anoun as Cco mnirs I on. The

nanophé hmphlﬁb&lateﬂeiﬂﬁimeﬁlecept@%wgﬁmsﬁﬂf&&%rﬁ:‘dosi&ﬁﬁdéhas & hirespaiticalate/ er age
particle size of |ess than about 2000 run. The corticosteroid can have a

nanoRaFticlesize thendhe cpmpesition ean alsofommrAR ailgast oe Furface stabilizer £1si ze, or be
N 3 BORRAE UGt RN TR 46 Rk Ml ifte rideptod SnfaBbAiL G O 0 has 2

nanopar
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

o=

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



particle size, then the corticosteroid particles have an effective average
particle size of less than about 2000 nm The conpositions can al so
conprise at | east one surface stabilizer for the nanoparticul ate

| eukotriene receptor antagonist. If the corticosteroid has a nanoparticul ate
particle size, then the conposition can also conprise at |east one surface
stabilizer for nanoparticulate corticosteroid. The nanoparticul ate

| eukotriene receptor antagonist surface stabilizer can be the sanme as or

different from,th anopartjcul ate rticosieroid rface .stabilizer. In
f, m ﬁfﬂ [ L cQ fl#’e

yet erfiPBiROsterAIdowhich zesplis mlessdiver fqgicity sinrsdhe livssavillbeexposedy@ IAWSn can be

f or mul | ' ' W!minﬁ& ul - At knhhal ati on
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ot her panticle sime,dbemsthe horicosteroidpartipleshave anaedfebtiveoaverdgatpadtivde siacofless n t he
formof a,sol i on or.,an appr.opri ate. solvent, . .dispersiqgn o yuspensi on of a
C ormodhes uRo 200 i e SomRBH ARk Blsh Compipeat 1645t Re Sirbign SbBRPRE” | 't he

for m qhe Barkpaticuifs leakotABRY RBSHEH fitspPhise N theiosREsierdia Has a%}dilﬁcgﬁﬁduﬁ%ei n a

liquid phase. Another aspect "‘of the invention pertains to persions of
t he cqapiidé sizeyribenthe composition cant dlso ¢amvwrise iatleastione sunfacerstabiligepfiari t i ons are

. 2 ok B s Ao Sl PR RS SRER,
, | ‘S
opt i ongdilizer BarPbOMElshdB hs of difRRAL SM tBehabpaRTthla®d cdrii€ostédyRNutfase there is

provided a nmethod of preparing a nanoparticulate |eukotriene receptor
ant agotabilizef.or nul ati on. The met hod conprises: (1) dispersing the |eukotriene

receptor antagpnist,.in adjquid dispersiaon.reda;.and chanical |y
Feduci ng ¢ 1 TR podineaf o b by BR cBmRRaE™ SrdPiehile oBER ot Lo an
ef f ectiMBulattd ifts SIBAURioB2hdshE; b odill #FoRhulh®sHs. AiPiRhaARQH fotRiatioRlcatbs il f ace
stabilizer can be added to the dispersion nedia either before, during, or

af t er ljspiid dispession aerosedduetdry powderasemsab | 4 liquidesopiosition foredalivetyivia @i sper si on
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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 antagonist formulation. The method comprises:

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

mechanically reducing the particle size of the leukotriene receptor antagonist to an effective
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An exenpl ary nethod of preparing a nanoparticul ate corticosteroid conprises:
(1) dispersing the corticosteroid in a liquid dispersion nedia; and (2)
mechani cally reducing the particle size of the corticosteroid to an
effective average particle size of |ess than about 2000 nm A surface
stabilizer can be added to the dispersion nedia either before, during, or
after particle size reduction. Preferably, the pH of the liquid dispersion
mediumis maintained within the range of fromabout 3 to about 8 during the

si ze reduction.pr.ocess. ..The ¢ lcosteroid can be reduyced.in sjze

si nmul ?Vgﬁ%@gﬁﬁfl%lﬁofﬁés ?@h%ﬂ“??@%@e re gtﬁpﬁéﬁrcﬁ@if’ ,a%g?d]r[%tbe active

agent giseréloR tedRibiheFbéfores Hurtng, Or 8RR Faricte AEOFRAHM S MERrdblethe pRGPI ned. The
surface stabilizer for the | eukotriene receptor antagoni st ‘can ‘elither be the

sane the ligniddlispessiemmediugnisimeaintgined sdthinsthe pirge o6 frofrabouib 8 te ebduit8ost er oi d.  Yet
anot her. aspect of, the invention provides a nethod of treating a mammal in
need,&q%ztﬁfjﬁizﬁbedgc M?esébrrpri sing adm nistering to the mamal a .
nanoparti cah %ﬁc&nﬂ)l@i;}kﬁéthb@ Bﬁp;e%aﬁlﬁhé)é hﬁo?%&ﬂa%ﬁﬁé&te@oiﬁ%ﬂﬁ@ﬁkédz on according
to the invention. The conpositions of the invention are useful in the

pr ophil) dispersingdhe eprtiposteroiddn atignid dispessiommgdianandi(2) mechamdcallyadiucing c

ti f. | i ef of I j ' d VL d t f
Ceasoapertlfs o eibeoR o B ARt R B B R S To be
under2000qgn.t Axurfaed Stabiligerican boadded t6 GiRaliglersiaibmetfteiher Buore! dgigdbt oW ng
detail ed description are exer;‘gl ary and einI anatory and are I ntended to

pr ovi after pasticlecsize redystiona Preferably, thewH ofthe liquid dispetsion mediunOisher obj ect s,
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DESCRIHRTdoglibdsterditiizah bYELb&Nn shie siMehatieSHs]y hathaBeRARbkieAOfecaptoPT di ng to the

i nvention conprise at |east one nanoparticulate |eukotriene receptor
ant acftagonishea the active ageniheanchgreduced inegize i separaterpinendurasiasdithane | eukotri ene

recep . ni . | ver rticl | ze, of, _|less than
about&% iﬂ‘%usﬁé?ﬁg%ﬁgﬁrgéé@gﬁeﬁguc 3% r%gﬁtgpgnt%%%ﬁgﬁ? Fﬁ‘ﬁ?‘&f’ epar ticle

Si ze, sathert8idr QERRER T tHeahufface Ribilifdr forthe Corti0dstér®id.n @ non-particul ate form
such as solubilized. If the corticosteroid has a nanoparticulate particle
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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
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surface stabilizer for the nanoparticul ate | eukotriene receptor antagonist.
If the corticosteroid has a nanoparticul ate particle size, then the
conposition can al so conprise at |east one surface stabilizer for
nanoparticul ate corticosteroid. The nanoparticul ate | eukotriene receptor

ant agoni st surface stabilizer can be the sane as or different fromthe
nanoparticul ate corticosteroid surface stabilizer. Any |eukotriene receptor
ant agoni st can be included in the conpositions according to the invention.

Exenpl ary, | eukotri en ceptor antagonists include, but are pot limted to,
mont &%k &8¢ corfigesterp V5 A nERAPSRIculte. pATHKlS Size, 3 Ren-panopaticulalt odr ugs,

est erguridlésis il 2 h A68- n %Ia%‘é)fom%éh%%&gm&rrmﬁe GitflcRferbigds b the
o the 1 nveh

conposi tions accordln t1on corticosterol ds include,
but amopar&cdla@pamd;kt size, fthent the mumterbmmemve ahleffamvetmlemge nmomet asone,

fl Li.d , becl th t
o arHIE Sie OF o5 BAR Ao 008 R b6 compoHEoGH i A RISTETIE ShIsAtAR80ci noni de.
f I uni getbd@a MK TP thahan A5 Rifotri E#%{ége;ﬁ BRI 218 a Behic T LRAL | ons

t hereof . Advant ages of the nanoparticu ukotT1 ene recept or
ant agwes iasmnqmmmﬂais particlecsize; thepdisd ¢dngpusitioh cah alsd mm{pﬁsc)mt leastbneonvent i onal

f I but ted | d t
o uEFeeS laibg a1 B B Fosox R The PaoPerichlas SbRERe 1opGHHR o1 2 or
vol urg ;%Hﬁwiﬂuf’ﬁ@@@ﬂ%ﬂﬁepéaﬂadéﬁhé éds d S\ﬁ&m'ﬁmmé ﬁB‘El:‘ﬁlhfé dosages due to

enhanc bi oavai l ability; re uce of unmante side effects; (6)
enharnombopamléﬁm'fauccsmbdmeence and conpliance; (7) hi gher dosages possible

t hout adye de effect ff I nd t t t
of ' ast hm A RBKTHES ARG ﬁ%eénﬁlgdeecﬁwﬁf ofmpR e R BiiesR rol | of
of  althe{ri¥kmidiP TBALlAY WSt r&ﬁégﬁpr g st§ ﬁﬁ%ﬂéabutaér+ ﬁéﬁixﬁltéd"'t!o”' tisin

adults and pediatric patl ents. I nvention al so | ncl udés
nanopaonteluklasze,tmﬁﬂaklmmheem, prenlahasnrthemsalmgpmdmgs,(nstdrs awbtombinationsnposi t i ons
t oget th one or nore non-toxic physiologically acceptable carriers,

adj u ‘?ff’ or vehicles, collectively referred to as carriers. The

conpOSi ti Oy ERfcdBerbRIAH LB SS ke B RAHRAERoddNBE L B ibferfion, | Nt r avenous,

i ntramuscul ar, or 12 subcutaneous), oral admnistration in solid, liquid, or
aer oéiﬂenfpcbarmcmagstmds include, but aremat limited to, fluticasonegybugesonitles s, oi nt nents or
drop

LT TR T S A T N T LRI
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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B. Definitions The present invention is described herein using several
definitions, as set forth below and throughout the application. The term
"effective average particle size of |ess than about 2000 rim" as used
herein means that at |east 50% of the | eukotriene receptor antagoni st
and/or corticosteroid particles have a size, by weight, of |ess than about
2000 nm when neasured by, for exanple, sedinentation field flow
fractionation, photon correlation spectroscopy, light scattering, disk

ot her techni ques known to those of skill in the art. As

trif t
ﬁggdr IH*B %}?ﬁ{eggsab%f admjnjstrafien tHebidskiqds op peroseldoms, vaeinal.diasalrpoiaki | | i n t he

?Ltergrbgre uses of c%ehso &%n%?gﬁtps)gp%&%%w}esg%ﬁ%l gg%léslﬁﬁge Org?qu??aﬁary skill

| n t hadmitisgitionpatdhe tiket Axreferreddonige formi 18 atsemdsol dpbgdformi | 1 mean up to
plus or mnus 10% of the particular term As used herein, a "stable"

| eukot i ene_regeptor antagonist particle and/or corticosteroid particle
connotlys, RABIEORSG: | inited to a | eukotriene receptor antagoni st particle
and/or corticosteroid particle with one or nore of the follow ng paraneters:
(1) the @%Qé]h' : cles do
not apprecfﬂ%%é Fﬁﬂ'ﬁ :ﬁ%{ﬁgé gérSCﬁQ%g orrer%gltng@%egalt&é I'n é?;ég‘r% Pfo %@{oﬁ active
f or cesandthrougteutiheapplicatiohi cant |y i ncrease in particle size over tine; (2)
t he physic strugt re of the |leuy otr| e r cept or nt aggni st and/ or

corti cost eraléiederﬁhrec echugavezage lf %Hmasasﬁ’y“e‘gb‘?ﬁ@r si on
from aReqTBPALE SOATTGH Rufotfib e e

recept or gﬂ{aa oﬁfsst@%n orﬂgg?tlﬁce?setgrt ta%ggﬁt??.n#%)scoaresteﬁ%iﬁ:ﬁ%g{ F@y st abl e;
and/ ohayely smdxyewlght bElekothan et aeﬁthnpthammcbby,ememple;ort i costeroid

has not ..been..su a,hegating ste above the It| t of the
Ieuko??%@wpg’& gjﬁﬁodo"&%aﬁwg?’ an P’i‘ QFPY> ]il ‘%Pg-pfg? tion of

the nRpRRR d%fmerttébﬁni @ﬁ&dvmo {g@ of Sl in BRI WE ntlona' or

"non- nanopa t|c ate act| agent or leukotriene: recept or antagoni st

and/ or cor tAsosed bereing “atival’l witbbenalerstxdi byepeagpms bf oslindry skilldn thedcband ene
recepf’{“‘gl ant agoni st and/.or acartlc terma&\rldtglch IS soI |I|ze r V\/mch
has anVEEBCPSGIDe S¥iEL O thepoptext mopiuclLjtjsuss e 1963 0f e Wt

oot Ao s 0 aesh A st o vo o1 o
dr ugs“abouttiwibimean ap to plas er minus 1004iofthe pa'tlcmiamerm
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
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solubility in water of |ess than about 30 nmg/m, |ess than about 20 ng/m,

| ess than about 10 ng/m, or less than about 1 ng/m . As used herein, the
phrase "therapeutically effective amount” neans the drug dosage that

provi des the specific pharmacol ogi cal response for which the drug is
admnistered in a significant nunber of subjects in need of such treatnent.
It is enphasized that a therapeutically effective anount of a drug that is
adm nistered to a particular subject in a particular instance will not

I ffecti lLn t ty th difi / di d i ped, h in,
cven B ee GF et o obE Ao atn usppanicn iR bt el AP BERYE amount
by t higse an‘éi‘feéﬂiielévefa@m_bﬁc&r size Jf&ss i boRPI(00GHA 8L € as used herein refers

to a state of matter ich is characterized by the presence of discrete
par ti cl es, Theephrages‘poorbywates solyblerdmigs? as nsedheesin rafersdd dtugsithatbiavees shape or

h . JThe. t "Aul tj ' te" ' lit f
i sor eyt id Vs BE B B B 40 5 s tidh R0 20 i 15 Qi B S ur o
t her ef/mll 6€lefaban Aouell nigi@illr size, shape or norphol ogy. C. Features of the
Nanoparticul ate Leukotriene Receptor Antagonist/Corticosteroid Conpositions

Ther e ar e 4s hspdthsreinfthephrase dherppeutinaltyot flagfive kmotiet? meaps thetdreg dasage he

nanop lculate | e trl ene receptor antagoni st/cqrti.costerqi d,conpositions
of t h@?ﬁtﬂ{\gx‘é‘ﬁ?ﬁ (i speciic phrtriaed Sgicdl rpotie BEPRichyS g S SERBUTRRRT = or ¢ he

| nverdigmficart REmBarsiRabjets ih Ad IFSUKPEEdRBR, TERRRIPAAsized that a o
antagoni st/ corticosteroid conpositions exhibit increased bioavailability at

t he sthemapeisisally effective ampunt ofst drvg thay isradminist¢raddqai pagticiarisubjectdoges as

compazr g Bl AR EDR IR st VERL e S SRR S BER BeSped ;. ang
cor t i epéih Sveh thoughBad ddsagsis deeribd BshelEethembarRally efffétive@dunt by HHose
Cortone r%, Decadron(r), Cortef , Medrol (r), Prelone(r), ortan(r),

Del t aafokilinjthe att.qui d Pred(r), Meticorten(r), 14 Orasone(r), Panasol-S(r),
Pr edni - St er. Il COLt d K | .. 2. Th

O o AR e SEREA W RO SR B B

Ant aggiths pteaendel of discREOHAHiCIOETHRAE,  1RAG G Rarifids iffe§RetitsloPthefr Bize, shape OF

Fasted State of the Subject I'ngesting the Conpositions In another enbodi ment
of t has merphelogynTheteon “pudtiparticulatelmsased bereintraedns aipburaliyrof 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®, Singu]air®, and
Zyﬂo®, and corticosteroid compositions, such as Celestone®, Entocort® EC, Cortone®,
Decadron®, Cortef®, Medrol®, Prelone®, ortan®, Deltasone®, Liquid Pred®, Meticorten®,

14



receptor antagonist/corticosteroid conpositions, wherein the pharmacokinetic
profile of the |eukotriene receptor antagoni st and/or corticosteroid
conpositions is not substantially affected by the fed or fasted state of a
subj ect ingesting the conposition. This means that there is little or no
appreciable difference in the quantity of drug absorbed or the rate of drug
absorption when the nanoparticul ate | eukotriene receptor

ant agoni st/ corticosteroid conpositions are admnistered in the fed versus
the fasted gtate. Bgnefits of dosagegform which substagtially elimnates
the ef@rasanecsPangsl-S n ragaicenM ,iSterapted o Kenagert|,@nd Kevalogni ence, t her eby

i ncreasing subject conpliance, as the subject does not need to ensure that

WEh oo Sy SR P B S S o,
corticosteroid, ecﬁ%&é‘é”% 8t Qf’mé’(?' OBs gre pot AllRe ?’Yﬁé"drug i s

bei ng prescri be(F‘ﬁrﬂf tesh3tat t

G
e dupject Ingesting the- Compp$itigus hy at t acks or

allergic rhinitis. The invention al so provides nanoparticul ate | eukotriene

receptor  dnkAGHe dhbcddnbhteT SHetihtrlion WeRRibed bR nBptibalaR 6@ tiaR! €
pharmacoki netic profile when admnistered to mamalian subjects. The
desi r deeptosantagenisikdontieastergid 6empesitions; whereindsthe phamiacokiactic profileoefithene

o iR B8R b G SRR BBl R bl o or
corti qofetied by the foll O fakmiaR6of Dsubjéet RgBSTHR Ré comPEITHE. | Phis fdedheht f ol | owi ng

admnistration, that is greater than the C. for the sane

non- naksp irlittle or ae apprecirble diffasence e thstquantifyitof doug ahsorbgd or the ratgrafidewsst er oi d

formul at i .ok pel . J _—=lgl /! . AUC for the
Ieukotargéégﬁ{é]orf @géé)@gigg%@ﬁés [L%]éétglgger g@%&?ﬁ@c@&@é%ﬂéﬂ% tgr%ugssayed in the
pl as meobositionedrealmbdisteredjiethe fedVdrond the faekdistit&t ration, that is greater
than the AUC for the sanme non-_nanoparticul ate | eukotriene receptor

ant agoni st Benefitsof a desagedeme which subsamtially eliminptey the gHectod deodinslide an and/ or

(3) a; : & ' . | S d Ay eroid,
wnen 13EE0e P TSR so SRS At5el AEERA e AMGRERLBla R s e SRULALTREL T 2 Do
that indt heed3o hsurdiehiat theg are takifp aldose €itide withror Rethepefdodc Tthad i sigaificant; | ene
recept or ;antagoni st and/or cortjicosteroid, adm nistered at the same dosage.

The daswithmoer suhiedtaemRrliznse iwithys lspkotaenergcenierantagonist and/prcartigosteroid,

P ecep bl bk bE R afédicel ARASON Y wicilihe e s Rl BrestIBG oy bESLyun T 20°
| eukotuijeg @ ih@ e8I bsthith afauks of alérgicahinitiy; t i cost er oi d

The invention also provides nanoparticulate leukotriene receptor

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

when assayed in the plasma of a mammalian subject following administration, that is less

15



conposition exhibits in conparative pharnmacoki netic testing with the sanme
non- nanoparticul ate the | eukotriene receptor antagonist and/or
corticosteroid formulation, admnistered at the sanme dosage, a T. not
greater than about 90% not greater than about 80% not greater than about
70% not greater than about 60% not greater than about 50% not greater
t han about 30% not greater than about 25% not greater than about 20% not
greater than about 15% not greater than about 10% or not greater than
about 5% of the Tmax exhibited by the non-nanoparticul ate | eukotriene

r ecepttban taTagdr the samgmen-napepari@ate leyketriene regapion antagottisandiont , t he

| eukot e . ' r rii.cqsteroid .conpositions of the
| mventSReSierdTE b RSB e R, T8 deEetie PhinperoRiRo ke e
non- nagedhéreing islthé phdrfiakekinétiy ofikardbared afibrte Mifihl 36 bPthedikotieast er oi d,
adm nistered at the sane dosage, a Cm which is at |east about 50% at

| east rmtﬁram@a%iswdmﬁrﬁcay@mi&.zoO% at |east about 300% at |east about

400% at | . %...8 % .at L eas about 70094 at
| east aboulezE @hﬁ%ﬂﬁ@u&e&ﬁép rgl%SJS?fe&%@&?ﬁg{ecgﬁgg%m%%o&bsﬁ%ﬁé{ebg}gﬁg?stqrg st about
1100%cogipokieias exlibitsin coalR4tive phhrarbkiabid festirRORfth thitl sahRamh- about 1400% at
| east about . 1500% at |east about 1600% at |east about 1700% at | east

about negeRRIticulate the lewkoirienggeaptor putagonist ansy e corticgsteraid famulgtionpi t ed by t he
non- n Lol ) i r ' nd/ ac rtjcosteroid.
" o ARttt BeSalr 04, £ 10 rSE BRLAE thaB AbOEIYE ol BHLaf 1abaO0

cort i c89%,@bbgdatet than @boiti 7004 not gielxer thal aboiitG0YE bt frchtet thafi AbHEISIA, 6t
phar macoki netic testing with the same__non-nanoparticul ate | eukotriene

r eceptaeatertharyahout 30%naot@reates thanaboub? Yo dnat grentar shangbout 200 retereaterd at t he

samne ' ' S 94 ut 50% at
Ieast%%uti /é’ %#\%gééph%ﬁ%bﬁpt !%%“%P %égg at?%#%%?&thaegfm‘f east about
150% exhibited by tikatnandpaticulate lewkasicns euepto? @btporist dndAsitcortizasterotd 5% at

| east about 250% at_|east about 275% at |east .about 300% at | east about

350% at | dngnotherrmbodiment, the leukatriens peegbtoz guagonist andlos cortigpyeroid 009,  at

| east " 0 HF& 0 3 5004 - I t about
700% cg. v )Eelggi?@oé%%lg%m);gg@}g © a F@a°s %é%agg% p h%g%cogp etaes'?l%%gg%hetfgﬁ 7 at
| east rhaaho@icalata leukOtriena 3¢ceptop aiita@iitandfor tatisdstexoil) kdrhB€8fed at theeast
about 1050% at |east about 1100% at |east _about 1150% qr at | east about

1200%5§11e dpsagey %Qmuﬁ’@im 2 JaaptabouiHU34 at #@Sftﬁbﬁu'f W&ﬁ’é dgastahont 20Q%.atot ri ene
receptoly %5%99(5‘% S&trléz%ﬁél%ut G60%! HISAEIRNt500%, R1GRIHNREEEYatALast NE

i

Leukotriene Recepto agonr st7

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 Cyx exhibited by the non-nanoparticulate leukotriene receptor

O

antagonist and/or corticosteroid.

In yet another embodiment, the leukotriene receptor antagonist and/or corticosteroid
compositions of the invention exhibit in comparative pharmacokinetic testing with the same
non-nanoparticulate leukotriene receptor antagonist and/or corticosteroid formulation,
administered at the same dosage, an AUC which is at least about 25%, at least about 50%, at
least about 75%, at least about 100%, at least about 125%, at least about 150%, at least about
175%, at least about 200%, at least about 225%, at least about 250%, at least about 275%, at
least about 300%, at least about 350%, at least about 400%, at least about 450%, at least
about 500%, at least about 550%, at least about 600%, at least about 750%, at least about
700%, at least about 750%, at least about 800%, at least about 850%, at least about 900%, at
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Corticosteroid Conpositions of the Invention Wien Adm nistered in the Fed
Versus the Fasted State The invention al so enconpasses a conposition
conprising a nanoparticulate |eukotriene receptor antagonist and/or
corticosteroid in which admnistration of the conposition to a subject in a
fasted state is bioequivalent to admnistration of the conposition to a
subject in a fed state. The difference in absorption of the conpositions
conprising the nanoparticulate |eukotriene receptor antagonist and/or

corti ost roid when adm nistered in th rsus the fasted state, is
prefe OPE&O@’W&"F%WP il 9 east agﬂ %§§§ Gufit @S%abp‘éts]sm?%aﬁt lsabut 90%

| ess 1 ﬁ@g/ 0 }&E@ % | ess t han
about ;‘%‘&; é}Pesé %?Zenas{ agout % gllcegés k%nkg%%e I ess "han about 55%
| ess mhaopaztivnidte EOkotriers eceptenarigonist aﬂﬁ%cdrmwrdndn about 35% I|ess than

about 35% | ess than about 30% |ess than about 25% | ess than about 20%
| ess than about 15% | ess than about 10% |ess than about 5% or |ess than

about 3% kn on%m@ ofthe LBEKItRRE e9 tof-h‘ﬁ ﬂvlon encorrpasses a

Sher i s G el %@9 L SAnES! 2L
bi oequi val ent tb“glﬁ#";hgf ‘?:orrp05|t|on to a subJ ect ina fed
state, in rticul.ar as defl ned by Cmax .and AUC.gui del i nes |ven by the

U.S. Food IFeRHOnSP ﬁ?%%?eéﬁcf’@@?%%’n SPrAPRYES & gAn g Eur opean

regul §hRbiend SRR Hélﬁh/geﬁ)eist ﬁ%?ao@%d%ﬁgﬂ%%w&ﬁm%e@m ts or methods

are bi oequival en 90% Co e Intervals UC and Crax are
bet vveeamﬁosiﬂon o alsubject ifrfastedstatelis bivequivalanttoradministration df thecdmpsitiany al ence
for r (g a{} ﬁngg%ﬁ poses). To show bi oequi val ency between two compounds or
adm ni t“F‘?ons pursuant to Europe's EMEA guidelines, the 90% Cl

for AUC nu : st between
0.70 to 1. g%w@% 4 gg%@%ﬁ%%%@gs o) t[ﬁ %lg%k%ﬁﬁne%ﬁég?gptor
Ant agdbeuketriene Gzeptor magnmstdndimrpmucms't&mlsl wiient ddeihisteeett indhe fed veess theot her

it ag IRt PSR drsa shees 100U JessanboR S A P At abnoct edl y

dr amajdse thafliabe@! 8404 Q&sﬁ?ﬂdﬂoﬁfsw‘%{q@éﬂhﬁi soorit ?‘S%?l%sé){haﬁ Q@odt%%)tlésk 200
receptor antagoni st an
about 65%, less than about 60%, less than about 55%, less than about 50%, less than about
45%, less than about 35%, less than about 35%, less than about 30%, less than about 25%,
less than about 20%, less than about 15%, less than about 10%, less than about 5%, or less
than about 3%.

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

leukotriene receptor antagonist and/or corticosteroid wherein administration of the
composition to a subject in a fasted state is bioequivalent to administration of the composition
to a subject in a fed state, in particular as defined by Cpax 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 Cpx are between 0.80 to 1.25 (Trmax
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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corticosteroid is preferable, as faster dissolution generally leads to
faster onset of action and greater bioavailability. To inprove the

di ssolution profile and bioavailability of the |eukotriene receptor

ant agoni st and/or the corticosteroid, it is useful to increase the drug(s)’
di ssolution so that it could attain a |level close to 100% The |eukotriene
recept or antagoni st/corticosteroid conpositions of the invention preferably
have a dissolution profile in which within about 5 m nutes at | east about
20% of the |leukotriene re tor. antagoni st_and/ or the corticosteroid
conposi tioft i suﬁ}sggl&!ﬁ% ‘_roﬁﬁgog{. ,gfe‘l‘!‘t‘?%ﬁﬂerﬁ?ﬁeﬂt%’f‘*?mopm/ent ion, at |east
about 30% or at Cresieosteroid (tompositions ofshe lmvensioni ene recept or ant agoni st
and/or the corticosteroid conposition is dissolved within about 5 m nutes.

I n yet ot hglvef BIR B Hodi Isnvemnt i t 40% at | east
about SOL}(;Elyae%2 Ieasrt abogﬁéné%&&ea@ﬁnggg’ﬁﬂ%E)%?@gﬁec gt | east about 80% of
t he | a&gonist/eorticosterojst ecomposditioag ofithe inventiémhavenmerpectédiypdtaaraticd conposi tion

| nver{BFSNEOR B, RapG dissapn of e Sakotregs obiioy fnggonisiandlor fout 00% or
about oqicdsRAS i@PRAatiO AL tRler diBoh bl BLid-ARAILARGB hE: ARLAFABEGH ad/ OF  Lhe

corticosterold conposition iIs ssol v w t"hi n about m nut es. ssol ution
i s prgtatenhibyvaitebility. €Fo inmpraverthdidissoletion profile andskhivavdilabilitnof thSuch a

dissol utign mediumw || prodyce two .very different dissolution curves for
t Wo SIF@SQFE?%C TeEeRlQr mﬁ@P@t m%yqréh%mmm%%eu%uktﬂweg#é@ icgease theghug(®)’ ¢ j ui ces,
K e disdfuilinShthal if QY B4RVl cliledgnphgpye of Tn vivo dissolution of a

conposition. An exenplary dissolution nediumis an aqueous nedi um
cont ai ni ngTheleulsniriéreateaptorsantigonist/cortigdsteoidfcampositions @the dveRdoer ni nat i on

f th di | yved b [ ) b h h
B T N N R Sy R A A A TP
di ssahtidRbtrieaSreze B?%ééﬁﬁosg bhit/ot thé cBFRbL fb%d9<§m SideBld aplsbived emRecept or

Ant agoni st/ corticosterold npositions of the Invention In one enbodi nent of
t he iotherenbodimétteof the knientiom at leastapoutr3 0&honatdedss sband 40 Uosftthe oi d

co sitigons of the inventio e farmul ated intg soli.d dose farns,
) B dceator aptaBERst i s wBoaR R RmpOr ot ot YoV AR age
partifhodt § by, iRt 6BeH SREIdHRENts BPHR VA6, 48 FaR fout @;%?ﬁQéﬁsﬁébo%f‘d/ or the

corticosteroid particles is less than about 2 m crons. I's is significant,
as i f50¥act leastaboib®0%:; 4t deast sbouh 20P6parrat least aboat 8@ lof threi lewkotriensaptaptor

ant agoni st, and{,or,the . corticosterpid.c sitigns di ot. redi sperse to a
manogREoks SRSt PritipBp oS op i esorved Wit abodt 18 Thinfes

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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dosage formmay | ose the benefits afforded by formulating the | eukotriene
receptor antagonist and/or the corticosteroid into a nanoparticul ate
particle size. Indeed, the nanoparticul ate | eukotriene receptor

ant agoni st/ corticosteroid conpositions of the invention benefit fromthe
smal| particle size of the | eukotriene receptor antagonist and/or the
corticosteroid; if the |eukotriene receptor antagoni st and/or the
corticosteroid does not redisperse into a snall particle size upon

adm nistration, then "clunps"” or agglonerated | eukotriene receptor

ant agoni st Sand/ Redispersibility Pyofiles of thedasukiottiere Rereptdror ned, owing to the
extremely hi gh sAmtagomist/carticesteroid Compositionsof fise Inventiod ¢ system and the
t hernodynami ¢ driving force to achieve an overall reduction in free enerqgy.

Wth the f ti .of | t ticl t he bi ilabiljt f
Uhe dosage AR emagdfien? of de ARRGROT ot ik Hibns odiion dntaeopistRoRerdiied b ept or
ant ag @dmipositiond os ifetich are FomARAted RS slfd dd3e forse ReludigSpdwdid, vili@mat i C

redi spersion of the nanoparticul ate |eukotriene receptor antagonist and/or
t he caedippesssisuchihnt heraffectivsavieraga patticlensize ofithe cedisporsad henkntriene seeeptor as a

h and | ., d trated. . tifutionlredi [ .

bi or ol BpeRRsCRtLesHhe SRRt Rratielte it RS BRRabp AR S, R B ot ze of

the r ediifuRnedthihiSiddin'th AghophictRtcleuldtiaitattsptoratgdhist RY/GARE | cost eroi d

particles’is |l ess than about "2 mcrons. Such Dbiorel evant aqueous nedi a can

be aneottipostorpid pemapesitionstdidretiredispersecto dawnopaiticudate pagiclessizg, thenghel pH, whi ch
formthe basis for t | orel evance of the .nedia. .The desired pH and ionic
st rené#')ﬁagg?[‘émg Hggelosteﬁﬁq g%ffeg%r%’@i@m é?fﬁnU%uBg gﬁﬂ%‘fogﬁ]aﬁ rg‘éelp?%tondi tions found
i Nt henbigbRst addfsiithe SBitibodkiroidahtd\vaithopatiodste paRitlesigan be, for exanpl e,
aqueous el ectrol%tae solutions or aqueous solutions of any salt, acid, or

base, or a Isdeedi thampuopartiaulate leukeinienhreegpiobiantagonist/carticpstendidbH and i oni ¢

t h. Bi. I t pH i K it t. o5 I in th
L L L e e S
t han %hta%@ni%t%nﬂ/&%@eorﬁ@os&éi@id?ﬂﬁlhé lelikdtaend re€eptbiuntdtonistind/argie from4 to 6,
and in the colon it can range from6 to 8. Biorelevant ionic strength is

al so wetticoptarvighdogs noheedigperse izt asmalliparticleysise upan ddminigtratien, gheni oni ¢ strength

of abqu Q, 1M whi | e ted state intestinal, fluid has.anioni.c strength of
about - lumpe” & askibr Sl in e oepftr SRy anly e AR RATIAST P om The
St omaGie RypdedoWihg ) thé RkierHelyl 206 free ¥MUTBof thE'RahdPartiiitate sysfert 4) :
497-502 (199'/). IT is believed that the pH and ionic strength of the test

sol ut iand thestherraslynamici driviing feage 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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t he specific chem cal content. Accordingly, appropriate pH and ionic
strength val ues can be obtained through nunmerous conbinations of strong
acids, strong bases, salts, single or nmultiple conjugate acid-base pairs
(i.e., weak acids and corresponding salts of that acid), nonoprotic and
pol yprotic electrolytes, etc. Representative electrolyte solutions can be,
but are not limted to, HCl1 solutions, ranging in concentration from about
0.001 to about 0.1 N, and NaCI solutions, ranging in concentration from
about 0.0Q1 to_about O, and m xtures thereof. For exanple, electrolyte

sol ut fomsslightly lgss then:2 @FE:"YI?U’PHY greates éhatld,) upiedior 6. In feramallintestimasthe about

0.01 S b 0 H NaCl or |ess,
about%rﬁgﬁéum 410 éés)&séltm(Eh QOJI?A\% % Fé 6B°a§)o§§°§8e‘éar?%%l§<tures

t her egfrengf 1stam8ﬁell?kxﬁﬁﬁr[ 1) thié BrtS Phdtéd Qe gadlri® Hul kdstan iodie s@éngth 3f MoveCl , are
nost re&esent ative of fasted human physi ol%%l cal conditions, owing to the

pH an8-1Mwhbéle £as thlfﬁmﬂ‘@délabmm sies, rﬁilﬁb@&& Hoi Seees.i liadahlr act .

El ect oLyt t] C HCI

corr es{ti%r’ldepﬁ‘%@t ,og %@3“9%8‘9‘ ‘ﬁ?%wwta'ég S‘Q% ?t th ﬂiflgn MN HCI

sol ut Wmen,’nphmeseekyw@kwm_smgggqpndlt|ons found in the stomach. A
solution of 0.1 M NaCl provides a reasonable approxi mtion of the I oni c

strength céigbelieyad thag GhﬁPH aedbiegicaitrengthof thedpst sphution ds mgret gritical

Orol ofierEght Bitmicuttoten *ALRAAR T SRS blraBa (e Nebner Pllucy °]ﬂE¥s o ary
sol ut bb@ﬁeathﬁagﬁﬁm@@uﬂ&mmmwsﬁ@%d IR} steitE Habay, Sdlfs, sinkle@p exhibit the

desired pH and 1onic _strength, includ ut are not linited to phosphoric

aci d/ préEne seniugate a@d-baswslﬁm W@MSM&QEICM@DG#&%M@W@N ori de,
aceti pot assi um and cal ci um salts of

chl or g%@é?g%%ﬁéﬁg@ Eecggﬁggh fe salts + sodi um potassium and cal ci um
salts of cRepresaitativeribctblytd Solatiind/can bé,Butarealot Hmited &) IHO sopfoassi um and
cal cium jsalts of chloride. 20 In ot her enbodi ments of the invention, the

redi s paiRgin carestraticnEomabept b0 Liorabgei- LN, andi a6t selrionsorangingde er oi d
parti 8&&%@{3&%&5 QM@HW& tsaﬁguttw Gd | Ms%@&u%‘o @kaﬂa @Ee"a”t or any

ot her “sul have an féctrve average partlc € of less than

about cRO@6lyRBolutibfs Sarl e burdro bt 11AREY toabdue 69 X FHC1 oﬁllllwstabb&ﬂ@Oer HCess than
about 1700 nm |ess than about 1600 n | ess t han about 1500 rim less than
about onless; abent 0,004 N Bt o dass.aboutihb M NaCl oxless, aboy Q.- M NaQlosdessn, | ess t han

about a&Ju‘?%.db'i”M ll‘ﬁ?ﬁ of ﬂ:@& aﬁ& Attt Qe dﬁﬁése ei'e%ﬂ'oﬁﬁé) Eglut?&%, 0.01 NHCI

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 HCI, 0.01 N HC], and 0.1 N HCI correspond to
pH 3, pH 2, and pH 1, respectively. Thus, a 0.01 N HCl 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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nm | ess than about 800 nm |ess than about 700 nm |ess than about 650 nm

| ess than about 600 nm |ess than about 550 nm | ess than about 500 nm

| ess than about 450 run, less than about 400 nm |ess than about 350 mm,

| ess than about 300 am |ess than about 250 run, less than about 200 nm

| ess than about 150 nm |ess than about 100 nm |ess than about 75 run, or

| ess than about 50 nm as neasured by light-scattering nethods, m croscopy,
or other appropriate nethods. Such nethods suitable for nmeasuring effective
average particle size are known to a person of ordinary skill in the art.

Redi spersi bt othclyemlmdlments e‘éthsdnmhqg thewedispersedlevkoteiane rdcnpimnantagdlm art.

S P No. 6,3 "Solid Do
Nanop B9 P SoriSe B RiCastlfins o s Riventiod R ira ol i s RIS PO &
Pol y masy eth&uifitasie iha e 1 eFEtive Y Qs partitld bﬁerbﬁwsé ARHEBHR080 nm6

Leukotri ene Recept or nt agnonl st/corticosteroid Conpositions Used in
Conj ule@s th@n abputt 909 ey less thap abewgdi808 nm bessithan phouti 100 atms 1¢se thentaboune

i ¢ MR AN el B GR, Rh e SRTR RAOL R ceaihen About 300 Al B4 i,

seas Oﬂﬂh abdsutrmoam R’!ss fiRhabsest 1900 Ak, 1638 hahRBoAVOO Bt 'l%%&fabbﬁ@ﬂmve”t ion

can be co- formulated with such otheér active agents, or the conpositions of
t he i nmeless than abouti860 om, less thaniaboet 0 no, less daasrebont 650 uwmipless thawalamiti n

conju Lon tiv osi.tions i nvent i on provides
corrpogﬁ nies %@‘ﬁ‘b tﬁg Feéﬁglan(?ﬁ%utggﬂélﬂgﬁ?sﬁ&ﬁ“ﬁg IE$ShEn  ecept or
ant aggkyus 400 A, le89thhn @Bt 330 ninf; Assk GaRiabout 00 M, 1LR8R4n £H38t 230 ARCRss
stabilizer. The surface stabilizers are preferably adsorbed to or

assocthan ehouti20f noh dess thanabeutokSOtine, less than dbout 100hvemy lessetlbmabcmﬂégma 0B t
ticles. Lf t I I
g::]olpg?ﬁeﬁ'éﬁé?‘g%géﬂ %?%Saéqr?ggy F Ol?erfc? eséut Wem%tg :{ng?rgfo Bg&?% Tes aI so have

at | egspropriie fethods eSudhiRbthbdsfitable Fhiohedddin@ SFSUtE dvéragPpartiseAtear@d W t h
the surface of the corticostemd particles. ~The Ieukotrl ene receptor

ant agmmtmmfm@M|$dknﬁhﬂm the sane as or different fromthe

cort!coste d su ,‘f”‘ tl%zer a.g@ stab lizets usef§1 her n do not
chem cal ly P 3?:3551 eyt R%Pg?“@'m é‘b‘?aBF %%b‘b e Edir %osterm d

par ti explOSectibioi U, sPP@tfemlems 986ctor *SH1RA DESRNAebaiclatel NE surface

stabilizer are essentially free of internolecular cross- | i nkages. In
anot h€pmpasitions@omprisihga Spegsgistic Combination a Palyorericfvrfage Stabilizer ansl t wo or

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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nore surface stabilizers. The invention also includes nanoparticul ate
conpositions conprising at |east one |eukotriene receptor antagonist and at
| east one corticosteroid together with one or nore non- toxic
physi ol ogi cal |y acceptable carriers, adjuvants, or vehicles, collectively
referred to as carriers. The conpositions can be fornul ated for

adm ni stration selected fromthe group consisting of oral, pul nonary,
rectal, opthalmc or ocular, otic, colonic, parenteral (e.g., intravenous,

i nt rarruscul ar, or subcutaneous intraperitoneal injection, intracisternal,
i nt r aleukpiieNe recspter antagenist|particiese If thea keqsuogapomnstmoyi E@ﬂsomiesema

conposi e r age form
cel oo pepraRieuie batfole DL h 8 SPboBloRly Bt Ao b ket o AR

di spestabilize: dpl’efembljﬂ adlsokbeido QBWUhﬁted@ﬁﬂﬁthe QRS the ddilﬁédﬁbrélﬁ pafticlespowder
and i Uld |sper5|on aerosql s and pul ponary and nasal aerosols, ointnents,

](c:.r ﬁa ukgisicne recsBtor artagemistisurace stabilizer san beithe spme as at differens fromcthe at e
t abl 3?9&%%’5”83“”%%%9% Slab 08 iffioe Sniliert st el BB eneliclRIBAG P

dosagevifhotherlenkobieherect ptorurithgonist ot portiosssérsid pagtichés ommlfo Pleferabl ease
formul ations, fast nelt formul atjons, delayed release formul ati ons, extended

rel eaé@lVlﬂW@H equlesnf the,snriage stabilizen véasﬁemeﬁdlmfr@tqurmqipctﬂﬂ@@s& mredi at e
rel eag; g 'm%pdipﬁéniﬁgﬁ&ﬁém&g oPHiei \Eern‘t?lfgnt agg gxﬁs%gcﬁrg Qrms of the

i nven are aeroso e ’l'eukott1ene recep
corti mlﬁé surficd stabilize®. i nvention can be in a crystalline phase, anorphous
phase, sem__crystalline phase, sem -anorphous, phase, or a conbination

t her eof . 27he inveatigibalse M@%@W@WCMWIWA&WIPE%&& pt least opecept or

t t .
Ece s P ShieiE sgfiot ARbUIEE oh o e SAERATL b i QRAREH PP obor ROR A P4 70
mont ekdidicﬁplﬁymdl@élbdlly%asﬁtablé bﬂlmesQﬂdJum’) brikeltitles, lcolletivelyrefeered tang rel at ed

i m dazol e al kal oids , fromthe marine sponge Leucetta nmicroraphis (Chan et
al ., sarnms lprcaalpogaeqmanﬁfefomula\e deradminisixebionosslectes from theogroun

2- 2
ElydE oxXyp en fLa:l; opoxﬁ%’pﬁ?end%{hhg&%%gggn?é%) @ cogamcmps ep%e)ral (f ‘Rair salt S,
prodr mVemisem&amasuiﬂarpmuBaim@as)t heraperitonehl irffestione imtacistethd, Any

corticosteroid can be used_ in the conpgsitjons_according to the invention.
intravaginal, local, buccal, nasal, or topical administration. The compositions of the

('D

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 ina
crystalline phase, amorphous phase, semi crystalline phase, semi-amorphous phase, or a

combination thereof.
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Exempl ary corticosteroids include, but are not limted to, fluticasone,
fluti casone propionate, budesonide, triantinolone, triantinolone acetonide,
nonet asone, flunisolide, flunisolide hem hydrate, dexanethasone,
triam nci nol one, becl onet hasone, becl onet hasone di propi onate, fl uocinol one,
fl uoci noni de, betanet hasone, nonetasone, nonetasone furoate nonohydrate,
cortisone, hydrocortisone, nethyl predni sol one, prednisolone, prednisone,
and conbi nations thereof. 3. Surface Stabilizers Conbinations of nore than

one surface st zer C he conpositions conprising at |east
one nanoparticu 5'3% Bﬁg‘?’f:fgﬂﬁil“g@ﬂfs r antagoni st and at |east one
corticosteroid of the invention. Suitable surface stabilizers include, but

are not |i ghy efikb@iene féteplor ahtdadiis canBe indRidgd EheQBﬁprﬁ%hﬁ a&a}mfg&' pi ents.
Such excipients include various polyners, |ow nolecular weight I goners,

nat ur thie ipventiont Exeraplar}slaukmcmgeptcsuntagomstssndhdd butare nphlimitedtagoni oni c,

examp ok at el oy Bt it 8 e ipidaRe E acones

hydr Oﬁbﬁrtﬁé%anﬁ@&ﬂﬁﬂgé glewaasﬁckd?mzkmuﬁ el W AP PRbi 056010): 116-21
hydr o ]‘ypro éycel |"ul Ose, ol yvi nyl pyfrolidone, sodiumTauryl sulfate,

di oct (1998))5 ONQ=4057a amd Lé{éP&llllrQ ﬂx@yﬂr3 -[Bel@iathyle-(4 ﬂmlahmwl)d%s) dextran,
st er ol ant h stearJ C aI k | um chl ori de,

gglmc ?ﬁ’fﬂcfg‘f@é‘gfgé)’é PEIROXE}- B$r ? snzalp 4pid 8 ‘é‘f’b%ﬁté’gp C‘é‘f%?racr ogol

23 enmphBddmbimdionsthers®r bi t an esters, poI yoxyet hyl ene aI kyI et hers (e.g.,
macr ogol ethers such as cetomacrogol 1000), pol yoxyethyl ene castor oil

derivatives, polyoxyethylene sorbitan fatty acid esters (e.g., the
commercially av |IabI ens(D such as e.g., Tween 20(r) and Tween 80(r)
(ICl Specidlity @Hé‘?ﬁs '3; pol yet hyl ene glycols (e.g., Carbowaxes 3550(r)

and 9340 Ah&‘b&‘ﬁc@éx@idj&b)be 13ed yoky 86:3}!65%@15%&%&@1%% theCigvertional silicon
di oxi de, phosphates, carboxymethyl cel l'ul ose cal cium carboxynet hyl cel | ul ose

sodi uExemﬂmwomOBt@rmdsamcludy,obt@nspetohynm@d nwlfbmasmy,ﬁlmsomwmmatal at e,

noncr aI l. L ceI I nesium, al um nu siligate eth I am ne,
pol yv%‘fi‘? %ﬁmf@oﬁ’n%a%ﬁt?%‘h Y }15“ blb(#’eh rrer wth
et hyl Eéﬁh%ﬁedm&msm aednrideinbRhe, %elil&%a@énet BLAlSmBMRsoneU perl one, and
triton), poloxaners (e.g., Pluronics F68(t and F'108(r), which are bl ock

copol qamsmsomte flyodipolons fhwpmemalnobqwmtbasen@ mometajone JEPDIRIASONS (€. g.
Tet 908 Kk Pol.
{ ot r s By el ERNRS, BidroraRtyReme iy RPE i tlotd pfednisSioBe

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, dioctylslﬂfosuccinate,. gelatin, casein, lecithin
(phosphatides), dextran, gum acacia, cholesterol, tragacanth, stearic acid, benzalkonium

chloride, calcium stearate, glycerol monostearate, cetostearyl alcohol, cetomacrogol
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addi ti on of propyl ene oxi de and et hyl ene oxi de to ethyl enedi am ne (BASF
Wandotte Corporation, Parsippany, N.J.)); Tetronic 1508(r) (T-1508) (BASF
Wandotte Corporation), Tritons X-200(r), which is an al kyl aryl polyether
sul fonate (Rohm and Haas); Crodestas F- 110(r), which is a m xture of
sucrose stearate and sucrose distearate (Croda Inc.); p-

I sononyl phenoxypol y- (gl ycidol), also known as Ain-10&r) or Surfactant
10-r) (Ain Chemcals, Stanford, CT); Crodestas SL-40(r) (Croda, Inc.);
and SAQO—ICO which is C18H37CHZ(CO\I( CH3) - CH2( CHOH) 4( CH20H) 2 ( East man Kodak

ledafmg waK, Sﬁﬁllh;aggigtﬁc poliyoxyethyleteajkyl @tharaﬂedlg:,apgorggnésth&es suchdecy|
D-
E D T S EAD RO oS B L BB SOl eSS S oo e

n- heptasid dstdes (ehp. bk UGﬁﬁieﬁﬁallWaJhﬂéMle Twebhdt WEhRS e OBwékR: 208 BAdPWeed

met hyl Iucam de: n-noyl (-D-glucopyranoside; octanoyl - I\I—rrethyl((igl ucam de;

n- oct %ﬁéﬁb@hammiﬂbpom en@gblcolsl(ggl @@Wm&%i@an 934®

PEG G chal est et ol J t 1 d t PEG- vi t
nPEQ %ﬁlﬂ%) PBE T T Sieburies Blai Ao Al pROBHED | done and
vi nyl @ﬁ%@ﬁ:@m Relulobecdiéitid, cﬁs@ﬂ%&ﬁyleélhﬂﬁs%fsa&uﬁﬁ&ﬂeq{wselmséace stabilizers

i ncl ude, but are not limted to, pol'ymers, biopolymers, polysaccharides,
cel | uIh)’dtQZ@eth‘alcghhﬂaseebyprpmﬂpmhthﬂlais,,noaerstaﬂlmpollylm inragnestpmunds, such as

it or P FAGR. bt BB e B ARG B Y0 0 S YR T o1 o
pol ybr}ﬂi@ﬁol pOBYeYRHithy ¢th bﬁ@smé &s@fo&ﬁmﬂe&ﬂa@w&ﬁwm%m %uﬁk"rféﬁb de

(PMMTVABr ) ,” hexyl desy I trinmethyl anmoni um brom de

pol yviangitgiten), pp @memz(em,mmmcaﬁﬁ%@@mﬂomxmh w@hlecldwpglmrs ofil f ate.

Qth f ul t t ab | linmted t t

i pi o oside iR B AN PO et Py BRI BB B i, “ouch s
st ear Vol 6xafithd 90 S@IRRHRER TS act%ﬂhh&ﬂmapﬁﬂék’éopo%é% d%ﬂlv&t f6iMsehhdiay | ammoni um

broni de, coconut trinethyl ammoni um chloridé or brom de, coconut methyl

di hyd r@dgt@nw prapyiens pmdue@nd ethyteme oxiderto athylenediaminie (BA SR Wandqtterm ni um

[ Scl PR PO A b R B R o8 ATk Alven i GOt By

hydr ow&&wx-zoa@mm&m ah hIk¥1 8191 H9l &h&réhﬁBnatéfYRélﬁﬁ ¥hd Hahd)ECHbdestag PO NI um
met hyl sul fate, [ aur yl  di net hyl benz ammoni um chl ori dé or brom de, |auryl
di met Hyl0®y whichriss mixfusmeksiciose s@ma@randéu@psmdlm (Oxpdd Ingl); p-
(L2 A R Nk DS15 X bty RB iSSP he Hfa-1068) &Surkastitit 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,
anthryu! pyridinium chloride, cationic phospholipids, chitosan, polylysine,
polyvinylimidazole, polybrene, polymethylmethacrylate trimethylammoniumbromide
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18) di net hyl - benzyl ammoni um chl ori de, N-tetradecylidnethyl benzyl anmoni um

chl oride nonohydrate, dinethyl didecyl ammoni um chloride, N alkyl and
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ani nedimeghyl bgazy] ammonkym ghioride or brioznide; laysyldim Arpsamonium

oyr ) ol ReBE G ﬂeﬁkgl{?ﬁ’gééﬁ%ﬁb@mgmﬂr@%%%ﬁ&%@% WAL et ate

al kyl pg)diréthy Lb‘énﬁﬂa&nm@ﬁldméﬂhl’dﬂdemdaﬁaﬂebwmtﬁéthﬁbe@wa@fﬂdﬁﬁx@&hl@ﬁ&e i mde
azol inium sa prot onated quaternary acryl am des; nethylated quaternary

pol yanQOhde%t@,rdlﬁlgﬂWbMF%f ammm@mﬁhwpm and (G} 4)imethyh1-

Ce Ay e hCui R BhGh 4, Mine 1Bl St S0, SRR C e Bl (.

st abi fdiz@ng dﬁﬂ]ﬁyl-dl@ﬁ@thyhﬁﬂndﬂiud saltg, Qﬁ@yl&ﬂﬂleﬁyl ahneaium €lbtiae) quloiyraftaict ants:
Anal ytical and Biol ogical Eval uati on (Mar cel Dekker, 1994); P. and D.

Rubi ngliyaeidpaliylialicdammentum salt andlorantethoxpleted; tealky ramontuny salivar cel Dekker
1991) iiia.ﬂt%oeﬁlene d?m%mo% gﬂl'ofide, N-didecyldimethyl ammonium chloride, N-

tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alkyl(C12-14) dimethyl 1-
naphthylmethyl ammonium chloride and dodecyldimethylbenzyl ammonium chloride, dialkyl

ﬂ

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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Surfactants: Oganic Chem stry, (Marcel Dekker, 1990). Nonpol yneric surface
stabilizers are any nonpol yneri c conpound, such benzal konium chloride, a
car boni um conpound, a phosphoni um conpound, an oxoni um conpound, a hal oni um
conpound, a cationic organonetallic conpound, a quarternary phosphorous
conpound, a pyridinium conpound, an anilinium conpound, an anmoni um
conpound, a hydroxyl amoni um conpound, a prinmary anmoni um conpound, a
secondary anmoni um conmpound, a tertiary ammoni um conpound, and quarternary

amoni u c oynds .pf. the, forpgul a NRI R2ZR3R4(+). For conpounds of the
for w?‘&ﬂ]m}ﬁé%a%%ﬂ!ﬂbémmﬁ% kepplamyings poly ﬂ;mpotxammg&ﬁf R-R4 is CH3;
(iii) faﬁé,ﬁgﬂ« - . i ‘ - . of R-R4
are Cld-1|3 onelﬁ{)) llal-géﬂgt:é% %wgﬁ%%@ﬁ%@%@ﬁuﬁﬂ? {agr}g]ﬁ&]%{ iéfﬁ%\ﬁai n of
égve gs:;aybmmna uoemt]?pallejdpyn'din{um saltridfikylﬁlhtdaﬂo' lftmsﬂt;land amﬁm%xi&s; R4 is

H5 ., and, one -R4 is an a chai n of nineteen carbgn atons or
mor e; Wige Hoqw aﬁw:w@ww aglalﬁwé?s; racihylate qle%mgmpgym%( CH2) n,
wher e >1: &ﬁﬁgﬂ] - ] 2, and one of
RI - R4suc(';:i 3 %BP&Z%gﬂ}gt eag{anlo%%loe et% @gﬁﬁ%—@iﬁgﬁ@p@@@ﬁ% one of
R - Rachlerided#ufddationioguane of R -R4 26 conprises at | east one hal ogen; (x)

two of RL-R4 are CH3, one of RI-R4 js C6HSCH2, and one of RI-R4 conprises
at | east ohehsxemplary eafippissurtace stabiligers and piherusefiplcatiopic swdacsne of R -R4 i s

a phegyl::ring. lal-) pt - r .Qqf - re purel

al th.gc%(l%%ﬁ ?grg r#é%ﬁrg%kl %&'c gsggr'rnpdc%nsﬁgﬁ?’nc@%, ﬁ%gatcaaﬁr%ég‘r%&tﬁc iﬁﬁnm?ed Ito o, Y
behenBidlegi¢al Bvalubtion Qdarcelibekket, 1004y M aid Dy Relsinglc @didoply Catlomicum chl ori de,
behen{ ri nmoni um chl ori de, |aural konium chloride, .cetal kani.um chl ori de,
cetri %Pbﬁﬁlﬁﬁi,ch%’ﬁ%@ﬁﬁ‘% o i1 991); and Ja Richmond, Catiomisf | uor i de,

chl Orﬂ&%&dﬁ?&'@ﬁ@ﬁﬁé @ﬁeﬁﬂ@fﬁ@&c&%@f,%%ﬁ 15), distearyldi nonium chloride

Nonpolymeric surface stabilizers are any nonpolymeric compound, such

benzalkonium chloride, a carbonium compound, a phosphonium compound, an oxonium
compound, a halonium compound, a cationic organometallic compound, a quarternary
phosphorous compound, a pyridinium compound, an anilinium compound, an ammonium
compound, a hydroxylammonium compound, a primary ammonium compound, a secondary
ammonium compound, a tertiary ammonium compound, and quarternary ammonium
compounds of the formula NR1R2R3R4(+). For compounds of the formula NR1IR2R3R4(+):

@) none of R1-R4 are CH3;

(i) 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 C6HS5CH2, 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 C6H5CH2, 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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(Quatem um 5), dodecyl dinethyl ethylbenzyl ammonium chloride
(Quaternium14), Quaternium 22, Quaternium 26, Quaternium 18 hectorite,
di met hyl am noet hyl chl ori de hydrochl oride, cysteine hydrochl oride,

di et hanol anmoni um POE (10) ol etyl ether phosphate, diethanol anmoni um POE
(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, |aurtrinoniumchloride,

et hyl enedi am ne di hydrochoride, guanidi ne hydrochl oride, pyridoxine HC,
i of et xompuisésyatileastinsrhialegen; megl um ne hydrochl ori de, mnet hyl benzet honi um

o1 ocal nhyBEbe hItBP AL T a3 o7 of Kk SR eHRAS ab ane p IR o7 1

st ear alkprkdsap RakitHel G cliS ighydt; t i hydroxyethyl propyl enedi ami ne
di hydrof Fuoride, tallow rindnium chloride, and hexadecyltrimethyl anmonium

broni de. Mfsi) oftwplof Rd-Réiare(SHd3 andimd ofRI-B4 ds @ phenylringhar maceut i cal

exci pi ents ,and are ibe(gﬂ'n etail_jp,the dbook . of Pharnmaceuti cal
Exci pi ent s,(x‘gubﬁwgﬁggﬁ?%4 At %9“&%0 Oéﬂ&‘rfé?ﬁ‘t@%p‘gﬁ@ra%&‘g@%ﬁ %‘E@Pe‘)&%soci ation
and The Pharnmaceutical Society of Geat Britain (The Pharnmaceutical Press,

2000) , speuth 66thpourds Gulady, Bade Ao Rhibedts, bebeRdIROESm dRiHdone Pol yners
Povi done pol yners are exerrpl’e_lr_y surface stabilizers for use in fornulating

an i feazsthosien chlevgdercetydpiridiniumechloride; beheniriseaniir chloride, lauralkonium

t agopj st/ corti cesteroid formul atiqn. . Povidone. pol ,al 50 .k
Rt R e A5 AL EoM SR ATREE e B S e
t r ade HydfoEmoKee, |ch169ﬂg?ﬂae(h5£§5in€@m@rﬁle eDehtéthARE 5 disteadyldinkoriunh RElbHAE 0T es,

Inc.). They are pol ydi sperse nmacronol ecul ar nol ecules,” with a chemical nane
of 1- éQuategpiu-Spydodecyl dimethil ¢ibylpenzybarameniuny ¢igride((uaternivmgidone pol yrers.
Povi done, pol are pro d,.commereially as a,seri.es of aducts havi ng
rean SHECE R R 2t R Ehertie s TabeS Hr R RricB68% 00" dal t one.
To be nyaRkhlorids, cystefiéhyafRhitpide digthatdMmmoffuOPOBPOLbIety! ethBepiRaphdie, st er ed

to a manmal , the povi done | ymer nust have a nol ecul ar wei ght of l'ess than

about dimhmtammmwoﬁﬁ)alegge enphesphatee tallew alkonjumachloridehdimetlyl 000 dal t ons

I d h di,fficult [ t .bod Povi d | ) d by,
For o diimbetyatbliniatberi e Meheashinina chipridd dorBBe R ke 2R BRBER 25T o1 17 o
acet y lpegpgaf)thytistalRh A ¥Eleriy, 1heiftHae chivre! @hflenclidhingsi s; (2)

dehydrogenating the 1, 4-butanedi ol over copger at 200 to formy-
dihydrochloride, guanidine hydrochloride, pyridoxine HCl, 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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butyrol actone; and (3) reacting y-butyrolactone with ammonia to yield
pyrrolidone. Subsequent treatnent with acetyl ene gives the vinyl
pyrrol i done nononer. Polynerization is carried out by heating in the
presence of H20 and NH3. See The Merck Index, 10 h Edition, pp. 7581 (Merck
& Co., Rahway, NJ, 1983). The manufacturing process for povidone pol yners
produces polyners containing nolecules of unequal chain I ength, and thus

di fferent nol ecul ar wei ghts. The nol ecular weights of the nol ecul es vary
about a _nean or average for each particular commercially available grade.

gec audBh Techgolggies,ilng:).+ They @rétpemdi&persc n@cmq}maarsndwéw wath amlienical
f I ecul
wet gn g 05 1B e nlRinhole BRI 1 L SR P MR AR he I val ues

of varPooidengpel rsaire pEodudedeonma b iy s ars@ms%fwd@tsfhwﬁigl @eardf the average
nmol ecul ar wei ght, and_ are derived from viscosit measur enent s and

cal culmQlecnlas weighis ragging from ahewdRAH0040 ﬂbﬁ%ﬂﬂ%,oog'ﬂ%ltqml dJletbeasefubgea of t he
The’ T futicetffodinbe folliarl oL I6E ainl R0 RS, bBmal TRERNiHodd® 10, 900 ©f

ol eCTlpmem&hha\&%Iﬁofe@ﬁlaﬁﬁE@hﬁbf lesyrthm| aboat 40,000/ adltomB) & avied@ae pol yners,
al | whi ch are sol ubl e. 28 TABLE 1 Povi done K-Val ue Mv Mh altons **

al t ongveight of geeptes than+40,000| dalfgsnwodd have difficultyadearing sixobaiyoo0  15(r) Pl asdone

> 000-3, 008 YR FOlgRERy ark bt b9 i bnle Regms loge £Hulis it s00 e 1)
oI | | doyotkiiniag 1@ baimatidl f6n 808y Efe 00Tl My deBIaBs RepIIBTILR U] a1 il g

is greater than 40,000 daltons, this povidone is not useful as a
sur f aspnthesidyi(2) d:_ehydlbgcna&marthﬂgl é{hupmadldl QVEr bepmm M(Bttef@m parenteral |y
(1.

.l

’butyrolactone; and (3) reacting y-butyrolactone with ammonia to yield pyrrolidone.
Subsequent treatment with acetylene gives the vinyl pyrrolidone monomer. Polymerization is
carried out by heating in the presence of H;O and NHs. See The Merck Index, 10™ Edition,
pp. 7581 (Merck & Co., Rahway, NJ, 1983).

The manufacturing process for povidone polymers produces polymers containing
molecules of unequal chain length, and thus different molecular weights. The molecular
weights of the molecules vary about a mean or average for each particular commercially
available grade. Because it is difficult to 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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povi done polyners for injectable formulations include, but are not limted
to, Plasdone C 15(r), Kollidon 12 PF(r), Kollidon 17 PF(r), and Kol lidon
25(r). 4. Nanoparticul ate Leukotriene Receptor Antagoni st and/or
Corticosterold Particle Size As u dei n, particle size is determ ned on
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' : t th d
1 on);  Blldige RSB S oh LER O8y SHBISIRS D

nanoparti cles have an ss t han about
1900 povidoreglyhens fahiajectabkformulatibrsiacitide 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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about 1700 nm |ess than about 1600 nm |ess than about 1500 run, |ess than
about 1400 nm | ess than about 1300 nm |ess than about 1200 nm | ess than
about 1100 nm |ess than about 1000 nm |ess than about 900 nm | ess than
about 800 nm I|ess than about 700 nm |ess than about 650 nm | ess than
about 600 nm |ess than about 550 nm |ess than about 500 nm |ess than
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referenced above. In other enbodi nents st about east about

70% 5 nhpasaneasatedbty 13M4scaiterihg methodb,cmicr&@ﬁpy, at othenapiproyrini¢ n&ﬁﬁiﬂs or at
| east abo 99%, of . t he | eukotr.i.ene ecept or ant oni,st .and/ o

corti cost &%Pﬁwt?l&@ylmmélwﬁf% gqnggaqu@ te; 316, then "effectlve

aver m | ess than
Sbout rtssstefoid baE AT cftbXiiye Apeige GHHO 8% of R3S whi3boRt RBR oM. 2

nanopmicronsi hi ethéreasitmidimente of the épitention, 3k cortieggtenoidinanoptrticlesibavemar t i cul at e
corticosteroid co itjon art sj ze_bel ow O%Of the
AT YT B, 28 86 s s At i i leB e gbait, AP0 ey, s fig

wei g r dtﬁmﬂ ﬁi&r? el ggqg&lp

I euk(l;ﬁtbp}l%ﬁ,edqﬂé@el%%é(}lrl%%daugéﬁl st %és rabc%(l)lfﬁ cost\e\lrem art?oélgesh?al |, by
wei ghless tBanibmteBﬂOmn; less thhnabo\mma(nﬁ nm;ﬂesstthaiehdubﬂw@nm, Rsgthah aboudnt agoni st
Cortigc ter ace Stabilizers The relative a nts_of | eukotriene
recep1t® %ﬁjé‘?ﬂnsﬁ out; Qmeolgf mbouagQP% fesspn abowd 700 A dess G | | zer
can vajoh asdﬂﬁhyess fin B0t BB nA R4 inall hioddd 850 F, Yoo Wbk 4BBHPRIVAER SessCiepends
upon, for exan’p e part| eu riene receptor antagoni’st sel ect ed,

the tham abcmn I450 mnoldss timatabowti400 sied, dest dehn abbet 350ysn,deds thardaboine 30C pin,

tt b t
attri esl.Js out E?O A, {ess ﬁlan 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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stabilizer(s) selected, such as the hydrophilic |ipophilic balance (HLB),
nmelting point, and the surface tension of water solutions of the
stabilizer, etc. For the nanoparticul ate | eukotriene receptor antagonist:
Preferably, the concentration of the |eukotriene receptor antagonist can
vary from about 99.5%to about 0.001% from about 95%to about 0.1 % or
fromabout 90%to about 0.5% by weight, based on the total conbined wei ght
of the | eukotriene receptor antagoni st and at |east one surface stabilizer,
not including other excipients. H gher concentrations of the active
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about ddpebds uponfoo exarffle AhO Particulanieakotriendre0eptoamiyonist 9de@ed, the fr om about
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the. doirioBtssEri slefioh S phys sl §RaRHes SIde SHE] hol ucing of her
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ant agomfase tension bf watenpalstionsoofthestalilizirefct o t he i nventi on can range from
about 0.1 to about 10%. b i.ght, and the anopu f the at |easy one
Corti cost dhaithe EAPRAR e kAR e ke BREEONSt Hre R Hylhe mg Rt
for Wew et [ hOTY, conprise a
R S PR S L N e
consi about§5% fto atkomti 0.1%4,®r fipmrabout 90%rte abaut OLi%,3Oweightybased omthetotalbout 200

/mL or .noye, aboui 400 ng/ nlL . -
1 combmedr weight of the leul(()otrrrxgne 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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or nore, or about 600 ng/nmL. In addition, when fornul ated as an aerosol, the
conpositions of the invention can conprise a corticosteroid at a
concentration selected fromthe group consisting of about 10 ng/nlL or nore,
about 100 ny/nL or nore, about 200 ng/nL or nore, about 400 ny/nL or nore,
or about 600 ng/nmL. 6. O her Pharmaceutical Excipients Pharnaceutical
conpositions of the invention may al so conprise one or nore binding agents,
filling agents, lubricating agents, suspending agents, sweeteners, flavoring
agents, Breservatives buffers, wetting agents, disintegrants, effervescent

agent aboub A§ Yo toraboutIR 990 % frem abiewS-% tejabqus A9 98 or foneabsiut 0% tniaboutat | on and
the d e.fo Si . ch, exgi.pi ents_ar |1 known .i,n the art.
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var i obige susfadd me@mmlﬁ&nﬁb&ye@iﬁ%@gent s are various cellul oses and
cross-linked polyvinylpyrrolidone, mcrocrystalline cellulose, such as

Avi cel (r) roneembodimentiof gheinyentian, @ partigubartycoy serasdlicompositibug, thee, and

silicjfj Leroervst al,l i .cellulose (PraSaly, SMCCTM.. Suitabhl e | ubricants,
et G g e O A5 ol e iR e Tampapinus Aoqcidpg o

conpr ges@féntion Carciahp@fréal abdut 0.¢ 9\abbiu® X0REhy Wefght, a8dABY A8bldtlof R, talc,
stearic acid, nmagnesium stearate, calciumstearate, and silica gel.
Exanpleast ose cemicedternish eangargeafigm ahout0:01 torabawt i0% by aneighteet ener, such as

, Li t0l ' ' | L d | f ane.
Exanpt o5 ol Hep SOBASE i S50 3hd Chmifok AT RE e VD SRR RIS VAFCOD) -
bubbl Rukitfiedd ¥&tor dkdbohistiata donditfation 8lected FBm th¥ @roupdAkis®Se &f about

preservatives are potassi um sorbate, methyl paraben, pro;glparaben, benzoi c
aci d Hhergfmk oz giore; abeutHOP nag/mdr ey merepzhouhyft megimle oy nioze, abpat 400ang/ad.

but yl par abe ol ugh .ethyl or benzyl al cohol,.phenolic conpounds
cuch SORRCk ol G Rt T aehoch, Bhon e litgtse DR R BT E R or e

Sui t bt the fhivehigot cuanl coflpride a ROAICORERI dtGHonYerkatER belbéted Frof the lgtduper s, such as
m crocrystalline cellul ose, | actose, dibasic cal cium phosphate, sacchari des,

and/ otongistingipfaboubi0 mgymbfor nnse,fabpetg®Ormg/mExenmporssabsfut 300 mgymE arncl ude

m crocrystal |i cellul ose, sugh Avi cel (r) PH101 and Avicel (r) PH102;

| act o@g%sﬁlﬁwtéggpﬁgtp%soé%ﬁoﬁfg?‘gta@?n?%@?‘bse anhydrous, and Pharmat ose(r)

DCL21; dibasic cal cium phosphate such as Entonpress(r); mannitol; starch;
6. Other Pharmaceutical Excipients

~

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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sorbitol; sucrose; and glucose. Suitable disintegrants include lightly
crosslinked polyvinyl pyrrolidone, corn starch, potato starch, naize
starch, and nodified starches, croscarnell ose sodium cross-povidone,
sodi um starch glycol ate, and m xtures thereof. Exanples of effervescent
agents are effervescent couples, such as an organic acid and a carbonate or
bi carbonate. Suitable organic acids include, for exanple, citric, tartaric,
malic, fumaric, adipic, succinic, and al ginic acids and anhydri des and acid
salts. Suitable carbonates and bicarbonates include, for exanple, sodium
car baspehs areMighasweet a(tadérnirk of MAPSO), biibble ulPfiaio?,; andFhas fivwR, Rhgar bonat e,
magnesi um car bonat e, sodi um gl yci ne carbonate, L-lysine carbonate, and
argiﬁhﬁ@k@arbonate. Alternatively, only the sodi um bi carbonate conponent of

the efferv nt. .7. Aerosol .Dosage For of
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dr oplmicsoceysiglling ¢elllasadagigse; ditepiacalcium phaspbaseysesiharides;s and/or méxtimesent i on f or
di i on. | s, «the d wd t i si th
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m crons; (2) about 0.1 to about 10 mcrons; (3) about 2 to abolt 6 ‘m crons;

or (4ndRhasnitbse? DELRLtdilsiu catodin phbiphaig suélearBmpanpiessh manhitol staichyent i on,
poorly water soluble or essentially water- insoluble |eukotriene receptor
ant adoFhitolissugrose; @A Blucese. er oi ds can be delivered to the deep |ung (as well

as to the . LS. h.St: 81 s . I | fficult
usi ng aerS(‘)u;H(%1 fefdé MiPar I@%@lu%fh%t&%%s@@% d&%w&%*lﬁ’gﬁéhrﬁé@ég{}@r#%n ’agoni st s
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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 acrodynamic 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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di anmeter of |less than or equal to about 2 mcrons. The rel ationship between

aerodynam c dianeters and geonetric particle sizes is represented by the

foll owi ng equati on: Aerodynam c dianeter = geonetric dianmeter (density)...

See col. 11, lines 18-46, of Edwards et al.; and P. Byron, "Aerosol

Formul ati on, Generation, and Delivery Using Nonnetered Systens,"

Respiratory Drug Delivery, 144-151, at 145 (CRC Press, 1989). A geonetric

particle size of less than or equal to about 2 mcrons is difficult or

i npossible to achieve with jet mlling; i.e., the process used to obtain

m cr opdnoparticulatepcompnisisions of thetinventiomfar aquenns dispexsont derasols, of thedry y by
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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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I nor gani ¢ pharmaceuti cal excipients. Such excipients include various
polynmers, |ow nolecular weight oligoners, natural products, and
surfactants. In one enbodi mrent of the invention, for aqueous aerosol

formul ations, a nanoparticul ate | eukotriene receptor antagonist and/or a
corticosteroid conposition according to the invention is present at a
concentration of about 0.05 ng/nL up to about 600 ng/nL (concentration for
each active agent). In another enbodi nent of the invention, for dry powder
aerosol_ fornul ati ons, a nanoparticul ate | eukotriene receptor antagoni st
and/ oMhich cass eneargeresosolkentpmey bavetodecmpioyed to fomhe solntiemt Suitebles pr esent
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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/m1 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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under st ood by conparing the sizes of nanoparticul ate | eukotriene receptor
ant agoni st/ corticosteroid conpositions according to the invention with

m croni zed particles of such drugs and the sizes of liquid droplets
produced by conventional nebulizers. Conventional mcronized nmaterial is
generally about 2 to about 5 mcrons or nore in dianeter and is
approximately the sane size as the liquid droptet size produced by nedi cal
nebul i zers. In contrast, nanoparticul ate | eukotriene receptor
antagon|st/cortlcoster0|d conpositions according to the invention are
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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 leukofriene 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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corticosteroids, the nanoparticul ate conpositions of the invention are
readily aerosolized and show good in vitro deposition characteristics. A
speci fic advantage of these aqueous aerosols is that they permt

wat er -i nsol ubl e or poorly water soluble active agents, such as |eukotriene
receptor antagonists and corticosteroids, to be aerosolized by ultrasonic
nebul i zers which require nanoparticles conprised of conpositions according
to the invention to pass through very fine orifices to control the size of
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references are 1 ncorporated herernm by reference and are
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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directed to dry powder delivery devices for drugs. A dry powder inhalation
formul ati on can al so be delivered by neans of an aerosol fornulation. The
powders may consi st of inhal abl e aggregates of nanoparticul ate conpositions
according to the invention, or of inhalable particles of a diluent which
contains at |east one enbedded conposition according to the invention.
Powders conprising a nanoparticul ate conposition according to the invention
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(D

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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described in U S. Patent No. 6,811,767 to Bosch et al. and , which is
specifically incorporated herein by reference. In one enbodi nent of the

i nvention, substantially all of the aggregates of dry powder conprise at

| east one nanoparticul ate | eukotriene receptor antagonist particle, at |east
one corticosteroid particle, or at |east one |eukotriene receptor

ant agoni st particle and at |east one corticosteroid particle. L Spray-dried
powders Conpri si ng Nanoparticul ate Leukotriene Receptor
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m crogs . ;ui tﬁbl e for deep lung delivery. In addition, the diluent particle
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di ssol ved diluent in the aqueous dispersion prior to spray drying, or by

i ncr eecpripetah keastromp nenopsirticulage teukoirieve tegeptbramagomyst pasticte, aldoasipnelr i ed
powders .can be used in |s or IS, either alone or_ conbin i th

P F oo SHiF IO SHBI5 oF Btieat onp blariens Frosalf whagioe praiplipRdas ot nd, <

cont agdHiBskteRoidpARMAAT ti cul ate conposition according to the invention can be
reconstituted and used in

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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either jet or ultrasonic nebulizers to generate aqueous dispersions having
respirable droplet sizes, where each droplet contains at |east one
nanoparti cul ate conposition according to the invention. Concentrated
nanoparti cul ate di spersions may al so be used, in these aspects of the

i nvention. U Freeze-Dried Powders Conprising a Nanoparticul ate Conposition
Nanoparticul ate | eukotri ene receptor antagonist/corticosteroid conpositions
according to the invention in the formof nanoparticle dispersions can al so
be freeze-dried to obtain powders suitable for nasal or pul nonary delivery.
Such adeastore ¢mbedded nanapartigylatsydrmg dnd mafare anddifier adhered dhnqretsi tThens accor di ng
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nanoparticles can be reconstituted and wused in either jet or trasonic

nebul ¢ither jst poultresanicinebudigere trigendraipaquedundispersionyhaving respidble didplepl et si zes,
wher e .each, dropl,et contains at, | east one na articulate conpposit.ion
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Aer osol s Anot her enbodi neht of the“invention is di rectgﬁ to a process and
conpaavéntmmn. f or  propel | ant-based MDI's (netered dose inhalers) conprising
nanoparticul ate | eukotriene receptor antagonist/corticosteroid conpositions
of the invention. pMDIs (pressured netered

ii. Freeze-Dried Powders Comprising
a Nanoparticulate Composition

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

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

Freeze-dried powders can be used in DPIs or pMIs, either alone or combined with
spray-dried nanoparticulate powder. In addition, freeze-dried powders containing a
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dose inhalers) can conprise (1) discrete |eukotriene receptor antagoni st
nanoparticles, discrete corticosteroid nanoparticles, and surface
stabilizer(s), (2) aggregates of the nanoparticles and the surface
stabilizer(s), (3) notive diluent particles conprising the enbedded
nanoparticles and surface stabilizer(s), or (4) solutions of the drugs or
conbi nations thereof in solvents and/or propellants. pMJs can be used for
targeting the nasal cavity, the conducting airways of the lung or the
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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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M croprecipitation of Nanoparticul ate Pharnmaceutical Agents with Crystal
Gowmh Mdifiers;" US. Patent No. 5,560,932 for "M croprecipitation of
Nanoparti cul ate Pharmaceutical Agents;" U S. Patent No. 5,543,133 for
"Process of Preparing X-Ray Contrast Conpositions Containing Nanoparticles;"
U S. Patent No. 5,534,270 for "Method of Preparing Stable Drug
Nanoparticles;" U S. Patent No. 5,510,118 for "Process of Preparing

Ther apeuti ¢ Conpositions Containing Nanoparticles;" and U. S. Patent No.

5, 470£83 for "Method of Preparjng Nanoparticle Conpositions Containing
Char ge®t Ph ﬁ#@ﬂ?_ﬂf%“]‘t"éﬂNRémc Leplcatriene Repeptox whi ch are specifically
i ncor por at esntAgenistiCorticostereid Foymulationsesul t ant nanoparticul ate | eukotri ene
receptor antagoni st/corticosteroid conpositions or dispersions can be
utilized i iNanoparticulsterteulodtiéns, receptdriantagohistématipstetaid compbdsitions, caabeh as

|'i qui d_dj spersions, ,gels rosol,s,, ointnents, creanps, controlled rel ease

f or rrulrﬁ?ciedq’é‘,g af’&ﬂmﬂ’g? P#H?ﬁ%&@é{ﬁ%ﬁ&afﬁ ﬂﬁ’&?rzmgm} Ing ons, tablets,
capsul d 3 ' ﬁ:n%ﬁﬁ i6h Ba86; nmul at i ons,
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r el eadixefmplary hgtliods of meking nanoparticylate setivie agentaohipositioasaesiekcribteddn i nj ect abl e
dosag e_pr.eferred. . | not her aspecgt .of the invention ,there is
provi &gogat{%g?{?oé Hés ’@ﬁeﬁg"r@‘ﬁg &m&&‘f‘?‘g%&%"q RRFRHEFNRASEIONS @8t or

ant ag Qidosfesdibiedl inf O PaRinfNo05 BYS 887 RRSMhdd S Grtie PRBmacddical et hod

conprises the steps of. (1) dispersing the desire osage anount of a
| euk otSubstances;2 B¢ Patent N §¢gHi8388ifor “Cdntiquows Methpé of Goindingd@barmaceuticath t he

of - neSBARE LS Pt Yt o 008 S Nethod of Grindink R OMIR age par 1 cle.
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di spersion nedia elther before, during, or a partic st ze reduction of
t he [PhatnmceutinabAgente piithrCrystabGrovwth Modifierss”i 16 8i Pateintdbe r55662;,883efdr “Oo-can be

mai nt gai.ned at .a.. physj ol ogi.c.pH, . for exanple, wthipn the range of from about
3.0 tMWECII%}&BOEBWEBORQ%@‘@EEMP@H%P gmwgggwﬁglr%r ferably within
the rq@&ﬁ > QP ABGWN 0. 5. $50L93258PN 1 kel I duction process.
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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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corticosteroid can be sinultaneously reduced in size with the | eukotriene
receptor antagonist, or the corticosteroid can be reduced in a separate

si ze reduction process. An exenplary nethod conprises: (1) dispersing the
desired dosage anount of a corticosteroid in a liquid dispersion nedia in
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particle size of the corticosteroid to an effective average particle size of
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Particle Size Reduction Usigcg'Mlling Media milling is a high energy mlling
pr oc ed¥dhe gyrtieosterpidisan be seducedhin 4 sepatate uzereguciivagdrogess.aAngxempletyt and

re-circulated i.n_a,gGhamer contai.ni.ng nedia apd.a rotating .shaftiinpeller.
The. rBted ramidte! (O fbARing B dBiith s it tofbnBffy £odBoFer0BR g hebnd mhact fon
and sdigRisibPfedi in whikdl tBeniggd pﬁéxgygsdlﬁlﬂe%ﬂg?ﬁééﬂaﬁi&llﬁ rdducingftBe | eukotri ene
receptor antagonist/corticosteroid can be added to a liquid nmedia in which
i t i spasielepize af thy coriicostersidto an effactiveayerageipartichhsize of lescthan abmit 200@r can be

preseny. hnsu}'ftg.ge 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

P

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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prem x or it can be added to the drug dispersion follow ng particle size
reduction. The prem x can be used directly by subjecting it to nmechanical
nmeans to reduce the average |eukotriene receptor antagonist/corticosteroid
particle size in the dispersion to | ess than about 2000 nm It is preferred
that the prem x be used directly when a ball mll is used for attrition.
Alternatively, the | eukotriene receptor antagoni st/corticosteroid and at

| east one surface stabilizer can be dispersed in the liquid nmedia using

suitahl e.agitation, e£.g., a.Cowes, type mxer, until honbgeneous

di spe%M%ﬁ%%%@&%%%%?@ﬁ%?@sﬁglﬁ begrguitnanyd beanass eftheyi sible to
the nakgfofuedialt is preferred that the prem x be subjected to such a
pre-mlling dispersion step when a re-circulating nedia mll is used for
attrition. The nmechani cal neans applied to reduce the | eukotriene receptor
ant agoni st/ corti.cost er,oi article size can, take the formof a dispersion
mil. Suitdble lcﬁ“ifaﬁvgqeiﬁ&wfqrwasvw@mﬂerwh |, an attritor nill, a
vibratory mil |, PagticleSigeReductiondising Milling sand nill and a bead nill. A
media mll is preferred due to the relatively shorter mlling tine .required
to provi de Méta ohlding ésia high energy millinggaodess.| Brigy, stebilizer, andlgwd mid placed, t he

apparent viscosity pof the prem x is preferably from about 100 to about 1000
cent i pbRESCVRHANAS -cgaqﬂpte&# # Fﬁnqﬁébqrﬁgn%@ﬁﬁla@pge&tﬁu}g Hralyimpelereni x i s
prefe : Qtihta Anaut | i'n('i“:(f'zc' end to
afforgmglrrléltg{rl)l{i%)gerg]ﬁ a a%gﬁem%éec?%veen esyfnlggtlsé?\éta&%glr&?l eugl?g%dgl?eggﬁozﬁsbn and
medi a therehyi reducidgthealrog particle stzeme can vary wi dely and depends primarily upon
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times of one mnute up to severa urs) are possi he use of a high
shear premsgioa itrdah be addesl todhekdrug idéspersionfoHowingapartideosizs tedactidn. CHst er oi d
particles, can be reduced in Size at. a tenperature i ch _does not

si gni PTeEaix A by ugrdAirectly by puRiretingiibioan cans fp 5guss heaveRaes cost er oi d
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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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pressures which are safe and effective for the mlling process. Anbient
processing pressures are typical of ball mlls, attritor mlls, and
vibratory mlls. Ginding Media The grinding nmedia for the particle size
reduction step can be selected fromrigid nedia preferably spherical or
particulate in form having an average size |less than about 3 mm and, nore
preferably, less than about 1 mm Such nedia desirably can provide the
particles of the invention with shorter processing tinmes and inpart |ess

wear fo.the m uj preng The selection of material for the grinding
medi aoiéverf@i/ %iopg éa%f%gﬁa“g?d tﬁ\ﬂ%ﬂm vels, pEresrng Gresel lemhn 44295% 7r O

st abi Wi 8@%& eel ,

ti tanltrgﬁ acum ng,BP Eﬁrg@{(ﬁéﬁfé@m%ﬂﬁ%&ﬂl um ass grl r%s%ﬁaltnem a, and
pol ymuedia millr i ndi ng nedi a are exenplary grinding rrat erials. The grinding

nmedi a can ,ﬁclm}]érl se particles that are (gqrteferabl substantially spherical in

shape, BkeEene IsAERtQR JtREoRIsY eorticastergl ¢s,aeRbedeqduesd in gge afrther

sui ta%ehg, fm&swh?éh oo nbEliEARRly el 0E o ILE A TRGlyC N, COMPY | e @ cor @
ere

havi ng coati ng nerrc’re hereon. The polyneric resin

can hmtmgmsdeommgterbrdmmbbﬁiai PEoc8sstrng teimpetatidedofléstBan dbbug 80 € Rbs than!i t abl e
pol ymeric resins are _chem cal I%dand physically inert, substantiall free of

met al aboutdi°keare ordinarilyprefereds  If desireds the pracessingequinmenti s bepepled withi 1 ity to

bl h o h hed d Suj t abl
oy nvenfoef ehohg el Rt GRSl esff R e by IeHibRSt filnosion ne
cros sbﬂtnmﬁnmgbhmﬂbetuﬂwebmexemmmeﬁw GéncplBL theMEthod Bpih\eqﬁ&é%ﬂaﬁt es;

pol yacetal s, such as Delrin(r) (E du_ Pont de Nermours and Co.); Vi nyI

chl orisgenyeslepts lcsrr@d@uwtpﬂﬂrymda@onspr |a91bw@fc temnesatugsaind ahprosessing

pol y(ﬁrg%?gl%g ; {hoa?r% Q#g g%ﬁ;ﬂ&eg‘or %ISIH hdlg %"%“g Méﬁ”ﬁ?f"té’ﬁ%gl}g%ﬁs%e%og;?enes;

cel I Udre Spical BEBAL MlLh, 8GHOF fills)ahd v%t&ﬁ'rhﬂﬂ'sose acetate; o
pol yhydroxymet hacr yl at e; pol yhydr oxyet acrylate; and silicone- containing

pol ymers such as pol ysiloxanes and the I|ke The pol yner can be
b|odegradd@ﬂéﬁngék@hblary bi odegr adabl e pol yners include pol y(l acti des),
pol y(glycolide) copolyners of I|actides and glycolide, polyanhydrides,

| y( hyd
ol (N acy Heariine RERA TS, Bé PhnicRYUkl-bAcn BB AT BEIIEe fomtigide) oot ers,
et hyl pedia bl (Spheﬁcﬁl copatiotlRe tn fop@l havingtdnamedtage sire 1636 thahabputd med ones) ,

and poI y(phosphazenes). Faor bi odegradabl e polyners, contam nation fromthe
nedi aa0d; merespreferably, 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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advant ageously can netabolize in vivo into biologically acceptabl e products
that can be elimnated fromthe body. The grinding nmedia preferably ranges
in size fromabout 0.01 to about 3 mm For fine grinding, the grinding
media is preferably fromabout 0.02 to about 2 mm and nore preferably from
about 0.03 to about I mmin size. In a preferred grinding process the

| eukotriene receptor antagonistlcorticosteroid particles are nade
continuously. Such a nethod conprises continuously introducing the

| eukotriene receptor antagonistlcorticostergid active into a mlling
chanmbsepolymarsapelyeagbonates; polypestaisjsuch asDejrinn (. hgluRemit de Weidoars andt@e);chanber

to reduc e particle size,, and continuously repoving the nanoparticul ate
acti vé’“fyﬁﬁ OFHEPWHGFW%&QBHWFS’?H&W%%WQYW e5is separated fromthe
mlle | | guik ' r i heosteroi d using
Conver RERMGLANIERS) €8y RUAGTTE L RORR B NARLACRD O SBE DUERT ' 25 Ly

si npl dlvordpolyaérgrhiglsdensity golybthglenbs; dolypedpylanks;eellaloss ethesand aterstsiéh | i ke.

Q her sef@r ation techgicg_ues such as centrifugati on may al sg be enpl oyed.

St er i 138 cEfPeRgacetRignpIlYRY Pxﬂaetﬂﬁwwpn@lﬁbmpxyqﬁlpé@ﬁwt@ andisiisones ons

: ) ; | _ . ¢
the. preo el IPRHS S a ol ifohiticssfig MO The pbVEndI R bEBl e alall 20 0
f4 g r f Is {Bxemplarg hmn@a?aﬁh?pomzs%gmﬂe pélgg@dti_desppqiy@iy’mﬁgg)adupbbﬁﬁdw bﬁ% proc Ies S

wchart js as, follows: i nditionin , oundi n article
Si ze amﬁxcoiwgolmﬁvm&sypﬁr éwwthﬂapg%mylﬁﬁ)@mg@(w i nal

the. pratBiepdiey B RREE IO RRE ol R pr b BT AraRFpRIE By, 110,
and/ orethybéneadnyd facéthte icopolzaiets) pol oestérs)) pely(capbslactones)ldinti oni ng i s not
required for a ml]ing nethod that_ does not use nedia. If term nal
poly(phosphazenes). For biodegradable polymers, contamination from the media itself
advantageously can metabolize in vivo into biologically acceptable products that can be
eliminated from the body.
The grinding media preferably ranges in size from about 0.01 to about 3 mm. For fine
grinding, the grinding media is preferably from about 0.02 to about 2 mm, and more
preferably from about 0.03 to about 1 mm in size.
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 requites 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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sterilization is not feasible due to chem cal and/or physical instability,
aseptic processing can be used. 2. Lenkotriene Receptor

Ant agoni st/ Corticosteroid Particle Size Reduction Using Honbgeni zati on
Honogeni zation is a technique that does not use mlling nedia. Drug,
stabilizer, and liquid (or drug and liquid with the stabilizer added after
particle size reduction) constitute a process streampropelled into a
process zone, which in the Mcrofluidizer(r) is called the Interaction
Chanbﬁgwgéﬁgsgégﬂﬁpt,to be treated is inducted into the punp, and then
force : VFhing val ve of the Mcrofluidizer(r) purges air out of
the punp. Once the punp is filled with product, the primng valve is closed
and the product is forced thrgugﬂathgﬁﬁbﬁﬁ?]action chanmber. The geonetry of
the interaction chanber produces powerful torces of sheer, inpact, and
cavitation which are responsible for¢partic|e si ze reduction. Specifically,
inside the interaction chanber, ihe pressurized product is split into two
streans and accelerated to ext ANANEH vel ocities. The formed jets are
then directed toward each other andycollide in the interaction zone. The
resulting product has very fine and uniformparticle or droplet size. The
M crofluidizer(r) also provi @agticke SigaReductidanger to all ow cooling of the 47
product. U.S. Patent No. 5,510,118,nghich is specifically incorporated by
reference, refers to a process usi a Mcrofluidizer 3. Leukotriene
Recept or Antagonist/CbrticosteroRp rJf’ﬁrticle Si ze Reduction Using
Precipitation Anot her nethod of fdﬂ 1 ﬁgthe desired nanoparticle | eukotriene
receptor antagonist/corticosteroid flispersion is by mcroprecipitation.
This is a nethod of preparing stable dispersions of nanoparticul ate
particles of the conflogiphilizatiom)eandbr (Hertmindl ISterilizatior)i on in t he presence of
one or nore surface stabilizers and one or nore colloid stability enhancing

surface active.agents free of any, trace toxic solyents or, solubiljzed heavy
et ol 1 ks iocisathe o opfSonl QR o gprTiesss Sqtes LIPS RRoeSa R dPesiti ng ¢ he
| eUkQIﬂthﬁ@mEﬂl%EBl’ﬁﬁrti@l%ts%%éti;.&ttion%.F&%Pﬁ:eﬁﬁﬂtﬁf%ﬁli%tﬁinq P%? @g&a.‘g?lk' on according

to thé invention, Tn a suitable solvent wt m Xi ng; ng the
f or muhedia oonditiening iseot tehjuired fdr amllimgymethod thad dots ot usomedias ilfigrminal east  one

rface..stabili t.o, for cl ear | utiaqn; .and.(3 recipitating the
F o AtSrTBAOR ok Eamtiple usifo GheHia] st PRKTICH) STRCS) SRPRCPBCHORE R en: . The
met hogt @@ be followed by renoval of

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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any formed salt, if present, by dialysis or diafiltration and concentration
of the dispersion by conventional neans. The resultant nanoparticul ate

| eukotriene receptor antagonist (and optionally also conprising a
nanoparticul ate corticosteroid) conposition according to the invention can
be utilized in liquid nebulizers or processed to forma dry powder for use
ina DPl or pMD. 4. Methods OF Mking Aerosol Fornulations A

nanoparti cul ate | eukotriene receptor antagonist/corticosteroid conmposition
according to the invention for aerosol adm nistration can be nmade by, for
exanpl prodict) Uhg. Pabstido ol 5i510,188, wisfule BlspecificdlBr iataPotedbynefate] fefdth & ©

| eukotriene receptor antagogi st/corticosteroid conposition according to the
i nvent  BrecessiusingadMisyoflpitdizai.ng,  honogeni zation, precipitation, or
supercritical fluid particle generation techniques; (2) aer osol izing a dry
powder of aggregates of a nanoparticul ate conposition according to the

i nventi on, 3.0npri&ilidriche M@qitoﬂﬁﬁtd@ﬁﬁwo}hmk%m | eukotriene receptor, at
| east one cortipagichd Sizé Rediicti (ﬁ{U iﬁgiiire& pfiatighi f ace stabilizer (the

aerosolized conposition may additionally contain a dlluent) or (3)

aer 0ol | 21 ngnGnElREDR bPReAinsEBRGRATLGHLAE HRRRA FBHER o o

conposition according to t vention | opel l ant, wherein

t he cmqmnist/omruoésterbni dispession Sroyanitpoprecipitation) Fhistis amesthahoefyrepdringl at e

| eukotri.en rece o] at | east one corticosterpid, a d at ] east one surface

st abi | Q@F 3151?‘?’@10 %é °@Pte£aﬁ§‘i?§¢grﬂt“’r CQRRASHIDAGHRF: chiterd“’a’é‘(‘!%‘?tmnng to the

| nventyf,qh, RCkngk bf GorthaR! B statifis e aiihe A 'c&“&ih'siébﬁﬁ@%fﬂ‘nﬁc?xgd' | uent,
u systém

can b N a non-pressuri zed or a pressuri ze non- agueo
Oo nc e rmrfaceaabtare agernts fite ofiatyatrdce nexicaglverts or sodubikized Hewvy metal ieapividks, 5.

111 TR SRBARACOE SR fb] HSHrLyine Hrede ke <P AsSRshbout 1 at m
|
or | e o smamséxﬁ{)%%ng%g?fggmgfp ik B ch P BRSOV R &R O

ant agoni st conposi tion conprising a
corti cmmg* @2)hddirecthe fatnndation frdne step (Brvitlomixisg tsssolttiad comprivied athéast i s used

as a wet lin dia_to ke hanoparticul ate c 03|t|o ccordlngto
the | ARG FagE Stabi za1 o formyp %rssglutlansmré}preew%w @-e v£ Pt i on

accor g t U‘F’%% e ORIl ¢ onal |y
a cort 2 eronlg)ds{%?}ld@?&ﬁ S |I|€ﬁ;e;m|gs m ag I'n tﬁkééén%ﬂfggnqot}@gﬁfs medi a
to gmmyrfaﬁmechsattaﬁ ppssent, by dadysisardiafHiraticnandconcahitragon of theelisperstort byon.

Exanpl es of, sui table
P 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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non- aqueous nedi a i nclude ethanol, trichlorononofl uoronethane, (CFC1 1),
and dichlorotetrafl uoroethane (CFC-114). An advantage of using CFC-11 is
that it can be handled at only nmarginally cool roomtenperatures, whereas
CFC-114 requires nore controlled conditions to avoid evaporation. Upon
conpletion of mlling the liquid nmediummy 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
conposition may then be filled into a suitable container and charged with a
final agEIGEAteY @gﬁcommsmpl agegrdingria thegnvehtion ipa opeiauenus propellait, whein y do not

contaiq chl orinat hydr Qcar baons.. i ncl ude HFA- 134 etrafl uoroet hane) and
i 255 SRRl e SR 3 Rsrec ot ulmebppartiilett HspRIen e Eioky be

pr ef erat Restloge cErticbstErdIE aha bt le@R DA Surf4e8 s@bili2at, erhehy, le3fs may al so be
used in this aspect of the invention. 6. Non-Aqueous Pressurized MIIing

Syst emAnRqpagiculate eqpapasifion geeeuling to thainkentionapd syfacerstabilizes, whighowys | i qui d

medi a A P ssure significantl reater t ham atm at room

e ARl RopteB8 it B ECH o o b g5 Bl B s Sl i air

conpr isgeén 0 CoflcdntratedakidséLiodinalationasy ils®Be Aa8ObY sih hembie | nvention. |f
the mlling nedia is a suitabl e hal ogenated hydrocarbon propellant, the

resultant dispersion nay be filled directly into a suitable pMD container.
Al t er nat el X, th m'JaI i n(g'g d]'ba caqzmrmﬁed and recovered under vacuum or
heating to>yi el d'°2-afye rjrg‘f%' Fesgpr Ing S¥SEM 5 nanoparticul at e

conposi ti oy #a6@aghels, MontptessiFYa thilkig sygfé'nf, aGRIRREESUsAuidRavifies be filled

into an appropriate container and charged with a suitable propellant for use
in a [yAmIrpressureef aboutrli aba qrdess @t roony temperafine and i which tSpleukotdend ng is a

proce u to ohbtain a.powder ntai ni.n anoparticul ate drug particles
ol | onertiof ety oBrpol B R opfiom AAuB g AR B i Pt P
nanopaédokrditig & Me KRS i dsehtially HsehuBR: it AsddB al vt DMl lirp mbdia o Iakelhd Medi um
In general, spray-drying is used when the liquid medium has a vapor

pr ess Bagopatticulatscanpositidsagcording tonthe inventiont dmpusha proeess, aslapy ay- dryer is a

devi ce _whi.c |l ows for.liquid.evapor.ation d,. powder caollection, A, liquid
sanp! SRRt o mrrbiton SroDing i R Byt TRUKARHC st SiPari pld The
Nozzl @ptidlle adbfifcosieRRIPIn sttfaéditatiBre iemMedih bhendnodtfifo® madiews 20 to about
100 pmin diameter whi'ch are then transported by a carrier gas into a
dryi ngemrsnaterd @anoprrEcutate composjtéen according to the invention. Examples of suitable
non-aqueous media include ethanol, trichloromonofluoromethane, (CFC-_I 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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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 special reservoir beneath a cycl one
apparatus. If the liquid sanple consists of an aqueous di spersion of
nanoparticles of a conposition according to the invention and surface
nodi fier, the collected product wll consist of spherical aggregates of
nanoparticles conprised of the conposition according to the invention. If

the |iquid sanple consists of an aqueous dispersion of nanoparticles in

whi chPIRRess ﬁ%ng%IF COBRPsItien eqmppisedg aammwgatq eQmposition according tortheranni t ol ) ,
the c e roduct WL L i st _of dj n . q. . lact ‘or _manni tol)
parti @llvlérg% ﬁ%ﬁegg Nt al Iﬁmallrll hse%%@%é@é] aﬁﬁﬁ%%%)‘ﬁﬁ’f&&ﬁ%&@@B%@ﬁﬁ? H’ﬁ‘ﬂy, ordi ng

to t hdispersientiagibe fleddirettlLinesa suitadle IMBI coritdife0f AkdiRateBotHeaaRe Product can
be controll ed and depends on the concentration of the nanoparticul ate

conpo@fdiasan he resmayen gud secovered npdasivrennm anlkrsting ie yield adey/compesitioant i n t he

l'i qui i roduc -1 he spray-dryer
nozzl (go_ igorhgfé%gé[fogng ci'iﬂe"ll |(\:/er?§: sﬁoﬁﬁg@ér@gﬁggﬁ lgg?' EE’q“t ﬁél%%qql%%{t@é pr oduct

si ze tam then befilled intrarpdppudpridte¢chitdie and chirge®vith a suRAbIE PrafRllantdoyude0 the
conducting airways it is desirable for the collected product size to be
aboutin®2 pMBLahout 6 microns in diameter, and for nasal deli very a collected
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Spray-dried powders containing a nanoparticulate conposition according to
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temperature is typically between about 80 and about 200 degrees C. The droplets are

-
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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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8. Freeze-Dried Nanoparticul ate Conpositions For a conmposition according to
the invention that is denatured or destabilized by heat, such as having a
|l ow nelting point (i.e., about 70 to about 150 degrees C.), or, for exanple,
bi ol ogics, sublimation is preferred over evaporation to obtain a dry powder
nanoparticul ate conposition. This is because sublimtion avoids the high
process tenperatures associated wth spray-drying. In addition,
sublimation, also known as freeze-drying or |yophilization, can increase
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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 (i.e., about 70 to about 150 degrees C.), or, for example,
biologics, sublimation is preferred over evaporation to obtain a dry powder nanoparticulate
composition. This is because sublimation avoids the high process temperatures associated
with spray-drying. In addition, sublimation, also known as freeze-drying or lyophilization,
can increase the shelf stability of a composition according to the invention, particularly for
biological products. Freeze-dried particles can also be reconstituted and used in nebulizers.
Aggregates of freeze-dried nanoparticles of a composition according to the invention can be
blended with either dry powder intermediates or used alone in DPIs and pMDIs for either
nasal or pulmonary delivery.

Sublimation involves freezing the product and subjecting the sample to strong
vacuum conditions. This allows for the formed ice to be transformed directly from a solid

state to a vapor state. Such a process is highly efficient and, therefore, provides greater yields
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effective anount of the nanoparticul ate | eukotriene receptor

ant agoni st/ corticosteroid conposition of the invention via any suitable
nmet hod. I n one enbodi nent of the invention, the conmpositions of the

i nvention are adnministered via an aerosol dosage form The aerosols of the
present invention, both aqueous and dry powder, are particularly useful in
the treatnment of respiratory-related illnesses such as asthma, enphysens,
respiratory distress syndrone chronic bronchitis cystic fibrosis, chronic
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Such methods comprise the step of administering to a subject a therapeutically
effective amount of the nanoparticulate leukotriene receptor antagonist/corticosteroid
composition of the invention via any suitable method.

In one embodiment of the invention, the compositions of the invention are
administered via an aerosol dosage form. The aerosols of the present invention, both aqueous
and dry powder, are particularly useful in the treatment of respiratory-related illnesses such as
asthma, emphysema, respiratory distress syndrome, chronic bronchitis, cystic fibrosis,
chronic obstructive pulmonary disease, organ-transplant rejection, tuberculosis and other
infections of the lung, fugal infections, respiratory illness associated with acquired immune
deficiency syndrome, oncology, and systemic administration of an anti-emetic, analgesic,
cardiovascular agent, efc. The formulations and method result in improved lung and nasal
surface area coverage by the administered composition according to the invention

One of ordinary skill will appreciate that effective amounts of a leukotriene receptor
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expressly incorporated by reference. Exanple 1 The purpose of this exanple
was to prepare a nanoparticulate fornulation of the |eukotriene receptor
ant agoni st zafirlukast. An aqueous dispersion of 5% (ww) zafirlukast
(supplied by Cam da (Tower House, New Quay, Connel, County Ti pperary,

I rel and) and manufactured by Morepen Laboratories Limted (Mrepen Village,
Nal agarh Road, Near Baddi, Distt, Solan)) was conbined with 2.0% (W w)

Pl asdone(r) S-630 (copovi done K25-34). This mxture was mlled in a 10 m
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condi ti on Bosagegait bempoditidisindy Efiiin Bth amdifitssefaach submeulfiplesl tereafianm nm nm

nm soni cati o Ti = s, Anbj eng . 180 171 4 277 Time = 0 Days
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pays SELNOpY i paion pill dertbolBREr pl Hiclort” METBR RO 122 14
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and rate of excretion of the agent; the duration of the treatment; drugs used in combination or

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

* * * * *

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

expressly incorporated by reference.

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

leukotriene receptor antagonist zafirlukast.

An aqueous dispersion of 5% (w/w) zafirlukast (supplied by Camida (Tower House,
New Quay, Clonmel, County Tipperary, Ireland) and manufactured by Morepen Laboratories
Limited (Morepen Village, Nalagarh Road, Near Baddi, Distt, Solan)) was combined with
2.0% (w/w) Plasdone® S-630 (copovidone K25-34). This mixture was milled in a 10 ml
chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA), along with 500
micron PolyMill® attrition media (Dow Chemical) (89% media load). The mixture was
milled at a speed of 2500 rpms for 60 minutes.
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Exanpl e 2 The purpose of this exanple was to prepare a nanoparticul ate
formul ation of the |eukotriene receptor antagoni st zafirlukast. An aqueous

di spersion of 5% (ww) zafirlukast (supplied by Cam da (Tower House, New
Quay, donnel, County Tipperary, Ireland) and manufactured by Morepen
Laboratories Limted (Mrepen Village, Nalagarh Road, Near Baddi, Distt,

Solan)) was conbined with 2.0% (ww Pharmacoat(r) 603 (hydroxypropyl
met hyl cel l ul ose (HPMC)). This mxture was mlled in a 10 mM chanber of a

NanoMII(r) 0.01 (NanoM || stems, King of Prussia, PA, see e.g., US
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Time = 14 Days 25°C 170 162 229 257 Y

Time = 14 Days 40°C 150 145 203 224 N

Time = 14 Days 40°C 149 145 202 224 Y

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

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

Example 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 ina 10 ml chamber of a NanoMill® 0.01 (NanoMill 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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Time = 14 Days 40C 182 173 249 2T2-" N Tinme =14 Days 40C 177 169 241 270 Y
The results denonstrate the successful preparation of a nanoparticul ate
zafirlukast conposition, and that the nanoparticul ate zafrrl ukast
conposition is stable at room tenperature and at el evated tenperatures over
an extended period of tinme. Exanple 3 The purpose of this exanple was to
prepare a nanoparticulate forrmul ation of the |eukotriene receptor

ant agoni st zafirlukast. An aqueous dispersion of 5% (ww) zafirlukast
(supplied by Cam da (Tower House, New Quay, Connel, County Ti pperary,
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mlled zafirlukast was neasured over a fourteen {14) day period under

var i odgblet2enper ature conditions. The results of the stability test are show
below in Table 3. TABLE 3: Stability Over 14 Day Period of a Nano
articulate Zafirlukast D spersion Storage Storage Mean / D50 / nm DOO / D95

/| 60 $E€es condition B TN : o n Tine = 0|Dbays
Anbi ent 4%&6&90&?\2 Zzgﬁmﬁwg 19 e é‘}?gﬂ 4,,&;:’9\ 229 245 Y |Ti ?/ne =14
SC 0 e ondition | Storage 0| Mean7 | Da0 /T D907 DO5/ | Dol vecs
time Condition nm nm nm nm sonication
Time = 0 Days Ambient 189 179 253 289 N
Time = 0 Days Ambient 188 178 253 288 Y
Time = 14 Days 5°C 199 188 270 310 N
Time = 14 Days 5°C 196 185 266 307 Y
Time = 14 Days 25°C 220 203 307 366 N
Time = 14 Days 25°C 196 184 271 316 Y
Time = 14 Days 40°C 182 173 249 282 N
Time = 14 Days 40°C 177 169 241 270 Y

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

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

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

leukotriene receptor antagonist zafirlukast.

An aqueous dispersion of 5% (w/w) zafirlukast (supplied by Camida (Tower House,
New Quay, Clonmel, County Tipperary, Ireland) and manufactured by Morepen Laboratories
Limited (Morepen Village, Nalagarh Road, Near Baddi, Distt, Solan)) was combined with
1.5% (w/w) Tween® 80 (polyoxyethylene sorbitan fatty acid ester). This mixture was milled
in a 10 ml chamber of a NanoMill® 0.01 (NanoMill Systems, King of Prussia, PA), along
with 500 micron PolyMill® attrition media (Dow Chemical) (89% media load). The mixture
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Ti me =
Ti me
The results denonstrate the successful
zafirlukast conposition, as the D50 is less than 2 microns, and that the
nanoparticul ate zafirlukast conposition is reasonably stable at room
tenperature and at el evated tenperatures over an extended period of tine.
However, given the noderate particl e size growth observed, particularly at
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preparation of a nanoparticul ate

Chem Gal—89%-redi-aJ-aadh-—Ihe—p-xture—was—m-ll-ed—at—a—speed of-—2500 rpms
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Time = 14 40°C 373 294 616 931 Y
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The results demonstrate the successful preparation of a nanoparticulate zafirlukast
composition, as the D50 is less than 2 microns, and that the nanoparticulate zafirlukast
composition is reasonably stable at room temperature and at elevated temperatures over an
extended period of time. However, given the moderate particle size growth observed,
particularly at higher temperatures, this formulation is suitable for the invention, but is not

necessarily a preferred formulation.
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Storage Storage Mean / D50 / D90 / DO5 / 60 secs condition tine Condition
nmnmnmurn sonicatio n Time = 0 Days Anbient 236 218 323 384 N Tine =0
Days Anbient 233 216 317 375 Y Tinme = 12 Days 5C 218 194 332 409 N Tinme
=12 Days 5C 218 194 331 406 Y Time = 12 Days 25C 294 281 412 464 N Tinme =
12 Days 25C 280 407 456 277 Y Tine =12 Days 40C 341 313 507 603 N Tine =12
Days 40C 339 312 503 590 Y The results denonstrate the successful
preparation of a nanoparticul ate zafirlukast conposition, as the D50 is

| ess than 2 microns, and that the nanoparticul ate zafirlukast conposition
S reaE&ﬁB!Eﬁ stable at roomtenperature and at el evated tenperatures over
an extend | ! S anple was to
P epare. a nasdub@ ofnit bplo ki HBbile 1 npSbaRuRAR fortiutdbuor e,

ant agdeulsitriamefrecdptdcantagorist zafiskakast. di spersi on of 5% (w w) zafirl ukast

(supplied by Cam da,(Tower House, New Quay, C onmel., County Tipperary,
| r el and) an%[l ARIFOES mrgenWS%@wéﬁafE ‘dﬁ‘éﬂﬁhéébygaml%cfm Vil | age,

Nal a , - , ) . b [
Pl acdanD” (Raf Cloasel, Battiy Tighdtbly, b st e ARl BEAstebth L bt )

c hanbdrimifed §MvsepeiVill§ge) Naldgarh ReadoNedr Baads; Tists, Sdkan)pwas cdinbined withPA) , al ong
wth 50%& m cro PQ|@/|\/1 I%ri attrit 'Bon medi a (Dow Cheni cal(}@ﬁ)SQ% medi a

| oad) .1 éwmle’ﬁr@l%aé 08 fipplogamer 308)< phisanigturo was milleasingant0 wd chamher es .

Fol | ow YR H1l &) Bl Prid&iaTpah & li%aEi I articles was
rreasu\r%gg, :{Hloh}l.lg(@;&?%(r)} ?g%&yilgltsl\}{sgg%’ &/aﬁ{gggrf us.‘%""z’ %%r a&léﬁbgﬁgmgart icle size
anal y ZRolyMili® atiriiéri mediat(Dew Clicatital) (89%inetdiadoad)) Tad nrigfure Wwakmilledma neasur ed

over a twelve (12) day period under various tenperature conditions. The
resul t%e?ﬁoﬁ%é’gﬁf&bquim?ﬁ- are show below in Table 5. TABLE 5: Stability

Over 12 DaypdioWwiRfmfling the particle size of the milled zafirlukast particles was measured,
in deionized distilled water, using a Horiba LA 910 particle size analyzer. In addition, the
stability of the milled zafirlukast was measured over a twelve (12) day period under various

temperature conditions. The results of the stability test are show below in Table 4.

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

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

extended period of time.
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Nano articul ate Z-afirlukast Dispersion Storage Storage Mean / D50 / DOO /
D95 / 60 secs condition tinme Condition nmnmnmurn sonication Tinme =0
Days Anmbient 167 160 224 252 N Tinme = 0 Days Anbient 166 159 223 251 Y
Time =14 Days 5C 172 164 232 261 N Time =12 Days 5C 169 161 226 256 Y Tine
=12 Days 25C 172 164 231 259 N Tinme =12 Days 25C 170 162 227 256 Y Tine
=12 Days 40C 162 157 219 245 N Tinme =12 Days 40C 161 156 217 242 Y The
results denonstrate the successful preparation of a nanoparticul ate

zafi rgﬁkﬁét 5 conposition, as the D50 is less than 2 mcrons, and that the
nano te zafirlukast conposition is reasonably stable at room

t enper at UrEhedftfpte of LY atAthlé REPRS FENHE s nBNHartRlat® ForBRURInRE ML Oof tine.
58 Exanpl e 6 The purpose of this exanple was to prepare a nanoparticul ate

f or mipwkotrgneaeceptas antaganist zafidnkast.ecept or ant agoni st zafirlukast. An aqueous

iy, d 82@£$qu5"é%%%§”3rﬁ1953£5%‘9‘w f?i wﬁ‘ﬁgﬁaﬁmé T

Laboméonuess Clbiuiel, €dufifyori Lﬁi%f'ﬂb Distt,
Sol aﬁ was. conbi ned wwﬁmﬁg% W W) Lutrol( F68 (poI oxaner 18%3S and
0

0.05 lmmedlxMacﬁmsébﬁayoHalamms) NeanBasidx mRistt, momhued mth 10 m

a1 ond 0 Qb R SrOtbintor RO R 7. RS e %%w%ﬁ! 5 5% redi o

| oad)charhbér dfiaatoMilN@s0.01 ((NabMMI] @ys&&ﬁeﬁlﬁg onP}Qquf [P?SB* 4l8hg ﬁ@thVBOOUt es.

Fol | owi ng mlllgg the particle size of t |rIukast particles was
nmeas umigrpn PalyMil @mu@mmd@tmpne@hmcd) (89%m¢glasloa:48r ilhe nmistwd waparticl e size
ity of the mlled zafirlukast was neasured

gcglr x’é]ﬁf’g\é{ nﬁ?@?ﬁ%&é&%@ A 8¥5: vari ous tenperature conditions. The

results Of'FdllBWui?gtﬂHhhg,ttHe partitle 318 of tHRWhiNRH QxfirlikaleirBe]s wad\Blelsuged, St abi ity
Over 12 Day Period of "a

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

Ll-r

stability of the milled zafirlukast was measured over a twelve (12) day period under various
temperature conditions. The results of the stability test are show below in Table 5.

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

Storage Storage Mean/ | DSO/ | 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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Nano articul ate Zafirlukast D spersion Storage Storage Mean / D50 / D9O /
D95 / 60 secs condition tinme Condition nmnmnmnmsonicatio n Time =0
Days Anbi ent 198 190 259 290 N Tinme= 0 Days Ambient 196 189 257 288 Y Tine
= 12 Days 5C 198 184 285 333 N Tine =12 Days 5C 198 184 285 332 Y Tine =12
Days 25C 289 280 392 435 N Time =12 Days 25C 289 280 392 435 Y Tine =12
Days 40C 333 316 478 540 N Tine = 12 Days 40C 333 316 479 542 Y The results
denonstrate the successful preparation of a nanoparticul ate zafirl ukast
corrpoE'E'! g@eGas the D50 is less than 2 mcrons, and that the nanoparticul ate
zafir conposition is reasonably stable at roomtenperature and at

el evat ed t @hppurioss ESthivexample wadth phehact Priropartielilatd foemuffofspime! € 7 The
purpose_of this exanple was to prepare a nanopartlcul ate formulation of the
Ieukoﬂer‘*@?i@n?%éﬁobﬁntagﬂmﬁdﬁﬁé'ﬂkaihfl rlukast. An aqueous dispersion of 5%

(C\(,)vfj\rllvz y ’ '?'T Ipp e ;ﬂ;?%us Pél a’f :f% (‘%W ’%ﬁ%%%go‘?@f%ﬁéﬁule‘gﬁ% gg?‘%g " :_ imted

(Nbremw a@ﬁy Tigpendly, Nd&id) BAd! tanufabitdd bySMlopépeh 1aBSratRiehi ned
with _1. 5% w/w) Pl asdone(r). G 15 ())VI done K15. 5- 1}$MS) and O. 05%(w/w)

sodi ukitaiedMerspen ¥illageINalagark Road Bafldiy Bistt, §olan))ovasi copthimedewitly

o7 o 25 S bl R eploxatied B8 anfloRos G gbibetisndiohy GF0SHE ﬁ‘y‘ “Tﬁﬁo
M xt updxtefswa milled int 18 whdasber of250&hoMil® 0.01 WEndNiILSRsems, Wih®vf Ng
mlling, the ﬁal‘tld e size of the mlled zafir] ukast gartlcl es was_measured,

i n deFBipiadlAHialang Withi> Gmicron BelyNill® atisitipn zmede @rov phemicel)d8Yoapedimal yzer .
I n ad j(()ﬁl}le)';’ mrc%a%tﬂl & H%Peggﬁ.f%@udé’l’%&‘ﬁn%re%{“%ﬁét was measured over a

f our t een peri o un _ re ¢conditions. The results
of the st anMcbWMgtnﬁmngaﬂﬁ pabtivle §18¢ ofthe fillédbiri(kast particles was measured,

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

stability of the milled zafirlukast was measured over a twelve (12) day period under various
temperature conditions. The results of the stability test are show below in Table 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 | sonicatio
n
Time = (0 Days Ambient 198 190 259 290 N
Time = 0 Days Ambient 196 189 257 288 Y
Time = 12 Days 5°C 198 184 285 333 N
Time = 12 Days 5°C 198 184 285 332 Y
Time = 12 Days 25°C 289 280 392 435 N
Time = 12 Days 25°C 289 280 392 435 Y
Time = 12 Days 40°C 333 316 478 540 N
Time = 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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TABLE 7: Stability Over 14 Day Period of a Nano articul ate Zatr| ukast

Di spersion Storage Storage Mean / D50 / D90 / D95 / 60 sees condition tine
Condition nmnmnmnmsonicatio n Time= 0 Days Anbient 144 140 193 214 N
Time = 0 Da Anbient 144 140 193 215 Y Tinme =14 Days 5C 141 137 191 212 N
Time= 14 Days 5C 143 138 193 215 Y Tine = 14 Days 25C 141 136 191 212 N
Time =14 Days 25C 141 137 191 212 Y Time = 14 Days 40C 142 138 192 214 N
Time =14 Da 40C 142 137 192 214 Y The results denonstrate the successf ul
prepaéstiog 2f a nanoparticul ate zafirlukast conposition, as the D50 is

| ess I crons, and that the nanoparticul ate zafirlukast conposition

i's reasonaliy B &5 s : V. . tures over
an extended Bglltpi%od 0 st{xﬂng@eg\gﬁgéggﬁ,ﬁdﬁ%ﬁ#ﬂgﬁgﬁﬁ%&fg}%ﬁh@ﬁﬁgﬂgg anple was to
pr epaleikatrieae tqeeptor enthgandstfzafirlukast.i on of the | eukotriene receptor
ant agoni st ,zafirl ukast. .An oys di rsion of 5% (w w) zafisl ukast
(supplied B %&W‘Eéﬁim’m 0% Z@y‘% @%Q“P@M%%MPVGWHBWF ary,
Irela CRdHH ' | KB Vil | age,
Nl agar GO, CRlindl CHRRP Thhelel. IRy Apiahafkffed b Mot LHRERER: )
Tyl ox &pmited (Morsperi Yillage, Nalagarh Rioed| Near Baddi, Distt; Balahp)rwasfcombiisadoddth | (r) 0. 01
(NanoM | . Kigh f Pryssi .. al on | 00_.mcyon PolyMII(r)
attri 5125% %b ?EE'BS@%N &3 e 9113(1%13%;@2@? and @ﬁa‘% (IW?WS S?@M@W@ei 1led at
a speqsliah: r ' \ | Nl : i cl e size
of t hgﬁlr?ﬁ"ﬁﬁgg gg? Pg?% fgtlsat ﬁg%]% tEBI C egaf/v%g%rr%%@ gcim Mahﬂ%félll §2|&§@% %‘lhgt i1led
wat er of Pmissig, PA)-alonp avith’S @Ificpar PolyMil® iattritiomalediag DowlCliriical) (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. In addition, the

stability of the milled zafirlukast was measured over a fourteen (14) day period under various

temperature conditions. The results of the stability test are show below in Table 7.

TABLE 7: Stability Over 14 Day Period of a
Nanoparticulate Zafirlukast Dispersion
Storage Storage Mean/ | D50/ | D90/ | D95/ | 60 secs
condition time | Condition nm nm nm nm | sonicatio
n
Time = 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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Storage Storage Mean / D50 / nm D90 / D95 / 60 secs condition tine
Condition nmUlll amsonication Tinme = 0 Days Anbient 163 159 217 240 N
Time = 0 Days Anbient 163 159 217 241 Y The results denonstrate the
successful preparation of a nanoparticul ate zafirlukast conposition, as the
D50 is less than 2 mcrons. Exanple The purpose of this exanple was to
prepare a nanoparticulate formulation of the <corticosteroid triantinolone
acet oni de. An aqueous di spersion of 5% (w w) triantinol one acetonide
(suppt PMRS; Lot No. R10829) was conbined with 2% (ww) Pl asdone(r)
S 630—%—%@8@& done K25-34) and 0.05% docusate sodium This m xture was
mlled i n ThéPurgbsedTanipex e&v&m hre &' DanBpdiculhdaFniihtio ems, King of
Prussia, PA), ong with 500 m cron onMII r) attrltlonrm| ( Dow
Cheni Eakgmemm@ta&oawzaﬁrh&m xture was nmlled at a speed of 1333 rpns

L1 amui nol Bhcisess SipfSloRbe S bR eetilfidl Chomict by el (RGP ORRSR ™ A

st abl New@dag} Ciinndel l@umwpipg GR12a0) S8 maERR IR Dy M@&F&bﬁ%df%new th no
| ar ge_cr stas or gre at es VISIb|e Next, the size of

tri anki heReagd, Near Bm,d?réa,, Solan)) svas gpmbined véthi | | ed

U Akt %*f '54? %ﬂéa%ﬁs%s%f 4 el O op 2 M08 Mef0n, & os0 of
304 n@NaabNiB S?Bl@m@fKﬁé%f&"ﬁlssthBA),%ﬂgt\ﬁlﬂﬂmﬁréﬂ’&ywﬂ@&tﬁrﬁﬁﬁﬁﬁé&a

pr epar at ion a nanoparticul ate triancinol one acetonide composition.
Exanpmova@hqm@cab@%med@a load). sThemixtire waamilled atraeqpeed ob2 Hikropwifor 6l at e

f or mu ‘%on of the corticosteroid triantinolone acetoni de. An aqueous

di spe?1 5% (vv/w) trianci nol one acetonide (supplied by PMRS;, Lot No.
R10829) V\ﬂﬁolﬁﬁﬁﬁg Winj the ﬁartﬁfé)dlﬁ ofthdwilledrfitlarst f:ﬂﬁaremeﬁdaﬁﬁxe@%) and

0. 05% docusate sodi um is mxture was mlled in a 50 chanmber of a
NanoMridefonjzed distilled wyatrsansing shoribabA W0mgrtisle amwlﬁzerPA) al ong with 500

mcron PolyMII(r) attrition nedia

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 PolyMilI® 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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(Dow Chemcal) (89% nedia |oad). The m xture was mlled at a speed of 1333
rpms for 60 mnutes. Followwing mlling, the stability of the

nanoparti cul ate trianci nol one acetoni de dispersion was first determ ned
optically. A stable colloidal triantinolone acetonide dispersion 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

triangi nol one acetoni de.parti.cl.es ha n sjize,of 264 nm_with a D50 of
250 r FIPSFA VAR gt etosmisie aptigelly. HQé@P@OH&ﬁﬁkg@mﬁyp longeaceionides st ul
pr epaaﬁfaeﬁ@n%s%bgavap%éu mh?gte%r&dﬁlfasicégg?ég@o g}sgtggﬁ gt%kﬂ' hEQIPGERL | ON.

Exanpl e 11 The purpose of this exanple a nanoparticul ate

f or nuinalédomiamicinotene acdnmdepaltm}eslvaslmmimah,uddmmmmmﬂed wateepsing on of 5%
(W' w) i,cor Pharmac . I ng. conbi ne W|th05%(w/w)
Tmen%g%g%%mlif%?én% rrﬁ{ o ne@ﬁ%FHB’QF P8¥t1°ge s had ananoM | 1 (r)
0. 01 mxaaei%bfsﬁmemarsmnm%gm@ngg% @hfing i th 500 i cron

Pol yM 'l () attrition nedia (Do em ca onmedi a load). The mi xture was
mlled at &he queléﬁd&mmsﬁﬁté thesuecéssful pepatation efa nﬁwplartwulag;e triakcinodonet he

st abi | | gf t he opart i cul ate budesoni de di spersion was first determ ned
opt i cﬁ(feIQ}/’" Qé’?%?ﬁ} Bcol | oi dal budesoni de di spersion was observed, with no

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

budesoni de particles was neasured, in deionized distilled water, using a
Hor i bExampetd particle size analyzer. The milled budesonide particles had a

domnst 1 at bt EpeRte s enptple s apikare g GO PERHAR e BLbesoni do
Como&ﬁb%roﬁ)ﬁ%hﬁoﬂ&emoﬂgé pose of this exanple was to prepare a
nanoparticulate formulation of the <corticosteroid budesoni de. An aqueous
di sper si onAonfaqsésus \dispprsioncd S8 (wiawv) S cinolehe acedordde (supplied BynEMR Sphset
No. R10829) was combined with 2.0% (w/w) hypromellose (Pharmacoat® 603) 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
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 0f 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 ina 50 ml chamber of a
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conmbined with 1.5% (ww) Pluronic(r) F108. This mxture was mlled in a 50
m chanber of a NanoMII|(r) 0.01 (NanoMI| Systens, King of Prussia, PA),
along with 500 micron PolyMIIl(r) attrition nedia (Dow Chem cal) (89% nedi a
| oad). The m xture was mlled at a speed of 1333 rpnms for 60 m nutes.
Followng mlling, the stability of the nanoparticul ate budesoni de

di spersion was first determned optically. A-stable colloidal budesonide

di spersi on was observed, with no large «crystals or aggregates visible.

Next, the size of the m |l ed budesonide particles was neasured, in deionized

gl 3t| | NagpMal®0, OlltﬁNan@Mdl Syatérhs; Kling éﬂfrupm,tmc)l, elongmﬂlaﬁmlmmﬂ:cn The mill Sd
4 D50
000 of PSR S EnedB e TBRmites fafta misdie B0, ltermigs spsmifledpay o

nanopaggeed bf F333 rpHREEIO60 Anut&ONPosi tion. 63 Exanpl e 13 The purpose of this
exanpl e was_to prepare a nanoparticulate formul ation of the corticosteroid

f1 uti casoneF@lowing milling, tha stablity aSthd inenepagticntateo budeseidé dispérsioniwaaSirste

ol yvi PORBYEARHERTE LUl eloidhEblescia Sapemionvas OUPHe, IR AN Lot 1 a o

(SLS). cr?ﬁhl% théérHézﬁesVﬁﬁbfé‘ IN&E thésize 5@&1@&135@9&&50&& o¥ak! (r) 0.01
(NanoM Systens, Kin g Pru55| a, PA), along O mcron PolyMII(r)

attri tlg@%fr@dmadelqwﬁi tyr, (Jﬂﬂg/aﬁhmbawom parftcie smmn?]lyaen/vahem | ed]c at
6
he. ne b HEAcsapiR Piri Tt rod e 515 12208 o Wil Bot ph A e SRR o i med

opti cadgdgmmA stable colloidal fluticasone propionate di spersion was
observed, with no large crystals or aggregates visible. Next, the size of
the mlled The rgsultsademonsipate fieomacessipbpreparation ofasnanopsticaldie budestmideni zed
distil]ed er, using a Horiba LA 910 particle size analyzer. The mlled
f1uti cCHSHPE POpi onate particles had a nean size of 140nmw th

aD500f 121nmandaD90of 238urn. The results denonstrate the successful
preparation of a nanoparticulate fluticasone propionate conposition.

Exanp| Exaimple 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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The purpose of this exanple was to prepare a nanoparticulate fornul ati on of
the <corticosteroid fluticasone propionate. An aqueous di spersion of 5%
(ww) fluticasone propionate (Dey Laboratories, Inc.) was conbined with
1.25% (ww) Pluronic F68 and 0.05% (w w) docusate sodium This mxture was
mlled in a 50 mM chanber of a NanoM I 1 (r) 0.01 (NanoM || Systens, King of
Prussia, PA), along with 500 mcron PolyMII(r) attrition nedia (Dow

Chem cal) (89% nedia |oad). The m xture was mlled at a speed of 1333 rpns
for 60 mnutes. Following mlling, the stability of the nanoparticul ate

f1 ut i cExsmpled3opi onate dispersion was first deternined optically. A stable
col |l oi dal flquticason ropi onat e di spersiaon -wa bserveq,.wth no |arge
crystals or'i-lgegé]‘]’@ zgtogggis/ Fgﬁﬂgw prepgrH @ %P%@f@?‘ﬁ%tﬁimmﬁ?w °¢q1"ut i casone
propi oguiticosteisill iflutiegsone propeanaty. ed, in deionized distilled water, using a
Horiba LA 910 particle size analyzer. The mlled fluticasone propionate
particl es hAw agueeps dispersion®f SBu(ve'e) fiuticasane propiopsts (Drey 2aboratoriesdiicd DO of

The r cxpftomtiRkikEn Slsh i b EERIASE: YIS k2ol SRCOME Blud tRuii Lt o
fluti claagsulfate GLSYNThis HixeE Wak nfilled BeSMMEcHamMbER8f R WaRESEU®f0.61hi s exanpl e

was to rem{]e a cor}%gm tion conprising a nanoparticulate |eukotriene
recept@\Panp Bystems,iking ofBrussini Ba), wlang withomicren PolyMill® atwitionawslizer oi d.

ot 11 AL heita (R AT DAY e midfce SR Bl R L2 BRER L ot o
di spergimespf the corticosteroid triancinolone acetonide prepared in

Exanpl e 9. The nanoparticul ate zafirlukast dispersion and the
nanopar t i cufellowing milling,rthe stabilityeff the nenopdrtisplatesilutinasens propionatdi ned i n t he

o 1 Uil AR bR Gpichfin ALHRE R AREERE bpicrae iraion T ¢
or 10 wds dYserived witteioRegd drosthle o ag@bgdidsilisible, Nexpahesiadlof@s néilleed to 10, 5,
or 1 pL of the nanoparticulate cort]costeroid dispersion. The two

di sperflytisasonagrepiensippartioles wasmepswesl, dedeipnizeddistillasewatan usivgrdiaibaf or' 10
secongsy %Zb ghu%% SRR Er. Thelmited HBcasBhd SroBDndle M AL h R 8556 O 2

Di )]

m cr osco
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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and anal yzed using the Leica DVR (oil imrersion objective). The results are
shown in Table 9, below TABLE 9 Zafirlukast Corticosteroid Quantity
Quantity Ratio Results Conposition Conposition of A of B ABA (B) 5%
Zafirlukast 5% rianti nol one acetonide 1 10 1/10 stable colloidal dispersion
2% Pl asdone(r) 2%° asdone(r) S630 no |l arge crystals or S630 0.05% docusate
sodi um aggregates 5% Zafirl ukast 5% trianti nol one acetonide 5 5 1/1 stable
col | oi dal dispersion 2%l asdone(r) 2% asdone(r)S630 no |large crystals or
S630 0,05% dogusat I um aqgr t 5% i rl.ukast 5% trianci nol one

acet onf 3o ig)/5§ 0333%%1 Bd’glal ﬁ%&ﬁ%ﬁ @B@LP%’H&e SRS Wetromeqsuyed after

2% asapgé@&fd)s%@ggfﬁgéﬁoh rge crystals or S630 0.05% docusat e sodi um aggr egat es
65 The results denonstfate the successful preparation of stable conpositions

conpri si ng Thevresultsdepenstrateithetsacdessfubpreparatior efemnopartiotliatei flunicagomki r | ukast
In combination with.the nanoparticulate corticosteroid triantinolone

acet orfiTARIONEG SOMPOSIHRN. The Hurpose of this exanple was to prepare a
conposition conprising a nanoparticulate | eukotriene receptor inhibitor in
conbination with a nanoparticulate corticosteroid. The nanoparticul ate

di sperExampleflSt he | eukotri ene receptor antagoni st zafirlukast prepared in

Exanpl e 2 s conmbined.with the nanoparticul ate, . di spersi,on of the
corticosfte?ﬁfe quﬁﬁgﬂﬂﬁ?’@ﬁ‘@t‘%&éﬁ&ﬁ_ ﬁl"‘é‘fB‘é‘P@ﬂt‘?‘hcﬁ%{’%alo. The
nanopaizhbfiHidiife 16birient kaBbtof! intiifor il Bordbidat AoRAcHdrEeIAL ©
trianci nol one acetoni de di spersions were conbined in the Tollow ng

di f f erconticostetaids of zafirl ukast:corticosteroid: 1/10, 1/1, or 10/1.
Dependi ng on the zafirlukast:caorticosteroid ratio utilize or 10 L

1, 5,
of the nand] MP%P‘&#%‘CQEPFFS} dhe ]8_ PG ISFPRIRIATAARIBH! £ rigkaSts ' o 1 L of
the ngnoRacd inEiadipte 1 WAS EoMBREE WathdhdhafdphticBlte 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 pL of the vortexed dispersion was placed on a microscope slide

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

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

5% Zafirlukast 5% triamcinolone acetonide 1 10 1/10 | stable colloidal dispersion
2% Plasdone® 2% Plasdone® S630 no large crystals or
S630 0.05% docusate sodium aggregates
5% Zafirlukast 5% triamcinolone acetonide 5 5 11 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® $630 no large crystals or
S630 0.05% docusate sodium aggregates
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The two di spersions were conbined in a mcro-centrifuge tube and vortexed

for 10 seconds prior to analysis. 5 L of the vortexed di spersion was pl aced
on a mcroscope slide and analyzed using the Leica DVR (oil inmersion
objective). The results are shown in Table 10, below TABLE 10 Zafirl ukast

Corticosterold Quantity Quantity Ratio Results Conposition Conposition of A
of B AB (A) 5%afirlukast 5% trianti nol one acetonide 1 10 1/10 stable

col | oi dal dispersion 2% HPMC 2% HPMC no | arge crystals or 0.05% docusate
sodi um aggregat es 5% Zafirl ukast 5% trianci nol one acetonide 5 5 1/1 stable

col | oi dal dkisFesults ggmonsizatpthe spogesyfipraparationyef stabjeseqmpositions gomprisingcusat e

col | orEfiaPatcRRe1CbIRbdq iRl il ARPIRA RS HERBAN it ther oo socrsat e
sodi umaaggirtgdite sorficesteid triamcitwiomesicetdhider he successful preparation of

stabl e conmpositions conprising the nanoparticul ate | eukotriene receptor
I nhi bitor zafirlukast in conbination with the nanoparticulate

corti

corti GRRd

ant agoni st zafi rl ukast

1
exanpl e was4t O _preparg.a com
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66 Exanple 17 The purpose of this
nanoparticul ate

o rticul ate

fté ene receptor:

Qe
ast .
"o ng

p—t

1, 5, or

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

corticosteroid dispersion.

The two dispersions were combined in a micro-centrifuge tube and vortexed for 10

seconds prior to analysis. 5 pL of the vortexed dispersion was placed on a microscope slide

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

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

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

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

5% Zafirlukast 5% triamcinolone acetonide 5 5 111 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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di spersion was added to 10, 5, or 1 L of the nanoparticul ate corticosteroid
di spersion. The two di spersions were conbined in a mcro-centrifuge tube and
vortexed for 10 seconds prior to analysis. 5 L of the vortexed di spersion
was placed on a mcroscope slide and analyzed using the Leica DVR (o0i

| er si on objective). The results are shown in Table 11, below TABLE 11
Zafirlukast Corticosteroid Quantity Quantity Ratio Results Conposition
Conposition of A ofB AAB (A 5%aBrl ukast 5% budesonide 1 10 1/10 stable
col | oi dal dispersion ,1.5% Tweene 80 0.5% Tween(r) 80 no large crystals or
aggregates 5% Zafirl ukast 5% budesonide 5 5 1/1 stable colloidal dispersion
1. 5% Tpe&fple)1780 0. 5% Tween(r) 80 no large crystals or aggregates 5%
Zafirl ukast_5% budesonide 10 1 10/1 stable colloidal dispersion 1.5% Tweene
80 0. 5% TweEle Bupess of g example s {0 preparg §iceBkposition Toprisinght s denonstrat e

the s . I ] e.c Ltiong, conprisi.n t he
nanopgr?ﬂ ?‘ﬁ@%ﬁg‘pg&@%@ﬁ%ﬁ%@%ﬁi@@bf Wgﬁ@%@?@?? %?é*ﬂ" € conbi nati on
W th tdeticosrpsigarticul ate corticosteroid budesonide. 67 Exanple 18 The
purpose of this exanple was to prepare a conposition conprising a

nanopart i cullenanppariienlatesligpersiareqfithe lenkotripne eeeptor antagonish zafirhulast h a
nanop I cul at C lcosteroi d. . nanopasticul.at e .di spgrsion of the
I eukp?ﬁrlggﬂgd ’F‘e@@ﬁpg{ 5%5%&%? vgﬁlﬁ? PEHOR: c"%%e%ﬁ?eéﬁo’i] ﬂP%?anpl e 4 was
conbi nestiodsteroid bﬁd@@ﬂi@@g&ﬁafddl inBxalbRPE! STHMafbpdriiéulate afirl@ast er oi d
budesoni de prepared in anpl e 12. The nanoparticul ate zafirl ukast

di sperdispersiemend the npropspisulate budesenide dispessipaewenesombinedris thafollowingoi ned i n
e | @M o b B Btk o8l cBRefRla. 2010, VH T/ BdpefiBh GpBh the 1/ 10 1/ 1 OF

10/ 1. Dep
zafirlukast:corticosteroid ratio utilized, 1, 5, or 10 pL of the nanoparticulate zafirlukast

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

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

11, below.
TABLE 11
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition Composition of A of B A/B
(4) (B)
5% Zafirlukast 5% budesonide 1 10 1/10 | stable colloidal dispersion
1.5% Tween® 80 | 0.5% Tween® 80 no large crystals or
_aggregates
5% Zafirlukast 5% budesonide 5 5 1/1 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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zafirlukast:corticosteroid ratio utilized, 1, 5, or 10 isL of the
nanoparticul ate zafirl ukast dispersion was added to 10, 5, or 1 gL of the
nanoparticul ate corticosteroid di spersion. The two di spersions were conbi ned
in a mcro-centrifuge tube and vortexed for 10 seconds prior to analysis. 5
ItL of the vortexed dispersion was placed on a mcroscope slide and

anal yzed using the Leica DVR (oil imrersion objective). The results are
shown in Table 12, below TABLE 12 Zafirlukast Corticosteroid Quantity
Quantity Ratio Results Conposition Conposition of A of B AR (A (B 5%
ZafirlEkggnHﬂBtnMesonide 1 10 1/10 stable colloidal dispersion 1.5%

Pl uroni c(r) 5% Pl ur oni 08 no | arge crystals or, F108 aggregates
59&af ul ukasﬁ‘% ?fe%fo S %a%pgvi 3510 prepptect COHNOSIUORI CORPEISEESA on 1. 5%

Pl ur onj la gates 5%

ot al e BRSO Gt BB SR RbalP Sl ApUHaORRO) °C,

Pl ur oncarticdsteroiddo Pl uroni c(r) F108 no large crystals or F]08 aggregat es The
results de strate the successful . preparation of stable conpositions
conpri si ngm}BﬁEaDr?g g digpezsion pLilg i &P’BW@W@EB@EBW‘%%? t%aggﬂk&séfi rl ukast
in co r soni de. Exanpl e
19 Thgpll Sg%gggf%%%‘ﬁ@ ﬁﬁgﬁgxdgrrp e m\éi'él‘f!{:!%ﬁ%ﬁ &ﬂé’c@ﬁfsﬁprgigﬂto?g%e conprising a
nanopacdrticesteroid Hudedonidei prqmredam@tample i ’Bhet genoparticelate zafitlukast Wi t h a

nanoparticul ate. 68 corti cQs . The nanoparticul ate, dis erS| on of the
| eukot HiSBSTEIOR @R fie pan a@ﬁp Budesgiide fipp gsionp weprraaabined indagfllovingas

combi nggreVint Batiol %feﬁﬂﬁmgttaofﬁﬂogfe?m&l' $R8’ F/'l ngsﬂﬂ‘/%igs%ano gﬁrﬁﬂ%ff oi d

fluti casone propi onate prepare ticulate
zaf i r | zafahikasticortiwosterod watio utitizedydn 6,prmlt0| ;dubﬁﬂhe nfhapartoadaie eafiriukastonat e

di sper i Isgerf'giorvx\%vas 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

12, below.
TABLE 12
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition Composition of A of B A/B
(4) (B)
5% Zafirlukast 5% budesonide 1 10 1/10 | stable colloidal dispersion
1.5% Pluronic® 1.5% Pluronic® F108 no large crystals or
F108 aggregates
5% Zafirlukast 5% budesonide 5 5 1/1 | 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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conbined 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 gL of the nanoparticulate zafirlukast dispersion was
added to 10, 5, or 1 1sL of the nanoparticulate corticosteroid dispersion.
The two di spersions were conbined in a mcro-centrifuge tube and vortexed
for 10 seconds prior to analysis. 5 pL of the vortexed di spersion was

pl aced on a m croscope slide and analyzed using the Leica DVR (oi

| mer si on objective). The results are shown in Table 13, below TABLE 13
Zaf i r | eptiexiste@uidt i cost eroi d Quantity Quantity Ratio Results Conposition

Composition_of A of .B AAB,(A). 5% Zafi|lukast 5% fluticasone propionate 1 10
1/ 10 stable %P%Fulaﬁe%@wfot@mmm@mw gafirhukest | ar ge

cryst 'P?’?Oﬁﬂ 0 [ % L1 | one propionate 5
5 1/ lalgté%%fde&co ﬁ%glﬁg?é%gﬁ%lsgﬁ&@éﬁ' %@%&éﬁﬁﬁ%b@/ 32 no | arge

cr yst alostiemsterdid fifiticdSbfe prppiongtet prepar@PMExAafple 131Kk Plsd ndiipidtictiiagasone

propi onate, 10 stab) e cql| oi dal di spersi.on K29/32 2% PVP K29/32 no | arge

Cr ot PLTIgkas? aisp@sion and e AaagRa ke dniRiSORe SPGB RESTIPRE Woleho. sucCass! ul
prepargid : b Sd : AN rihcul

ot REealh (8 RHORETHOShL RB0F of APk ACrticb BT PRE A I
nanopdPe¢pending wporn thetzafidskast:corticéstervidyatio ndlipxdo pj Hoade pLofihel e 20 The

pur pose of Lhis ex | e s to pre a, composi tion conprising a
nanopdRPRatHicHlate F@@‘{i@iaﬁﬁ ‘ﬁ?@rsﬂ%‘&g’ﬁf g&{eﬁﬁ%iléi %F ?Iﬁt’{‘ ‘éfg-hﬁp%%aﬁ}? &h a
nanoP%i‘ﬁé&k‘ﬂeﬁﬁ@disPé}%fohPOSt eroid. The nanoparticul ate dispersion of the

| eukotriene receptor antagonist zafirlukast 69 prepared in Exanple 6 was

conbi ned wiThe tvoalisparsiqrarwere combined irspmicro-@entrifugeltebe and vortexed for 10

o)

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

13, below.
TABLE 13
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition Composition of A of B A/B
(4) (B)
5% Zafirlukast 5% fluticasone propionate 1 10 1/10 | stable colloidal dispersion
2% PVP K29/32 | 2% PVP K29/32 no large crystals or
0.05% SLS aggregates
5% Zafirlukast 5% fluticasone propionate 5 5 1171 stable colloidal dispersion
2% PVPK29/32 | 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% PVPK29/32 | 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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corticosteroid fluticasone propionate prepared in Exanple 14. The
nanoparticul ate zafirlukast dispersion and the nanoparticul ate fluticasone
propi onate di spersions were conbined in the follow ng different ratios of
zafirlukast:corticosteroid: 1/10, 1/1, or 10/1. Dependi ng upon the
zafirlukast:corticosteroid ratio utilized, 1, 5, or 10 pL of the
nanoparticul ate zafirl ukast dispersion was added to 10, 5, or 1 L of the
nanoparticul ate corticosteroid dispersion. The two di spersions were
conmbined in a mcro-centrifuge tybe and vortexed for 10 seconds prior to
anal ysrepared jn 6 35 casbined vathethe nanoparisulstexdispersion of thecr oscope sl i de

and analy | ' J 1 ' ' i The results are
shown 1n @S%fde{& bﬂ?gcgsgg? %!p ?%%éagédz‘grp %‘Jrrl‘ "}iéag{] @4@%’8@?‘8& Quantity
Quant i Zafirlikdst disparsiohtand tSonpopartitudate PuHbRDhE | ﬂ?idhfatebdi%erﬁoﬁy WereA) (B) 5%
Zafirl ukast 5&6@%“5@%&?1 propionate 1 10 1/10 stabl e col| oi dal di spersion

1. 5% LS itfetsnt rafios-gizafislukagt gerticpsteroid: s1/8P, 1/6, @9 Iboss 0. 05%
1/1 stable

col 1o etk BRon e ANkt Baloaibid ph G 83RAR, Y SR 3PRILNE 107, 21 g
cryst alanoparticiflate ZafilkaSt disfrSioD@aSaddedrte 404 3;or IWI L6 the icafatd | ut i casone
propi onate 10 10/ 1 stable colloidal dispersion 1.5%Lutrol(r) F68 1.25%

Lut roICPFt}coﬁfGHDi%GISP%fP’QB- crystals or 0.05% DOSS 0. 05% DOSS aggr egat es The

lts d : 3 ' [ L1
Compr | 51 ng TERCRael e iF ot B PARR LARSHe AOOMEVGRIRIIONT ) ost

i n corseconds prior toi dnhlysize 5 piaoHtha voitexedalispersion wasoslhexd@nch hidsdscops slide

propi onate. Exanple 21 The_purpgse of this exanmple was to prepare_a
conpogit iaaﬂ%@ﬁmgsthﬁée&amﬁmm@m% %bwma)aﬁheemlﬂ?s&e@ﬂmm kbl tor in
combi ngt L, ggw th a nanoparticulate corticosteroid. The nanoparticulate

di spersfon of the |eukotriene receptor antagonist zafirl ukast

-

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

5% Zafirlukast 5% fluticasone propionate 1 10 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 1/1 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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prepared in Exanple 7 was conbined with the nanoparticul ate di spersion of
the <corticosteroid fluticasone propionate prepared in Exanple 14. The
nanoparticul ate 70 zafirl ukast dispersion and the nanoparticul ate
fluticasone propionate dispersions were conbined in the follow ng different
rati os of zafirlukast:corticosteroid: 1/10, 1/1, or 10/1. Dependi ng upon
the zafirlukast:corticosteroid ratio utilized, 1, 5, or 10 L of the
nanoparti cul ate zafirl ukast dispersion was added to 10, 5, or I L of the
nanopar The_ two di spersions were

i ﬁ#saéigp corticasteroid dispersion. ) i >

conbi Ipkast digpersign apd, the; naneparticiiate yticasene propipnptsrdismrsienscwerds prior to

anal ySiasihi Vi -'ﬂ%&-' was. 1 cr.ascope slide

and a?&?’yb?geg%g}e%u{’ﬂg‘%‘gﬁ%‘gﬁ% (Olﬁh?%géﬁ&ggfe@? ?ﬂép&'}ﬁé results

are slidepending Eipdn the zafirlukest:corticdstddbid riffo daliZed) Lk ot 1CRLIdfaRst eroi d Quantity

Quantity Ratio Res S npqsition, (A) Conposition of Aof BAB(B) I 5%

Zafirl ooga(mgggt? Fﬁ%&fﬁ%’eﬁl@b?’%%ﬂédio l@)rg)o&@) rd+ofshenanopewticulate di sper si on

1.25% 3 . 25% Lutrol (r) F68 no large crystals or 0.05%

deoxyccﬁwg@%%%%%gé aggregates acid 5% Zafirlukast 5% fluticasone

pr opi onat e TheGwa dispstsitus avezotombited inth mfves-semtrifugt. tabdand watteedfoeld 1. 25%
0..05% deoxychol i.c 0. 05% DOSS aggr egat es

Lutr ol gr F68 no Ig]&ge Crﬂﬁatlgs or ( ( : é :
acid $ @}%ﬂééw?mwa Si8op 1l e ¥eriexed disprisionrveas placed pyy/amieressppe ikl oi dal
di ' 0 4..250 (L :

0. obor o e e hELERRRNE Tl it Ficcipvel, Fhe IR REAERIERABIE |

succedsf bdlowr epar ati on of stable conpositions conprising the
nanoparti cul ate | eukotriene receptor inhibitor zafirlukast in conbination
wi th _t_h,e____n_aranpnu iculate corticosteroid fluticasone r npi anate

TABLE 15
Zafirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition (A) Composition of A of B A/B
(B)
5% Zafirlukast 5% fluticasone propionate 1 10 1/10 | stable colloidal dispersion
1.25% Plasdone C15 | 1.25% Lutrol® F68 no large crystals or
0.05% deoxycholic | 0.05% DOSS aggregates
acid
5% Zafirlukast 5% fluticasone propionate 5 5 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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Exanpl e 22 The purpose of this exanple was to prepare a conposition
conprising a nanoparticulate |eukotriene receptor inhibitor in conbination
with a nanoparticulate corticosteroid. The nanoparticul ate di spersion of
the | eukotriene receptor antagonist zafirlukast prepared in Exanple 8 was
conbined with the nanoparticul ate dispersion of the corticosteroid
fluticasone propionate prepared in Exanple 13. The nanoparticulate 71
zafirlukast dispersion and the nanoparticulate fluticasone propionate

di spersi_0 e conbined in the follow ng different ratios of

zaf) r | CASKest Gispersionang the napopgrticylate fluticaspne propionagr.dispersionpwere: he

zaf i rl Weashedithd b | Pl ﬁﬁ!:l .10 of /1t

nanoparti cuefda;ltﬂédtl ézg)?[? %ﬁﬁ?‘ggﬁefe@? gagigggf%drf&ms :’]acag.gzgst?fgl%o,lhgz I/(%T&ilq/{l of the
nanopaDépendingtupon twr 2aficlakistcontidosteopbratio atilizet) ¢, 5,we 1diidpeftheons wer e
conbined in.,a mcrQ-centrjifuge tube and vortexed for 10 seconds prior to
anal ystagopajticulgte ukast dispes OHP“?Béii&ddﬁ 1Qe %Ilétleﬁg@ﬁ ngnopagticdatepe slide
and anayrdfRebrid! 15 Leica DVR (oil imrersion objective). The results are
shown 1 n Ta%re dg%e el ow. TABLE 16 Zafirlukast Corticosteroid Quantity
Quant ity RdFhetwRedispersionsGeerp osmbined iff &nictoroensifugeotnbe ind\vakex@d MBI B) 1 5%

Zafirlukast 5% flutjcasqn pi onat e 10,1/ 10 stab] e col | oi dal di spersion
1. 5% TFFASRHET inpnlysisk Sopis bF ﬁ%sw&w&é ‘é‘WQ*%ﬂ wagpplaces! ersamigrascope shideat es 5%
Zaf i rl 41939 h1vRdd ddind heds M’qﬂﬂ : /04 st '%@w’m | si on

1.5% Téyiﬂ oxaggTé%}ggDQ}PiK%l?) n ilI ar gegs@ g?téé s?io?ﬂé %S%lg%/é:gﬁ aggir’g’gg es 5%
Zaf i r | 16sbhelow5% f | ut i casone propionate 10 1 10/1 stable colloidal dispersion
1. 5% H-oxapetl—2UVPR KR8/ 32 no—|ar crystal s-or—0.-05% SLS-aggregates—The

resul f-s—deponstrate-the -successful tion of st QhLF—C-G-le-OS-L-LL-OJQS—_
conprli sj ffirlukast Corticosteroid Quantity | Quantity | Ratio Results
Composition (A) Composition of A of B A/B
B
5% Zafirlukast 5% fluticasone propionate 1 10 1/10 | stable colloidal dispersion
1.5% Tyloxapol 2% PVP K29/32 no large crystals or
0.05% SLS aggregates
5% Zafirlukast 5% fluticasone propionate 5 5 1N 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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t he nanoparticul ate | eukotriene receptor inhibitor zafirlukast in
conbination with the nanoparticulate corticosteroid fluticasone propionate.
Exanpl e 23 The purpose of this exanple was to prepare a conposition
conprising a nanoparticul ate | eukotriene receptor inhibitor in conbination
Wi th a nanoparticulate corticosteroid. The nanoparticul ate di spersion of
the | eukotriene receptor antagoni st zafirlukast prepared in Exanple 1 was
conmbi ned Wi th the nanoparticul ate dispersion of the corticosteroid

trianti nol gne acetoni deaﬁﬂepar ed in, Exanpl e 10, The nanopart i cul ate
zaf i r IJApgRdingupeRtheizafirlykast:corconaelddatio Biilizade % ionA hotfdhe acet oni de

S:afslo(ral g@?@ﬁé ?I %%gggr ol %)érgll?xigﬁs ;[(?Hth G%O%iiflf"@‘z&gépen g cﬁ%a(‘gen t he

zaflrldommuﬂddxspa‘smnmd ratio utilized, 1, 5 or 10 p.L of the
nanoparticuylate zafirl ukast di sg jon was addgd to 10, 5, or_ 1 |sL of the

nanopar t i cuihgitwo dispersionssvess epmbiaed Bed micsercentrifuge iabeianshvartexed for 1o

conbi Ntcr 0] jor to
anal yorsondg pRpPleah GRS d6e LB A Mkl %na iy é%l%fge SI'i de
and arsat paslgzadsisig maﬁeioalmﬂRwMRuﬁmetsmmh;éawe)a Tiky esultsvaeg showein Babld ts are
shown | n Table 17, below. TABLE 17 Zafirl ukast Cortccosteroid Quantity
Qjantlty b¢laWi o Resul ts Conposition (A) Conposition of A of B AAB (B)
50%Zafirl ukast 5% riancinolone 1 10 1/10 st abI e col | oi dal di | sper sion 2%

Pl asgometT) DUO\.F acetontde rrlTl < gb‘r I)llfifTb or—2%HPMC \Uuof aggft:gﬁ;uc b
0. 059 % e+ rﬂi’l%y A cotT ualt ci-spet si on
2% Plla (%5 0 acé{rgfﬂ 50 o | pqg tlt?'ysqléqé' U%FPNC (E“B greg tes
0.0 Sd éeggos tion omposition o
(B)_
5% Zafirlukast 5% triamcinolone 10 1/10 | stable colloidal dispersion
2% Plasdone® S630 | acetonide no large crystals or
2% HPMC (603) aggregates
0.05% DOSS
5% Zafirlukast 5% triamcinolone 5 5 n 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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5% Zafirlukast 5%triancinolone 10 1 10/1 stable colloidal dispersion 2%
Pl asdone(r) S630 acetonide no |arge crystals or 2%IPMC (603) aggregates

0. 05% DOSS The results denonstrate the successful preparation of stable
conpositions conprising the nanoparticul ate | eukotriene receptor inhibitor
zafirlukast in conbination with the nanoparticulate corticosteroid

triancti nol one acetoni de. Exanple 24 The purpose of this exanple was to
prepare a conposition conprising a nanoparticulate |eukotriene receptor

bR o Rt T RORTO S B e,
zafi r'&iKﬁeﬁlon RRERdeado 0, %Wﬂm@%@@c&héﬁ dér @é&%ﬁ{e ticulate

di spersion of the corticosteroi e prepare 12. The
nanopartic u’I'lmtwozthspersluhamre cdinbjed $i mmianebentnﬂ“ugmubpand vmhdmdé‘oﬂalﬂdes oni de

di foll di ff f
Tar 11 S ot fo BDRHY of il St imeGoriSre BiRios yes Bataton fiiRuRDe Alides 5
zafirl aﬁa%&r &Iﬁdlgg)iﬁkire%aq)m (oA itinterdid 2 db; eétlve§ TR re%&@&re@meﬁl Table

nanoparticulate | ukast di spersion s added 5, or 1 sL of the
nanopal& ibelowat e corticosteroid di sper5| on. The two d| sper5| ons were conbi ned
| n a C‘FC —ceRtF |J:FH’ghV*+' he a“d \ler%L\lﬂ r 10 cocaondce nri Ay ngnﬂl (WZX] S. 5

JTTUOUTTOS PT T ot o artar y ot

L of 'ﬂﬂ@ﬂ@@xe& L&gé"m oR M@c pi Swu Hé F-cH0S60pe s u*ﬂg Qd anakyzed
usi ng| t héafirlakast e ‘P"“F?ﬂtﬁ'!f’ i on | SHjRBEY; \ )“‘“’“ﬂ‘ne% ts ar S8 8wn in
Tabl ¢ Cpgwogition() TABL§°E'8’°§S?'H uk*ts?!’fe‘ort i cOEBer ¢i antity Quantity Ratio

Resul t-s———Caompositibn (A )mng| tion-of A B ALR%B%__ 0, " ] ] 504
budes oﬁ{ﬁ% g?% i?f’”@eg Q! oi dal Hi sper sihn 1?5/&'@%"%‘6““‘1‘”3’5‘”
1. S%J ‘ivecf'ﬂ °§Pg ér ysal s or | aggregat es 504 gitﬁsfﬂl&?ét 5%

budesiegy Za‘firliﬂ(aﬂ S, ﬂﬁﬂeﬁnfdw ot-tal—ttgperston 1/1 | stable colloidal dispersion
1.5% Tween® 80 1.5% Pluronic® F108 no large crystals or
_aggregates
5% Zafirlukast 5% budesonide 10 1 10/1 | stable colloidal dispersion
1.5% Tween® 80 1.5% Pluronic® F108 no large crystals or
aggregates

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

nanoparticulate corticosteroid triamcinolone acetonide.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the methods and compositions of the present invention without departing
from the spirit or scope of the invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided they come within the scope of the

appended claims and their equivalents.
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1.5% Tween(r) 80 1.5% Pluronic F108 no large crystals or aggregates 5%
Zafirl ukast 5% budesonide 10 1 10/1 stable colloidal dispersion 1.5%weene
80 1.5%l uronic(r) F108 no large crystals or aggregates The results
denonstrate the successful preparation of stable conpositions conprising

t he nanoparticul ate | eukotriene receptor inhibitor zafirlukast in
conbination with the nanoparticulate corticosteroid triantinolone
acetonide. It will be apparent to tiCISAIMRKI | led in the art that various

nmodi fi cations and variations can be nade in the methods and conpositions of
the present invention w thout departing fromthe spirit or scope of the

i nvention. Thus, il ~FS.J g at..the present invention cover the

nodi ficati o-ril-'s angs%/giiég‘%xlﬂ (%Eﬁj((ﬁ;fc s |4':venti on provided they cone within the
scope of the appendech)cl aatisastode sthisle leukatteviaketgptor amtdgddiftihibingldae of a
conposition conprising; (t_a) at | east, one stable | eukotriene receptor

ant agoni st having an CHPR¥ERVeragenaticlgsizsaf fessthangbow 2000mass t han about

2000 nm (b) at | east sgne b | group

consi sting of cetyl p3(16r3i di ?\éljlt%%rs?gﬁ? %%r?a?ig%faggl%%fsl%lne?&g?}é}g %l%n%r% osphat i des,
dextran, glycerol, gucomistiagaf cethlopyertirdumlchloridepgdatim)toseirst eari c acid,
benzal koni um chl ori de, cal cium stearate, glycerol nonostearate, cetostearyl
al cohol, cet omacr ogol Phespiatidesdextiamalyceral, im agacias elalestergh| yoxyet hyl ene

al kyl ethers, polyox n ' ' ' , hyl ene
sorbitan fatty acid gg J(a&%ﬂét,ﬁ’ sg% yag%P%gl%ﬁ%%?M%%@wgé%%t hyl

ammoni um br om de, pol glyxsrel mphestearste,astasteasy] alcohdlpeedamacrogolcon di oxi de,
phosphat es, sodi um dodec%l sul fate, . carboxynethyl cellul ose cal ci um

hydr oxypropyl cel | ul oSBYIsIfYRg syaneqrpitancestesy PelyeyHEhnene akylatea® sodi um
met hyl cel lul ose,  hydp oy etV GRIdabbOSHE deriVaBLETBbE BR et AR 2hifm

noncrystal line

fatty acid esters, polyethylene glycols, dodecyl trimethyl
ammonium bromide, polyoxyethylene stearates, colloidal silicon
dioxide, phosphates, sodium dodecylsulfate,
carboxymethylcellulose calcium, hydroxypropy! celluloses,
hypromellose, carboxymethylcellulose sodium, methylcellulose,
hydroxyethylcellulose, hypromellose phthalate, noncrystalline
cellulose, magnesium aluminum silicate, triethanolamine,
polyvinyl alcohol, polyvinylpyrrolidone, 4-(1, 1, 3, 3-
tetramethylbutyl)-phenol polymer with ethylene oxide and
formaldehyde, polyxamers; poloxamines, a charged phospholipid,
dioctylsulfosuccinate, dialkylesters of sodium sulfosuccinic acid,
sodium lauryl sulfate, alkyl aryl polyether sulfonates, mixtures of
sucrose stearate and sucrose distearate, p-isononylphenoxypoly-
(glycidol), decanoyl-N-methylglucamide; n-decyl beta-D-
glucopyranoside; n-decyl beta-D-maltopyranoside; n-dodecyl beta-
D-glucopyranoside; n-dodecyl beta-D-maltoside; heptanoyl-N-
methylglucamide; n-heptyl- beta-D-glucopyranoside; n-heptyl
beta-D-thioglucoside; n-hexyl beta-D-glucopyranoside; nonanoyl-
N-methylglucamide; n-noyl beta-D-glucopyranoside; octanoyl-N-
methylglucamide; n-octyl-beta-D-glucopyranoside; octyl beta-D-
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cel l ul ose, magnesium alum numsilicate, triethanolam ne, polyvinyl alcohol,
pol yvi nyl pyrrolidone, 4-(1, 1, 3, 3- tetranmethyl butyl)-phenol polynmer with
et hyl ene oxide and fornal dehyde, polyxaners; pol oxam nes, a charged o
phosphol i pid, dioctylsulfosuccinate, dialkylesters of sodium sul fosuccinic
acid, sodiumlauryl sulfate, alkyl aryl polyether sulfonates, m xtures of
sucrose stearate and sucrose distearate, p-isononyl phenoxypoly- (glycidol),
decanoyl - N- et hyl gl uc#xpglecopyraheside; lysuzame, PEGephopphodipal PEE- n- decyl
bet a- D- mal t opyr anosi de; .n-do bet a- luco osi de; . n-dodecyl
bet a- D- nal t osi de; hepEAHEY f-"ﬁﬁ’%ﬁf@?@?&@ﬁﬁﬁmwgfkﬁgwwm A’%éig'
bet a- D- gl ucopyr anosi dgijtafi & hxdom BéfoRyds BF PRl LRSS BinfeXY!
Eez a- g g: ucopyr anosi ggmg&%ﬁgﬁtw et her S:Ltlicgfi:?b; | ﬁn n@?ﬁj ‘

et a- D- gl ucopyr anosi iohic potynier$, phatiord plymers, cationic
n-octyl - bet a- D gl ucopigr nosLde' och.él. be‘i‘ﬁ D 75.thi ggl ucog%/}r aposi de;
| ysozynme, PEG phospho ?@F‘H’F Bides, cfigpic Selhyasics, pationit i Rwaice Falonifer i vat i ve,
PEG vitanmin A PEG Vib@BbRniericcam Qm&P&iﬁbMﬁgih% lipiddydatiBhRlBid, and vinyl
pyrrolidone, cationic p_o??mer S, ca_?i oni ¢ bi opal ysr"gyrosl?6 c%tainonflég:l&ﬁ%’
pol ysacchari des, cati polymethsimethaeylate, triowethylarnmoniugi bratréde, salférduinc
pol yiet hyl et hacr y1 at PP RS EARIRT AR doP B e ATRARF B compound
pol ymet hyl met hacryl a _ 1 [ , _ conmpounds,
pol yvi nyl pyrrol i done- %eﬁaﬁﬁl‘lélé’ﬁﬁ:’i@_tlgﬂ%hml&, heXBAR Rk AyEatlidBidpy| sul Tate,
hexadecyl tri net hyl ammoni um brom de, phosphoni Um conpounds, quartemary
anmoni um conpounds, bromige,-phio§phonhinoeaapduwpdy, quag¢raanyemimonibmoni de,  coconut

trimethyl amoni um chloride,, goconui. -trinet nmouni.um, br oy de, coconut
met hyl di hydr oxyet hyl C%{H%mfiﬁrﬁ?e"@ﬂr‘% R RE tgg‘laﬁhfl%%‘iﬂné’ﬁ{y oxyet hyl
amoni um broni de,  degydontif triftefy)] aARENNH ChIoRUE) dod6hut @a¥thyHi et hyl

hydroxyet hyl ammoni um chl ori de,” decyl dinethyl hydroxyethyl ammoni um
ammounium bromide, coconut methyl dihydroxyethyl ammonium

chloride, coconut methyl dihydroxyethyl ammonium bromide,
decyl triethyl ammonium chloride, decyl dimethyl hydroxyethyl
ammonium chloride, decyl dimethyl hydroxyethyl ammonium
bromide, Cy;.;sdimethyl hydroxyethyl ammonium chloride, Ci,-
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),
ammonium chloride, lauryl dimethyl (ethenoxy); ammonium
bromide, N-alkyl (Ci2.15)dimethylbenzyl ammonium chloride, N-
alkyl (Cj4.13)dimethyl-benzyl ammonium chloride, N-
tetradecylidmethylbenzyl ammonium chloride monohydrate,
dimethyl didecyl ammonium chloride, N-alkyl and (C,3.14)
dimethyl 1-napthylmethyl ammonium chloride,
trimethylammonium halide, alkyl-trimethylammonium salts,
dialkyl-dimethylammonium salts, lauryl trimethyl ammonium
chloride, ethoxylated alkyamidoalkyldialkylammonium salt, an

ethoxylated trialkyl ammonium salt, dialkylbenzene
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brom de, C12-1 sdi nethyl hydroxyethyl anmonium chloride, Cl12. i5di nethyl
hydr oxyet hyl ammoni um chl ori de brom de, coconut dinethyl hydroxyet hyl
anmoni um chl ori de, coconut dinmethyl hydroxyethyl amoni um brom de, nyristyl
trimethyl ammonium nethyl sul phate, |auryl dinmethyl benzyl amoni um
chloride, lauryl dinmethyl benzyl ammoni um brom de, |auryl dinethyl
(ethenoxy)4 ammonium chloride, lauryl dinmethyl (ethenoxy)4 amoni um

broni de, N al kyl (cCl2diaiyiammenipmsdipride, Nrdidesyldimethybammeniup  al ky|

(C14. 18) di net hyl - benz R i t et r adecyl,dret hyl benzyl
ammoni um chl ori de rmn%() 19’3r at e?e%g‘?c%ﬁ{ﬁ?ﬁl?&eg%éfﬁéoﬁﬂ%ﬁi ﬂ%grﬁq ori de, N-alkyl
and (Cl2.14) di nmet hymoheliyaipatoyNatkyl\d,,. apdiddethim] clapBthylifethylt r i met hyl ammoni um

hal i de, al kyl -trimethyl ammpni um salts, dial kyl -di net hyl anmoni um sal ts,
lauryl trinmethyl anmo@nmenivhelieride dodecyldimpthybgnzyl ammonium chloride,

al kyam doal kyl di al kyl g | n th . I al kvl amoni um sal t,
di al kyl benzene 76 di a@gg&gtﬁ#m@ﬁl?%#yé orqngg?%h?%ggwgﬁr%%% | anmoni um

chloride, N-tetradecyhsdimsaiviytilende alkgtbeanywithyl hehddem oifvHdey skt e,
N-al kyl (C 12-14) dinethyl 1-naphthyl net h¥>| .ammoni um chl ori de,
dodecy! di net hyl benzy| beisrbdimethyé amaroniun beamide, G 12 bmetBrammeniugmoni um

chloride, lauryl tri | 8?! Rr' . A t hyl ammoni um
chl oride, al kyl bengﬁoﬁééeﬁéﬁﬁy%maeﬁt{%m um“!)‘?‘gtr%{%gwc?g%ﬁeﬁ‘g{fhw anmoni um
brom des, C15 tri met hyhmaniwnbriomiespdddieslberGyT triethng ahihoni @chlvride) br oni des,

dodecyl benzyl triethyl ammnium chloride, poly-diallyldinmethylamonium
chloride, dinmethyl anP®ikidiatyldimetylammoniymahiorideedimetiylammanmal ogeni des,

tricetyl nmethyl amogi h i ' i hde,
dodecyl tri et hyl anmoni Eﬁrlrlblrgz?e%mélg@dﬂﬁeettlﬁg@@@&[ﬁ?%ﬁ@%ﬁ%%{eﬁ‘g)rl om de,
met hyl trioctyl ammoni aimmohivet ¢lderidd, dedyddpintestydammohing bromide,

dodecyltriethylammonium bromide, tetradecyltrimethylammonium

bromide, methyl trioctylammonium chloride, tetrabutylammonium
bromide, benzyl trimethylammonium bromide, chloride, 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; and

(©) at least one corticosteroid

for the manufacture of a medicament.

2. The use of claim 1, wherein the composition is an aerosol of an aqueous
dispersion of a nanoparticulate leukotriene receptor antagonist and a
nanoparticulate corticosteroid, wherein essentially each droplet of the aerosol
comprises at least one nanoparticulate leukotriene receptor antagonist particle, at
least one nanoparticulate corticosteroid particle, or at least one leukotriene

receptor antagonist particle and at least one nanoparticulate corticosteroid particle.
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brom de, benzyl trinmethyl amoni um brom de, chloride, choline esters,

benzal koni um chl ori de, stearal konium chl oride conpounds, cetyl pyridinium
brom de, cetyl pyridiniumchloride, halide salts of quaternized

pol yoxyet hyl al kyl am nes, al kyl pyridiniumsalts; am nes, amne salts, am ne
oxi des, imde azoliniumsalts, protonated quaternary acrylam des,

nmet hyl ated quaternary polyners, and cationic guar; and (c) at |east one
corticosterdi d fdhe usecofredainnf2;otherain tfe leukotriine aexeptor aftagdiist isseleaéd cl ai m 1,

wherein the,.conposition i.s.an aerQso f aquequs dispersion of a
nanopart i cufr_ﬁingtpl? WB;cppﬁﬂE’groéa&%ﬁ%Pf‘a&ﬁtzﬁéﬁwpggz fifon, pr?fﬂ brticulate
corticost er piyettaMifé Rl Md9SlaRAimAazdle AalbIAY Pbth fhe RhriAd§oRABE PeMerraCONPI i SES
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