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COnjyIcAtitisn exposure levels. U. S. Patent No. 6,464,958 to

Bernini et al., for "Process for the Preparation of
.S. Patent No. 6,392,036 to Karlsson et al., for “Dry Heat Sterilization of

Glucocorticosteroid,” refers to a process for the sterilization of a dry powder
comprising a glucocorticosteroid. The process comprises dry heat treating the powder
at a temperature of from 100 to 130 degrees centigrade. This process is disclosed for
the sterilization of budesonide powder followed by aseptic addition of liquids and
excipients to prepare the product, Pulmicort Respules. The patent also teaches that
sterilization in the presence of water (i.e. moist heat sterilization) is not an acceptable
method for sterilization because of particle agglomeration. Further, ethylene oxide is
not an acceptable process for sterilization because of the generation of toxic residues.
Moreover, beta and gamma irradiation as a process for sterilization of micronized
budesonide demonstrated significant chemical breakdown at low radiation exposure

levels.
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International Patent Application WO 98/00111 to Waldrep et. al., for “High
Dose Liposomal Aerosol Formulations,” refers to a high dose budesonide-liposome
aerosol composition comprising up to about 12.5 mg/ml budesonide in up to about
187.5 mg of dilaurolyphosphatidylcholine/ml. Other phospholipids useful in the
practice of the described process can be selected from a group consisting of egg yolk
phosphatidyl-choline, hydrogenated soybean phosphatidylcholine,
dilauroylphosphatidylcholine, dimyristoylphosphatidylcholine,
dioleoylphosphatidylcholine, and dipalmitoyl phosphatidylcholine.
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natural or synthetic phospholipids. The combination surface modifier or surfactant
and a phospholipid approach generates a final particle size at least one-half smaller as
compared to that obtained when using phospholipid alone. The phospholipids may
be phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine,
phosphatidylinositol, phosphatidyltglycerol, phosphatidic acid, lysophopholipids, egg
or soybean phonpholipid (natural, partially or fully hydrogenated).
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U.S. Published Patent Appiication No. 2002/0037257 Al to Fraser et al., for
“Budesonide Particles and Pharmaceutical Compositions Containing Them,” stresses
the importance of crystalline budesonide particles having a "smooth surface" with

BET values from 1 to 4.5 m?%/g. The described process uses a super-critical fluid.
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Particles;” 5,352,459 for “Use of Purified Surface Modifiers to Prevent
Particle Aggregation During Sterilization;” 5,399,363 and 5,494,683, both for
“Surface Modified Anticancer Nanoparticles;” 5,401,492 for “Water Insoluble

Non-Magnetic Manganese Particles as Magnetic Resonance Enhancement
Agents;” 5,429,824 for “Use of Tyloxapol as a Nanoparticulate Stabilizer;”
5,447,710 for “Method for Making Nanoparticulate X-Ray Blood Pool
Contrast Agents Using High Molecular Weight Non-ionic Surfactants;”
5,451,393 for “X-Ray Contrast Compositions Useful in Medical Imaging;”
5,466,440 for “Formulations of Oral Gastrointestinal Diagnostic X-Ray
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Nanopartlcles Stabilized by High Molecular Weight, Linear Poly(ethylene

Oxide) Polymers;” 5,585,108 for “Formulations of Oral Gastrointestinal
Therapeutic Agents in Combination with Pharmaceutically Acceptable Clays;”
5,587,143 for “Butylene Oxide-Ethylene Oxide Block Copolymers Surfactants
as Stabilizer Coatings for Nanoparticulate Compositions;” 5,591,456 for
“Milled Naproxen with Hydroxypropyl Cellulose as Dispersion Stabilizer;”
5,593,657 for “Novel Barium Salt Formulations Stabilized by Non-ionic and
Anionic Stabilizers;” 5,622,938 for “Sugar Based Surfactant for
Nanocrystals;” 5,628,981 for “Improved Formulations of Oral Gastrointestinal
Diagnostic X-Ray Contrast Agents and Oral Gastrointestinal Therapeutic
Agents;” 5,643,552 for “Nanoparticulate Diagnostic Mixed Carbonic
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Nanoparticulate glucocorticosteroids are described, for example, in U.S.
Patent No. 6,264,922 for “Aerosols Containing Nanoparticulate Dispersions,” U.S.
Patent No. 5,747,001 for “Aerosols Containing Beclomethasone Nanoparticle
Dispersions;” U.S. 20040208833 A1l to Hovey et al., for “Novel fluticasone
formulations,” US 20040057905 Al to Wood et al., for “Nanoparticulate
beclomethasone dipropionate compositions,” US 20040141925 to Bosch et al., for
“Novel triamcinolone compositions,” and US 20030129242 to Bosch et al., for
“Sterile filtered nanoparticulate formulations of budesonide and beclomethasone

having tyloxapol as a surface stabilizer.”
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particle size of greater than about 250 nm. Larger particles formed by particle

aggregation and recrystallization, such as particles having a size of greater than 2

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

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

bioavailability is proportional to the surface area of an administered drug and,
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and latex drug spheres, representing insoluble drug particles, resulted in only 1%
aerosolization of the particles, while air-jet nebulization resulted in only a fraction of
particles being aerosolized. Susan L. Tiano, “Functionality Testing Used to
Rationally Assess Performance of a Model Respiratory Solution or Suspension in a
Nebulizer,” Dissertation Abstracts International, 56/ 2-.B, pp- 6578 (1995). Another
problem encountered with nebulization of liquid formulations was the long (4-20 min)
period of time required for administration of a therapeutic dose. Long administration

times are required because conventional or non-nanoparticulate liquid formulations
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substantial interparticle electrostatic attractive forces which prevent the powders from
flowing smoothly and generally make them difficult to disperse. Thus, two key
challenges to pulmonary delivery of dry powders are the ability of the device to
accurately meter the intended dose and the ability of the device to fully disperse the
micronized particles. For many devices and formplations, the extent of dispersion is
dependent upon the patient’s inspiration rate, which itself may be variable and can

lead to a variability in the delivered dose.
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can al so be acconplished wth gg
nanoparticulate active agent composition by a mg a crystal growth modifier (see
U.S. Patent Nos. 5,662,883 and 5,665,331). In addition, U.S. Patent No. 5,302,401
describes nanoparticulate active agent compositions having polyvinylpyrrolidone
(PVP) as a surface stabilizer and sucrose as a cryoprotectant (allowing the
nanoparticles to be lyophilized). The compositions exhibit minimal particle

aggregation following lyophilization.

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

present invention was the use of purified surface stabilizers. U.S. Patent No.
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aseptically. The technique, however, requires the elimination of residual ethylene
oxide from the product, which is a time consuming and difficult process with the

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

US 2004105778 A1 to Lee et al., for “Gamma Irradiation of Solid Dose
Nanoparticulate Active Agents,” relates to methods for terminal sterilization of solid
forms of nanoparticulate active agent compositions via gamma irradiation. The
nanoparticulate active agent has an effective average particle size of less than about 2

microns, prior to incorporation into a solid form for sterilization. The resultant
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sus si an/ di spersi on products where product or
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ted ducts uti h
nai DRELohponeh s Paee PRl e hex
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relief of the signs and symptoms of seasonal allergic conjunctivitis. The dispersion is
formulated as a sterile, pharmaceutical composition of glucocorticosteroid particles
suspended in an aqueous vehicle comprising at least one nonionic surface stabilizer
and at least one amphiphilic lipid. The glucocorticosteroid particles have an effective
average particle size of less than about 2000 nm. Thus, in one embodiment of the
invention, the composition encompasses a sterile composition comprising: (a)
particles of at least one glucocorticosteroid, wherein the particles have an effective
average particle size of less than about 2000 nm; (b) at least one nonionic surface .

stabilizer; and (c) at least one amphiphilic lipid.
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dexamethasone, triamincinolone, beclomethasone, fluocinolone, fluocinonide,

flunisolide hemihydrate, mometasone furoate monohydrate, clobetasol, and

combinations thereof.

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

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

Exemplary amounts of the glucocorticosteroid that can be present in the
compositidns of the invention include, but are not limited to, in concentrated form or
upon dilution in a pharmaceutically acceptable vehicle, from about 0.01% to about
20% by weight.
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total combined dry weight of the glucocorticosteroid and the surface stabilizer.

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

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

phospholipid comprising at least one negatively charged phospholipids. Examples of
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of sodium salt and/or calcium salt of ethylenediaminetetraacetic acid present in the

compositions of the invention can be from about 0.0001% to about 5%, from about
0.001 to about 1%, or from about 0.01% to about 0.1%

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

local, buccal, nasal, or topical administration; (b) into a powder, lyophilized powder,
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et hyl ene oxide and propyl ene oxide. For exanple, the

nonlonlc rface stabilizer can be Pluronic(r) F68,
SPEIJrEi l&‘("i’ eresmyey ewnuiaias Ravdses Solid lozenge) erpsnle, tablet, pill,
gr@ﬂh@cn &‘Hmﬁérsfcﬁe gélnifﬁﬁgdlo&ntrﬁé}ﬁ @P&Q&Bhgé) iffto! 'cposg 1aorm

conpri sin [ east ohe”’nega
ép é‘?ﬁ)grﬁ’ﬁﬁ Icopsisting @mpbhsd oflease Ifommdapd)’mlst)hd dSSe fast
mélf‘?drh‘)qﬁatl ufas?ﬁl%ltr}g}mﬁlaﬁ%ﬁse ?)hﬁwgilﬁ%alfg @ﬁé{?l%s 1%1yecfj reldase

[ecith synt heti c
fomdgpm |epﬁedé¢d mﬁas@ &drmulgiomisf prdshttly darlagse fadrelations, and mixed

itk DeasBRAIIEAM L rel B6E Rt o BT AF) o P gmagﬁpc

IeC|

therhaf Hatorxdemboelggeﬂlteﬂ‘lthé]lmem @K@&drﬂﬁ@slﬁ&{%é $orflilated into a
ati des enat ed .soy | ecithins

oni. c
e s R R S HEE FaReS igeh asg e aca gefo
pullxecmztrplae&sﬁlon'prl Si ng an| oni ¢ phosphati des, lecithins
conpri si ng ani oni ¢ phosphati des, synthetic

pho at i cer ol thetic hospha idic acid,
syn t E:t Gox %C\%gg)ﬁ% g{;?oagingl tﬁ glgq Jtngpntngy«i:ﬁnhl& ogmulated into
n}r.dimmnh abdatlydr cgelar fEmudasiRaterél) stk fdrk@lation is tpreferred or

hatl seri ne, phosphatidic acid, phos
re‘ﬁi %feg‘?l%%% BRI atAiphalatign if ?IEPUIa‘lI%&pﬁég%fmm afid sterile

dispersidiCor Ju¥saRes phatdig h‘éoﬁ‘ﬁ;bﬁtxoh)ﬁé&ﬂﬁﬁ%gg 3hd Bkntion is a hquld
di stearyl phosphatidyl glycerol, dist eary’l

er ol
pc}%‘g B‘ﬁ’a‘fﬁ WFOH‘%‘?%P{CB‘% COMPrEgh glucsh@élshﬁﬁﬂoa@/ Viagardbmé zer to
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m"f’% &% RIS HAWidPhRsR, With ipdditional exsiniprts andsprfacse

stabilizers as required. Ocular formulations can be in the form of a solution of a

composition according to the invention in an appropriate liquid phase with additional

excipients and surface stabilizers as required.

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

comprises a therapeutically effective amount of a nanoparticulate glucocorticosteroid
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sodium salt of ethyl enedi am netetraacetic acid,
calciumsalt of ethyl enedi am netetraacetic acid, or a
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acid present in the conpositions of the invention can
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a gé u% TUTFRDS iF WS 28R FPdP RGO R mEerPRS ent i on

can be fornulated into i nhal ati on, nasal, or ocul ar

for rﬁﬂeahvmmnvﬂnm@can@taﬁes ke édaxﬁ;mhairiswf ﬂheslr%ﬁﬁ?&{ foRBulated
or re g%ﬁge ulatorg agenci es. An i nhal ati on
intp 6‘Pr?fif FRCURRFISIBE AROPT BOE Vs and/pepropehanss

disSolsBe s h QBm a\t}ﬁ&ﬁ@|sBlt@10ﬁQUp&§h&rhﬁﬁstﬁaQﬁﬂrf%rﬂ91 tht &%e mhaler
invention is a liquid for delivery of aqueous drople

e DBy S SBHP b G GhchF spmagsiiens atre ni%nuon

furkhen @61)11pr1l9é ail 18adtlone nepdlsdRBRIEobRASId hefivd Ahat athana nbfle
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BlUg eGP HETIDTIVE ARV BSRrA% VB agent juseiuban irpating asthma,

al €@ Td oMl cBIRHtIA Eé&s&{eﬂ %l'lexlgh&fﬂlﬁji%s a&%tﬁ%hﬁhﬁ%ﬁoxg%q llergic
tionally a prop ant for dellvery via a net &

COI&E%H forniieh EFW‘)ﬁIP@StPW@W? AoReanjiongity wsed. |Exajmples of such
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|SperS|0n or suspension of a COﬁpOSItlon accb
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beta-agonists, ipratropium bromide, prednisone, prednisolone, methylprednisolone,
salmeterol, formoterol, monoleukast, zafirlukast, zileuton, albuterol, levalbuterol,

bitolterol, pirbuterol, and terbutaline.

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

less than or equal to about 100 microns; (¢) the glucocorticosteroid is selected from
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to&ﬂéjé&ﬁp@di@@ﬂ ThatEmpositsed isaben sterdlizaein ’anmnpigplsmlcdmlcbmn be
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R el SRPOC T SORETA OB OF RLBaanEEpia tn
addfitidd) énd M¥FEHEibARAN BE FhraTulgedpitd &Etlrﬁlpobvdas prionte sterilization.
non- glucocortlcoster0|d active agent. Such a

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

about 2000 nm; (ii) adding at least one amphiphilic lipid to the glucocorticosteroid
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active agent can be an active agent useful in treating
asthma, allergic conjunctivitis, seasonal allergic
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apparept igvtheiee sillediaghe art fipmy the following detailed description of the

invention.

DETAILED DESCRIPTION OF THE INVENTION

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

about 2000 nm. As shown in the examples below, the invention is surprisingly
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noni oni ¢ surface stabilizers can be contacted with a
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bacteria, mycoplasma yeast and mold contamination. The moist heat sterilization

step: (1) results in minimal, if any, increase in glucocorticosteroid particle size on
storage, (2) maintains the chemical integrity of the nanoparticulate
glucocorticosteroid, and (3) shows generally acceptable impurity concentrations for
the glucocorticosteroid composition following heat sterilization. The moist heat

sterilization process does not significantly degrade the glucocorticosteroid or reduce

24



In yet anot her enbodi ment, the patient delivery tine
for aerosol adm nistration of the conposition of the
WO pwengd4en can be from about 15 seconds up to BODUS2005001851

m nutes. Both the foregoing general description and

the follow ng detail ed description are exenplary and

expl anatory and are intended to provide further

expl anation of the invention as clained. Oher

obj ects, advant at% and novel features
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and subsequent recrystallization of the component drug particles. Furthermore, drugs
which become soluble in the aqueous media may also be more labile to chemical
degradation. This process results in an increase in the size distribution of the drug
particles. In addition, some nanoparticulate formulations also exhibit particle

aggregation following exposure to elevated temperatures for heat sterilization.

Crystal growth and particle aggregation in nanoparticulate preparations are

highly undesirable for several reasons. The presence of large crystals in the
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d1ssoc1%te from tKe nanopart?cles and precipitate, E:avmg ?he nano’partlcles

unprotected. The unprotected nanoparticles then aggregate into clusters of particles.
It was unexpectedly discovered that glucocorticosteroids, in combination with at least
one nonionic surface stabilizer and at least one amphiphilic lipid, can be successfully
heat sterilized, producing a sterile compositions having an effective average particle
size of less than about 2000 nm, with minimal or no degradation of the
glucocorticosteroid. Such particle size growth results in a loss of the pharmaceutical

benefits afforded by formulating the active agent in a nanoparticulate dosage form,
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melting point of the glucocorticosteroid in the preparation of the nanoparticles of the

present invention.

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

active agent which is solubilized or which has an effective average particle size of
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with a lower bioavailability. This is because

bi oavail ability is proportional to the surface area of
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flwelisolide, fyticasone, fluticasone propionate, beclomethasone, beclomethasone
dipropionate, dexamethasone, fluocinolone, fluocinonide, flunisolide, flunisolide
hemihydrate, mometasone furoate monphydrate, clobetasol, and combinations
thereof. Preferred glucocorticosteroids are budesonide, fluticasone, triamcinolone,
mometasone, beclomethasone, and combinations thereof. The amount of the
glucocorticosteroid, in concentrated form or upon dilution in a pharmaceutically
acceptable vehicle, typically ranges from about 0.01% to about 20%, by weight,

although other glucocorticosteroid concentrations are envisioned in this invention.
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hydrogenated soy lecithins comprising anionic phosphatides, hydrogenated egg
lecithins comprising anionic phosphatides, lecithins comprising anionic phosphatides,
synthetic phosphatidyl glycerol, synthetic phosphatidic acid, synthetic phosphatidyl
inositol, synthetic phosphatidyl serine, phosphatidyl inositol, phosphatidyl serine,
phosphatidic acid, phosphatidyl glycerol, lysophosphatidyl inositol, lysophosphatidyl
serine, lysophosphatidic acid, lysophosphatidyl glycerol, distearyl phosphatidyl
glycerol, distearyl phosphatidy! inositol, distearyl phosphatidyl serine, distearyl
phosphatidic acid, distearyl lysophosphatidyl glycerol, distearyl lysophosphatidyl
inositol, distearyl lysophosphatidy! serine, distearyl lysophosphatidic acid, dipalmityl
phosphatidyl inositol, dipalmityl phosphatidyl serine, dipalmityl phosphatidic acid,
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of the nanoparticul ate glucocorticosteroid but do not
chemcally react with the glucocorticosteroid
w@aooviogd4es or itself. Individual nol ecul es of PEEUS2007/001851
surface stabilizer are preferably essentially free of
i nternol ecul ar cross-1inkages. As used herein, a
"noni oni ¢c" surface stabilizer is a stabilizer in which
the pol ar group of the conmpound is not electrically
. charged. Cenerally, e surface stabjl]j
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lyséﬁﬁcfsgﬁitld%@ts&’inmﬁlﬁi@rﬁ{t?ﬂ ya&yh idid&cid QBFalnatyer

solu béars no ionic charge. Exenplary
lysampspbmctylgbfeﬁadea@trammliez@?egeqfncl ude, but are not
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est & gne fimbo lrrrf‘@qt 9§%}ebmr@1t@g, hﬁm gpgiols lecrchm and the
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F 127, re copol éners of et hyl ene
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sub%i h.gla 1gg%ﬁg¢rgjg?§%é£%ﬁ%sgﬁ&§&ws hinglagat% Feﬁ{a%ﬁ% composition

itan stearate
compbgedxywmmyﬂyd]ydr@gmlbﬁeﬁammmmplh@suh@m@s pol yoxyet hyI ene
sorbitan nono-ol eate, glyceryl nono-ol eate and
gl yc"félc)stermnd) glta:uccatlepstmld/\éirmu@sloos héthequeseat inyangon may

adc}l"ﬁgnal'flyago Jse S ag ge %ﬁ)tlf) g\%éeﬁr%;e:ﬂgy ﬂ%gl%l{xre%etg%%&)@gmd

se ‘con |n ng
(EIDTAD or ethyldmergdadol- bﬁsjblastmaycpn@qmyjrl emmstrhw Né‘ﬂ INHegagcetic acid

Ao Bh o frs o FmnfRo b P bt Bl GrigR er.

Pre36@bBY, Ehe deXitaf EIXNObe EGTA bdde;ﬁl&b}tﬂé(glabhydrﬁaéstabkyl

et hers (e g.,, macr ethers s as. G r ogo
formydaion i Jeiidyat o 1 ﬁ@l%%?maﬁnpﬁbl&lwg@ﬁg%i?s Dslrface
sta@ﬂiz}életmé SR8 HHNECHN Surkt 8f the arGHiI PR DI BRRRdanE DS4d the
(Unlon Car bi de g%AHpol oxyet hyl ene stear at es,

amgpptsA BlaT Autr § a¢ ncf@qSFlm vise versg by &esa ppiphiphilic

l1pfaeécidléh 0@1@ lesRHDYVA RY EcR £ QB@dd. (FIMA) in one embodlment of the
, 3-tetranmet hyl butyl)-phenol pol yner

th
mvepﬂym,éh@ CEIRDeRitiam Barf MBI echspdanp 414 BT kBN a%t of EDTA or
A Oasa.mmbﬁé% %@%%f m(ﬂ%ottﬁértemvodunawm@fn%ﬁ@org the

uroni cs whi ch are copol yners
amoﬁnmﬁspkim srdkmtia(oracrnﬂcmnm@w @@B&m@GTA can range from about

OO%OH‘?ot]n @lxﬁj O%XP%%% g)%lg%(% g@%l)t m./? agx(a f@?%oﬁﬁ) 01% to about
0.18A90HCO, whi ch is G 8H37CH2C( O) N( CH3> CH2( CHOH) 4( CH2

gH) 2 (East man Kodak Co.); decanoyl - N- et hyl gl ucami de;
ndedihe donipogitivos pyt}arinsd:rdi@p qan dbedgimulated into any suitable dosage

o PR 823 s S B O SR AR,
in_]ébth]lﬂpl ke, ole,Degdanmﬁxymmsmpihalnne hepdnit, parenteral, intracisternal,
1ntravag1nai rgtlral'lljcelgl In%gl locap %u%cal nasa go%oégl % r%?rlugt?atlon the
compositions of the invention can be formulated into a powder, lyophilized powder,
spray dried powder, spray granulated powder, solid lozenge, capsule, tablet, pill,
granule, liquid dispersion, gel, aerosol, ointment, or cream; the compositions of the
invention can be formulated into a dosage form such as a controlled release
formulation, solid dose fast melt formulation, controlled release formulations, fast
melt formulations, lyophilized formulations, delayed release formulations, extended

release formulations, pulsatile release formulations, and mixed immediate release and
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nonanoyt - N- net hyl gl ucam de; n-noyl

b- D- gl ucopyr anosi de; octanoyl - Nmet hyl gl ucam de;
WO 2@¢0$4490 b- D- gl ucopyr anosi de; octyl PCT/US2007/001851

b- D-t hi ogl ucopyr anosi de; PEG phosphol i pi d,

PEG- chol esterol, PEG chol esterol derivative,

PEG vitamn A, PEGvitamn E,, and the |ike. Useful

noni oni ¢ surface stabilizers include pol yoxyethyl ene

sorbitan esters and in particul ar, polysaorbate 80,
congrokas relpasel fprravlatipnag o ams cappisatigp thergd: Laspapfarms dhat are
preg%rglgl ste?d irdchudeN B anQ het itk D aH&)‘f%ol%tf@f hdsa? 80pulmonary

corticosteroid formulations of the present

delivevw ntjeoableagndeptbalmnie despgerformbne of a variety of
phosphol i pi ds, provided that the conposition contains
somd. neg&queehy Aemesaded phosphol i pi ds. Exenpl ary
phosphol i pids include, but are not limted to,
| ecOnkiembdimentdds nanopyrtiewets slugsirasiifpstergid gispersion for nasal,

el udi el A el t hi - _
pule R L Mol (el sy B SEMSh Be b0 R Sristm acrosol
(e.g.endshhaeno gt dipigatl (desitihoet @ots, nyintabetion @srasplshnfangans
hophati des such_as osphat i dyl inosi;t [
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solﬁlblférrﬁﬁ@;fh’ﬁdtlflgtg g[l)saggbitgpgtafdiilgs%fs;mbhem a phesphethidy)

gl ycero 2G, 18: ; synt iC
whifigs aﬁrgf?lé%eé R I CrPrPRe R The i veniggt of the use
of AltasihedsRictssoldai Heaibdgndetstboziecompardiey ihe\setes obn

i ncl ude ani onic phosqhati des,, lecithin NF,. s%/)nt hel;[.i c
nanaperti e Rrd CQpiFRHERT QSIS PRAT EICaEIcopieF ¢if gPpostiions
acddWdihk k& theMdEaRRNGE. the ®&istdTiauid@bbicdd prvdpedd Byl @thventional

l'ecithin, soy lecithin phosphatides conprising anionic
neHigpiatGaesnliey npléliﬁﬂﬂ?ﬂﬁﬂ%ﬁ%%ﬁ&?fiea@gv R P ig iaﬁ@ut 3 microns

or @%&Q{H £aRRPRAY id8 P roNNArog aRakRl $AYad BE LI oplet size

nmprising ani oni ¢ phosphati des, hydrogenated egg .
prddaced hy medisehpetiuizaty. dnicorirestglosprEcTIgsssupeaoriqostrgoid
SRt g ' ti _ . er than th
oo L B R e oo ley han the
drogjeit reguch aphesysioht Thiyd, atnossls cohtaingygnénepagiculate

hosphat i d serine j . j .
e BRESBRR A ZERenTRESUIR LK i RA30 Rhprove drue detivery
effigreer Such hymeplieaphkbicdylain mbightohymbgrsafjptanspdrtities per unit
serine, lysophosphatidic acid, |ysophosphatidyl. .
o prsulitng hraes Bepp s LSt g E S R Sobfiting pgtive
coPesAbA addpldihg estheahventibat earyl phosphati dyl seri ne,
di stearyl phosphatidic acid, distearyl

| ys aphiesweiiabagyisgdtisesfahe sahstieagyd of ysopisispisacealyling to
the g B PEPERARoRaT e necdlAsslE: sultaBl SRR YL
covered by the aerosol formulation containing a nanoparticulate glucocorticosteroid

compositions.

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

invention permit nebulizers which generate very small (about 0.5 to about 2 microns)
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phosphatidyl inositol, dipalmtyl phosphatidyl serine,

di pal mtyl phosphatidic acid,dipalmtyl phosphatidyl
w@bkoocesabg di pal mtyl |ysophosphatidyl inositaoPCT/US2007/001851

di pal mtyl |ysophosphatidyl serine, dipalmtyl

| ysophosphatidic acid, dipalmtyl |ysophosphati dyl

gl ycerol, and m xtures thereof. In one enbodi nent of

the invention, the anphiphilic Iipid is lecithin, and

the lecithin conprlseslessthan 0% . L.
aqysRBS greatqtala dHtoer wateripsayahle aﬂlapﬂs.fw’mﬁfar%&fo e ipygation in
the'fBMﬁ %&‘ hbpatdi@eA@RHE QWebh c dn'eFé:‘meFfe 61‘.95%5 QbVicesRRGhd he
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nargipartidliészat rendilgtaeppsoRrel @dathby, gddden avvee depasitideDTA or

EGTA.add t id f | ati [ ;
e RS A i RSB LRl B RrHL AL Lo
tha@tt@ppeanR pobabivdteresolubloghgbeatiesstélotd esrapisHitiais tlbe

amhi philic I| i d ded, reater the anmount .of
acrppRe R Y faroPl SERALES S LR SRR e PR Gl
coﬂqﬁ&ﬁtl@rm&hh]hg ® thb Phvenddfl espads Hl%oluﬁl@ el @ﬁﬁ&@u\conml
e

ded. Thus, in one enbodi ment of i nventi on,
c%wp%fsth? AeASnsd daprlpiss &V hilserpvantienal dreg mathriad Wﬁpkdaqu
exﬁgcteléqg'%celﬁdg%or% sAclERIHRpBAIdPRed BELER spldlleA RN E‘z@{ pass

mbodi ment of the invention, the anount of sodium sal
thram@thpp@aﬁsomhmédnﬁﬁcwy EDTA or EGTA can range from

about 0.0001%to about 5% from about 0.001 to about

1% Fanaqyacssraaisseitfoonulations agissapartculgte gipgocorticosteroid

corgﬁggméﬁ L&C%Flﬁ gfto I}J%‘%n?éh\{f%}?&b gﬂasgﬂrht Q%oggé'rﬂ}élnafx %@l ai)(mt(b.om

osage rorm exa

mgrbohcpxpsuOtaabowtséQﬁ mgheh v ethet gmbgdumdn@ $igheninentdn ftbe
gluco+ er%%os?er%id (%nlt b p rQ,sre%llt aE % géncg{ltrat%ﬂ g@ﬁﬁ%ﬁ’ g \(l)gg tn?élwm Sp to
aboumrmgia{lll tabnaalo rrigai;tnal or rharecatiout h6G aig/mxﬁrortmmec abbout 200

. nlstratlon he ,c S|t|ons of ion_c

Sl dhitreagisat sab S maar’s 80 gnRi o0 Rtcabr Peifd,

aerdidledf ﬂﬁvglﬁcroco&in’oager(gﬂ &bﬂipﬂhﬁdnpoﬁ\t&e linveswiohdréd alzenge,
capsul e, r anul i spersion,

bl.e , L j d
enGaass pL bR intsBhe T SR s st L RS RERS) Gipositions

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

compared to administration times of up to 4 to 20 minutes as found in conventional
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invention can be fornulated into a dosage form such as

a controlled rel ease fornmul ation, solid dose fast nelt
wo ooomsepé on, controll ed rel ease fornul ati ons, PEEBS2007/001851

melt formul ations, [yophilized formnul ations, del ayed

rel ease formul ati ons, extended rel ease fornul ati ons,

pul satile rel ease formul ati ons, and m xed i nedi ate

rel ease andcontroll ed rel ease fornul ati ons; or any

conbi nati on thereof. orns that  are refe ab
pulgiogary pebufizen therapissy I%Pélehﬁ‘in Pﬁhmqnésoofﬁ%e inysiEigp the pgosol
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I nvention consi st |sper3|ons 0
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sbep S LT 2R BTk o ORGP g ceros of the
mv@@memﬂ BRI mi eEreM iz 8 n@ a1GB60r 10 &R8hes & geater, about 15
nposi tions_according to the invention with the sizes

secgpdq (prcgﬂe@teﬂ ,agaptei{(gseﬁpgme%e%r eg?]\l,te?ét §egrads or greater, about 30
secBREUL %r@ﬁt%r a@gfﬂtvﬁ‘:gdcgﬂ@s! or'Br64ieN) B &G 4Bde8bhd orl Seater, about 45

genera about to about 5 mcrons or nore in
secancéﬁm &rreatambp@t %(bw@wiwwéw% R& 2kette Ssies@ndgOTigRgater, or any

corﬁbﬂgﬁgn HePRIreluch g ?ro% Qe ed s@&’oﬂ@%qglablg@@}rhﬁlﬁéss I'n

contrast, nanopartl cul ate gI ucocorticosteroid
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GQU| val ent or snual han the d rop ets in such an

mea@n@gmdyn_armqlaa@mgMMA&aﬁmtharngr srabisatou i@ acrons. In
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'nvention I nprove ry efficiency
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b DBPPYE i BES G Tlebe B8E B M ufRatbgu o abou
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adm ni e sanme dosages of .

By SFPUALY SECaPRS of B BT AT bRomppeg ot least one
narldpaRtoRe kkbadicosterdabpptisleyngeal tissue surface area
is covered by the aerosol fornulation containing a
nanoparticul ate gl ucocorticosteroid conpositions.

2. Dry Powder Aerosol Formulations

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

concentration of about 0.015 mg/g up to about 990 mg/g.
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Anot her advantage of the use of these aqueous aerosols
is that they permt poorly water-sol uble conpositions
w@ewonghidpg to the invention to be delivered torPeESHeT@1851

| ung via an aqueous fornul ati on. Conventiona

m croni zed drug substances are too |large to reach the

peri pheral lung regardless of the size of the droplets
produced by the nebulizer. The aqueous aerosols
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to the invention
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whidle¥ iR&rPorhteRQRE4 N bYabREerze] U Bl Dol $olide @at Rk Plehices for
conposi tions to be aerosolized by ultrasonic

drygsbul i zers whi ch require nanoparticl es conprlsed of
conpositions according to the invention to

t hr dugry Reyderfinhdaténn foraalatiop capalsp OF detiusii Py rppanspgan
aer%%lqgﬂjghléﬁgn drgp lpgtw%lers\m:h)l @orﬁ%%ﬁﬁﬂﬂa&'&ﬁ! aﬁré@té’%fer i al

expected to occl'ude pores, such

namepadipeiate @gm@pe@om acqeuding écnﬁllel léverﬁwaa erof iphalableregiigdes of 2
dlli.\g'nq v&?&fr‘ §01W5tn|§ qy ¥eagt| cfrfe e‘?ﬁgetd)ﬂed E%P@H&Q H@bo‘?&rhgstg’ lthe mvention.

trons, a nanoparticulate gfucocorticostero
Poedapasintdimng mopdmngulatﬂ qdm@qsnmmcp@ndlmgtoﬁhes@wtla@ can be

oS ARSEROF R, T AREHS B PO TOETS i PAOHE B0 oy s

drghgiep D}Qiphilﬁaﬁbﬁ (ﬁzeedne clayinpp fpregeintingts bss:t)memlslamngmnd less

of abo ﬁ6015 to about about 10
SRR tﬁ?ﬂ s e B s CREPESShut 200

ng/ [ L or

(o Gt Grd 50 st o R e B RGKY gf gty and
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the i nvent on For g b@ m?ﬁb, eroso* ndllduﬂ

Mt ARl se COistPh DR EHY FROER 1o P b SR ol
paftickasraiespitdbidsia. @bﬁtdéntﬁmﬁﬁiud’fqvilgedmrde)artlcles 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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about 990 ng/g, depending on the desired dosage.
Concentrated nanoparticul ate aerosols, defined as
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solgéntgﬁf%e@’er c%;h tsni?b% %S&‘a[l%o‘%ﬁe gf %%Em ?t)l%ybe Aslcgu le i IF

S or ter out secon S eat er
waEa@ akmcon d\éndr caga@at er mage c«arbolylem'ssnmdg be rerrgwl@mden order

to @) %l)élcl:tg(g]b It a%oeu%o \r/eerﬁf nc% cféhbl‘:i‘t gkgﬁol%ggéi”i Rox%t chained

akbhﬂsﬁﬂMBﬁ&hﬁﬁmkheaﬂmﬂﬂletS of the aerosol have a nass
medi an aer odynami c di aneter (MVAD) | ess than or equal
t 0 abeuitfodtlativns cmsalsd be ot the forembHal Hivpertssonodr Siuhl&nsion. In

i nventi dro lets of the aerosol have. a
theE P BB ERP A HSRRTLT™ TORRBYS BT e 15" T G ah Bt the
forth df 4 Qlu@b@ﬁwds‘fbrﬁkhﬁﬁhﬁpartl@&) which s &ibpekrﬁedZoﬁ smspd‘:nm:ﬂ i water

m cro, %3% | ess than(?bout % 1 Cr H§4 fr out
with gV Bomiere roREa B aps { Ingalb LapBe
inhaf2r & OHBMSing hBnGRRtihid4te iREbARBEteRid Eblﬁposmons according to
the invention and pMDIs (pressured metered dose inhalers) can comprise either the
discrete nanoparticles and surface stabilizer, aggregates of the nanoparticles and
surface stabilizer, or motive diluent particles containing the embedded nanoparticles
or solutions of the drugs or combinations in solvents and/or propellants. pMDIs can
be used for targeting the nasal cavity, the conducting airways of the lung or the
alveoli. Compared to conventional formulations, the present invention affords

increased delivery to the deep lung regions because the inhaled nanoparticles are
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i nvention, essentially each droplet of the aqueous

aerosol conprises at | east one nanoparticul ate
w@bwcoguast i costeroid particle. 2. Dry Powder ABCDES1007/001851

Formul ati ons A dry powder inhalation fornulation can

be made by spray-drying an aqueous nanoparticle

gl ucocorticosteroid dispersion of a conposition

according to the invention. Aternatively, dry powders

I t rdin
S e O O THEOS et G2 é'lla%o;?h%%f%e disttbuted over a
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) . . ;
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an .axi t ube; Fox et al Powder an
o Ceﬂ? a%ﬁ ﬁlol;q Q&Qm’?@ Slt‘ﬁ&@&%"ré?—gsi@ thmeRtiopmathe spragdiesi ng

digpey@or f by aedsig thaﬂtdiﬂet%&eag@néﬂat@ ih@lsﬁPa_}'tdipgr
upstream of a venturi restriction;

descaltérnagvay havdqhahd dpperkedn 6l §ﬂﬁfo§>§ft1ckl?&‘fé Qﬁlcécortlcostermd
col | si bl e expansi on chanber, and U.S. Patent

CORPPSH OGL?QCOYGH@ terths Hyention and théfsuv%?q:ﬁab@zwﬁwﬁp Gﬁlaftaemla

dlégar@uranwmr@f:ﬁ 8 Neose G hREHhAH! WRicH! ¥hBoYHSy adek ﬁ\s
vices for drugs. A dry powder inhalation for ation
nl@i afi%ert}@a&&lwé@%ofb\yhlﬁbaﬁstaw 3 Ipagieorshbedded

glJc%EHHic@&tbRﬂd ndH6paPPME i JTRY s GPRR st er) m?é%%l ghlhc lipid

gregates of nanoparticul ate compositions
ac¢QyAingdo it Byyentiden. 'Ehe Gflueng pattiglss evigaembedded gi)tﬁcoaomcostermd

na%ﬂd%ﬁ&&s MH FdVeS &lg %12% ff aggt?ttl 2" %ou{r? edo{,%ng,rsgntable for deep

conposi tion acc Re I nvention’
lungodeliviersi. nip aslditiom plim dlﬂumt aanacmcamamntheoncnaamud itat@et dlternate

0 n _be prepared from agyeous djspersions
deﬁ?&r’{zg%sg %th 2 % “remvit lgreg’ﬁ’g W%ﬁ %@Fc’%i"é)‘/’b‘i’?arsﬁ@g the
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by 1§§f§asﬁng”§1ecd?o§1‘é{%19eo’ generatec? !S)y the spray dryer.

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

dispersions may also be used in these aspects of the invention.
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expensi ve than freeze-drying, and therefore nore

cost-effective. Dry powder aerosol delivery devices
worey/oko@bl e to accurately, precisely, and reperUSIIDY001851

deliver the intended anmobunt of a conposition according

to the invention. Mreover, such devices nust be able

to fully disperse the dry powder into individual

particles of a respirable size. Conventional

m croni zed drug particles of 2-3 nmicrons _in dianeter
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ntion can an_co
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add@APRAPS doatn hatisseffedalileBht theh iay grcyost@r liﬂik&mdee pInI the&y instances

reover gates, o arti.cul a t| o
thelfeeae 4T P e RGO LTk O bt DL i SeT jeh
corBfths RBNEst IR Eriedde PhaRRattiRTate LHBPEHMHOR behda@ng Ro do:s e

nmet eri ng and deposition of the adm ni stered

invgBHPBsi tion in the lung or nasal cavities. Dry
nanoparti cul ate conposition?:_can sed.in both DPls

and Fpnaeesiried\norwiers ¢amebecsie P &OrthPé‘%d {bt alone or combined

W1ﬂhns SO EREY narﬁﬂ’pﬁrtlcﬁﬁt@ﬁ%ﬁé} anGAARRA! frbofR- chi?éﬂ MEvdeRs S
n"about 5% water.)- Nanoparti cul ate aer 0sol

comt@mm aninopertinuiate eemppHitian pecouligs tpticdnyenipn GndE
recq)nzt%tetdocmg S&E élt@r et o%%tﬁl}ohl% n%Bﬁl‘f'iJrf ﬁ?één)érate agqueous

I NCor por ate ereln y rererence Nasal fornul ations
dispensidye havinghrespfimbla dibplet sistutvhere efchalreplepedsitaingat least one
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I Spersron or suspe a conpositi
disaexsbmﬂmngf dlso b esqdnmehfbse@lﬁpmhs af the qwe@tlphase and a
stabilizer and a dry powder. A solution is conprised
of &.confeiticiedPizaccordi ng to the invention and an
appropriate solvent and optionally one or nore
co- Jile\contpesitidas ef thegpreseat 'try/pnt';m comprise nanoparticulate

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

than about 950 nm, less than about 940 nm, less than about 930 nm, less than about
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sol vent. However, conposition according to the
i nvention may not be soluble in water alone in which
W@ a®e/08m80 or nore co-sol vents may have to be en@l/oym®d7/001851
in order to forma solution. Suitable co-solvents
i nclude, but are not I[imted to, short-chained
al cohols, and in particular, ethanol. Nasa
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ostles D45 Bblng HIF FSORA0RNER Rl NG Pl Shogm, s
thhtiaghud @0 ver, Yess Than @ggt egahm, bas thel abost 220 panldse than about
N
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inth pray-dr ed
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I spersion of a nanoparticul ate gl ucocorticosteroid
nm, as measured by light-scattering methods, microscopy, or other appropriate

methods.

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

is defined as wherein at least about 60%, at least about 70%, at least about 80%, at
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conposition according to the invention and the surface
stabilizer(s) can contain a dissolved diluent such as

wo 200/088®90r manni tol which, when spray dried, POIDs2007/001851
i nhal abl e di luent particles, each of which contains at
| east one enbedded gl ucocorticosteroid nanoparticle,
noni oni ¢ surface stabilizer, and anphiphilic lipid
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In one embodiment, the concentration of the glucocorticosteroid can vary from

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

including other excipients.

In another embodiment, the concentration of the at least one nonionic surface
stabilizer can vary from about 0.01% to about 99%, from about 0.1% to about 50%,
)
and from about 1% to about 10%, by weight, based on the total combined weight of
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the freeze dried powders consist of respirable

particles of diluent, each of which contains at | east
wor@7esdaedded nanoparti cul ate conpositi on accopdi/isonT001851

the invention. Freeze-dried powders can be used in

DPIs or pMDI's, either alone or conbined with

spray-dried nanoparticul ate powder. In addition,

freeze-dried powders containing a nanoparticulate

conposi tion according to the |nvent|on can
therabersnsrticoterid i deast ep RepiepipBHaseta g H2gH f"?fg%to‘ﬁ?% one
mgﬁgﬁhicﬁgp{lﬁ Jgﬂ x&?ﬂ&ﬁ@%ﬂxe@%ﬂ& iaisdi spersi ons having

et Sizes ere each droplet contains

at &S%%Jth%&ﬁmeﬁ{ L RrA RRRAThd aaea@@ﬁ@ aiphgpHildc lipid
the i nvention. Concéntrated nanoparti cul

cariepdran eheatifed] %lte @bcbé 9@§,fe<franq a wg&el"éég @é?%t Fo4apd from
n. 0 P f Bwveigl f
sy 4701 A J0r B i, B SRigl s aImO R RN oRbidcBaveight o
the@ucmaﬁd:dsmﬂ,eatdmkt pae towbois subfaehsthbilisen and af leaitiops
rti ize of an about 2000 rum
}\4 619‘3 légﬁl ‘?t ‘g}ﬁmﬁr?th %F%zr%%dl ment of the
|nv ntion cor t. p an
of eewéérgeﬁfya%a% Pt ORIl BlelafibERnEANE,
glubae&namteﬂoecs&mﬁmnmnpm@& gingoches®steheid caheaniraliznof

out 1 | ess. th m
fropp ek R0 ABBLE L HDETRT TECs bR R EAe € PSR
cotBRBesROMiabd20DI NNV oE Sise ﬁoﬁa@hﬁb@dﬂlcﬂﬂl@ﬁnm rpnde@gstitihan

about 1000 nm | ess than about 990 nm | ess than about
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the sterilized dispersion of one or more nanoparticulate giucocorticosteroid particles,
either prior or subsequent to sterilization, to provide for a sustained or controlled
release composition. Such sterilized microparticulate glucocorticosteroid particles
can also be combined with a sterilized dispersion which has been processed into a.

powder or other dry dosage form.

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

simultaneous presentation of immediate-release (IR) and controlled-release (CR)
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copigol ofglucqegsticosissrid Progle sige| dhuy tlammpm%nsmam@agtpnse a

mlﬁgﬁetof %Qr@ a?t‘icdla?c@ tuc@@@ﬁ'ﬁco&?ré?cpé rﬁEleg %ﬁércﬂp F’x é)%gt{fjaﬁt)n of

g cucortlcost r0|d part ave a partic
paﬁfcl¢9elsa§ atdedmed h@e@pfrelﬂtmg avithvepregise a@emm bectlt}above

B T

r h U About an about
pag@fes; wherdie sach pramlaivouif pR8lemhaslaakgintH aizeabaetatidg vith a

so referred to as D60, Dr0, D80, D90, D95,
pr&néc?r%ifésp%%l cle sizes). In another enbodi nent of t he

i nvent i ony, the effo%“t'idn‘é a\%glrng lf?fi‘;'ité?l‘:l e size" as

descri bed abov& nopﬁ]lcua anh Da c,s Ze of the
conposition (i-. I'nven onpasses a
In yet another embodiment of the invention, a dispersion of a first

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

microparticulate particle size.
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conposition having a nean particle size of |less than
about 2000 nm . . . less than about 1000 nm | ess

wao ba@mn/osdaeut 990 nm | ess than about 980 nm | eBGT/UBBNT/001851
about 970 nm etc.). In the present invention, the
val ue for D50 of a nanoparticul ate gl ucocorticosteroid
conposition is the particle size bel ovy which 50% of
the glucocorticosteroid particles fall, by weight,

vol ., hu I, r ny .ot her.. sui t ahl € neasur emer
! eciF eebnasfiia B <ot ot iedst i e BISH Gl fom
the\g?mst; And ﬁ%rph éadlhrmn@L ﬂﬂ(rar:gﬁmbl& 4} ir the dffpativd adeesgd pirticle sizes
y i ght, vol une, r,, or any other suitable
of the el Rl B Ariaen e deshreat(he s Reicosigrod
A ucocortjcosteroid, Nonianic.Syrface, Stabilizer, and
Anpl?if?fﬁﬁ'aluycwg‘?ﬁi - FTRIUPHPR 963 kST g Aosulation and a
"109%&019%@'&6%&%@& i de@8d,Qhe (W96 CorARIMIRIHs Gré béthBized within a
stabilizers, and at | east one anphiphiliclipid can

singlgrapragogiiopn, foriseapipls #rvaldaGaH COEPPISHET ndi vi dual
conponent s can depend, for exanple %Sgn t he
par 6 cul drlugperidicastereidssunppsitions Heedip  he
parti cul Zromisncton Wit PthereAetivipAeentsr sel ected, the
particul ar anphiphilic |ipid selected, the hydrophilic
| i pdpkeiglicocbricapiceoid pBposiHens phige poiartion ag ad@donally
. Lo i h i i o d
coBHFH2ER LERBIR oVl SeiPhu LR A0kl 1O OB
seasond ellerg¢ itonitef atdwethet inflevoratirycet enlsiglc camditians/fof mdish
about. 99, 5% to about ,.0.001% .from about..95% .
engogticae i s ERRYnguslig ey TS BB L ORI F BiefiRObHion can
be bagethnalateti heith odchl othametine dgemed, @htheodorhpesitions of the invention
ucocqrti.costeroid, at.least .one nonionic,.surface .
o b B S ety GRS R P REH g itk gh active
agédi€l udi ng ot her excipients. In another enbodi nent, the
concentration of the at |east one nonionic surface

st alBxafRss sftivahyerts asefeliauieatn @Adhing calatietgi O884ditions, and
from about, 0. 1% tq about 50% and from about 1%t o
that g pe e, INRPORBCHAR Wi & 8°'8R°H Hang £ IV PReigciude but are

noVBin®Rl t®1dneacting 04 donfes kdPAshalBbtet #ASEre0BR®) and
noni oni ¢ surface stabilizer, and at | east one

forgrsprop T arp@ 1 P);pekotiigne madifiges MyhasHePnYIReiast eHpgar®),
zafRIQLAerA |9i®(5:[%|5xa,z_ntath%nquﬁ%s;][tﬁ&é;@&gg{e (tﬁgb‘fr%l%g?@txgﬁﬁiledyl@,

one anphi phi i pid can vary from about

Elixbphylig®yQuihron®a Slsubid®, TheoehrapBul-Rod®, ardiUnidmn®);
nedocromil (Tilade®); cromolyn (Intal®); short-acting beta-agonists (also known as
“pronchodilators™), such as albuterol (Airet®, Proventil®, and Ventolin®),
levalbuterol (Xopenex®), bitolterol (Tornalate®), pirbuterol (Maxair®), and
terbutaline (Brethaire®); ipratropium bromide (Atrovent®); prednisone (Deltasone®
and Orasone®); prednisolone (Prelone® and Pediapred®); and methylprednisolone
(Medrol®).

7. Additional Surface Stabilizers

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

surface stabilizers are utilized in a composition according to the invention, they are
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about 1% to about 10% by weight, by- weight, based on

the total conbined weight of the glucocorticosteroid,
W@roo7e8®b0 one noni oni c surface stabilizer, andPEr/Us®ar001851

one anphiphilic lipid, not including other excipients.

In an exenpl ary enbodi mrent of the invention, the

nanoparticul ate gl ucocorticosteroid conpositions

corrpri se a glucocorticosteroid concentration of from

about 10 .top 30% w w in caontact wih a nonionic surface
prg{bea ly Added TR0 OIS FiSEEZaH RIS semBosiHon obePlaRg usetul
iohR! Ahiofllcl 6RAFMIS, HoRARINRY, Ok SwiHBRAI! fidfice @tabﬁlzers include, but are

Conbi nat i on Corrp03| tions The dispersions to be
noflignifed tpekinem orgsis ansldnpigenicrheryperatiedr cirenter Shes,

: ¢

e)%givlpxﬁi ng 'njidlf’ z?foug ?%}Iﬁ’ﬁ rg[bro Z%lrﬁé‘}gqg{av dé((%lg ﬁlgxr %%ﬁ\t oligomers,
natral B@ﬁuct}gommmtaets aCanblpemgnsmf pene tbamrpmq gafacg Babilizer
ca%%qggﬁgﬁ&%llg{,gm ucocorticosteroid A and

nanopar t'i cul ate "ucocorticosteroid B; (2)

nanoﬁgé}e%&%t x%.l'rl%‘fé)scoqlg %o§a'ilef>§19c;| gIaIOB\IC E)gfwmerlomc surface

m cro I cul ate ucocor |’cost ero
stadahmepamqlwdd hHEalglnDCbxmmetl Itm;afklbmnml, thchudimglbut not limited to human
m c artlc l.at e ucocort ter [ B: (3 .
sepaR G ER P s et SodiGaT aeT AR ity sutfosuceinate,
geé:ftfrechs*.e\ﬁﬁ; AMEh&Ge, Papidaalte sehde aditl, Baalkdnana chloride, calcium
rt| cgl ate gl ucocorti coFterm d A havin

e

co@l@mn BiichA Aot pB6dphates, @H@@&héthﬂﬁélh@@g@&dlcﬁhﬂg
cropartl cul ate Active Agents Steri

capb gAY P%lmlaieesogr%&by&r%Y@é%qyémsﬂw@éque phthatale magnesium

al@ﬁfmhﬁeﬁhc\!ﬂté hn&t'ﬁﬁn@lﬁu%[ﬂel ?5%’9‘1&%&@?5 8l %tﬁﬁlc@l’%@oﬁlsmgwn as
nanopartlcg ate | ucocorticosteroid part|C|eS e|t er

Pqlpxasning 908 b‘s’bk‘ﬁ}éﬁ# tqt@fgrtcéuomh blagk epnolymepdasiieddrdrosequential
a«ﬁ%@éﬂ-ﬁ-@gﬂ'éng 8R{aE Qb4 ey & CURASLIdi zﬁﬂme%%%hsl? Wyandotte

sterilize m crop articu te ucocorti costero
CormetationeBarsimany, swb)e Tmmcrﬂes@smn 588 5(RASF (Weahdotte

Céjl{pﬁ&%o }ggg %(224153? \n?&?l? I8 Coﬁﬁﬁ %g? pow %?er S 9nzﬁﬁ£ﬁow)
C@Idasms:Bfltl O@pwh@has d npantré of &g rose. seearataand pﬁcrrbsa:dnjs&hme
(oS, S ARSI b IEIEE) g ien iR Gugymers of PVP

ang| RMA ek, i ltasioae®iIb3pRrahtd ¢hebke.can enabl e obt ai ni ng
the sinul taneous presentation of imedi ate-rel ease
(IR Emﬂplem of nedfliledtibeicaasfacd ER)ifkers e ndd, Has kel it fimited to,

ORRRNER. Sy Mcront cad Loce! U SOsLer QL inide,
ndﬁ@blyhﬁ‘drﬁﬁcdh@fblﬁﬁs tieh 8QHWitErioa ROBAHI i £0S IR RIntnethylpyridinium,
anthryul pyridinium chloride, cationic phospholipids, chitosan, polylysine,
polyvinylimidazole, polybrene, polymethylmethacrylate trimethylammoniumbromide
bromide (PMMTMABT), hexyldesyltrimethylammonium bromide (HDMAB), and
polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate dimethyl sulfate. Other
useful cationic stabilizers include, but are not limited to, cationic lipids, sulfonium,
phosphonium, and quarternary ammonium compounds, such as
stearyltrimethylammonium chloride, benzyl-di(2-chloroethyl)ethylammonium
bromide, coconut trimethyl ammonium chloride or bromide, coconut methyl

dihydroxyethy! ammonium chloride or bromide, decyl triethy! ammonium chloride,
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di fferent glucocorticosteroid. For the purposes of

this invention, "nanoparticul ate" active agents have
w@mooe8®med i ve average particle size of |ess theer/akmot/o01851

2 mcrons and mcroni zed active agents have an

effective average particle size of greater than about

2 mcrons. The mcronized active agent particles can

be sterilized simultaneously with the nanoparticul ate

agent particles or in a separate process using
dea lsCh ﬁm?g‘yéltoéb’ﬂhb’k%‘flmmqﬁph'@ﬁldePﬁérmmdépﬁrzms@m@éhbé

hy@loxseag mn%sﬁ&h%fbrw&rlb%xﬁﬁje E%R;L ﬁiﬁ%étﬂ}q nhlgv?ﬁ»lrﬁﬂ%yl

conponent, afford rapid in vivo I on
ammpepipmsghlprideprlronyide. apyristdarimetian gelrsqreumfmcthszhsdlpbﬂe,

lau-l;p?dlme%}qrﬁeﬁ%q A 8{519{ EHI&Q&% & tg}']p?m@?rlé | & 8§nethyl\;eg18noxy)4 |

represernting the onen
amineripinthlomnde @vbrpgnd@ I‘éaﬂ«yh@ﬂ’zai)duﬁétyyllbangé apanéniainechloride,

| |
énﬁpgé'é ﬁ?)éﬂﬁéeth esen P%Bmé’ nv‘\ﬁ%g Iéltﬂf) ﬁlﬁ':N i C}‘FC\VF @%Q%y&%nzy L
arrdn@sommhlmmder labeshy(chand hietecleyl dhd’a:cyl aBmoRplh chbkidle, Nodlkyl and

(Cbzfls)oﬁl‘ilglt rt_rlla ghs\{qglregl? Ia%&c{r}eugmt qu k(%htr%:‘ﬁ?fgly e Cgrrllltugnolkahde
almmms:mmmonmm SABHNIdSRalRy P ix{edi WathohanaRaks, 18Uy PiBnethyl
cl es, wherein each popul atl on

ucocor, 0
e iR EE piHo e St e Ry i it agclor an
eﬂ@&@l}ﬂtéﬂetriaﬂ{ﬁ AFEndALR) saBNE Al o6 QOROB bl RS EAm chloride, N-
S m xture of n1cropart|culate
C%F @V?%&O@#W&hb&wﬂ Uttegadegplimpihybrary ropmoatimon
chRkide & droblyBmitd) 38 afkyd@f,] 1% ng Qm%tﬁﬁ IC 95ﬁﬁhﬁHe%l%ﬁrHoﬁum

r%l&‘l ci se rélease rate. i ons ‘Conp
chigpide apd QOW@E}@E}M@WWE&@WFW eh@lrlzlesdlhlkyy benmncalhﬁlr

nﬁmﬁ%%ﬁgrl&f leFuIPﬁ thm/e laprﬂno urglc dc?rc?e gfl]cgﬂafenz lmet%

nanoparticul ate gl ucocorti costeroid provi
amd@mmre@hbhaienakkakbm dlnpatbfll alnanomrmtn bn@dnm: tmm,ac, 5| east

Eely ano
tislPehy AR ol BRO ALY, Rl By BARSR I aBbPriam chtprids-aly-
diaﬂihk}lmdwkammbnmnpchlb'riﬂe(DM)MAU)ﬁcﬂnnteﬂwldihﬁﬁ&m&hﬂaﬂoﬂées,

cul ate gl.ucocqrtico ter d can be combi ned.
A RTREA SR Blfn JrERRET MRGLUEIShil SrCsnter aRoHAS
deqydimioyahy laouh @t emaoiidd, Go&é@ﬂneﬂ@&rﬁddhﬁhﬂﬂﬂmlﬁge or

corticasteroi d, can be nanoparticul ate,

] uc
B SRR S5 S 20,05 ParREr L ULl
(ALIQUAT 336™), POLYQUAT 10™, tetrabutylammonium bromide, benzyl

trimethylammonium bromide, choline esters (such as choline esters of fatty acids),

benzalkonium chloride, stearalkonium chloride compounds (such as stearyltrimonium
chloride and Di-stearyldimonium chloride), cetyl pyridinium bromide or chloride,
halide salts of quaternized polyoxyethylalkylamines, MIRAPOL™ and
ALKAQUAT™ (Alkaril Chemical Company), alkyl pyridinium salts; amines, such as
alkylamines, dialkylamines, alkanolamines, polyethylenepolyamines, N,N-
dialkylaminoalkyl acrylafes, and vinyl pyridine, amine salts, such as lauryl amine
acetate, stearyl amine acetate, alkylpyridinium salt, and alkylimidazolium salt, and
amine oxides; imide azolinium salts; protonated quaternary acrylamides; methylated
quaternary polymers, such as poly[diallyl dimethylammonium chloride] and poly-[N-

methyl vinyl pyridinium chloride]; and cationic guar.
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m croparticul ate particle size. The second, third,

fourth, etc., glucocorticosteroid dispersions can
walpdoe894br om t he first, and from each ot her, fBPET/US2007/001851

exanple: (1) in the effective average particle sizes

of the glucocorticosteroid; or (2) in the dosage of

t he glucocorticosteroid. Preferably where

co adm ni stration of a "fast-acting"” formulation and a

n r-Iastlng fornmulation is desired, the two
f o r rrgll‘-%h xSHYlay catippisisHeacestabilirers 284 aifies useftheationiosnrface

st{thizE@X HTY Bo@b AUl I 26 L398 EC@')E)?%%? Lg&t?ﬁhlzc S actants. Analytzcal

A ucocorticosteroid Conpositi nj unct

ang) Binlogiaad Evabuorive (h@éﬁ?ﬂl Dekker, §PAo Lornd Bomemghc(Edltor),
CEHVIROSI, aﬂﬁrsoﬁhwceaz'd%‘é%}r{f@g&%& 1?9@&}' f?ﬁ}éa d J. Richmond,

conprisé one or nore conpo use I’n treating
Catiriigbyrfadtivess gDegwde Chrantsini (MsrcahDekkasb92(). al | er gi c

rhinitis, and other inflammatory and allergic

condrartiowlerly prefatred hogpalpmene piiomsy erbilidsrsareany nonpolymeric

t { ft h {
cof RS LBl LTS T SaBopbad agditeiiorgim
cotitpeugdposidnivnsoafpotthd, d lﬁwﬁnhmaibnqmmnbﬁa cationic organometallic

co-admi nistered o uenti al | mnistered in
cof it ety PhoRR e oitnglafs £pv ish e samppund, an
anﬂﬁnume:o&gﬁmhs ais@hioniuin t6@PbNMY aaS R Shmahl@ 8b®pound, a
condi tions, and that can be used in conjunction mntﬁ

PTYRRLY REHROEI Y SRLP YRy h & GORup ATRON MRS RRO s 2 A6TE R0t

mdmmlhﬁﬂcdxﬂpd@agamqw&nbﬁ& AnRYILS Smpoels 88the formula
sal net epol  (Serevent (r and fornot er ol gForadll( ));

NR &RaRy | e AeT fomPeiRdsof the frmadta NBnBsRaRea St

(Sin ulalr(r)) zaflrlukast (Accol ate(r)), and
zi | &t on ?CZWQ 1}y aretilidsphyl | i ne (Aerol ate(r),

Chol gﬁyl (5aeofﬁi;_mp§wh in(r), Quibron(r), Slo-bid(r),
Theochron(r), T-Phyl (r and Uni phyl (r)); nedocrom |
(Ti |@Ede( rtpyce erPexn& ?Iﬁ’éfﬂnt al (r)); short-acting

betqnggoqﬂ§§§ @u%ﬂa& wn as "bronchodil ators”), such
as al butero > Proventil (r), and

Vent(®) i n(t9)9 Of ReRalatﬂJ@Hs odne(OXBpelhm (G's}l)sCPhJ a0l drer IR -Ry, is an
(Tor nal at a%(ﬁz(% frsk%ldgxfcz)xrgaoxg a om ?r&sgs) , and

terbutaline alre um brom de
( At r(m)entt@ro)QfopRedm @Hm@né@é[ﬂ.&ha@ﬂ‘;H);CH@,dand one of Rj-Ry is an

Crasone(&%k hﬁJEd soloneﬁﬁgrelone and

Pedi apr ed{ t5)“ HBYHRS B RIh OB Redr ol (r)). 7.
Add|(vnpna1wosmmaaeaﬁt(am hhd&iessofl R, -RA & @8eslig e (CH,),, where
t he |nvent|on t he conpositions can al so include one

>1;
or
(viii) two of Ry-R4 are CHz, one of R|-Ry is C¢HsCHo, and one of Rj-R,

comprises at least one heteroatom;

(ix) two of Rj-R4 are CH3, one of R-Ry is C¢HsCHa, and one of R;-Ry
comprises at least one halogen;

&) two of Rj-R4 are CH3, one of R|-R4 is C¢HsCHo, and one of Rj-R,
comprises at least one cyclic fragment;

(xi)  two of Ri-R4 are CHj3 and one of R;-Ry is a phenyl! ring; or

(xii)  two of Ri-R4 are CH; and two of R;-Ry are purely aliphatic fragments.

Such compounds include, but are not limited to, behenalkonium chloride,

benzethonium chloride, cetylpyridinium chloride, behentrimonium chloride,
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nore ionic (including cationic and anionic), anionic,

or zwitterionic surface stabilizers of Iow or high
woredogosd4ar wei ght and be pol yneric or copol yneP¢TUS2907/001851

nature. |If such surface stabilizers are utilized in a

conposition according to the invention, they

arepreferably added after noist heat sterilization of

the conposition. Exenplary useful ionic, anionic,

cationic, nonionic, or zwtterionjc surface
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101@%&@&%93;5@»11&%! hﬂe@&%lﬁ@h?aﬂéﬁhloﬁﬁé baxy ?rﬁkhyétﬁ&h b Q6ride,
hal

sodi um droxypro | met hyl cel | ul ose ph ate
m%ﬁ@%ﬁﬂ&hﬁg%ﬂuﬁ? il rsrrlpmegt ehlokiqq. @ohgmatesiimel,

pr&gﬂlﬁl%@mdéﬁﬁ)r{d% gooobgt%ir{eo RebraB QB beflonfle @é%@ﬂg?:gigwhectonite,

Pol oxam ne 908(r), whi is a tetrafunction

Ste@@d6119Y$Pxﬂ@h}’]\/léfai3flﬁé¢ﬁléféqwehhj’ckpfla@mdq, itaJlpvgttimonium chloride,

f LOxide to ethyl enedi am ne
an@ h@?é/de% ﬁrl hsﬁf %Pg%rg\trl@ﬁ %ﬁ? Par si ppany, N.J.));

Tet rl\QBétCothé&%%mfa&e st&&%ggrag%%gf V\b{%?&ﬁg}atcguncal icx]inents alnd are

Corporation), Tritons X-2 'S an a
degraibdtin detagin tlondvadio dBoiPhalneckesiv@lsEXsiie A3 pgblmhect ijtly

oy e Al PRaRha AU A SRR Th T IREPRABIRS ey sgsicw of
GreatcBrjtain @mﬂmacaglgglgﬁlem; 239%Emcﬁc£y%m?f;& by
ret P TR € bl PP boRBiers oy &V RIS s ymycpared

bymaﬂnﬁynxkﬁdwhdnﬂ&&hyners bi opol yners,
pol ysacchari des, cellul osics, alginates,
phosiohol | Qtisks, PlantenaweaficalyiD®dipientsonpounds, such as
zwitterionic stabilizers, poly-n-nethyl pyridinium
ant Mipuhaqeyptica cimposithine reaedingas itonineepthosphapbhispicdmprise

on 8 bRRE ek dgety Aind et Mol adnti, el ing Agents,
swoetenitreefl4obiEaBnis, Pﬂa@fydl’td»&ﬁylbdffdré Nestik apemeidiiftegrants,

and
ef! rvescen? éents an?tl other excipients. Such excipients are known in the art.

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

PH102, microcrystalline cellulose, and silicifized microcrystalline cellulose (SMCCQ).
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pol yvi nyl pyrrol i done- 2-di net hyl am noet hyl nethacryl ate
di net hyl sulfate. O her useful cationic stabilizers

WO p@l 08,90 but are not limted to, cationic |ipPCBUS2007/001851
sul foni um phosphoni um and quarternary anmoni um
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1 SEHIE SRR U SRy e BoRdeR P Ay APE 0 e der
to mﬁbﬂé%eﬁhﬁx‘érdoﬂ&d&[ siBCORH IR deChichi asDAEBBI T 200; talc, stearic

hydr oxyet hyl anmmoni um chl ori de or brom de, coconut

acidi meghRFLumh FieRtkS SRIPAm ST AR Hic8le or broni de,
nyristyl trimethyl amoni um nethyl sul phate, |auryl
di n@tmmplquzswee@mmm AR ARtEFA gBarbifici Siveisner, §

o Il TR e A 0
of ﬂlaabrmg ageﬁts4are dabinaey bt {becttmydrk afivbaF ) cinvbddé gem flavor, and

ﬁet rade glll gf t hyl benzyl ammoni um chl ori de
Ry Sret hyl di decyl o ammmoni um chl ori de,

m‘ak%am"f‘eémfﬁqrmévat Vbt e S A Aokt en,

rcﬁjykpdraliern[. Hﬁizl’d)yd ﬁﬁ(ﬁfﬁﬂcﬂ itsslad, beheanglers of parahydroxybenzoic acid
ial k I - d|

0 %ﬁqg)% ?zgtyi 8r belsnazlyjl[ Y coﬁ Bﬁénr}}filc compounds
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m)
acifi(yndry carbanatapURipRaRAi THitable o graic %‘éi&% ude, for example,

citric, tartaric, malic, fumaric, adipic, succinic, and alginic acids and anhydrides and
acid salts. Suitable carbonates and bicarbonates include, for example, sodium
carbonate, sodium bicarbonate, potassium carbonate, potassium bicarbonate,
magnesium carbonate, sodium glycine carbonate, L-lysine carbonate, and arginine
carbonate. Alternatively, only the acid component of the effervescent couple may be

present.

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

emulsions and sterile powders for reconstitution into sterile injectable solutions or
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tri met hyl anmmoni um brom de, choline esters (such as
choline esters of fatty acids), benzal koni um chl ori de,

W@ @ansd4boni um chl ori de conpounds (such as PCT/US2007/001851
stearyltrinmoniumchloride and D -stearyl di nroni um
chloride), cetyl pyridiniumbromde or chloride,
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surface stabilizers and other useful cationic surface
stabilizers are described in J . Cross and E. Singer,
Cationic Surfactants: Analytical and Bi ol ogi cal
D. Eval\ethiods of Mialdef tbeklogrposit@g)of the Tayahtdn Rubi ngh
(Editor), Cationic Surfactants: Physical Chemstry
( Maig ahotnaem@eg:t of98d Jveanen there Ripchyidedia neihodopd preparing the

na Surt _ac Fucoco aQstgro% %Tr]m%tle[tydns ()We 1%bex@%§1k €fhe 1']191%9)1
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zal koni ar bani.um c
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techiRes Rt perdrifiadlifid @ec@h@@ﬁgﬂ‘ﬁhﬁieldcﬁromﬁp mﬂhmquas or any
quarternary phosphaorous gk a p ridj.niu I
coRSRBHENdLeraT- drich PP ESRTOUE 8 AR il CorpREaons
ar A AYAb QXY BIFTPRIHINGOSNASBE4. 81d¥hddRI i NP AhntParticulate
compound, a_secondary ammpni um conpound t,
compABIHP NI SHFOIRSER lbeé%él‘ GFaPerhPy>-ahd 7 ?Fﬁ E\g‘ﬁ%‘% s
E}I ih %Phérﬁ[a'ayut?ca'l\@&&%ﬁ%%ﬁ@ SCPARAUNGSS, ?i 8 B e fcfrcwaamluauous

OR-R4 are (ii1) three O

M¢thod ofCringing Erﬁrmam@cel%ubsganfe%w SRaI NG 6 40 Brier
Nga;tl%d ok d%'ﬁl%%tlgaﬁlgstaﬁce@ﬁﬂ S P%@erﬁNbVB go3a33N for

seven carbon atons or | ess Vi two ORI -R 4 are
“OorMjcroprecipitRiioRef Nenqaig GHiate Pémnme@u@lmgqmﬂw@ Gerpystal

Growth Modifiers;” U.S. Patent No. 5,662,883 for “Co-Microprecipitation of
Nanoparticulate Pharmaceutical Agents with Crystal Growth Modifiers;” U.S. Patent

No. 5,560,932 for “Microprecipitation of Nanoparticulate Pharmaceutical Agents;”
U.S. Patent No. 5,543,133 for “Process of Preparing X-Ray Contrast Compositions
Containing Nanoparticles;” U.S. Patent No. 5,534,270 for “Method of Preparing
Stable Drug Nanoparticles;” U.S. Patent No. 5,510,118 for “Process of Preparing
Therapeutic Compositions Containing Nanoparticles;” and U.S. Patent No. 5,470,583
for “Method of Preparing Nanoparticle Compositions Containing Charged
-Phospholipids to Reduce Aggregation,” all of which are specifically incorporated by

reference.
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al kyl chain of nineteen carbon atons or nore; (vii)
two OR -R 4 are CH and one OR -R 4 is the group
W@ 02 n, where n>l; (viii) two of R -R 4 ar€r/0k20p7/001851
one of R1-R4 is CeH5CH and one of R -R4 conprises at
| east one heteroatom (ix) two OR-R 4 are CH, one
O R-R4 is Co6HsCH2 and one O R -R4 conprises at
| east one hal ogen; (x) two OR -R are CH3, one O R
-R4 is C HsCH2, and one OFRi -R4 conprises at |east one
cycl Fellewagraiiing.hemogepigatipiprreipitaiongicaribe tyaltant
- : . | - .
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[ : e . [
B B B8 L S PASTLATIE PR e and
dikyaisibld caarbedesed abkalisersydmeehian dimequebhipexateples of dispersion
aterniuynmy 15). .di.stearyl di noni.um chl ori .
eI PR a5t Mo R AR T ER e Rowrr g paspotvents
swhlaseitde ot Quiduemnot, hexdde), andghbicel.ni um 22, Quat er ni um 26,

Quaternium 18 hectorite, dinethylam noethylchloride
hydr Btfhttdve wethody sf provédihy efechidiculifdee for particle size reduction of

dieth | o]l P | etyl .eth hat.e, .
R Ao ATe P EabeeyFbenink ned BRapach Eiamn o
exaink 08 with & hrefdfiedizei*n@iydfluidics Corp.?. Ball milling is a low energy

di oct adecyl ammoni unbent oni te, stearal koni um chl ori de,
my§RE PRREGSHBhiwe millgmedipudruBereitice; and Higida Themaiasials are

pl&dd O 20811ih @VELSET FRNIsYBIEH R10hHRvm) %é&)ﬂgg&?q{a@fﬂ NSedia cascades

di hydrochl ori de, guani dine hydrochloride, pyridoxine
andaeduges e grvgmartisle sigeydmpdetiomebhamiedie used must have a high

- ri.de, . _
O 0 TR ROEL AR Bty e mass o
thpeltyitjoatesdmd.um 1, procai nehydrochl ori de, cocobet ai ne,
st ear al koni um bentoni te, stearal koni unmhectonite,
st ealtyl t Mithuz ofkGéndoebrirosprbislsddr Rartide Size Reduction
di hydr of l uori de, tallowrinoniumchloride, and
hex abecpiliingmetrtigies afimroornposi tioaicoedinfys thedfivérienenre dispersed

e S L T R —p—
mednsRb appticiciutthe pleséncei qiigeintding pedihits belhicg dienpdrticle size of the
composition according to the invention to the desired effective average particle size.
The particles can be reduced in size in the presence of one or more nonionic surface
stabilizers. Alternatively, the particles can be contacted with one or more nonionic
surface stabilizers after attrition. Other compounds, such as a diluent, can be added to
the composition during the size reduction process. Dispersions can be manufactured

continuously or in a batch mode.

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

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

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

media in which it is essentially insoluble to form a premix. The concentration of the
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by the Anmerican Pharnmaceutical Association and The
Phar maceutical Society of Geat Britain (The

wobarosiaeut i cal Press, 2000), specifically inceeposmbzahisst
by reference. The surface stabilizers are commercially
avai | abl e and/ or can be prepared by techni ques known
inthe art. 8. O her Pharnmaceutical Excipients
Phar maceuti cal conpositions according to the invention

may al so conprise qne or nore hin in .agents. fill
comBRRS S4eBHIPG H 1 J S Ran 10t Sy ot Sy from abdt s o
abotBBYE HRIn® abddta 86 bsauta.me/@m/v)pms@ma\bbwm tdOaHoﬁJeﬂ»S% The
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anc?frpﬁ ?bouPlf?ga ﬁltyl\éb/n}ﬂ ce% %R&' done, microcrystalline
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02, ﬂ"e“rgrggﬁ 3 'e'dsg gét 3“*’?%‘??&%‘?&% lﬂd e&ﬁan;ceﬂmeans to

m crocrys I'ne ce Ie | 'ubricants,
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dis ?r&?nggtlgsggg %DS%E\??(?)(Z In{n( " ; 152168%61'@3 Qﬁelt tﬁ% é eﬁﬁg be used directly

talc,
wharﬁgnﬁsl rain 1stueai fifreftriciahc mmmtsabaa epm@nshnsn Iapcqxdglgl to the

. Exa et eners ar nat.ur L ci.al

i EHABE B e He0 ey oece Tyaeet i tae A rbidh R putavte

agieH Ind BB, % C@@}%@ﬁﬁ%@meﬁﬂ&t@@&hhﬁ@ﬁﬁeoﬁ%ﬁ&fs@@n ofobserved in
flavoring agents

whighribeye arp agiprge gaglpff}ea%;%? it hheked &5 st i fprefldhat the

prdnhikehe SEHRARIIGS s@éh DHRSEIUR diVSEsidh Siepoliagsd wrisolating encdia
met hyl par aben, propyl paraben, benzoic acid and its
milas psed for Aémtient er s of par ahydr oxybenzoi ¢ acid such as

but yl par aben, al cohols such as ethyl or benz

al cohs men‘éﬁgw@ PEanSARPYER B TEYEH theP e §12e © %Ia composition
ac%ﬁla{ngg{) %ﬁv@ﬂmﬁ%nﬁﬂﬁy &S tARE REAF AN Ui S A6 h Gl 1.

_ di 'uents i nclude pharmaceutical |y acceptable
Suitaleledispietsiet millsinehdas haHlonidk ey steiariopd, 2 @iiratogy gill, and

meld%: %1?1%5 Sucgllag %Sslaﬁd I%Hi' @b%gﬁ ‘?‘rﬁp atAemeﬁﬁtcrﬁﬁ?l gqgi%rred due to the

m Xt Ur es o of t or egol ng. npl es of
reldﬂl’{/ﬁlfﬁ‘ ehm'ternnillmmgetmma crcq;ureylgt) Frovide theeddsiredssluctor fn pasticle

51216 algc r rmlkm%,rtﬁngp el(fte\Jlgcro)sﬂg Hi%%!rexlnﬁgfsgﬁgfe?&f)(fy fidrh about

T'&ct 0se
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preg%xgiclg n.?f{:fgréély( frz)rh abaurt’ i tug lté agou%rlf)a;ceét%o%et. oéﬁchsrﬂﬁée%stgﬁd to
afford an optimal balance between efficient particle size reduction and media erosion.

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

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

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

having a vapor pressure of about 1 atm or less at room temperature and in which the
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Sui tabl e disintegrants include lightly crosslinked

pol yvi nyl pyrrolidone, corn starch, potato starch,
woradozesgb@r ch, and nodi fied starches, croscarnedT/OS®07/001851

sodi um cross-povi done, sodium starch glycol ate, and
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car bonat e or bicarbonate Sui tabl e organic acids
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nQnaqueqQus sol u di s
vl & GE Toar el PP o saBE P ERlSs, A REREL O 4 Bequires more
cor&?cﬁ[eid &ng{iioﬁgt@b\hﬂd &oh%ttram Idp@h spepkiionsf nEXagphes
of suita aqueou nonaqueous carriers
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hqvgjﬁf BPYLeReFhY&Rhp osRQJrﬁ/@ahrﬂéls%ﬂﬂrzﬁhy qak dr)@lzcyrﬁﬁéfﬁhon @agl then be
I'1ke) SU|tabIe m xtures thereof, qetable oils
filled dath aass,ut@bhewen@mr agd @h@fﬁF‘é SR @n%rpg apRllank sExgaplagchnal
pr c?h@téellé}ltg %Q'ﬁch %’éaﬁ olt HbHSin 8o &l BREB6hrbons, include

on" s 'Phar rraceu [ ca Sci ences, 17th ‘edition,
HiAHIBHs ﬁedaﬂgorwa@kn@mmW@7@eptaﬁacg@p@4ge) DVhile non-

ch%E %gsprgé%f\z{%rs na%y E)% gre@m 91Qﬁnr9£nt5h%a§dh\§e%ﬁlg§gaté@

imvention there s provi
promiland rofy gsepansaigintthis aspevo phtttei iovéricn.
gl ucocorticosteroid fornul ations of the invention. The
rret hﬁd OREecs s poéssmaedoﬁxlhh@ssfmmmmwga%m% diguid media

hamnlgl a ‘ﬁg’f’g }r)ﬁe%%%rﬁ é{%lng agxltln Cgré"a%rﬁﬁan? rﬂ 4 Jﬁéxﬁ&rﬁtﬁré"@%sed

precip |on
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milBiOR8Atal S W |s§itz£bl6 RAPESHAttDREdratabole pripelied, ite rblsvﬁtant
Pat ent No. 145, 684. _Met hods

lmn%mmaw@mfﬂ{eé sl npreoHLaLF BonPL eotaiver pligrpisly. the
mithiy mEaiatah thiRemavad Sadl@Lotéred ubbdrhadudth or heating to yield adry

composition comprised of a nanoparticulate composition according to the invention.
This composition can then be sterilized, filled into an appropriate container, and

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

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

polymeric or copolymeric resin adhered thereon.
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G indi ng Pharmaceuti cal Substances;" U.S. Patent No.
5,718,388 for "Continuous Method of Ginding
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for "Method of Grinding Pharnmaceutical Substances;™
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about 3.0 g/cm’.

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

composition according to the invention nanoparticles from the milling chamber.

The grinding media is separated from the milled nanoparticulate composition

according to the invention nanoparticles using conventional separation techniques, in
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1. MIling of ducocorticosteroids for Particle Size
Reduction For mlling, particles of a conposition
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pag%? Sbe di spersed in the liquid nmedia using suitable

agitation, e.g., a Cowes type mxer, until a
ho@eneoluxsecﬁiii?‘ﬁﬁ{ Stiongiﬁﬁn o XF&' dlgte\’\’hi ch there are
no ldrge @ggl %ﬁﬁ%’&%xm@?& hiaddaked eve. It is
preferred ? 2Ot Re prem x BDe SU%J ected to such a

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

nonionic surface stabilizer to form a clear solution; and (3) precipitating the
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mll is used for attrition. The mechani cal neans
applied to reduce the particle size of a conposition
wW@ewongli4ng to the invention conveniently can tB&BEUS1907/001851

formof a dispersion mll. Suitable dispersion mlls
include a ball mll, an attritor mll, a vibratory

mll, and nmedia mlls such as a sand mlIl and a bead
mll. Amedia mll is preferred due to the relatively
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Intgfr&ﬁbgﬁlqié?% %dg%%ﬁt@ﬂ ﬁ%”ﬁ/é %Fl: 4&46‘%l \)o Iaace e?dva%n&b?gﬁecp on April

usi ng t can be hand
2400 mdidhyrebwo ko partinict efipatatinsobsle bivdogaslyChd@ive cbhpounds
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O B S B el SR ivenion, the
sunf:mmmtabsbzbrmhhaectmrmmubme@uﬂ@a:e@tﬂdm@rt o the invention.

At %rlmqtarllgf/,eU)é Ea.t%lntl ](\)IW g gf06 %ng\t/oalcog;f)erte? Sl. describes a method for
forming a particulate fluticasone propionate product comprising the co-introduction of
a supercritical fluid and a vehicle containing at least fluticasone propionate in solution
or suspension into a particle formation vessel, the temperature and pressure in which
are controlled, such that dispersion and extraction of the vehicle occur substantially
simultaneously by the action of the supercritical fluid. Chemicals described as being
useful as supercritical fluids include carbon dioxide, nitrous oxide, sulphur
hexafluoride, xenon, ethylene, chlorotrifluoromethane, ethane, and trifluoromethane.

The supercritical fluid may optionally contain one or more modifiers, such as
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liquid nedia the dry conposition can be sterilized.
The dry conposition may then be filled into a suitable
w@eonrasner and charged with a final propel | antPCT/US2007/001851

Exenpl ary final product propellants, which ideally do
not contain chlorinated hydrocarbons, include HFA-134a
(tetrafl uoroet hane) and HFA-227 (hept afl uor opr opane).
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Nanoparticulate Glucocorticosteroid Compositions

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

to loading with the glucocorticosteroid a property which can be controlled and
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and esters such as cellul ose acetat e;

pol yhydr oxymet hacryl at e; pol yhydroxyet hyl acryl at e;
w@ee78844pone- cont ai ni ng pol yners such as pol yRCT/OKBNBE01851

and the like. The polymer can be bi odegradabl e.
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o P B0 B 0 R b i %
This process repeats itself until the analyte is free of solvent and is a lone ion.

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

particles.
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stabilizer added after particle size reduction)
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wQoove/ 089 ch in the Mcrofluidizer(r) is call ePCT/82007/001851
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agwgftaqot?m)qugo 4l ¥§geth and melherniesnsicaes, for
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usi ng an appropriate nonsolvent. & met hod can be
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I spersion by conventional~neans. The resultant

NaNGRALIEY P pOHRBS A daPBoEER M tn' Bnkilifod NVENtT ON
nanoparticle diSpersion can
glucocorticosteroid at a concentration of about 0.00125% to about 0.05%, nonionic

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

1% of the total glucocorticosteroid levels.
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sterilized and then utilized, for exanple, in liquid
nebul i zers or processed to forma dry powder for use

WO pooa/og3RPo or pMDI. 6. Supercritical Fluid Methedsusfoo7/001851
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acet I(%nhe Lqulcel sample onrsr}s)t(st of 42 a}qullgcr)us cLSpe’?‘sxon of nanoparticles of a
composition according to the invention, the collected product will consist of spherical
aggregates of nanoparticles comprised of the composition according to the invention.
If the liquid sample consists of an aqueous dispersion of nanoparticles in which an
inert diluent material was dissolved (such as lactose or mannitol), the collected '
product will consist of diluent (e.g., lactose or mannitol) particles which contain an
embedded nanoparticulate composition according to the invention. The final size of

the collected product can be controlled and depends on the concentration of the
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supercritical fluid nodifier (or co-solvent) is a

chem cal which, when added to a supercritical fluid,
wWebangest he i ntrinsic properties of the superpCT/USat/001851

fluid in or around the critical point. According to
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tal n" Nanoparticul ate
Suﬁh GenTos mpmﬁwpumt donposistéloaslapiost matnnigls dregplose. Other

rm ng,! he lso b ful
 PERL R PEU0R) -RARRRE SR Ryic i e st o
cagiats.si on. Tenpl ate enul si on creates nanostructured
gl ucocorticosteroid particles with controlled particle
s | z eSpﬁLaﬁ-tdrueb pbivdarsenvdtaizipi d r@ngmlgwlﬂtﬁrpomﬁﬂlﬂ!ﬁé@dmg to
od _conprises S
th?)}né/ﬁgp% map'ﬁl(gg&) g1y, gxgtlonatl Plilp &ﬁ\@ate?gedQH]gL@ﬂe%Fn&qalt udeSin

4 non s solution
pMDIR) ok $éddgstitheedgh wdamid trieddsh éoraisd vaﬂdnsbtdhbeﬂﬂ zers.
The particle size distribution of the
b. Freeze-Dried Nanoparticulate Compositions

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

pMDIs for either nasal or pulmonary delivery.

Sublimation involves freezing the product and subjecting the sample to strong

vacuum conditions. This allows for the formed ice to be transformed directly from a
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gl ucocorticosteroid particles is a direct result of

the size of the enul sion droplets prior to |oading
wWowaon/0s843go gl ucocorticosteroid a property whi chPCHIS1907/001851

controlled andoptim zed in this process. Furthernore,

t hrough sel ected use of solvents and stabilizers,

emul sion stability is achieved with no or suppressed

OGstwal d ri peni ng. Subsequently, the solvent and water

are renmoved, and the stabilized nanast.ructured i
solf] felsab prieeds oSS At eerst el pis bnd. Brssprs, provides
gre@tdt GRAG thiah @pfa§LditlThoP aMHeired @@niRERRARG @ dedrob®ins a

achi eved by apQropnlate control of processin

corpaiien aFrerdios REFGINEPHIONy odiSroRy PRELIOR titisiaghe frvention
s t%fc@fl? P}\_&Q&Qﬂrahia%gfe%ﬁf%dgdﬂg 95PEd 6OSear B Thhalation alone (either

l npositions In electrospray ionizatjion a liquid js )
pulpusshedot tselighn eonjencios il dityeat gatenalsUeatese. mepaitol, erc.), in
DPYEBE VAL or HBE Shslibfibd {%&9@3@% RSbuifdgr. desi red subst ance,
€.9., a glucocorticosterol or "analyte"), dissolved
in a large anount of solvent, which is usually nuch
nmore volatile than the analyte. Volatile acids, bases
£ WEERES OF Gk RO NAROEEdQud @80l dticltepSia e hpositions
The anal'yte exists as an"i1on 1n solution either in a
protonated formor as an anion. As |ike charges repel,
t he ThequesggnpinyReton prwides gupethed phieatt)g 3 mamynalpipcluding 2
irfH Haofihisfuae 035 Aeriff IR forflf SR BhiSoRBsYstkBid.
h“%%ﬁg%ﬁgggk |sm?gf og aergsoL g?%ﬁrets ig'a? | east f
Thpan¢thed tymprismhadednisteriagpe ecelisct anasfapiing appant of a sterile
f orpation. of. e and a jet fromthe tip of
COItnI?f)gl% 88%%0.0%&1%5%?%{%?&8%?%' er gas, such as nitrogen .
gas, Thesstatlaebinpesitinsedf the ilnenponebubé admitstetaddaiagulyedt via

to hel p evaporat.e .the neutral. sol.vent, j.n.the I
anyy TR ARt ha S e iR LRl Bp RO S BI Ketaily,
ochlarlyNgarahtesallyle. oo narrgesoas) dhiydreusenlecol ebcainsedus), oed,
. closer together. The draps. becone .unst b“e %f %ﬁe 4
intgacigteapkly, RARPRHY- HSTRNEE %%%d%‘fﬁfé’ea‘:‘ﬁ%hﬁsﬁy’t SGEhErS Jhyeers:
oifthRnty RI65sS, OGS BgRhINoheakprly. Ahigdi erdiaf Be tath tabject”

. as Coul onbic fission because It is the repul sive
is eysd) tompag apcaeal BEGIERlY TRyt BRdRER ‘?hb‘P%% gf gy-human.

Thgﬁ ALdRt hild subct nfyaseas8d aBRAkSgdabsel T until the

alyte 1s free of solvent and is a lone ion. In

nanofch Ak QBhpbbiiofl 8£1He Q8RN BIth dustié 2B deypbwied are
to deposit single particles on surfaces,

: > S, €.9.,

papiqularty essfidfin sheyireptment of resriraboryiglaterhillpesses such as asthma,

| 18 ARFRY 5PirsRk! Qirdsic ¥chdIikd, BYstRUfitodibadhroni
engﬁgg%géééﬂﬁgﬂg¥e 'S nd?gﬁore_thancone. artnge ée?f ome
obgtregivetpul@onary flizease, despinatpry fllnese a@@ﬂfﬂg@n‘mth geaireddpymune

| i 08 R1iRE dhe8eta (skin),

deF ggeﬂg%%/drdg%ﬁtg y%glgﬂe%ﬁg{t ﬁ%aﬁng%ifllgfgﬁg pr 5pert y of te hea (skin)
eypraotiess The figmulations and method result in improved surface area coverage
of the application site (e.g., mouth, lung, nasal, eye, ear, etc.) by the administered

composition according to the invention.

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

the pituitary-adrenal axis, the skin, and the eye. Side effects associated with
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crucial for the application but my be put to use in

el ectrostatic precipitation of the particles. 10.
wez@mposesy Met hods of Making the d ucocorti coSPEF/UEI07/001851

Conpositions In an exenpl ary nethod, the

nanoparticul ate conposition conprising a

gl ucocorticosteroid and a nonionic surface stabilizer

is diluted with water to about 5 to 20%(vv/vv)

gl ucocorticosteroi d and about %.tao a
inhEgt CHOAPY AFPTSBRT QORISR P iy g iy spHoRiA (due to
atrONRSONBRne s MhdY) C@ﬂ&l i IfcctBRR o8I0 EadbasbPRy bfige dermis
are added to the diluted nanoparticul ate

wigl thirogan.tsiriass eed e¢dhymospoBitinkHedglugoesHeRsgrpidsidorpot cause
n about 1%to | ess than about
Smgi} %vv?l\(/g‘egol?ﬁ%§p+a% ct%)é{rl?i cost er oi do concentration.
Thu%)tﬁ éﬁgggta 7B 1%@1*39%(/311&%( Y ridhidi&6ibh hﬂuﬂude direct deposition

phosp enerate g ucocorticostero
of sarop au theclimsays Addth poramtlbenovjsica mage @rede@ﬁlplé Reptgistration.

Thgl%)g%:luc{osc?s{] reclller ﬁ)ax‘ 388§8aE§ 8&%@% Keg §JB§tant1 ly, whereas inhaled

nt1 oxi dant, nitrogen)
glLd:Uf;d)rl‘m@oitbx@ldmt usmzé}yl dffezéitve onthpr @o@sgwnalymab s&hpre are,

hoBiiea POPBT o HECRa By P Eefs Bea EREibRThEIe L o
gld&?@x@ﬁb&tbﬁbﬁud Sexttdie vf airtb,ja@GmMnEGtxsﬁ e&{grdmezé’tcl:u?% m;éabohsm
eyt Gl IPy Sent HE gt TP eigtciate el g o o

cobidi®atd elel reld a PR OPEpidiRont &F tRE RMeditatian;slype bf gmbn@myﬁte&md
%?é nst potential mcrobial, yeast, and nold
ang it deH VBB PGHEM The steri | i zed nanoparticul ate

glucocortlcoster0| conposition is diluted and furthe

B B BS Bt PERBHUITRSIE Y SORPRvRPpologically
ac?egﬁ@cﬁé aRlit ffRbhd & IEU?@QH@&A%%M&@BS C:@i(}%@ﬁbﬁé @ﬁlsp%ﬂt,lbﬁbble
r an

the treat nent of | ammat ory

enpusidis, iapfsieridupdvéass f@rreﬁwtlfq*@&tlﬁ@rﬁﬁeréﬁ IPJﬁ?‘P‘a%‘?rFﬁ%LEWS or
dl%%gﬁlallsl & lgso(ﬁdéuﬁ’clagl'%Saqﬁgouf1 shd 91‘6&15'@%‘[&’ cafti@s@iluents,

fic systems. T di tional conpoundi ng
solvaytsi nlcvetm@efemhmeemtsr, sﬁ@holasodoumcé\ﬂ%r iden &R ingsm| seyotypion,

la&gtecrinRSlrﬁ%er sesrg?\ftﬁ)rr%/ stfabﬁﬁg Aigtrlmcﬁ)lljﬁdl nhﬁggg?g’ uchgsdextrose

ucocor |costef0|d a concentrat IOn
mafi@bet.) ﬁol@ﬁﬂslﬁ%p(ytcnabkyubl @ob’@%qumgfglmlgglggcpmh@gd the like),

5“&6@8{“‘6%’6%3%I38ﬁ8v%§§t%§k Qtls églpcihogs (ﬁR,Q l'bgl) QPQ Qr%ggtglﬁ’e o?ganlc

estoharhtas atiyd vleate. about O 0000125%to about 0. 0025%
The final pharnaceutical conposition foll ow ng steam
heat Tl hamobaricnptdlanivesigeat @mpositions may also contain adjuvants

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

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

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

agent is admixed with at least one of the following: (a) one or more inert excipients
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gl ucocorticosteroid nanoparticles with an effective
average particle size of |ess than about 2000 nra, and
w@bwcoguast i costeroi d chem cal degradants accouPCT/mg2ohve01851

| ess than 1% of the total glucocorticosteroid

|l evel s. 11. Methods O Making Aerosol Fornulations A
nanoparticul ate conposition according to the invention
for aerosol admnistration can be nade by, for

uI|2|ng an_aqueous di spersion of

(oREFHEE 1 b o B B8t r S ov o (bhElers or extenders,
such e Blatdhds, 16etbsA NGO, 'gﬁd&ge %é}ﬁﬂtop%mgﬁlc% a&g,tg({]zgﬁntd%% such

of a nanopartlculate COﬁpOSItIOﬂ accor

asi GRTROFY MsEhyl e s lesey élwaieéeaelémm‘nnﬁpmaydone sucrose, and
acaéid! {d) AnAlebn&OB@ 1 %cga'lﬁ)lg tdhsinf raﬁ% gxﬁtg S SRAN] ar-agar

suspensi on of hanopar aggr
caicawp sarhangte, aelatr ol tapiote staf, alg\vmniabdncertmﬂ complex silicates,

andQBa /A 88'5811295 O(@ﬂc!l@t%n eIargerg,C X 85 %?fggralffg ’t@é absorption

nanopartlcu at’e COﬁpOSI I on
acpﬂv@mmmchm quhtenmyy addticion abinyboﬁmdhi, anwertiep bg&ﬁ& such as

ressuri zed

cob A o e D B Bt SR 00 GBS S sonie
andd(y) labrianksg sm&d& thle, Salcilmrnﬁéistﬁdﬁ» ma%neﬁﬂh%}!eaﬂté ediid
E rying i s a proce

e BGPTSR Bh Pl eibgart B apeses eblc,

and mpildg, nwmasagescrmldamm&c@fﬁphgecll)ﬁfe%iigeagre%%uct' on of a
conmposition conprised of a nanoparticulate conposition

acc dmduialgidsﬁgé ROMB 8NdriaPAdrhihi fratibA %(Qucﬁ@ﬁiﬁeémal:éht é:ally
drying is used when the

a
acgeé’é,a © 9‘5’;5‘2& y%%‘% PReS: BYSPEBHQNS; ﬁhwpaiféldtehlﬂrat Hrm additionm the
t
T o By T 18 (AP A A gt i
thes%ﬁluéh 2 MakE .oraﬂ@@ SRAVERIA, f@ﬂulsh@pe AgemwR, andenbdsifiert 0 a

e of. th
Ex?fgf#géhé @ﬁﬁﬂéllﬁﬁrsg?‘?gﬂ%glzél: cgbfég}%z%égls%lgghcﬁogn%%l%bo %, ethyl
acgtaig; engit ylepholdbenret b«rnmhiechrow@nt@lgnou i Arsyppicheglybyl, a

d e ca rier
o 0 S 00, 08 B TRy TR 81 e, ove
oﬂwetqmglr end S@am'éhnl @b@pfc&,ttstralﬁ}eirsﬂxbﬁﬁjzlteeéblio@ rapid

pol AR BYRRR AL LSRYL PO, BEEL T L Rt el eS|

thedpmar at us. | f the Iqu|d sanpl e consists of an aqueous
di spersion of nanoparticles of a conposition according
to Besidesveitinen dilubets,oht kempedtiph oghslko WhdlhdCaiatts, such

as R el O g
perfuming agents.

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

treatment, and other factors.
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If the liquid sanple consists of an aqueous di spersion

of nanoparticles in which an inert diluent nateri al
woer®7dsesol ved (such as | actose or mannitol), PEEUS2007/001851

col l ected product will consist of diluent {e.g.,

| actose or mannitol) particles which contain an

enbedded nanoparticul ate conposition according to the

invention. The final size of the collected product can

be controll ed and depends on the concentration of

t he Pamegsail eUREASEiNFTRBEFQIteA SHel amaipg of sugihwbmultiples
the{'é?)\f'gﬁlﬂag Q.F;gé &5 ikl “ e heﬂg;cgﬁ e HHITb SRR fRoo@hoWRMver,

et size p oduce the spray-dryer

thanﬁwmpeclﬁﬁdpsd)@erpl foumgy getticulsr yaﬁlqnt ivell depenchppan & parigtpef
fac Oﬁs Gt es RIP ?%ﬁ'g St e ctel?ulg?oll 1&1!)1 Galargg(}btnsg tdh& 5&\n§ved

|ver con uct| ai rways it
acti\&tydﬁshds a;lmlceﬁcf agent beccmnpcbsemrednplroadaudhe quceﬁtt agdnds or
about 2 to. abou

m.cr.ons | n n
cogerer FrRBen Besh Brodiie s PR B bt s i ah e
patidd@; tHBihse @ﬂirﬁﬁfs&dho:@&ﬂﬁt@%ffaﬂmﬂﬁsﬁ‘rﬂfom and ste oﬁtxcrrcztlcm of the
top i cal delivery can vary in Iucoco§}|costero

ag g BF SIS AL DCBITBERb A BHAHEL LSSy RO b g g it

thecs%ec\!l@i@tag@ﬂaland:Pké fAc@srs NHINTRAMYin Ghe RRERA! ded.i very,
di spersed in propellants for use in pMD's, or the
par el B BB sReNShi Hetaged Hébc\t\@tlsﬁ afd.')efxehﬁﬂaﬂyrand
nebul i zers. I n some instances, it may Hgi abl e 't £
explapptary ndahe fllrving expEpieR e s ipioaied i wev ‘i’fﬁ%‘%‘ﬂ e’ipémhon °

thel 1&9&9}6% dNgaifRke rOtHQr (B‘H:] é’cﬁ@ ratd‘v@rﬁaé%f s Eﬂlﬁn&}e‘ﬂ adarpeo dut be

is may especiall { € case en the spray drjed
readgwdeparest t@éhgsesqkd qd ipithe @ftthzﬁfhth&if@UPWBlgrﬁ’@f‘m%%é)w pych are
provigdl HN8oie %gcgg Qe?? I?Ps%tt{) ?F@ﬂa)/e mge’thwgﬁfc@wﬁcosteroxd
0S€e neteri icu general , “such
foroaratiens qfdnd m&bmsor( allt wSkh@mteéﬁowVM that thyerre forgHlastrative

too | ar t Lye

PURPSEHCT I?’h don%loﬁhdd E\étc{w?%g Y g‘ ‘%@%\Agpﬁomegg &%uc he

inveatibh af kténtptical inythe ohghst of sugars such as | actose,
mannitol, -or trehalose. O her inert materials,
including pol ysacchari des and cel |l ul osics, may al so be
xaggilell as carriers. Spray-dried powders containing a
nanopartlculate conposition according to the invention
rray mﬁqmrpcpse@cﬁmlmemiampbl wBRpsveiusische particke peopkl | ant s

na?%;?arﬂczuZate sﬁ) O?rzbélflggo%b L wggolﬁgbrﬁ%}%'%lﬂsda ARG HE surface
staNiepaoth mﬂhatpeeseommsi dtiseme il amphipbiic lipid dedithirmn
as freeze drying or Iyophilization, can also be used
t 0 dhidesonide Haythpdolllewingsoopalat i cul at e conposition
Sublimation can also increase tpg
HOH,C
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shelf stability of a conposition according to the

i nvention, particularly for biological products.
wo-e@eng4oh i ed particles can al so be reconstit upe€duszud7/001851

used in nebulizers. Aggregates of freeze-dried

nanoparticles of a conposition according to the

i nvention can be blended with either dry powder

i nternedi ates or used alone in DPls and pMDI's for

ei ther nasal or pul nonary delivery. Sublinatijon

i nvBhdessnideda designaterb chanaigeldy aS_aﬂ%ﬁl)sUb} ‘_gclt7b%11gT?'i‘i@Ydroxy'
preéxﬁ%gﬁ) l4€4iE Qe -5 0N End BGHEMC PG did] AFh tiltRd18elBldeOWRudESdnide is

formed ice to be transforned directly fromasolid
prosidgd @s the mixtagsf tyoxpimers(2PR and 288k sEhg gnpirigal fprmula of

budlSE B M, SR ShEuPLRMIBs g ater yiel ds than

e resultan eze-dried product

COn BRI RS ARG teo%?{.%ggfo%ﬁgss#%_»&daﬁIﬂa@vﬁ&w{a?lﬂhe
conposition according to the rnvention I's typically .
insglubkdntwiter and iaggpegetpdrisglatselubhainceihariod ansigedippoluble in

hli nhal ati on al one (either pulnonary or nasal), in
chlgSAdhction with diluent materials (lactose, mannitol,

etc.), in DPls o VDI 0 .| f I D
mebiPy o oTRin B &yor 0y GBS BRI ARe (Rt Bfacsbni@e and
1.5G W@sod’roﬂj/ml&ttﬁmiv@hs@agmeq by edding 6 glomfel_kémorbmmtb dh6.7 g
0 e nmet ho reatjn na |
sl e TR G AR PP R oo Chbsteapfi U Bee. he
slufr MlsQherfc@hbigee Qith 593s¢ BoMIIMTIHOONBOROThcOqYhesS attrition
adm ni stering to a subject an effective anmpunt of a
mediaeanid|chaxasfpeieithe dAl aedortiiyr ob2 MreoMiiéht myflinggygtem. The
slugrg Snzge{nsl HiRQ RO Hifng 960 h;]'ﬁ '[fb\()ﬁ% etﬁﬁrbft{ﬁe milling, the

1 h‘gﬂl'
istered to a subject” via any conventional means
resiininkg Ui ling], busigbomde/pblyrirbe-§disperbiahardsdarvestes) thyough a
rectal | ocul-ar|J. renter ) U
sl Sy P s DR PINEB L Gfonial BRI,
disparsioacishe b iadriba, L Al 1fgaaiole sizatnayagi(haidey CA), showed a mean

i.ntraperitqneal ly | I (e.q. e ol nt
peP SR RS0 o5 S MBI 1 Gt LD ot
309 e fonidd) @ . 396 PEly Suhijte 80 dispsrsisedad hendamthaniibmddmaith sterile

referably a ma | ,..j,ncludi human on-hunman. .

o SR PR ol OS5 0% By TR 8 900 B i
conlt B BILCTRANO8aN] (/5% (agws,tadid. 25% GnosP tliyestba@f 8 X, hespectively.

i nvention, both aqueous and dry powder, are

par tFoe Thale|y sepaekdipoitions betHer3dat brddsonfde, 1.5% Polysorbate-80

.respiratory-related illpesses such as asthnma,
dlsé?FﬁWs‘@?Fﬁ,f%‘/’iﬂ%%‘rﬁofrﬁft%‘PW‘g?lﬁ&i‘gg g@)’r?ﬂ?mt,lo n%;’ oni c
br ogghyi t i2994 EysH) BudebdHi@s i0533% i) Cedithsi NFCIIPOID), 1%

pul monary di sease, respiratory illness associated wth
acqui r ed (iRiRelysebatsthey syndrome, and inflanmmatory

and g3y engbt (ANHudeSdtidQf0.69% (SR Bedigii NP, 0.5% (w/w)
Polysorbate-80 or
#3) 5% (w/w) budesonide, 0.25% (w/w) Lecithin NF, 0.25% (w/w)
Polysorbate 80. "

Lecithin NF is derived from soybean and is composed of a number of components,
phosphatidylcholine, phosphatidylinositol, phosphatidylserine, and other lipid

components. All of the resultant budesonide dispersions were placed in glass vials
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eye, and ear. The fornmul ations and nethod result in
i nproved surface area coverage of the application site
W@ 200g/0894put h, |ung, nasal, eye, ear, etc.) byPCTES2007/001851
adm ni stered conposition according to the invention.
Adm ni stration by inhalation of glucocorticosteroids,
conpared with oral adm nistration, reduces the risk of
system c side effects. The reduced risk of side effect
arises fromthe node of adm nistration because, . .
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sol'uti ons tonli%%¥ enhancers (sucraqgse, dextrose

MeREHAIMEDY C of the O prstigigisize( réﬁg% Flspé g]e presence of an
amﬁlﬁ ){X‘LEIR@N{M@%?&QBV&?|elmg}1éf§c?flﬁ| arowiflof &1 hideBudeSoHidadtyStals

res thereof, vegetable oils (such as olive oil)
follvidg ihnptdeqatibert. or gani ¢ esters such as ethyl ol eate

Example 2

The purpose of this example was to determine the effect of different quantities
of a nonionic surface stabilizer and a amphiphilic lipid on the particle size of a

nanoparticulate budesonide dispersion following autoclave heat treatment.

Separate portions of the 30% budesonide, 1.5% Polysorbate-80 milled
dispersion described in Example 1 were further diluted and compounded with the
addition of varying levels of sterile water for injection (SWFI), Lecithin NF, and

Polysorbate-80 to examine the effects of different percentages of Polysorbate-80 and
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The nanoparticul ate active agent conpositions may al so
contain adjuvants such as preserving, wetting,
weruwesfsyd ng, and di spensi ng agents. Preventi oPCDUS100E001851
growt h of m croorgani sns can be ensured by vari ous
anti bacterial and antifungal agents, such as parabens,
chl or obut anol, phenol, sorbic acid, and the like. It
may al so be desirable to include isotonic agents, such
as sugars, sodiumchloride, and the |ike. Prol onged

Legitsia it Pphudesonisie naricde sizpifellpring matasiavediat ﬁf%ﬂlmeeb nlhe
effjggts s BF awént%%aa@exggﬁug $EnPLraREaNt S1sd818348EH in Table 11

orption, such as al um num nonost earate and gel ati n.
(A0 isl ado@a@mrm@cmwﬁbmgmdaﬁnt,amhuniﬁm@+ onl pere¢nieges in Table

ot limted to, capsules, tablets, pills,
Haﬁg\t}?ﬂ?f%gﬁand granules. In such soI id dosage fornms, the

t Ilc\a/ fI aﬁ cttc j: gu%domﬁ(lle&s%itdg lﬁg Ar%ﬂ)‘?xtF&nﬁvng Allpt%clave Heat

Trg:é ?l}érs fe lagre&g ﬁcrﬁnct:a%e%‘ P%o)r gil)%glc ?Bx{d Lecithin NF
,phosphate (b) “fillers or eAxtenders, such jas starches,.

| act Grose L ucosed;: mannital ... sl |4 cic. agjd: o

(c)"'B ‘ﬂiaié:rslg °§Eﬂfﬂatggnscarb "%H&@cgﬁ&dose‘?é’gmmﬁ‘@ﬁtsc
al i ghat espol)@emwe ; pol-y Vi Viday f roke dopep (Meiwh®50ahd90
€6a¢ §Pl(d)_bu®ct AR RhiBUGhmISs | Ghivger @m) (@I)m)_ (am) | (nm)
Eérbdﬁ;tae, pot at o |or {api oca st al g| nr:ﬂ;: a

Cartpb@.CoMpbex sil 1 c@t@s, anskssodisgm caphonat el i3h) 498

solution-retarder csuech par ffintl{ae) abserbt

a&ce %‘Wytorbooé’uch m\a%ter n%ﬁ’ arﬁ"l%anﬁiﬁgg%gBJW@ 202
(M) Wedk) ngl.agent 9§, sucswlas ceigyl aldciohdisjand! gl yxaer ol 529

I
reRept-ear-at-e;—()adserbept-s—sgch—as—kaotjin—ang
bentpnitle; and (J)| lubriclants, such as tallc., calcium
stDeal a0%) rmg@%si ym st.2eénat 280! i c82_©d)45§/1@15hy15§ns 549 | 2815
gtyepk s, S0 gury, Fatgas[or T BhXE b 593
Fg% c%%%ul eésjb&g{abl et sm(gﬂg ?ub $, ‘HE’Z Sos}gigg eéb \f >
alFso| epr i 380%uf fler i hB5%igenBsis| Li ditd ij?@éag@aﬁfff brﬁfé 2440

for—pratTadmnistratiom et ude [pharmaceutcal ty—

acceptable emil sians_ solutions, gug$n3]_gfnq1 Syrups,
aftd BI9%| rs0-30% addi t§-8%W o t AS|acti e 4§anE46t hed32 | 496
T OU} godDSage0d.0r M N@YoRONPr 588 | eult  dioklueaks| 334 498

commonl vl us he art watler ot het
sdl Vblll?oé’, sOPOBi 1 iz n%o%bnt s?‘@nd ﬁéllrﬁ.ll s‘§f‘ éf*z 333 498
Exenpl arly emul sifi ers arel et hyl {al cohjol, ilsopropyl

al cahaol et hyvl e~ar et sl aee - Jlnqul

aIJcohg‘?% F&Q/( nzoﬁ@g rcn)?)é/q eng%l coﬁOL fg? 338 506
- But yﬂ@%egl y&a% di nmed. Ih@%f or n&if| de, 336’i | SSOIBSRA as338 504
cgttpn d grioun o1 [ OTT t3z3 011 507
(o] ?:(Zg or Pg??/ nd bs)g?é iH algxzcer 010, 393 5 0
tetr phydf of urfuryl al cohof, pol et hyI enegl ycol s| fatty
A U GEHET 53 §egSOT (D] U&#Be%T  TThogt UT &5%7/01 gi0F¥810 | 839 | 3654
substances . _and

N 10% 3.50% 0.10% 2678 1424 6362 1653 797 4147

O 10% 3.50% 0.05% 1946 9197 4453] 1731 | 1158 | 4062

The data show that higher percentages of Polysorbate-80 results in larger
particle size growth during exposure to the autoclave heat treatment, as compared to
lower percentages of Polysorbate-80. Higher percentages of Lecithin NF appear

beneficial in producing smaller post-autoclave particle sizes.
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the |ike. Besides such inert diluents, the conposition

can al so i nclude adjuvants, such as wetting agents,
werwe8%4y0 ng and suspendi ng agents, sweeteni ngPCT/US2007/001851

flavoring, and perfum ng agents. One of ordinary skill

wi ||l appreciate that effective anmounts of an active

agent can be determ ned enpirically and can be

enpl oyed in pure formor, where such forns exist, in

pharmaceutically acceptable salt, ester, or prodrug
Expmple 3 Act ual dosage | evel s of an active agent in the

nangparti cul ate .conpos,i ti ons ,of the
var 18§ DURPQsE 04 1HS 1@51?}60’}‘&5'[893‘%‘?}‘{?& gfﬁft %&f’sg@tﬁe type

on %ﬁ&&%hidéq)ah%le Qiz@'fé’ll&wi@@%luic%qjaﬁehﬁﬁﬁﬂ&dﬁdeﬁt response for
a particular conposition and nmethod of adm nistration.

The s3elfrebBdadpsawa Jreveh (M@rbszﬁ@mldéd@mn g%, apen) the
desi red therapeutic effect,

Polygerbatest? ae prepatddebspistdant {2 sfoffrﬁéysamﬁt%?%%ﬁ%?%géé%rﬂ@ evater
foﬁgﬁmlon %o &?ﬁh\g dnd948t Fhuabsdni &AETERLbiogN ATt J]@(rry was

sage |t conpositions may contain such
thearmmwsecbmm l4c’z’h BSgJBoﬂlellEﬂ‘ é@Ot(E@Mebe) aglymlckﬁétrm@gdn@ba and

chiTgRb Y the A TR R ot o Nipeb R SRS §Rfm. The stury

wab afillb& Wrays Pad. iae MOO\i&dnll d)%l@ﬁ REmyRAdnd R hellivigOthe resulting
factors: the ty ree of the cel| ul ar

nap s B |beé?5<>ﬂél§6eﬂ%}§é>r‘? © 5@ dapRTaRYas %WWF‘? {hrgpeh fe
stafEGistdef s&g&mP&ﬁc&%%oﬁiaUs%ﬁH@bQ&@s@m(fe ﬂ:ﬁ:&é i80
agents or conposition enployed; the age,
disgersianabising i Horibaska; 9 lheprp tSIZ@fan@Wéerpﬁf\ﬂ%?nCv lﬁ%‘?w%mem
pallol AHA OF BT k! Qftn 41956 61 9hs AAMLA SHOLE OB nfind rate

excretion of agent; the duration of the

treqh ot e e%: H\?@&SUﬁﬁg/Xioﬁ‘y @gtdis%@rs%n &4 fHEzh ‘E‘l?lme%l with

with the sp I ¢ agent actors well known
Stérile Waenfodilgattiar el fuBdeh CQIhEOlfrﬁileé goitndisgdinay E\DTén@d one of

a r?l%tbef ? ?lfP Gt h%%phal%dgg eNg?((L?T‘@ g%&%ﬁ%%&ég} g@txr?'id cﬁgpass

oW Ng esaré rn to pr urt
v1ees<picamtado\mtbﬁlurﬂ:mummmnpmbmbhsr gomiemeehd Qedreheated in a
8b ects, adv

f eat
OB PEAG B EhDO2Caler et h PERe ae Famisn the
forfnqham %lrlf??é@[’%t%ﬁtf%d\ﬁt%ﬁﬁmn@ﬂf apd evdrggids b@rgﬂ@s!’eﬁ from the
sSpecCiTl Ca Se or ow 110 repare n
coppattddporle BHIG iaF HtdPIeHY PHREC LeE KR (RIS §79) pectially
pub¥sd e %ﬁéa*ﬂé&ﬁﬁﬁ‘r{ (LIPD@I) §7|SE3§ é&&ﬁ&pl;eddﬂnuaimmvsmo 3),

pur poses only, shoul d not be deened imtin

Dusuqerysﬁhmhaaﬁﬂempl@nwe ﬁm;w RS Bisteary) %h@ph@wq@éaeml
PEN 8688 DH hdBipalmityl Phosphatidic Acid (PA 16:0/16:0).

Following the steam heat autoclave cycle, particle sizing was performed using

the Horiba LA-910 with the results shown in Table III.

Table III: Particle Size of Budesonide Dispersion Following Autoclave Heat
Treatment : Effect of Phosphatide Type

: Formulation. 15 min. at 121°C

4 - [Polysorbate- Coa e ]} Mean | D50 | D90
Code | APX 80 | Lecithin | . Type EDTA (nm) (nm) | (nm)
A 10% 0.50% 0.50%| Lecithin NF 0.0010% 350 335 505

C 10% 0.50% 0.50%] Lipoid S 45 0.0010% 350 334 506
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Exanpl e 1 The purpose of this exanple was to eval uate

the particle size of nanoparticul ate di spersions of
whewesgmpde havi ng pol ysorbate 80 as a noni oni BCHUSIAT@1851

stabilizer, both in the presence and absence of the

anphi philic lipid |ecithin. Budesonide has the

follow ng fornul a: Budesoni de i s designated chem cally

as (RS)-1 1,1 6, 17, 21-Tetrahydr oxypregna-
~4-diene-3 20-dione cycljic 16.17-acetal wth
but r at dehyde: - Bude¥Fonmadaticn pr ovi ded as t hp ubxhin at 021°C .
t wo | epi [@elysorba@R ‘and 22S5) .. The engirical Tpmeaha @50 | Doo
Ouvde eAPHi de 80s C |H.ecBhiand i tEypepl equlBDTACI ghm) S| (nm) | (nm)
4380 B1%|Budesbsivle i0s50&| Wipbia $ 13-0fT - whiot @cpdoriselSS 334 514

hl A 1 n wn i
T O Lo ) VUCA elr a !n

>~

] ) H ot i .~
powger—jtrat—+s—fgract+e

Ll st mneanl i
| _!dl SUT UK T
Pt AP, sp ly s é:o'%é) t hanol , freelly
gsgl gfﬁ in c,'%dcg)/?of cg)f%% g& eous coIOI08i?§JIL% di3§f)er sifofy 98
(NCD) gontai ni ng 30% ( Whipeidresoni de and (1. 5% (W w)
ﬁo! y E¥r|bat e-BP%as OFﬁOé/fphﬁn@'dm:by_ addi ng.OI)ﬂ)ogr of 343} 329 491
G

b °88) . PAg 52381

o VR bate= B to 45604 Steritervater—t

(anhort] 1 anss Rild 30874 QP had Lon a8 PHS

sl urr(%/ was then |conbi ned-ipeidPE593 g Pol yM |l | (tm)| - 500

Dol Wrc. ) pPoi%Wtrer 0504 k6:9/16:8n nedi a0fAto%harejes] i n57 56679

the 1215 ni chanber of aNanoM i (T)-t—mitimgsystem
The slurry was mlled for 45 mm at 1000 rpm Upon

conptietde@tOhdiche Hhd édlg%ngﬁﬂé%i&ﬁﬁgé B%\Qg)sgg%tklcgeg (ise,> Lecithin

budesoni de/ pol ysor bat e- | spersion

NE.Hyipeigh® 45-strdiiptidss758pend perspbatideRarhitic he migagvely charged in
' b i gle/ Qr bat.e- 8 | spersion
aBabhai® Bl oL 5/ RRL 1008 3400 YRR} e
effgpfive ighosiethisingsarnalpmrtidle kize ahd presnZOH pariclevi dgra w0
; d.a 0,0of 291 run.. A portion of the 30%
R AR eI BB Bl P B b PR ol v,
thdse rpélhsgrhadﬂl;y%vhtdzh\fdré hofm@&;ibaywa&geg g@ ﬁwd\?\)})uﬁ g&;ligﬁsng ngh as
r 0 .W)., . an 0 ) udesoni de
e BGRELFTR R ol ety -8 e P ol o8an cappaon wit

PoRebits6s-8@1d80 mdrRed aiirti'bl‘éesliz\éagrgﬁgh %M&ﬁ?é'exﬁggﬁ@gge
, 1.5% Pol ysor bat e-

‘g)o ti :ﬂns of the 30% budesoni
au .CL?{S §HIFFARBFY- f urt her conpounded and diluted for
preparation of: (#1) 20% (w w) budesoni de, 0.33% (W w)

Ex ecilt Qi n NF (LIPOD), 1% (w w) Polysorbate-80, (#2)
/ w) budesoni de, 0.05% (ww) Lecithin NF, 0.5%

(w \pphe purpose of this example was to determine the resistance of a

nanoparticulate budesonide dispersion to heat-induced chemical degradation of the
budesonide and to determine if EDTA could provide additional protection against

such degradation.

The NCD described in Example 3 was further compounded with Lecithin NF
with and without EDTA to investigate the chemical stability of the budesonide
dispersion following heat autoclave treatment. Fifty gram samples were autoclaved at
121°C for 15, 25, and 35 min. with both the resulting particle size and level of total
budesonide-related degradants determined. Table IV summarizes the total level of
budesonide degradants as examined by HPLC for the three time periods of autoclave

heat treatment.
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Pol ysor bate-80 or (#3) 5% (W w) budesonide, 0.25%

(wWw Lecithin NF 0.25% (w w) Polysorbate 80. Lecithin
WONR00798der | ved from soybean and is conposed of PEI/Is2obz001851

of components, phosphati dyl choli ne,

phosphati dyl i nositol, phosphatidyl serine, and ot her

lipid conmponents. All of the resultant budesoni de

di spersions were placed in glass vialsand seal ed with

al umi num cri nped rubber stoppers, then steam heated 1n

al slledyar Reaggaev af/Buderonide Bispersion 49 healga ikt

cr i npdegrrgntion: :rdydditiongl Psetegian i e Presepefs

5dnp|P%§m\a@‘rt% exam-med Kgr. "PUIesafh pags hﬁh@s 235 mih @

tﬂ%'ﬂ%&%ﬁo%@@ %Itb he B z;ﬂ}g zer 1Méd the 1o1°C -
@)é -8§ g) ) Thakt %n{ Atgl '?qfoﬂld e s}tif%tal
Lt%?tﬁi%' spgrsion Fo q%g"ilé( begradants

af
ot l‘UIyDJ c OU 1 oUT 13%
%T’S‘}%vgp’r;%[?gAgbsen uc Leci t hi W?f/ r Sdlj 476/5 0.13%
Alecvastly @0@0that t he presen¢8.1dfo an anphiZdhi | i c| Pl pred
E@'ﬂ&l@@dernarti cle sijze grom h of the bydesoni de
SERYEH P MY (@051 ave heat treginent. The nean
a@ggfltc e sizes of tlhe budesni de formll ations

conprising an. anphilphilic lipid-was—abeut—hal+

oL
T 1Ty T

| ess, that of the budesoni de formul ations | acking an
arrphl philic |lipid. Mreover ramati. .
r es dlhe sesnbi deponsirate éfﬂ%e?lﬁtaﬁ%%\%ﬁ?aégg{%{m‘gﬁ gty without
EDﬁgﬂ[ d&#e%lm%iilzo% orAGHBRSF bddsBEidk hatovidver, IRESRBERQf BT A
[ipid effectively elim nated the grovvth of

offans;p slwhg@dmmw tkps agequeed|lavef of 1ol trgesnmiade degradants was
{ JNBARH PP 3E Ak B 1S/ L3RORh & Was
Ob%%gﬁ%pgghPﬁ§§? ?%Uct of glffe%en? quagtltles of a
noni oni ¢ surface stabilizer and a anphiphilic lipid on

Ex %‘E{?ngrtl cle size of a nanoparticul ate budesoni de
rsion follow ng autocl ave heat treatnent.
Sepafif r;?&%tdf@tﬂ§ eimbReva30%detdesenirdautidn id further
a

Pol ysorb 80 mlled dispersion described in Exanp
cormperrding pf palucaroticetieritidiSBarsRTE SANTHNIRIPR &V&bﬁoﬁ“ﬂ%‘ﬁ for

the?@x&ﬁ)g éxsg Hs }f@llaf%ugfl SEilck hs ¥E@EctbAlind parBiele 95 of the

Lecithin NF, d Pol ysor bate-80 to exam ne the
glebtaticestefordli f f er ent percent ages of Pol ysor bat e- 80
andLeci thin NF on budesoni de particle size follow
aut ol ageoheaanapagiauian budasesldefdignerson NGDD P@m}?ﬁﬁmg 30%

(W%V;)O ouccie??mdg 3ROTURE (&/Wl%&ﬁ&% doSwi pci@péxl::h B?taﬁéin%dl ol glof
Polysorbate-80 to 548 g Sterile Water for Injection (Abbott Labs) and 240 g of
budesonide (Farmabios). The slurry was then combined with 474.3g PolyMill™ -500

(Dow Inc) polymeric attrition media and charged into the 1215 mL chamber of a
NanoMill®-1 milling system. The slurry was milled for 95 min. at 1200 rpm. Upon
completion of the milling, the resulting NCD was harvested through a stainless steel
screen. Particle size analysis of the budesonide/polysorbate-80 dispersion, using a
Horiba LA-910 particle size analyzer (Irvine, CA), showed a mean particle size of
197 nm, with a D50 of 185 nm and a D90 of 277 nm.

The resulting NCD was then diluted with Sterile Water for Injection, Lecithin
NF, and disodium EDTA to prepare a formulation containing 10% (w/w) budesonide,
0.5% (w/w) Polysorbate-80, 0.5% (w/w) Lecithin NF, and 0.002% (w/w) EDTA. Ten
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("API" is active pharmaceutical ingredient, or

budesoni de). All percentages in Table Il are by
waowioghsooorabl e 11: Particle Size of Budesoni dePCT/US2007/001851

Di spersi on Fol |l owi ng Autocl ave Heat Treatnment : Effect

of different percentages of Pol ysorbate-80 and

Lecithin NF The data show that hi gher percentages of

Pol ysorbate-80 results in larger particle size growth

duri ng exposure to the autoclave heat treatnent, as

gramrmbiarets afdhe Bmuleﬁm\émmdom 2Pt ginse il sargpsealed with
|
algilpo B RRREE NIRRT Stcbers S5 M:ategiﬁpeaaﬁfedagmfahfocabe 'k 15
mgi. 2852 BECanpbBoBiriEitbe putoplase hedt t‘r‘datrﬁen‘ftx eanhl cef the $0%6a(w/w)

t he effect h tide t bud d
oGt Rnre3enf arer bgr e Seravasci st b upatiinn o gHe. and
adaqmuso@s@mfesgmmco&sa&l%n(mm tbqﬁ@&wél digaeaﬁdnﬁco%%mmg

Pol ysor bat e- 80 was prepar.ed addi ng
m‘ﬁ-"ﬁf évéo/? g‘:ﬁ{ onige1f 0534@54 Bdesonide %@ é@rwr&lewﬁlﬁ @é?’@tyﬁorbatc 80
andARahin abs) and 240 g of budesoni de (Farmabi os). The
slurry was then conbined with 474.3 g PolyMII (tm
- 500Th DM tkMaNd E@xln.ﬁgﬁﬁdeg sﬁﬁﬁa[éstw&g sf@é’d & 1%8{41 t%ﬂfi‘)égﬁgre for 7
into the 1215 nL anper of aNanoM ?q ng
dayy apq thenppeasaradrfoy poptislenizg esing the I@@Ilbﬁ A- %ltO naznciersmm
CORP o e resulting
anrggﬁgrpart [ %E%lgfée}eggggggrﬁ%{éll p\glgflls(,%\{]bat e 80 dispersion
THRE Vhalﬁﬂ@t?(;r? nd Qﬁmnnﬂlﬁé & BhE&SnREERCDP N E&Ls for

THASbbatiE sk £ticn L R 1l
PMES@.@ de/ %% soragatle 80 dllkkgpergfegﬁlonuoglsr%a aDI-ﬁP By

| A-910 particl e size analyzer (lrvine, CA), showed a
mean part| cFemgilatéorsf - 197 ‘run,” WiVkam(D50 | $¥501@5)NM90 (nm)

e %g bogg;zo% cggaff%;;:;;'zmas [henai1 e
on and further

cormoun and one of a nunber |of

00 ¥2156% érHI, pHoZES idesorH&l&xSO, 10 g 356l es weHe pljaceibs
0.00080 5 tieLedithsis NF, 8l02%aQdtriseadiéd |wi t h al uni num cri nped
Or(nlﬁ%@rod&trmmﬁnems ambbé@%rﬁIbiEat ed | n a Fedagari

+f\1\|r\

O;ﬁ{g | g{ ﬁbo ‘for rrulgﬁu | X/SFI%‘H 507
;fzﬁ] | n’te %m% z;’ 8 exampl es purchased frdm
S fich incl uded partially purilfied

OLEGI AP, oo(zbt/mwas&ﬁ&)efsqg@ramsml pussii edl Hydrggenat esh4
Ile(%ﬁhf(nhﬂn (. 02R@iRiSARd3)0.03p4!r i T i ed Lecithip (LI PO D
SSUffn Blitrats) &lde@0y2osROERNAL | dyl ¢t hanol ami e (PE

18:-0/18+0)—Dbi-stearyl—Phosphati-dyl glycero

The results.demonstrate that the nanoparticulate budesonide dispersion can be
diluted and compounded to levels anticipated for usage as a therapeutic inhalation

product without marked changes in the particle size of the dispersion

Example 6

The purpose of this example was to evaluate the sterility of a nanoparticulate

budesonide dispersion following autoclave heat treatment.

Selected NCD preparations having been exposed to autoclave heat treatment

cycles in either a Fedagari Model FOB2-3 or Getinge GEV-6613 for varying time
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(PG 18:0/18:0) and D pal mtyl Phosphatidic Acid (PA

16: 0/ 16:0). Foll ow ng the steam heat autocl ave cycl e,
wW@2007/084480 si zi ng was perforned using the Hori bBCT/BS®20001851

with the results shown in Table Il11. Table I11:

Particle Size of Budesoni de Di spersion Foll ow ng

Aut ocl ave Heat Treatnent : Effect of Phosphati de

TypeThe results indicate that only inpure m xtures of
hosphatides (i.e., Lecithin NF, Lipoid S 45, or

p
periofy phil H “esvere eyatapddopstatilitessing 645 HEB/ER §terilineby Direct

TSHSED [ _ L e i poid.P
e e D B AR B et p bR i ere v
anggnent shaweqyirements apantlinetl én fiezarmnd USPevA stexgity test and
L6l Izeqqrowth fol |l owing expgsure.ta the high
e A Ll e R SO et il £ ut okt
coprtpsteompbitbp ratibaiéen péricals. aTlee aahpaegat bk NChangRten
fO%gueEgs stol uti ons such as phosphati dyl chol i ne (Lipoid
4166°35 V&4 Li poi d PE 16:0/16:0 in conbination with

Pol y@pr bare8erhaaatidn0: IMBE ey Hudeldhidd, D2 595 PV
fol |l owi ng exg&gure to the autoclave heat treatnent’

Exanpl e 4T eCrpaiepts 8- 2570 {1V RANR 27 1ds0-081 BeewirERT A,

the resi spzasgz)eﬁq“mv)ayﬂ@noparti cul ate budesoni de
di spersion to heat-induced chem cal degradation of the

budd<dni dR&ahEPrEglaiondt3n Mo (W EDTwlesoulie, hbvivde)

addi ti onap tg | '
NCD descr e meEiabse vy LR, SR80 A B

Leci t hi n 3§ oWy Federwi t hout EDTA to investigate the

chemgical ] hexs i de di.,spersi,o
For 1 oA oot A AR D R DTS 0 e
wer e aut oitelasaebatat8010.2500W/ov) 1150id2ES-ar0GB4 BT AW B,

both the I.ng particle size and |evel of total
budesoni dé@%:\%%tgg degradants determ ned. Table IV

[ ; t IR f d i. de. dant
oo heq aMH B Son R St Sl HiaE i FST AR S B
aut ocl avePdiparbdteat 06 Mabha.ipdd 363, 91.6008 (#fw) EDTA,
i nduced chemni cal

Budesoni |, spersion.:tq hea
degr adat id9g4n94’ &Zﬁ?#f%‘ﬁ%ﬁvaﬁ?r ELUPHHT n the Presence of
T4 The r.esul enonstrate the resistance of each
TR O S SRR b S e K250
§8%P49ati on of budesoni de. However, the presence of
EBoAnokfiens. &- 30ingii@adant pas mih Ghedice | esindd @ YRc
of total budesosief@irdrenadaNt 8ty Result | Sterility Result
Formulation #1 No visible growth No visible growth

Formulation #2 No visible growth

Formulation #3 | No visible growth

Formulation #4 ‘ No visible growth

Example 7

The purpose of this example was to evaluate the particle size of
nanoparticulate dispersions of the beclomethasone dipropionate having Polysorbate-
80 as a non-ionic surface stabilizer both in the presence and absence of the

amphiphilic lipid, LIPOID 45 or LIPOID S75-3.
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observed. A non-sterilized control had a total
degradants | evel of 0.12% Exanple 5 The purpose of

W koog/ogmanpl e was to determine if dilution andPéT/Us19e7/001851
compoundi ng of a glucocorticosteroid dispersion to
concentration | evels suitable for therapeutic use as
an i nhal ati on product has an effect on the particle
si.ze of the glucocorticosteroid. An aqueous
nanoparti cul ate budesoni de dis er si on ( NCD) mpy | si ng
309Bevlometinsans dirreriongie has thefolly gﬁé‘l‘v%?'béff@ %0 was
prepared by adding 12 g of Pol ysor bat %nggcbg
Sterile Water for Injection (Abbott L3 524Ogof
budesoni de (Farmabi os). The slurry was thgn conbi ned
with 474.3g PoiyMII(tm 2@0 (Dowpipd) pol yneric
attrition nedia and chaﬁﬁe i ntq_the ]2150ﬁ90@fhﬂnber

of a NanoM Il (r)-1 mll $ysSt e exsl ur was
mlled for 95 mn. pmeg Uppbn coppteti on of the
mlling, the resultipg has |hapmest gd thHough a
stainless steel s . rt:|c < SI ze anal ysis of the
budesoni de/ pol ysoribat e- 80 rsif@n, using a Horiba

Irvine, CA) showed a
with a D50 of 185 run
and a D90 of 2

ran. The resulting S then .
di | dtie@ W*ﬁ%P‘SWé‘FIi Wigh V\ﬁ'i‘%‘?c‘%l%Trw?lﬁ]‘%%t{\l?%gnz\,/?@'éjtc‘istvﬁfynﬂWh,ﬂy
sol%% glv%a\gl{um EDTA to prepare a fornul ation containing
Yo budesoni de, 0.5% (w w) Pol ysorbate-80, 0.5%

\NI S 151 A%
(14 o kIO odoci e 00RO ) EDR prisikgnova/ )

formul ati on were placed in 20 cc SS
bealbalethaammt Sipetraenaif aird QJSWn?ﬁuﬁ@r@men%féGN/WGbﬁ%wrgP%ﬁb Vs

13
g T
att@86h nefdid, het}iﬁl‘i/ﬁlﬁg//fw) 4(bmdﬁserr1|mad|eswr@akmss afdke t hen

diluted w

wat er t r sodi u reat
beglaeC OBt OB S HRERERESEa GBS EOTA 15 5 G
pafdiIO8ES kRSN RINCRY, Bididaesd e@gﬂ&hd‘mﬂmmﬁlﬂe ngan particle size

0. 0125% bud d
of PO oo G B 0m Bt A P e SPIREE e e Grmggion to vield

10%(@%%@%&&%&@ AYRb 08408 181% FRDfFot RiPe0 dtviie ¥biling
days and then neasured for particl e Si ze %ﬁ
wa&snp$tb@pd_fser§1relrbla¢8tth%rr w-dahzeddar pFErle sigge Wh @w“gtca g mean

aﬁm%zé gf 1aplhe,, ViBel Do of 2Bk @mVandh D9DICTI 88 MEN.

conmpoundi ng of "Budesonide NCD to Levels for
The resulting nanoparticulate beclomethasone dipropionate/polysorbate-80

dispersion was then diluted to prepare three separate formulations, namely:
)] 5% (w/w) beclomethasone dipropionate, 0.5% (w/w) Polysorbate-80,
and 0.5% (w/w) LIPOID S45;
2) 5% (w/w) beclomethasone dipropionate, 0.5% (w/w) Polysorbate-80,
and 0.25% (w/w) LIPOID S75-3; and
3) 5% (w/w) beclomethasone dipropionate, 0.5% (w/w) Polysorbate-80,
and 0.5% (w/w) LIPOID S75-3.

All of the resultant NCD samples were placed in glass vials and sealed with
rubber stoppers and aluminum crimps, followed by autoclave heat treatment ina

Fedagari autoclave for 10 min at 121.1°C. Following the autoclave heat treatment,
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Therapeutic Usage as Inhalation Product Ret enti on of
Smal | Dispersion Particle Size The results denonstrate
W ba@v/084380 nanoparti cul ate budesoni de di spersi OPCT/HS200B001851
di l uted and conpounded to | evels anticipated for usage
as a therapeutic inhalation product w thout marked
changes in the particle size of the dispersion Exanple
6 The purpose of this exanple was to evaluate the
sterility of a nanoparticul ate budes dIS ersion
sampples BiRFheamined fonnraride size in thedorba lgérﬁg‘g’t ize analyzer
Wil EOALRLL Q0ShdiaYinBadles exposed Lo aut ocl ave heat
treatment cycles in either a Fedagari Mdel FOB2-3 or
Talfd VﬂgeP 16813 Jf ‘ﬂ’ecl@ﬁ%hﬂ&n{é 6pidddise Pispkddion WRlIBwing

Auidd V@ Phathlenl fmétH?PHE/S Ae-90RNGTE Dh&Polysbybi¥-80
plis, e$% F@gs er WIt Transfer. The results of tHe

Ity testing are tabulated in Tahle VI and neet .
t he requmﬂ@tsoras out| | ned Maan fank |r PER(nmER H98 (nm)

?Oﬁ'Béci&Q{et Eé‘b‘neﬁ Pro H‘&r{a FP W el STETTdgoby. |Thefg60
{?SPol}/] ce
ion Derlods. The

|aI

growt h up

on conpl gt

of the

on of

NCD

thadlmaﬁaimrﬁipmpime,mer
0.5%0p ¢ wbavpatet’ik Odivio ddP OUD 25
94525%(vv/w) LIPOD S75-3, O,

\J-.{-nu-

conpositi
2. (2339Re&D
w' w) Pol

0 (

001% (w W)

¢
g

f ordnlat i
ysor bat e-
EDTA, 94.

on #0326
80,
5%

ILTUI

OO fownnd- L \
10% W)

4736

(3)
b (W' W)
0% EBBAD

wow)

6 A as‘ﬁ’\egéig@ I i $or ba%e 80, 0.%5% (w
>§? jate-8 IWEFDTA 89% (W W) V\at(er\.,\,)
formul ation #4 : 5% (w W) budesoni|de, 0. 259
Rl nenéhathesdie, DipradS8ndtey w) | Li pp4@h S75- 3,2037001
8495 Yoy abrthteVed, 5% [(4POMP formul ation #5: 5% (
busigsoni de, 0.25% (w w) Pol ysor bate-80, 0.25% (W w)
Li poid-S75-3,—0--001%(w-w—EDTFA—94-5%(w-w—Ster+te
Water for Injection Table VI: Sterility of Budesonide

Di spersi ons Fol | owi ng Heat Autocl ave Treat nent
Example 8

The purpose of this example was to determine the effect of the nonionic
surface stabilizer tyloxeipol alone as compared to tyloxapol in combination with an
amphiphilic lipid on the particle size of beclomethasone dipropionate following

autoclave heat treatment.

An aqueous nanoparticulate dispersion (NCD) of beclomethasone
dipropionate having 10% (w/w) beclomethasone dipropionate and 1.0% (w/w)
tyloxapol was prepared by milling in a DynoMill® System utilizing PolyMill™ -500
(Dow Inc) polymeric attrition media, with milling for 30 minutes. Particle size
analysis of the beclomethasone dipropionate/tyloxapol dispersion, using a Horiba LA-
910 particle size analyzer (Irvine, CA), showed a mean particle size of 146 nm, with a

D50 of 141 nm and a D90 of 201 nm.

The resulting NCD was then diluted to prepare four separate formulations,
namely:

1)

2

5% (w/w) beclomethasone dipropionate, 0.5% (w/w) tyloxapol;
5% (w/w) beclomethasone dipropionate, 0.5% (w/w) tyloxapol, and
0.5% (w/w) Lecithin NF;
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Exanpl e 7 The purpose of this exanple was to eval uate
the particle size of nanoparticul ate di spersions of

wao bh@7hbgabonet hasone di propi onate havi ng Pol ysor@EUS2008W1851
as a non-ionic surface stabilizer both in the presence
and absence of the anmphophilic lipid, LIPOD 45 or
LI PO D S75- 3. Becl onet hasone di propi onate has the
followi ng structural fornmula: It is a white povvder

"with a nol ecular weight of 521 .25 and is ver

sl i g0t | y S¥olul)derlemehasene diprepipeaes)- ﬁwyattﬂetﬁmeand

di sper si g (,Ngl;p 8]9@% Bo % (W w) becl onet hasone
di propi ongt )()N) % gg]lqys%&gat e- 80 C§;Wl was
pr epBr ed Sk (wivh) tienlpnathasoy dipkonippaty, G5y %Yﬁ’%)tt}'llof‘%l?q“\gand

Pol yM |1 (it 5 M%Y spolyneric attrition nedia,
W th mIIQ)r%?%f /O‘% m nu Particle size analysis of

e GBSO RO U AP AP0 s s o

ste@NAYBEN 0 mhihviesas 1 ﬂA) °@.nthe ﬁbﬂd;teﬁggdancm patticbnsizesi d4ré spown in
nmean ]gl?artl cle size of 30503 ran. Additional
Talpg | Wildhdave- 80 was spi ked int(c) the for rrul ation to

Tapls i el glérlgé(%&w% becl omath sones\&ggl{%‘gl ona BSQdmnlﬁ’oﬁowmg
Auﬁ?qﬁa‘ffege?h'gﬁeaiﬁle&ﬁ Ee@aof'&/ 95ape} %‘PB" gr efmwm%ﬁus

Phpmhﬁt’,‘tﬁeed a nean particle size of 272 nm vvlth '_ D50 __

S ——— .—AW—,._‘_

cﬁ@%i%ﬁﬁh@oﬁépﬁ@?@&?@ 80 d| spé?%* o vvagg%en

di. s Ut edoxaropr epare three separate formul ati ons,
nanel v: (1) 5% (W w) bhecl onethasone-di-gropi-6hat - O__C0/
(W@ecmvbwatd&rsmonaﬁd 0. 5% (W) LIPOl 5 (535’570
506 Yail sipxanad! @AYt beed®ieNgi pr opi onate, 0. 5% (w w
5? W Bfctha ‘ﬁe d?ﬂ}gpi%nét%%(W/W) [J92O D [S7573) ahd (3)4

ae%% &, izpr opi onate, 0. 5% (w W
vso BaLe: ’80 and 0 5% (ww) LIPOD g75-3 ALl

of
t¥%6 Bebuhethatonkidirronipres wer g pl &ed in glass yi aléo8
ah8%sErlbsapali @BSYbBEN DS Epper s and al ujmi num cr i nps,
fottowed—byautoctave heat tTeatment in a Fedagari
autoclave for 10 mn at 121.1C. Follow ng the
aut olcbave heat treatnent, sanples were exam ned for
e size in the Hori ba LA 910 particle size

anal-yz eﬂu%&etbfttﬁﬁ egcgﬁ‘lﬂet@asat% RhWInd the E32kEoM hen-ionic surface

stabilizer in combination with an amphiphilic lipid on the particle size of the

E

glucocorticosteroid fluticasone propionate following autoclave heat treatment.

fluticasone propionate has the chemical name S-(fluoromethyl) 6a,9-difluoro-
11b,17-dihydroxy-16a-methyl-3-oxoandrosta-1 ,4-diene-17b-carbothioate, 17-

propionate and the following chemical structure:

Fluticasone propionate is a white to off-white powder with a molecular weight of

500.6, and the empirical formula CsHzF3058. It is practically insoluble in water.
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Table VII: Particle Size of Becl onethasone

Di propi onate Di spersion Foll ow ng Autocl ave Heat
wae@ansmm : Effect of Pol ysorbate-80 al one anpCT/US2007/001851

Pol ysor bat e- 80 pl us Lipoid S75-3 Exanple 8 The purpose

of this exanple was tp determ ne the effect of the

noni oni ¢ surface stabilizer tyl oxapol alone as

conpared to tyl oxapol in conbination with an

anphophilic lipid on the particle size of

becl 6n@nnawn@népmlspiatﬂmszeermn e pfdnticesaeepropianate

AARELTR T ARSI ANIRERA 4, A S BTREAE R o
proporkd b trhidlsrgnie aiDpndﬂulm@eﬁyeteandtluzxﬁg/d)()WMbuTv y$ @O(@mﬁb Inc)

PR SR Sl 15, IO L] (O SYSLRT s

prapiohbfel$yly JoRBHt -8 OVi §ferdibmh, sy £ 19briBOTLA-01U BsrticRAitd &laByzer
si,.ze analysis of the becl omet hasone

(Iying 6o H&%l@/t%%%séa@srat@rlsﬁéh@%wn RASHFE SEeI2PB45 P
910 particle size ana (Irvine, CA, a
par t PefigiogaLRolysorbats- %aww#%n%@eéprqwitlﬂM%ml%l0% (w/w)

1RAs@fe FBpidAAe aHael 6% S(FJJ/{VD PE1LNGBavRS0 E\b% gw'h(l?ﬂge\gast &ontinued

prepare four separate foriul ations, nanel

for, Wuﬁé&e&mmagﬁﬁﬁswbwb sPBtired, to dissday( We\;\ge partxcle size

O XFR675 (&), 5% (W w) becl onet hasone di propi onat e,
0.5% (W w) tyloxapol and O. 5@6(m/mb Lecithin NF; (3)

5% (MeMhiPEG \99? dhﬁectpﬂl%o q{e%&%lgﬁ IQildSi;oiq %M) gwlcasone

tyl oxapol ., Lecit
prewomtebé@ryowa&umrmtms@pm@ﬁ% (v@’we%e(cwhm) NF. Milling was

co‘hﬁhgﬁgﬁl 10 BN te% Zlgnéof{r}% W)eall"r 5 cPe §%?5)w%s 1 1¥ D50 of

sanp were placed in crinp-top rubber-s oppé
logirghandad ¥t e®iztweri | i zed for 10 nminutes at 121 .

10C. The post-sterilization particle sizes are shown

in Tahe @SWJ'IHE NB@DOWAS thab ddutefl ke SW/W)dhﬂich;m pbpionate, 0.5%

Pl QN Fol | owi n
CFET BRMEVARREED. DHERBRLAPRD Trl BRONET gk Sumplh Mrolgcea o
almmn'[lyri oma@etlop phlhiﬁbr%trg@pi‘mltmﬁle and steam heated in a Fedagari autoclave
for 10 minutes at 121.1°C. The post-sterilization particle sizes are shown in Table IX

below,

Table IX: Particle Size of Fluticasone propionate Dispersion Following
Autoclave Heat Treatment : Effect of Polysorbate 80 plus Lecithin NF

Formulation- .- " -| "Mean(nm) | D50°(nm) | D90 (nm)
10% Fluticasone proplonate 1 0 % 306 294 431
Polysorbate-80, 0.5% Lecithin NF
5% Fluticasone propionate, 0.5% 312 300 439
Polysorbate-80, 0.5% Lecithin NF

Example 10

The purpose of this example was to determine the effect of the nonionic
surface stabilizer Lutrol F127 NF as compared to Lutrol F127 NF in combination with
an amphiphilic lipid, Lecithin NF or LIPOID S75-3 on the particle size of budesonide

following autoclave heat treatment.
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Exanpl e 9 The purpose of this exanple was to determ ne

the effect of a non-ionic surface stabilizer in
w@ eovhiosld on with an anphiphilic [ipid on the Per/US®DB001851

size of the glucocorticosteroid fluticasone propionate

foll owi ng autocl ave heat treatnent. Fluticasone

propi onate has the chem cal nane .S-(fluoronethyl)

6a, 9-di fluoro- 1Ib

17-di hydr oxy- 16a- net hyl - 3- oxoandr ost a- | , 4-di ene-|

7b- cARBEReRsAaRoParticulgieqlisransior (IRE) wf dudesioniss hying 10%

. Lt : ! . . it

e O T LGB P2 R PR By Pl o
DyraMill@ Sy ateinr wtdéding Bokyliil G308 (DewOES) pblymiesic attrition media for

ractically .insoluble. i er .. An ;aqueo . . .
RS ol ao e e er e G P AR AL T LAk ispersion, using
a Jiotpa DAaP B0 paviclegsi d08a(yuenIryihelt € S RSBORePh ARdANRIEcIaBEe of

. 5% w),.. Pol r bat e- 8 w was prepared b
221 %V{’ iarPg{’ %M"ma(lf‘)a PP iTﬂeﬁEW@%ﬁqq pfyhen
dieto(gPepart fHeke PePay4re Fbemahddist hahelyedi a for 25
m nutes. Particle size analysis of the fluticasone
pr ophildnat e7951y3 SPS%PQKFOO@%{/S p¥9ilgHrol FdR AN amg0. Ba (w/w)
LA- 910 paftéigligngd-ze anal yzer (lrvine, CA), indicated
aggl omeration, with a mean particle size of 23 145 nm
Addi &) onaf YaHaY/y3 brberoaideo0\ids (wivy)kedrdl Atla7 N 0.25% (w/w)
formul ati : el.0:10% (ww) fluticasone propionate
and 1. O%f(z\?\?/l{ n)ggﬁ)?g%r bate-80 (ww) . MIIling was
cont@Bhued>Yomv/%) biadesopsieb@ BS54t evive-Tanall FdRE NEWO. 23V (w/w)

conti nued i ay a large particle size (Drean of
20675 nn)I.“th%@jlsﬁ#%'NF was spi ked into the formul ation

pol YARFR Rt e b A LR e Pl vt

and@agaoodadtalinch Falagifl amioeliveSor Thaiduteadt IPRaIPCaTkd §ds¢
tsjze.vvas 1,7il nm with a D5 f_164 run and a D90 of
stesizafiqn Pastisle BessIars e Welle fhsiowi | uted to 5% (wi w)

fluti i , Q.5% (w) Pq| ysor bat e- 80
T’ %%E;iy ﬁz‘@%'g%??ﬁ?ﬁm e Dltarpio il i toplon Hpat
Rt TR Ferol S 127 NILpnd Lopa g 7T pdnshecittin A
heated.in @ohadmgan!” aut oclaveé Mean HnM MOE6InAY [ 190 dum)

dticle sizels are shawn-in
ig%l éuﬁ%oﬁlﬂeo@/\% Hutgld 12X NPar i cl 14 ze [ofLFl uti ¢as8n®2

BYOBLAERhIDDIPCT StONF DI NeW NG AEBRCT ave Feaf | 1748
Oreat refhinNES f ect of Pol ysorbate-80 plus Lecithin NF
5% Budesonide, 0.5% Lutrol F127 NF, 863 641 1788
0.25% Lecithin NF

5% Budesonide, 0.5% Lutrol F127 NF, 936 6814 1967

0.25% LIPOID S75-3

The results indicate that the presence of an amphiphilic lipid during the
autoclave heat treatment significantly reduces the particle size of the budesonide

dispersion.
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Exanpl e 10 The purpose of this exanple was to
determ ne the effect of the nonionic surface
W@ e@biosdsger Lutrol F127 NF as conpared to LutrpCT/BE2087001851
NF in combination wth an anmphiphilic [ipid, Lecithin
NF or LIPO D S75-3 on the particle size of budesonide
foll ow ng autocl ave heat treatnent.An aqueous
nanoparticul ate di spersion (NCD) of budesoni de havi ng
10% (W w) budesonide and 1.0% (w w) Lutrol Fl 27 NF
repared by mlling in a DynoMII(r) System
lﬁé\%ip?%ﬁgg PolyMI I (tm -500 (Dow Inc) polyneric
attridi dia.for 40 m nuteg. Particle. siz nal ysi s
of ¢ it BrmSSERPIT brrvnif W 1S Sermpeiiae B P AT Hilorang &8
cdiﬁrarémtdj&lcﬁch@opﬁrddnﬁ?iﬁat&jnzﬁitﬂ g@hz’c%%ﬂﬂF(olnrthé Eﬁnticgag%ze <f>f
showe an particle size o nm with a 0
b%ﬁmﬂgﬁ gﬂﬁ’e"ﬁ“%@fﬁtoﬁ}avﬁwt fGRMmephe resul ting NCD was
then,diluted to gi;e.pa]%e hree separate fornul ations,
nanefy)-29pG§USFRNPRFTHFY w5hiiaR NoDagf brfeyonidn kaying 10%
(WALS Bublsoanid Ld5o%ahiv) bAGEAIN B/alEreadd 0&1§le inaD ;
budesoni de, 0. 5% (°w/w))bﬁ}gtrcﬁ?J RoSbrereil b V\“ﬁl)\}\ﬁa ynoMill®
Systeen pHlanEF LAV ('35 06 o ¢wilnd) HelidesinattetioOnssa fof 89 minutes.
L E . NE % (W LIPA Q. S75-3. Al t he
P e e isgT B B9 b oy st AR voine oL a0 10
partidib eize shoelyper @diné, a1 45), anslvat £amwah eatiRlt sie af FRIAGakith a

ve faor ' es 121 .. 1 The . -
DA EPEEN i P Th Y] il o auting ST ks s ddrtorepare
fotvedeparatd BhmilionRamdrh€lle Si ze of Budesoni de Di spersion
Treatnent : Effect of Lutrol

Fol | gwi ng_Aut ocl. ave Hea ! :

F1278\I$:IAF _aﬁ‘g {VUW) ugwﬁwd&ﬁé (Péwd BAPvAmE The

resu2)s i 5o Gathg bubiddont i 0 BREBRNORY RixaB8l, 2P RIBRIAS Lecithin
lipid durjng thé autoclave heat treatnent

signifi canFy reduces the particle size of the

budegeni dgedi el b p £, t.hi o
xangl o v e e S TR e® P Pac RsRHRERAE0 301 e Lecithin
conpar ed N&; 83d oxapol in combination with lecithin NF

on t akd,| [,Z€ budesapni oll owin o
aut oo 2ot £) bl os At R ar e P2ty
di sper si oheqitiBDNFof budesoni de havi ng 10%

All of the samples were placed in aluminum crimp-top rubber-stoppered vials -
and steam heated in a Fedagari autoclave for 10 minutes at 121.1°C. The post-

autoclaved particle sizes are shown in Table XI below.

Table XI: Particle Size of Budesonide Dispersion Following Autoclave Heat
Treatment : Effect of Tyloxapol and Tyloxapol plus Lecithin NF

. L Formulation = ... | Mean(am) | D50 (nm) | D90 (nm)
5% Budesonide, 0.5% Tyloxapol 4806 432 5777
5% Budesonide, 0.5% Tyloxapol, 1.0% 406 : 344 697
Lecithin NF
5% Budesonide, 0.5% Tyloxapol, 0.5% 401 341 689
Lecithin NF
5% Budesonide, 0.5% Tyloxapol, 410 344 712
0.25% Lecithin NF
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(W w) budesonide and 1.0% (w w) tyl oxapol was prepared
by mlling in a DynoMII(r) Systemutilizing
weioyA8d4b(t m) -500 (Dow I nc) polyneric attritiPCT/IEDA001851
for 30 minutes. Particle size analysis of the
budesoni de/ t yl oxapol dispersion, using a Horiba LA-910
particle size analyzer (lrvine, CA), showed a nean
particle size of 159 nm mﬁth a D50 of 152 nmand a
g 221 nm The resulting NCD was then diluted to
pr epare ity dgrgg%srtrg{eethpbﬂﬁmrwp@ﬁngf arh%fﬁﬁhlyhﬂ’(cll)m&%l
COQMKMAUMRE
W W) budesgmog?ﬁ%%él%aée/%m%r gidé‘%g %"(“%};%ﬁ)éo(hmfw)
stegétaefir&lwowlcestyr@d@ew sigudesoni de, 5% (W w)
tyl oxapol, and 0.5% (w w) LeC|th|n NF; and (4) 5%
budesoni de, O. 5% (W f ﬁoxapol and 0.25%
il deapparenito thpse gl amm@s vagpes plloeltfmtibms and
red. via S
V%ﬁ?%%%%*%@%&&ﬁ%%? FHOBRELS NS B Tt Hhtion
w11hopt @epartihe fipos thaurpodd ca'\sedpqoaﬁthé thentbz.eThas, 6t ShowAdédthat

; icle Size of. Budesoni de
s by toud s BaciiBed B8 i Sp e "o ph plgrovided
theyf cdliyd: waihpotheaadpel (yf thxappéndet aile ahd hdir Mnitgentesul ts
denonstrate that the presence of an anphiphilic Iipid,
in conbination with a non-ionic surface stabili zer,
dramatically reduces the heat sterilized
gl ucocorticosteroid particle size. It wll be apparent
to those skilled in the art that various nodifications
and variations can be made in the nethods and
conpositions of the present invention wthout
departing fromthe spirit or scope of the invention.
Thus, it is intended that the present invention cover
the nodifications and variations of this invention
provi ded they cone within the scope of the appended
clainms and their equivalents. WHAT IS CLAIMED IS: 1. A
sterile conposition conprising: (a) particles of at
| east one gl ucocorticosteroid, wherein the particles
have an effective average particle size of |less than
about 2000 run; (b) at |east one nonionic surface
stabilizer; and
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(c) at |east one anphiphilic lipid. 2 . The
conposition of claiml1l, wherein the conposition is

w@e@riogdsgeed by noi st heat sterilization. 3. ThRCT/US2007/001851

WHATRcChed
1.

conposition of claim2, wherein the sterilizing
tenperature is fromabout 110 C to about 135 C. 4. The
conposition of any one of clains 1 to 3, wherein the
gl ucocorticosteroid is selected fromthe group

consi st i ngI of budesoni de, triantinol one acetoni de,

HHED Ifsnet asone, nonet asone furoate,
flunisolide, fluticasone propionate, fluticasone,
becActigrils sempesidiopCepINsEEe, dexanet hasone,
triggi nci i | AALRNAEthe particles have
f hi gdg} noh?giggﬁfgﬁ%g?ﬁgﬁ%ﬁﬁﬁs J'é\et&’lg,g’ rrgrrxgt asor?e
fur oat e morfieydyaerags piveelasize of desd thasrabionhEPham;

t hep,eof . h [t . of claims 1 to
4, er ei"ﬂgleta T{teoqlﬁgl%ggo%?%%rggr&? ;&Eagﬂg%é é’gﬁgi zer is selected
f r ot)t he agleastprecngisplhihig lipfd.sor bi t ol esters,

pol yoxyet hyl ene sorbitan esters, pol oxaners,

pol ﬁ? rc?x%tpgg’lpoﬁ R0 m SOt AR uf &R sBREE SterBi2ERbY Abist
pal mtate esters, sorbitan stearate esters,

pol heatysetriiizhto sor bi t an nonol aurate, pol yoxyet hyl ene
sor bi tan nonool eate, glyceryl nonool eate, glyceryl

. fmon g‘gla gﬁ%?{r%@tiog %chﬁa%ain twchegﬁ{x] b éﬁ‘lgmgg ke)fﬁ%egé(th%‘ﬁ from about

oxi , pol ysorbdte pol ysor bat e 60,

pol dx@n@rto 4Byt BISULoni c(r) F68, Pl uronic(r)F108,

Pl uroni c(r)F127, hydroxypropyl nethylcellul ose,

Y A RE¥BEOBYERI UhpSie PRI 1YS BYLAOLIAAE BludB04RB eroid
copol'ymers of vinyl” pyrrolidone and vinyl acetate, .
dexiy sigctahirbmsthe gotup puisisting ef hydespridal kigmcgnciersacetonide,
macr ogol. et hers. cet CLo I \/
TR T DU T
3550 ¢apiondlarfbaivaxor@3éclpmethabymdiptopidrete dstaaetht®@e,

met hyl cel | ul ose dr gxyet hyl cel | ul os nongGr, all i

col PBEsItETy brolymetibstoruoryp gt SRFEa Hhpiscile

p- | sengiydrpBemomenabye Ggbyteimiedohyd@td dBotEk26l, ehdicGiiBjnations
CHzé‘éi? 4(CH2 qH) 2; decanoyl - N- net hyl gl ucam de;

n- d&&§fF%h- Dgl ucopyr anosi de; n-decyl

b- D- mal t opyr anosi de; n-dodecyl b-Dgl ucopyranosi de;

. N- dqieepmposionalftag iode of biaprhab ay H; Nhemreirhtheglouzainsutéice

nhept yl - - .
gta¥3ilizer is selected from the group consisting of sorbitol esters,

polyoxyethylene sorbitan esters, poloxamers, polysorbates, spans, sorbitan
oleate esters, sorbitan palmitate esters, sorbitan stearate esters,
polyoxyethylene sorbitan monolaurate, polyoxyethylene sorbitan monooleate,
glyceryl monooleate, glyceryl mono-laurate, surfactants containing
polyethylene oxide chains, polysorbate 80, polysorbate 60, poloxamer 407,
Pluronic® F68, Pluronic®F 108, Pluronic®F127, hydroxypropyl
methylcellulose, hydroxypropylcellulose, polyvinylpyrrolidone, random
copolymers of vinyl pyrrolidone and vinyl acetate, dextran, cholesterol,
polyoxyethylene alkyl ethers, macrogol ethers, cetomacrogol 1000,
polyoxyethylene castor oil derivatives, polyethylene glycols, Carbowax
3550%, Carbowax 934%, polyoxyethylene stearates, methylcellulose,
hydroxyethylcellulose, noncrystalline cellulose, polyvinyl alcohol, tyloxapol,
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b- D- gl ucopyr anosi de; n-heptyl b-D-thi ogl ucosi de;
n- hexyl b-Dgl ucopyranosi de;
wowangsshe N- net hyl gl ucam de; n- noyl PCT/US2007/001851
b- D- gl ucopyr anosi de; octanoyl - N- et hyl gl ucam de;
n-octyl - b- D- gl ucopyr anosi de; octyl
b- Dt hi ogl ucopyr anosi de; PEG phosphol i pi d,
PEG- chol esterol, PEG chol esterol derivative,

e e e
f

o ORI, SRS T g gPices .0

pol &ﬁ&ro%taﬁoﬁ@e -Méwi@pgtmalmrm(ﬁcde AQRALYES-B- Of

et hyl ene” oxi de and propyl ene oxide. 7. The conposition
of ghamiopyBnosideredndedyd Bf{éﬂn?dmsrﬂes berftarey 1 ¥ -apithylghicamide; n-

;lelu:ict eg Prl;oﬂrll]}‘%%%’r%}?gu(%’ f98 yiP I?QE%%]}]%Q%EQ% %(sx}l d:%8

Pfﬁhﬁoﬁﬁe%aﬁﬁﬂ~ﬂfm@tﬁ ligh¥cainill® nznoyM]EDegllﬂcdj}ﬂ&anosme
anphophl i C I|p|d is a phosp bﬁbgld cont ai ni ng at

| ea@pta@nel-wexgaﬁmglugarmﬁang@aty phetapyrapesidg; ogthleB-D-

on i
Col BRpe-PRyRhofie fRGpnBi TRl PR, PRASRIR, M chSlcsterol
phosiptiattive PEG- ertamtn A, REG- ‘lehé& iapd nsisiures therdof.

synt heti ¢ phospholipids, partially purified

6. hydr’[%% %%p%gn Slcdfté:h% s h«%@r&ﬁ%@@ﬁﬁgohﬁ%h}ﬁb stabi 1zex:1 Selected

parti &l puri , SOy ci thin phosphat
conyfrdrs itheggranp onnastmg)cpﬂmxlmmr 46ggrdlzedrbhiier80, pOl)’Sorbate 60,

phos{@g%%%? e%pdc Ig)lngl{: 8%]?? %m%psl Fik lgnrlfzo&ggé Ergcf ﬁfogylene oxide.

hydr NS conpri sing
phosphati des, hydrogenated egg IeC|th|ns conpri sing

7. ani dfheccoptpmsﬂhmtqfdaé@m 6 .eehdartinfise sompnicsiurfgcastabibizer is selected
pho | des etl C I r I
synt Oé?l HRER S éa?ls fa@?lgo,%%sf@%:tg #llugé% sﬂﬁgt aréj fluronic®
I nogtibol , synthetic phosphatl dyl seri ne, phosphatl dyl
i nositol, phosphati dyl serine, phosphatidic acid,

8. phoslgﬂat Inlgfy%sltg)nly T o'dne'c)f%?&[i)xggslgg 3t L\?&%:lljl {h%se{ntld&ilphihc lipid is a

| ysophioSpiha I"'ysophosphati

| ysgipbeshtiaid dgfrlta@ﬁr;g:arleds:c ook s¢gadivyly gblaasghdtosphdlipids.
gl ycerol, distearyl phosphati dyl inositol, distearyl

pho hat i d di s vl . i - '
9. di Stslgjaer(iﬂm 0)%}0 (%_)fg:g?{a é \Ll?é’}éx?ﬁ )}Iég Pgﬁs{%ﬂ@hbﬂ i§ sQELEd from the
di St@éml}y bér;smmgaﬁf [ahah“jldylllosiphat'slesollepit}dhé‘{ B ayythetic lecithin NF,

Y CBRERRIS b3 FE! e ALY by SRR fronenes

phospdigiin cbahmae_,r pﬁteﬁecﬂlepmllum $oyl leqktas phasphdtidesa@indlprising

di paalnggntl‘\{ phgp ati es egg%ecnhm phosphatides comprising anionic
phophatides, hydrogenated soy lecithins comprising anionic phosphatides,
hydrogenated egg lecithins comprising anionic phosphatides, lecithins
comprising anionic phosphatides, synthetic phosphatidyl glycerol, synthetic
phosphatidic acid, synthetic phosphatidyl inositol, synthetic phosphatidyl
serine, phosphatidyl inositol, phosphatidyl serine, phosphatidic acid,
phosphatidyl glycerol, lysophosphatidy! inositol, lysophosphatidyl serine,
lysophosphatidic acid, lysophosphatidyl glycerol, distearyl phosphatidyl
glycerol, distearyl phosphatidyl inositol, distearyl phosphatidy! serine,
distearyl phosphatidic acid, distearyl lysophosphatidyl glycerol, distearyl
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gl ycerol, dipalmtyl |ysophosphatidyl inositol,
di pal mtyl |ysophosphatidyl serine, dipalmtyl
wo y®opsmasphati di c acid, dipalmtyl |ysophosphar¢dyk2007/001851

gl ycerol, and m xtures thereof. 10. The conposition of

claim9, wherein the phospholipid is lecithin, and the

| ecithin conprises |ess than 90% phosphati dyl chol i ne.

11. The conposition of claim 10, wherein the l ecithin

is conprised substantially of hydr og cﬁg

phoémabpwwm inputodrfisteire] herrhesPRE B AT iy
gﬁoﬁiha{{&b@ci/d 'aypﬁdi&%n@{cﬁghﬁmym 'ﬂrld?sltﬁh @s;mn@nw es.

osition of any one of

\Aherpépﬁphahéylcwemc@palpiml phrosrthatific ag“—!ct; @&%W%BEQS@P@WI
C| al c%&oqr dﬁ)?@ﬁt%{%&%&gl@fﬁgzﬁe BRas! &%Qﬁhﬁﬁ I?s@fjhgﬂﬁiaﬁﬁyl

m cal purity of
gl ucedns, tdnp;rbmﬁtgk bisdphesphatetit ecidt dipalnoigy] 5%0plmsphﬁhéyl glycerol,
COTT‘pO?ItI r}sth I\ ore of clainms 1 to 13, wherein the
amo @it "B Re§1 Wcocor ti costeroid, in concentrated
formor upon dilution in a pharnaceutically acceptabl e
10vehﬂdiee,onrmg@s dfrabrmeboviteréinOhephesphbbpid 12 634thip, and the

15. The co clainms 1 to
TRapehSemplfisrPeR AR gp6iR
et hyI enedi am netetraacetic acid, calciumsalt of
11et hyTtervedtipositivet aftalziac B, ivheaein dhe seithinds apinprsecsnbstantially
ther & he
N L L U

et hydoerpedédiof meindy hadgtnatedanidnicarhgeshatidesn about
0. 0001% to about 5% from about 0.001 to about 1% and

1of r om,ale %po% t%’l%fta%yao%%%g i V#llg’l 1611 TR BRIk Blirity of

any ohe” rein fhe concentration
of ttheghmncmn@stsnwud mogcgtateh P2%. is sel ected from
t he group consi sting of fromabout 0.01%to about 90%

13f r O ??%&pc%dti]oé’ éfo%n?f%%%tof %ga%ns ang {kr m%?r?ﬁk]c%éﬁ@cal purity of

abo ased on thefot conmbi ned dry
wei ghe ghfcothﬁcgdta@uxt(srgrﬁai@sﬂlen gPé%and t he surface
stabilizer. 18. The conposition of any one of clainms 1

t 0 ]‘17 C;goesktgb S'fJngcc}f'cYanQ\ietgqgewﬂéfeﬁﬂ meean%&@ o?the
the uco i coSst erol articles is selected fromthe
gr Olgjumnsmcsister@dohl doelssnttduahfmbmrtumaﬂlurﬂgn npess

than h%?nqgct;eu %QIQy g&%pta'b?es\‘?ehtiag,r}anges from about 0.01% to about 20%
by weight.

15. The composition of any one of claims 1 to 14, further comprising sodium salt
of ethylenediaminetetraacetic acid, calcium salt of ethylenediaminetetraacetic

acid, or a combination thereof.

16. The composition of claim 15, wherein the amount of sodium salt and/or
calcium salt of ethylenediaminetetraacetic acid ranges from about 0.0001% to

about 5%, from about 0.001 to about 1%, and from about 0.01% to about 0.1%

17. The composition of any one of claims 1 to 16, wherein the concentration of
the nonionic surface stabilizer is selected from the group consisting of from

about 0.01% to about 90%, from about 0.1% to about 50%, and from about
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about 1700 nm | ess than about 1600 nm | ess than
about 1500 nm | ess than about 1400 run, |ess than

wabmanss®O0 nm | ess than about 1200 nm | ess PECEIS2007/001851

about 1100 nm I|ess than about 1000 nm |ess than
about 900 nm I|ess than about 800 nm |ess than about
700 nm | ess than about 600 nm | ess than about 500
ran, |ess than about 400 nm | ess than about 300 nm
Iess t han about 250 nm | ess than ahout 20

0
t hat YaSothou 887ny Y kv oRlat o GO rTIRed Sy svREhpr the

aboulycieofibstaidid h&s thellpBcabautiz&0 nm  19. The
conposition of any one of clainms 1 to 18, wherein at

| east about 60% at . Ieast about 70% at Efa
1380%Th8t°°¥”é’8§1€1°§l95@?y 9v%® fglaimy } &9 léb%mfe@sf% Cté‘fe average

19!

l ea brtfROLEe 899(%%1u5(ﬁ@rtg:b%ﬂﬁ@Eﬁh&%ﬁ@%&b&e@@r&ﬂ Hle@foup
apartIC e size of less t fective

avelcag%Stl@Of Isrethen ApeEil OB AN esaierorhoub 8eY ampiesy thag
19, aag 1{)1{’@6 FONRL fﬁmgbaq%ggnnm@ssmamwso@%l Mess than

accepta excipl ent's e donposition of any one
of @bautristol rng, l@ﬁ than abaibdgge nﬁorifn%ﬁ tiiag) akfopt AP Grmgdlosythan

in ha%at : 101'2)00' 0 I8 I%QJI gbouqtll()ﬁt) lnpr[ s difCaEdut 93?‘ W[@E ¥han

opt i oni c, ntera ntraci sterna
| Nt radwatgs e, fesd thapaboutdh)@aim lesscthhn abowt GAD nmn.eiwlthan about

or t.apica ni stratjion; .(b), fornu d_int

D 0\/\635 Jgsﬁﬂg%u? %%Odlt %g@\&g}, ’Iésg an ab uk §g@ A 1 sg tk%.gl aboillt 250
gr anish aé@dh@omstﬁﬁ zoeahi cueslsozaangmut quatﬂ eae,ss tlaiml abopt 100 nm,
pill anyle, |Liquid per si.on aer osol ,

oi ntl?lségf[:' ué?éé‘g‘ﬁ a(‘é;?esﬁcwfi‘ﬂﬁbé’t’%agf’m o a dosage form
selected fromthe group consisting of controlled

r el e@geochqiositlcatdfany oneloff dlaias @ td 481 whedetn dtdeasnbladit@dYo, at

controll ed r for.nmu n o
For HASKEPBIIO ol ERGHE Ur RfFas FBa! DUk oyt about 95% or
r el easRsf Momkbadd sMBe gRisbestesstélEpaticld bl ok, size of
pul satile rel ease fornmul ations, and m xed

i meeisdh#t BesASsishavEe#hrol | ed rel ease formul ations:
or (d) any conbi nation thereof. 22. The conposition of

202Ny THEoApdstRIn e shytdhe 2T cldidk Mibabefhiribkt Codprisiagbne or more

21.

M § herosol . o te

The composition of any one of claims 1 to 20 in a dosage form:

(a) formulated for inhalation, injectable, otic, oral, rectal, pulmonary,
opthalmic, colonic, parenteral, intracisternal, intravaginal,
intraperitoneal, local, buccal, nasal, or topical administration;

(b) formulated into a powder, lyophilized powder, spray dried powder,
si)ray granulated powder, solid lozenge, capsule, tablet, pill, granule,
liquid dispersion, gel, aerosol, ointment, or cream;

(©) formulated into a dosage form selected from the group consisting of
controlled release formulation, solid dose fast melt formulation,
controlled release formulations, fast melt formulations, lyophilized
formulations, delayed release formulations, extended release

formulations, pulsatile release formulations, and mixed immediate
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24. The conposition of any one of clainms 1 to 23,

formul ated i nto an aqueous aerosol and conprising from
W@bmansBY¥®1l 5 ny/ L up to about 600 ny/nmL of tPET/US2007/001851

gl ucocorticosteroid. 25. The aerosol conposition of

claim 24, wherein glucocorticosteroid concentration is

sel ected fromthe group consisting of about 10 ny/nL

or nore, about 100 ng/nL or nore, about 200 ng/nlL or

nore, about 400 ng/nL or nore, and about 600 ng/ L.

26. The cevlpessiandsentplietuelesse farmudatigngsorl t o 25,

for ateq..{ : aerosol, wherein the

drogﬁgts %?*?ﬁ@bgngggﬁgﬁgbe a mass nedi an aer odynami c

di anmeter selected fromthe group consisting of |ess
23.hanThe cegpasitipn of pax pnea oc!pinesy gtps? 1, forsmplatediintooa nasglspray.

about 10 mcrons; from about 2 to about 6 m crons;
23.SSThERBmPEAHEN 8 B E bROSE c1hind™M aPPUlHLRNLIAARRM 2 ];!719910nary

m crons; and from about 30 to about 60 microns. 27.

The edArpdsition of any one of clains 1 to 26

formul ated into an aerosol and further conprising one

201 PRE céﬁkzMﬁﬂ&% ogagf Bhe Bf QRSld AR @,@bﬁ@%fé@qnﬂo&@ad&e@m

aqueous solution for co-admnistration froma

nul t feraelénd ghaipsisingZdgom pheutcbfbosigimbmpop abayt edemgfmL of
Claiﬁﬁdﬁu&ﬂmﬁzxmkﬂﬁhher conprising at |east one
gl uc

non- ocorticosteroid active agent. 29. The
conposi tion of claim28, wherein the at |east one
2hon- §heeveselidompesion of daimi Afe védiperin glucogedicghteraid

tr ea&&r{&nﬁﬁtﬁcﬁ{‘ﬁzse@c{e@rﬂ&ﬁ é}?eoéyrolpp ChhdfiddSof a%%ﬁf FQ?A mL or

allergic rhinitis, or ot ammmat o or a i C
condimorarbpetr 1 Ghingfmg lon coecarabpeo2@emgidb cameore, about 400

Convﬁ%&h?Qﬁhﬁ%@?iﬁpmﬁﬁﬁ6@?§§@§Ep03ition of claim 28,

wher e he non>gl ucocor eroid active agent is
selected fromthe group consisting of |ong-acting

2pet aThgorinpesition elikay phenkclapdi F ice?s fornmdeisd yihioi amsqueous
nedogerrgggll wh%rreml Yo 1%&3)%&53%%&9 hggé ginaﬁ%g Mty aerodynamic
i pratropi um brom e,-%re ni'sone, predni sol onge,
nmet hillapre¢asclsotedfegm slad gretip consistfrgr ofdtesrtbhn or equal to about 100

nono| eukast. zafirl St: i.Jeut on, al buterol, . i
ovarstitardror apvaic EREroofi P Btie @ Fom sk Be by papfamiorons:
31. [Ebetlmanmpost 2 imidroaf; feoiy abowg Ofo abloat B0 hi¢rdn8Gind from about

for nyé % a%jodt%%ﬁ%rnonaslgueous aer osol wherein:

27. The composition of any one of claims 1 to 26 formulated into an aerosol and
further comprising one or more solvents and/or propellants dissolved in a non-

aqueous solution for co-administration from a multi-dose inhaler.

28. The composition of any one of claims 1 to 27, further comprising at least one

non-glucocorticosteroid active agent.

29. The composition of claim 28, wherein the at least one non-glucocorticosteroid
active agent is useful in treating asthma, allergic conjunctivitis, seasonal
allergic rhinitis, or other inflammatory or allergic condition for which

glucocorticosteroids are conventionally used.
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(a) essentially each droplet of the aqueous aeroso

conprises at | east one nanoparticul ate
w@bkwcogwrd i costeroid particle; (b) the dropl etBCDUS100E001851

aerosol have a mass nedi an aerodynan c di aneter (MVAD)

| ess than or equal to about 100 mcrons; (c) the

gl ucocorticosteroid is selected fromthe group

consi sting of fluticasone, budesonide, triantinol one

acetoni de, trianti nol one, nonetasone, nonetasone

30ur odthe comnmh@agrf @éﬁlm% vdiestie thebmri gh&bdrmom6r01d active agent

di pr ‘?Pée‘l’{]lﬁéc?frog)et?l?g%lfba D&ting ]pft‘ g ?g{%&lﬁ% &Jgpa-agomsts leukotriene

becl onet hasone 00|no ONe,
f | uningwlifiers, ﬂneqpﬁyykimamedodrbmm smlmci?n, dhi@t’f&icﬁﬁgfb%ta—agomsts
abet asol ations

furo drate
S b R R kU R U
conc saltteadrob Ifozﬁhﬁotf:ﬂ‘db \Thatsleiika6t, QAfiSuledht, Hiletfdnl AIbaResit

600 t n|on|c stabiljzer is a
polyg%?gﬁﬁéptﬁ% ﬂPQﬁ“?B}FVdH%PHm€§?er and (f) the
anphi philic lipid is a phospholipid. 32. A method of

3 haki r@aacmmsmcm CRAQsHeldf @MhiG TRG 139 AGmulAbd BAB bh GLBSus
one gl ucocorticosteroid, wherein the

0
partl%ng‘ﬁ%V? an effective average particle size of

| ess (Hhan cadeauibll 02D dvablef b thdtagh&ARtacRBI @&HFH%}%S%t least one
surface stabilizer; and (c). at |'east one anph

i pid, whEFRIRArirHathelvogoRisapeIcddsarticls contacti ng
part (b}' es tigf drdphdISOEe raEﬂo@S’isﬁa%E %'rﬁiaéé" rh&hidd aérggzgaanq Qiameter

noni oni ¢ surface stabilizer time and
condltloné”@%ﬁ@ﬁd@%fbﬂéméﬂﬁ@bkwﬁﬁubW@Pagevpart|cIe

size(of t l; t 2000 ra
A
gl ucocort flegsasene; bjld@wm@s Ittlaronl,nomrkl'aeetobefepfr&,molnolone

O S Ao AR BBl o
about beclomethasone dipropionate, dexamethasone, triamincinolone,
beclomethasone, fluocinolone, fluocinonide, flunisolide hemihydrate,
flunisolide, mometasone furoate monohydrate, clobetasol, and
combinations thereof;
(d) the glucocorticosteroid is present in a concentration of from about
0.015 mg/mL up to about 600 mg/mL
(e) the nonionic stabilizer is a polyoxyethylene sorbitan fatty acid ester;

and

® the amphiphilic lipid is a phospholipid.

32. A method of making a sterile composition comprising:
(a) particles of at least one glucocorticosteroid, wherein the particles have
an effective average particle size of less than about 2000 nm;
(b) at least one nonionic surface stabilizer; and
© at least one amphiphilic lipid,
wherein the method comprises:
() contacting particles of a glucocorticosteroid with at least one

nonionic surface stabilizer for a time and under conditions to
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115 C to about 135 C 33. A nethod of treating a
subject in need conprising adm nistering to the

WG aiy7eg9@ t herapeutically effective anmount of PEI/US2007/001851
sterile conposition conprising: (a) particles of at
| east one gl ucocorticosteroid, wherein the particles
have an effective average particle size of |ess than
about 2000 nm (b) at |east one nonionic surface
stabilizer; and (c) at |east one anphiphilic |ipid.
34. The net hodreﬂucc ths,a offegBye whangs partinks siasngfobe padieles to less
conpri ses at ast alqeceutical excipient or
carrier. 35. Terre f c¢laim 33 or claim 34,
wher ei n s@i)d ta&ahganteastsonf:(am;ﬂmmlhé lipivhtatthe ghutpsm'aisesteroid
36. The nethod of any one.o

the treatment FYMPYHUIGLSRE ch:tj%etl Bn?g’bc?rggegpa%ﬁfo%

obstructi ve pukdmgasly; ghdsease, enphysema, respiratory
di stress syndrone, chronic bronchitis, respiratory

i |1 ness a€lbci Atad hitine hedor Fé’&‘tf%r‘?eteﬂ‘éﬁefa&“ér?é}mm about

syndrone, and hpfd @argabsryizeondi tions of the eye,
i nflammatory conditions of the skin, inflammtory

SHEVEE AL R ETRE

conj é:'ﬂfé?dp‘éhﬁbﬁly SRS aARRNA! ofd 416 conidsitidnl dompising:
The net hod one of clains 33 to 36,.wherein_the

conp@3it | BAFticles At ISP 18P EANCPR AL tigOH BRI, whergii the partiples have
aer osol . %effgg{?\@%%@ ggf'tl&é ﬁlnggycsmea'bﬁu{ o nm;

patient delivery time r the aerosol adm nistration
is f@om abrd@astp@eslewmdssm@w stabBizar and mi nut es.

(c) at least one amphiphilic lipid.

34. The method of claim 33, wherein the composition comprises at least one

pharmaceutical excipient or carrier.

35. The method of claim 33 or claim 34, wherein said treatment is for an

inflammatory disease.

36. The method of any one of claims 33 to 35, wherein the treatment is for
asthma, cystic fibrosis, chronic obstructive pulmonary disease, emphysema,
respiratory distress syndrome, chronic bronchitis, respiratory illness associated
with acquired immune deficiency syndrome, and inflammatory conditions of
the eye, inflammatory conditions of the skin, inflammatory conditions of the
ear, allergic conditions of the eye, allergic conditions of the skin, allergic

conjunctivitis, and seasonal allergic rhinitis.

37. The method any one of claims 33 to 36, wherein the composition is

administered via a nasal or pulmonary aerosol.

38. The method of claim 37 wherein the patient delivery time for the aerosol

administration is from about 15 seconds up to about 15 minutes.
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