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NEBULIZATION FORMULATIONS FOR
DELIVERY TO LOWER RESPIRATORY
TRACT

FIELD OF THE TECHNOLOGY

The present disclosure 1s directed to nebulization formu-
lations for delivery to the lower respiratory tract.

BACKGROUND

Respiratory tract conditions are extremely common ail-
ments of the human experience and include rhinologic
conditions, infections, and other obstructions to respiration.
One reason for this frequency 1s constant exposure of
respiratory surfaces to the external environment. For
example, foreign matter such as debris, microorganisms,
viruses, biological matter, and even harsh environmental
conditions may enter the body during respiration, 1rritating
or infecting respiratory tract surfaces or even the internal
body. Overtime, the human body has also evolved defenses
designed to protect the body from this exposure. These
defenses include mucous lining and immune responses such
as intflammation and increased mucous production or vis-
cosity. Diseases and abnormalities such as chronic obstruc-
tive pulmonary disease (COPD), asthma, rhinitis, and vari-
ous allergies may also include undesirable triggering or
modulation of such defenses, e.g., excessive 1mmune
responses that cause bronchoconstriction or excessive
mucous production or thickening.

Often times an 1itial treatment objective of respiratory
tract conditions 1s to relieve the obstruction and restore
unobstructed respiration by increasing drainage or relieving,
inflammation. Further objectives may be directed to reliev-
ing discomiort or treating the underlying condition. Treat-
ments may include localized application or action of medi-
cations, e.g., using nasal spray or metered inhaler. However,
respiratory tract conditions may manifest at multiple loca-
tions complicating targeted delivery of medication where
needed, thus, systemic delivery routes such as oral or
intravenous administration, have also been used. Causes of
respiratory tract conditions are also numerous and identifi-
cation of a precise cause may be dithicult, especially when
multiple conditions are present. What are needed are addi-
tional formulations and treatments to treat respiratory tract
conditions for delivery to the lower respiratory tract.

SUMMARY

In one aspect, a method of making a pharmaceutical
composition for delivery to the lower respiratory tract via
nebulization within a sterile diluent includes mixing dry
powder ingredients to formulate a dry powder mixture. The
dry powder ingredients may include a first ingredient com-
prising a beta agonist or an anticholinergic and a second
ingredient comprising one or more additional active ingre-
dients comprising one or more pharmaceutical drugs, one or
more inactive mgredients, or combination thereof.

In one example, the method 1ncludes enclosing the dry
powder mixture within a capsule, satchel, or other pharma-
ceutical container.

In a further or another example, the method includes
preparing an aliquot of the dry powder mixture and analyz-
ing the aliquot for accurate mixing and final concentration of
ingredients.
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In any of the above or another example, mixing the dry
powder ingredients to formulate the dry powder mixture
includes mixing the dry powder ingredients with a motor-
1zed mixing device.

In any of the above or another example, the second
ingredient comprises xylitol, poloxamers, or both.

In any of the above or another example, the first ingre-
dient 1s the beta agonist, and the beta agonaist 1s selected from
levalbuterol or albuterol.

In a further example, the levalbuterol or albuterol 1s mixed
at a unit dose amount of about 0.5 mg to about 2.5 mg for
cach unit dose in the dry powder mixture.

In a further example, the second ingredient comprises the
one or more additional active ingredients, and the one or
more additional active ingredients comprise a mucolytic.

In a further example, the mucolytic 1s acetylcysteine.

In a further example, the second ingredient further com-
prises the one or more 1nactive ingredients comprising
xylitol, poloxamers, or both.

In one example, the first ingredient 1s the anticholinergic,
and wherein the anticholinergic 1s ipratropium.

In a further example, the 1pratropium 1s mixed at a unit
dose amount of about 0.1 mg to about 1.0 mg for each unit
dose 1n the dry powder mixture.

In a further example, the second ingredient comprises the
one or more additional active ingredients comprising a
mucolytic.

In a further example, the mucolytic 1s acetylcysteine.

In a further example, the second ingredient further com-
prises the one or more inactive ingredients comprising
xylitol, poloxamers, or both.

In another aspect, a method of delivering a pharmaceu-
tical composition to the lower respiratory tract includes
combining a dry powder with a sterile diluent to formulate
a solution or suspension; and nebulizing the solution or
suspension to generate particles having a particle size less
than 12 nm, wherein the dry powder comprises a beta
agonist or an anticholinergic.

In one example, the sterile diluent i1s a sterile aqueous
diluent.

In a further example, the dry powder includes the beta
agonist 1s selected from levalbuterol or albuterol in a unit
dose amount of about 0.5 mg to about 2.5 mg.

In a further or another example, the dry powder includes
the anticholinergic comprising ipratropium in a unit dose
amount of about 0.1 mg to about 1.0 mg.

In any of the above or another example, the dry powder
turther includes xylitol or poloxamers.

In any of the above or another example, the dry powder
includes a mucolytic comprising acetylcysteine in a unit
dose amount of about 0.5 mg to about 100 mg.

In any of the above or another example, the dry powder
further includes: one or more steroids 1n a unit dose amount
of about 0.01 mg to about 8 mg; one or more antithistamines
in a unit dose amount of about 0.1 mg to about 50 mg;
theophylline 1n a unit dose amount of about 1 mg to about
100 mg; sodium citrate 1n a unit dose amount of about 0.5
mg to about 100 mg; zinc 1 a unit dose amount of about 0.5
mg to about 30 mg; one or more antifungal drugs 1n a umt
dose amount of about 0.1 mg to about 100 mg; one or more
antibiotics 1n a unit dose amount of about 0.5 mg to about
100 mg; one or more antiviral drugs 1n a unit dose amount
of about 0.1 mg to about 50 mg; one or more anti-inflam-
matory drugs in a unit dose amount of about 0.1 mg to about
60 mg; one or more leukotriene receptor antagonists 1n a unit
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dose amount of about 0.01 mg to about 20 mg; quinine
sulfate 1n a unit dose amount of about 0.5 mg to about 100
mg; or combination thereof.

DESCRIPTION

The present disclosure describes compositions and related
methods of treating, e.g., managing, conditions associated
with the respiratory tract for delivery to the lower respiratory
tract. In some embodiments, the compositions may include
antimicrobials and/or other actives or inactives to combat
infection or symptoms arising {from an infection of the lower
respiratory tract or condition aflecting the lower respiratory
tract, such as bronchitis, pneumonia, tuberculosis. In some
embodiments, the compositions may be used to treat non-
infective conditions or symptoms arising from non-infective
conditions related to the lower respiratory tract such as
chronic obstructive pulmonary disease or asthma.

The compositions may typically be provided i a dry
powder comprising or consisting of one or more active
ingredients. In some formulations, the dry powder may be
mixed with a diluent prior to admimstration. Admainistration
may be via nebulization to the lower respiratory tract. The
diluent may be an aqueous diluent and will typically be
sterile.

In some embodiments, a topical composition disclosed
herein may be used as a supplemental or replacement
therapy for patients who are currently using nasally deliv-
cred steroids, nasally or orally delivered antihistamines,
nasally delivered anticholinergics, nasally or orally deliv-
ered mucolytics, orally delivered montelukast, or irrigation
systems to clear out the nasal cavities and remove debris.

The topical composition and associated methods of treat-
ment may include a pharmaceutically effective amount of an
active component, which those having skill in the art will
appreciate may include salts, pharmaceutical equivalents, or
derivatives thereof. For brevity, however, such salts, equiva-
lents, and derivatives may be referred to herein with respect
to the active agent or class of active agent. For example, the
composition may comprise albuterol, which 1s itended to
encompass equivalent pharmaceutical salts or derivatives,
such as an effective amount of albuterol sulfate.

Embodiments of the composition may include various
ingredients including active agents, inactive agents, bases,

carriers, excipients, solubilization agents, dispersion agents,
emulsifiers, diluents, flavoring agents, pH adjusting agents,
fillers, or the like.

Various embodiments of the composition may include an
active component selected from a beta agonist, anticholin-
ergic, or combination thereof. In a further example, the
composition may include one or more of a steroid, antihis-
tamine, mucolytic, antimicrobial, zinc, or combinations
thereof.

In some embodiments, the composition includes an active
ingredient comprising or consisting ol one or more beta
agonists. In one example, the beta agonist may include one
or more beta agonists selected from albuterol, arformoterol,
buphenine, clenbuterol, dopexamine, epinephrine, fenoterol,
formoterol,  1soetarine, isoprenaline,  1soproterenol,
levosalbutamol, levalbuterol, orciprenaline, metaproterenol,
pirbuterol, procaterol, ntodrine, salbutamol, salmeterol,
terbutaline, or combination thereof. A unit dose of the
composition may include the beta agonist 1n an amount
about 0.45 mg to about 3 mg, such as about 0.5 mg to about
2.5 mg, about 0.5 mg to about 2 mg, about 0.5 mg to about
1.5 mg, about 0.5 mg to about 1 mg, about 1 mg to about 2.5
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mg, about 1 mg to about 2 mg, about 1.5 mg to about 2.5 mg,
greater than 1 mg, greater than 1.5 mg, or greater than 2 mg.

The composition including one or more beta agonists may
include one or more active or mactive mgredients, such as
those described herein. For example, 1 various embodi-
ments, the composition includes any of the beta agonist
identified above or elsewhere herein, 1n an amount described
above or elsewhere herein, wherein the active ingredient
further includes one or more of a steroid, mucolytic, anti-
histamine, theophylline, sodium citrate, zinc, antifungal
drug, antibiotic, anftiviral, anti-inflammatory, leukotriene
receptor antagonist, or quinine sulfate or any combination
thereof, including any of such active ingredients i1dentified
herein, 1n any amount or range described herein.

In some embodiments, the composition includes an active
ingredient comprising or consisting of one or more anticho-
linergics. In one example, the anticholinergic may include
one or more anticholinergics selected from atropine, bella-
donna alkaloids, benztropine mesylate, clidinium, cyclopen-
tolate, darifenacin, dicylomine, fesoterodine, flavoxate, gly-
copyrrolate, homatropine hydrobromide, vyoscyamine,
ipratropium (e.g., 1pratropium bromide), orphenadrine,
oxitropium, oxybutynin, propantheline, propantheline bro-
mide, scopolamine, methscopolamine, solifenacin, tiotro-
pium, tolterodine, trihexyphenidyl, trospium, or combina-
tion thereof.

A unit dose of the composition may include the anticho-
linergic 1n an amount about 0.01 mg to about 1 mg, about
0.01 mg to about 0.1 mg, about 0.02 mg to about 0.1 mg,
about 0.03 mg to about 0.1 mg, about 0.05 mg to about 0.6
mg, about 0.08 mg to about 0.5 mg, about 0.1 to about 0.5
mg, or about 0.5 mg to about 1 mg. In one embodiment, the
anticholinergic comprises ipratropium 1n a unit dose amount
about 0.1 mg to about 1 mg, such as about 0.1 to about 0.5
mg, about 0.25 mg to about 0.75 mg, about 0.25 mg to about
1 mg.

The composition including one or more anticholinergics
may include one or more active or inactive ingredients, such
as those described herein. For example, in various embodi-
ments, the composition includes any of the anticholinergics
identified above or elsewhere herein, 1n an amount described
above or elsewhere herein, wherein the active ingredient
further 1includes one or more of a steroid, mucolytic, anti-
histamine, theophylline, sodium citrate, zinc, antifungal
drug, antibiotic, anftiviral, anti-inflammatory, leukotriene
receptor antagonist, or quinine sulfate or any combination
thereol, including any of such active ingredients 1dentified
herein, 1n any amount or range described herein.

In various embodiments, the composition includes an
active ingredient comprising or consisting ol one or both of
a beta agonist or an anticholinergic and a mucolytic. Muco-
lytics may be present to assist in dissolving or breaking
down mucus in the respiratory tract. Accordingly, 1n one
embodiment, the composition includes one or more muco-
lytics selected from acetylcysteine, erdosteine, bromheksin,
carbocisteine and guaifenesin or pharmaceutically accept-
able salts thereof. A unit dose of the composition may
include the mucolytic 1n an amount about 0.5 mg to about
500 mg, such as about 0.5 mg to about 5 mg, about 5 mg to
about 15 mg, about 15 mg to about 100 mg, about 50 mg to
about 150 mg, about 75 mg to about 200 mg, about 75 mg
to about 150 mg, about 100 mg to about 250 mg, about 200
mg to about 500 mg. In one embodiment, the mucolytic
comprises acetylcysteine 1n a unit dose amount about 0.5 mg
to about 250 mg, about 15 mg to about 250 mg, about 25 mg
to about 200 mg, about 50 mg to about 150 mg, about 75 mg
to about 125 mg, or about 100 mg.
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In various embodiments, the composition includes an
active ingredient comprising or consisting of one or both of
a beta agonist or an anticholinergic and one or more of a
steroid or a mucolytic. One or more steroids of an active
ingredient may include a corticosteroid, glucocorticoid ste-
roid, or both, for example. Corticosteroids mimic the eflects
of hormones that the body produces naturally in your
adrenal glands. Corticosteroids can suppress inflammation
and can reduce the signs and symptoms of inflammatory
conditions (e.g., arthritis and asthma). Corticosteroids can
also suppress the immune system. Corticosteroids can act on
a number of different cells (e.g., mast cells, neutrophils,
macrophages and lymphocytes) and a number of different
mediators (e.g., histamine, leukotriene, and cytokine sub-
types). In various embodiments, the composition include
one or more steroids selected from triamcinolone (e.g.,
diacetate, hexacetonide, and acetonide), betamethasone
(e.g., dipropionate, benzoate, sodium phosphate, acetate,
and valerate), dexamethasone (e.g., dipropionate and valer-
ate), flunisolide, prednisone (e.g., acetate), prednisolone
(e.g., acetate, sodium phosphate, and tebutate), methylpred-
nisolone (e.g., acetate and sodium succinate), fluocinolone
(e.g., acetonide), budesonide, diflorasone (e.g., diacetate),
halcinonide, desoximetasone (desoxymethasone), diflucor-
tolone (e.g., valerate), flucloronide (fluocortolone
acetonide), fluocinonide, tfluocortolone, fluprednidene (e.g.,
acetate), flurandrenolide (flurandrenolone), clobetasol (e.g.,
propionate), clobetasone (e.g., butyrate), alclometasone, tlu-
methasone (e.g., pivalate), fluocortolone (e.g., hexanoate),
amcinonide, beclomethasone (e.g., dipropionate), flutica-
sone (e.g., propionate), difluprednate, predmicarbate, fluran-
drenolide, mometasone, desonide, or combination thereof.

A unit dose of the composition may include the steroid 1n
an amount about 0.25 mg to about 10 mg, such as about 0.5
mg to about 8 mg, about 1 mg to about 6 mg, about 2 mg to
about 5 mg, about 3 mg to about 5 mg, about 4 mg to about
6 mg, about 5 mg to about 7 mg, about 6 mg to about 9 mg,
about 6 mg to about 10 mg, about 0.25 mg to about 5 mg,
about 0.5 mg to about 5 mg, about 0.5 mg to about 3 mg,
about 0.5 to about 2 mg, about 2 mg to about 3 mg, about
3 mg to about 4 mg, about 0.25 mg, about 0.5 mg, about 1
mg, about 2 mg, about 3 mg, about 4 mg, about 5 mg, about
6 mg, or about 7 mg. In one embodiment, the steroid
comprises or consists of fluticasone. For example, a unit
dose of the composition may include fluticasone in an
amount about 0.5 mg to about 6 mg, about 1 mg to about 5
mg, about 2 mg to about 4 mg, about 2 mg to about 3 mg,
about 3 mg to about 4 mg, or about 3 mg. In one embodi-
ment, the steroid comprises or consists of budesonide. For
example, a unit dose of the composition may 1nclude bude-
sonide 1n a unit dose amount about 0.25 mg to about 4 mg,
about 0.25 mg to about 3 mg, about 0.25 mg to about 2 mg,
about 0.5 mg to about 2 mg, about 0.5 to about 1 mg, about
1 mg to about 2 mg, about 0.5 mg, about 1 mg, or about 2
mg. In one embodiment, the steroid comprises or consists of
methylpredmisolone. For example, a unit dose of the com-
position may include methylprednisolone in a unit dose
amount about 1 mg to about 10 mg, about 2 mg to about 9
mg, about 3 mg to about 8 mg, about 4 mg to about 7 mg,
about 4 mg to about 6 mg, about 4 mg to about 5 mg, about
4 mg, about 5 mg, about 6 mg, or about 8 mg.

In various embodiments, the composition includes an
active mgredient comprising or consisting ol one or both of
a beta agonist or an anticholinergic and one or more of a
steroid, mucolytic, or antihistamine. The antihistamine may
include one or more antihistamines. Antihistamines act to
reduce or block histamine receptors (e.g., H1 receptors and
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H?2 receptors) selected from acrivastine, azelastine, bilastine,
bromodiphenhydramine, brompheniramine, buclizine, car-
binoxamine, cetirizine, chlorodiphenhydramine, chlorphe-
namine, chlorpheniramine, chlorpromazine, cimetidine, cle-
mastine, cyclizine, cyproheptadine,  desloratadine,
dexbrompheniramine, dexchlorpheniramine, dimenhydri-
nate, dimetindene, diphenhydramine, doxylamine, ebastine,

embramine, emedastine, famotidine, fexolenadine,
hydroxyzine, lafutidine, levocabastine, loratadine,
meclozine, mirtazapine, nizatidine, olopatadine,

orphenadrine, phenindamine, pheniramine, phenyltoloxam-
ine, promethazine, pyrilamine, quetiapine, ranitidine, roxa-
tidine, rupatadine, tiotidine, tripelennamine, or triprolidine.
A unit dose of the composition may include the antihista-
mine 1n an amount about 1 mg to about 1 g, about 2 mg to
about 100 mg, about 15 mg to about 300 mg, about 25 mg
to about 300 mg, about 50 mg to about 250 mg, about 75 mg
to about 200 mg, about 100 mg to about 900 mg, about 200
mg to about 800 mg, about 300 mg to about 700 mg, about
400 mg to about 700 mg, or about 500 mg to about 800 mg.
In one embodiment, the antihistamine comprises or consists
ol azelastine 1n an amount about 1 mg to 1000 mg, about 1
mg to about 50 mg, about 10 mg to about 100 mg, about 200
mg to about 900 mg, 300 mg to about 800 mg, 400 mg to
about 700 mg, 400 mg to about 600 mg, 500 mg to about 600
mg, about 400 mg, about 500 mg, or about 300 mg.

In various embodiments, the composition includes an
active ingredient comprising or consisting of one or both of
a beta agonist or an anticholinergic and one or more of a
steroid, mucolytic, antihistamine, or theophylline. A unit
dose of the composition may include theophylline 1n an
amount about 1 mg to about 250 mg, 1 mg to about 20 mg,
about 25 mg to about 200 mg, about 50 mg to about 150 mg,
about 75 mg to about 125 mg, or about 100 mg.

In various embodiments, the composition includes an
active ingredient comprising or consisting ol one or both of
a beta agonist or an anticholinergic and one or more of a
steroid, mucolytic, antihistamine, theophylline, or sodium
citrate. Sodium citrate may include monosodium citrate,
disodium citrate, or preferably trisodium citrate or more
preferably sodium citrate dihydrate. A unit dose of the
composition may include sodium citrate 1n an amount about
1 mg to about 150 mg, such as about 5 mg to about 150 mg,
about 10 mg to about 100 mg, about 10 mg to about 75 mg,
about 25 mg to about 50 mg, about 50 mg to about 75 mg,
about 50 mg to about 100 mg, or about 75 mg to about 100
mg.

In various embodiments, the composition includes an
active ingredient comprising or consisting ol one or both of
a beta agonist or an anticholinergic and one or more of a
steroid, mucolytic, antihistamine, theophylline, sodium cit-
rate, or zinc. The zinc may be or include zinc citrate, zinc
HCI, another suitable zinc salt, or combination thereof. A
umt dose of the composition may comprise zinc in an
amount about 1 mg to about 30 mg, such as about 1 mg to
about 20 mg, about 1 mg to about 15 mg, about 1 mg to
about 6 mg, about 5 mg to about 30 mg, about 5 mg to about
20 mg, about 5 mg to about 15 mg, about 10 mg to about 30
mg, about 10 mg to about 25 mg, about 10 mg to about 20
mg, about 15 mg to about 30 mg, about 15 mg to about 25
mg, about 15 mg to about 20 mg, about 20 to about 30 mg,
about 20 mg to about 25 mg, about 25 mg to about 30 mg,
about 5 mg, about 10 mg, about 15 mg, about 20 mg, about
25 mg, or about 30 mg. In one embodiment, a unit dose of
the composition comprises zinc 1 an amount greater than
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about 5 mg, greater than about 10 mg, greater than about 15
mg, greater than about 20 mg, greater than about 25 mg, or
greater than about 30 mg.

In various embodiments, the composition includes an
active mgredient comprising or consisting ol one or both of
a beta agonist or an anticholinergic and one or more of a
steroid, mucolytic, antihistamine, theophylline, sodium cit-
rate, zinc, or antifungal drugs. Antifungal drugs may include
an antifungal selected from one or more categories of
antifungals 1ncluding azoles (1midazoles), antimetabolites,
allylamines, morpholine, glucan synthesis inhibitors (echi-
nocandins), polyenes, benoxaaborale; other antifungal/ony-
chomycosis agents, and new classes of antifungal/onycho-
mycosis agents. For example, the antifungal may comprise
or consist of one or more antifungals selected from aba-
fungin, albaconazole, amorolfin, amphotericin b, anidula-
fungin, bifonazole, butenafine, butoconazole, candicidin,
caspofungin, ciclopirox, clotrimazole, econazole, fenticona-
zole, filipin, fluconazole, flucytosine, griseofulvin, halo-
progin, hamycin, 1savuconazole, 1soconazole, 1traconazole,
ketoconazole, micatungin, miconazole, naftifine, natamycin,
nystatin, omoconazole, oxiconazole, polygodial, posacona-
zole, ravuconazole, rimocidin, sertaconazole, sulconazole,
terbinafine, terconazole, tioconazole, tolnaftate, undecylenic
acid, voriconazole, or a combination thereof. In some
embodiments, the antifungal 1s selected from one or more
azoles. In one embodiment, the antifungal 1s selected from
itraconazole, voriconazole, or combination thereof. A unait
dose of the composition may comprise the antifungal 1n an
amount about 1 mg to about 1 g, such as about 1 mg to about
50 mg, about 50 mg to about 200 mg, about 100 mg to about
400 mg, about 200 mg to about 500 mg, about 50 mg or less,
about 50 mg or greater, about 100 mg or greater, about 150
mg or greater, about 200 mg or greater, about 300 mg or
greater, about 400 mg or greater, about 500 mg or greater,
about 600 mg or greater.

In various embodiments, the composition includes an
active mgredient comprising or consisting of one or both of
a beta agonist or an anticholinergic and one or more of a
steroid, mucolytic, antihistamine, theophylline, sodium cit-
rate, zinc, antifungal drug, or antibiotic. The antibiotic may
include one or more antibiotics selected from enicillins,
cephalosporins, tfluoroquinolones, aminoglycosides, mono-
bactams, carbapenems, macrolides, other anftibiotics, or
combination thereof. For example, the anftibiotic may
include one or more antibiotics selected from afenide, ami-
kacin, amoxicillin, ampicillin, arsphenamine, azithromycin,
azlocillin, aztreonam, bacampicillin, bacitracin, carba-
cephem (loracarbef), carbenicillin, cefaclor, cefadroxil,
cefalotin, cefamandole, cefazolin, cefdinir, cefditoren,
cefepime, cefixime, celoperazone, cefotaxime, cefoxitin,
cefpodoxime, celprozil, ceftazidime, ceftibuten, ceftizox-
ime, ceftobiprole, ceftriaxone, cefuroxime, cephalexin,
chloramphenicol, chlorhexidine, ciprofloxacin, clarithromy-
cin, clavulanic acid, clindamycin, cloxacillin, colimycin,
colistimethate  teicoplanin, colistin, demeclocycline,
dicloxacillin, dirithromycin, doripenem, doxycycline, efpro-
711, enoxacin, ertapenem, erythromycin, ethambutol, flu-
cloxacillin, fosfomycin, furazolidone, gatifloxacin, geldan-
amycin, gentamicin, grepatloxacin, herbimycin, imipenem,
1somazid, kanamycin, levofloxacin, lincomycin, linezolid,
lometfloxacin, meropenem, meticillin, meticillin, mezlocil-
lin, minocycline, mitomycin, moxifloxacin, mupirocin, nai-
cillin, neomycin, netilmicin, nitrofurantoin, norfloxacin,
ofloxacin, oxacillin, oxytetracycline, paromomycin, penicil-
lin G, penicillin V, piperacillin, pivmecillinam, platensimy-
cin, polymyxin B, prontosil, pvampicillin, pyrazinamide,
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quinupristin/dalfopristin, rifampicin, rifampin, roxithromy-
cin, sparfloxacin, spectinomycin, spiramycin, sulbactam,
sulfacetamide, sulfamethizole, sulfamethoxazole, sulfanil-
imide, sulfisoxazole, sulphonamides, sultamicillin, telithro-
mycin, tetracycline, thiamphenicol, ticarcillin, tobramycin,
trimethoprim, trimethoprim-sulfamethoxazole, trolean-
domycin, trovafloxacin, or a combination thereof. In some
embodiments, the antibiotic 1s selected from mupirocin,
gentamycin, tobramycin, or combinations thereof. In one
embodiment, the antibiotic includes an aminoglycoside. A
unit dose of the composition may comprise the antibiotic in
an amount about 1 mg to about 1 g, such as about 1 mg to
about 50 mg, about 50 mg to about 200 mg, about 100 mg
to about 400 mg, about 200 mg to about 500 mg, about 50
mg or less, about 50 mg or greater, about 100 mg or greater,
about 150 mg or greater, about 200 mg or greater, about 300
mg or greater, about 400 mg or greater, about 500 mg or
greater, about 600 mg or greater.

In various embodiments, the composition includes an
active ingredient comprising or consisting ol one or both of
a beta agonist or an anticholinergic and one or more of a
steroid, mucolytic, antihistamine, theophylline, sodium cit-
rate, zinc, antifungal drug, antibiotic, or antiviral. The anti-
viral may include one or more antivirals selected from
acyclovir, famciclovir, valacyclovir, penciclovir, or combi-
nations thereof. A unit dose of the composition may com-
prise the antiviral 1n an amount about 1 mg to about 200 mg,
such as about 1 mg to about 50 mg, about 1 mg to about 10
mg, about 20 mg to about 80 mg, about 50 mg to about 100
mg, about 75 mg to about 150 mg, at least about 3 mg, at
least about 7 mg, at least about 15 mg, at least about 50 mg,
or at least about 75 mg.

In various embodiments, the composition includes an
active ingredient comprising or consisting ol one or both of
a beta agonist or an anticholinergic and one or more of a
steroid, mucolytic, antihistamine, theophylline, sodium cit-
rate, zinc, antifungal drug, antibiotic, antiviral, or anti-
inflammatory. The anti-inflammatory may include one or
more anti-inflammatories selected from may comprise or
consist of hydrocortisone, hydrocortisone acetate, dexam-
cthasone 21-phosphate, fluocinolone, medrysone, methyl-
prednisolone, predmisolone 21-phosphate, prednisolone
acetate, fluoromethalone, betamethasone, triamcinolone, tri-
amcinolone acetonide, or non-steroidal anti-inflammatories
(NSAIDs) such as salicylate, indomethacin, i1buprofen,
diclofenac, flurbiprofen, piroxicam indomethacin, ibupro-
fen, naxopren, piroxicam or nabumetone. A unit dose of the
composition may comprise the anti-inflammatory 1 an
amount about 1 mg to about 60 mg, such as about 1 mg to
bout 50 mg, about 1 mg to about 40 mg, about 1 mg to
bout 30 mg, about 1 mg to about 30 mg, about 1 mg to
bout 20 mg, about 1 mg to about 10 mg, about 5 mg to
bout 15 mg, about 10 mg to about 25 mg, about 20 mg to
about 40 mg, about 25 mg to about 50 mg, greater than about
5 mg, greater than about 10 mg, greater than about 15 mg,
greater than about 20 mg, greater than about 25 mg, or
greater than 30 mg.

In various embodiments, the composition includes an
active ingredient comprising or consisting ol one or both of
a beta agonist or an anticholinergic and one or more of a
steroid, mucolytic, antihistamine, theophylline, sodium cit-
rate, zinc, antifungal drug, antibiotic, antiviral, anti-intlam-
matory, or leukotriene receptor antagonists. The leukotriene
receptor antagonist may be selected from one or more of
montelukast, zafirlukast, zileuton, or a combination thereof.
A unit dose of the composition may include about 0.01 mg
to about 20 mg leukotriene receptor antagonist, such as
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about 0.5 mg to about 3 mg, about 3 mg to about 10 mg,
about 5 mg to about 15 mg, greater than 0.5 mg, greater than
1.5 mg, greater than 3 mg, or greater than 5 mg.

In various embodiments, the composition includes an
active mgredient comprising or consisting ol one or both of
a beta agonist or an anticholinergic and one or more of a
steroid, mucolytic, antihistamine, theophylline, sodium cit-
rate, zinc, antifungal drug, antibiotic, antiviral, anti-intlam-
matory, leukotriene receptor antagonist, or quimine sulfate.
The quinine sulfate may include equivalent amounts of
active substance from quinine or other quinine salts such as
quinine hydrochloride, quinine di-hydrochloride, quinine
sulfate dehydrate, quinine bisulfate, or quinine gluconate. A
unit dose of the composition may include quinine sulfate in
an amount about 1 mg to about 150 mg, about 50 mg to
about 1000 mg, about 50 mg to about 700 mg, about 100 mg
to about 700 mg, about 200 mg to about 500 mg, about 300
mg to about 400 mg, about 300 mg to about 700 mg, about
400 mg to about 700 mg, about 500 mg to about 700 mg,
about 600 mg to about 700 mg, or about 325 mg or about
650 mg.

In various embodiments, the composition may include
one or more inactive mgredients in addition to one or more
active mgredients, such as those described herein. Inactive
ingredients may include, for example, excipients, diluents,
or carriers. In some formulations, mactive ingredients may
be synthetic or naturally derived igredients such as one or
more of a base, solvent, surfactant, permeation enhancer,
emollient, pH modifying agent, butler, solubility enhancer,
or a carrier molecule or complex configured to enhance or
modulate diffusion, localization, targeting, active or passive
transport, or uptake, for example, of one or more active
agents. Other mactives may include solvents, preservatives,
flavorings, stabilizers (including antioxidants), colorants,
sorbents, glidents, fillers, or bulking agents. When included
alone or together with active ingredients 1n a dry powder
format, the mnactive ingredients may similarly be provided in
a dry powder.

In some embodiments, the composition includes mactive
ingredients including one or both of xylitol and poloxamers.
The xylitol or poloxamers may be present in a unit dose
amount about 1 mg to about 700 mg, such as about 10 mg
to about 50 mg, about 50 mg to about 200 mg, about 100 mg
to about 400 mg, about 200 mg to about 500 mg, about 50
mg or less, about 50 mg or greater, about 100 mg or greater,
about 150 mg or greater, about 200 mg or greater, about 300
mg or greater, about 400 mg or greater, about 500 mg or
greater, or about 600 mg or greater. Diluents may 1nclude
water, distilled water, sterile water, water for injection,
sodium chlornide, or saline solution, for example. The diluent
may comprise an aqueous diluent or non-aqueous diluent.
Compositions for nebulization to the lower respiratory tract
including a dry powder format may be mixed with a sterile
diluent prior to nebulization. In some examples, the sterile
diluent 1s an aqueous diluent, such as sterile water, water for
injection, or sterile sodium chloride or saline solution. For
example, formulating the composition for administration to
the lower respiratory tract may include mixing the dry
powder contents ol one or more capsules, satchels, or other
pharmaceutical containers for holding dry powders with a
sterile aqueous diluent. Thus, 1n one example, the compo-
sition prepared for administration may further include a
diluent, e.g., as disclosed herein, such as an aqueous diluent,
which may comprise or consist ol water, distilled water,
sterile water, water for irrigation, water for injection, salt-
water, sodium chloride (e.g., 0.9%) or saline. The compo-
sition may include an active ingredient comprising or con-
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s1sting of one or both of a beta agonist or an anticholinergic
and, optionally, one or more of a steroid, mucolytic, anti-
histamine, theophylline, sodium citrate, zinc, antifungal
drug, antibiotic, antiviral, anti-inflammatory, leukotriene
receptor antagonist, or quinine sulfate 1n amounts described
herein. The dry powder may also include one or more
inactive mgredients 1n dry powder format such as poloxam-
ers and/or xylitol. The dry powder ingredients may be mixed
with sterile aqueous diluent prior to administration to the
lower respiratory tract via nebulization.

In some embodiments, the active agents may be derived
from, e.g., obtained from, bulk sources and combined to
form the dry powder formulation. The dry powder formu-
lation may be prepared i a dry dosage form suitable for
dispensing to a user. The composition may also comprise a
umit mixture, dose, or combination thereof prepared from
such dry powders, e.g., by addition of the dry powder to a
sterile aqueous diluent prior to admimstration. In some
embodiments, the sterile aqueous diluent also 1includes one
or more active or inactive mgredients, such as any of the
actives or mactives described herein provided 1n commercial
or compounded pharmaceutical solutions or suspensions,
such as vials for injection. The composition may comprise
the dry powder compressed to form a tablet or may be
provided as a loose powder. The composition may further
comprise the dry powder encapsulated to provide a dispens-
able dosage form comprising an encapsulated umt or unit
dose. Prior to administration the composition may be
crushed into a powder, when 1n tablet form, or opened to
release the dry powder, when 1n capsule or another contained
form. In a further embodiment, a user may mix the dry
formulation, e.g., the contents of a capsule or crushed tablet,
with a desired base or diluent liqud configured for nebuli-
zation to the lower respiratory tract, e.g., a sterile aqueous
liquid such as water or sodium chloride solution.

A method of making the composition may include com-
bining multiple ingredients a mixing. For example, mixing
may include shaking or otherwise mixing the combined
ingredients, sifting the resulting powder mixture through a
fine mesh strainer, mixing the powdered mixture until a
homogeneous powder results. A suitable mixer for this
purpose 1s a TURBULA® mixer, which 1s able to mix
powdery substances with differing specific weights and
particle sizes. The mixing 1s generally performed for about
one hour or less. The resulting homogeneous mixture can be
supplied into pharmaceutical containers, such as encapsu-
lated 1nto a suitable capsule, for example a #00 size capsule.
Aliquots may be prepared from the mixture for analysis to
ensure accurate mixing and final concentration.

In one embodiment, a method of preparing the pharma-
ceutical composition for delivery to a target site of the
respiratory tract of a subject includes mixing the composi-
tion with an aqueous diluent to form a nebulization solution.
The nebulization solution dosage form may comprise a unit
dose quantity of composition within a suitable volume of the
diluent. In various embodiments, the suitable volume 1s that
which 1s suitable for administration of the composition via
nebulization. In one embodiment, the suitable volume 1s that
which 1s suitable for administration via 1 a small volume
nebulizer, which may be an intranasal nebulizer. Intranasal
administration via nebulization of the administration formu-
lation of the composition may efliciently deliver the nebu-
lized composition to the respiratory tract. Once delivered,
deposits of the formulation, which may be in a concentrated
state, may form on surfaces of the respiratory tract. Delivery
of the composition using a nebulizer may enhance delivery
elliciency and treatment options by providing tlexibility with




US 11,324,694 B1

11

respect to personalization or customization of treatment.
Nebulization may be by any suitable commercially available
nebulizer device. In one embodiment, the nebulizer solution
1s delivered to the lower respiratory tract using a small
particle nebulization delivery system. For example, the
nebulizer solution dosage form may be formulated for
inhalational delivery to the lungs via a small particle size
nebulizer, such as a PART or Sinustar™, Omron, or other
nebulizer configured to nebulize the dosage form to produce
particles or droplets less than 15 microns in size, such as less
than 10 microns or less than 5 microns, thereby allowing
penetration into the lower respiratory tract, e.g., the lungs. In
one embodiment, the small particle nebulization delivery
system may be configured to nebulize the formulation to
produce small particles or droplets, e.g., having aerosol
characteristics, wherein the majority of the particles or
droplets formed by the nebulization are less than 5 microns.
In some embodiments, 60%, 70%, 80%, or greater of the
particles or droplets are less than 5 microns. In various
embodiments, nebulization with a small particle nebulizer
produces nebulized aerosol particles wherein the majority of
particles are less than 10 microns, 8 microns, 5 microns, or
3 microns. In these or other embodiments, the nebulized
particles may be produced within a particle size dispersion
wherein at least 50%, 60%, 70%, 80%, 90%, or 95% of the
particles may be within about 3 microns and about 10
microns, about 3 microns and about 8 microns, about 3
microns and about 5 microns, about 5 microns and about 8
microns, about 5 microns and about 10 microns, or about 8
microns and about 10 microns. Accordingly, a method of
administering a nebulizer solution including the composi-
tion may comprise using a small particle nebulization deliv-
ery system and nebulizing the formulation to form small
particles or droplets. The nebulized small particles of the
formulation may then be 1nhaled into the upper arrway and
deposit thereaiter within the lower respiratory tract.

Compared to large particle nebulization delivery systems,
small particle nebulization delivery systems deliver a greater
fraction of drug to the pulmonary system. This may increase
systemic bioavailability of the active agents or drugs. Thus
when 1ncreased systemic bioavailability 1s not desirable,
¢.g., when such bioavailability 1s linked to unwanted side
cllects, the formulation may be prepared for and delivered
by a large particle nebulization delivery system. In at least
one embodiment, treatment of an upper or lower respiratory
tract infection comprises nebulizing the nebulizer formula-
tion to produce both small and large particles to target
desired respiratory surfaces.

According to one embodiment, the encapsulated dry
powder dosage form may be formulated as described above
and dispensed to a user, such as a medical professional,
patient, assistant, or caregiver. For example, in one embodi-
ment, one or more encapsulated unit doses 1n a dry powder
format may be dispensed to the user. The user may be
instructed to prepare the composition for administration just
prior to administration. For example, the user may be
instructed to combine the unit dose with a diluent, such as
a sterile aqueous diluent, for administration of the compo-
sition via a nebulizer. The nebulizer may be configured for
delivery of the composition to the pulmonary system, e.g.,
lungs. The nebulizer may be a suitable large or small particle
s1ze nebulizer, which, according to some embodiments, may
include an intranasal large or small particle nebulizer.

In some embodiments, the composition includes an active
ingredient comprising or consisting of a beta agonist in a dry
powder format for mixing with a sterile diluent for formu-
lation of a nebulization solution. The beta agonist may be
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selected from any beta agomist described herein and be
provided 1n any amount or range thereol described herein. In
one example, the beta agonist 1s levalbuterol and/or
albuterol. In a further or another example, the beta agonist
1s provided 1n a unit dose amount about 0.5 mg to about 2.5
mg, or any range therebetween. For example, the composi-
tion may include levalbuterol 1n an amount about 0.5 mg to
about 2.5 mg, albuterol 1n an amount about 0.5 mg to about
2.5 mg, or both levalbuterol and albuterol each 1n an amount
about 0.5 mg to about 2.5 mg. In a further example, the
active ingredient may include one or more additional actives
selected from one or more of a steroid, mucolytic, antihis-
tamine, theophylline, sodium citrate, zinc, antifungal drug,
antibiotic, antiviral, anti-inflammatory, leukotriene receptor
antagonist, or quinine sulfate, such as any of those described
herein, 1n an amount described herein. In one example, the
composition includes an additional active selected from one
or more ol a mucolytic, such as one or more of acetylcys-
teine, erdosteine, bromheksin, carbocisteine, or guaifenesin,
in an amount about 0.5 mg to about 500 mg, such as about
0.5 mg to about 100 mg; steroid, such as one or more of
betamethasone, methylprednisolone, fluocinolone, budes-
onide, diflorasone, desoximetasone, fluocinonide, clobe-
tasol, fluticasone, mometasone, hydrocortisone, or predniso-
lone, 1n an amount about 0.25 mg to about 10 mg, such as
about 0.5 mg to about 8 mg; antihistamine, such as azelas-
tine, 1n an amount about 0.5 mg to about 500 mg; theoph-
ylline 1n an amount about 1 mg to about 200 mg; sodium
citrate 1n an amount about 1 mg to about 150 mg, zinc 1n an
amount about 1 mg to about 30 mg; antifungal, such as one
or more ol amphotericin b, ciclopirox, clotrimazole, econa-
zole, fluconazole, itraconazole, ketoconazole, miconazole,
naftifine, nystatin, oxiconazole, ravuconazole, or voricona-
zole, 1n an amount about 1 mg to about 100 mg; antibiotic,
such as one or more of azithromycin, cefixime, celotaxime,
ciprofloxacin, clarithromycin, clindamycin, colistimethate,
doxycycline, erythromycin, gentamicin, levofloxacin, lin-
ezolid, nitrofurantoin, or tobramycin, 1n an amount about 1
mg to about 250 mg; antiviral, such as acyclovir, 1n an
amount about 1 mg to about 100 mg; an anti-inflammatory,
such as one or more of salicylate, indomethacin, ibuprotien,
diclofenac, flurbiprofen, piroxicam indomethacin, ibupro-
fen, naxopren, piroxicam, or nabumetone, 1n an amount
about 1 mg to about 60 mg; leukotriene receptor antagonist,
such as one or more of montelukast, zafirlukast, or zileuton,
in an amount about 0.01 mg to about 20 mg; or quinine
sulfate 1n an amount about 1 mg to about 250 mg. In any of
the above examples, the composition may iclude an 1nac-
tive ingredient comprising any inactive, such as any of those
described heremn. In one example, the additional active
comprises or consists ol the mucolytic acetylcysteine, as
described herein. For example, in one embodiment, the
composition includes xylitol and/or poloxamer. In a further
example, the xylitol and/or poloxamer may be provided 1n a
unit dose amount about 1 mg to about 400 mg. The com-
position may be in a dry powder format and may be
contained within a pharmaceutical container for dry pow-
ders, such as a capsule, satchel, or pouch. The dry powder
may be mixed with a motorized mixing device, such as a
TURBULA®. In one example, the diluent 1s an aqueous
diluent. In one example, the nebulization solution 1s nebu-
lized for delivery to the lower respiratory tract. In one
example, the nebulization solution 1s nebulized with a small
particle nebulizer for delivery to the lower respiratory tract.
The small particles may have any particle size or range
described herein with respect to small particles. In one
example, both small and large particles may be used.
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In some embodiments, the composition includes an active
ingredient comprising or consisting of a anticholinergic in a
dry powder format for mixing with a sterile diluent for
formulation of a nebulization solution. The anticholinergic
may be selected from any anticholinergic described herein
and be provided in any amount or range thereof described
herein. In one example, the anticholinergic 1s 1pratropium. In
a further or another example, the anticholinergic 1s provided
in a unit dose amount about 0.1 mg to about 1.0 mg, or any
range therebetween. For example, the composition may
include ipratropium in an amount about 0.1 mg to about 1.0
mg. In a further example, the active ingredient may include
one or more additional actives selected from one or more of
a steroid, mucolytic, antihistamine, theophylline, sodium
citrate, zinc, antifungal drug, antibiotic, antiviral, anti-in-
flammatory, leukotriene receptor antagonist, or quinine sul-
tate, such as any of those described herein, 1n an amount
described herein. In one example, the composition includes
an additional active selected from one or more of a muco-
lytic, such as one or more of acetylcysteine, erdosteine,
bromheksin, carbocisteine, or guaifenesin, in an amount
about 0.5 mg to about 500 mg, such as about 0.5 mg to about
100 mg; steroid, such as one or more ol betamethasone,
methylprednisolone, fluocinolone, budesonide, diflorasone,
desoximetasone, fluocinonide, clobetasol, fluticasone,
mometasone, hydrocortisone, or prednisolone, 1n an amount
about 0.25 mg to about 10 mg, such as about 0.5 mg to about
8 mg; antihistamine, such as azelastine, 1n an amount about
0.5 mg to about 500 mg; theophylline in an amount about 1
mg to about 200 mg; sodium citrate in an amount about 1 mg
to about 150 mg, zinc 1n an amount about 1 mg to about 30
mg; antifungal, such as one or more ol amphotericin b,
ciclopirox, clotrimazole, econazole, fluconazole, itracona-
zole, ketoconazole, miconazole, naftifine, nystatin, oxicona-
zole, ravuconazole, or voriconazole, in an amount about 1
mg to about 100 mg; antibiotic, such as one or more of
azithromycin, cefixime, cefotaxime, ciprotloxacin, clarithro-
mycin, clindamycin, colistimethate, doxycycline, erythro-
mycin, gentamicin, levofloxacin, linezolid, nitrofurantoin,
or tobramycin, 1n an amount about 1 mg to about 250 mg;
antiviral, such as acyclovir, in an amount about 1 mg to
about 100 mg; an anti-inflammatory, such as one or more of
salicylate, indomethacin, i1buprofen, diclofenac, flurbipro-
fen, piroxicam indomethacin, ibuprofen, naxopren, piroxi-
cam, or nabumetone, in an amount about 1 mg to about 60
mg; leukotriene receptor antagonist, such as one or more of
montelukast, zafirlukast, or zileuton, 1n an amount about
0.01 mg to about 20 mg; or quinine sulfate in an amount
about 1 mg to about 250 mg. In any of the above examples,
the composition may include an inactive mgredient com-
prising any inactive, such as any of those described herein.
In one example, the additional active comprises or consists
of the mucolytic acetylcysteine, as described herein. For
example, 1 one embodiment, the composition includes
xylitol and/or poloxamer. In a further example, the xylitol
and/or poloxamer may be provided in a unit dose amount
about 1 mg to about 400 mg. The composition may be 1n a
dry powder format and may be contained within a pharma-
ceutical container for dry powders, such as a capsule,
satchel, or pouch. The dry powder may be mixed with a
motorized mixing device, such as a TURBULA®. In one
example, the diluent 1s an aqueous diluent. In one example,
the nebulization solution 1s nebulized for delivery to the
lower respiratory tract. In one example, the nebulization
solution 1s nebulized with a small particle nebulizer for
delivery to the lower respiratory tract. The small particles
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may have any particle size or range described herein with
respect to small particles. In one example, both small and
large particles may be used.

It 1s to be appreciated that the examples, embodiments,
and other descriptions herein with respect to the composition
and related methods may specifically exclude any compo-
nent or ingredient thereot described herein. In some embodi-
ments, the composition does not include other components,
such as resins, oils, lipids, water, organic solvents, DMSQO,
alcohol, fatty acids, inorganic solvents, antibodies, proteins,
amino acids, nucleic acids, biological tissues, or biological
compounds.

This specification has been written with reference to
vartous non-limiting and non-exhaustive embodiments.
However, 1t will be recognized by persons having ordinary
skill 1n the art that various substitutions, modifications, or
combinations of any of the disclosed embodiments (or
portions thereol) may be made within the scope of this
specification. Thus, it 1s contemplated and understood that
this specification supports additional embodiments not
expressly set forth 1n this specification. Such embodiments
may be obtained, for example, by combiming, modifying, or
reorganizing any ol the disclosed steps, components, ele-
ments, features, aspects, characteristics, limitations, and the
like, of the wvarious non-limiting and non-exhaustive
embodiments described in this specification.

The grammatical articles “one™, “a”, “an”, and *“‘the”, as
used 1n this specification, are intended to mclude *“at least
one” or “one or more”’, unless otherwise indicated. Thus, the
articles are used 1n this specification to refer to one or more
than one (1.e., to ““at least one™) of the grammatical objects
of the article. By way of example, “a component” means one
or more components, and thus, possibly, more than one
component 1s contemplated and may be employed or used 1n
an application of the described embodiments. Further, the
use of a singular noun includes the plural, and the use of a
plural noun includes the singular, unless the context of the
usage requires otherwise. Additionally, the grammatical
conjunctions “and” and “or” are used herein according to
accepted usage. By way of example, “x and y” refers to “x”
and “y”. On the other hand, “x or y” refers to “x”, “y”, or
both “x” and “y”.

Any numerical range recited herein includes all values
and ranges from the lower value to the upper value. For

example, 1 a concentration range 1s stated as 1% to 50%, 1t
1s intended that values such as 2% to 40%, 10% to 30%, 1%

to 3%, or 2%, 23%, 39% and the like, are expressly
enumerated in this specification. These are only examples of
what 1s specifically intended, and all possible combinations
of numerical values and ranges between and including the
lowest value and the highest value enumerated are to be
considered to be expressly stated in this application. Num-
bers modified by the term “about™ are intended to include+/—
10% of the number modified. For example, a range of about
1 mg to about 10 mg includes 0.9 mg and 11 mg.

The present disclosure may be embodied 1n other forms
without departing from the spirit or essential attributes
thereol and, accordingly, reference should be had to the
following claims rather than the foregoing specification as
indicating the scope of the invention. Further, the illustra-
tions of arrangements disclosed herein are intended to
provide a general understanding of the various embodi-
ments, and they are not intended to serve as a complete
description. Many other arrangements will be apparent to
those of skill 1n the art upon reviewing the above descrip-
tion. Other arrangements may be utilized and derived there-
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from, such that logical substitutions and changes may be
made without departing from the scope of this disclosure.
What 1s claimed 1s:
1. A method of delivering a pharmaceutical composition
to the lower respiratory tract, the method comprising:
combining a dry powder with a sterile diluent to formulate
a solution or suspension; and

nebulizing the solution or suspension to generate particles
having a particle size less than 12 nm, wherein the dry
powder comprises a beta agonist or an anticholinergic.

2. The method of claim 1, wherein the sterile diluent 1s a
sterile aqueous diluent.

3. The method of claim 2, wherein the dry powder
includes the beta agonist 1s selected from levalbuterol or
albuterol 1n a unit dose amount of about 0.5 mg to about 2.5
mg.

4. The method of claim 3, wherein the dry powder further
includes xylitol or poloxamers.

5. The method of claim 4, wherein the dry powder
includes a mucolytic comprising acetylcysteine in a unit
dose amount of about 0.5 mg to about 100 mg.

6. The method of claim 2, wherein the dry powder
includes the anticholinergic, and wherein the anticholinergic
1s 1pratropium 1n a unit dose amount of about 0.1 mg to about
1.0 mg.

7. The method of claim 6, wherein the dry powder further
includes xylitol or poloxamers.

8. The method of claim 7, wherein the dry powder
includes a mucolytic comprising acetylcysteine 1 a unit
dose amount of about 0.5 mg to about 100 mg.

9. The method of claim 1, wherein the beta agonist 1s
selected from levalbuterol or albuterol 1n a unit dose amount
of about 0.5 mg to about 2.5 mg, and wherein the dry powder
turther includes: one or more steroids in a unit dose amount
of about 0.01 mg to about 8 mg; one or more antihistamines
in a unit dose amount of about 0.1 mg to about 50 mg;
theophylline 1n a unit dose amount of about 1 mg to about
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100 mg; sodium citrate in a unit dose amount of about 0.5
mg to about 100 mg; zinc 1 a unit dose amount of about 0.5
mg to about 30 mg; one or more antifungal drugs 1n a umt
dose amount of about 0.1 mg to about 100 mg; one or more
antibiotics 1n a unit dose amount of about 0.5 mg to about
100 mg; one or more antiviral drugs 1n a unit dose amount
of about 0.1 mg to about 50 mg; one or more anti-inflam-
matory drugs 1n a unit dose amount of about 0.1 mg to about
60 mg; one or more leukotriene receptor antagonists 1n a unit
dose amount of about 0.01 mg to about 20 mg; quinine
sulfate 1n a unit dose amount of about 0.5 mg to about 100
mg; or combination thereof.

10. The method of claim 1, wherein the anticholinergic 1s
ipratropium 1n a umt dose amount of about 0.1 mg to about
1.0 mg, and wherein the dry powder further includes: one or
more steroids m a unit dose amount of about 0.01 mg to
about 8 mg; one or more antihistamines in a unit dose
amount of about 0.1 mg to about 50 mg; theophylline 1n a
unit dose amount of about 1 mg to about 100 mg; sodium
cifrate 1n a unit dose amount of about 0.5 mg to about 100
mg; zinc 1n a unit dose amount of about 0.5 mg to about 30
mg; one or more antifungal drugs in a unit dose amount of
about 0.1 mg to about 100 mg; one or more antibiotics 1n a
unit dose amount of about 0.5 mg to about 100 mg; one or
more antiviral drugs in a unit dose amount of about 0.1 mg
to about 50 mg; one or more anti-inflammatory drugs in a
unit dose amount of about 0.1 mg to about 60 mg; one or
more leukotriene receptor antagonists 1n a unit dose amount
of about 0.01 mg to about 20 mg; quinine sulfate 1n a unit
dose amount of about 0.5 mg to about 100 mg; or combi-
nation thereof.

11. The method of claim 10, wherein the dry powder also
includes the beta agonist, and wherein the beta agonist 1s
selected from levalbuterol or albuterol 1n a unit dose amount
of about 0.5 mg to about 2.5 mg.

G ex x = e



	Front Page
	Specification
	Claims

