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FORMOTEROL/STEROID BRONCHODILATING 
COMPOSITIONS AND METHODS OF USE 

THEREOF 

RELATED APPLICATIONS 

[0001] Bene?t of priority under 35 U.S.C. §119(e) is 
claimed to US. provisional patent application serial No. 
60/284,607, ?led Apr. 17, 2001, to Banerjee et al. The 
disclosure of the above-referenced application is incorpo 
rated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] Compositions and methods are provided relating to 
treatment, prevention, or amelioration of one or more symp 
toms of broncho-constrictive disorders. In particular, the 
compositions and methods herein include formoterol, and/or 
a derivative thereof, and a steroid, and/or a derivative 
thereof. The compositions are propellant-free, sterile unit 
dose or multidose inhalation solutions intended for admin 
istration via nebuliZation. 

BACKGROUND OF THE INVENTION 

[0003] Bronchoconstrictive disorders affect millions 
WorldWide. Such disorders include asthma (including bron 
chial asthma, allergic asthma and intrinsic asthma, e.g., late 
asthma and airWay hyper-responsiveness), chronic bronchi 
tis and other chronic obstructive pulmonary diseases. Com 
pounds having [32-adrenoreceptor agonist activity have been 
developed to treat these conditions. Such compounds 
include, but are not limited to, Albuterol (a1-(((1,1-dimeth 
ylethyl)amino)methyl)-4-hydroXy-1,3-benZenedimethanol); 
Bambuterol (dimethylcarbamic acid 5-(2-((1,1-dimethyl 
ethyl)amino)-1-hydroXyethyl)-1,3-phenylene ester); 
Bitolterol (4-methylbenZoic acid 4-(2-((1,1-dimethylethy 
l)amino)-1-hydroXyethyl)-1,2-phenylene ester); BroXaterol 
(3-bromo-ot-(((1,1-dimethylethyl)amino)methyl)-5-isoX 
aZolemethanol); Isoproterenol (4-(1-hydroXy-2-((1-methyl 
ethyl)amino)ethyl)-1,2-benZenediol); Trimetoquinol (1,2,3, 
4-tetrahydro-1-((3,4,5-trimethoXyphenyl)methyl)-6,7 
isoquinolinediol); Clenbuterol (4-amino-3,5-dichloro-ot 
(((1,1-diemthylethyl)amino)methyl)benZenemethanol); 
Fenoterol (5-(1-hydroXy-2-((2-(4-hydroXyphenyl)-1-meth 
ylethyl)amino)ethyl)-1,3-benZenediol); Formoterol (2-hy 
droXy-5-((1RS)-1-hydroXy-2-(((1RS)-2-(p-methoXyphe 
nyl)-1-methylethyl)amino)ethyl)formanilide); (R,R) 
Formoterol; Desformoterol ((R,R) or (S,S)-3-amino-4 
hydroXy-ot-(((2-(4-methoXyphenyl)-1 
methylethyl)amino)methyl)benZenemethanol); 
HeXoprenaline (4,4‘-(1,6-heXanediyl)-bis(imino(1-hydroXy 
2,1-ethanediyl)))bis-1,2-benZenediol); Isoetharine (4-(1-hy 
droXy-2-((1-methylethyl)amino)butyl)-1,2-benZenediol); 
Isoprenaline (4-(1-hydroXy-2-((1-methylethyl)amino)et 
hyl)-1,2-benZenediol); Metaproterenol (5-(1-hydroXy-2-((1 
methylethyl)amino)ethyl)-1,3-benZenediol); Picumeterol 
(4-amino-3,5-dichloro-ot-(((6-(2-(2-pyridinyl)ethoXy)heXy 
l)amino)methyl)benZenemethanol); Pirbuterol (of-(((1,1 
dimethylethyl)amino)methyl)-3-hydroXy-2,6-py 
ridinemethanol); Procaterol (((R*,S*)-(:)-8-hydroXy-5-(1 
hydroXy-2-((1-methylethyl)amino)butyl)-2(1H) 
quinolinone); Reproterol ((7-(3-((2-(3,5-dihydroXyphenyl) 
2-hydroXyethyl)amino)propyl)-3,7-dihydro-1,3-dimethyl 
1H-purine-2,6-dione); Rimiterol (4-(hydroXy-2 
piperidinylmethyl)-1,2-benZenediol); Salbutamol ((:)-ot1 
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(((1,1-dimethylethyl)amino)methyl)-4-hydroXy-1,3-ben 
Zenedim1ethanol); (R)-Salbutamol; Salmeterol ((:)-4-hy 
droXy-ot (((6-(4-phenylbutoXy)heXyl)amino)methyl)-1,3 
benZenedi-methanol); (R)-Salmeterol; Terbutaline (5-(2-((1, 
1-dimethylethyl)amino)-1-hydroXyethyl)-1,3-benZenediol); 
Tulobuterol (2-chloro-ot-(((1,1-dimethyl-ethyl)amino)meth 
yl)benZenemethanol); and TA-2005 (8-hydroXy-5-((1R)-1 
hydroXy-2-(N-((1R)-2-(4-methoXyphenyl)-1-methylethy 
l)amino)ethyl)carbostyril hydrochloride). 
[0004] These compounds are typically formulated for 
inhalation therapy. Aqueous or liquid formulations are pre 
ferred over formulations of solids. PoWdered formulations 
are more difficult to administer, particularly to the young and 
elderly Who are most often the patients in need of such 
therapy. Compounds, such as formoterol, Which has many 
desirable properties, are not adequately stable in aqueous 
solutions to be formulated as liquids. Hence there is a need 
for formulations of compounds, such as formoterol, in a 
form that can be conveniently administered. 

[0005] Other prophylactic therapeutics for use in treat 
ment of bronchoconstrictive disorders include steroidal anti 
in?ammatory agents such as beclomethasone dipropionate 
(BDP), beclomethasone monopropionate (BMP), 
?unisolide, triamcenolone acetonide, deXamethasone, tipre 
dane, ciclesonid, mometasone, mometasone furoate 
(AsmaneX® TWisthalerTM, Shering-Plough Corporation, 
KenilWorth, N.J.), RPR 106541, ?uticasone, ?uticasone 
propionate and budesonide. These agents can be formulated 
for inhalation therapy. 

[0006] Effective treatment of asthma and other bronchoc 
onstrictive disorders often requires combination therapy. It 
is advantageous to administer combinations of bronchodi 
lators and other agents, such as anti-steroidal agents. Since 
some the [32-adrenoreceptor agonist compounds are not 
available as aqueous or liquid formulations, combinations 
thereof With other agents, are not available as aqueous or 
liquid formulations. Since aqueous or liquid formulations 
are preferred, there is need to develop liquid formulations. 
Therefore, it is an object herein to provide stable liquid 
formulations of [32-adrenoreceptor agonist compounds. It is 
a further object herein to improve the stability of eXisting 
liquid formulations. 

SUMMARY OF THE INVENTION 

[0007] Compositions and methods for treatment, preven 
tion, or amelioration of one or more symptoms of bronchoc 
onstrictive disorders are provided. The compositions pro 
vided herein are stable solutions of a bronchodilating agent, 
and/or a derivative thereof, and a prophylactic therapeutic 
agent, including, but not limited to, a steroid and/or a 
derivative thereof. The compositions are formulated in a 
pharmacologically suitable ?uid that contains Water and that 
are stable during long term storage. The compositions are 
suitable for direct administration to a subject in need thereof. 
Pharmacologically suitable ?uids include, but are not lim 
ited to, polar ?uids, including protic ?uids. In certain 
embodiments herein, the compositions are aqueous solu 
tions. 

[0008] Compositions provided herein possess an esti 
mated shelf-life of greater than 1, 2 or 3 months usage time 
at 25° C. and greater than or equal to 1, 2 or 3 years storage 
time at 5° C. In certain of these embodiments, using Arrhe 
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nius kinetics, >80% or >85% or >90% or >95% estimated 
bronchodilating agent remains after such storage. These 
compositions are particularly useful for administration via 
nebuliZation. In certain embodiments herein, the subject is a 
mammal. In other embodiments, the subject is a human. 

[0009] The compositions provided herein are formulated 
to remain stable over a relatively long period of time. For 

eXample, the compositions provided herein are stored 
betWeen —15° C. and 25C., or betWeen 2° C. and 8° C. In one 

embodiment, the compositions are stored at 5° C. 

[0010] Among the bronchodilating agents for use herein 
are Albuterol (OR-(((1,1-dimethylethyl)amino)methyl)-4-hy 
droXy-1,3-benZenedimethanol); Bambuterol (dimethylcar 

acid 5-(2-((1,1-dimethylethyl)amino)-1-hydroXy 
ethyl)-1,3-phenylene ester); Bitolterol (4-methylbenZoic 
acid 4-(2-((1,1-dimethylethyl)amino)-1-hydroXyethyl)-1,2 
phenyleneester); BroXaterol (3-bromo-ot-(((1,1-dimethyl 

bamic 

ethyl)amino)methyl) -5 -isoXaZolemethanol); Isoproterenol 
(4-(1 -hydroXy-2-((1-methylethyl)amino)ethyl)- 1,2-ben 
Zenediol); Trimetoquinol (1,2,3,4-tetrahydro-1 -((3,4,5-tri 
methoXyphenyl)methyl)-6,7-isoquinolinediol); Clenbuterol 
(4- amino-3,5-dichloro -ot-(((1, 1-diemthylethyl)amino)meth 
yl)benZenemethanol); Fenoterol (5-(1-hydroXy-2-((2-(4-hy 
droXyphenyl)-1 -methylethyl) amino)ethyl)-1 ,3 -benZene 
diol); Formoterol (2-hydroXy-5 -((1RS)- 1 -hydroXy-2 
(((1RS)-2-(p-methoXyphenyl)-1 - 

methylethyl)amino)ethyl)formanilide); (R,R)-Formoterol; 
Desformoterol ((R,R) or (S,S) -3-amino -4-hydroXy-ot-(((2 
(4-methoXyphenyl)-1 -methyl-ethyl)amino)methyl)benZen 
emethanol); HeXoprenaline (4,4‘-(1 ,6-heXane-diyl)-bi 
s(imino(1 -hydroXy-2,1 -ethanediyl)))bis- 1 ,2-benZenediol); 
Isoetharine (4-(1-hydroXy-2-((1 -methylethyl) amino)butyl) 
1 ,2-benZenediol); Isoprenaline (4-(1 -hydroXy-2-((1 -methyl 
ethyl)amino)ethyl)-1 ,2-benZenediol); Metaproterenol (5-(1 - 
hydroXy-2-((1 -methylethyl) amino)ethyl)- 1,3-benZenediol); 

(4-amino -3,5 -dichloro-ot-(((6 -(2-(2-pyridi 
nyl)ethoXy)heXyl)amino)methyl)benZenemethanol); Pir 
buterol (0t6 -(((1, 1-dimethylethyl)amino)methyl) -3 -hydroXy 
2,6-pyridinemethanol); Procaterol ,S *) -(z) -8 -hydroXy 
5 -(1-hydroXy-2-((1 -methylethyl) amino)butyl) -2(1H) 
quinolin-one); Reproterol ((7-(3 -((2-(3,5-dihydroXyphenyl) 
2-hydroXyethyl)amino)propyl)-3,7-dihydro-1 ,3 -dimethyl 
1H-purine -2,6-dione); (4-(hydroXy-2 
piperidinylmethyl)-1 ,2-benZenediol); Salbutamol -(X 
(((1 , 1-dimethylethyl)amino)methyl)-4-hydroXy-1 ,3 
benZenedimethanol); (R)Salbutamol; Salmeterol -4 
hydroXy-ot1-(((6 -(4-phenylbutoXy)heXyl) amino)methyl)- 1, 
3-benZenedimethanol); (R) -S almeterol; Terbutaline (5 -(2 
((1 ,1 -dimethylethyl) amino)-1 -hydroXyethyl)- 1,3 
benZenediol); Tulobuterol (2-chloro-ot-(((1 ,1 - 
dimethylethyl)amino)methyl)benZenemethanol); and 
TA-2005 (8-hydroXy-5 -((1R)- 1-hydroXy-2-(N-((1R)-2-(4 
methoXyphenyl)- 1 -methylethyl)amino)ethyl)carbostyril 
hydrochloride). 

Picumeterol 

Rimiterol 
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[0011] Of particular interest herein is formoterol, having 
the formula: 

OH 

NHCHO 

HO 

Me 
OMe. 

[0012] Formoterol for use in the compositions and meth 
ods provided herein includes 2-hydroXy-5-((1RS)-1-hy 
droXy-2-(((1RS)-2-(p-methoXyphenyl)-1-methylethyl)ami 
no)ethyl)formanilide; or a stereoisomer thereof; and also 
includes the single enantiomers 2-hydroXy-5-((1S)-1-hy 
droXy-2-(((1S)-2-(p-methoXyphenyl)-1-methylethyl)amino 
)ethyl)formanilide and 2-hydroXy-5-((1R)-1-hydroXy-2 
(((1R)-2-(p-methoXyphenyl)-1 
methylethyl)amino)ethyl)formanilide. 
[0013] Prophylactic therapeutics for use in the composi 
tions and methods herein include steroidal anti-in?amma 
tory agents, including, but not limited to, beclomethasone 
dipropionate (BDP), beclomethasone monopropionate 
(BMP), ?unisolide, triamcinolone acetonide, deXametha 
sone, tipredane, ciclesonid, ro?eponide, mometasone, 
mometasone furoate (AsmaneX® TWisthalerTM, Shering 
Plough Corporation, KenilWorth, N.J.), RPR 106541, ?uti 
casone or ?uticasone propionate and budesonide, or deriva 
tives thereof. In one embodiment, the steroidal anti 
in?ammatory is ?uticasone, ?uticasone propionate, 
budesonide, or a derivative thereof. 

[0014] In certain embodiments, the compositions are 
administered via nebuliZation. Administration of a nebuliZed 
aerosol is preferred over the use of dry poWders for inha 
lation in certain subject populations, including pediatric and 
geriatric groups. 

[0015] In one embodiment, the compositions for use in the 
methods provided herein contain a pharmaceutically accept 
able derivative of formoterol. In another embodiment, the 
compositions for use in the methods provided herein contain 
a pharmaceutically acceptable salt of formoterol. Pharma 
ceutically acceptable salts include, but are not limited to, 
salts of mineral acids, such as but not limited to hydrochlo 
rides and sulfates; and salts of organic acids, such as but not 
limited to acetates, lactates, malates, tartrates, citrates, ascor 
bates, succinates, butyrates, valerates and fumarates. In one 
embodiment, the compositions for use in the methods pro 
vided herein contain formoterol fumarate or formoterol 
fumarate dihydrate. In another embodiment, the composi 
tions for use in the methods provided herein contain for 
moterol tartrate. 

[0016] In another embodiment, the compositions for use in 
the methods provided herein contain budesonide or ?utica 
sone propionate. Compositions containing formoterol, 
budesonide and a ?uoroalkane propellant are disclosed in 
US. Pat. No. 6,004,537. Compositions containing formot 
erol and budesonide for dry poWder inhalation or metered 
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dose inhalation are disclosed in US. Pat. Nos. 5,674,860 and 
5,972,919. These references do not disclose the composi 
tions provided herein that are formulated in a pharmaco 
logically suitable ?uid, as de?ned herein, that contains Water 
and that are stable during long term storage. 

[0017] Also provided herein are combinations containing 
compositions provided herein. The compositions may be 
formulated separately or miXed in a single composition. The 
compositions contained in the combinations may be admin 
istered sequentially or intermittently. The compositions con 
tained in the combinations can be miXed prior to use or can 
be formulated as a single composition. The combinations 
may further include a nebuliZer. The combinations can be 
packaged as kits, Which optionally contain other compo 
nents, including instructions for use of the nebuliZer and/or 
instructions for miXing the compositions if provided sepa 
rately. 
[0018] Any nebuliZer is contemplated for use in the kits 
and methods provided herein. In particular, the nebuliZers 
for use herein nebuliZe liquid formulations, including the 
compositions provided herein, containing no propellant. The 
nebuliZer may produce the nebuliZed mist by any method 
knoWn to those of skill in the art, including, but not limited 
to, compressed air, ultrasonic Waves, or vibration. The 
nebuliZer may further have an internal baf?e. The internal 
baf?e, together With the housing of the nebuliZer, selectively 
removes large droplets from the mist by impaction and 
alloWs the droplets to return to the reservoir. The ?ne aerosol 
droplets thus produced are entrained into the lung by the 
inhaling air/oxygen. 
[0019] Methods for the treatment, prevention, or amelio 
ration of one or more symptoms of bronchoconstrictive 
disorders, including, but not limited to, asthma, including, 
but not limited to, bronchial asthma, allergic asthma and 
intrinsic asthma, e.g., late asthma and airWay hyper-respon 
siveness; chronic bronchitis; and other chronic obstructive 
pulmonary diseases are provided. The methods involve 
administering an effective amount of a pharmaceutical com 
position provided herein to a subject in need of such 
treatment. 

[0020] Articles of manufacture, containing packaging 
material, a composition provided herein, Which is useful for 
treatment, prevention or amelioration of one or more symp 
toms of diseases or disorders associated With undesired 
and/or uncontrolled bronchoconstriction, and a label that 
indicates that the composition is used for treatment, preven 
tion or amelioration of one or more symptoms of diseases or 

disorders associated With undesired and/or uncontrolled 
bronchoconstriction, are also provided. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

De?nitions 

[0021] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as is com 
monly understood by one of ordinary skill in the art to Which 
this invention belongs. All patents, applications, published 
applications and other publications are incorporated by 
reference in their entirety. In the event that there are a 
plurality of de?nitions for a term herein, those in this section 
prevail unless stated otherWise. 
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[0022] As used herein, formoterol refers to 2-hydroXy-5 
((1RS)-1-hydroXy-2-(((1RS)-2-(p-methoXyphenyl)-1-meth 
ylethyl)amino)ethyl)formanilide; or a stereoisomer thereof. 
The term formoterol also refers to the single enantiomers 
2-hydroXy-5-((1S)-1-hydroXy-2-(((1S)-2-(p-methoXyphe 
nyl)-1-methylethyl)amino)ethyl)formanilide and 2-hy 
droXy-5-((1R)-1-hydroXy-2-(((1R)-2-(p-methoXyphenyl)-1 
methylethyl)amino)ethyl)formanilide. 

[0023] As used herein, formoterol fumarate refers to a salt 
of formoterol having the formula (formoterol).1/z fumarate. 
Formoterol fumarate dihydrate refers to the dihydrate of 
formoterol fumarate. 

[0024] As used herein, formoterol free base refers to the 
neutral, anhydrous form of formoterol. Thus, a recitation 
that a composition contains, e.g., 59 pg/mL of formoterol 
free base means that the composition contains 59 pg/mL of 
neutral, anhydrous formoterol. Such compositions may be 
prepared using a derivative of formoterol. 

[0025] As used herein, budesonide refers to (RS)-11[3, 
16a, 17, 21-tetrahydroXypregna-1,4-diene-3,20-dione cyclic 
16,17-acetal With butraldehyde. The term budesonide refers 
to the (R) isomer, the (S) isomer, and miXtures thereof. 

[0026] As used herein, ?uticasone refers to (6a, 90., 116, 
16a, l7ot)-6,9-di?uoro-11-hydroXy-16-methyl-3-oXo-17 
hydroXyandrosta-1,4-diene-17-carbothioic acid, S-?uorom 
ethyl ester. Fluticasone propionate refers to (6a, 90., 116, 
16a, l7ot)-6,9-di?uoro-11-hydroXy-16-methyl-3-oXo-17 
(1-oXopropoXy)androsta-1,4-diene-17-carbothioic acid, 
S-?uoromethyl ester. 

[0027] As used herein, an aerosol is liquid or particulate 
matter dispersed in air. Aerosols include dispersions of 
liquids, including aqueous and other solutions, and solids, 
including poWders, in air. 

[0028] As used herein, a nebuliZed solution refers to a 
solution that is dispersed in air to form an aerosol. Thus, a 
nebuliZed solution is a particular form of an aerosol. 

[0029] As used herein, a nebuliZer is an instrument that is 
capable of generating very ?ne liquid droplet for inhalation 
into the lung. Within this instrument, the nebuliZing liquid or 
solution is atomiZed into a mist of droplets With a broad siZe 
distribution by methods knoWn to those of skill in the art, 
including, but not limited to, compressed air, ultrasonic 
Waves, or a vibrating ori?ce. NebuliZers may further contain, 
eq., a baf?e Which, along With the housing of the instrument, 
selectively removes large droplets from the mist by impac 
tion. Thus, the mist inhaled into the lung contains ?ne 
aerosol droplets. 

[0030] As used herein, a pharmacologically suitable ?uid 
is a solvent suitable for pharmaceutical use Which is not a 
liqui?ed propellant gas. Exemplary pharmacologically suit 
able ?uids include polar ?uids, including protic ?uids such 
as Water. 

[0031] As used herein, a combination refers to any asso 
ciation betWeen tWo or among more items. 

[0032] As used herein, ?uid refers to any composition that 
can ?oW. Fluids thus encompass compositions that are in the 
form of semi-solids, pastes, solutions, aqueous miXtures, 
gels, lotions, creams and other such compositions. 
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[0033] As used herein, a mixture is a mutual incorporation 
of tWo or more substances, Without chemical union, the 
physical characteristics of each of the components being 
retained. 

[0034] As used herein, the stability of a composition 
provided herein refers to the length of time at a given 
temperature that greater than 80%, 85%, 90% or 95% of the 
initial amount of active ingredient, e.g., formoterol, is 
present in the composition. Thus, for example, a composi 
tion that is stable for 30 days at 25° C. Would have greater 
than 80%, 85%, 90% or 95% of the initial amount of active 
ingredient present in the composition at 30 days folloWing 
storage at 25° C. 

[0035] As used herein, pharmaceutically acceptable 
derivatives of a compound include salts, esters, enol ethers, 
enol esters, acids, bases, solvates, hydrates or prodrugs 
thereof. Such derivatives may be readily prepared by those 
of skill in this art using knoWn methods for such derivati 
Zation. The compounds produced may be administered to 
animals or humans Without substantial toXic effects and 
either are pharmaceutically active or are prodrugs. Pharma 
ceutically acceptable salts include, but are not limited to, 
amine salts, such as but not limited to N,N‘-dibenZylethyl 
enediamine, chloroprocaine, choline, ammonia, diethanola 
mine and other hydroXyalkylamines, ethylenediamine, 
N-methylglucamine, procaine, N-benZylphenethylamine, 
1-para-chlorobenZyl-2-pyrrolidin-1‘-ylmethylbenZimida 
Zole, diethylamine and other alkylamines, piperaZine and 
tris(hydroXymethyl)aminomethane; alkali metal salts, such 
as but not limited to lithium, potassium and sodium; alkali 
earth metal salts, such as but not limited to barium, calcium 
and magnesium; transition metal salts, such as but not 
limited to Zinc; and other metal salts, such as but not limited 
to sodium hydrogen phosphate and disodium phosphate; and 
also including, but not limited to, salts of mineral acids, such 
as but not limited to hydrochlorides and sulfates; and salts of 
organic acids, such as but not limited to acetates, lactates, 
malates, tartrates, citrates, ascorbates, succinates, butyrates, 
valerates and fumarates. Pharmaceutically acceptable esters 
include, but are not limited to, alkyl, alkenyl, alkynyl, aryl, 
heteroaryl, aralkyl, heteroaralkyl, cycloalkyl and heterocy 
clyl esters of acidic groups, including, but not limited to, 
carboXylic acids, phosphoric acids, phosphinic acids, sul 
fonic acids, sul?nic acids and boronic acids. Pharmaceuti 
cally acceptable enol ethers include, but are not limited to, 
derivatives of formula C=C(OR) Where R is hydrogen, 
alkyl, alkenyl, alkynyl, aryl, heteroaryl, aralkyl, het 
eroaralkyl, cycloalkyl ar heterocyclyl. Pharmaceutically 
acceptable enol esters include, but are not limited to, deriva 
tives of formula C=C(OC(O)R) Where R is hydrogen, alkyl, 
alkenyl, alkynyl, aryl, heteroaryl, aralkyl, heteroaralkyl, 
cycloalkyl ar heterocyclyl. Pharmaceutically acceptable sol 
vates and hydrates are complexes of a compound With one 
or more solvent or Water molecule, preferably 1 to about 
100, more preferably 1 to about 10, most preferably one to 
about 2, 3 or 4, solvent or Water molecules. Formoterol salts 
and hydrates are used in certain embodiments herein. 

[0036] As used herein, treatment means any manner in 
Which one or more of the symptoms of a condition, disorder 
or disease are ameliorated or otherWise bene?cially altered. 
Treatment also encompasses any pharmaceutical use of the 
compositions herein, such as use for treating cancer. 

Mar. 20, 2003 

[0037] As used herein, amelioration of the symptoms of a 
particular disorder by administration of a particular phar 
maceutical composition refers to any lessening, Whether 
permanent or temporary, lasting or transient that can be 
attributed to or associated With administration of the com 
position. 

[0038] As used herein, a prodrug is a compound that, upon 
in vivo administration, is metaboliZed or otherWise con 
verted to the biologically, pharmaceutically or therapeuti 
cally active form of the compound. To produce a prodrug, 
the pharmaceutically active compound is modi?ed such that 
the active compound Will be regenerated by metabolic 
processes. The prodrug may be designed to alter the meta 
bolic stability or the transport characteristics of a drug, to 
mask side effects or toXicity, to improve the ?avor of a drug 
or to alter other characteristics or properties of a drug. By 
virtue of knoWledge of pharmacodynamic processes and 
drug metabolism in vivo, those of skill in this art, once a 
pharmaceutically active compound is knoWn, can design 
prodrugs of the compound (see, e.g., Nogrady (1985) 
Medicinal Chemistry/A BiochemicalApproach, Oxford Uni 
versity Press, NeW York, pages 388-392). 

[0039] It is to be understood that the compounds for use in 
the compositions and methods provided herein may contain 
chiral centers. Such chiral centers may be of either the (R) 
or (S) con?guration, or may be a miXture thereof. Thus, the 
compounds for use in the compositions provided herein may 
be enantiomerically pure, or be stereoisomeric or diastereo 
meric miXtures. It is to be understood that the chiral centers 
of the compounds provided herein may undergo epimeriZa 
tion in vivo. Thus, one of skill in the art Will recogniZe that 
administration of a compound in its (R) form is equivalent, 
for compounds that undergo epimeriZation in vivo, to 
administration of the compound in its (S) form. 

[0040] As used herein, bronchoconstriction refers to a 
reduction in the caliber of a bronchus or bronchi. 

[0041] As used herein, undesired and/or uncontrolled 
bronchoconstriction refers to bronchoconstriction that 
results in or from a pathological symptom or condition. 
Pathological conditions include, but are not limited to, 
asthma and chronic obstructive pulmonary disease (COPD). 
Pathological symptoms include, but are not limited to, 
asthma and COPD. 

[0042] As used herein, the statement that a composition is 
stable during “long term storage” means that the composi 
tion is suitable for administration to a subject in need thereof 
When it has an estimated shelf-life of greater than 1, 2 or 3 
months usage time at 25° C. and greater than or equal to 1, 
2 or 3 years storage time at 5° C. In certain embodiments 
herein, using Arrhenius kinetics, >80% or >85% or >90% or 
>95% estimated bronchodilating agent remains after such 
storage. 

[0043] A. Formoterol, Budesonide and Fluticasone Propi 
onate 

[0044] 1. Formoterol 

[0045] Formoterol (2-hydroXy-5-((1RS)-1-hydroXy-2 
(((1RS)-2-(p-methoXyphenyl)-1-methylethyl)amino)ethyl 
)formanilide) is derived from adrenaline and, as noted 
above, is used as a pz-stimulator in inhalation therapy of 
respiratory diseases, particularly for the treatment of bron 
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chial asthma. It has been reported that in patients With 
reversible obstructive respiratory diseases, formoterol has a 
bronchodilatory effect. This effect has a relatively rapid 
onset (approximately 1-3 minutes) and a relatively long 
duration (greater than 12 hours). Formoterol inhibits the 
release of leukotrienes and other messenger substances 
involved With in?ammation, such as histamines. In addition, 
formoterol may bring about a hyperglycaemic activity. 

[0046] To date, formoterol has been formulated as a dry 
poWder and administered via devices such as the Turbu 
haler® and the AeroliZer®. See, e.g., Seberova et al. (2000) 
Respir. Med. 94(6):607-611; Lotvall et al. (1999) Can. 
Respir. J. 6(5):412-416; Campbell et al. (1999) Respir. Med. 
93(4):236-244; Nightingale et al. (1999) Am. J. Respir Crit. 
Care Med. 159(6):1786-1790; Lecaillon et al. (1999) Eur. J. 
Clin. Pharmacol. 55(2):131-138; BartoW et al. (1998) Drugs 
55(2):303-322; Ekstrom et al. (1998) Respir Med. 
92(8):1040-1045; Ringdal et al. (1998) Respir Med. 
92(8):1017-1021; Totterman et al. (1998) Eur Respir. J. 
12(3):573-579; Palmqvist et al. (1997) Eur. Respir. J. 
10(11):2484-2489; Nielsen et al. (1997) Eur Respir. J. 
10(9):2105-2109; Ullman et al. (1996)Allergy 51(10):745 
748; Selroos et al. (1996) Clin. Immunother. 6:273-299; and 
Schreurs et al. (1996) Eur Respir J. 9(8):1678-1683. 
[0047] Formoterol is also available as a tablet and a dry 
syrup in certain areas of the World (e.g., Atock®, marcketed 
by Yamanouchi Pharmaceutical Co. Ltd., Japan). Formoterol 
formulations are also available in other areas (e.g., Europe 
and US.) for propellant-based metered dose inhalers and dry 
poWder inhalers (e.g., Turbuhaler®, AeroliZer® and Foradil 
AeroliZer®). None of these formulations are Water based. 
Sterile, stable, aqueous based inhalation solutions of for 
moterol for nebuliZation are not available, nor have they 
been reported. 
[0048] Compositions containing formoterol in combina 
tion With other active ingredients have been disclosed. See, 
e.g., US. Pat. Nos. 5,668,110, 5,683,983, 5,677,280 and 
5,654,276 (formoterol and IL-5 inhibitors), 6,136,603 (for 
moterol and antisense modulators of IL-5), US. Pat. No. 
5,602,110 (formoterol and milrinone), US. Pat. No. 5,525, 
623 (formoterol and a tryptase inhibitor), US. Pat. Nos. 
5,691,336, 5,877,191, 5,929,094, 5,750,549 and 5,780,467 
(formoterol and a tachykinin receptor antagonist); and Inter 
national Patent Application Publication Nos. WO 99/00134 
(formoterol and ro?eponide) and WO 99/36095 (formoterol 
and a dopamine D2 receptor agonist). 
[0049] Other compositions containing formoterol have 
been disclosed in Us. Pat. Nos. 5,677,809, 6,126,919, 
5,733,526, 6,071,971, 6,068,833, 5,795,564, 6,040,344, 
6,041,777, 5,874,481, 5,965,622 and 6,161,536. 
[0050] Us. Pat. No. 6,150,418 discloses a “liquid active 
substance concentrate” containing formoterol in the form of 
its free base or in the form of one of the pharmacologically 
acceptable salts or addition products (adducts) thereof as 
active substance. This “liquid active substance concentrate” 
is reported to be a concentrated (i.e., greater than 10 mg/mL, 
preferably 75 to 500 mg/mL) solution or suspension that is 
stable for a period of several months possibly up to several 
years Without any deterioration in the pharmaceutical qual 
ity. This patent teaches that it is the high concentration that 
alloWs for the stability of the concentrate. The “liquid active 
substance concentrate” is not suitable for direct administra 
tion to a subject. 
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[0051] US. Pat. No. 6,040,344 discloses an aqueous aero 
sol formulation of formoterol tartrate for use in a nebuliZer. 
This patent states that the formulation disclosed therein is 
not attractive for long term storage. 

[0052] 2. Budenoside and Fluticasone Propionate Budes 
onide, (RS)-11[3, 160., 17,21-tetrahydroXypregna-1,4-diene 
3,20-dione cyclic 16, 17-acetal With butraldehyde, is an 
anti-in?ammatory, synthetic corticosteroid. Fluticasone pro 
pionate, (60., 11B, 160., 17ot)-6,9,-di?uoro-11-hydroXy-16 
methyl-3-oXo-17-(1-oXopropoXy)androsta-1,4-diene-17 
carbothioic acid, S-?uoromethyl ester, is a synthetic 
?uorinated corticosteroid, and is knoWn for topical derma 
tologic use. Topical corticosteroids constitute a class of 
primarily synthetic steroids used as anti-in?ammatory and 
antipruritic agents. The mechanism of the anti-in?ammatory 
activity of topical steroids, in general, is unclear. HoWever, 
corticosteroids are thought to act by the induction of phos 
pholipase A2 inhibitory proteins (lipocortins). It is postu 
lated that these proteins control the biosynthesis of prostag 
landins and leukotrienes by inhibiting the release of 
arachidonic acid. 

[0053] B. Compositions for Use in Treatment, Prevention, 
or Amelioration of one or More Symptoms of Bronchocon 
strictive Disorders 

[0054] Pharmaceutical compositions containing a 
[32-adrenoreceptor agonist and a steroid for administration 
via nebuliZation are provided. The compositions are sterile 
?ltered and ?lled in vials, including unit dose vials providing 
sterile unit dose formulations Which are used in a nebuliZer 
and suitably nebuliZed. Each unit dose vial is sterile and is 
suitably nebuliZed Without contaminating other vials or the 
neXt dose. The bulk sterile formulation is steriliZed by steam, 
gamma radiation or is prepared using sterile steroidal poW 
der. 

[0055] The unit dose vials are formed in a form-?ll-seal 
machine or by any other suitable method knoWn to those of 
skill in the art. The vials may be made of plastic materials 
that are suitably used in these processes. For eXample, 
plastic materials for preparing the unit dose vials include, 
but are not limited to, loW density polyethylene, high density 
polyethylene, polypropylene and polyesters. In one embodi 
ment, the plastic material is loW density polyethylene. 

[0056] In one embodiment, the [32-adrenoreceptor agonist 
in formoterol, or a pharmaceutically acceptable derivative 
thereof. In other embodiments, the formoterol for use in the 
compositions provided herein is formoterol fumarate. For 
moterol refers to 2-hydroXy-5-((1RS)-1-hydroXy-2-(((1RS) 
2-(p-methoXyphenyl)-1-methylethyl)amino)ethyl)forma 
nilide; or a stereo-isomer thereof. The term formoterol also 
refers herein to the single enantiomers 2-hydroXy-5-((1S) 
1-hydroXy-2-(((1S)-2-(p-methoXyphenyl)-1-methylethy 
l)amino)ethyl)formanilide and 2-hydroXy-5-((1R)-1-hy 
droXy-2-(((1R)-2-(p-methoXyphenyl)-1 
methylethyl)amino)ethyl)formanilide. 

[0057] In one embodiment, the compositions contain, in 
addition to a steroidal anti-in?ammatory agent, including, 
but not limited to, budesonide and ?uticasone propionate, 
formoterol free base at a concentration of about 5 pg/mL to 
about 2 pg/mL. In other embodiments, the maXimum con 
centration of formoterol free base in the compositions is 1.5 
pg/mL. In further embodiments, the concentration of for 
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moterol free base in the compositions is about 10 pg/mL to 
about 1mg/mL, or about 50 pg/mL to about 200 pg/mL. In 
other embodiments, the compositions contain formoterol 
fumarate at a concentration of about 80 pg/mL up to about 
175 to 200 pg/mL. In further embodiments, the composi 
tions contain formoterol fumarate at a concentration of about 
90 pg/mL up to about 125 to 150 pg/mL. The formoterol 
fumarate is formulated, in certain compositions provided 
herein, at a concentration of about 100 pg/mL. The formot 
erol fumarate is formulated, in other compositions provided 
herein, at a concentration of about 85 pg/mL or about 170 
pg/mL. In one embodiment, the formoterol fumarate is 
formulated for single dosage administration via nebuliZation 
at a concentration of about 100 pg/mL. In another embodi 
ment, the compositions contain formoterol free base at a 
concentration of about 40 to about 150 pg/mL, particularly 
about 59 or about 118 pg/mL. 

[0058] The compositions provided herein further contain, 
in addition to a [32-adrenoreceptor agonist, including for 
moterol, a seroidal anti-in?ammatory agent, including, but 
not limited to, budesonide or ?uticasone propionate. Budes 
onide is (RS)-11[3, 16a, 17,21-tetrahydroxypregna-1,4-di 
ene-3,20-dione cyclic 16,17-acetal With butraldehyde. 
Budesonide also refers to the (R) isomer, the (S) isomer, and 
mixtures thereof. Fluticasone propionate refers to (6a, 116, 
16a, 17ot)-6,9-di?uoro-11-hydroxy-16-methyl-3-oxo-17 
(1-oxopropoxy)androsta-1,4-diene-17-carbothioic acid, 
S-?uoromethyl ester. 

[0059] In one embodiment, the compositions contain 
budesonide or ?uticasone propionate at a concentration of 
about 5 pg/mL to about 2 mg/mL. In another embodiment, 
the compositions contain budesonide at a concentration of 
about 75 pg/mL to about 500 pg/mL, or about 125 pg/mL to 
about 500 pg/mL. In certain embodiments, the compositions 
contain budesonide at a concentration of about 125 pg/mL or 
250,;tg/mL. In another embodiment, the compositions con 
tain ?uticasone propionate at a concentration of about 75 
pg/mL to about 1000 pg/mL, or about 250 pg/mL to about 
1000 pg/mL. In further embodiments, the compositions 
contain ?uticasone propionate at a concentration of about 
125 pg/mL or about 250 pg/mL. 

[0060] The compositions are formulated as solutions or 
suspensions With a pharmacologically suitable ?uid. Phar 
macologically suitable ?uids include, but are not limited to, 
polar solvents, including, but not limited to, compounds that 
contain hydroxyl groups or other polar groups. Such sol 
vents include, but are not limited to, Water or alcohols, such 
as ethanol, isopropanol, and glycols including propylene 
glycol, polyethylene glycol, polypropylene glycol, glycol 
ether, glycerol and polyoxyethylene alcohols. 

[0061] Polar solvents also include protic solvents, includ 
ing, but not limited to, Water, aqueous saline solutions With 
one or more pharmaceutically acceptable salt(s), alcohols, 
glycols or a mixture thereof. For a saline solution as the 
solvent or as a component othereof, particularly suitable 
salts are those Which display no or only negligible pharma 
cological activity after administration. 

[0062] In the embodiments herein, the compositions have 
a pH of about 2.0 to about 8.0. The particular pH of a given 
composition for long term storage provided herein may be 
determined empirically using standard stability assays Well 
knoWn to those of skill in the art (see, e.g., the Examples). 
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For example, in certain embodiments, the compositions have 
a pH of about 4.0 to about 6.0, or about 4.5 to about 5.5. In 
certain of the above embodiments, the compositions are 
formulated at a pH of about 4, 4.4 or 4.6 up to about 5.5, 5.7 
or 6. In other embodiments, the pH is about 5.0. It has been 
found herein that the rate constant for decomposition of an 
aqueous solution of formoterol is dependent on pH. The rate 
constant (kobs) at 60° C. at a pH of 3, 4, 5 and 7 is 
approximately 0.62, 0.11, 0.044 and 0.55 day31 1, respec 
tively. Therefore, the decomposition of formoterol in aque 
ous solution at 60° C. at a buffer concentration of 5 mM and 
an ionic strength of 0.05 is sloWest at a pH of about 5.0. 

[0063] The solubility of formoterol in aqueous solution 
has been found herein to be dependent on pH. Thus, at a pH 
of betWeen about 5 and about 7, the aqueous solubility of 
formoterol at ambient temperature is approximately 2.2 
mg/mL. At a pH of about 4, the aqueous solubility of 
formoterol at ambient temperature is approximately 3 
mg/mL, While at a pH of about 3, the aqueous solubility of 
formoterol at ambient temperature is about 4.8 mg/mL. The 
solubility of formoterol in pure Water, for example, high 
performance liquid chromatography (HPLC) Water, at ambi 
ent temperature is approximately 2 mg/mL. 

[0064] In other of the above embodiments, the composi 
tions further contain a buffer, including, but not limited to, 
citric acid/phosphate, acetate, barbital, borate, Britton-Rob 
inson, cacodylate, citrate, collidine, formate, maleate, 
Mcllvaine, phosphate, Prideaux-Ward, succinate, citrate 
phosphate-borate (Teorell-Stanhagen), veronal acetate, MES 
(2-(N-morpholino)ethanesulfonic acid), BIS-TRIS (bis(2 
hydroxyethyl)iminotris(hydroxymethyl)methane), ADA 
(N-(2-acetamido)-2-iminodiacetic acid), ACES (N-(carbam 
oylmethyl)-2-aminoethanesulfonaic acid), PIPES (pipera 
Zine-N,N‘-bis(2-ethanesulfonic acid)), MOPSO (3-(N-mor 
pholino)-2-hydroxypropanesulfonic acid), BIS-TRIS 
PROPANE (1,3-bis(tris(hydroxymethyl)methy 
lamino)propane), BES (N,N-bis(2-hydroxyethyl)-2-amino 
ethanesulfonaic acid), MOPS (3-(N-morpholino)propane 
sulfonic acid), TES (N-tris(hydroxymethyl)methyl-2 
aminoethanesulfonic acid), HEPES (N-(2 
hydroxyethyl)piperaZine-N‘-(2-ethanesulfonic acid), DIPSO 
(3-(N,N-bis(2-hydroxyethyl)amino)-2-hydroxypropane 
sulfonic acid), MOBS (4-(N-morpholino)butanesulfonic 
acid), TAPSO (3-(N-tris(hydroxymethyl)methylamino)-2 
hydroxypropanesulfonic acid), TRIZMA® (tris(hydroxym 
ethylaminomethane), HEPPSO (N-(2-hydroxyethyl)pipera 
Zine-N‘-(2-hydroxypropanesulfonic acid), POPSO 
(piperaZine-N,N‘-bis(2-hydroxypropanesulfonic acid)), TEA 
(triethanolamine), EPPS (N-(2-hydroxyethyl)piperaZine-N‘ 
(3-propanesulfonic acid), TRICINE (N-tris(hydroxymethyl 
)methylglycine), GLY-GLY (glycylglycine), BICINE (N,N 
bis(2-hydroxyethyl)glycine), HEPBS (N-(2 
hydroxyethyl)piperaZine-N‘-(4-butanesulfonic acid)), TAPS 
(N-tris(hydroxymethyl)methyl-3-aminopropanesulfonic 
acid), AMPD (2-amino-2-methyl-1,3-propanediol), and/or 
any other buffers knoWn to those of skill in the art. In one 
embodiment, the buffer is citric acid/phosphate buffer, 
acetate buffer, citrate buffer or phosphate buffer. In another 
embodiment, the buffer is a citrate buffer (citric acid/sodium 
citrate). The buffer concentration has been found herein to 
affect the stability of the composition. Buffer concentrations 
for use herein include from about 0 or 0.01 mM to about 150 
mM, or about 1 mM to about 20 mM. In one embodiment, 
the buffer concentration is about 5 mM. In another embodi 
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ment, the buffer concentration is about 1 mM to about 50 
mM, or about 20 mM. The kinetic-pH pro?le of formoterol 
is dependent on buffer concentration. At loW and approxi 
mately neutral conditions, increasing the buffer concentra 
tion from 5 mM to 20 mM increased the rated constant of 
decomposition signi?cantly. HoWever, no noticeable differ 
ences in rate constant Were observed in the pH region of 
about 4.5 to about 5.5 With increasing buffer concentration 
from 5 mM to 20 mM. The particular buffer and buffer 
concentration of a given composition for long term storage 
provided herein may be determined empirically using stan 
dard stability assays Well knoWn to those of skill in the art 
(see, e.g., the Examples). 

[0065] The ionic strength of the compositions provided 
herein also has been found herein to affect the stability of the 
composition. Ionic strengths of the compositions provided 
herein are from about 0 to about 0.4, or from about 0.05 to 
about 0.16. Compositions having a loWer ionic strength 
exhibit improved stability over formulations having higher 
ionic strength. The rate constant of decomposition Was 
essentially the same at ionic strength 0.05 to 0.1, but 
increased to some extent at ionic strength of 0.2. The 
particular ionic strength of a given composition for long 
term storage provided herein may be determined empirically 
using standard stability assays Well knoWn to those of skill 
in the art (see, e.g., the Examples). 

[0066] In embodiments Where the pharamacologically 
suitable ?uid is a saline solution, tonicity adjusting agents 
may be added to provide the desired ionic strength. Tonicity 
adjusting agents for use herein include those Which display 
no or only negligible pharmacological activity after admin 
istration. Both inorganic and organic tonicity adjusting 
agents may be used in the compositions provided herein. 
Tonicity adjusting agents include, but are not limited to, 
ammonium carbonate, ammonium chloride, ammonium lac 
tate, ammonium nitrate, ammonium phosphate, ammonium 
sulfate, ascorbic acid, bismuth sodium tartrate, boric acid, 
calcium chloride, calcium disodium edetate, calcium glu 
conate, calcium lactate, citric acid, dextrose, diethanola 
mine, dimethylsulfoxide, edetate disodium, edetate triso 
dium monohydrate, ?uorescein sodium, fructose, galactose, 
glycerin, lactic acid, lactose, magnesium chloride, magne 
sium sulfate, mannitol, polyethylene glycol, potassium 
acetate, potassium chlorate, potassium chloride, potassium 
iodide, potassium nitrate, potassium phosphate, potassium 
sulfate, proplyene glycol, silver nitrate, sodium acetate, 
sodium bicarbonate, sodium biphosphate, sodium bisul?te, 
sodium borate, sodium bromide, sodium cacodylate, sodium 
carbonate, sodium chloride, sodium citrate, sodium iodide, 
sodium lactate, sodium metabisul?te, sodium nitrate, 
sodium nitrite, sodium phosphate, sodium propionate, 
sodium succinate, sodium sulfate, sodium sul?te, sodium 
tartrate, sodium thiosulfate, sorbitol, sucrose, tartaric acid, 
triethanolamine, urea, urethan, uridine and Zinc sulfate. In 
certain embodiments, the tonicity adjusting agent is sodium 
chloride, Which is present at a concentration of from about 
0 mg/mL to about 10, 15 or 20 mg/mL. In further embodi 
ments, the compositions contain sodium chloride at a con 
centration of from about 0 mg/mL to about 7.5 mg/mL. In 
another embodiment, the compositions contain sodium chlo 
ride at a concentration of 0 mg/mL, 1.5 mg/mL, 6.8 mg/mL 
or 7.5 mg/mL. In these embodiments, the pharmacologically 
suitable ?uid is aqueous saline. 
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[0067] The storage temperature of the compositions pro 
vided herein also has been found herein to affect the stability 
of the composition. Compositions stored at a loWer tem 
perature exhibit improved stability over formulations stored 
at higher temperatures. The effect of temperature on the rate 
constant of decomposition at pH 5, a buffer concentration of 
5 mM, and an ionic strength of 0.05, Was linear according to 
Arrhenius kinetics, i.e., When Ln k Was plotted against obs 

1/T, Where T is the temperature in degree Kelvin. 

[0068] The estimated shelf-life of formoterol in the com 
positions provided herein is signi?cantly greater than that 
reported for knoWn formoterol compositions. The estimated 
shelf-life of formoterol in the compositions provided herein 
is about 6.2 years at 5° C. and about 7.5 months at 25° C. 
The estimated formoterol concentrations in the composi 
tions provided herein as a function of storage time at 5° C 
and usage time at 25 ° C. Was determined. It is estimated that 
greater than 90% of the initial formoterol present in the 
composition remains after 3 months of usage time at 25° C. 
and 3 years of storage time at 5° C. as Well as after 0.5 
months of usage time at 25° C. and 1 year of storage time 
at 5° C. 

[0069] In certain embodiments, the compositions provided 
herein are prepared containing formoterol fumarate at a 
nominal concentration of 0.1 mg/mL at the indicated pH and 
citric acid/phosphate buffer concentrations. The solutions 
Were stored at 60° C. In these compositions, formoterol is 
relatively more stable at a pH from about 4 to about 5, and 
is also more stable at loWer buffer concentration. 

[0070] The compositions provided herein also may 
include excipients and additives. The particular excipient or 
additive for use in the compositions for long term storage 
provided herein may be determined empirically using meth 
ods Well knoWn to those of skill in the art (see, e.g., the 
Examples). Excipients and additives are any pharmacologi 
cally suitable and therapeutically useful substance Which is 
not an active substance. Excipients and additives generally 
have no pharmacological activity, or at least no undesirable 
pharmacological activity. The excipients and additives 
include, but are not limited to, surfactants, stabiliZers, com 
plexing agents, antioxidants, or preservatives Which prolong 
the duration of use of the ?nished pharmaceutical formula 
tion, ?avorings, vitamins, or other additives knoWn in the 
art. Complexing agents include, but are not limited to, 
ethylenediaminetetraacetic acid (EDTA) or a salt thereof, 
such as the disodium salt, citric acid, nitrilotriacetic acid and 
the salts thereof. In one embodiment, the complexing agent 
is EDTA. In another embodiment, particularly in the sus 
pension formulations provided herein, the complexing agent 
is sodium edetate. In these embodiments, the compositions 
contain sodium edetate at a concentration of about 0.05 
mg/mL to about 0.5 mg/mL, or about 0.1 mg/mL to about 
0.2 mg/mL. 

[0071] Preservatives include, but are not limited to, those 
that protect the solution from contamination With pathogenic 
particles, including benZalkonium chloride or benZoic acid, 
or benZoates such as sodium benZoate. Antioxidants include, 
but are not limited to, vitamins, provitamins, ascorbic acid, 
vitamin E or salts or esters thereof. 

[0072] In certain embodiments herein, particularly in the 
solution formulations provided herein, the compositions 
contain vitamin E TPGS (d-ot-tocopheryl polyethylene gly 



US 2003/0055026 A1 

col 1000 succinate). In these embodiments, vitamin E TPGS 
is present at a concentration of about 0 mg/mL to about 100 
mg/mL, or about 5 mg/mL to about 50 mg/mL. In certain 
embodiments herein, the compositions contain vitamin E 
TPGS at a concentration of 10 mg/mL, 20 mg/mL, 30 
mg/mL or 50 mg/mL. 

[0073] The compositions provided herein also may 
include a cosolvent, Which increases the solubility of addi 
tives or the active ingredient(s). The particular cosolvent for 
use in the compositions for long term storage provided 
herein may be determined empirically using methods Well 
knoWn to those of skill in the art (see, eq., the Examples). 
Cosolvents for use herein include, but are not limited to, 
hydroxylated solvents or other polar solvents, such as alco 
hols such as isopropyl alcohol, glycols such as propylene 
glycol, polyethylene glycol, polypropylene glycol, glycol 
ether, glycerol, and polyoxyethylene alcohols. In certain 
embodiments herein, particularly in the solution formula 
tions provided herein, the compositions contain a glycol. In 
other embodiments, the compositions contain propylene 
glycol and/or polyethylene glycol, including polyethylene 
glycol 400. In these embodiments, the glycol is present at a 
concentration of 5 about 0 mg/mL to about 100 mg/mL, or 
about 5 mg/mL to about 50 mg/mL. In further embodiments, 
the compositions contain propylene glycol at a concentration 
of 17 mg/mL or 20 mg/mL. In other embodiments, the 
compositions contain polyethylene glycol 400 at a concen 
tration of 10 mg/mL, 20 mg/mL, 30 mg/mL or 50 mg/mL. 

[0074] The compositions provided herein, particularly the 
suspension formulations provided herein, may also contain 
one or more emulsi?ers. 

[0075] The particular emulsi?er for use in the composi 
tions for long term storage provided herein may be deter 
mined empirically using methods Well knoWn to those of 
skill in the art (see, e.g., the Examples). Emulsi?ers for use 
herein include, but are not limited to, polyoxyetheylene 
sorbitan fatty esters or polysorbates, including, but not 
limited to, polyethylene sorbitan monooleate (Polysorbate 
80), polysorbate 20 (polyoxyethylene (20) sorbitan mono 
laurate), polysorbate 65 (polyoxyethylene (20) sorbitan 
tristearate), polyoxyethylene (20) sorbitan mono-oleate, 
polyoxyethylene (20) sorbitan monopalmitate, polyoxyeth 
ylene (20) sorbitan monostearate; lecithins; alginic acid; 
sodium alginate; potassium alginate; ammonium alginate; 
calcium alginate; propane-1,2-diol alginate; agar; carrag 
eenan; locust bean gum; guar gum; tragacanth; acacia; 
xanthan gum; karaya gum; pectin; amidated pectin; ammo 
nium phosphatides; microcrystalline cellulose; methylcellu 
lose; hydroxypropylcellulose; hydroxypropylmethylcellu 
lose; ethylmethylcellulose; carboxymethylcellulose; 
sodium, potassium and calcium salts of fatty acids; mono 
and di-glycerides of fatty acids; acetic acid esters of mono 
and di-glycerides of fatty acids; lactic acid esters of mono 
and di-glycerides of fatty acids; citric acid esters of mono 
and di-glycerides of fatty acids; tartaric acid esters of 
mono-and di-glycerides of fatty acids; mono-and diacetyl 
tartaric acid esters of mono-and di-glycerides of fatty acids; 
mixed acetic and tartaric acid esters of mono-and di-glyc 
erides of fatty acids; sucrose esters of fatty acids; sucro 
glycerides; polyglycerol esters of fatty acids; polyglycerol 
esters of polycondensed fatty acids of castor oil; propane 
1,2-diol esters of fatty acids; sodium stearoyl-2-lactylate; 
calcium stearoyl-2-lactylate; stearoyl tartrate; sorbitan 
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monostearate; sorbitan tristearate; sorbitan monolaurate; 
sorbitan monooleate; sorbitan monopalmitate; extract of 
quillaia; polyglycerol esters of dimerised fatty acids of soya 
bean oil; oxidatively polymerised soya bean oil; and pectin 
extract. 

[0076] In certain embodiments herein, the emulsi?er(s) is 
(are) a polyoxyetheylene sorbitan fatty ester or polysorbate, 
including, but not limited to, polyethylene sorbitan 
monooleate (Polysorbate 80), polysorbate 20 (polyoxyeth 
ylene (20) sorbitan monolaurate), polysorbate 65 (polyoxy 
ethylene (20) sorbitan tristearate), polyoxyethylene (20) 
sorbitan mono-oleate, polyoxyethylene (20) sorbitan mono 
palmitate, polyoxyethylene (20) sorbitan monostearate; sor 
bitan monostearate; sorbitan tristearate; sorbitan monolau 
rate; sorbitan mono-oleate; or sorbitan monopalmitate. In 
further embodiments, the emulsi?er(s) is (are) polysorbate 
80, sorbitan monolaruate or polyoxyethylene (20) sorbitan 
nmonolaurate. 

[0077] C. Preparation of Compounds for Use in the Com 
positions 
[0078] The preparation of the compounds used in the 
compositions provided herein is described beloW. Any such 
compound or similar compound may be synthesiZed accord 
ing to a method discussed in general beloW or by only minor 
modi?cation of the methods by selecting appropriate starting 
materials. 

[0079] Formoterol may be prepared according to the 
method disclosed in Us. Pat. No. 3,994,974. Brie?y, 4-ben 
Zyloxy-3-nitro-ot-bromoacetophenone is reacted With 
N-benZyl-N-(1-methyl-2-p-methoxyphenylethyl)amine to 
form the a-aminoacetophenone. This compound Was sub 
jected to the folloWing series of reactions: reduction of 
the ketone With sodium borohydride; (ii) reduction of the 
nitro group With aqueous hydrochloric acid and iron poWder; 
(iii) amine formulation With acetic anhydride and formic 
acid; and (iv) catalytic reduction over 10% palladium on 
carbon to afford formoterol free base. Crystallization of the 
1/2 fumarate salt from ethanol provides (formoterol).1/z fuma 
rate. 

[0080] The individual enantiomers of formoterol, 2-hy 
droxy-5-((1S)-1-hydroxy-2-(((1S)-2-(p-methoxyphenyl)-1 
methylethyl)amino)ethyl)-formanilide and 2-hydroxy-5 
((1R)-1-hydroxy-2-(((1R)-2-(p-methoxyphenyl)-1 
methylethyl)amino)ethyl)formanilide, may be prepared by 
the method disclosed in US. Pat. No. 6,040,344. Brie?y, 
reaction of optically pure 4-benZyloxy-3-formamidostyrene 
oxide With an optically pure 4-methoxy-ot-methyl-N-(phe 
nylmethyl)benZeneethanamine, folloWed by debenZylation, 
affords the desired enantiomer of formoterol. DebenZylation 
may be accomplished by reduction With hydrogen gas in the 
presence of a noble metal catalyst, such as palladium on 
carbon. 

[0081] The required optically pure 4-benZyloxy-3-forma 
midostyrene oxide may be prepared from 4-benZyloxy-3 
nitro-ot-bromoacetophenone by reduction With vorane in 
the presence of an optically pure aminoindanol, (ii) hydro 
genation over platinum oxide catalyst, (iii) formulation With 
formic acid and acetic anhydride, and (iv) epoxide formation 
in the presence of potassium carbonate. 

[0082] The required optically pure 4-methoxy-ot-methyl 
N-(phenylmethyl)-benZeneethanamine may be prepared 



US 2003/0055026 A1 

from 4-methoXyphenylacetone by reductive amination 
With benZylamine in the presence of hydrogen and a plati 
num catalyst, and (ii) crystallization of the desired optically 
pure amine from the resulting racemic mixture as its man 
delic acid salt. 

[0083] Budesonide may be synthesiZed by the procedure 
disclosed in US. Pat. No. 3,929,768. Brie?y, reaction of 
triamcinolon With propionaldehyde and catalyic perchloric 
acid in dry dioXane at ambient temperature provides, fol 
loWing chromatography on hydroXy-propylated, cross 
linked deXtran gel, budesonide. 

[0084] Fluticasone propionate may be synthesiZed by the 
procedure disclosed in Us. Pat. No. 4,335,121. Brie?y, the 
corresponding carbothioic acid is prepared from the car 
boXylic acid precursor by reaction With dimethylthiocar 
bamoyl chloride in the presence of triethylamine. Reaction 
With bromochloromethane and sodium hydrogen carbonate 
in dimethylacetamide affords the corresponding S-chlorom 
ethyl carbothioate. This compound is treated With sodium 
iodide in acetone to give the corresponding S-iodomethyl 
carbothioate. Fluoride substitution of the iodo group is 
accomplished by reaction With silver ?uoride in acetonitrile 
to afford the desired compound. 

[0085] D. Formulation of Pharmaceutical Compositions 

[0086] The compositions provided herein are prepared by 
procedures Well knoWn to those of skill in the art. For 
eXample, a solution formulations may be prepared by the 
procedure of EXAMPLE 1. Brie?y, polyethylene glycol 400 
and/or propolyene glycol, and a preservative, such as vita 
min E TPGS, are mixed at about 42° C. until a homogeneous 
solution forms. The temperature is loWered and the steroidal 
anti-in?ammatory agent is added. In a second vessel, for 
moterol fumarate dihydrate and the remaining ingredients 
are dissolved in approximately 70% Water. The tWo solu 
tions are mixed and the resulting solution is diluted With 
Water to the desired volume. 

[0087] Suspension formulations are prepared by the pro 
cedure of EXAMPLE 2. Brie?y, all ingredients other than 
the steroidal anti-in?ammatory agent and formoterol fuma 
rate dihydrate are dissolved in about 40% Water With mixing. 
The steroidal anti-in?ammatory agent, Which is microniZed, 
is dispersed in the above miXture With high speed homog 
eniZation. Formoterol fumarate dihydrate is dissolved in 
50% Water and added to the steroidal suspension With 
miXing until a uniform suspension forms. 

[0088] E. Evaluation of the Activity of the Compositions 

[0089] Standard physiological, pharmacological and bio 
chemical procedures are available for testing the composi 
tions provided herein to identify those that possess bronch 
dilatory activity. 

[0090] In vitro and in vivo assays that may be used to 
evaluate bronchodilatory activity are Well knoWn to those of 
skill in the art. See also, e.g., U.S. Pat. Nos. 3,994,974, and 
6,068,833; German Patent No. 2,305,092; Kaumann et al. 
(1985) Naunyn-SchmiedArch. Pharmacol. 331:27-39; Lem 
oine et al. (1985) Naunyn-Schmied Arch. Pharmacol. 
331:40-51; Tomioka et al. (1981) Arch. Int. Pharmacodyn. 
250:279-292; Dellamary et al. (2000) Pharm. Res. 
17(2):168-174; Rico. MendeZ et al. (1999) Rev. Alerg. Mex. 
46(5):130-135; Seberova et al. (2000) Respir Med. 
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94(6):607-611; Lotvall et al. (1999) Can. Respir. J. 6(5):412 
416; Campbell et al. (1999) Respir. Med. 93(4):236-244; 
Nightingale et al. (1999) Am. J. Respir Crit. Care Med. 
159(6):1786-1790; Lecaillon et al. (1999) Eur J. Clin. 
Pharmacol. 55(2):131-138; BartoW et al. (1998) Drugs 
55(2):303-322; Ekstrom et al. (1998) Respir Med. 
92(8):1040-1045; Ringdal et al. (1998) Respir Med. 
92(8):1017-1021; Totterman et al. (1998) Eur Respir J. 
12(3):573-579; Palmqvist et al. (1997) Eur. Respir. J. 
10(11):2484-2489; Nielsen et al. (1997) Eur Respir J. 
10(9):2105-2109; Ullman et al. (1996) Allergy 51(10):745 
748; Selroos et al. (1996) Clin. Immunother 6:273-299; and 
Schreurs et al. (1996) Eur. Respir J. 9(8):1678-1683. 

[0091] F. Methods of Treatment of Bronchoconstrictive 
Disorders 

[0092] The compositions provided herein are used for 
treating, preventing, or ameliorating one or more symptoms 
of a bronchoconstrictive disorders in a subject. In one 
embodiment, the method includes administering to a subject 
an effective amount of a composition containing a 
[32-adrenoreceptor agonist, including, but not limited to, 
formoterol, and a steroidal anti-in?ammatory agent, includ 
ing, but not limited to, budesonide and ?uticasone propi 
onate, Whereby the disease or disorder is treated or pre 
vented, or one or more symptoms are ameliorated. The 

subject treated is, in certain embodiments, a mammal. In 
certain of these embodiments, the mammal is a human. 

[0093] In another embodiment, the method provided 
herein includes oral administration of a composition pro 
vided herein. In certain embodiments herein, the composi 
tion is directly administered to a subject in need of such 
treatment via nebuliZation Without dilution or other modi 
?cation of the composition prior to administration. 

[0094] The methods for treatment, prevention, or amelio 
ration of one or more symptoms of bronchoconstrictive 

disorders, in another embodiment, further include adminis 
tering one or more of (a), (b) or (c) as folloWs: (a) a 
[32-adrenoreceptor agonist; (b) a dopamine (D2) receptor 
agonist; or (c) an anti-cholinergic agent; simultaneously 
With, prior to or subsequent to the composition provided 
herein. 

[0095] [32-Adrenoreceptor agonists for use in combination 
With the compositions provided herein include, but are not 
limited to, Albuterol (a1-(((1,1-dimethylethyl)amino)m 
ethyl)-4-hydroXy-1,3-benZenedimethanol); Bambuterol 
(dimethylcarbamic acid 5-(2-((1,1-dimethylethyl)amino)-1 
hydroXyethyl)-1,3-phenylene ester); Bitolterol (4-methyl 
benZoic acid 4-(2-((1,1-dimethylethyl)amino)-1-hydroXy 
ethyl)-1,2-phenylene ester); BroXaterol (3-bromo-ot-(((1,1 
dimethylethyl)amino)methyl)-5-isoXaZolemethanol); 
Isoproterenol (4-(1-hydroXy-2-( (1-methylethyl)amino)et 
hyl)-1,2-benZenediol); Trimetoquinol (1,2,3,4-tetrahydro-1 
((3,4,5-trimethoXyphenyl)methyl)-6,7-isoquinolinediol); 
Clenbuterol (4-amino-3,5-dichloro-ot-(((1,1-diemthylethy 
l)amino)methyl)benZenemethanol); Fenoterol (5-(1-hy 
droXy-2-((2-(4-hydroXyphenyl)-1-methylethyl)amino)et 
hyl)-1,3-benZenediol); Formoterol (2-hydroXy-5-((1RS)-1 
hydroXy-2-(((1RS)-2-(p-methoXyphenyl)-1 
methylethyl)amino)ethyl)formanilide); (R,R)-Formoterol; 
Desformoterol ((R,R) or (S,S)-3-amino-4-hydroXy-ot-(((2 
(4-methoXyphenyl)-1-methylethyl)amino) methyl) benZen 
emethanol); HeXoprenaline (4,4‘-(1,6-heXanediyl)-bi 
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s(imino(1 -hydroxy-2,1 -ethanediyl)))bis- 1 ,2-benZenediol); 
Isoetharine (4-(1-hydroxy-2-((1 -methylethyl) amino)butyl) 
1 ,2-benZenediol); Isoprenaline (4-(1 -hydroxy-2-((1 -methyl 
ethyl)amino)ethyl)-1 ,2-benZenediol); Metaproterenol (5 -(1 - 
hydroxy-2-((1 -methylethyl) amino)ethyl)- 1,3-benZenediol); 
Picumeterol (4-amino -3,5 -dichloro-ot-(((6 -(2-(2-pyridi 
nyl)ethoxy)hexyl)amino)methyl)benZenemethanol); Pir 
buterol (0t6 -(((1, 1-dimethylethyl)amino)methyl) -3 -hydroxy 
2,6-pyridinemethanol); Procaterol ,S *) -(z) -8 -hydroxy 
5 -(1-hydroxy-2-((1 -methylethyl) amino)butyl) -2(1H) 
quinolinone); Reproterol ((7-(3 -((2-(3,5-dihydroxyphenyl) 
2-hydroxyethyl)amino)propyl)-3,7-dihydro-1 ,3 -dimethyl 
1H-purine -2,6-dione); Rimiterol (4-(hydroxy-2 
piperidinylmethyl)-1 ,2-benZenediol); Salbutamol ((:)-ot1 - 
(((1 , 1-dimethylethyl)amino)methyl)-4-hydroxy-1 ,3 
benZenedimethanol); (R) -S albutamol; Salmeterol -4 
hydroxy-ot1-(((6 -(4-phenylbutoxy)hexyl) amino)methyl)- 1, 
3-benZenedimethanol); (R) -S almeterol; Terbutaline (5 -(2 
((1 ,1 -dimethylethyl) amino)-1 -hydroxyethyl)- 1,3 
benZenediol); Tulobuterol (2-chloro-ot-(((1 ,1 - 
dimethylethyl)amino)methyl)benZenemethanol); and 
TA-2005 (8-hydroxy-5 -((1R)- 1-hydroxy-2-(N-((1R)-2-(4 
methoxyphenyl)- 1 -methylethyl)amino)ethyl)carbostyril 
hydrochloride). 
[0096] Dopamine (D2) receptor agonists include, but are 
not limited to, Apomorphine ((r)-5,6,6a,7-tetrahydro-6-me 
thyl-4H-dibenZo[de,g]quinoline-10,11-diol); Bromocriptine 
((5‘ot)-2-bromo-12‘-hydroxy-2‘-(1-methylethyl)-5‘-(2-meth 
ylpropyl)ergotaman-3‘,6‘, 18-trione); Cabergoline ((8[3)-N 
(3-(dimethylamino)propyl)-N-((ethylamino)carbonyl)-6-(2 
propenyl)ergoline-8-carboxamide); Lisuride (N‘-((8ot)-9,10 
didehydro-6-methylergolin-8-yl)-N,N-diethylurea); 
Pergolide ((8[3)-8-((methylthio)methyl)-6-propylergoline); 
Levodopa (3-hydroxy-L-tryrosine); Pramipexole ((s)-4,5,6, 
7-tetrahydro-N6-propyl-2,6-benZothiaZolediamine); Quin 
pirole hydrochlrodie (trans-(—)-4aR-4,4a,5,6,7,8,8a,9-oc 
tahydro-5-propyl-1H-pyraZolo[3,4-g]quinoline 
hydrochloride); Ropinirole (4-(2-(dipropylamino)ethyl)-1, 
3-dihydro-2H-indol-2-one); and Talipexole (5,6,7,8-tetrahy 
dro-6-(2-propenyl)-4H-thiaZolo[4,5-d]aZepin-2-amine). 
Other dopamine D2 receptor agonists for use herein are 
disclosed in International Patent Application Publication No. 
WO 99/36095. 

[0097] Anticholinergic agents for use herein include, but 
are not limited to, ipratropium bromide, oxitropium bro 
mide, atropine methyl nitrate, atropine sulfate, ipratropium, 
belladonna extract, scopolamine, scopolamine methobro 
mide, homatropine methobromide, hyoscyamine, isoprio 
pramide, orphenadrine, benZalkonium chloride, tiotropium 
bromide and glycopyrronium bromide. In certain embodi 
ments, the compositions contain an anticholinergic agent, 
such as ipratropium bromide or tiotropium bromide, at a 
concentration of about 5 pg/mL to about 5 mg/mL, or about 
50 pg/mL to about 200 pg/mL. In other embodiments, the 
compositions for use in the methods herein contain an 
anticholinergic agent, including ipratropium bromide and 
tiotropium bromide, at a concentration of about 83,;tg/mL or 
about 167 pg/mL. 

[0098] Other active ingredients for use herein in combi 
nation therapy, include, but are not limited to, IL-5 inhibitors 
such as those disclosed in US. Pat. Nos. 5,668,110, 5,683, 
983, 5,677,280 and 5,654,276; antisense modulators of IL-5 
such as those disclosed in US. Pat. No. 6,136,603; mil 
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rinone (1,6-dihydro-2-methyl-6-oxo-[3,4‘-bipyridine]-5-car 
bonitrile); milrinone lactate; tryptase inhibitors such as those 
disclosed in US. Pat. No. 5,525,623; tachykinin receptor 
antagonists such as those disclosed in US. Pat. Nos. 5,691, 
336, 5,877,191, 5,929,094, 5,750,549 and 5,780,467; leu 
kotriene receptor antagonists such as montelukast sodium 
(Singular®, R-(E)1-1-[[[1-[3-[2-(7-chloro-2-quinoli 
nyl)ethenyl]phenyl]-3-[2-(1-hydroxy-1-methylethyl)phe 
nyl]-propyl]thiolmethyl]cyclopropaneacetic acid, monoso 
dium salt), 5-lypoxygenase inhibitors such as Zileuton 
(Zy?o®, Abbott Laboratories, Abbott Park, Ill.), and anti 
IgE antibodies such as Xolair® (recombinant humaniZed 
anti-IgE monoclonal antibody (CGP 51901; IGE 025A; 
rhuMAb-E25), Genentech, Inc.). 
[0099] The bronchoconstrictive disorder to be treated, 
prevented, or Whose one or more symptoms are to be 

ameliorated is associated With asthma, including, but not 
limited to, bronchial asthma, allergic asthma and intrinsic 
asthma, e.g., late asthma and airWay hyper-responsiveness; 
and, particularly in embodiments Where an anticholinergic 
agent is used, other chronic obstructive pulmonary diseases 
(COPDs), including, but not limited to, chronic bronchitis, 
emphysema, and associated cor pulmonale (heart disease 
secondary to disease of the lungs and respiratory system) 
With pulmonary hypertension, right ventricular hypertrophy 
and right heart failure. COPD is frequently associated With 
cigarette smoking, infections, environmental pollution and 
occupational dust exposure. 

G. NebuliZers 

[0100] The compositions provided herein are intended for 
administration to a subject in need of such treatment via 
nebuliZation. NebuliZers that nebuliZe liquid formulations 
containing no propellant are suitable for use With the com 
positions provided herein. NebuliZers are available from, 
e.g., Pari GmbH (Starnberg, Germany), DeVilbiss Health 
care (Heston, Middlesex, UK), Healthdyne, Vital Signs, 
Baxter, Allied Health Care, Invacare, Hudson, Siemens, 
Aerogen, Omron, Bremed, AirSep, Luminscope, Medisana, 
Mountain Medical, Aerosol Medical Ltd. (Colchester, 
Essex, UK), AF P Medical (Rugby, WarWickshire, UK), Bard 
Ltd. (Sunderland, UK), Carri-Med Ltd. (Dorking, UK), 
Plaem Nuiva (Brescia, Italy), Henleys Medical Supplies 
(London, UK), Intersurgical (Berkshire, UK), Lifecare Hos 
pital Supplies (Leies, UK), Medic-Aid Ltd. (West Sussex, 
UK), Medix Ltd. (Essex, UK), Sinclair Medical Ltd. (Sur 
rey, UK), and many others. 

[0101] NebuliZers for use herein include, but are not 
limited to, jet nebuliZers (optionally sold With compressors), 
ultrasonic nebuliZers, and others. Exemplary jet nebuliZers 
for use herein include Pari LC plus/ProNeb, Pari LC plus/ 
ProNeb Turbo, Pari LC plus/Dura Neb 1000 & 2000, Pari 
LC plus/Walkhaler, Pari LC plus/Pari Master, Pari LC star, 
Omron CompAir XL Portable NebuliZer System (NE-C18 
and JETAir Disposable nebuliZer), Omron CompAir Elite 
Compressor NebuliZer System (NE-C21 and Elite Air Reus 
able NebuliZer), Pari LC Plus or Pari LC Star nebuliZer With 
Proneb Ultra compressor, Pulmo-aide, Pulmo-aide LT, 
Pulmo-aide traveler, Invacare Passport, Inspiration Health 
dyne 626, Pulmo-Neb Traverler, DeVilbiss 646, Whisper Jet, 
Acorn II, Misty-Neb, Allied aerosol, Schuco Home Care, 
Lexan Plasic Pocet Neb, SideStream Hand Held Neb, Mobil 
Mist, Up-Draft, Up-Draft II, T Up-Draft, ISO-NEB, AVA 
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NEB, Micro Mist, and PulmoMate. Exemplary ultrasonic 
nebuliZers for use herein include MicroAir, UltraAir, Com 
pAir, Pulmosonic, Scout, 5003 Ultrasonic Neb, 5110 Ultra 
sonic Neb, 5004 Desk Ultrasonic NebuliZer, Mystique Ultra 
sonic, Siemens Ultra NebuliZer 145, Luminscope’s 
Ultrasonic NebuliZer, Medisana Ultrasonic NebuliZer, 
Microstat Ultrasonic NebuliZer, and MABISMist Hand Held 
Ultrasonic NebuliZer. Other nebuliZers for use herein 
include 5000 Electromagnetic Neb, AeronebTM Partable 
NebuliZer System, AerodoseTM Inhaler, 5001 Electromag 
netic Neb 5002, Rotary Piston Neb, Lumineb I Piston 
NebuliZer 5500, and AeroEclipse Breath Actuated Nebu 
liZer. 

H. Articles of Manufacture 

[0102] The compositions provided herein may be pack 
aged as articles of manufacture containing packaging mate 
rial, a composition provided herein, Which is useful for 
treatment, prevention or amelioration of one or more symp 
toms of diseases or disorders associated With undesired 
and/or uncontrolled bronchoconstriction, and a label that 
indicates that the composition is used for treatment, preven 
tion or amelioration of one or more symptoms of diseases or 

disorders associated With undesired and/or uncontrolled 
bronchoconstriction. 

[0103] The articles of manufacture provided herein con 
tain packaging materials. Packaging materials for use in 
packaging pharmaceutical products are Well knoWn to those 
of skill in the art. See, e.g., US. Pat. Nos. 5,323,907, 
5,052,558 and 5,033,252. Examples of pharmaceutical pack 
aging materials include, but are not limited to, blister packs, 
bottles, tubes, inhalers, pumps, bags, vials, containers, 
syringes, bottles, and any packaging material suitable for a 
selected formulation and intended mode of administration 
and treatment. 

[0104] In one embodiment herein, the compositions are 
packaged With a nebuliZer for direct administration of the 
composition to a subject in need thereof. 

[0105] The folloWing eXamples are included for illustra 
tive purposes only and are not intended to limit the scope of 
the invention. 

EXAMPLE 1 

Preparation of Solution Formulations 

[0106] Polyethylene glycol 400 and/or propylene glycol 
and vitamin E TPGS Were miXed in a stainless steel con 
tainer With heating at about 42° C. until a homogeneous 
liquied formed. While maintaining the liquid phase, the 
temperature Was loWered and the steroid active ingredient, 
e.g., budesonide or ?uticasone propionate, Was added. The 
niXing Was contiued untila all of the drug substance had 
dissolved. In another container all other ingredients, includ 
ing formoterol fumarate dihydrate, Were miXed With about 
70% Water until a clear solution formed. The tWo solutions 
Were miXed together until a homogeneous clear solution 
formed. The volume Was made up With Water and the 
solution Was miXed to give the desired composition. 

[0107] Using the above procedure, the folloWing solution 
compositions containing the indicated ingredients in the 
indicated amounts Were prepared. For each steroidal anti 
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in?ammatory agent, a loW strength and a high strength 
formulation Was prepared. 

Budesonide/Formoterol solution formulations 

Concentration 

Ingredient LoW strength High strength 

Formoterol fumarate 85 ,ug/mL 170 ,ug/mL 
dihydrate 
Budesonide 125 ,ug/mL 250 ,ug/mL 
Vitamin E TPGS 10 mg/mL 20 mg/mL 
Either: 

Propylene glycol 17 mg/mL 20 mg/mL 
or 

Polyethylene glycol 10 mg/mL 20 mg/mL 
400 

Citrate buffer 5 mM 5 mM 

Sodium Chloride 7.5 mg/mL 6.8 mg/mL 
Water q.s. q.s. 

[0108] 

Fluticasone propionate/Formoterol solution formulations 

Concentration 

Ingredient LoW strength High strength 

Formoterol fumarate 85 ,ug/mL 170 ,ug/mL 
dihydrate 
Fluticasone 125 ,ug/mL 250 ,ug/mL 
propionate 
Vitamin E TPGS 30 mg/mL 50 mg/mL 
Either: 

Propylene glycol 17 mg/mL 20 mg/mL 
or 

Polyethylene glycol 30 mg/mL 50 mg/mL 
400 
Citrate buffer 5 mM 5 mM 
Sodium Chloride 1.5 mg/mL 0 mg/mL 
Water q.s. q.s. 

EXAMPLE 2 

Preparation of Suspension Formulations 

[0109] All ingredients, With the exception of formoterol 
fumarate dihydrate and the steroidal anti-in?ammatory 
agent, e.g., budesonide or ?uticasone propionate, Were dis 
solved in about 40% Water in a container With miXing. The 
steroidal active ingredient Was added and the miXture Was 
dispersed With high speed homogeniZation. Formoterol 
fumarate dihydrate Was dissolved in about 50% Water With 
miXing and the resulting solution Was added to the steroidal 
suspension With miXing until a uniform suspension formed. 

[0110] Using the above procedure, the folloWing suspen 
sion formulations containing the indicated ingredients in the 
indicated amounts Were prepared. 
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Budesonide/Formoterol suspension formulations 

Ingredient Concentration 

Formoterol fumarate dihydrate 5-2000 ,ug/mL or 
50-200 ,ug/mL 

Budesonide 125-500 ,ug/mL 
Disodium edetate 0.1-0.2 mg/mL 
Polysorbate 80 0.2-0.3 mg/mL 
Sodium chloride 5-10 mg/mL 
Citrate buffer 1-20 mM 
Water q.s. 

[0111] 

Fluticasone propionate/Formoterol suspension formulations 

Ingredient Concentration 

Formoterol fumarate dihydrate 5-2000 ,ug/mL or 
50-200 ,ug/mL 

Fluticasone propionate microniZed 250-1000 ,ug/mL 
Sorbitan monolaurate 0.05—0.2 mg/mL 
PolyoXyethylene 20 sorbitan 0.1—0.3 mg/mL 
monolaurate 
Sodium chloride 5-10 mg/mL 
Citrate buffer 1-20 mM 
Water q.s. 

[0112] Since modi?cations Will be apparent to those of 
skill in this art, it is intended that this invention be limited 
only by the scope of the appended claims. 

What is claimed is: 
1. Apharmaceutical composition, comprising formot 

erol, or a derivative thereof; and (ii) a steroidal anti-in?am 
matory agent, or a derivative thereof; 

in a pharmacologically suitable ?uid, Wherein the com 
position is stable during long term storage and the ?uid 
comprises Water. 

2. The pharmaceutical composition of claim 1, Wherein 
the composition has an estimated shelf-life of greater than 1 
month usage time at 25° C. and greater than or equal to 1 
year storage time at 5° C. 

3. The pharmaceutical composition of claim 2, Wherein 
greater than about 80% of the initial formoterol is present 
after 1 month usage time at 25° C. and 1 year storage time 
at 5° C. 

4. The pharmaceutical composition of claim 1 that has 
been nebuliZed. 

5. The pharmaceutical composition of claim 1, Wherein 
the pharmacologically suitable ?uid comprises a polar sol 
vent. 

6. The pharmaceutical composition of claim 5, Wherein 
the polar solvent is a protic solvent. 

7. The pharmaceutical composition of claim 6, further 
comprising a tonicity adjusting agent. 

8. The pharmaceutical composition of claim 7, Wherein 
the tonicity adjusting agent is ammonium carbonate, ammo 
nium chloride, ammonium lactate, ammonium nitrate, 
ammonium phosphate, ammonium sulfate, ascorbic acid, 
bismuth sodium tartrate, boric acid, calcium chloride, cal 
cium disodium edetate, calcium gluconate, calcium lactate, 
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citric acid, dextrose, diethanolamine, dimethylsulfoxide, 
edetate disodium, edetate trisodium monohydrate, ?uores 
cein sodium, fructose, galactose, glycerin, lactic acid, lac 
tose, magnesium chloride, magnesium sulfate, mannitol, 
polyethylene glycol, potassium acetate, potassium chlorate, 
potassium chloride, potassium iodide, potassium nitrate, 
potassium phosphate, potassium sulfate, proplyene glycol, 
silver nitrate, sodium acetate, sodium bicarbonate, sodium 
biphosphate, sodium bisul?te, sodium borate, sodium bro 
mide, sodium cacodylate, sodium carbonate, sodium chlo 
ride, sodium citrate, sodium iodide, sodium lactate, sodium 
metabisul?te, sodium nitrate, sodium nitrite, sodium phos 
phate, sodium propionate, sodium succinate, sodium sulfate, 
sodium sul?te, sodium tartrate, sodium thiosulfate, sorbitol, 
sucrose, tartaric acid, triethanolamine, urea, urethan, uridine 
or Zinc sulfate. 

9. The pharmaceutical composition of claim 8, Wherein 
the tonicity adjusting agent is sodium chloride. 

10. The pharmaceutical composition of claim 1, Wherein 
the pharmacologically suitable ?uid comprises a buffer. 

11. The pharmaceutical composition of claim 10, Wherein 
the buffer is citric acid/phosphate, acetate, barbital, borate, 
Britton-Robinson, cacodylate, citrate, collidine, formate, 
maleate, Mcllvaine, phosphate, PrideauX-Ward, succinate, 
citrate-phosphate-borate (Teorell-Stanhagen), veronal 
acetate, MES (2-(N-morpholino)ethanesulfonic acid), BIS 
TRIS (bis(2-hydroXyethyl)iminotris(hy 
droxymethyl)methane), ADA (N-(2-acetamido)-2-iminodi 
acetic acid), ACES (N-(carbamoylmethyl)-2 
aminoethanesulfonaic acid), PIPES (piperaZine-N,N‘-bis(2 
ethanesulfonic acid)), MOPSO (3-(N-morpholino)-2 
hydroxypropanesulfonic acid), BIS-TRIS PROPANE (1,3 
bis(tris(hydroxymethyl)methylamino)propane), BES (N,N 
bis(2-hydroXyethyl)-2-aminoethanesulfonaic acid), MOPS 
(3-(N-morpholino)propanesulfonic acid), TES (N-tris(hy 
droxymethyl)methyl-2-aminoethanesulfonic acid), HEPES 
(N-(2-hydroXyethyl)piperaZine-N‘-(2-ethanesulfonic acid), 
DIPSO (3-(N,N-bis(2-hydroXyethyl)amino)-2-hydroXypro 
panesulfonic acid), MOBS (4-(N-morpholino)butane 
sulfonic acid), TAPSO (3-(N-tris(hydroxymethyl)methy 
lamino)-2-hydroXy-propanesulfonic acid), 
tris(hydroXymethylaminomethane, HEPPSO (N-(2-hy 
droXyethyl)piperaZine-N‘-(2-hydroXypropanesulfonicacid), 
POPSO (piperaZine-N,N‘-bis(2-hydroXypropanesulfonic 
acid)), TEA (triethanolamine), EPPS (N-(2-hydroxyeth 
yl)piperaZine-N‘-(3-propanesulfonic acid), TRICINE (N-tr 
is(hydroXymethyl)methylglycine), GLY-GLY (glycylgly 
cine), BICINE (N,N-bis(2-hydroXyethyl)glycine), HEPBS 
(N-(2-hydroXyethyl)piperaZine-N‘-(4-butanesulfonic acid)), 
TAPS (N-tris(hydroXy-methyl)methyl-3-aminopropane 
sulfonic acid), or AMPD (2-amino-2-methyl-1,3-pro 
panediol) buffer. 

12. The pharmaceutical composition of claim 11, Wherein 
the buffer is citrate buffer. 

13. The pharmaceutical composition of claim 12, Wherein 
the buffer concentration is from about 0.01 mM to about 150 
mM. 

14. The pharmaceutical composition of claim 13, Wherein 
the buffer concentration is from about 1 mM to about 20 
mM. 

15. The pharmaceutical composition of claim 14, Wherein 
the buffer concentration is about 5 mM. 

16. The pharmaceutical composition of claim 8, Wherein 
the ionic strength of the composition is about 0 to about 0.4. 
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17. The pharmaceutical composition of claim 16, wherein 
the ionic strength of the composition is about 0.05 to about 
0.16. 

18. The pharmaceutical composition of claim 1, Wherein 
the pH of the composition is about 2.0 to about 8.0. 

19. The pharmaceutical composition of claim 18, Wherein 
the pH of the composition is about 4.0 to about 6.0. 

20. The pharmaceutical composition of claim 19, Wherein 
the pH of the composition is about 4.5 to about 5.5. 

21. The pharmaceutical composition of claim 20, Wherein 
the pH of the composition is about 5.0. 

22. The pharmaceutical composition of claim 1, Wherein 
the formoterol free base concentration is about 5 pg/mL to 
about 2 mg/mL. 

23. The pharmaceutical composition of claim 22, Wherein 
the formoterol free base concentration is about 10 pg/mL to 
about 1 mg/mL. 

24. The pharmaceutical composition of claim 23, Wherein 
the formoterol free base concentration is about 50 pg/mL to 
about 200 pg/mL. 

25. The pharmaceutical composition of claim 24, Wherein 
the formoterol free base concentration is about 59 pg/mL. 

26. The pharmaceutical composition of claim 24, Wherein 
the formoterol free base concentration is about 118 pg/mL. 

27. The pharmaceutical composition of claim 8, further 
comprising a buffer. 

28. The pharmaceutical composition of claim 27, Wherein 
the buffer is citric acid/phosphate, acetate, barbital, borate, 
Britton-Robinson, cacodylate, citrate, collidine, formate, 
maleate, Mcllvaine, phosphate, PrideauX-Ward, succinate, 
citrate-phosphate-borate (Teorell-Stanhagen), veronal 
acetate, MES (2-(N-morpholino)ethanesulfonic acid), BIS 
TRIS (bis(2-hydroXyethyl)iminotris(hy 
droXymethyl)methane), ADA (N-(2-acetamido)-2-iminodi 
acetic acid), ACES (N-(carbamoylmethyl)-2 
aminoethanesulfonaic acid), PIPES (piperaZine-N,N‘-bis(2 
ethanesulfonic acid)), MOPSO (3-(N-morpholino)-2 
hydroXypropanesulfonic acid), BIS-TRIS PROPANE (1,3 
bis(tris(hydroXymethyl)methylamino)propane), BES (N,N 
bis(2-hydroXyethyl)-2-aminoethanesulfonaic acid), MOPS 
(3-(N-morpholino)propanesulfonic acid), TES (N-tris(hy 
droXymethyl)methyl-2-aminoethanesulfonic acid), HEPES 
(N-(2-hydroXyethyl)piperaZine-N‘-(2-ethanesulfonic acid), 
DIPSO (3-(N,N-bis(2-hydroXyethyl)amino)-2-hydroXypro 
panesulfonic acid), MOBS (4-(N-morpholino)butane 
sulfonic acid), TAPSO (3-(N-tris(hydroXymethyl)methy 
lamino)-2-hydroXy-propanesulfonic acid), 
tris(hydroXymethylaminomethane, HEPPSO (N-(2-hy 
droXyethyl)piperaZine-N‘-(2-hydroXypropanesulfonicacid), 
POPSO (piperaZine-N,N‘-bis(2-hydroXypropanesulfonic 
acid)), TEA (triethanolamine), EPPS (N-(2-hydroXyeth 
yl)piperaZine-N‘-(3-propane-sulfonic acid), TRICINE (N-tr 
is(hydroXymethyl)methylglycine), GLY-GLY (glycylgly 
cine), BICINE (N,N-bis(2-hydroXyethyl)glycine), HEPBS 
(N-(2-hydroXyethyl)piperaZine-N‘-(4-butanesulfonic acid)), 
TAPS (N-tris(hydroXymethyl)methyl-3-aminopropane 
sulfonic acid), or AMPD (2-amino-2-methyl-1,3-pro 
panediol) buffer. 

29. The pharmaceutical composition of claim 28, Wherein 
the buffer is citrate buffer. 

30. The pharmaceutical composition of claim 29, Wherein 
the buffer concentration is from about 0.01 mM to about 150 
mM. 
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31. The pharmaceutical composition of claim 30, Wherein 
the buffer concentration is from about 1 mM to about 20 
mM. 

32. The pharmaceutical composition of claim 31, Wherein 
the buffer concentration is about 5 mM. 

33. The pharmaceutical composition of claim 27, Wherein 
the ionic strength of the composition is about 0 to about 0.4. 

34. The pharmaceutical composition of claim 33, Wherein 
the ionic strength of the composition is about 0.05 to about 
0.16. 

35. The pharmaceutical composition of claim 27, Wherein 
the pH of the composition is about 2.0 to about 8.0. 

36. The pharmaceutical composition of claim 35, Wherein 
the pH of the composition is about 4.0 to about 6.0. 

37. The pharmaceutical composition of claim 36, Wherein 
the pH of the composition is about 4.5 to about 5.5. 

38. The pharmaceutical composition of claim 37, Wherein 
the pH of the composition is about 5.0. 

39. The pharmaceutical composition of claim 27, Wherein 
the formoterol free base concentration is about 5 pg/mL to 
about 2 mg/mL. 

40. The pharmaceutical composition of claim 39, Wherein 
the formoterol free base concentration is about 10 pg/mL to 
about 1 mg/mL. 

41. The pharmaceutical composition of claim 40, Wherein 
the formoterol free base concentration is about 50 pg/mL to 
about 200 pg/mL. 

42. The pharmaceutical composition of claim 41, Wherein 
the formoterol free base concentration is about 59 pg/mL. 

43. The pharmaceutical composition of claim 41, Wherein 
the formoterol free base concentration is about 118 pg/mL. 

44. The pharmaceutical composition of claim 25 that has 
been nebuliZed. 

45. The pharmaceutical composition of claim 26 that has 
been nebuliZed. 

46. The pharmaceutical composition of claim 42 that has 
been nebuliZed. 

47. The pharmaceutical composition of claim 43 that has 
been nebuliZed. 

48. The pharmaceutical composition of claim 27 that has 
been nebuliZed. 

49. The pharmaceutical composition of claim 42, Wherein 
the buffer is citrate buffer. 

50. The pharmaceutical composition of claim 42, Wherein 
the buffer concentration is about 5 mM. 

51. The pharmaceutical composition of claim 42, Wherein 
the ionic strength of the composition is about 0.05 to about 
0.16. 

52. The pharmaceutical composition of claim 42, Wherein 
the pH of the composition is about 5.0. 

53. The pharmaceutical composition of claim 42, Wherein 
the buffer is citrate buffer; the buffer concentration is about 
5 mM; the ionic strength of the composition is about 0.05 to 
about 0.16; and the pH of the composition is about 5 .0. 

54. The pharmaceutical composition of claim 43, Wherein 
the buffer is citrate buffer. 

55. The pharmaceutical composition of claim 43, Wherein 
the buffer concentration is about 5 mM. 

56. The pharmaceutical composition of claim 43, Wherein 
the ionic strength of the composition is about 0.05 to about 
0.16. 

57. The pharmaceutical composition of claim 43, Wherein 
the pH of the composition is about 5.0. 
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58. The pharmaceutical composition of claim 43, wherein 
the buffer is citrate buffer; the buffer concentration is about 
5 mM; the ionic strength of the composition is about 0.05 to 
about 0.16; and the pH of the composition is about 5.0. 

59. The pharmaceutical composition of claim 53 that has 
been nebuliZed. 

60. The pharmaceutical composition of claim 58 that has 
been nebuliZed. 

61. The pharmaceutical composition of claim 11, Wherein 
the buffer comprises citric acid/phosphate buffer, acetate 
buffer, citrate buffer or phosphate buffer. 

62. The pharmaceutical composition of claim 27, Wherein 
the buffer comprises citric acid/phosphate buffer, acetate 
buffer, citrate buffer or phosphate buffer. 

63. The pharmaceutical composition of claim 1, Wherein 
the steroidal anti-in?ammatory agent is beclomethasone 
dipropionate (BDP), beclomethasone monopropionate 
(BMP), ?unisolide, triamcinolone acetonide, deXametha 
sone, tipredane, ciclesonid, ro?eponide, mometasone, 
mometasone furoate, RPR 106541, ?uticasone or ?uticasone 
propionate or budesonide, or a derivative thereof. 

64. The pharmaceutical composition of claim 63, Wherein 
the steroidal anti-in?ammatory agent is budesonide or ?u 
ticasone propionate, or a derivative thereof. 

65. The pharmaceutical composition of claim 64, Wherein 
the steroidal anti-in?ammatory agent is budesonide, or a 
derivative thereof. 

66. The pharmaceutical composition of claim 65 , Wherein 
the budesonide concentration is about 5 pg/mL to about 2 
mg/mL. 

67. The pharmaceutical composition of claim 65 , Wherein 
the budesonide concentration is about 75 pg/mL to about 
500 ug/mL. 

68. The pharmaceutical composition of claim 65, Wherein 
the budesonide concentration is about 125 pg/mL or about 
250 ug/mL. 

69. The pharmaceutical composition of claim 64, Wherein 
the steroidal anti-in?ammatory agent is ?uticasone propi 
onate. 

70. The pharmaceutical composition of claim 69, Wherein 
the concentration of ?uticasone propionate is about 5 pg/mL 
to about 2 mg/mL. 

71. The pharmaceutical composition of claim 70, Wherein 
the concentration of ?uticasone propionate is about 75 
pg/mL to about 1000 pg/mL. 

72. The pharmaceutical composition of claim 71, Wherein 
the concentration of ?uticasone propionate is about 125 
pg/mL or about 250 pg/mL. 

73. The pharmaceutical composition of claim 53, Wherein 
the steroidal anti-in?ammatory agent is budesonide or ?u 
ticasone propionate. 

74. The pharmaceutical composition of claim 58, Wherein 
the steroidal anti-in?ammatory agent is budesonide or ?u 
ticasone propionate. 

75. The pharmaceutical composition of claim 1 that is a 
solution. 

76. The pharmaceutical composition of claim 1 that is a 
suspension. 

77. A nebuliZed suspension or solution, comprising formoterol or a derivative thereof; and (ii) a steroidal anti 

in?ammatory agent, or a derivative thereof; in a pharmaco 
logically suitable ?uid. 

Mar. 20, 2003 

78. A kit, comprising: 

(a) an aqueous composition comprising formoterol or 
a derivative thereof, and (ii) a steroidal anti-in?amma 
tory agent or a derivative thereof, formulated for single 
dosage administration; and 

(b) a nebuliZer. 
79. The kit of claim 78, Wherein the aqueous composition 

comprises (a) formoterol free base at a concentration of 
about 59 pg/mL; (b) aqueous saline comprising sodium 
chloride; and (c) citrate buffer at a concentration of about 5 
mM; 

Wherein the ionic strength of the composition is about 
0.05 to about 0. 16; and the pH of the composition is 
about 5.0. 

80. The kit of claim 78, Wherein the aqueous composition 
comprises (a) formoterol free base at a concentration of 
about 118 pg/mL; (b) aqueous saline comprising sodium 
chloride; and (c) citrate buffer at a concentration of about 5 
mM; 

Wherein the ionic strength of the composition is about 
0.05 to about 0.16; and the pH of the composition is 
about 5 .0. 

81. A combination, comprising: 

(a) the pharmaceutical composition of claim 1 formulated 
for single dosage administration; and 

(b) a vial. 
82. The combination of claim 81, Wherein the aqueous 

composition comprises (a) formoterol free base at a con 
centration of about 59 pg/mL; (b) aqueous saline comprising 
sodium chloride; and (c) citrate buffer at a concentration of 
about 5 mM; 

Wherein the ionic strength of the composition is about 
0.05 to about 0.16; and the pH of the composition is 
about 5 .0. 

83. The combination of claim 81, Wherein the aqueous 
composition comprises (a) formoterol free base at a con 
centration of about 118 pg/mL; (b) aqueous saline compris 
ing sodium chloride; and (c) citrate buffer at a concentration 
of about 5 mM; 

Wherein the ionic strength of the composition is about 
0.05 to about 0. 16; and the pH of the composition is 
about 5 .0. 

84. A method for the treatment, prevention, or ameliora 
tion of one or more symptoms of bronchoconstrictive dis 
orders, comprising administering an effective amount of the 
pharmaceutical composition of claim 1 to a subject in need 
of such treatment. 

85. A method for the treatment, prevention, or ameliora 
tion of one or more symptoms of bronchoconstrictive dis 
orders, comprising administering an effective amount of the 
pharmaceutical composition of claim 73 to a subject in need 
of such treatment. 

86. A method for the treatment, prevention, or ameliora 
tion of one or more symptoms of bronchoconstrictive dis 
orders, comprising administering an effective amount of the 
pharmaceutical composition of claim 74 to a subject in need 
of such treatment. 

87. An article of manufacture, comprising packaging 
material, an aqueous composition comprising the composi 
tion of claim 1 formulated for single dosage administration, 
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Which is useful for treatment, prevention or amelioration of 
one or more symptoms of diseases or disorders associated 

With undesired and/or uncontrolled bronchoconstriction, and 
a label that indicates that the composition is used for 
treatment, prevention or amelioration of one or more symp 
toms of diseases or disorders associated With undesired 
and/or uncontrolled bronchoconstriction. 

88. An article of manufacture, comprising packaging 
material, the composition of claim 73 formulated for single 
dosage administration, Which is useful for treatment, pre 
vention or amelioration of one or more symptoms of dis 

eases or disorders associated With undesired and/or uncon 

trolled bronchoconstriction, and a label that indicates that 
the composition is used for treatment, prevention or ame 
lioration of one or more symptoms of diseases or disorders 

associated With undesired and/or uncontrolled bronchocon 
striction. 

89. An article of manufacture, comprising packaging 
material, the composition of claim 74 formulated for single 
dosage administration, Which is useful for treatment, pre 
vention or amelioration of one or more symptoms of dis 

eases or disorders associated With undesired and/or uncon 

trolled bronchoconstriction, and a label that indicates that 
the composition is used for treatment, prevention or ame 
lioration of one or more symptoms of diseases or disorders 

associated With undesired and/or uncontrolled bronchocon 
striction. 

90. The method of claim 84, further comprising admin 
istering one or more of (a) to as folloWs: (a) a [32-adreno 
receptor agonist; (b) a dopamine (D2) receptor agonist; (c) 
an IL-5 inhibitor; (d) an antisense modulator of IL-5; (e) a 
tryptase inhibitor; a tachykinin receptor antagonist; (g) 
milrinone or milrinone lactate; (h) a leukotriene receptor 
antagonist; a 5-lypoXygenase inhibitor; or an anti-IgE 
antibody; simultaneously With, prior to or subsequent to the 
formoterol/steroidal anti-in?ammatory agent composition. 

91. The method of claim 85, further comprising admin 
istering one or more of (a) to as folloWs: (a) a [32-adreno 
receptor agonist; (b) a dopamine (D2) receptor agonist; (c) 
an IL-5 inhibitor; (d) an antisense modulator of IL-5; (e) a 
tryptase inhibitor; a tachykinin receptor antagonist; (g) 
milrinone or milrinone lactate; (h) a leukotriene receptor 
antagonist; a 5-lypoXygenase inhibitor; or an anti-IgE 
antibody; simultaneously With, prior to or subsequent to the 
formoterol/steroidal anti-in?ammatory agent composition. 

92. The method of claim 86, further comprising admin 
istering one or more of (a) to as folloWs: (a) a [32-adreno 
receptor agonist; (b) a dopamine (D2) receptor agonist; (c) 
an IL-5 inhibitor; (d) an antisense modulator of IL-5; (e) a 
tryptase inhibitor; a tachykinin receptor antagonist; (g) 
milrinone or milrinone lactate; (h) a leukotriene receptor 
antagonist; a 5-lypoXygenase inhibitor; or an anti-IgE 
antibody; simultaneously With, prior to or subsequent to the 
formoterol/steroidal anti-in?ammatory agent composition. 

93. The pharmaceutical composition of claim 1, further 
comprising one or more of (a) to as folloWs: (a) a 
[32-adrenoreceptor agonist; (b) a dopamine (D2) receptor 
agonist; (c) an IL-5 inhibitor; (d) an antisense modulator of 
IL-5; (e) a tryptase inhibitor; a tachykinin receptor 
antagonist; (g) milrinone or milrinone lactate; (h) a leukot 
riene receptor antagonist; a 5-lypoXygenase inhibitor; or 

an anti-IgE antibody. 
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94. A method for the treatment, prevention, or ameliora 
tion of one or more symptoms of bronchoconstrictive dis 

orders, comprising: 

(i) administering an effective amount of a pharmaceutical 
composition comprising formoterol, or a derivative 
thereof, in a pharmacologically suitable ?uid, Wherein 
the composition is stable during long term storage and 
the ?uid comprises Water; and 

(ii) simultaneously With, prior to, or subsequent to admin 
isterin the formoterol composition, administering an 
effective amount of a pharmaceutical composition 
comprising a steroidal anti-in?ammatory agent in a 
pharmacologically acceptable carrier. 

95. The method of claim 94, Wherein the steroidal anti 
in?ammatory agent is beclomethasone dipropionate (BDP), 
beclomethasone monopropionate (BMP), ?unisolide, triam 
cinolone acetonide, deXamethasone, tipredane, ciclesonid, 
ro?eponide, mometasone, mometasone furoate, RPR 
106541, ?uticasone or ?uticasone propionate or budesonide, 
or a derivative thereof. 

96. The method of claim 95, Wherein the steroidal anti 
in?ammatory agent is ?uticasone propionate or budesonide, 
or a derivative thereof. 

97. The method of claim 95, Wherein the steroidal anti 
in?ammatory agent is budesonide, or a derivative thereof. 

98. The method of claim 95, Wherein the steroidal anti 
in?ammatory agent is ?uticasone propionate, or a derivative 
thereof. 

99. The pharmaceutical composition of claim 13, Wherein 
the buffer concentration is from about 1 mM to about 50 
mM. 

100. The pharmaceutical composition of claim 99, 
Wherein the buffer concentration is about 20 mM. 

101. The pharmaceutical composition of claim 30, 
Wherein the buffer concentration is from about 1 mM to 
about 50 mM. 

102. The pharmaceutical composition of claim 101, 
Wherein the buffer concentration is about 20 mM. 

103. The pharmaceutical composition of claim 42, 
Wherein the buffer concentration is about 20 mM. 

104. The pharmaceutical composition of claim 42, 
Wherein the buffer is citrate buffer; the buffer concentration 
is about 20 mM; the ionic strength of the composition is 
about 0.05 to about 0.16; and the pH of the composition is 
about 5.0. 

105. The pharmaceutical composition of claim 43, 
Wherein the buffer concentration is about 20 mM. 

106. The pharmaceutical composition of claim 43, 
Wherein the buffer is citrate buffer; the buffer concentration 
is about 20 mM; the ionic strength of the composition is 
about 0.05 to about 0.16; and the pH of the composition is 
about 5.0. 

107. The pharmaceutical composition of claim 104 that 
has been nebuliZed. 

108. The pharmaceutical composition of claim 106 that 
has been nebuliZed. 

109. The kit of claim 78, Wherein the aqueous composi 
tion comprises (a) formoterol free base at a concentration of 
about 59 pg/mL; (b) aqueous saline comprising sodium 
chloride; and (c) citrate buffer at a concentration of about 20 
mM; 
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wherein the ionic strength of the composition is about 
0.05 to about 0.16; and the pH of the composition is 
about 5.0. 

110. The kit of claim 78, Wherein the aqueous composi 
tion comprises (a) formoterol free base at a concentration of 
about 118 pg/mL; (b) aqueous saline comprising sodium 
chloride; and (c) citrate buffer at a concentration of about 20 
mM; 

Wherein the ionic strength of the composition is about 
0.05 to about 0.16; and the pH of the composition is 
about 5.0. 

111. The combination of claim 81, Wherein the aqueous 
composition comprises (a) formoterol free base at a con 
centration of about 5 9 pg/mL; (b) aqueous saline comprising 
sodium chloride; and (c) citrate buffer at a concentration of 
about 20 mM; 

Wherein the ionic strength of the composition is about 
0.05 to about 0.16; and the pH of the composition is 
about 5.0. 

112. The combination of claim 81, Wherein the aqueous 
composition comprises (a) formoterol free base at a con 
centration of about 118 pg/mL; (b) aqueous saline compris 
ing sodium chloride; and (c) citrate buffer at a concentration 
of about 20 mM; 

Wherein the ionic strength of the composition is about 
0.05 to about 0.16; and the pH of the composition is 
about 5.0. 

113. The pharmaceutical composition of claim 1, further 
comprising an anticholinergic agent. 
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114. The pharmaceutical composition of claim 113, 
Wherein the anticholinergic agent is ipratropium bromide, 
oXitropium bromide, atropine methyl nitrate, tiotropium 
bromide or glycopyrronium bromide. 

115. The pharmaceutical composition of claim 114, 
Wherein the anticholinergic agent is ipratropium bromide. 

116. The pharmaceutical composition of claim 115, 
Wherein the ipratropium bromide is present at a concentra 
tion of about 5 pg/mL to about 5 mg/mL. 

117. A combination, comprising: 

a composition comprising formoterol, or a derivative 
thereof, in a pharmacologically suitable ?uid, Wherein 
the composition is stable during long term storage and 
the ?uid comprises Water; and 

a composition comprising a bronchodilating steroid, or a 
derivative thereof. 

118. The combination of claim 117, further comprising a 
nebuliZer. 

119. The combination of claim 118 that is packaged as a 
kit; optionally comprising instructions for use of the nebu 
liZer; and optionally comprising instructions for miXing the 
compositions. 

120. The pharmaceutical composition of claim 114, 
Wherein the anticholinergic agent is tiotropium bromide. 

121. The pharmaceutical composition of claim 115, 
Wherein the tiotropium bromide is present at a concentration 
of about 5 pg/mL to about 5 mg/mL. 

* * * * * 


