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LEVALIBUTEROL SALT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. provi 
sional patent application No. 60/432,195 filed on Dec. 10, 
2002, the disclosure of which is incorporated by reference 
herein. 

BACKGROUND OF THE INVENTION 

0002 Levalbuterol (also known as (R)-albuterol) is a beta 
agonist useful as a relaxant of Smooth muscle tissue, for 
example in the treatment of bronchospasm in patients suffer 
ing from asthma or chronic obstructive pulmonary disease. It 
is commercially available as a salt, levalbuterol hydrochlo 
ride, in a solution formulation adapted for administration by 
inhalation using a nebuliser and is sold in the United States 
under the brand name XOPENEXTM. A process for the prepa 
ration of levalbuterol hydrochloride is described in U.S. Pat. 
No. 5,545.745. It has been found that crystals of levalbuterol 
hydrochloride obtained by this process are plate-like in shape 
and possess properties generally undesirable in a product 
intended for administration using a metered dose inhaler. 
0003. It would be desirable to administer levalbuterol 
using a metered dose inhaler (MDI). 
0004. The particles of active ingredients for delivery into 
the lungs of patients using an MDI must meet Some very 
demanding criteria. The patient must be able to receive repro 
ducible doses of a safe and effective amount of the particles 
deep into the lungs. Thus, the particles of the active ingredient 
must be of a stable, microscopic size within an acceptable 
distribution range. In particular, they must be resistant to 
agglomeration into larger particle clusters, and must not 
change in size or morphology during storage under varying 
conditions of temperature and relative humidity or in the 
presence of formulation components, such as carriers or pro 
pellants. Preferably they should have an aerodynamically 
favorable shape, such as a fiber (Crowder T. M., et al., Phar 
maceutical Research, Vol. 19. No. 3, March 2002). 

SUMMARY OF THE INVENTION 

0005. The present invention provides levalbuterol L-tar 
trate, including levalbuterol L-tartrate specifically in crystal 
line form; a process for preparing levalbuterol L-tartrate in 
crystalline form; a pharmaceutical composition comprising 
levalbuterol L-tartrate, including levalbuterol L-tartrate spe 
cifically in crystalline form; a metered dose inhaler compris 
ing a canister containing an aerosol formulation of leval 
buterol L-tartrate in crystalline form; and a method of 
affecting bronchodilation in a patient using levalbuterol 
L-tartrate, including levalbuterol L-tartrate specifically in 
crystalline form. 

DETAILED DESCRIPTION OF THE INVENTION 

0006. A novel salt of levalbuterol has now been found that 
can be obtained in a crystalline form possessing properties 
particularly desirable in a particulate product to be formu 
lated for administration by inhalation. 
0007 According to one aspect, therefore, the present 
invention provides levalbuterol L-tartrate. 
0008 Levalbuterol L-tartrate is a hemitartrate; that is to 
say it contains half a mole of L-tartaric acid per mole of 
levalbuterol. 
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0009. It has been found that levalbuterol L-tartrate can be 
obtained in the form of needle-like crystals that possess par 
ticularly advantageous properties. Thus, the crystals have 
been found to be relatively resistant to agglomeration when 
micronized and, unlike crystals of the hydrochloride salt, to 
possess excellent stability, both as bulk drug and in the pres 
ence of aerosol formulation components, such as ethanol. 
They therefore provide a means for delivering effective, 
reproducible doses of aerosolized levalbuterol from a 
metered dose or dry powder inhaler into the lungs of patients 
requiring treatment. 
0010. The crystals have been prepared from (R)-benzyla 
1buterol by the process described hereinafter in Example 1. It 
has been found that the selection of (R)-benzylalbuterol as the 
starting material for the process, and the particular process 
conditions selected all effect the quality and properties of the 
crystals formed. However, persons skilled in the art will 
appreciate that alternative processes may be devised for pro 
ducing crystals having properties essentially equivalent to 
those of the product of Example 1. 
0011. According to another aspect therefore, the present 
invention provides levalbuterol L-tartrate in crystalline form. 
0012. The crystals obtained by the process of Example 1 
have been found to be needles of approximate dimensions 
10-50 microns in length and 0.2 to 4 microns in width (by 
microscopic examination), and to contain very low levels of 
residual substances. The ethanol content (from the crystalli 
zation solvent) was found to be about 0.5% by weight after 
drying. 
0013 Particles of active ingredients for administration by 
inhalation desirably have an aerodynamic diameter of from 1 
to 10 microns, preferably from 1 to 5 microns. If necessary, 
the size of particles obtained by crystallization may conve 
niently be reduced by micronization. 
0014. According to another aspect, therefore, the present 
invention provides levalbuterol L-tartrate in micronized form. 
0015. It has been found that crystals containing a reduced 
(0.3%) ethanol content do not readily afford a stable particle 
size distribution after micronization. 
0016. According to another aspect, therefore, the present 
invention provides levalbuterol L-tartrate crystals containing 
at least 0.3%, for example at least 0.4% ethanol, such as from 
0.4 to 0.7% ethanol, preferably from 0.4 to 0.5%. 
0017 Drug substances are generally administered to 
patients in pharmaceutical compositions. 
0018. According to another aspect, therefore, the present 
invention provides a pharmaceutical composition, which 
comprises levalbuterol L-tartrate as described herein, 
together with a pharmaceutically acceptable carrier. 
0019. The pharmaceutical composition according to the 
invention may be adapted for administration to patients by 
any convenient route. Such as by oral, mucosal (e.g. nasal, 
Sublingual, vaginal, buccal or rectal), parenteral or transder 
mal administration. It may be in the form of for example, a 
Solution, Suspension, powder, tablet, aerosol formulation, 
lozenge, Suppository, emulsion, hard or softgelatin capsule or 
syrup. The levalbuterol tartrate may be dissolved in the car 
rier, diluted by the carrier or supported by the carrier. Thus the 
carrier may be a support for the levalbuterol tartrate, such as 
a capsule, Sachet, paper or other pharmaceutical container. 
0020 Preferably, the pharmaceutical composition is an 
aerosol formulation adapted for administration using a 
metered dose inhaler, the aerosol formulation comprising 
levalbuterol L-tartrate in crystalline form and a propellant. 
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0021. The propellant may be any suitable propellant used 
in aerosol formulations, for example, a hydrofluoroalkane 
(HFA), such as 1,1,1,2-tetrafluoroethane (HFA134) or 1,1,1, 
2,3,3,3-heptafluoropropane (HFA227). HFA134 is preferred. 
The propellant may comprise at least 90% by weight of the 
aerosol formulation. 
0022. The aerosol formulation may further comprise a 
surfactant. The surfactant serves to stabilize the levalbuterol 
L-tartrate in a suspension, and may also serve as a valve 
lubricant in the metered dose inhaler. It may be any suitable 
Surfactant used in aerosol formulations. Examples of Surfac 
tants used in aerosol formulations are described in U.S. Pat. 
No. 5.225,183, which is hereby incorporated by reference. A 
preferred surfactant is oleic acid. The surfactant, when 
present, may generally be present in an amount of from 1:100 
to 1:10 surfactant:levalbuterol L-tartrate, preferably about 
1:2O. 

0023 The aerosol formulation may further comprise a 
co-solvent. A function of the co-solvent in the aerosol formu 
lation is to facilitate dissolution of the surfactant, which may 
have poor solubility in the propellant. It may be any suitable 
carrier used in aerosol formulations. A preferred co-solventis 
ethanol, especially dehydrated ethanol. The content of etha 
nol may conveniently be up to 10% by weight of the aerosol 
formulation, such as from 2 to 6%. 
0024 Metered dose inhalers comprise a canister contain 
ing an aerosol formulation, a metering valve and a valve stem. 
In use, a patient depresses the valve stem and inhales, causing 
a dose of the formulation to be administered and taken into the 
patient's lungs. 
0025. According to a further aspect, therefore, the present 
invention provides a metered dose inhaler comprising a can 
ister containing an aerosol formulation as described herein, a 
metering valve and a valve stem. 
0026. Preferably the interior surface of the canister is 
coated, for example with a protective polymer. The inhaler 
preferably has an aperture with a diameter in the range of 
from 0.25 to 0.58 mm, more preferably from 0.25 to 0.48 mm, 
such as from 0.30 to 0.36 mm. 
0027. In one embodiment, the present invention provides a 
metered dose inhaler containing an aerosol formulation Sub 
stantially as described in Example 3 herein. The safety and 
efficacy of levalbuterol tartrate administered using such a 
metered dose inhaler has been evaluated in clinical trials in 
comparison with Proventil HFATM. Proventil HFATM is the 
trade name of a product sold by Schering Corporation in the 
United States. It is a metered dose inhaler containing racemic 
albuterol sulfate (i.e. containing a 1:1 mixture of (R)-al 
buterol and (S)-albuterol). The results of the clinical trials 
showed that administration of 90 g of levalbuterol tartrate 
afforded the same efficacy as 180 ug of racemic albuterol 
sulfate. However, surprisingly, levalbuterol tartrate was found 
to give 5-20% lower systemic exposure (blood levels) of 
(R)-albuterol in adults compared with albuterol sulfate, and 
30-40% lower exposure in children (ages 4-11). Systemic 
exposure to (R)-albuterol is undesirable, because the com 
pound causes side effects associated with its activity as a beta 
agonist, and these side effects increase with increasing sys 
temic exposure. The side effects include changes in serum 
potassium levels, elevated glucose levels and cardiovascular 
effects, such as increased heart beat rate. Accordingly, it is 
believed that levalbuterol tartrate provides a particularly 
advantageous vehicle for delivering (R)-albuterol to patients, 
especially to children. 
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0028. In another embodiment, the pharmaceutical compo 
sition is in the form of a dry powder suitable for inhalation or 
insufflation. The composition may comprise levalbuterol 
L-tartrate crystals alone (e.g. having an aerodynamic diam 
eter of from 1 to 10 microns, preferably from 1 to 5 microns), 
or levalbuterol L-tartrate blended or spray dried together with 
a suitable pharmaceutically acceptable carrier. Suitable phar 
maceutically acceptable carriers include, without limitation, 
Solvates of one or more natural or synthetic carbohydrates, 
Such as a monosaccharides, disaccharides, trisaccharides, oli 
gosaccharides, polysaccharides, polyols, amino acids and 
proteins, and/or in the form of their pharmaceutically accept 
able esters, acetals, or salts (where such derivatives exist). 
The carrier is preferably lactose, more preferably lactose 
monohydrate. The dry powder composition may be presented 
in unit dosage form in, for example, capsules or cartridges of 
e.g. gelatin, or blister packs from which the powder may be 
administered with the aid of an inhaler or insufflator. The dry 
powder composition may be presented in multi dose form 
metered with the aid of an inhaler or insufflator. 

0029 Conveniently, dry powder formulations are admin 
istered using multidose dry powder inhalers. 
0030 The present invention therefore also provides a mul 
tidose dry powder inhaler, comprising a dry powder reservoir 
containing a dry powder aerosol formulation of levalbuterol 
L-tartrate as described hereinabove, and a metering chamber. 
0031. According to another aspect, the present invention 
provides a process for the preparation of levalbuterol L-tar 
trate, which comprises combining a solution of levalbuterol 
with a solution of L-tartaric acid and recovering levalbuterol 
L-tartrate crystals. 
0032 Preferably the solvent in each solution comprises 
ethanol. The solvent may be, for example, ethanol denatured 
with 5% methanol. 

0033. When the solvent in each solution comprises etha 
nol, the solution of levalbuterol is preferably combined with 
the solution of L-tartaric acid at a temperature in the range of 
from 47 to 65° C., more preferably from 48 to 60° C., espe 
cially from 50 to 53°C. It has been found that crystals formed 
from ethanol at a temperature above 60°C. (after drying) have 
a low ethanol content (less than 0.3%), whereas those formed 
at a temperature below 47° C. (after drying) have a high 
ethanol content (greater than 0.5%). Conveniently the solu 
tion of L-tartaric acid is added to the solution of levalbuterol 
gradually, for example over a period of from 1 to 3 hours, 
while maintaining the temperature within the preferred range. 
The resultant mixture is then allowed to cool, then the crystals 
are recovered, spread out on a tray and dried under vacuum at 
a temperature of about 35 to 40°C. It has been found that 
crystals according to the invention exhibit good stability at 
elevated temperatures with regard to dimer formation when 
compared with crystals of the sulfate salt; the commercial salt 
of racemic albuterol being the sulfate. 
0034 Levalbuterol L-tartrate is a hemitartrate. Hence, in 
preparing the crystals, preferably one mole of levalbuterol 
should be combined with half a mole of L-tartaric acid. The 
concentration of levalbuterol in the solution of levalbuterol is 
preferably in the range of from 0.38 to 0.43 moles per liter, 
such as from 0.38 to 0.42 moles per liter. The concentration of 
L-tartaric acid in the solution of L-tartaric acid is preferably in 
the range of from 0.94 to 1.06 moles per liter, such as from 
0.96 to 1.03 moles per liter. 
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0035. The process conditions are preferably selected so as 
to provide crystals having a median length of 10 to 50 microns 
and a median width of 0.2 to 4 microns. 
0036 Preferably the levalbuterol L-tartrate has been pre 
pared by hydrogenating R-benzylalbuterol in the presence of 
palladium on carbon. Crystals prepared starting from leval 
buterol that has been prepared from R-benzylalbuterol in this 
way have been found to be of high purity. 
0037. In general, the hydrogenation may be performed at a 
temperature in the range of from 20 to 45°C., preferably from 
30 to 35°C., such as from 33 to 37°C. A convenient solvent 
is ethanol (commercially available ethanol is ethanol dena 
tured with 5% methanol). The hydrogenation is preferably 
conducted underconditions selected to effect conversion of at 
least 99.9% of the R-benzylalbuterol without over reduction 
of other functional groups. The palladium on charcoal used 
preferably contains up to 0.33 wt % palladium. The reaction 
mixture is stirred or agitated during the hydrogenation. 
0038 (R)-benzylalbuterol may be obtained by the process 
described in U.S. Pat. No. 5,545,745. 
0039. According to another aspect, the present invention 
provides a method of effecting bronchodilation in a patient in 
need of treatment, which comprises administering an effec 
tive amount of levalbuterol L-tartrate. 
0040 Preferably micronized crystals of levalbuterol L-tar 

trate are administered to the patient by inhalation using a 
metered dose inhaler. 
0041. The patient may be a human or a non-human mam 
mal. Such as a dog, cat, horse, cow, sheep or pig. Preferably, 
the patient is a human. 
0042. The amount of levalbuterol L-tartrate administered 
will depend upon many factors, such as the species, weight 
and age of the patient, and the severity of the condition to be 
treated. For example, a dose administered to a human using a 
metered dose inhaler may contain from 25 to 120 ug of 
levalbuterol (calculated as the free base), such as 45 or 90 g. 
0043. According to another aspect, the present invention 
provides levalbuterol L-tartrate, for use in therapy. 
0044 According to yet another aspect, the present inven 
tion provides the use of levalbuterol L-tartrate in the manu 
facture of a medicament for use as a bronchodilator. 
0045. According to a still further aspect, the present inven 
tion provides a pharmaceutical composition comprising 
levalbuterol L-tartrate and a pharmaceutically acceptable car 
rier for use as a bronchodilator. 
0046 Although the foregoing invention has been 
described in some detail for purposes of illustration, it will be 
readily apparent to one skilled in the art that changes and 
modifications may be made without departing from the scope 
of the invention described herein. 
0047. The following Examples illustrate the invention. 

Example 1 

Preparation of Levalbuterol L-Tartrate in Crystalline 
Form 

0048. In the following, ethanol refers to the commercially 
available solvent, which is ethanol denatured with 5% metha 
nol. 
0049 L-tartaric acid (4.11 kg) and ethanol (21.9 kg) were 
charged to a first reactor. The contents of the reactor were then 
agitated at a temperature in the range of from 20 to 25°C. to 
form a clear solution. The solution was then kept until it was 
used. 
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0050 (R)-Benzylalbuterol (18.0 kg) and 10% palladium 
on carbon (50% water wet, 60 g) were charged to a suitable 
pressure reactor. The atmosphere of the reactor was then 
evacuated and replaced three times with nitrogen to exclude 
air. Under vacuum, ethanol (48.1 kg) was added, with agita 
tion of the contents of the reactor. The atmosphere of the 
reactor was again evacuated and replaced three times with 
nitrogen to exclude air. Then, the atmosphere was pressurized 
to 50 psig (3.4 bar) with nitrogen and vented. After venting, 
the atmosphere was pressurized to 50 psig (3.4 bar) with 
hydrogen, then Vented, and then once again pressurized to 50 
psig (3.4 bar) with hydrogen. The temperature was then 
adjusted into the range of from 33 to 37°C., and the mixture 
was then agitated in this temperature range. The progress of 
the reaction was monitored at approximately one hour inter 
vals until the reaction was complete after 4.5 hours, the 
content of (R)-benzylalbuterol was 0.09%. 
0051. The hydrogen was then vented from the pressure 
reactor, and the atmosphere in the reactor was pressurized 
with nitrogen to 50 psig (3.4 bar) and vented three times. The 
contents of the reactor were then cooled to a temperature in 
the range of from 19 to 25°C., and then filtered through a 3 um 
and 0.3 um in-line cartridge filter into a glass lined reactor. 
Ethanol (59.3 kg) was then added, affording an approxi 
mately 11% by weight solution of levalbuterol. The solution 
was then heated to a temperature in the range of from 47 to 53° 
C. 

0.052 The contents of the first reactor (a solution of L-tar 
taric acid) were then filtered through a 3 um polishing filter 
and charged to the glass-lined reactor containing the leval 
buterol over a period of 120 minutes. During this time, a 
precipitate formed. The first reactor was then rinsed with 
ethanol (6.17 kg), and the contents charged to the glass-lined 
reactor containing the precipitate. The contents were then 
agitated at 47 to 53°C. for 63 minutes, then cooled linearly to 
19 to 25°C. Over 128 minutes. 
0053 Approximately one third of the contents of the reac 
tor were separated using a centrifuge. The product was then 
washed with ethanol (13.2 kg) and then again with ethanol 
(12.5 kg). The wet product (9.99 kg) was then discharged 
from the centrifuge. 
0054 Approximately one half of the remaining contents 
of the reactor were separated using the centrifuge. The prod 
uct was then washed with ethanol (13.4 kg) and then again 
with ethanol (12.4 kg). The wet product (10.29 kg) was then 
discharged from the centrifuge. 
0055. The remaining contents of the reactor were then 
separated using the centrifuge. The product was then washed 
with ethanol (12.8 kg) and then again with ethanol (12.6 kg). 
The wet product (9.86 kg) was then discharged from the 
centrifuge. 
0056. The combined wet product was then loaded into a 
vacuum tray dryer and was dried at 35-40°C. for 21 hours to 
afford 16.51 kg of levalbuterol L-tartrate as needle-like crys 
tals containing 0.49% ethanol. The crystals generally had a 
length of about 10-50 microns, a width of about 0.2 to 4 
microns and an aspect ratio of about 20:1. 

Example 2 

Micronization of Levalbuterol L-Tartrate Crystals 

0057 Levalbuterol L-tartrate crystals obtainable by the 
process of Example 1 were de-lumped by manual screening. 
The screened material was then micronized using a 4-inch 
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(10.16 cm) pancake-style fluid energy mill with a venturi 
pressure of 50 psi (3.45 bar) and a mill pressure of 100 psi 
(6.895 bar). The mill operator used a vibratory feeder to 
supply the unmicronized levalbuterol L-tartrate to the mill at 
a rate of 1.4+0.4 kg per hour. 
0058. The resultant product consisted of crystalline 
needles comprising Smaller needles (0.5 to 3 um in length) 
with aspect ratios between 3:1 and 10:1, longer needles (3 to 
9 um in length) with aspect ratios of approximately 15:1, and 
fine particle fragments of approximately 0.5um. 
0059. The needle-like form of the particles in the micron 
ized product is atypical of particles in a micronized product, 
which are usually more uniformly spherical in character. 
Needle-like particles are desirable in a product intended for 
administration by inhalation, due to their aerodynamic prop 
erties. 

Example 3 
Metered Dose Inhaler Formulations of Levalbuterol 

L-Tartrate Crystals 
0060 

Amount per Can Amount per Gran 

(45 g/ (90 g/ (45 g/ (90 g/ 
Component actuation) actuation)* actuation)* actuation)* 

Levalbuterol 15.6 mg 31.3 mg 1.04 mg 2.08 mg 
L-tartrate 
Oleic Acid NF 0.7815 mg 1.563 mg 0.0521 mg 0.104 mg 
Dehydrated 0.7140 g 0.7140 g 0.0476 g 0.0475 g 
ethanol USP 
HFA 134a 14.28 g 14.28 g 0.951 g 0.950 g 

Total 15.01 g 15.03 g 1.00 g 1.00 g 

*The dose is expressed as levalbuterol free base. 

0061 The formulation is prepared following a conven 
tional procedure, for example as described below. 
0062. A portion of the requisite amount of dehydrated 
ethanol (approximately 94%) is added to a suitable tared 
formulation vessel previously flushed with filtered nitrogen. 
Oleic acid is added to the formulation vessel containing the 
dehydrated ethanol with the aid of a dehydrated ethanol rinse 
as needed to ensure quantitative transfer. A base mixer (ap 
proximately 250 rpm) is started, and the batch is homog 
enized for about 1 minute. The vessel and contents are then 
chilled to about 2-6°C. The speed of the base mixer is then 
reduced to approximately 100 rpm and micronized leval 
buterol L-tartrate is added carefully to the vessel. The base 
mixer is then returned to approximately 250 rpm and the 
batch is homogenized for about 10 minutes. The remainder of 
dehydrated ethanol is then added to the batch to reach the 
required weight, followed by stirring for about 10 minutes at 
about 250 rpm. The vessel and contents are then chilled (2-6° 
C.), and this temperature is maintained throughout the Sub 
sequent filling process. 
0063. The concentrate suspension (e.g. 0.730+0.022 
grams per can) is then filled into aluminum canisters having 
an interior coating of HOBA8666 (a pigmented epoxy phe 
nolic resin available from HOBA, Lacke and Farben GmbH, 
Postfach 115772407, D-72411, Bodelhausen, Germany), and 
a valve is applied. The valve is crimped into place with an 
appropriate collet crimper. HFA 134a is then pressure-filled 
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through the valve (e.g. 14.28 grams per can) using a positive 
piston filler with a suitable adapter. All units are stored (valve 
down orientation) for three days, followed by weight check 
ing to remove units with gross leakage. 
0064. The canister is loaded into a standard metered dose 
inhaler actuator available from Bespak Europe, King's Lynn, 
Norfolk, PE302JJ, United Kingdom, having an aperture with 
a diameter in the range of from 0.30 to 0.36 mm. 

Stability Study 

0065. A stability study has been conducted on batches of 
45ug and 90 ug per actuation products prepared as described 
above. The results are as follows: — 

25°C/60% RH. valve orientation up 
25°C/60% RH, valve orientation down 
40° C./75% RH. valve orientation up 
40° C./75% RH, valve orientation down 
0066. The results are tabulated below. 

1 
TEST INITIAL MONTH 3-MONTH 6-MONTH 

25/60 valve up 

Particle Size - 1.9 2.0 2.0 1.9 
Andersen Cascade 
mpactor MMAD 
(Lm) (Average) 
Particle Size - 1.7 1.7 1.7 1.6 
Andersen Cascade 
impactor 
GSD (Average) 
Particle Size - 
Andersen Cascade 
impactor 
pf (Average) 
Emitted Dose 
Uniformity 
Average (RSD) 

31.6% 34.5% 32.5% 34.1% 

'46.1 mcg 
(3.1%) 

45.9 mcg 
(2.3%) 

41.1 mcg 42.0 mcg 
(5.0%) (2.7%) 

25.60 valve down 

Particle Size - 1.9 1.9 2.0 1.8 
Andersen Cascade 
mpactor MMAD 
(Lm) (Average) 
Particle Size - 1.7 1.7 1.7 1.5 
Andersen Cascade 
impactor 
GSD (Average) 
Particle Size - 
Andersen Cascade 
impactor 
pf (Average) 
Emitted Dose 
Uniformity 
Average (RSD) 

31.6% 32.9% 32.9% 34.6% 

'46.8 mcg 
(3.5%) 

'47.1 mcg 
(3.5%) 

41.1 mcg 42.2 mcg 
(5.0%) (4.7%) 

40/75 valve up 

Particle Size - 1.9 2.0 2.0 1.9 
Andersen Cascade 
mpactor MMAD 
(Lm) (Average) 
Particle Size - 1.7 1.8 1.7 1.6 
Andersen Cascade 
impactor 
GSD (Average) 
Particle Size - 
Andersen Cascade 
impactor 
pf (Average) 

31.6% 31.6% 32.8% 34.3% 
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-continued 

1 
TEST INITIAL MONTH 3-MONTH 6-MONTH 

Emitted Dose 41.1 mcg 41.9 mcg 47.3 mcg 48.1 mcg 
Uniformity (5.0%) (3.4%) (3.3%) (3.3%) 
Average (RSD) 

40.75 valve down 

Particle Size - 1.9 2.1 2.1 2.0 
Andersen Cascade 
mpactor MMAD 
(Lm) (Average) 
Particle Size - 1.7 1.8 1.6 1.6 
Andersen Cascade 
impactor 
GSD (Average) 
Particle Size - 31.6% 31.6% 33.5% 33.7% 
Andersen Cascade 
impactor 
pf (Average) 
Emitted Dose 41.1 mcg 40.5 mcg '48.0 mcg '51.0 mcg 
Uniformity (5.0%) (3.2%) (3.3%) (2.4%) 
Average (RSD) 

"NB3 month data set includes method change that improved collection efficiency, 

Particle Size Definitions 

0067 Aerodynamic Diameter The diameter of a unit 
density sphere having the same terminal settling Velocity as 
the particle in question. It is used to predict where in the 
respiratory tract such particles will deposit. 
0068 Aerodynamic (equivalent) diameter diameter of a 
unit-density sphere having the same gravitational-settling 
Velocity as the particle in question. 1 Aerodynamic diameter 
takes into account the shape, roughness, and aerodynamic 
drag of the particle. Used for movement of particles through 
a gas. 
0069 Cascade impactor—a device that uses a series of 
impaction stages with decreasing particle cut size so that 
particles can be separated into relatively narrow intervals of 
aerodynamic diameter; used for measuring the aerodynamic 
size distribution of an aerosol. 
0070 Geometric standard deviation (GSD)—A mea 
Sure of dispersion in a lognormal distribution (always greater 
than or equal to 1.0). 
0071 Mass median aerodynamic diameter (MMAD)— 
The geometric mean aerodynamic diameter. Fifty percent of 
the particles by weight will be smaller that the MMAD, 50% 
will be larger. 
0072 Fine particle fraction (fp?)—a proportion of the 
emitted dose collected on stages 3 to filter of an Anderson 
Cascade impactor. 
0073. Relative standard deviation (RSD) 
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Comparison of the Solubility of Levalbuterol L-Tartrate 
Crystals with that of Levalbuterol Hydrochloride Crystals in 
HFA 134/Ethanol Blends 

Actual Day Day Day Day Day 
Active Ethanol 1 2 4-5 6-8 57-65 
Salt % Igg Igg Ligg Jigg Igg 

Tartrate O.OO NA O.OO O.O2 O.12 
2.01 O.O7 O.10 0.44 1.18 
S.28 O.69 O.94 1.81 2.97 
9.8O 1.65 2.32 5.30 6.82 

Hydrochloride O.OO O.08 1.13 O.33 4.2O 
2.16 4.45 S.O1 5.25 10.57 
S.2S 30.93 31.89 36.54 41.07 

10.16 127.78 132.92 134.15 151.96 

0076. The results show that levalbuterol L-tartrate has sub 
stantially lower solubility in ethanol than levalbuterol hydro 
chloride. This property is desirable in crystals to be used in the 
preparation of an aerosol formulation adapted for use in a 
metered dose inhaler, because Such formulations are com 
monly prepared by combining micronized crystals with etha 
nol (as a co-solvent), then adding the propellant (which would 
force any dissolved product back out of Solution, potentially 
causing crystal growth). 

1-29. (canceled) 
30. A method of treating bronchospasm, which comprises 

administering to a patient a pharmaceutical composition 
comprising an effective amount of levalbuterol-L-tartrate 
using a metered dose inhaler, wherein the levalbuterol-L- 
tartrate is in the form of micronized crystals. 

31. The method of claim 30, wherein the micronized crys 
tals of levalbuterol-L-tartrate are in the form of needle-like 
particles. 

32. The method of claim 30, wherein the levalbuterol-L- 
tartrate is a hemitartrate. 

33. The method of claim 30, wherein the pharmaceutical 
composition further comprises a propellant. 

34. The method of claim 33, wherein the propellant is 
1,1,1,2-tetrafluoroethane. 

35. The method of claim 30, wherein the pharmaceutical 
composition further comprises a Surfactant. 

36. The method of claim35, wherein the surfactant is oleic 
acid. 

37. The method of claim 30, wherein the pharmaceutical 
composition further comprises a co-solvent. 

38. The method of claim 37, wherein the co-solvent is 
ethanol. 

39. The method of claim 38, wherein the ethanol is dehy 
drated ethanol. 

40. The method of claim 30, wherein the pharmaceutical 
composition is adapted for administration of from about 45 
ug to about 90 uglevalbuterol free base per actuation. 
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