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PREPARATION OF SUSPENSION AEROSOL FORMULATIONS

FIELD OF THE INVENTION
The present.invention rélates in general to medicinal aerosol formulations and in particular to

processes of preparing suspension aerosol formulations for use in inhalation therapy.

- BACKGROUND OF THE INVENTION

' Pressurized metered dose inhalers (MDls) are widely used devices for the delivgry of

. medicaments to the respiratory tract by inhalation via (hé oral and nasal routes. Though MDls are
used primarily for topical delivery of drugs to the respiratory tract for treatment of sqch diseases as
asthma and_ chronic obstructive pulmonary diséase (COPD), there is increasing interest in their use

- for syétemic drug delivery. Classes of medicarnen‘ts commonly delivered by MDIs include

" bronchedilatars (e.g., beta-agonists and anticholinergics), ‘corticosteroids, and ahtl-allergics. See
Anthony Hickey, Pharmaceutical Inhalation Aerosol Technology, Marcel Decker, New York (2004) ;‘or
a general background on this form of therapy.

MDI formulations are comprised of, at least, a medicament and a propellant. MDI
formulations may further comprise one ;r more excipients other than propeltant.

MDI formutations é& generally characterized as either solutions or suspensions. A solution
formulation compﬁses the medicament dissolved or solubilized in propeliant or in a mixture _of
propellant and one or mare excipients. A suspension formulation contains the medicament in the
form of particles which are dispersed in the propellant or in a mixture of propellant and one or more
other excipients. v

Traditionally, the propeliant syé!em used in MDIs has consisted of one or more
chlorofuorocarbons (CFCs), such as Freon 11 (CCIF), Freon 12 (GCI,F,), and Freon 114

"(CF,CICF,CI). However, the CFC propeliants are now believed k;.» provoke the degradation of

stratospheric o0zone and thus their production and use are being phased out,




" Hydrofluoroalkane (HFA) propellants, particularly 4,1 ,1,2-tetraﬂuordethane (HFA-134a) an_d'
1,1,1.2,3,3,3,-heptafluoropropane (HFA-227), are currently favored as non-ozone depleting
alternatives to the CFC propellants for respiratory drug delivery. Other altematives to CFCs have
been proposed, including dimethyl ether and lbw molecular weight hydrocarbons, such as propane
and butane. ' .

The efficiency of an aerosol device, such as an MDI, is a function of the dose deposited at
the appropriate site in the respiratory tract. Deposi'tion is affécted by several factors, of which one of
the most important is. the aerodynamic particle sizé. The distribution of aerodynamic particle sizes of
solid particles and/or draplets in an aerosol can be characterized by.their‘ mass h\edia_n aerodynamic

- diameter (MMAD, the diameter around which the mass aerodynamic diameters are distribn;tted -
equally) and geometric standard deviation (GSD, the measure of variability of the aeroqynamic
particle diameters). Aerosol particles of equivalent MMAD and GSD have similér deposition in the
respiratory fract irfespective of their composition.

For inhalation therapy, there is a preference for aerosols in which particles for inhalation have
an MMAD of about 0.5 to 100 pum, depending on the intended site of ciepbsition. Particles smaller
than 0.5 um may be exhaled, and particles larger than 100 pm may clog the metering valve or
actuator orifice. )

For inhalation therapy targeting the Iungs, there is a preference for aerosols in which the
particles for inhalation have an MMAD of about 0.5 o 10 pm, more 'preferably about 0.5 to 5 pm, and
most preferably about 0.5 to 3 um.. Particles larger than about 5 um fn diameter are primarily
deposited by inertial impaction in the oropharynx, particles of about 0.5 to 5 urr in diameter are ideal
for deposition in the conductiﬁg airways, and particles of about 05103 pm in diameter are desirable
for aerosol delivery to the lung periphery. -

For inhalation therapy targeting the nose, where the medicament is either for the topical
treatment of tissues within the nose, or to bel absorbed, so as fo have a systemic effect, via the nasal
mucosa (i.e., via the so called intranasal route), there is a preference for aerosols in which the

particles for inhalation have an MMAD of about 5 to 100pm, preferably about 5 to 50um, more




‘ preferably about 5 to 25um, or, when penetration beyond the nasat cavity is undesirable, within the
range of ahoqt 10 to 100um, preferably about 10 to 50um énd more preferably aboﬁt 10'to 25pm,

Numerous methods are known in the art for the preparation of suspension aerosol
formulations for MDIs. The known methods generally comprise the mixing of pre-formed medicament
powders, which are of a size suitable for inhalation therapy, with propellant and optionally one or
more other excipients. Control of the particle size distribution of the aerosol particles generated from
the suspension aerosol formulation is accomplished primarily via conrol of the particle size . ‘
distribution of the rﬁedicament powders used to prepére the formulation. Thus, considerable care is
normally taken tb avoid dissolution of the medicament powder in the excipients, as any dissolution of
the medicament powder during manufacture of the formutation would result in loss of particle size
cantrol, )

Conventional methods for generating meﬁicament powders suitable for preparaﬁén,of
formulations for inhalation therapy., such aé suspension aerosql Idrmulalions for MDls, include milling
(micronization), spray drying, and supercritical fluid recrystallization.

‘ The conventional processes of MDI manufacture are generally characterized as either -
“pressure filling” or “cold filling”. In pressure ﬂlliné, the poWdered medicament, optionally combined
with one or more excipignts, is placed in a suitable aerosol container capéble of withstanding the
vapor pressure of the propellant and fitted with a metering valve. The propellant is then forced as a
liquid through the valve into the container. In an alternate process of pressure filling, the particulate
drug is combined in é process vessel with propellant and optionally-one or more excipients, and the
resulting drug suspension is transferred through the metering valve fitted to a suitable MD! container.
In cold filling, the powdered medicament, propellant which is chilled below its boiling point,.and
optionally one or mare excipients are added to the MDI container, and a metering valve is fitted to the
container. For bath pressure filling and cold filling processes, additional steps, such as mixing,
sonication, and homogenization, are often advantageously included. See Léchman etal in The
Theory and Practice of Industrial Pharmacy, Lea & Febiger, Philadelphia (1986) for an overview of

conventional manufacturing procedures for MDls.
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Salmeterol xinafoate is a selective and potent beta adrerioreceptor stimulant bronchadilator
which has been very successfdlly used by inhalation for the immédiate relief of spasm in asthma.
Salmeterol! is described in British F"étent Specifiéatian No 2140800, The xinafoate salt of salmeterol

- is a particularly preferred pharmaceutically acceptable salt for use in inhalation therapy. ‘

Fenoterol is an adrenergic bronchodilétor used for the treatment of asthma and COPD. The

’ hydrobromide salt of fenoterol is a particularly preferred pharmaceutically aéceptable salt for uée in
inhalation therapy.
' Ipratropium is an anticholinergic bronchodilator used by inhalation for the treatement of
asthma, COPD, and alleréic rhinitis. The bromide salt of ipratropium is a particularly preferred

pharmaceutically acceptable salt for use in inhalation therapy.

BRIEF SUMMARY OF THE INVENTION

The present invention provides processes for preparing suspéns}on gerosol formulations
suitable for inhalation therapy, wherein the medicament particlés for inhalation are formed in situ
during the process of manufacturing the formulation.

Accordingly, the present invention provides, in a first aspect, a method of preparing a
suspension aerc;fol formulation comprising a particulate medicament and a propellaﬁt, wherein a
medicament solutioﬁ is mixed with the propellant under condifions that cause a precipitate of the
medicament to be formfed from the solution. '

The precipitate preferably comprises particles of the medicament in a form suitable forusein
inhalation therapy. The precipitate can comprise particles of the medicament in a form suitable for

. administration to the lungs via oral or nasal inhalation, or for administration to the internalytissues of
the nose via nasal inhalation. The propeliant is preferably a liquefied propellant gas.

In another aspect of the invention, a process for preparing a suspension aerosol formulation

~comprises the steps of:
(a) dissolving one or mare medicaments in one or more solvents to form a solution; and
(b) mixing one or more propellants with the solution under conditions effective to precipitate,

entirely or partially, at least one of the medicaments.
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The mixing of the propellant with the solution may be accomplished by adding the
propellant to the solution or by adding the solution to the propellant.

The precipitation of the medicament may be performed within an aerosol container.
Alternatively, the suspension aerosol formulation may be transferred to the aerosol
container after precipitation of the medicament.

The processes of the invention may be controlled to achieve desired characteristics
of the medicament particles generated in the suspension aerosol formulation. Such
characteristics include, but are not limited to, particle size and size distribution. particle
shape, surface properties, and/or form (e.g., polymorphic form).

Medicament of any particle size may be used as a starting material for the processes,
including fine particles that are suitable for use in conventional processes for preparing
suspension aerosol formulations, as well as particles of a size not suitable for use in
conventional processes.

The present invention also provides processes for preparing suspension formulations
comprising two or more medicarnents, wherein at least some of the particles for inhalation
of one or more of the medicaments are formed in situ during the manufacture of the
formulation.

The present invention further provides processes for preparing a suspension aerosol
formulation, wherein the medicament and solvent are admixed in such proportions to
partially, but not completely, dissolve the medicament. Propellant is then mixed with the
medicament-solvent mixture to precipitate at least a portion of the dissolved medicament.

The present invention is applicable to the preparation of suspension aerosol
formulations, including, but not limited to, the preparation of suspension aerosol
formulations of medicaments which are intended to be administered, by inhalation, in the
form of metered doses of aerosol spray, using a dispensing device called a metered dose
inhaler (MDI).

The medicament is a pharmaceutically active agent, which is preferably useful in the
therapeutic or prophylactic treatment of a disease or medical condition, or in a diagnostic

technique.
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Throughout this specification the word “comprise”, or variations such as
"comprises” or "comprising", will be understood to imply the inclusion of a stated element,
integer or step, or group of elements, integers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or steps.

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the purpose of providing a context
for the present invention. It is not to be taken as an admission that any or all of these
matters form part of the prior art base or were common general knowledge in the field
relevant to the present invention as it existed before the priority date of each claim of this

application.

SA
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BRIEF DESCRIPTION OF THE 'DRAWINGS

FIG. 1 is a graph showing the impact of propellant temperature on the particle size
distribution obtained by Andersen cascade impaction testing of a salmeterol xinafoate
formulation.

FIG. 2 is a graph comparing the particle size distribution of a salmeterol xinafoate
formulation prepared by the addition of propellant in one step versus the particle size
distribution of the same formulation prepared by the addition of propellant in two steps.

FIG. 3 is a graph showing the particle size distributions of several salmeterol
xinafoate formulations prepared via dissolution of salmeterol xinafoate followed by
precipitation by propellant.

FIG. 4 is a graph showing the particle size distribution of a salmeterol xinafoate
formulation prepared from a mixture of solvent and salmeterol xinafoate, wherein the
salmeterol xinafoate is partially dissolved in the solvent.

FIG. 5 is a graph comparing the particle size distribution of a formulation prepared
according to a conventional process using micronized salmeterol xinafoate versus the
particle size distribution of the formulation prepared via dissolution of salmeterol xinafoate
followed by precipitation by propellant.

FIG. 6 is a graph of the particle size distribution of a fenoterol hydrobromide
formulation prepared prepared via dissolution of fenoterol hydrobromide followed by
precipitation by propellant.

FIG. 7 is a graph of the particle size distribution of a ipratropium bromide
formulation prepared prepared via dissolution of ipratropiurn.bromide followed by
precipitation by propellant.

DETAILED DESCRIPTION OF THE INVENTION

It has now been discovered, surprisingly, that the medicament particles of suspension
aerosol formulations for inhalation may be generated in situ during the process of
manufacturing the formulation. The medicament particles formed are of a size suitable for
inhalation therapy.

Accordingly, the present invention provides a method of preparing a suspension
aerosol formulation comprising a particulate medicament and a propellant, wherein a
medicament solution is mixed with the propellant under conditions that cause a precipitate
of the medicament to be formed from the solution, and wherein the medicament solution is

mixed with the propellant in an aerosol canister.
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The precipitate preferably comprises particles of the medicament in a form
suitable for Use in inhalation therapy. The precipitate can comprise particles of the
medicament in a form suitable for administration to the lungs via oral or nasal
inhalation, or for administration to the intemal tissues of the nose via nasal inhalation.
The propellant is preferably a liquefied propellant gas. The medicament can be partially
precipitated when the medicament solution is mixed with the propellant. . In
embodiments, the particles of the medicament in the precipitate, when aerosolized,
have an MMAD of:

(a) about 0.5 to 10um, about 0.5 to 5 pm, or about 0.5 to 3um, or
(b) about 5 to 100 um, about 5 to 50 pm, about 5 to 25 pm, about 10 to 50um or
about 25pum.

The medicament solution is preferably mixed with the propellant at a
temperature of about - 100°C to about 40°C, about -40°C to about 25°C, about -25°C to
about 5°C or about -20°C. The propellant and the medicament solution can be mixed in
a singie step, or the propellant can be added to the medicament solution stepwise or in a
plurality of aliquots.

A further excipient or further excipients can be dissolved in the medicament
solution that is mixed with the propellant. A further excipient or further excipients can
be in admixture with the propellant when the latter is mixed with the medicament
solution. The further excipient or excipients can remain in solution, after the
medicament solution has been mixed with the propellant, The further excipient or
excipients can be or include a dispersing agent, preservative, flavoring, taste masking
agent, buffer, antioxidant, anti-aggregating agent, co-solvent or surfactant.
WO 02130394 disclose the use of particulate bulking agents in pharmaceutical aerosol
formulations comprising a suspension of drug particles in a propellant.

An excess of propellant, beyond the minimum required to precipitate the
medicament, can be mixed with the medicament solution.

The medicament solution is mixed with the propellant in an aerosol canister. It
is preferred for substantially all, or at least a proportion of the medicament solution to
be put into the canister before the propellant. A metering valve can be fitted to the
canister either before or after the propellant is added to the canister.

-10-




in further embodiments, prior to being mixed wi{h the propeliant, the mediﬁament solution is
prépared by dissolving the medicament in a solvent or solvent mixture. The medicament'solution
preférably comprises a solvent, or solvent mixture, that is miscible with the propellant under. the
mixing conditions. It is also preferred for substantially all or at least a proportioﬁ éf the solvent or
solvent bmixture to remain present in the formulation.

in some embodiments, the medicament solution includes a plurality of medicaments. At least
two of said medivcaments can be dissolved in said solution, and one or more of said medicaments can
remain dissolved after the solution has been mixed with the propéllaﬁt. In embodiments where the
solution of medicaments. includes a plurality of medicaments, the'precipitate can alsc comprises a
plurality of medicaments. '

Ina second aspect, the present invention provides a method of préparing a suspension
aerosol formulation comprising a combination of medicaments and a propeliant, said method
_qomprising separ'ately carrying out a method in accordance with the first aspect of the invention with
first and second medicamenfs and tﬁereafter combining the resulting formulations to provide, a éingle
combination formulation. ‘

In a third aspect of the invention, there is provided a process of breparing a suspension
aerosol formulation, comprising' the steps of:

‘ (a) dissolving one or more medicaments in one ar more solvents to form a medicament solution;
and
(b) mixing one or mare propellants with the solution under conditions effective to precipitate,
entirely or partialiy. at least one of the medicaments.

The mixing of tﬁe propellant with the solution may be accomplished by adding the propellant
to the solution or by adding the solution te the propeliant. .

The medicament may be dissolved in the solveni in a variety of ways depending on the
medicament. Such methods include, but are ﬁot limited to, sonication, heating, high shearing, or

stirring the medicament in the solvent.

11-




In a yet further aspect, the invention provides a suspension aerosol formulation, comprising a
partichlate medicament and 2 propéllant, prepared or preparable by a-method in accordance with the
invention. - ' '

In other aspects, the invention provides a method of preparing 2 metéred dose inhaler '
comprising carrying out 2 method in accordance with the invention, and pressurized metered dose
inhalers prepared or preparablé by a method in accordance with the invention.

The term “suspension aerosol foﬁnulation" as used herein refers to a formulation suitabie for
inhalaﬁon therapy, for example an MDi formulation, wherein at leasi one medicament is in the form of
fine particles, which ara suspendeq‘or éuspendable, and preferably substantially insoluBle in the
formulation. The term “fine particles” as used herein refers to medicament particles with an MMAD
suitable for use in inhalation therapy as discussed above. Fine particles may exist, for example, in
dry powder form, in suspension in a fluid, or within an aerosol. ' ‘

In the conventional processes, such as disclosed in U.S. Pat. Nos. 3.014,?44 and 6,743,413,
and WO 98/13031 fine particles in the form of dry powders are a necessary sterting material for the
preparation of the suspension aerosol formulations. An advantage of the processes of the present
invention is that fine particles are not required as a starting material. Because the ﬂnekparticles of
‘medicament are formed from a solution of medicament, the particle size of the medicament dissolved
in preparation of the s:olution has no impact on the size of the particles generated in the suspenéion
aerosol formulation. Thus, the medicament employed as a starting material to prepére the
formulation may be of a particle size that is suitable for the intended inhalation therapy or it may be of
a particle sfze that is not suitable for intended inhalation therapy. For example, in preparing &
suspension aerosol formulation targeting the lungs and having a desired aerosol MMAD of less than
5 pum, the medicament employed as a starting material to prepare the formulation méy have a particle
size {for example, a volume mean diameter, ar xéo, as measured by laser diffraction) less than 5 um,
or it may have a particle size greater than 5 um. This aspect of the invention is particularly
advantageous for medicaments that are known to exhibit poor flow characteristics in the micronized
state. For example, as described in U.S. 5,795,594, conventionally micronized salmeterol xinafoate

is cohesive and statically charged. As a further advantage, the use of unmicronized medicament in

-12-




an aspect of the present invention averts the known éafety hazards, for example inhalation hazards,
associated with the handiing of ﬁné dry powders, A

The suspension aerosol formulations prepared acqording to the present invention may be
filled into or formed in aerasol canisters suitable for delivering pharmaceutical aerosol formulations.
Aerosol canisters generally comprise a container or reservoir capable of withstanding the vapor
pressure of the propellant used, such as a plastic boitle, a pldstic-coated glass bottle, or a metal can,
such as an aluminum can which may optionally be anodized, lacquer-coated and/or plastic-coated
(e.g., fluoropolymer-coated). » ‘ ’

The aerosol canisier may be fitted with a metering valve capable of delivering a measured
dose of the suspension aerosol formulation in the form of an aerosol. Suitable valves are
commercially available from manufactureré well known in the aerosol industry, for example from
Bes‘pak (e.q. BK3586), Valois (e.g. DF10), and 3M-Neotechnic Ltd. (e.g. Spraymiser). The propellant

» may be added to the canister tﬁrough the metering-valve, or the propellant may be édded to the
canister prior to sealing the canister with the metering valve. Prior to use, eacﬁ aerosol canister is
fitted into a suitable actuator for dispensing the medicament from the metering valve to the pétient.l

In aﬁother aspect of the invention, the suspension aero;sol formulation may be formed within
the aerosol canister according to a process comprising:

(a) providing an aerosol canister; _

(b} charging to the aerosol canister a solution of oné or more medicaments in one or more
solvents; .

(¢} mixing one or more propellants with the solution under conditions effective to precipitate,
entirely or partially, at least one of the medicaments. ‘
Alternatively, the c\:‘ne or more propeflants may be charged to the aerosol canister first,
followed by the medicament solution,
The generation of the fine particles of ihe suspension formulation within the aerosol canister
is a particularly advantageous aspect of the present invention, as it avoids the known problem of
adhesion of fine particles onto the surfaces of the process equipment, for exarﬁple the manufacturing

vessel, transfer lines, and filing equipment._ In the conventional processes, a suspension of fine

13-




medicament particles is prepared, and an aliquot of thc:a suspénsioﬁ is subsequently tranéferred .to
_each aeroso! canister. Medicament may be lost from the suspension via adhesion to the process
equipment as the suspensién is stored and manipulated (e.g., stirred, recirculated; or transfeﬁed)
pribr to filling into the aerosol canister. For example, see WO 2004/045621 for additional di;scussion
of the problem. In an aspect of the present invention, th—e medicament is present in a dissolved state
until propelfant is rﬁixed with the medicament solhtion in the aerosol canister. Thus, the:suspension
of fine particles does not contact the process equipment, and loss of medicamenl’g particles by
adhesion to tl;ue process equipment is avoided. WO 00/38811 discloses a process for preparing
crystaliine particles of a substance. This process, howevel.', comprises rHixing inha continuous flow
celi in the presence of ultrasonic radiation a flowing solution of the substance in a liquid solvent with a
flowing anti-solvent.
The présent invention further provides processes for preparing a suspension aerosol
formulation, wherein th;e(medicament and solvent are admixed in such proportions to partially, but not
completely, dissolve the medicament. One or more’ propeliants are then combined with the mixture to

precipitate at least a portion of the dissolved medicament.

Excipients
The term “excipient” as used herein means any chemical agent having little or no

pharmacoiogical activity (for the quantities used) but which enhances the drug formulation or the
performance of the MDI system. Suspension aerosal formulations prepared by the processes of the
current invention will contain, at minimum, two excipients: a solvent and a propellant. .

. The term "golvent" as used herein means any fluid which is used in the processes of the
present invention to dissolve the medicament or a portion thereof. Suitable solvents include, for
example, alcohols ahd polyols such as ethanol, lsopi‘opanol, n-propanol, 1-butanol, 2-butanol, 2-
methyl-‘l-propanol, 2-methyl-2-propanol, 1-pentanol, cyclopentanol, n-hexanol, cyclohexanol,
glycerol, and propylene glycol; and surfactants, for example polyethylene glycol (e.g., PEG 200 or
PEG 400), oleic acid, and sorbitan tricleate. Solvents may be used singly or in combination. A

particularly preferred solvent is ethanol.

11
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The solvent is added in sufficient quantity to paﬁially or completely dissolve the rﬁedicameﬁt.
An excess of solveni, beyond the minimum required to dissolve the medicament, may be present.

The term "propellant;’ as used herein means one or more pharmacd!ogically inert substance
which exerts a sufficiently high vapor pressure at normal room temperature and pressure to propel a
medicament from the canister of an MDl to & patient on actuation of the MDI's metering valve.
Propellants are generally gases at normal room temperatures and pressures, for example at 20°C -
and ane atmosphere (101.325kPa), but can be liquefied if cooled, for example to below -20 to -30°C,
or mm—preséed, for example at a pressure typically found within the canister of an Mbl. Preferably,
the propeltant will be a weak solvent or a npn-sol\‘/ent for the medicament; host preferably, the
propelfant will be a non-solvent for the medicament. Suitable propellants include, for example,
hydroﬂuoroalkaﬁes such as 1,1,1,2-tetrafluoroethane (CF;CH.F) (HFA-134a) and 1,1,1,2,3,3,3-
heptafluoro-n-propane (CFsCHFCFg) (HFA-227), perfluoroethane, monochloro-diflucromethane, 1,1-
diﬂuoroethane; dialkyl ethers such as dimethylether; and low molecular weight hydrocarbons such as

- n-butane, iso-butane, and propane. Propellants may be used singly or in combination. Particﬂlérly
preferred propellants comprise HFA-134a and HFA-227 and mixtures thereof. Preferably, the
propellant isina substantially liquid state as it is mixed with the solution of medicament. The
propellant may be used in a non-supercritical state.

In the present iﬁveniion, the propellant is used as an anti-solvent to precihitate atleasta
portion of at least one of the one or more medicaments frorﬁ solution. The propellant is preferably
employed in sufficient quantity to precipitate substantially all‘of- at least one of the medicaments from
the solution of medicament. An excess of propellant, beyond the minimumn required té precipitate the
medicament, rﬁay be used. The propellant is preferably present in an amount sufficient to propel a
plurality of therapeutically effective doses of medicament frdm the aerosol canister.

In the pracesses of the present invention, the choice of solvent and propellant, and the ratio
theraof, will be dependent upon the solubliity of the medicament or medicaments to be dissolved and
then precipitated. A solvent-propellant combination and a solvent-propeliant ratio are selecte;i such

that, under the selected process conditions, the solvent will solubilize the medicament to form a
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solution, and mixing the solution with propeliant will precipitate at least a portion of the medicament -
as fine particles. k )

The prapellant may be mixed with one or more other excipiehté prior to its admixture with the
solution of medicament. For example, an excipient may be mixed with the propeliant to madify its
effectiveness as an anti-solvent. Likewise, !he’solvent may be mixed with one or more other
excipients prior to aﬁmixture with the propellant, for ex_ample to modify the power of the solvent to
dissolvé the medicament. The éolvent and prépellant are preferabl}; co-miscible.

Suitable excipients, in addition to propellant and solvent., which may be employed in the
presént invention, include but are not limited to dispersing agents, preservath)es, flavorings, taste
masking agents, buf[ers, antioxidants, antiaggregating agents, and co-solvents. The particular
excipient(s) used and the concentration of the excipient{s) are selected according to the particular
medicament(s) used and the desired physical properties of the formulation.

Surfactants are commonly added to suspension aerosolvformulations, for example to lubricate
the valve components in the inhaler devfce and/or improve the physical stability of the suspension.
Suitable surfactants inclﬁde both non-fluorinated surfactants and ﬂuon’nated surfactants known in the
art and discloséd, for example in U.S. Patent Nos. 5,849,265 and 4,352,789. Examples of suitable
surfactants include cleié acid; lecithins from synthetic and ﬁatural sources, such as those available
under the {rade‘names Epikuron 200 and Phospholipon 90G; polyethylene glycol 400; sarbitan
trioleate available under the trade name Span 85; sorbitan mono-oleate availablé under the trade
name Span 80; sorbitan monolaurate available under the trade name Span 20; polyoxyethylene (20)
sorbitan monolaurate available under the trade name Tween 20; oleyl polyoxyethylene (2) ether
available under the trade name Brij 92; stearyl polyoxyethylene (2) available under the trade name
Brij 72; oleyl polyoxyethylene (2) etﬁer available under the trade name Genapol 0-020; lauryl‘
polyoxyethylené (4) ether available under the frade name Brij 30; block copolymers of oxyethylene
and oxypropylene available under the trade name Synperonic; poly(vinylpyridine} (PVP); diethylene
glycol dioleate; tetrahydrofurfuryi oleate; ethyl oleate; isopropyl myristate; glyberyl trioleate; glyceryl
mono-cleate; glyceryl monolaurate; glyceryl monostearate; glyceryl monoricinoleate; cetyl alcohol;

stearyl alcohol; polyethylene glycol 400; cetyl pyridinium chloride; and oils derived from natural
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sources, such as, corn oil, olive oil, cotton seed oil and sunflower seed oil. Preferred surfactants ére
oleic acid, lecithin, and sorbitan tricleate. .
Surfactants, if used, are généially presént in amounts not exceeding 5 percent by weight of
the total formulation, though higher amounts may be used. They will usﬁally be present in the weight
ratio 1:100 to 10:1 surfactant: medicament(s), but higher or lower surfactant: medicament(s) ratios
may be employed. ’
The term “co-solvent” as used herein means any excipieni which is added to solﬂbilize other
“excipients in the suspension aerosal formulation. For example, because the surfactants typically
used in MDI formulations are generally insoluble in HFA propéllants, a co-solvent Is commonly
included in thé formulation to solubilize the surfactant. Suitable co-soivents which may be used in the
invention include, for example, alcohols and polyols such as ethanol, iscpropanal, n-propanol, 1-
butanel, 2-butanol, 2-methyl-1-propanol, 2-methyl-2-propanol, 1-pentanol, cyclopentanal, n-hexanol,
cyclohexanol, glycerol, and propylene glycol. A particularly preferred co-solvent is ethénol. In the
present invention, an excipient may act as both a solvent and a co-solvent. .
WO 04/054545 discloses a process for the preparation of a sterile aqueous suspension
based on crystalline active ingredients designed for delivery by inhalaﬁoh. A solution of the active
ingredient in an organic solvent is prepa}ed and then mixed with a sterile aqueous anti-solvent in

which brecipitation of the active ingredient takes place. The anti-solvent is always water.

Process Conditions
The process conditions to be used with the processes described herein may be varied to
‘effect precipitation of the medicament or to achieve desi-red characteristics of the medfcamént
paﬁicles. Generally, the pracess conditions which may be varied include, but are not limited to, the
) temperéture of the propellant, the temperature of the medicament solution, and the rate at ‘which the
propeliant and medicament solution are combined (e.g., the rate of addition of propellant b the
medicament solution) and whether or not the propellant and /or medicament solution are maintained

at an elevated pressure,
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As a further example of varying the rate at which the propeliant and medicamenf'solution are
combined, the propeliant and medicament solution may» be combined in one step.or in more than one
step with va delay between each step (“stepwise™; for example, adding the propellant to the -
medicament solution in two or more stéps). Where the propellant is added to thé medicament

' solution in a ‘stepwise fashion, the propellant temperature may be the same at each step, or the

- propellant temperatﬁre may be different at each step, Likewise, where the medicament solution is
added to the propeliant in a stepwise fashion, the medicameht solution temperature may be the same
at each step, or the medicament solution temperature may be different at each stép.

The optimal process conditions will depend upon th_e.medicamant and the excipients used in
the process, as well as the concentrations thereof, Howevér, these are generally selected from within
ranges that ensure that the prapellant is maintained in the liquid state during rﬁixing. Thus, this step

is generally carried out under pressure, or at a temperature below the propeliant’s boiling point.

Particle Characteristics

The processes of the invention may be controlied to achieve desired characteristics of the
medicament particles generated in the suspension aerosol formulation, such as particle size and size
distribution, particle shape, surface properties, and/or form (e.g., polymorphic form); Control of the
particle characteristics may be accomplished by controlling such factors as the process conditions,

_ the chpice of excipients, the concentration of the excipieﬁts (for example, the ratit; of solvent to ’
propellant), the concentration of medicament in the solvent, or a combination thereof. ‘

Without wishing to be bound by any theory, the parﬁcle-size of the precipitated ﬁedigament is
generally expected to decrease as the rate of the precipitation incréases. The rate of medicament
precipitation generallyl may be increased, for example, by lowering the propeliant temperatirre,

. lowering the medicament solution temperaturé, and/or increasing thé rate at which the propellant and
medicament solution are combined (for example, the rate of addition of propeliant to the medicament
solution, or the rate of addition of medicament solution to propellant). Alternatively, the formafion of
larger. particles may be promoted by increasing the propellant temperature, increasing the

medicament solution temperature, and/or decreasing the rate at which the propellant and
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medicament solution are combined (for example, by combining the propellant énd the medicament )
*s;olution ina ste.pwise fashion).

Preferably, aerosoi particles geherated from the suspension aerosol formulations prepared
according to the present invention have an MMAD sitable for delivery to a paﬁeﬁt by inﬁalation. For
inhalation therapy iérgeting the Idngs, a suitable MMAD is about 0.5 to about 10 wm, more preferably
aboﬁt 0.5 to about 5 pm, and most preferably about 0.5 to about 3 pm. For inhalation therapy
targeting the nose, where the medicament is either for the topical treatment of tissues within the nose,
or to be absorbed, so as to have a systemic effect, via the nasal mucosa (i.e., via thé so called
intranasal route), there is a preference for aerosals in which the particles for inhalation have an
MMAD of about 5.to 100pm, preferably about 5 to 50um, more preferably about 5 to 25um, or, when
penetratic;n beyond the nasal cavity is undesirable, within the i‘ange of about 10 to 100um, preferably
about 10 to 50pm and more preferably ab.oul 10 to 25um. The MMAD of the emitted particles may be
measured by conventional techniques, such as laser diffraction or by the Andersen cascade

impaction or twin impinger analytical processes.

Combination Praducts

There is also provided, in another aspect of the present invention, procésses for broducing
combination products. “Combination product” as used herein means a suspénslon aerosol
formulation comprising two or more medicamentg.

In one embodiment, two or more medicaments are dissolved in the same solution and then
co-precipitated by the admixture of one on: more propellaﬁt-s.

In another embodiment, each of two-or more medicaments is dissolved in a separate solution
ina separate container. One or more propeliants are then added to each container io precipitate the
medicamént. The sep'arate suspensions are then combined to form the combination product.
Pregipitating the medicaments in separate containers advantageously allows the particle
characteristics (for example, particle size distribution) of the medicaments to be controlled

independently of ane ancther,
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in another embodiment, a suspension aerosol formulation is prepared whereby one or more
medicaments are precipitated to form a suspension, while one or more of the medicaments remain in .
solution. For example, to achieve a combination product in which one medicament is in suspension
in t‘he final formulation and another medicament is in solution in the final formulation; a solvent-
propellant combination is selected such that the solvent is effective for dissolving both medicaments,

“and the prdpe!lanl is effective for precipitating only ane of the medicaments.

Medicaments
- The medicament may be one or more of any biologically active agent useful in inhalation

therapy. Medicaments that may be used include, but are not limi.(ed to, beta agonists, for example
albuterol, levalbuterol, salmeterol, and formoterol; giucocorticosteroids, for example beclométhasone,
mometasone, budesonide, fluticasone, and triamcinolone acetonide; anti-cholinergics, for example
ipatropium bromide; mast cell stabilizers, for ekample, cromolyn sodium; anti-allergic drugs, for
example sodium cromoglycate and nedocromil sodium; and 'peptides and proteins, for example
insulin; expectorants; antihistamines; Iéukotrienes synthesis inhibitors; cyclooxygenase inhibitors; or
pharmacologically acceptable esters and salts and/or solvates thereof. Preferably, the medicament is
present in the susbension aerosol formulation in an amount sufficient to provide a plurality of
l_herapeutically effective doses.

Particularly preferred medicax'hents include salmeterol (preferably as the xinafoate salt),
fenoterol (preferably as the hydrobromidé sait), and ipratropium (preferably as the bromide salf).

Where applicablé. the medicaments may be in the form of their racemates or in the form of
their optical isomers. For example, salmeterol or a salt thereof may be used in the form of its
racemate or in the form of its R(-) ar S{+) enantiomer.

The concentration of medicament in the suspension aerosol formulation depends upon the

desired dosage but is generally in the range of 0.005 to 5% by weight. Preferably, the medicament is
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present in the 'suspension- aerosol formulation in an amount sufficient to provide a plurafity of

therapeutically effective doses.

Detailed Description of Preferred Embodiments

While the present invention may be embodied in many different forms, disclosed herein are
specific embodiments tﬁeréof that exempli;y the principles of the invention. It should be emphasized )
that the present invention is not limited to the speciﬁc embodiments illustrated.

In a first embodiment, thekpresent invention may be employed for the prebaration'of
'suséeﬁsjon aerosol formulations comprising salmeterol xinafoate. Salmeterol xinafoate énd ethanol
are combined to form a solution. Th’e.concentrati‘on of salmeterol xinafoaté contained in the ethanol
is preferably sufficient to provide a plurality of therapeutically effective doses from the suspension
aerosol formulation. Depending on the amount of salmeterol xinafoate to be dissolved, it may be
necessary to warm the mixture of salmeterol xinafoate and ethanol to achieve dissolution. * Salmeterol
xinafoate is generally emplayed at concentrations which are amenable to diésolution of the salméterol
xinafoate in the ethanol at about room temperature (25 °C) or less, though higher salmetemi
xinafoate concentrations may be employed, requiring higher dissolution temperatures.

The propellant may be_ added to the salmetero! xinafoate solution, or the salmeterol xinafoate
solution may be added to thé propellant. Accérdfngly, an aliquot of the salmeterol xinafoate solution
is dispensed into an aerosol canister and a metering valve is crimp sealed to the canister, Propellant
is added through the valve, whereby the salmeterol xinafoate is precipitated as fine particles suitable
for inhalation therapy.

. On its addition to the salmeterof xinafoate solution, the propeliant is desirably at a
temperatu;e of about ~100 °C to about 40 °C, preferably about ~40 °C to about 25 °C, more
preferably about ~25 °C to about 5 °C, and most preferably about —20 °C. The propellant may be
added in more than one step, though preferably the propeliant is added in ane step.

Preferred propellants are HFA-134a, HFA-227, and mixtures thereof. HFA-134a is especially

preferred.
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In an alternate process of the first embodiment, the salmeterol xinafoate anﬂ ethano! solution

v is formed in a process ve_ssel, and the propellant is added to the process vessel to form the '
suspension aerosol formulation. An aliqﬁct of the suspension aerosol formulation is then transferred
to an aerosol canister, either before or aﬂ;-:r the canister is fitted with a metering valve.

In a second embodiment, the present invention may be employed for the preparation of
suspension aerosol formulations cnmprisiﬁg fenoterol hydrobromide. Fenoterol hydrobromide and
ethanol are combined to form a solution. The concentration of fenoterol hydrobromide contained in
the etﬁanol is preferably sﬁfjﬁcient to provide a plurality of therapeutically effective doses from the
suspension agrosol formulation. Depending on the amount of fenoterol hydrobromide to be‘

. dissblved. it may be necessary to warm the mixture of fenoterol hydrobromide and ethanol to achieve
dissolution. Fenoterol hydrobromide is generally employed at concentrations which aré amenable to
dissolution of the fenotero! hydrobromide in the ethanol at about 60 °C or less, though higher
fenoterol hydfobromide concentrations may be embloyed. requiring higher dissolution temperatures.

vThe propellant may be added to the fenoterol hydrobromide solution, or the fenoterol -
hydrobromide solution may be added fo the propellaﬁt. Accordingly, an aliquot of the fenoterol
hydrobromide sc;lution is dfspensed into an aeroéol canister and propellant is added, wﬁereby the
fenoterél hydrobromide is precipitated as ﬁne particles suitéble for inhalation therapy. A metering
valve is crimp seéled 1o the canister.

On its addition to the fenoterol hydrobromide soluiion, the propellant is 'desirab!y ata ’
temperature of about -100 °C to about 40 °C, preferably about =100 °C to about 25 °Cb, more
preferébly about —80 °C;O about 5 °C, and most preferably about -45 °C. The propellant may be
added in more than one step, though preferably the propellant is added in one stép.

Preferred prapellants are HFA-134a, HFA-227, and mixtures theéof. HFA-227 is especially
preferred. o . ~

In a third embodiment, the present invention may be employed for the preparation of
suspension aerosol formulations comprising ipratropium bromide. Ipratropium bromide and ethanal
are combined to form a solution, The concentration of ipratropium bromide contained in the ethanol

is preferably sufficient to provide a plurality of therapeutically effective doses from the suspension
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aerosol formulation. Depending on the amount of ipratropium bromide to be dissolved, it may be
necessary to warm the mixture of salmeterol xinafoaté and ethanol to achieve dissolution.

Ipratropium bromide is generally employed at concentrations which are amenable to dissolution of the
ipratropium bromide in the ethanol at about 50 °C or less, though higher ipratrobium bromide
concentrations may be employed, reqUiring t;igher dissolution temperatures.

The propellant may be added to the ipratropium bromide solution, or the iprétropium bromide_
solution may be added to the propellant. Accordingly, an aliquot of the ipratro;::ium bromide solution
is disbensed Into an aerosol canister and propellant is added, whereby the ipratropium bromidé is
precipitated as ﬁne-particl‘es suitable qu inhalation therapy. A metering valve is crimp sealed to the
canister.

On its addition to the ipratropium bromide solution, the propellant is desirably at a
temperature of about —100 °C o about 40 °C, preferably about —100 °C to about 25 °C, more

- preferably about —80 °C ‘tokabout 5°C, and rﬁost preferably about —45 °C, The propellant may be
added in more than one step, though preferably the propellant is added in one step.

Preferred propellants are HFA-134a, HFA-227, and mixtures thereof. HFA-227 is especially

preferred.

EXAMPLES )

The following Examples are provided to illustrate the present invention and éhould not be
construed as limiting thereof. The formulations herein are described in ierms of the concentration of
ethanol (EtOH) (percent wiw based on the weight of prupeliant) and ihe concentration of oleic acid or
lecithin (percent Mw based on the weight of medicament). The formulations were filled into uncoated
aluminum aerosol canisters or aluminum aerosol canisters having a fluoropolymer coating comprising
either an ethylenetetrafluoroethylene copolymer (ETFE) or a blend of perfluorinated ethylene
propylene copolymer (FEP) and polyethersulphone (PES). Aerosol canisters were fitted with
metering valves obtained from Bespak. As observed visually in glass bottles, formulations prepared
according to the present invention were in the form of suspensions which were readily dispersed by -

hand shaking. The suspension stability is suitable for use with a metered dose inhaler.

20

-23-




Particle size distributions of the aerosol particles generated from the suspension aerosol
forrnulatlons were determined using an 8-stage Andersen cascade impactor {ACI) with USP induction
port, available from Thermo-Andersen {Smyma, GA). - MMAD and GSD were calculated from, the ACI
data as pi'escribed by the European Pharmacopoeia 5(2004). ACI testing was performed using
Bespak or Nema actuators having orifice dlameters of about 0.33 mm. The salmeterol formulations

" ‘are intended to deliver about 25 g of salmetercl per actuation from the valve. The fenoterol and

’ipratropium formulations are intended to deliver about 50 pg of drug substance per actuation from the

. valve.

EXAMPLE 1

Conttroi of Particle Size and Size Distribution

A mixture of 0.27 g of salmeterol xinafoate, 20.0 g of 200 proof eth‘anol USP, and 0.0027 g of
oleic acid NF was contained in a flask and stired and sonicated until a clear solution was obtain;ad. A
0.50-g aliquot of the solution was added to each of three 19-mL fluoropolymer (FEP-PES) coated
aluminum canisters. A 100-ul. metering valve was crirhp sealed to \;.ach canister, and 20 g of HFA-

1343, at 20 °C, was added to each canister, in one step, through the valve using a Pamasol filler.

EXAMPLE 2

Control of Par-ticle' Size and Size Distribution -

A mixture of 0.51 g of salmeteral xinafoate, 37.6 g of 200 proof ethanol USP, and 0.0051 g of
oleic acid NF was stirred and sonicated until a clear solution was obtained. A 0.48-g aliquot of the
solution was addéd to each of three 19-mL flucropolymer (FEP-PES) coated aluminum cahisters. A
100-pL metering valve was crimp sealed to each canister, and 19 g of HFA-1344, at =20 °C, was

added to each canister, in one step, through the valve using a Pamasol filler.

EXAMPLE 3

Control of Particle Size and Size Distribution
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A mixture of 0.26 g of salmetero! xinafoate, 18.7 g of 200 proof ethanol USP, and 0.0024 gof
oleic acid NF was stirred and sonicated until a clear sclution was obtained. A 0.47-g aliquot of the ‘
solution was added to each of tHreé 19-mL fluoropolymer (FEP-PES) coated aluminum canis&ers. 'A,n
'18-9 aliquot of HFA-134a, at -83 °C, was added to each canister in one step. A 100-pL metering
valve was theﬁ crimp sealed to each canister, '

The following table provides a comparison of Andersen cascade impaction data obtained for ) ‘
formulations from ExampleS 1-3. 'FA graph of the particle size distribution from each of Examples 1 —
3 is provided as Fig. 1. The resulté llustrate that by controlling the temperature of thé‘pmpellant, ‘
medlcameni particles having different size distributions can be produced. The observed MMAD ‘

decreased with decreasing propellant temperature.

Impact of Propellant Temperature

Example 1 Example 2_ Example 3
Formulation : 2.5% EtOH; 1%  2.5% EtOH; 2.5% EtOH;

oleic acid; 1% oleic acid; 1% oleic acid;

HFA-134a HFA-134a HFA-134a
Propellant Temperature 20°C -20°C -83°C
MMAD {um) 1.8 . 1.6 1.2
GSsD ‘ 2.0 1.5 1.5
Replications 3 .3 3

" EXAMPLE 4
Control of Particle Size and Size Distribution
A mixture of 0.51 g of salmeterol xinafoate, 37.6 g-of 200 proof ethanol USP, and 0.0051 g of

oleic acid NF was stired and sonicated until a clear solution was obtained. A 0.48-g aliquot of the
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solﬁtion was added to each of three 19-mL ﬂuorobolymer (FEP-PES) coated aluminum canisters. A
100-uL metering valve was crimp sealed to each canister, and 9 g of HFA-134a, at -20 °C, was
added to each canister through the valve using a Pamasol filler. After 10 min, 10 g of HFA-134a3, at
~20 °C, was added to each canister (hrough the valve using a Pamasol filler. Thus, Example 4
Hlustrates the adgition of propellant in two steps. v

The following table provides a comparison of Andersen cascade impaction results for
formu!ations from Examples 2 and 4. A graph of the particle size distributions is provided as Fig. 2.
The results ilustrate that by controlling whether the propellant is added in one or two steps,

medicament particles having different size distributions can be produced.

Impact of One-step vs. Two-Step Addition of Propellant

-Example 2 ) Example 4

Formulation ) 2.5% EtOH; 1% oleic  2.5% EtOH; 1% oleic
' - acid; HFA-134a . acid; HFA-134a

One- or Two-Step Addition of Propellant One step .. Twosteps
Propellant Addition Temperature ' -20 °é . -20°C
MMAD (pm) ) 1.6 : -1.9
GsD : 15 ' 19
Replications ’ 3 3

EXAMPLE 5. ‘

Preparation of & Salmeterol Xinafoate Formuiation with 3% Ethanol and 2% Lecithin in HFA-
227 »

A stock solution of 171.2 g of ethanol USP and 0.0352 g of lecithin (Phospholipon 90G) was

prepared. A 17.1g aliquot of the stock solution was mixed with 0.17 g of saimeterol xinafoate, with
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stirring and sonication until a clear solution of medicament was obtained. A 0.6-g aliquot of the clear
medicament solution was added to each of three 19-mL fluoropolymer (FEP-PES) coated alurninum
canisters. A 100-uL metering valve was crimp sealed to each canister, and 19 g of HFA-227, at

-20 °C, was added to each canister, in one step, through the valve using a Pamasol filler.

EXAMPLE 6

Pr_eparation of a Salmeterol Xinafoate Formulation with 3% Ethanol and 2% Lecithin in HFA-
" 134a

A stock solution of 147.9 g of ethanol USP and 0.0415 g of lecithin (Phospholipon 90G) was
prepared. A 14.8 g aliquot of the stock solution was mixed with 0.17 g of salmeterol xinafoate, with
stirring and soniqation until a clear solution of medicament was obtained. A 0.5 g aliquot of the clear
medicament solution was added to each of three 19-mL fluoropolymer {FEP-PES) coated aluminum
. canisters. A 100-pL metering valve was crimp sealed to each canister, and 17 g of HFA-134a, at

-20 °C, was added to each cénister, in one step, through the valve using a Pamasol filler.

EXAMPLE 7

Preparation of a Salmeterol Xinafoate Formulaiion with 2% Ethanol and 2% Oleic Acid in
HFA-227 ‘

A stock solution of 115.3 g of ethaqol USP and 0.0353 g of oleic acid was prepared. An 11.6-
g aliquo_t of the stock solution was mixed with 0.17 g of salmeteru_l xinafoate, with siirring and
sonication until a clear solution of medicament was abtained. A 0.4-g aliquot of the clear medicament
solution was added to each of three 19-mL ﬂuoropolyrﬁer (FEP-PES) coated aluminum canisters. A
100-pL metering valve was crimp sealed ta each canister, and approximately 19.5 g of HFA-227, at
~20 °C, was added to each canister through the valve, in one step, using a Pamasol filler.

The following table provides a comparison of Andersen cascade impaction results for

formulations from Examples 2 and 5~ 7. A graph of the particle size distributions is provided as Fig.
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3. The results illustrate the use of the processes 6f the invenﬁoq to prepare a variety of saimeterol

xinafoate formulations.
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Salmeterol Xinafoate Formulations

Example 2 Example 5 Example 6 Example 7
Formulation 2.5% EtOH; 3% EtOH; 3% EtOH; 2% EtOH;
1% oleic acid; 2% lecithin; ) 2% lecithin; 2‘;/0 oleic acid;
" HEA-134a HFA-227 HFA-134a HFA-227
MMAD (um) 1.6 20 1.8 1.7
GSD 1.5 1.8 1.7 1.5
Replications v3 3 3 3

EXAMPLE 8-

Partial Dissolution of Medicament

A mixture of 0.27 g of salmeterol xinafoate, 5.1 g of 200 proof ethanol USP, and 0.0027 g of
oleic acid NF was stirred and sonicated to achieve a suspension of medicament. A 0.13-to 0.14-g
aliquat of the suspeﬁsion was added to each of three 15-mL fiuoropolymer (FEP-PES) coated
aluminum canisters. A 63-uL metering valve was crimp sealed to each canister, and 13 g of HFA-
134a, at 4 °C, was added to each canistel;, in one step, through the Valve using a Pamasol filler.

The following table summarizes the Andersen cascade impaction results for the form ulation
of Example 8. A graph of the particle size distribution is provided as Fig. 4. hThe results illustrate‘th-e
use of partially dissolved medicament in a process of the current invention. The use of partially

dissolved medicament resuited in a larger MMAD compared to similar formulations prepared from a

solution of completely dissolved medicament.
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Impact of Partial Dissolution of Medicament

Example 8
Formulation 1% EtOH; 1% oleic acid;
‘ - HFA-134a
MMAD (pm) : 3.2
GSD . 27
Replications k ‘ 3

EXAMPLE 9

Preparation of a Salmeterol Xinafoate Formulation with 2% Ethanol and _1% Oleic Acid in
HFA-134a )

A stock solution of 22.3 g of ethanol USP and 0.00577 g of oleic acid was prepared. A2.23 g
aliquot of the stock solution was mixed with 0.0577 g of salmeterol xinafoate, with stirring and
sonication until a clear solution of medicament was obtained. A 0.23 g aliquot of the clear
medicament solution was added to each of three 19-mL ﬂuoropélymer (ETFE) coated aluminum
canisters. Approximately 11.2 gof HFA-1 34a, at ~45 °C, was added to each canister in or{e step. A

63-pL metering valve was crimp sealed to each canister.

EXAMPLE 10 (COMPARATIVE EXAMﬁLE)
Preparation of a Salmeterol Xinafoate Formulation Using a Conventional Proéess
. The following ilustrates the breparaﬁoﬁ of a salmeterol xinafoate fonnulatién using a
conventional process, in that conventionally micronized medicament was employed with care fo avoid
dissolution 6f the medicament. Dissolution of the medicament was prevénled by rﬁixing the ‘

medicament with propeliant prior to the addition of ethanol and oleic acid.
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A stock solution of 16.0 g of ethanol USP and 0.0053 g of oleic acid was brepared. Into each
of three 14-mL fluoropolymer: (FEP-PES) coated aluminum canisters was added 7 mg of micronized
salmeterol xinafoate, having a volume mean-diameter (X50) of 1.6 ym as feasured using a
Sympatec laser diffraction instrumen_t. To each canister was then added 10.0 g of HFA-1 345. at
about =70 °C, and épproximately 0.20 g of 1hé stock solution. A 50-ul. metering valve was crimp
sealed to each canister. Each canister was sonicated for 1.5 minutes to prorﬁote mixing of the
formulation and deaggregation of the medicament particles.

The results for E;campls 9 and the conventional process (Comparative Example) are given in
the table below. A graph éf the particle size distribufions is provided as Fig. 5. Compared to the v

conventional process, the pracess of the current invention provided aerosol particles with a smaller

MMAD. -
- Comparison to & Conventional Process
Process ' Example 9 Conventional Process
(Comparative Example) '
Formulation 2% EtOH, 1% oleic acid; 2% EtOH, 1% oleic acid;
HFA-134a - HFA-134a
MMAD {pm) ) 1.8 26
GSD 2.8 ) 1.5
Replications 3 3
EXAMPLE 11

Preparation of a Fenoterol Hydrobromide Formulation with 0.63% Ethanol and 1% Oleic Acid
in HFA-227
A mixture of 107 mg of fenoterol hydrobromide, 10.8 mg of oleic acid, and ;1.5 g of ethanol

USP was prepared. This mixture was stirred, heated to approximately 60 °C, and sonicated untit a
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clear solution of medicament was obtained. A 162-mg aliquot of the solution was added to each of
three 22-mL. uncoated aluminum canisters. Approximately 24 g of HFA-227 propellant, chilled to -45

°C, was then added to each canistér. A 100-yL metering valve was then crimped to each canister.

Fenoterol Hydrobromide Formulation

Example 11
‘ Formulation 0.63% EtOH; 1% oleic_acid;
. HFA-227
MMAD (um) . } 41 ] . o .
GSD . 18
Replications - ' 3

EXAMPLE 12

Preparation of an Ipratropium Bromide Formuiation with 0.62% Ethanol and 1% Oleic Acid in
HFA-227 -

A mixture of 52.8 mg of ipratropium bromide, 5.3 mé of oleic acid, and 0.7416 g of ethanol
USP was prepared. The mixture was stirred, heated to 50 °C, and sonicated until a clear solution of
medicament was obtained. A 159-mg éliquot of the solution was added to each of three 22-mL
uncaatea aluminum cans. Approximately 24 g of HFA-227, chilled to -45 °C, was then added to each

canister. A 100-uL metering valve was then crimped to each canister.
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" Ipratropium Bromide Formulation

Example 12
Formulation 0.62% EtOH; 1% oleic acid;
HFA-227
MMAD (um) ' 32
GSD ’ 18
Replications 1
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CLAIMS

1. A method of preparing a suspension aerosol formulation comprising a
particulate medicament and a propellant, wherein a medicament solution is mixed with
the propellant under conditions that cause a precipitate of the medicament to be formed
from the solution, and wherein the medicament solution is mixed with the propellant in
an aerosol canister,

2. A method as claimed in claim 1, wherein the precipitate comprises particles of
the medicament in a form suitable for use in inhalation therapy.

3. A method as claimed in claim 2, wherein the precipitate comprises particles of
the medicament in a form suitable for administration to the lungs via oral or nasal
inhalation, or for administration to the internal tissues of the nose via nasal inhalation.
4, A method as claimed in any of the preceding claims, wherein the propellant is a
liquefied propellant gas.

5. A method as claimed in any of the preceding claims, wherein the medicament is
partially precipitated when the medicament solution is mixed with the propellant.

6. A method as claimed in any of the preceding claims, wherein the particles of the
medicament in the precipitate, when aerosolized, have an MMAD of:

(a) about 0.5 to 10pm, about 0.5 to Sum, or about 0.5 to 3pum, or

(b) about 5 to 100pm, about 5 to 50pum,, about S to 25um, about 10 to 50um, or about
10 to 25um.

7. A method as claimed in any of the preceding claims, wherein the medicament
solution is mixed with the propellant at a temperature of about -100°C to about 40°C,
about -40°C to about 25°C, about -25°C to about 5°C or about -20°C.

8. A method as claimed in any of the preceding claims, wherein the propellant and
the medicament solution are mixed in a single step, or the propellant is added to the
medicament solution stepwise or in a plurality of aliquots.

9. A method as claimed in any of the preceding claims, wherein a further excipient
or further excipients is or are dissolved in the medicament solution that is mixed with
the propellant.

10. A method as claimed in any of the preceding claims, wherein a further excipient
or further excipients is or are in admixture with the propellant when the latter is mixed
with the medicament solution.

1. A method as claimed in claim 9 or 10, wherein the further excipient or

excipients remain in solution, after the medicament solution has been mixed with the
propellant.
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12. A method as claimed in any of claims 9-11, wherein the further excipient or
excipients is or include a dispersing agent, preservative, flavoring, taste masking agent,
buffer, antioxidant, anti-aggregating agent, co-solvent or surfactant.

13. A method as claimed in any of the preceding claims, wherein an excess of
propellant, beyond the minimum required to precipitate the medicament, is mixed with
the medicament solution,

14, A method as claimed in any of the preceding claims, wherein substantially all,
or at least a proportion of the medicament solution is put into the canister before the
propellant.

15. A methed as claimed in claim 14, wherein a metering valve is fitted to said
canister either before or after the propellant is added to the canister.

16. A method as claimed in any of the preceding claims, wherein, prior to being
mixed with the propellant, the medicament solution is prepared by dissolving the
medicament in a solvent or solvent mixture.

7. A method as claimed in any of the preceding claims, wherein the medicament
solution comprises a solvent, or solvent mixture, that is miscible with the propellant
under the mixing conditions.

18. A method as claimed in claim 17, wherein substantially all or at least a
proportion of the solvent or solvent mixture remains present in the formulation.

19. A method as claimed in any of claims 16-18, wherein the solvent is, or the
solvent mixture includes an alcohol, polyol or surfactant.

20. A method as claimed in any of claims 16-19, wherein the solvent is, or the
solvent mixture includes ethanol.

21. A method as claimed in any of the preceding claims, wherein the propellant is a
weak or non-solvent for the medicament.

22, A method as claimed in any of the preceding claims, wherein two or more
propellants are mixed with the medicament solution.

23. A method as claimed in any of the preceding claims, wherein the propellant is or
the propellants include a hydrofluoroalkane, dialkyl ether, or low molecular weight
hydrocarbon.

24, A method as claimed in claim 23, wherein the propellant is or the propellants
include 1,1,1,2-tetrafluoroethane (HFA-134a), or 1,1,1,2,3,3,3-heptaftuoro-n-propane
(HFA-227) or a mixture thereof.

25. A method as claimed in any of the preceding claims, wherein, the medicament is
a beta agonist, glucocorticosteroid, anti-cholinergic, mast cell stabilizer, anti-allergic
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drug, peptide, protein, expectorant, antihistamine, leukotriene synthesis inhibitor, or
cyclooxygenase inhibitor.

26. A method as claimed in claim 25, wherein the medicament is salmeterol,
optionally as the xinafoate salt, fenoterol, optionally as the hydrobromide salt or
ipratropium, optionally as the bromide salt.

27. A method as claimed in any of the preceding claims, wherein the medicament
solution includes a plurality of medicaments.

28. A method as claimed in claim 27, wherein there are at least two medicaments
dissolved in said solution.

29. A method as claimed in claim 28, wherein one or more of said dissolved
medicaments remains in solution after the medicament solution is mixed with the
propellant.

30. A method as claimed in any of claims 27-29, wherein the precipitate comprises
a plurality of medicaments.

31. A method as claimed in any of the preceding claims, wherein the concentration
of medicament in the formulation is about 0.0005 to 5% by weight.

32, Amethod as claimed in claim 1, comprising the steps of:

(a) dissolving one or more medicaments in one or more solvents to form a solution; and
(b) mixing one or more propellants with said solution under conditions effective to
precipitate, entirely or partially, at least one of said one or more medicaments,

33, The method of claim 32, further comprising the step of fitting a metering valve
to said aerosol canister, wherein said one or more propellants is added through the
metering valve to said solution.

34. The method of claim 32, further comprising the step of fitting a metering valve
to said aerosol canister after said one or more propellants is added to said solution.

35.  The method of claim 32, wherein the mixing step comprises adding the one or
more propellants to the solution,

36.  The method of claim 32, wherein said one or more solvents is ethanol.

37. The method of claim 32, wherein said one or more propellants is selected from
the group consisting of HFA-134a and HF A-227.

38.  The method of claim 32, wherein said one or more medicaments is salmeterol
xinafoate.

39.  The method of claim 38, wherein said one or more solvents is ethanol.

40.  The method of claim 38, wherein said one or more propellants is HFA-134a.

41, The method of claim 38, whercin said one or more propellants are at a
temperature of about -100°C to about 40°C.
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42, The method of claim 38, wherein said one or more propellants are at a
temperature of about -40°C to about 25°C.

43.  The method of claim 38, wherein said one or more propellants are at a
temperature of about -25°C to about 5°C.

44.  The method of claim 38, wherein said one or more propellants are at a
temperature of about -20°C.

45. The method of claim 38, wherein said one or more propellants are in a non-
supercritical state.

46.  The method of claim 32, wherein one of said one or more medicaments is
fluticasone propionate, mometasone, albuterol or an ester, salt or solvate thereof.

47.  The method of claim 32, wherein one of said one or more medicaments is
salmeterol xinafoate or fiuticasone propionate.

48.  The method of claim 32, wherein said suspension aerosol formulation produces
a particle MMAD less than about 100 um when said suspension aerosol formulation is
aerosolized.

49.  The method of claim 32, wherein said suspension aerosol formulation produces
a particle MMAD of between about 0.5 pm and about 10 pum when said suspension
aerosol formulation is aerosolized.

50.  The method of claim 32, wherein said suspension aerosol formulation produces
a particle MMAD of between about 0.5um and about Sum when said suspension
aerosol formulation is aerosolized.

51. A method as claimed in any of claims 1-24, 27-45 and 48-50, wherein said
medicament, medicaments, or combination of medicaments is selected from the group
consisting of beta agonists, glucocorticosteroids, anti-cholinergics, mast cell stabilizers,
anti-allergic drugs, peptides, proteins, expectorants, antihistamines, leukotrienes
synthesis inhibitors, cyclooxygenase inhibitors and pharmacologically acceptable esters
and salts and/or solvates thereof.

52. A method as claimed in any of claims 1-24, 27-45 and 48-50, wherein said
medicament, medicaments, or combination of medicaments is selected from the group
consisting of albuterol, levalbuterol, salmeterol, formoterol, beclomethasone,
mometasone, budesonide, fluticasone, triamcinolone acetonide, ipatropium bromide,
cromolyn sodium, sodium cromoglycate nedocromil sodium, insulin, and
pharmacologically acceptable esters and salts and/or solvates thereof.

53. A method of producing a pressurized metered dose inhaler, comprising carrying
out a method as claimed in any of claims 1-52.
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54, A suspension aerosol formulation, comprising a particulate medicament and a

propellant, prepared by a method as claimed in any one of claims 1-52.

55. A pressurized metered dose inhaler produced by a method as claimed in claim
53.
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Fig. 6

Particle Size Distribution of a Fenoterol Hydrobromide Formulation
(0.63% Ethanol, 1.0% Oleic Acid, HFA-227)
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