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A metered dose asroscl canister, equipped with a
metering valve, containing a medicinal aercoscl formulation
suitasle for inhalation comprising a therapeutically
effective amount of a drug in suspension and a proellant

selected from the group consisting of HFC 134a, HFC 227 and
mixturas thereaof, the formulation being further
charactarized in that it is free of surfactant, includes 5

£o 15 percent ethanol, and said drug is albuterol sulfate.
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SUSPENSION AEROSOL FORMULATIONS

The present application is a division of applica-

rion n° 2,126,244 filed on December 11, 19592.

BACKGROUND OF THE INVENTION

Field of the Invention

The invention as broadly disclosed hereinafter

relates to pharmaceutical aerosol formulations. In another

aspect this invention relates to pharmaceutical suspension
aerosol formulations wherein the propellant comprises HFC

134a or HFC 227. In another aspect, it relates ¢to

pharmaceutical suspension aerosol formulations containing

pirbuter01. In another aspect, 1t relates to pharmaceutical
suspension aerosol formulations containing albuterol
sulfate.

Description of the Related Art
Pharmaceutical suspension aerosol

formulations currently use a mixture of liquid

‘chlorofluorocarbons as the propellant.

Fluorotrichloromethane, dichlorodifluoromethane and

dichlorotetrafluoroethane are the most commonly used
propellants in aerosol formulations for administration

by inhalation.
' chlorofluorocarbons (CFCs), however, have
been implicated in the destruction of the ozone layer

and their production is being phased out.

Hydrofluorocarbon 134a (HFC 134a, 1,1,1,2-
+etrafluoroethane) and hydrofluorocarbon 227 (HFC 227,
1,1,1,2,3,3,3-heptafluor0propane) are viewed as beiling
more ozone friendly than many chlorofluorocarbon
propellants; furthermore, they have low toxicity and

vapor pressures suitable for use in aerosols.
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Patent Applications WO 91/11495 and WO
- 91/11496 (both by Weil) describe pharmaceutical
suspension aerosol formulations comprising a medicinal

agent, optionally a surfactant, and a propellant
mixture containing 1,1,1,2,3,3,3-heptafluoropropane and

one or more additional components, e.g., pentane,

Al




Expedit: ROBIC/BREVETS 4eme 514 845 8705; 09/20/00 18:24; JetFax #718;Page 7/36

WO 93/11747 PCT/US92/10587

butane, propellant 134a, propellant 11, propellant 125,
or propellant 152a.

European Patent Office Publication 0 384 371
(Heiskel) describes solution aerosels in which
> 1,1,1,2,3,3,3-heptafluoropropane or its mixture with
propane, butane, isobutane, dimethyl ether, or 1,1~
difluoroethane serves as the propellant. The
Application does not, howevar, disclose suspension
aerosols or pharmaceutical aerosol formulations.

10 ' European Patent Application 89.312270.5
(Purewal et al.) discloses, inter alia, aerosol
formulations comprising a medicament, l1,2,1,2=-
tatraflucroethane, a surface active agent, and at least
one compound having higher polarity than 1,1,1,2-

15 tetrafluorcethane.

U.5. Pat. No. 2,868,691 (Porush et al,)
disgcloses aerosol formulations comprising a medicament,
a haloganated lower alkane propellant, and a cosolvent
which assiets in dissolving the medicament in the

20 propellant. The chemical formula for the propallant
given in Col. 2, l1lines 6-16, generically embraces HFC

134a and HFC 227. Examples of cCosolvents disclosed
include ethanol and diathyl ether.

U.5. Pat. No. 3,014,844 (Thiel et al.)

25 dismcloses aerosol formulations comprising a micronized
medicament, a haleogenated lover alkane propellant and a
surface—-active agent to assist in the suspension of the
medicament in the propellant. The chemical formila for
the propellant given in Col. 4, lines 17-28,

30 generically embraces HFC 134a and HFC 227.

Fatent Application WO 90/014%54 (Greenleaf at
al.) discloses aeromol compositions having BHFC 1342 as
the propellant and comprising a medicament ceated with
a non-perflucrinated surface active dispersing agent.

35 This application describes control formulations

cantalning only HFC 134a and 0.866 percent by weight of
a drug.
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Albutercl sulfate is a relatively seleactive
beta-2 adrenergic bronchodilator. It is available in a
variety of dosage forms including tablets, syrups and
formulations suitable for inhalation. For example,
VENTOLIN™ Inhalation Aerosol (cammcrcialiy available

from Allen & Hansburvys) is a metered dose aerosol unit
containing a microcrystalline suspension of albuterol
(free base) in propellant (a mixture of
t.richloromoneflucromethane and dichlorodifluoromethane)
with oleic acid. VENTOLIN ROTOCAPS™ for Inhalation

(commercially available from Allen & Hansburys) contain
a mixture of microfine albutero] sulfate with lactose
and are intanded for use with a specially designed
device for inhaling powder. VENTOLIN™ Solution for
Inhalation (commercially available from Allen &
Hansburys) 1s an agueous solution of albuterol sulfate
intended for use with a nebulizér.

Pirbuterol acetate is a relatively selective
beta=-2 adrenergic bronchodilator. MAXAIR™ Inhaley
(commercially available from 3M Pharmaceuticals,

St. Paul, MN) i& a metered dose aerosol unit containing
a fine-particle suspension of pirbuterol acetate in the

preopellant mixture of trichloromonofluoromethane and
dichloredifluoromathane, with sorbitan trioleate.

Summary of the Inveption

This invention provides a pharmaceutical
suspension formulation suitable for aerosol
adninistration, consisting essentially of a
therapsutically effective amount of a drug and a
propellant selected from the group consisting of EFC
i34a, HFC 227, and a mixture thereof, said formulation
being further characterized in that it exhibits
substantially no growth in particle size or change in

crystal morphology of the drug over a prolonged pericd,
is substantially and readily redispersible, and upon
redispersion does net flocculate so quickly as to

prevent reproducible dosing of the drug.

oo ———

02320129 2000-09-20

I rT




Expedit: ROBIC/BREVETS 4eme 514 845 8705; 09/20/00 16:25;

JetFax #716;Page 9/38

WO 93/11747 PCT/US92/10587
- g e

A“!;r:; + b S ] - ’

This invention also provides an aerosol
canister containing a formulation as described aboeve in
an amount sufficient to provide a plurality of
therapeutically affective doses of the drug. Also

5 provided is a method of preparing a formulation as
described above, comprising the steps of: (1)
combining an amount of the drug sufficient to preovidae a
plurality of therapeutically effective doses and a
propellant selected from the group consisting of HFC

10 134a, HFC 227, and a mixture thereof, in an amount
sufficient to propel from an aeresol canister a
plurality of therapeutically effective doses of the
arug; and (ii) dispersing the drug in the propellant.
This invention further provides a method of treating a

15 wmammal having a2 condition capable of treatment by
inhalatjon, comprising the step of administering by
inhalation a formulation as described above to the
mamnmal.

Ry .
v

In another aspect, this invention provides

20 suspension aerosol formulations comprising a
therapautically affective amount of micronized
albuterol sulfate and HFC 227 as substantially the only
propellant. This invention also provides suspension
aeroscl foermulations comprising a therapeutieally

25 effective amount of micronized albuterol sulfate, from

| about 0.1 to apbout 15 percent by weight of ethanel, and
HFC 227 as substantially the only propsllant. This n
invention also provides suspension aerosol formulations
comprising a therapeutically effective amount of

30 micronized albuterol sulfate, from about 5 to 15
percent by weight of ethanol, from about 0.05 to about
0.5 percent by welight of a surfactant selected from the
group consisting of oleic acid and sorbitan trioleate,
and HFC 227 as substantially the only propellant.

35 in another aspect this invention provides
suspension aerosol formulations comprising a
therapeutically effective amount of micronized
pirbuterol acetate and a propellant comprising HFC 227,
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rhe formulation being further characterized in that it 18

substantially free of perfluorinated surfactant. This

invention also provides suspension aerosol formulations

_
—

fective amount of micronized

comprising a therapeutically e:

pirbuterol acetate, about 0.1 TO about 12 percent by weight

 of ethanol, and a propellant comprising HFC 227, This

invention also provides suspension aerosol formulations

comprising a therapeutically effective amount of micronized

pirbuterol acetate, about 5 tO about 12 percent by weight

P
e

of ethanol, about 0.05 to about 0.5 percent Dby weight ot

oleic acid, and a propellant comprising HEC 227.

The invention as broadly disclosed also provides

52 method for inducing Dbronchodilation in a mammal,

comprising administering to the mammal a formulation as

described above by inhalation.

The invention as claimed hereinafter 1s however
directed exclusively to a metered dose aerosol canilster

equipped with a metering valve, and containing a medicinal

aerosol formulation suitable for inhalation, said

formulation comprising a therapeutically effective amount

of a drug in suspension and a propellant selected form the

!

group consisting of HFC 134a, HFC 227 and mixtures thereof,

the formulation being further characterized in that 1t 1is

free of surfactant, it includes 5 to 15 percent ethanol,

and said drug is albuterol sulfate.

Detailed Description of the Invention
The term "suspension aerosol formulation" as

ysed herein refers to a formulation in which the drug
is in particulate form and is substantially insoluble

in the propellant.
| Amounts expressed herein in terms of percent

refer to percent by weight based on the total weight of

the formulation.
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of surfactant and

preferably are substantially free

other components. .
The formulations O

drug in a rherapeutically effective am?unt, e
amount suCh'that the drug can be admln;stere a
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aerosol (e.g., topically or by oral or nasal
inhalation) and cause its desired therapeutic effect
with one dose, or less praferably saveral doses, from a
conventional valve, e.g., a metered doga valve.
"Amount" as used herein refers to quantity or to
concentration as appropriate to the context. The
amount of a dqrug that constitutes a therapeantically
effective amount varies according to factors such as
the potency, efficacy, and the like, of the particular
drug, on the route of administration of the
formulation, and on the device used to administer the
formulation. A therapeutically effective amount of a

particular drug c¢an be selected by those of ordinary
skill in the art with due c¢onsideration cf such

factors. Particularly in formulations of the invention
intended for oral inhalation into the lungs, the drug
18 prefarably micronized, i.e., about 90 percent or
more of the particles have a diameter of less than
about 10 microns, in order to assure that the particles
can be inhaled into the lungs.

The particular amount of drug that will
ramain suspended in a formulation of the invention for
a time sufficient to allow reproducible dosing of the

- drug depands to some extent on the nature of the

particular drug, e.g., its density, and on the
particular propellant used in the formulation.
Generally, howaver, it has been found that when drug
concentrations of less than about 0.1 percent are used
in a formulation of the invantion the drug flocculates

to some degree but generally does not saettle or cream
to the extent that the suspension becomes unsuitable

for use as an aerosol formulation, e.g., in a metered
dose inhaler. Therefore as regards drug concentration
such formulations are acceptably homogeneous.

When drug concentrations greater than about
0.1 percent but less than absut 0.5 percent are used in
a formulation of the invention it is sometimes seen

that the drug flocculates considerably in the

02320129 2000-09-20
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formulation and therefore might have an increaszad
tendency to cream or settle. As discussed balow in
connaction with the propellant component of the
formulations of the invention, in these instances it is
preferable to sslect the propellant in a mannar that
ninimizes creaming and settling of the drug in order to
assure that the formulation is acceptably homogeneous
as regards drug concentration.

As drug concentration increases, e.g., beyond
about 0.5 percent, the tendency of the drug to
flocoulate generally increases alsc. Howaver, the

vVolume occupied by the flocculated drug also increases
and the flocculated drug begins to occupy substantially

all of the volume af tha formulation. In such
instances the flocculated drug often shows a lesser
tendency to cream or settle. As regards drug

concentration such formulations are acceptably
homogeneous.

Ganerally the concentration of the drug in a
formulation of the invention is preferably less than

about 0.1 percent, more praferably less than about 0.08
percant., and most preferably less than about 0.05

percent. Accordingly, it is preferred acecording to
this invention that the drug have a potency such that

concentrations less than about 0.1 percent, more
preferably less than about 0.08 percent, and most
preferably less than about 0.05 percent, are
therapautically effective. Praefarred drugs for use in
the formulations of the invention therefore include
formoterol, salmeterol, and pharmaceutically accaptable
salts thereof, particularly formoterol fumarate. Other
drugs that can be formulated according to this
invention include albuterol, beclomethasone
dipropionate, cromolyn, pirbuterel, and
pharmaceutically acceptable salts and solvates thereof,

particularly albutercl sulfate, disodium cromoglycatae,
and pirbuterol acetate.
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The propallant in a formulation or the
invention can be HFC 134a, HFC 227, or a mixture
thereof in any proportion. The propellant is present
in an amount sufficient to ﬁrapel a plurality of doses
Irom a metered dose inhaler. The density of HFC 134a
differs from the density of HFC 227. Therefore the
density of the propellant can be adjusted within limits
by using mixtures of HFC 1342 and HFC 227 in order to
accommodate the density of the drug. It is sometimes
preferred that the propellant be sealacted such that the
propallant density is as cleosely matched as possibla to
the drug density in order to minimize tendencies for
the drug to settle or cream, particularly when drug
concentration is greater than 0.1 percent or when the
arug concentration is between about 0.1 percent and
about 0.5 percent.

The pirbuterol acetate formulations of the
invention contain a therapeutically effective amount of
pirbutercl acetate. Preferably, the pirbuterol acetate
constitutes about 0.4 to about 1.0 percent by waight,
more preferahly'about 0.45 to about 0.9 percent by
weight, of the aesrosol formulation. Praferably the
pirbuterol acetate ig micronized.

Ethanol can optionally be included in =&
pirbuterol acetata aerosol formulation of the
invention. When ethanol is present it censtitutes from

about 0,1 to about 12 parcent by weight, preferably

Irom about 5 to about 12 percent by weight of the
aarosol formulation. In another aspect of this
invention athanol preferably constitutes from about 2
to about 8 percent by weight of the formulation. Olaic

acid can optionally ke included in a pirbuterol acetate
formulation of the invention that includes ethanol.

When oleic acid is present it constitutes about 0.01 to
about 0.5 percent by weight of the formulation.
Typically thea propellant constitutes the
remainder of the weight of the formulation once tha
pirbuterocl acetate and the optiopal ethanol and oleic

" e s e
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acid are accounted for. Accordingly the propellant is
generally present in an amount of at least about 85
percent by weight based on the total weight of the
formulation. The propellant in a pirbuterol acetate
formulation of the invention comprises HFC 227,
preferably as substantially the only propellant.
Howaver, one or more oOther propellants such as
propellant 1420 (l-chloro~l,l-difluorcoethane), HFC
134a, and the like can be used, preferably in
pirbuterol acetate formulations of the invantion
containing ethanol. |

Preferred pirbuterol acetate formulations of
the invention exhibit substantially no growth in
particle size or change in crystal morphology of the
pirbuterol acetate over a prolonged period, are
substantially and readily radispersible, and upon
redispaersion do not flocculate so gquickly as to prevent
reproducible dosing of pirbuterol acetate.

The albuterol sulfate formulations of the
invention contain a therapeutically effective amount of

micronized alhuterol sulfate. Preferably micronized
albuterol sulfate constitutes about 0.2 to about 0.5

percent by weight, more preferably from about 0.35 to
about 0.42 parcent by waight of the aerosol
formulation.

| Ethanol can optionally ba included in such an
albutercol sulfate formulation of the invention. When
ethanol is present it constitutes from about 0.1 to
about 20 percent by weight, preferably from about 5 to
about 15 percent by weight of the formulation. A
surfactant selected from the group consisting of olaic
acid and sorbitan tricoleate ¢an also optionally be
included in the formulation when the formulation also

includes ethancl. When a surfactant is present it
constitutes about 0.01 to about 0.5 percent by weight

of the aerosol formulatien. Albutercol sulfate
formulationz of the invention that do not contain

A kb
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ethancl are preferably substantially free of
perfluocrinated surfactant.
Certain preferred albuterol sulfate
suEpension aerosol formulations of the invention
b comprigse HFC 227 as substantially the only propellant.
Typically'tha propellant constitutes the remainder of
the weight of the formulation once the albuterol
sulfate and the opticonal surfactant and/or ethancol are
accounted for. Accordingly the propellant is genarally
10 present in an amount of at least about 75 percent by
welght based on the total weight of the formulation.
Praferred albuterol sulfate formulations of
the invention exhibkit substantially no growth in
- particle size or change in crystal morphology of the
15 albuterel sulfate over a prolonged pariod, are
substantially and readily redispersible, and upon
redispersion do not flocculate so quickly as to prevent
reproducible dosing of albuterel sulfate.

Generally the formulations of the invention
<0 can be prepared by combining (i) the drug in an amount
sutficient to provide a Plurality of therapeutically

effective doses; and (ii) the propellant in an amount
sufficient to propel a plurality of doses frem an
aerosol canister; and dispersing the dr*ug in the

<5 propellant. The drug can be dispersed using a
conventional mixer or homogenizer, by shaking, or by

ultrasonic enerqgy. Bulk formulation can be transferred
to smaller individual aerosol vials by using valve to

valve tranefer methods or by using conventiaonal cold-
30 fill methods,.

The pirbuterol acetate suspension asrosol
formulations of this invention can be prepared by
combining the pirbuterol acetate and the propellant and
then dispersing the pirbuterol acetate in the

35 propellant using a conventional mixer or homegenizer.

Pirbuterol acetate, however, is somewhat soluble in
ethanol alone. Accordingly, when oleie acia and/or

ethanol are included in the formulation, it is

CA 02320129 2000-09-20
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preferred that the pirbuterol acetate be first placed

in an aerosol vial. A mixture of the propellant, oleic

aclid and/or ethanol can then be added, and the
pirbutercl acetate dispersed in the mixture.

5 The albuterol sulfate suspension aarosol
formulations of this invention ¢an he prepared by
combining the albuterol sulfate and the propellant and
dispersing the albuterol sulfate in the propellant
using a conventional mixer or homogenizer. When a

10 surfactant and/or ethanol are included in the
formulation, they ¢can be added to the propellant along
with the albuterol sulrate.

Aerosol canisters equipped with conventional
valvas, preferably metered dosae valves, can be ussed to

15 deliver the formulations of the invention. It has been

found, however, that selection of appropriate valve

assemblies for use with aerosol formulations is -
dependent upon the particular surfastants or adjuvants

used (if any), on the propellant, and on the particular

20 drug being used. Conventional necprena and buna valve
rubbers used in metered dose valves for delivering
conventional CFC formulations often have laess than
optimal valve delivery characteristics and ease of
operation when used with formulations containing HFC

25 1l1l34a or HFC 227. Moreover, conventional CFC
formulations generally contain a surfactant in part as
a lubricant for the valve stem. Some formulations of
the invention, however, do not contain a surfactant or
a lubricant. Therefore certain formulations of the

30 invention are preferably dispensed via a valve assembly
wherein the diaphragm is fashioned by extrusion,
injection molding or compression molding from a
thermoplastic elastomeric material such as FLEXOMER™ ;
DFDA 1137 NT7 polyolefin, FLEXOMER™ DFDA 1138 NT :

35 polyolefin, FLEXOMER™ DEFD 8923 NT polyaslefin, O
FLEXOMER™ GERS 1085 NT polyoclefin, FLEXOMER™ DFDA 1163
NT7 polyolefin, FLEXOMER™ 1491 NT7 polyolefin,
FLEXOMER™ 9020 NT7 polyolarfin, FLEXOMER™ 9042 NT
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polyolefin (Union Carbide), C-FLEX™ thermoplastic
elastomer R70~001, C~-FLEX™ thermoplastic elastomer R70-
051, C-FLEX™ thermoplastic elastomer R70-041, C-FLEX™
tharmoplastic alastomer R70~085, C-FLEX™ thermoplastic

5 elastomer R70-003, or C-~-FLEX™ thermoplastic elastomer
R70-026 (Concept Polymer Technologies), or a blend of
two or more thereof.

Conventional aerosol canisters, e.g., those

of aluminum, glass, stainless steel, or polyethylene
10 terephthalate, ¢an be used to contain a formulation of

the invention.

The formulations of the inventien can be
delivered to the lung by oral inhalation in order to
effect bronchodilation or in order to treat a condition

15 susceptible of treatment by inhalation, e.g., asthma,
chronic oiwtructivu pulmonary disease. The
formulations of the invention can also be deélivered by
nasal inhalation in order to treat, e.g., allergic
rhinitis, rhinitis, or diabetes, or they can be

20 delivered via topical (e.g., buccal) administration in
order to treat, e.9., angina or local infection.

The following Examples are provided to
illustrata the invention. All parts and percentages

are by weight unless otherwise indicated.
25

5 b

Zxannle 1
FYormulations in HFC 134a

For each of the micronized drug substances A-

G set forth below, formulations were prapared at drug

30 concentrations of 0.017 psrcent, 0.039 percent, 0.083
percent, 0.41 percent, and 1.6 parcent by weight based

on the total weight of the formulation (corresponding
to 0.20 mg/mlL, 0.50 mg/ml, 1.0 mg/mL, 5.0 mg/Ml, and 20
mg/ml, respectively). The formulations wera prepared

385 Dby dispersing micronized drug in HFC 134a in a sealed
15 mlL clear PET vial using ultrasonic enerqgy.

Bl el B el s e W
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Drugs: Beclomethasone dipropionate

Albuterol

Albuterol sulfate
Formotersl fumarate
Disodium cromoglycate

Pirbuterol acetate

H 9 O Q W

For each drug the lowest concentration

formulation (0.017 percent by weight) was well

10 disparsed and easily redispersible after standing.
None of the formulations at this concentration showed
any tendency to flocculate rapidly. As drug
concentration increased to 0.41 percent visible flocs
started to appear, different drugs having a greater or

15 lesser tendency to flocculate. The increase in
flocculation with increasing concentration resulted in F
an increasing rate of sedimentation or creaming

(depending on the particular drug involved) of 3

suspended drug. -
20 As drug concentration was further increased .

the formulations flocculated but maintained a state of E

I

groater homogeneity as the flocculated drug began to
occupy more of the formulation volume.
Using time lapse photography 10 and 30
25 saconds after agitation the formulations were assessed
ac follows:

'

- = visually unacceptable formulation
? = Dborder line acceptable formulation

A

»

[.

k

F

concentration(s) Drag %

A B C D E F .

30 0.017 + + + + + + L
0.039 + + + ? + +

0.083 ? ? + ? ? ? '

0.41 - - - - e 7 -

1.63 + + - + - + [

L + = visually acceptable formulation E

el M s
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Thege results show that each of the drug
substances evaluated can be formulated in HFC 134a
alene. The formulations retain homogeneity after
shaking to form satisfactory feormulations for use with

5 a meteraed dose inhaler, Formulations of low
concentration were particularly haomogenous,
Formulations of intermediate concentration were of
varying degrees of acceptability.

At the high concentration of 1.6 percent the -

10 drugs with density close to the propallant density
(beclomethascone dipropionate and albuterol) formed
particularly homogenous suspensions due to the
flocculated drug occupying substantially all of the
fornmulation volume. These suspensions would be

15 expected to form satisfactory formulations for use with
a2 matered dose inhaler.

Example 2
Formulations in HFC 227

20 Formulatione of disodium cromoglycate (DSCG)
were prepared at concentrations of 0.015 percent, 0.035
percent, 0.070 percent, 0.35 percent, and 1.4 percent
by weight based on the weight of the formulation with
HFC 227 as the propellant in a similar manner to those
25 prepared in Example 1 (again corresponding to 0,20,
- 0.50, 1.0, 5.0, and 20 mg/nl, respectively). |
Formulations were particularly homogenous at .
concentrations of 0.015 percent, 0.035 percent, and I
0.070 percent by weight. At 0.35 percent and 1.4 F
30 percent the formulations axhibited more rapid
flocculation and sedimentation.
These results show that disodium cromoglycate E

can be formulated in HFC 227 with no surfactant or | -
¢ther adjuvant.

o1

Tr

<5
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Copparative Exanple
Formulations with CPCs

Albuterol sulfate was formulated in twq

propellant mixes A and B, with no surfactant or
% adjuvant. |

Propellant mix A: Propellant 11l 5%
Propellant 114 14.25%
Propellant 12 80.75%
10
Propellant mix B: Propellant 11 25%
Propellant 114 25%
Propellant ]2 S0%
15 For each propellant mix the range of drug

concentrations usad in Example 1 was used.

The formulations at 0.20 mg/mL, 0.50 mg/ml.,
and 1.0 mg/mlL were acceptably homogenous. The
formulations at 5.0 mg/mL and 20 mng/mL exhibhited

20 relatively rapid flocculation. Notably, all these
conparative formulations exhibited more caking of drug
on the walls of the container than their HFC 134a
counterparts of Example 1.

25 ExXsnple 3

Formulation of Formoterol Fumarate with Mixtures
O HFC 227 and HFC l134a

Formoterol fumarate was formulated as sat
forth in Example 1 at concentrations of 0.015 percent,
30 0.038 percent, 0.076 percent, 0.38 percent, and 1.5
percent (0.20, 0.50, 1.0, 5.0, and 20 mg/mL,
respectively) in a 1:1 mixture (W/W) of HFC 134m and
HFC 227. |
These formulations of formoterel fumarate
35 show reduced flocculation and a slower sedimentation

rate than the corresponding formulations of Example 1
above involving HFC 134a alone.

Ll |

YT
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The formulations were photographed using time
lapse photography at 10 and 30 seconds post agitation
and were assessed as follows:

5 pRrug Concentration() T
0.0156

0.038

0.076
0.38

10 1.5

+-o-u++E

These results show that the use of HFC 227 in
combination with HFC 134a as a propellant affords
formoterol fumarate suspensions with reduced

15 flocculation and greater homogeneity compared with

corresponding formulations with HFC 134a alone as the
propallant.

Example 4 :

20 Formulations of Beclomethasone Dipropionate (BDP) i

BDP formulations were prepared at 0,070 ¥

percent by weight (1.0 mg/mL) in HFC 227 and at 0.38 ' ‘“

percent by waight (5.0 mg/mL) in a 1:1 mixture of HFC ]
227 and HFC l34a.

25 The formulation at 0.070 percent in HFC 227
was fairly well dispersed. Flocculation occurred at
about 10 seconds after shaking and then creaning about
30 seconds after shaking.

The formmlation at 0.38 pesrcent in HFC

30 134a/HFC 227 involved a drug with a density closely

matched to the propellant density., Although

flocculation was rapid (small flocs were visibls almost
immediately after shaking) the flocs neither settled

nor creamed.
35 The resultz chow that it is possible to

density match the drug to the propellant mix such that
only the flocculatjion characteristics of the
formulations influence homogeneity.

e o el i o
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EXample 5

Salmetercl]l Formulations in HFC 134a and HFC 227
Formulationg of salmetercl rfree base at 0.02

percent by weight and 0.05 percent by waight were

5 prepared in HFC 134a and in HFC 227 by placing the drug
and 5 mlL of glass beads into a 15 mL glass vial,
crimping on a continuous valve, and adding the
appropriate amount of propellant. The formulations
were shaken on a paint shaker for 10 min in order to

10 disperse the drug. The drug was seen T0 cream in both
propellants, more s 1in HFC 227 than in HFC 134a.
Flocculation was also apparent. However, the

formulations were deemed suitable for use in connection
with a matered dose inhaler.
15

ExXanple 6

Formotercl Pormulations in HFC 227
A formulation containing 0.01 percent by
weight of formoterol fumarate in HPC 227 was preparad
20 1in an aerosocl canister equipped with a 50 uL
SPRAYMISER™ preaessure~fill metered dose valve. The

formulation was prepared by placing 10 mg formoterol
fumarate and 30 nL of glass beads in a 120 mL (4 ounce)

glass vial, crimping on continuous valve, and adding

25 100 g of HFC 227. The vial was then shaken on a paint
shaker, chilled, and the contents transfearred to 10 mL

vials fitted with the metered dose valve. The
suspension was acceptably stable to sattling and
creaming. Valve delivery was measured through the life

30 of the formulations. The results are shown in the
Table below.

SHOT . NUMBER {(microqrams per shot
1=4 24-57  107=-110  160=163 273177
15 vial ¥1 3.0 4.7 4.2 4,8 3.1
vial #2 2.7 d.1 4.1 4.1 3.6
232=138 4248=201
vial #3 4.1 5.1 4.8 4.8 4.0

Ve B WAL A S A L -

CA 02320129 2000-09-20




Expedit: ROBIC/BREVETS 4eme 514 845 8705; 09/20/00 16:30; JetFax #716;Page 23/38

WO 93/11747 PCT/US92/10587

Formoterol FPormulations in HFC 134a
A formulation containing 0.02 parcent by
& weight formotersl fumarate in HFC 134a was prepared and
tested using a 50 ul. SPRAYMISER™ pressure=-fill metered
dose valve. Test methods and results are set forth
below. |

10 SUSPENSION AEROSOL PARTICLE SIZE ANALYSIS
The particle size distribution of drug in the
aercsol suspension is assayed by Malvern Mastersizar™
FParticle Size Analyser using a suspending medium of
0.01 percent sorbitan triocleate in haeptane.

15 Using a primed connector, shots are fired via
an injection adapter into the Malvern sample ceall
containing the suspending medium. When a suitable
level of obscuration (in the range 8,5 = 9) is
achieved, analysis by laser diffraction is then

20 performed. |

The results below show the percentage by
welght of particles having particle size below 10.7 un,
below 5.07 un, and kelow 1.95 uym. The "Initial"
entries represent the average of three independent

25 determinations, and the %“25eC® woyeo" and “HHC"
entries represent a single determination after one
month under the jindicated storage conditions.
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Unit 1 — —Unit 2
Particle |
Size (um) <10.7 <8 _07 <1.95 <10.7 <S5.07 <1.95
S
) ol = | *) ofs
Initial 99.6 53.4 33.2 98.0 92.6 30.5
10
23°C
1l Month 99.8 93.6 36.3 59.9 94.8 31.7
CXC
1% 1 Month 29.8 92.9 36.1 99.8 92.5 32.8
1 Month 99.8 23.1 33.8% 99.7 952.4 34.9
20 —————————————————— S S SR W ST D D W WY W
25°Cs samples stored at 28°¢C
CYC: samples cyclaed between 15°*C and 37°C, one cycle
25 per day, twelve hours at each temperature
HHC: samples stored in a high humidity cabinat at
approximately 40°C and 85 percent relative
humidity
S0

VALVE DELIVERY

35 This test 1s carried out at 20°C using 30
individual canisters. Each canister is primed by
firing 10 successive shots just prior to the
determination. The weight in mg of one shot from each
of the 30 c¢anisters is measured. The average weight of

40 the 30 doses is calculated and recorded as the mean.
Also shown below is the number of individual dose
weights differing by more than 7.5 percent and by more
than 15 percent from the mean weight.

45

- — — .
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- 20 - 3

Mean Valve > 7.5% rfrom > 15% from -

Delivery {(me) mean mean [
59.1 o o

5 THROUGH LIFE DELIVERY
Delivery of drug ex valve is determined by
firing ten shots through a stainless steel, circular
adapter boss under ligquid. The aerosol canister to be
exanined 1s primed prior to use. The canister is
10 shaken and allowed to stand for 15 seconds between
shots. The sample solutions are assayed by HPLC.

The above test was carried out on shots 6-15,
46=-55, and 91-100 of the canister.

15

-
L
"-
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Initial
S Unit 1 7.19 9,18 8.77
Unit 2 6,55 9.20 11.77
Unit 3 7:17 8.99 7,83

10

15

20

25

30

J2

40

Unit 1 9.09 9.09 8.47

unit 2 8.99 9.71 777

1. Month (CYC)

Unit 1 8.58 7.86 - 6.82

Unit 2 9.12 9.29 7.75

1 _Month (HHC)

Unit 1 6.93 7.98 7.76

Unit 2 9.83 9.27 8.80

25°C: sanmples stored at 25°C

CYC: samples cled between 15°C and 37°C, one cycle
per day, twealve hours at each temperature

HHC: samples= stored in a high humidity cabinaet at
approximately 40°C and 85 percent relative
humidity

TWIN STAGE IMPINGER

Glaes impinger apparatus A (BP198 Appendix
XV1lC) is used. To doetermina the deposition of the
eritted dose, the apparatus is assembled as described.
The oral adapter is attached to the throatpiece of the
apparatus, and a suitable pump is connected to the

outlet of the apparatus. The air flow through the
apparatus is8 60 * 5 liters per minute measured at the

inlet of the throat. The canister to be examined is

— - . e ek B T
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primed prior to use, shaken, and allowed to stand for
15 seconds between shots. Ten shots are then fired via

the adapter into the apparatus from the canister.
The apparatus is then dismantled and each

09/20/00 16:31; JetFax #716;Page 27/36

PCT/US92/10887

> Stage washed with the appropriate amount of methanol.
The washings are assayed by HPLC to give the content of
the drug found at each stage and also the material
balance,

10 Matarial vVvalve

+ Stem/ Balance Delivery
Adapter 35tage 1 3Stage 2 (%)  _ (me)
Initial

156 Unit 1 26.0 37.5 36.5 63.2 59.9
Unit 2 24.7 35.3 40.0 81.0 59 .7
unit 3 28.5 36,7 34.8 80,9 9.3
i-Month (25¢C)

20 Unit 1 52.5 23.9 23.6 80,8 58.8
Unit 2 52.0 16.7 31.3 76.2 52.D
Unit 1 16.8 53.6 29.7 70.9 7.8

25 UOnit 2 24.6 47 .6 27.8 B2.6 60.0

37.10 29.0 822 59.6
60.4 24.3 81.4 6§0.7

30
25°C: samples stored at 25°C

35 cC¥c: samples cycled between 15°C and 37°C, cne cycle

Per day, twelve hours at each tenmperature
HHC: Sapples stored in & high humidity cabinet at
approximately 40°C and 85 percent relative

40 humidity '

02320129 2000-09-20
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Example 8

A 1.35 g portion of micronized pirbuterol

acetate, 15.0 g of ethanol and 30 mlL of glass beads

5 ware placed in a 120 mL (4 ounca) glass aeroso) vial.
The vial was sealed with a continuous valve, pressurse
filled with approximately 133 g of HFC 227 and then
shaken on a paint shaker for 10 minutes. The resulting
formulation ceontained 0,9 percent by weight of

10 pirbuterol acetate and 10.0 percent by weight of
ethanol. The dispersion was transferred into 10 mL
aerosol vijals which were sealed with 25 ul Spraymiser™
Aerosol Valves (available from Neotechnic Enginearing
Ltd.).

15 This formulation was tested for its ability
to deliver a consistent dose throughout the "life" of

the aerosol by determining the amount of pirbuterol
acetate delivered per shot for shots 1, 2, 101, 102,
201, 202, 301 and 302. The amount delivered par chot

20 was determined using the assay described below. The
results are shown in the .table below.

A firing digsk was placed in a 100 alL beaker
and submerged in about 30 mL of diluent (55 parts
methanol/ 45 parts 0.1 percent phosphoric acid, v/v).

¢5 The vial was shaken, inserted into the firing disk, and

actuated. The valve and valve stem were rinsed into the
beaker with additional diluent. Thae solution in the

beaker was quantitatively transferred to a 100 nlL
volumetric flask which was then brought to volume with

30 additional diluent. The amount of pirbuterocl acetate in
the mseolution was determined using high performance
liquid chromatography.

R B I A
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pg Pirbutercl Acetate

| # of shots vial 1 Vial 2

vial 3

415.4 379.3

360.1

378.7

oYY . - a—

A SRAPE Sk fepr———  ———— — - — - -

-»
(4
4
. A mme = . . - . v oo - .

v [ e
I RN
BT

[ [ s | wa i

S I T I

EXanple 9
A ll.7 g portion of pirbuterol acetate was

15 placed in a beaker then chilled in a dry
ice/trichlorofluoromethane bath. A portion of
prechilled HFC 227 wag added te the beaker and the
resulting slurry was mixed at high speed with a VIRTIS™
Model 45 mixer for at least 3 minutes. The dispersed

20 concentrate was then transferred to a glass hottle and
enough prechilled HFC 227 was added to bring the total
net content welight to 1300 g. The resulting rformulation
contained 0.9 percent by weight of pirbuterol acetate.
The formulation was transferred to a cold filling

25 system and filled inteo 10 mL aluminum aerosol vials
which waere then sealed with 25 uL valves. The

formulation was deemed to be’ suitable for use in
connection with a metered dese inhaler.

4

"
-
t.
->

|

30 Example 10
A 11.7 g portion of micronized pirbuterol
acetate, 3.0 g of oleic acid and 80 g of ethanol ware

placed in a beaker and homogenized for at least 3

L I e o
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minutes. The reéesulting =lurry was transferred to a
tared glass bottle and anough ethanol was added to
bring the total weight of the concentrate to 144.7 g.
The concentrate was chilled then placed along with 11858

5 g of prechilled HFC 227 into a prechilled cold filling
system. The formulation was filled into 10 mL aluminum
asroscl vials which were then sealed with 25 uL
Spraymiser™ valves. The resulting formulation contained
0.90 percent by weight of pirbuterol acetate, 0.23

10 percent by weight of oleic acid and 10.0 percent by

-~ weight of ethancl. The formulation was deemed to bea

suitable for use in connection with a metered dose
inhaler,

In Examples 11-12 below, respirable fraction
15 1E determined nusing the test method described below.

ERiS Y A 1e FrAatT 10T
In this assay the respirable fraction (the
percent by weight of particles having an aerodynamic

20 particle sige of less than 4.7 microns) ef the aerosol
suspension 1s determined using an Anderson Cascade
Inpactor (available from Anderson Sampler Inc,;
Atlanta, GA).

The aerocsol vial to ba tested is prinmed five

25 times. The valve and valve stem are then cleaned with
mnethanol and dried with compressed air. The aerosol
vial and a clean, dry actuator are coupled to the glass
throat attached to the top of the impactor using an
appropriante firing adaptor. The calibrated vacuum pump

30 (28B.3 L/min) attached to the cascade impactor is turned
on. A total of 20 sprays 13 delivered into the cascade
impactor by repeatedly shaking the vial, seating it in
the actuator and immediately delivering a single spray.
The time betweenh sprays is approximately 30 seconds.

35 The casdcade impactor ic dicastombled and each component
is rinsed separately with diluent (55 parts methanol
mixed with 45 parts of 0.1 percent agueous phosphoric
acid, v/v). Each solution is analvzed for pirbuterol

e ——— e
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acetate content using high performance ligquid

chromatography. The respirable fraction is calculated
as follows:

5 % respirable = Qrug recovered from plates 3-7 X 100

total drug = drug recovered fron
recovered actuator and valve

LI KA

ExXanple 131
10 A 1.35 g portion of micronized pirbuterol

acetate and 25 mlL of glass beads were placed in a 120
Bl (4 ounce) glaes aercosol vial. The vial wag sealed
with a continuous valve, pressure filled with
- approximately 150 g of HFC 227 and then shaken for at
15 least 10 minutes on an automatic shaker. The resulting
formulation contained 0.9 percent by weight of
pPirbuterol acetate. The vial was then charged with 150
P8l nitrogen to aid in product transfer to smaller
vials. The formulation was transferred to 10 ml. °
20 aluminum aerosol viale sealed with continucus valves by
using a valve to valve transfer button. The vials were

then chilled in dAry ice then the continucus valves werae
removed and the vials sealed with 25 ul metering

valves. Using the method described above, the
25 respirable fraction was determined in duplicate for two

separate vials. Values of 59.1 percent and 54.8 percent
were obtained for vial 1. Values of 53.9 percent and

49.3 percent were obtained for vial 2.

30 - Example 12
A 1.35 g portion of micronized pirbuterol
acetate, 15.0 g of ethanel and 25 ml, of glase beads

wera placed in a 120 mL (4 ounce) glass aesrosol vial.
The vial was sealed with a continuous valve, pressure
35 filled with approximately 134 g of HFC 227 and then
shaken on an automatic shaker for at least 10 minutes.
The resulting formulation contained 0.9 percent by

- Wwelght of pirbuterol acetate and 10 percent by weight

T f.—'{:'.‘_'—uﬁ*’
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of ethanol. Individual 10 mlL aerosol vials were filled
and sealed with 25 ulL metering valves using the method
described in Example 1l1. Using the test method
described above, the respirable fraction was datermined
5 in duplicate for two separate vials. Values of 34.9
percent and 32.5 percent were obtained for wvial 1.
Values of 31.7 percent and 31.3 percent wvare obtained
for vial 2.
In Examples 13-14 below respirable fraction
10 is determined using the test method described above but
using a diluent of 45 parts by volume methanol and 55
parts by volume of 0.1 percant agqueocus phosphoric acid.

Example 13
15 A 0.60 g portion of mic¢ronized albuterol

sulfate and 25 mnl, of glags beads ware placed in a 120
nlL (4 ounce) glass aerosol vial. The vial was sealed
with a continuous valve and then pressure filled with
approximately 150 g of HPFC 227 The vial was shaken to
20 disperse the albuterol sulfate. The resulting
formulation contained 0.4 percent by weight of
albuterol sulfate. The formulation was transferred to

10 mL aluminum aerosol vials sealed with continuous
valves by using a valve to valve transfer butten. The

25 vials were chilled in dry ice then the continuous

valves were removad and the vials were sealed with 25
4L metering valves. Using the method described above,

the respirable fraction was determined in duplicate for
two separate vials. Values of 65.3 percent and 60.6

J0 percent were obtained for vial 1. Values of 64.0
percant and 63.0 percant were obtained for vial 2.

ample 14
A 0,60 g portion of micronized albuterol
35 sulfate, 0.75 g of oleic acid, 22.5 g of ethanel and 25

mL of glass beads were placed in a 120 ml. (4 ocunce)
glass aercsol vial. The vial was sealed with a

continuous valve and then pressure filled with

CA 02320129 2000-09-20
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approximately 126 ¢ of HFC 227 The vial was shaken to

disperse the albuterol sulfate., The resulting
formulation contained 0.40 percent by weight of

albuterol sulfate, 0.50 parcent by weight of oleic acid
5 and 15.0 percent by weight of sthanol. Individual
aerosocl vials were filled and fitted with 25 uL
metering valves using the method described in Example
13. Using the test method described above, the
respirable fraction was determined in duplicate for two
10 separate vials, Values of 28.0 percent and 22.0
percent were obtalned for vial 1. Values of 27.1
percent and 28.8 percent ware ocbtained for vial 2.
Example 15
15 A suspension aerosel formulation containing

0.37 percent by weight of albuterol sulfate, 0.10

percent by weight of sorbitan triocleate (commercially
available under the trade designation Span 85), 9.95

percent by weight of ethanol and 89.58 percent by
40 weight of HFC 227 was prepared. The formulation was

deened to be suitable for use in connection with a
metered doze inhaler, |

EXample 16

25 A 4.5 g portion of ethanol was placed in a
1256 mL (4 ounce) glass aerosol vial. The vial was
sealed with a continuous valve then pressure f£illed
with 147 g of HFC 227. Portions (approximately 225 mqg)
of micronized pirbuterol acetate were wvelghed into 6

30 separate 15 mlL glass aerosol vials. A 5 mlL portion of
glass beads was added to each vial and the vials were
sealed with continuous valves. Each vial was then
pressure filled with approximately 19.8 g of the
ethanol /HFC 227 solution. The resulting formulation

35 contained 3 percent by waight of ethancl and 0.9

percent by weight or pirhutero]: acetate. The vials wvere
then shaken in a paint shaker for 15 minutes. The vials

were cooled in dry ice, the continuous valves were

CA 02320129 2000-09-20
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removed and the contents poured into separate 15 nlL
aluninum aerosol vials. The aluninum vials were sealed
with 25 uL valves eguipped with diaphragms fabricated
from C-Flex R-70-051 and tanke seals fabricated from

S DB2l18. Using the test mathod described above, the
respirable fraction waz determined for two separate
vials. Values of 59.8% and 52.8% were obtained. Using
the tast method described above, the ability of the
formulation to deliver a consisztent dose throughout the

10 "life" of the aerosol was determined. Thae rasults aras

shown in the table below. The values are tha averagea
for the indicated shots.

5t ik B G S N T B A kR E B

£g Pirbuterol Acetate/shot

5 ,
YT N T
f |

15

e | aea

<D 401 & 402

Using the general msthod of Example 16, 6
25 vials of a formulation containing 5 percent by weight
of ethanol and 0.9 percent by weight of pirbuterol
~ acetate were prepared. Using the method described
above, the respirable fraction was determined for two

separate vials. Values of 48.2% and 43.5% were

30 obtained. Using the method described above, the ability
of the formulation to deliver a consistent dose
throughout the "life" of the aerosnl was determined.
The results are shown in the Table below.
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pg Pirbuterol Acetate/shot |

i

367.2

i
1
!

101 & 102

s | 01202
301 &30z
é 401 & 402

330.7 306.6
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WHAT IS CLAIMED IS:

1. A metered dose aerosol canister equipped

with a metering valve, and containing a medicinal aerosol

formulation suitable for inhalaticn, said  formulation

comprising a therapeutically effective amount of a drug in

suspension and- a propellant selected form the. group

congisting of HFC 134a, HFC 227 and milxtures thereof, the

formulation being further characterized in that 1t 1s free

1]

Q.

i

surfactant, it includes 5 to 15 percent ethanol, and

said drug is albuterol sulfate.
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