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Description
Technical Field

[0001] This invention relates to devices for delivering aerosols. In another aspect this invention relates to sealing
members. In yet another aspect this invention relates to sealing members for use in devices for delivering aerosols.

Description of the Related Art

[0002] The continuing use of aerosol formulations comprising conventional chlorofluorocarbon propellants is being
debated due to the suspected role of such propellants in atmospheric depletion of ozone. Accordingly, formulations
based on alternative propellants such as HFC-134a (1,1,1,2-tetrafluoroethane) and HFC-227 (1,1,1,2,3,3,3-heptafluor-
opropane) are being developed to replace those conventional propellants thought to contribute to atmospheric ozone
depletion.

[0003] Containers for aerosol formulations commonly comprise a vial body coupled to a valve ferrule. The valve ferrule
comprises a valve stem through which the formulation is dispensed. Generally the valve ferrule includes a rubber valve
seal (a diaphragm) intended to allow reciprocal movement of the valve stem while preventing leakage of propellant from
the container. These rubber valve seals are commonly made of thermoset rubbers such as butyl rubber, butadiene-
acrylonitrile ("Buna") rubbers, and neoprene (polychloroisoprene), which are compounded with vulcanizing agents prior
to being fashioned into valve seals.

[0004] It has been found that some conventional devices for delivering aerosols suffer impaired performance when
used in connection with HFC-134a or HFC-227. Selection of suitable materials for use as diaphragms to contain aerosol
formulations based on these alternative propellants is complicated by interactions between the seal material and the
formulation components, including the propellant. Conventional devices involving diaphragms of neoprene (polychloro-
prene), butyl rubber, or butadiene-acrylonitrile "buna" rubbers allow substantial leakage of HFC-134a or HFC-227 from
some formulations over time. Particularly in low volume formulations such as pharmaceutical formulations for use in
inhalation therapy, this leakage can cause a substantial increase in concentration of the active ingredient in the formu-
lation, resulting in delivery of an improper dose. Furthermore, with some formulations the valve stem tends to stick,
pause, or drag during the actuation cycle.

[0005] Certainthermoplastic elastomers have found use as improved seal materials in aerosol canisters. For example,
valve seals comprising certain styrene-ethylene/butylene-styrene block copolymers are disclosed in commonly assigned
copending application 07/878,041.

[0006] WO92/11190 discloses a device for delivering an aerosol, comprising: a valve stem, a diaphragm having walls
defining a diaphragm aperture, and a casing member having walls defining a casing aperture, wherein the valve stem
passes through the diaphragm aperture and the casing aperture and is in slidable sealing engagement with the diaphragm
aperture, and wherein the diaphragm is in sealing engagement with the casing member, the diaphragm material com-
prising: a thermoplastic elastomer comprising a copolymer of about 80 to about 95 mole percent ethylene and a total of
about 5 to about 20 mole percent of one or more comonomers selected from the group consisting of 1-butene, 1-hexene,
and 1-octene.

[0007] U.S. 5,112,660 discloses a hose for use in transporting refrigerant fluids which comprises an inner tube, rein-
forcing layer and an outer cover superimposed in the order mentioned, said inner tube being formed of a rubber com-
position comprising an ethylene-propylene-diene terpolymer as a base rubber, said base rubber having an iodine value
of from 15 to 50, rubber composition containing not more than 20 parts by weight of process oil per 100 parts by weight
of said ethylene-propylene-diene terpolymer, and said rubber composition having a 1,1,1,2-tetrafluoroethane gas per-
meation level of not more than 35 gf/m/72 hour as vulcanized when heated at 100°C and measured over a period of
time of from 24 hours to 96 hours.

[0008] EPDM rubber treated with a silicone adhesive agent has also been proposed for use in combination with a
polytetrafluoroethylene lip as a component of a seal for a rotating shaft of a compressor for use with mixtures of HFC-
134a and a polyalkylene glycol refrigerator oil. Journal of Japan Rubber Society, 1991, 64, 161 (Hiramatsu et al.).
[0009] EPDM rubbers have notbeen used in applications involving a reciprocating dynamic seal (thatis, a seal between
components that reciprocate relative to and in contact with the seal) for containing HFC-134a. EPDM rubbers have been
incorporated into materials known as thermoplastic elastomer blends and thermoplastic elastomers alloys. These ma-
terials involve a dispersion of an elastomeric EPDM in a thermoplastic matrix (e.g., polyethylene or polypropylene). Such
materials have been used as gasket materials, e.g., in automotive applications. There is nothing to suggest, however,
that such materials would be suitable for use in fashioning a diaphragm for use in containing an aerosol formulation
based on HFC-134a or HFC-227.
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Summary of the Invention

[0010] This invention provides a device for delivering an aerosol according to any of claims 1 to 9.

[0011] This invention also provides a metered-dose device for delivering an aerosol that comprises, in addition to the
above-discussed valve stem, diaphragm, and casing member, a tank seal having walls defining a tank seal aperture,
and a metering tank of a predetermined volume and having an inlet end, an inlet aperture, and an outlet end, wherein
the outlet end is in sealing engagement with the diaphragm, the valve stem passes through the inlet aperture and the
tank seal aperture and is in slidable engagement with the tank seal aperture, and the tank seal is in sealing engagement
with the inlet end of the metering tank, and wherein the valve stem is movable between an extended closed position, in
which the inlet end of the metering tank is open and the outlet end is closed, and a compressed open position in which
the inlet end of the metering tank is substantially sealed and the outlet end is open.

[0012] Leakage and smoothness of operation are improved in the devices of the invention compared to like devices
involving the conventional diaphragm materials.

Brief Description of the Drawings

[0013] The drawing is represented by FIGS. 1 and 2.

[0014] FIG. 1is a partial cross-sectional view of one embodiment of a device of the invention, wherein the valve stem
is in the extended closed position.

[0015] FIG. 2 is a partial cross-sectional view of the embodiment illustrated in FIG. 1, wherein the valve stem is in the
compressed open position.

Detailed Description of the Invention

[0016] As used herein the term "stable to dimensional change when exposed to 1,1,1,2-tetrafluoroethane" means that
a diaphragm having a thickness of about 1.0 mm (0.040 inch), an inside diameter of about 2.5 mm (0.10 inch), and an
outside diameter of about 8.6 mm (0.34 inch) will maintain its original inside and outside diameter within eight percent
when soaked (i.e., submerged) in 1,1,1,2-tetrafluoroethane for 30 days at 20°C and analyzed according to the Swelling
Test Method set forth below. Likewise a material stable to dimensional change when exposed to any other substance
(e.g., HFC-227 or an aerosol formulation) is defined in the same manner but using the particular substance as the
soaking liquid.

[0017] In order to minimize and/or prevent leakage of refrigerants, propellants, or other formulation components,
especially propellants such as 1,1,1,2-tetrafluoroethane and 1,1,1,2,3,3,3-heptafluoropropane, from a sealed chamber,
this invention provides a device comprising an elastomeric sealing member. The sealing member is in the form of a
diaphragm for use in connection with an aerosol formulation, preferably a pharmaceutical aerosol formulation, and
exhibits a leak rate of less than 500 mg/year, more preferably less than 300 mg/year when tested according to the Leak
Rate Test Method set forth below which is performed at 30°C.

[0018] Asealingmemberforuseinadevice of the invention comprises an elastomer comprising an ethylene-propylene-
diene rubber ("EPDM"). Such rubbers are well known and disclosed, e.g., in Encyclopedia of Polymer Science & Engi-
neering, Vol. 6, pp. 522-548, John Wiley & Sons, 1985, and in Developments in Rubber Technology and Synthetic
Rubbers, Vol. 2, Applied Science Publishers, New York, 1981, Chapter 4, p. 87. Generally the diene component of an
EPDM base rubber can be any suitable non-conjugated diene, e.g., a linear diene such as 1,4-hexadiene, or a bicyclic
diene such as dicyclopentadiene, methylenenorbornene, methyltetrahydroindene, or the like. The EPDM base rubber
can be crosslinked by vulcanization to various degrees in order to obtain desirable hardness and compression set
properties (discussed below). The EPDM can also contain conventional polymer additives such as processing aids,
colorants, tackifiers, lubricants, silica, talc, or processing oils such as mineral oil in suitable amounts readily selected by
those skilled in the art. The EPDM is preferably free of adhesive agents such as silicone adhesive agents.

[0019] The sealing member can contain an EPDM (with or without such optional polymer additives) as substantially
the only polymer component. In another embodiment the EPDM is present as part of a thermoplastic elastomer blend
or alloy, that is, it is present, e.g., in the form of particles, substantially uniformly dispersed in a continuous thermoplastic
matrix. Particle size of the EPDM can be readily selected by those skilled in the art. Suitable thermoplastic matrices are
selected in order to provide a blend or alloy that has appropriate processing characteristics (e.g., melting point). Exemplary
matrix materials include polyethylene and preferably polypropylene. The degree of crosslinking (vulcanization) of the
EPDM, the particle size of the EPDM, and the relative amounts of the EPDM and the thermoplastic matrix material are
selected in order to provide suitable hardness and compression set.

[0020] Excessive permeability of the diaphragm to an aerosol propellant will render an aerosol device unsuitable for
containing the propellant. The diaphragm material in a device of the invention, however, has a suitably low permeability
to 1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoropropane in order that the leak rate of a device of the invention
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is suitable for pharmaceutical applications (e.g., less than about 500 mg/year when tested according to the Leak Rate
Test Method described below). Materials of suitably low permeability can be selected readily by those skilled in the art.
For example, permeability of EPDM materials to 1,1,1,2-tetrafluoroethane is known to vary with the iodine value of the
EPDM and with the amount of process oil incorporated in the EPDM (see, e.g., U.S. Pat. No. 5,112,660, Saito et al.,
incorporated herein by reference).

[0021] It has been found that excessive expansion or contraction of the diaphragm in an aerosol valve can result in
an ineffective dynamic seal between the valve stem and the diaphragm. EPDM materials, however, have been found
to be dimensionally stable when exposed to 1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoropropane. The dia-
phragm material is stable to dimensional change (as that term is defined above) such that diaphragm dimensions change
no more than 8%, preferably no more than about 5%, and most preferably no more than about 3%.

[0022] Shore A hardness of a diaphragm material for use in the invention is preferably between about 50 and about
90, more preferably between about 70 and about 85. Also, it is preferred that the material have a suitable compression
set in order that the static seal between the diaphragm and the other components of the device (e.g., the valve ferrule
and the metering tank of the device illustrated in the accompanying Drawing) remains adequate over the life of the
device. Compression set can be measured by ASTM D 395 (incorporated by reference). Values of less than about 40,
more preferably less than about 35, and most preferably less than about 20 are desirable (measured at 70 hours, 20°C
according to Method B of ASTM D 395).

[0023] Certain suitable elastomers are commercially available. Among EPDM rubbers is included KL70L3841 or
KL3866 (Kirkhill Rubber Company, Brea, CA). Other suitable EPDMs can be prepared using methods known to those
skilled in the art and described generally in Encyclopedia of Polymer Science & Engineering, Vol. 6, pp. 522-548, John
Wiley & Sons, 1985. Among the thermoplastic elastomer blends and alloys are included SANTOPRENE™ elastomers
271-64, 271-73, and 271-80 (Advanced Elastomer Systems, Akron, OH). Other suitable blends and alloys can be
prepared using methods known to those skilled in the art and disclosed, e.g., in "Thermoplastic Elastomers Prepared
by Dynamic Vulcanization", paper number 41, American Chemical Society Rubber Division, November 1992 (Coran et
al.) and Rubber Chem. Technol. 1980, 83, 141 (Coran et al.), both of which are incorporated herein by reference.
Preferred elastomers include those commercial materials enumerated above.

[0024] The device of the invention will be described with reference to the Drawing. FIG. 1 shows device 10 comprising
valve stem 12, casing member 14, and diaphragm 16. The casing member has walls defining casing aperture 18, and
the diaphragm has walls defining diaphragm aperture 17. The valve stem passes through and is in slidable sealing
engagement with the diaphragm aperture. The diaphragm is also in sealing engagement with casing member 14. Dia-
phragm 16 represents an elastomeric sealing member. Such a sealing member can be one piece or it can be in the form
of a plurality of thinner layers arranged in a stack.

[0025] Theillustrated embodimentis adevice for use with pharmaceutical formulations. The diaphragm in the illustrated
embodiment is a single piece of a thickness sufficient to form an effective seal with the casing member, preferably about
0.125 mm (0.005 inch) to about 1.25 mm (0.050 inch). It has an outside diameter of about 8.6 mm (0.340 inch), and an
inside diameter sufficient to form an effective seal with the valve stem. As valve stems having an outside diameter of
about 2.79 mm (0.110 inch) are commonly used, suitable diaphragm inside diameter can be in the range of about 2.03
mm (0.080 inch) to about 2.67 mm (0.105 inch). Diaphragm dimensions suitable for use with other general types of
devices can be easily selected by those skilled in the art.

[0026] Valve stem 12 is in slidable engagement with diaphragm aperture 17. Helical spring 20 holds the valve stem
in an extended closed position as illustrated in FIG. 1. Valve stem 12 has walls defining orifice 22 which communicates
with exit chamber 24 in the valve stem. The valve stem also has walls defining channel 26.

[0027] In the illustrated embodiment casing member 14 comprises mounting cup 28 and canister body 30 and defines
formulation chamber 32. The illustrated embodiment further comprises tank seal 34 having walls defining tank seal
aperture 35, and metering tank 36 having inlet end 38, inlet aperture 40, and outlet end 42. The metering tank also has
walls defining metering chamber 44 of predetermined volume (e.g., 50 plL). Outlet end 42 of metering tank 36 is in
sealing engagement with diaphragm 16, and valve stem 12 passes through inlet aperture 40 and is in slidable engagement
with tank seal 34.

[0028] When device 10 is intended for use with a suspension aerosol formulation it further comprises retaining cup
46 fixed to mounting cup 28 and having walls defining retention chamber 48 and aperture 50. When intended for use
with a solution aerosol formulation retaining cup 46 is optional. Also illustrated in device 10 is sealing member 52 in the
form of an O-ring that substantially seals formulation chamber 32 defined by mounting cup 28 and canister body 30.
Sealing member 52 preferably comprises the elastomer described above.

[0029] Operation of device 10 is illustrated in FIGS. 1 and 2. In FIG. 1, the device is in the extended closed position.
Aperture 50 allows open communication between retention chamber 48 and formulation chamber 32, thus allowing the
aerosol formulation to enter the retention chamber. Channel 26 allows open communication between the retention
chamber and metering chamber 44 thus allowing a predetermined amount of aerosol formulation to enter the metering
chamber through inlet aperture 40. Diaphragm 16 seals outlet end 42 of the metering tank.
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[0030] FIG. 2 shows device 10 in the compressed open position. As valve stem 12 is depressed channel 26 is moved
relative to tank seal 34 such that inlet aperture 40 and tank seal aperture 35 are substantially sealed, thus isolating a
metered dose of formulation within metering chamber 44. Further depression of the valve stem causes orifice 22 to pass
through aperture 18 and into the metering chamber, whereupon the metered dose is exposed to ambient pressure.
Rapid vaporization of the propellant causes the metered dose to be forced through the orifice, and into and through exit
chamber 24. Device 10 is commonly used in combination with an actuator that facilitates inhalation of the resulting
aerosol by a patient.

[0031] A particularly preferred device of the invention is a metered dose configuration substantially as described above
and illustrated in the Drawing. Other particular configurations, metered dose or otherwise, are well known to those skilled
in the art and suitable. For example the devices described in U.S. Pat. Nos. 4,819,834 (Thiel), 4,407,481 (Bolton),
3,052,382 (Gawthrop), 3,049,269 (Gawthrop), 2,980,301 (DeGorter), 2,968,427 (Meshberg), 2,892,576 (Ward),
2,886,217 (Thiel), and 2,721,010 (Meshberg) (all incorporated herein by reference) involve a valve stem, a diaphragm,
and a casing member in the general relationship described herein. Generally any and all sealing members (such as
diaphragms, seals, and gaskets) that serve to minimize and/or prevent escape of components, especially propellant,
from such assemblies can comprise the above described elastomer.

[0032] The devices of the invention find particular use with aerosol pharmaceutical formulations involving a propellant
comprising HFC-134a or HFC-227 and ethanol. Any such formulation can be used.

[0033] The pharmaceutical formulations according to the present invention comprise HFC-134a or HFC-227 in an
amount effective to function as an aerosol propellant, a drug having local or systemic action and suitable for use by
inhalation, and any optional formulation excipients. Exemplary drugs having local effectin the lung include bronchodilators
such as albuterol formoterol, pirbuterol (eg pirbuterol acetate), and salmeterol, and pharmaceutically acceptable salts
and derivatives thereof, and steroids such as beclomethasone, fluticasone, and flunisolide, and pharmaceutically ac-
ceptable salts, derivatives, solvates, and clathrates thereof. Exemplary drugs having systemic effect include peptides
such asinsulin, calcitonin, interferons, colony stimulating factors, and growth factors. The drug is present in the formulation
in an amount sufficient to provide a predetermined number of therapeutically effective doses by inhalation, which can
be easily determined by those skilled in the art considering the particular drug in the formulation. Optional excipients
include thosedisclosed, e.g.,inEP-A-372,777 (Purewal etal., incorporated herein by reference) such as a polar cosolvent,
and others known to those skilled in the art.

[0034] Depending upon the particular configuration of a device of the invention, a pharmaceutical aerosol formulation
can be filled into an aerosol canister of the invention, e.g., by conventional pressure filling or cold filling methods. The
formulation can then be administered by inhalation (e.g., to the lung) by coupling the aerosol canister to an aerosol
actuator and dispensing the formulation via the actuator.

Diaphragm Preparation

[0035] Diaphragms can be prepared by conventional techniques known to those skilled in the art, such as compression
molding, extrusion, and injection molding. The EPDM rubber diaphragms exemplified herein were die cut from a sheet
prepared by the vendor. The thermoplastic elastomer blend diaphragms exemplified herein were prepared according to
the general method set forth below:

Extrusion

[0036] A sample of a selected elastomer is fed into the feed throat of a Haake RHEOCORT™ single-screw extruder
fitted with a Haake RHEOMIX™ three-zone extruder head and equipped with a 1.9 cm (0.75 inch) diameter screw having
a 3:1 pitch and a length to diameter ratio of 25:1 (screw speed: 180 rpm; extruder temperature: 171°C zone 1, 182°C
zone 2, 199°C zone 3; die temperature: 210°C; melt temperature: 164°C). The melt is extruded through a flat film die,
fitted with a shim to provide the desire opening, and over a cooled chrome roller. The thickness of the resulting sheet is
controlled by appropriate adjustment of screw speed and speed of the cooled roller. Diaphragms are hand cut from the
sheet with a die of appropriate size.

Test Methods
Sealing members were tested as follows:
Leak Rate

[0037] Aerosol canister bodies (10 mL) are filled with an aerosol formulation and fitted with a metered dose valve
substantially as described and illustrated above and comprising a diaphragm of a selected size and material. The valve
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is actuated several times in order to assure its function. The mass of the filled device is measured. The filled device is
allowed to stand under the indicated conditions for a period of time, after which time mass is again measured. The loss
of mass over time is extrapolated to one year and reported in mg/year.

[0038] As used in the claims below the "Leak Rate Test Method" involves twenty-five independent determinations as
described above, using HFC-134a as the aerosol formulation and using a valve having a stainless steel valve stem with
a2.79 mm (0.110 inch) outside diameter and fitted with a diaphragm of the specified diaphragm material. The diaphragm
is 0.89 mm (0.035 inch) thick having an inside diameter of 2.41 mm (0.095 inch), and having an outside diameter of 8.64
mm (0.34 inch).

Valve Delivery

[0039] The mass of a filled device is measured. The device is then inverted and actuated one time. Mass is again
determined and the valve delivery is recorded as the difference. Measurement of through life valve delivery involves
making the above-described valve delivery measurement for each actuation of a valve until the formulation is expired
(typically about 200 actuations).

Swelling

[0040] Diaphragms having a thickness of about 1.0 mm (0.040 inch), an inside diameter of about 2.5 mm (0.10 inch)
and an outside diameter of about 8.6 mm (0.34 inch) are placed in a transparent closed measuring chamber (Comes
Maschinenbou AG, Méhlin, Switzerland). The cell is filled with a soaking liquid and stored at the indicated temperature
for the indicated period of time. The dimensions of the diaphragms are measured by viewing the diaphragms with a
microscope through the window of the cell. Change of inside diameter and outside diameter is recorded as the average
of three independent determinations.

[0041] The formulations used in the TABLES below in order to demonstrate the invention are as follows, wherein all
parts and percentages are by weight:

Formulation Albuterol Beclomethasone Oleic Ethanol HFC HFC
Sulfate (%) Dipropionate (%) Acid (%) (%) 134a 227
(%) (%)
1 0.385 - 0.03 15 84.585 -
2 - 0.084 7.993 91.923
Reference 3 0.5 --- --- --- 99.5 ---
4 0.5 - 10 89.5 --
5 0.5 - 10 89.5
Reference 6 0.5 -— -— 99.5

[0042] Asillustrated in the TABLES below, some of the sealing members are superior to others for use in the dynamic
seal of a pressurized aerosol container. The TABLES below occasionally contain data that appear somewhat inconsistent
with other data. These aberrant results are generally attributable to failure of several (e.g., one or two) vials in the test
group.

[0043] Inthe TABLES that follow, "ID" represents the inside diameter of the diaphragm; "ss" indicates a stainless steel
valve stem; "pl" indicates a Delrin™ acetal resin valve stem; "N" indicates the number of independent determinations
used to evaluate the leak rate and valve delivery values. When two values are given, the first represents the number of
determinations used to evaluate leak rate, the second represents the number of determinations used to evaluate valve
delivery. Leak rate and valve delivery are shown along with standard deviation. Unless otherwise indicated the outside
diameter of the diaphragms is 8.64 mm (0.34 inch) and the thickness is 0.89 mm (0.035 inch).

[0044] Forcomparative purposes, diaphragms were prepared from "Buna" rubber and from butyl rubber, both materials
being commonly used in commercially available metered dose inhalers. These diaphragms were tested (upright storage
of the aerosol canisters at a temperature of 30°C) with formulations as indicated in TABLES 1 and 2 below.
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TABLE 1 - BUNA RUBBER

. Time Leak Rate | Valve Delivery
Formulation | ID (mm) | Stem (Weeks) N (malyn) (mg/actuation)
4 2.1 ss 0 20/12 50.56 + 1.70
4 386 = 20 51.11 + 1.33
12 377 = 14 53.82 + 1.77
2.24 ss 0 20/12 - 52.81 + 1.64
4 347 = 49 52.97 + 1.33
12 392 + 13 5419 + 2.70
2.36 ss 0 20/12 - 53.05 = 1.42
4 345 = 12 51.88 + 3.76
12 386 = 13 54.14 + 1.79
2.49 ss 0 20/12 - 53.88 + 1.80
4 345 = 16 53.78 + 1.02
12 388 = 19 54.05 + 1.14
2.11 pl 0 20/12 50.62 = 0.71
4 312 = 18 49.00 = 1.18
12 395160 | 51.02 = 0.71
2.24 pl 0 20/12 53.32 + 1.80
4 335 + 12 52.53 = 2.37
12 380 = 13 53.71 £ 0.79
2.36 pl 0 20/12 51.22 + 0.75
4 324 = 19 49.94 + 1.36
12 378 = 22 51.00 + 0.45
249 pl 0 20/12 51.27 = 0.60
4 322 =12 50.57 = 0.62
12 368 = 13 51.13 £ 0.63
TABLE 2 - BUTYL RUBBER
ID Time Leak Rate | Valve Delivery
Formulation | (mm) | Stem | (Weeks) N (mglyr) (mg/actuation)
4 211 Sss 0 20/12 58.86 + 2.59
4 174 = 24 57.98 £ 2.04
12 216 = 16 58.13 £ 3.15
2.24 ss 0 20/12 57.86 £ 2.49
4 152 + 9 58.02 £ 1.27
12 197 = 10 58.39 + 3.32
2.36 ss 0 20/12 59.12 + 2.19
4 151+ 8 58.72 + 3.35
12 195+ 9 58.92 + 3.46
2.49 ss 0 20/12 58.74 + 2.54
4 168 + 28 58.02 + 2.14
12 208 = 30 60.59 + 4.11
211 pl 0 20/12 55.92 + 0.59
4 159 = 12 54.45 £ 1.73
12 247160 | 54.62 = 1.04
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(continued)

ID Time Leak Rate | Valve Delivery
Formulation | (mm) | Stem | (Weeks) N (mglyr) (mg/actuation)
2.24 o] 0 20112 56.31 + 0.28
4 169 = 25 54.50 = 3.10

12 218 + 22 54.37 = 2.59

2.36 pl 0 20/12 56.20 = 0.73
4 161 = 14 54.32 = 1.58

12 211 =15 55.04 + 0.78

2.49 pl 0 20/12 - 56.67 = 1.11
4 156 = 11 55.16 + 0.43

12 204 + 11 55.24 + 0.78

[0045] The results in TABLES 1 and 2 show that, when used with the indicated formulations, "Buna" diaphragms
generally exhibit leak rates higher than 300 mg/year with generally acceptable valve delivery variability. The results also
show that the butyl rubber diaphragms exhibit acceptable leak rates when used with the indicated formulations but valve
delivery variability is not acceptable.

[0046] Hand cutdiaphragms were prepared from the materials set forth in TABLES 3-9 below. Tables 3-5 are reference
examples. The diaphragms were incorporated into 50 microliter SPRAYMISER™ metered dose aerosol valves and
tested (inverted storage of the aerosol canisters at 40°C, except in connection with TABLE 9, wherein storage temperature
was 30°C) with the formulations indicated in the respective TABLES. The absence of an entry indicates that no meas-
urement was made.

TABLE 3 - SANTOPRENE™ RESIN 271-64

Formulation | ID (mm) Time Leak Rate
(Weeks) | (mg/yr) = SD
3 2.29 1 44 + 10
2.29 3 87 +5
2.29 6 87 +4
2.41 1 3711
2.41 3 86 +9
2.41 6 86 + 9
2.54 1 367
2.54 3 88 +6
2.54 6 M +5

TABLE 4 - SANTOPRENE™ RESIN 271-73

Formulation | ID (mm) Time Leak Rate
(Weeks) | (mgl/yr) = SD
3 2.29 1 31+8
2.29 3 90 =10
2.29 6 88 =8
2.41 1 45 = 12
2.41 3 99 = 12
2.4 6 90 = 10
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(continued)

Formulation | ID (mm) Time Leak Rate
(Weeks) | (mgl/yr) = SD
2.54 1 44 =10
2.54 3 92 + 10
2.54 6 90 £ 6

TABLE 5 - SANTOPRENE™ RESIN 271-80

Formulation | ID (mm) Time Leak Rate
(Weeks) | (mg/yr) = SD

3 2.29 1 217
2.29 3 84 =10

2.29 6 82+8

2.41 1 36 £ 15

2.41 3 98 + 15

2.41 6 98 = 12

2.54 1 37 +8

2.54 3 97 £ 10

2.54 6 96 =9

TABLE 6 - SANTOPRENE™ RESIN 271-64

Formulation | ID (mm) Time Leak Rate
(Weeks) | (mg/yr) = SD

4 2.29 1 255 + 35
2.29 3 360 = 34

2.29 6 320 = 28

2.41 1 252 + 26

2.41 3 374 = 56

2.41 6 335 = 21

2.54 1 260 = 29

2.54 3 380 = 28

2.54 6 351 =24

TABLE 7 - SANTOPRENE™ RESIN 271-73

Formulation | ID (mm) Time Leak Rate
(Weeks) | (mgl/yr) = SD

4 2.29 1 230 = 24

2.29 3 345 = 24

2.29 6 310 = 20

2.41 1 254 + 31
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(continued)

Formulation | ID (mm) Time Leak Rate
(Weeks) | (mgl/yr) = SD

2.4 3 367 = 28

2.4 6 318 = 22

2.54 1 244 + 28

2.54 3 356 = 30

2.54 6 326 = 26

TABLE 8 - SANTOPRENE™ RESIN 271-80

Formulation | ID (mm) Time Leak Rate
(Weeks) | (mg/yr) = SD

4 2.29 1 257 + 35
2.29 3 363 = 36

2.29 6 330 = 31

2.41 1 267 = 36

2.41 3 365 = 35

2.41 6 341 = 39

2.54 1 257 = 25

2.54 3 360 + 24

2.54 6 340 =19

TABLE 9 - KIRKHILL KL70L3866 EPDM RUBBER

Formulation | ID (mm) Time Leak Rate
(Weeks) (mglyr)
1 249 1 146
249 3 206
249 6 248
2 249 1 87
249 3 141
249 6 174

[0047] Theresultsin TABLES 3-9 above show that the indicated materials have acceptable leak rate and valve delivery
variability when used as diaphragm materials in metered dose inhalers containing formulations with HFC-134a as the
propellant.

[0048] Certain thermoplastic elastomer alloy materials were extruded into a sheet 1.0 mm (0.040 inch) thick. Dia-
phragms having an inside diameter of 2.4 mm (0.095 inch) and an outside diameter of 8.64 mm (0.340 inch) were
punched and then soaked for 11 days at 20°C in the indicated formulation, and measured for dimensional stability.
Results are shown in TABLE 10 below.

TABLE 10
Material Formulation | ID (% Change) | OD (% Change)
SANTOPRENE 271-64 | Reference 3 | -2.5 3.7

10
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(continued)

Material Formulation | ID (% Change) | OD (% Change)
4 -1.1 0.3
SANTOPRENE 271-73 | Reference3 | 0 -0.4
4 -0.4 -0.4
SANTOPRENE 271-80 | Reference 3 | 2.2 -0.3
4 0.9 -1.4

[0049] Diaphragms were punched from a sheet of an EPDM rubber material 0.89 mm (0.035 inch) thick. ID was 2.49
mm (0.098 inch) and OD was 8.64 mm (0.340 inch). The diaphragms were soaked for eleven (11) days at 30°C in the
indicated formulation. Dimensional stability was measured. Results are shown in TABLE 11 below.

TABLE 11
Material Formulation | ID (% Change) | OD (% Change)

KL70L3841 | Reference 3 | -0.65 0.6

KL70L3866 | Reference 3 | -1.1 0.6

KL70L3841 4 -1.3 0.2

KL70L3866 4 -0.1 0.1
[0050] The exemplified materials show suitable dimensional stability in the indicated formulations.
[0051] A thermoplastic elastomer alloy material based on polypropylene and an EPDM rubber (SANTOPRENE™

271-64) was extruded into a sheet 1.0 mm (0.040 inch) thick. Diaphragms were punched out having an ID of 2.4 mm
(0.095 inch) and an OD of 8.64 mm (0.340 inch). The diaphragms were incorporated into 50 p.L SPRAYMISER™ metered
dose aerosol valves and tested (the aerosol canisters were stored at 30°C, upright for leak rate measurement and
inverted for valve delivery and through-life valve delivery) with the formulations listed in TABLES 12 and 13 below.

TABLE 12
Formulation | Time (weeks) | Valve Delivery(mg = SD) | Leak Rate (mg/yr = SD)
5 0 63.9 1.0 -
4 66.3 = 0.98 22.2 = 0.50
6 65.4 = 0.91 294 42
Reference 6 0 722 +1.0 ---
4 72217 11.7 = 34
6 72.0 = 0.90 141 =11
TABLE 13
Formulation | Time (weeks) | Through-Life Valve Delivery (mg = SD)
Vial 1 Vial 2
5 0 - -
4 65.3 = 0.39 64.7 = 0.40
6 66.8 = 0.63 65.1 = 0.58
Reference 6 0 -— -
4 40.3 =223 494 =144
6 48.4 = 16.6 40.3 = 20.1

11
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[0052] The results in TABLE 12 show that the exemplified material has a very low leak rate when used with the
indicated formulations. TABLE 13 shows suitable through-life valve delivery for Formulation 5. Formulation 6, however,
having no ethanol present, is seen to exhibit high variability of valve delivery over the life of the formulation.

Claims
1. A device (10) for delivering a metered dose of an aerosol, comprising:

a valve stem (12), a diaphragm (16) comprising an ethylene-propylene-diene rubber and having walls defining
a diaphragm aperture (17), and a casing member (14) having walls defining a formulation chamber (32) and a
casing aperture (18), wherein the valve stem (12) passes through the diaphragm aperture (17) and the casing
aperture (18) andisin slidable, sealing engagement with the diaphragm aperture (17), and wherein the diaphragm
(16) is in sealing engagement with the casing member (14), the device having contained in the formulation
chamber (32) thereof, a medicinal aerosol formulation comprising drug and 1,1,1,2-tetrafluoroemane or
1,1,1,2,3,3,3-heptafluoropropane and wherein the diaphragm is stable to dimensional change when exposed
to the medicinal aerosol formulation and exhibits a leak rate of less than 500mg/year when tested according to
the Leak Rate Test Method at 30°C and wherein the medicinal aerosol formulation is a pharmaceutical inhalation
formulation comprising 1,1,1,2-tetrafluoroethane or 1,1,1,2,3,3,3-heptafluoropropane in an amount effective to
function as an aerosol propellant, a drug in an amount sufficient to provide a predetermined number of thera-
peutically effective doses for inhalation and a polar cosolvent which is ethanol.

2. A device according to Claim 1 wherein the ethylene-propylene-diene rubber is the only polymer component of the
diaphragm.

3. A device according to Claim 1 wherein the ethylene-propylene-diene rubber is present in the form of particles
dispersed in a continuous thermoplastic matrix.

4. A device according to Claim 3 wherein the thermoplastic matrix is polypropylene or polyethylene.

5. A device according to Claim 1 wherein the diaphragm exhibits a leak rate of less than 300 mg/year when tested
according to the Leak Rate Test Method.

6. A device according to Claim 1 further comprising:

a tank seal (34) having walls defining a tank seal aperture (35), and a metering tank (36) of a predetermined
volume and having an inlet end (38), an inlet aperture (40) and an outlet end (42), wherein the outlet end (42)
is in sealing engagement with the diaphragm (16), the valve stem (12) passes through the inlet aperture (40)
and the tank seal aperture (35) and is in slidable engagement with the tank seal aperture (35), and the tank
seal (34) is in sealing engagement with the inlet end (38) of the metering tank, and wherein the valve stem (12)
is movable between an extended closed position; in which the inlet end (38) of the metering tank is open and
the outlet end (42) is closed, and a compressed open position in which the inlet end (38) of the metering tank
is substantially sealed and the outlet end (42) is open.

7. A device according to Claim 1 wherein the drug is albuterol sulfate.
8. A device according to Claim 1 wherein the drug is beclomethasone dipropionate.

9. A device according to Claim 1 wherein the drug is pirbuterol acetate.

Patentanspriiche

1. Vorrichtung (10) zum Abgeben einer dosierten Menge von einem Aerosol, umfassend: einen Ventilschaft (12), eine
Membran (16), die einen Ethylen-Propylen-Dien-Kautschuk umfasst, mit eine Membrandéffnung (17) definierenden
Wanden und ein Gehauseteil (14) mit Wanden, die eine Formulierungskammer (32) und eine Gehausedffnung (18)
definieren, wobei der Ventilschaft (12) durch die Membrandffnung (17) und die Gehduseodffnung (18) hindurchgeht
und sich in einem verschiebbaren Dichtungseingriff mit der Membrandéffnung (17) befindet, und wobei die Membran
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(16) sich in einem Dichtungseingriff mit dem Gehauseteil (14) befindet, wobei die Vorrichtung in der Formulierungs-
kammer (32) davon eine medizinische Aerosolformulierung enthalt, die Arzneimittel und 1,1,1,2-Tetrafluorethan
oder 1,1,1,2,3,3,3-Heptafluorpropan umfasst und wobei die Membran gegeniiber einer Maf3dnderung stabil ist,
wenn sie der medizinischen Aerosolformulierung ausgesetzt ist, und eine Leckrate von weniger als 500 mg/Jahr
bei einer Priifung nach dem Leckraten-Testverfahren bei 30°C aufweist, und wobei die medizinische Aerosolfor-
mulierung eine pharmazeutische Inhalationsformulierung ist, die 1,1,1,2-Tetrafluorethan oder 1,1,1,2,3,3,3-Hep-
tafluorpropan in einer wirksamen Menge umfasst, um als Aerosoltreibmittel zu funktionieren, und ein Arzneimittel
in einer Menge umfasst, die ausreicht, eine vorbestimmte Anzahl an therapeutisch wirksamen Dosen zur Inhalation
bereitzustellen, und ein polares Hilfsldsemittel, welches Ethanol ist, umfasst.

2. Vorrichtung nach Anspruch 1, wobei der Ethylen-Propylen-Dien-Kautschuk die einzige Polymerkomponente der
Membran ist.

3. Vorrichtung nach Anspruch 1, wobei der Ethylen-Propylen-Dien-Kautschuk in Form von Partikeln vorliegt, die in
einer kontinuierlichen thermoplastischen Matrix dispergiert sind.

4. Vorrichtung nach Anspruch 3, wobei die thermoplastische Matrix Polypropylen oder Polyethylen ist.

5. Vorrichtung nach Anspruch 1, wobei die Membran eine Leckrate von weniger als 300 mg/Jahr bei Prifung nach
dem Leckraten-Testverfahren aufweist.

6. Vorrichtung nach Anspruch 1, ferner umfassend: eine Behalterdichtung (34) mit eine Behalterdichtungsoffnung (35)
definierenden Wanden und einem Dosierbehélter (36) mit einem festgelegten Volumen und einem Einlassende
(38), einer Einlassoffnung (40) und einem Auslassende (42), wobei das Auslassende (42) sich im Dichtungseingriff
mit der Membran (16) befindet, der Ventilschaft (12) durch die Einlasséffnung (40) und die Behalterdichtungséffnung
(35) hindurchgeht und sich im verschiebbaren Eingriff mit der Behalterdichtungséffnung (35) befindet und die Be-
halterdichtung (34) sich im Dichtungseingriff mit dem Einlassende (38) von dem Dosierbehalter befindet, und wobei
der Ventilschaft (12) zwischen einer ausgefahrenen geschlossenen Position, in welcher das Einlassende (38) von
dem Dosierbehélter offen und das Auslassende (42) geschlossen ist, und einer zusammengedriickten offenen
Position beweglich ist, in der das Einlassende (38) von dem Dosierbehalter im Wesentlichen abgedichtet und das
Auslassende (42) offen ist.

7. Vorrichtung nach Anspruch 1, wobei das Arzneimittel Albuterolsulfat ist.
8. Vorrichtung nach Anspruch 1, wobei das Arzneimittel Beclomethasondipropionat ist.

9. Vorrichtung nach Anspruch 1, wobei das Arzneimittel Pirbuterolacetat ist.

Revendications
1. Dispositif (10) pour distribuer une dose dosée d'un aérosol, comprenant:

une tige de soupape (12), un diaphragme (16) comprenant un caoutchouc éthyléne - propyléne - diéne et
présentant des parois qui définissent une ouverture de diaphragme (17), et un élément d’enveloppe (14) pré-
sentant des parois qui définissent une chambre de formulation (32) et une ouverture d’enveloppe (18), dans
lequel la tige de soupape (12) passe a travers I'ouverture de diaphragme (17) et 'ouverture d’enveloppe (18)
et se trouve en engagement coulissant étanche avec I'ouverture de diaphragme (17), et dans lequel le diaphrag-
me (16) est en engagement étanche avec I'élément d’enveloppe (14), le dispositif présentant, contenue dans
la chambre de formulation (32) de celui-ci, une formulation d’aérosol médicinale comprenant un médicament
et du 1,1,1,2-tétrafluoroéthane ou du 1,1,1,2,3,3,3-heptafluoropropane, et dans lequel le diaphragme résiste
aux variations dimensionnelles lorsqu’il est exposé a la formulation d’aérosol médicinale, et présente un taux
de fuites qui est inférieur a 500 mg par an lorsqu'il est testé selon la méthode de test de taux de fuites a 30°C,
et dans lequel la formulation d’aérosol médicinale est une formulation d’'inhalation pharmaceutique comprenant
du 1,1,1,2-tétrafluoroéthane ou du 1,1,1,2,3,3,3-heptafluoropropane en une quantité efficace pour fonctionner
comme propulseur d’aérosol, un médicament en une quantité suffisante pour produire un nombre prédéterminé
de doses a inhaler efficaces sur le plan thérapeutique, et un cosolvant polaire qui est I'éthanol.
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2. Dispositif selon la revendication 1, dans lequel le caoutchouc éthyléne - propyléne - diéne est le seul composant

polymeére du diaphragme.

3. Dispositif selon la revendication 1, dans lequel le caoutchouc éthyléne - propyléne - diene est présent sous la forme
de particules qui sont dispersées dans une matrice thermoplastique continue.

4. Dispositif selon la revendication 3, dans lequel la matrice thermoplastique est constituée de polypropyléne ou de
polyéthylene.

5. Dispositif selon la revendication 1, dans lequel le diaphragme présente un taux de fuites inférieur a 300 mg par an
lorsqu’il est testé selon la méthode de test de taux de fuites.

6. Dispositif selon la revendication 1, comprenant en outre:

un joint de réservoir (34) présentant des parois qui définissent une ouverture de joint de réservoir (35), et un
réservoir de dosage (36) d’'un volume prédéterminé et présentant une extrémité d’entrée (38), une ouverture
d’entrée (40) et une extrémité de sortie (42), dans lequel I'extrémité de sortie (42) est en engagement étanche
avec le diaphragme (16), la tige de soupape (12) passe a travers I'ouverture d’entrée (40) et I'ouverture de joint
de réservoir (35), et est en engagement coulissant avec I'ouverture de joint de réservoir (35), et le joint de
réservoir (34) est en engagement étanche avec I'extrémité d’entrée (38) du réservoir de dosage, et dans lequel
la tige de soupape (12) est mobile entre une position fermée étendue, dans laquelle I'extrémité d’entrée (38)
du réservoir de dosage est ouverte et I'extrémité de sortie (42) est fermée, et une position ouverte comprimée,
dans laquelle I'extrémité d’entrée (38) du réservoir de dosage est sensiblement obturée et I'extrémité de sortie
(42) est ouverte.

7. Dispositif selon la revendication 1, dans lequel le médicament est le sulfate d’albutérol.
8. Dispositif selon la revendication 1, dans lequel le médicament est le dipropionate de béclométhasone.

9. Dispositif selon la revendication 1, dans lequel le médicament est I'acétate de pirbutérol.

14
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