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Figure1 
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Figure 4 
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Figure 5 

Percentage Adsorption vs. Pro-exposure Time 
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METHOD AND PACKAGING FOR PRESSURIZED 
CONTAINERS 

[0001] This application is continuation application of US. 
application Ser. No. 10/603,214, ?led Jun. 25, 2003, Which 
in turn claims priority to US. Provisional Application Ser. 
No. 60/394,421, ?led Jul. 8, 2002, and to Great Britain 
Application Number 02146678, ?led Jun. 26, 2002. 

FIELD OF THE INVENTION 

[0002] This invention relates to a method and a package 
for packaging pressurized containers suitable for relatively 
long-term storage. More particularly, it relates to a package 
and packaging method that utilizes an HFA adsorbent mate 
rial, such as a molecular sieve, to absorb or adsorb propellant 
gases gradually leaked out from a pressurized containers, 
Whereby preventing the propellant gas from in?ating the 
package. 

BACKGROUND OF THE INVENTION 

[0003] Pressurized containers such as inhalers may need to 
be packed in impermeable packages to prevent atmospheric 
moisture ingress. The use of such impermeable packages can 
cause accumulation of propellant gases that gradually leak 
from the pressurized container and may eventually lead to 
failure of the seals of the package. This problem becomes 
more prominent When traditional propellants chloro?uoro 
carbons (CFCs) are replaced by hydro?uoroalkane propel 
lants (such as HFA-134a and HFA-227) for environmental 
reasons. 

[0004] US. Pat. Nos. 6,179,118 B1, 6,119,853 and 6,352, 
152 address this problem by using a ?exible package that is 
“impermeable to moisture and permeable to the propellant.” 
While this appears to be a good approach, applicants had 
much di?iculty in fabricating a ?exible Wrapping material 
Which is impermeable to moisture and permeable to the 
propellant so that the resulting package Would operate 
similar to “a virtual one-Way valve”. Presumably, fabricating 
such ?exible Wrapping materials is much more technically 
involved and more costly than it appears from reading the 
aforementioned patents. Therefore, there is a need for a 
simpler and more understandable Way to solve the in?ation 
problem in packing pressurized containers. 

[0005] Furthermore, the ability of the packages disclosed 
in US. Pat. Nos. 6,179,118 B1, 6,119,853 and 6,352,152, to 
prevent gas build up in the packages, Would appear to be 
limited by the permeability of the Wrapping material to the 
propellant and the rate at Which the propellant is released 
from the container. 

[0006] Therefore, there is a need for an enhanced drug 
product comprising a package that is impermeable, or sub 
stantially impermeable, to the egress of HFA gas from Within 
the package, and still is capable of maintaining the enclosed 
volume of the is sealed package at about ambient pressure 
When any leakage of HFA gas propellant occurs. 

SUMMARY OF THE INVENTION 

[0007] A primary object of the present invention is to 
provide a neW package for pressurized inhalers, Which Will 
reduce or eliminate the in?ation problems normally associ 
ated With conventional packaging methods. Another object 
of the present invention is to provide simpler method for 
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solving the in?ation problem than the prior art approaches. 
Another object of the present invention is to provide a neW 
package for pressurized inhalers, Which Will reduce or 
eliminate the egress of HFA gas propellant from Within the 
package, normally associated With conventional packaging 
methods. A further object of the present invention is to 
provide a method for maintaining the enclosed volume of a 
sealed package at about ambient pressure, Wherein the 
package contains leakage from a pressurized container com 
prising an HFA (hydro?uoroalkane) propellant. 

[0008] It is believed that the mechanism by Which the HFA 
adsorbent material prevents package from in?ating is by 
entrapping the propellant gases gradually leaked from the 
pressurized container. 

[0009] The various features of novelty Which characterize 
the invention are pointed out With particularity in the claims 
annexed to and forming a part of this disclosure. For a better 
understanding of the invention, its operating advantages, and 
speci?c objects attained by its use, reference should be made 
to the draWings and the folloWing description in Which there 
are illustrated, and described, preferred embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a graph summarizing a study that shoWs 
that the molecular sieve is an effective HFA adsorbent for 
entrapping a propellant gas from the air, Whereby preventing 
in?ation of the package. 

[0011] FIG. 2 shoWs the rate of moisture absorption by the 
molecular sieves during the ?rst hour of exposure to the 
atmosphere. 
[0012] FIG. 3 shoWs the rate of moister absorption by the 
same molecular sieves used in FIG. 2 during an exposure 
period of 12 hours. 

[0013] FIGS. 4 and 5 shoWs that the molecular sieves’ 
capacity for adsorbing propellant gases is reduced if the 
sieves are pre-exposed to moisture for different time inter 
vals. 

[0014] FIG. 6 depicts a typical metered dose (pressurized 
container) inhaler package according to the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0015] (1) In a ?rst embodiment, the invention provides, a 
method for maintaining the enclosed volume of a sealed 
package at about ambient pressure, Wherein the package 
contains a pressurized MDI (metered dose inhaler) container 
comprising a drug, and an HFA (hydro?uoroalkane) propel 
lant selected from the group consisting of HFA 134a and 
HFA p227, or a mixture thereof; Wherein the method com 
prises the steps of: 

[0016] (i) positioning an effective amount of a HFA adsor 
bent material, and said pressurized container, Within a seal 
able package; 

[0017] (ii) sealing the package so that the pressurized 
container and adsorbent are in an enclosed volume Within 
the package at a pressure equal to about ambient pressure; 
and 
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[0018] (iii) adsorbing any leakage of the HFA propellant 
into the HFA adsorbent material so as to maintain the 
enclosed volume at about ambient pressure. 

[0019] (2) In another embodiment, the invention provides 
a method according to embodiment (1), Wherein the drug is 
selected from the group consisting of bronchodilators, anti 
histamines, lung surfactants, antiviral agents, corticoster 
oids, ant-in?ammatory agents, anti-cholinergics, and anti 
bacterial agents. 

[0020] (3) In another embodiment, the invention provides 
method according to embodiment (1) or (2), Wherein the 
pressurized MDI (metered dose inhaler) container further 
comprises one or more excipients selected from the group 
consisting of surfactants, preservatives, ?avorings, antioxi 
dants, anti-aggregating agents and co-solvents. 

[0021] (4) In another embodiment, the invention provides 
a method according to any one of embodiments (1) to (3), 
Wherein the HFA propellant is HFA 134a. 

[0022] (5) In another embodiment, the invention provides 
a method according to any one of embodiments (1) to (3), 
Wherein the HFA propellant is HFA p227. 

[0023] (6) In another embodiment, the invention provides 
a method according to any one of embodiments (1) to (5), 
Wherein the HFA adsorbent material is capable of adsorbing 
the HFA propellant up to about 25% of the Weight of the 
adsorbent. 

[0024] (7) In another embodiment, the invention provides 
a method according to any one of embodiments (1) to (5), 
Wherein the HFA gas adsorbent material is capable of 
adsorbing the HFA propellant up about 20% of the Weight of 
the adsorbent. 

[0025] (8) In another embodiment, the invention provides 
a method according to any one of embodiments (1) to (7), 
Wherein the HFA adsorbent material comprises material 
selected from the group consisting of molecular sieves, 
activated clays, activated alumina, silica, Zeolites, bauxites, 
and mixtures thereof. 

[0026] (9) In another embodiment, the invention provides 
a method according to embodiment (8), Wherein the HFA 
adsorbent material is 10 A (Angstrom) molecular sieves. 

[0027] (10) In another embodiment, the invention pro 
vides a method according to embodiment (9), Wherein the 
molecular sieves, in an amount of about 4 grams, absorbs 
about 230 ml of HFA p227. 

[0028] (11) In another embodiment, the invention pro 
vides a method according to embodiment (9), Wherein the 
molecular sieves, in an amount of about 4 grams, absorbs 
about 230 ml of HFA 134a. 

[0029] (12) In another embodiment, the invention pro 
vides a method according to anyone of embodiments (1) to 
(11), Wherein the package is impermeable to HFA 134a. 

[0030] (13) In another embodiment, the invention pro 
vides a method according to anyone of embodiments (1) to 
(12), Wherein the package is impermeable to HFA p227. 

[0031] (14) In another embodiment, the invention pro 
vides a method according to anyone of embodiments (1) to 
(12), Wherein the package is permeable to HFA p227. 
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[0032] (15) In another embodiment, the invention pro 
vides a method according to embodiment (14), Wherein the 
package has a permeability to HFA p227 that is less than or 
equal to about 0.25 cc of HFA p227 per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0033] (16) In another embodiment, the invention pro 
vides a method according to embodiment (14), Wherein the 
package has a permeability to HFA p227 that is less than or 
equal to about 0.15 cc of HFA p227 per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0034] (17) In another embodiment, the invention pro 
vides a method according to embodiment (14), Wherein the 
package has a permeability to HFA p227 that is less than or 
equal to about 0.10 cc of HFA p227 per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0035] (18) In another embodiment, the invention pro 
vides a method according to embodiment (14), Wherein the 
package has a permeability to HFA p227 that is less than or 
equal to about 0.05 cc of HFA p227 per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0036] (19) In another embodiment, the invention pro 
vides a method according to any one of embodiments (1) to 
(11) or (14), Wherein the package is permeable to HFA 134a. 

[0037] (20) In another embodiment, the invention pro 
vides a method according to embodiment (19), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 4.1 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0038] (21) In another embodiment, the invention pro 
vides a method according to embodiment (19), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 3.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0039] (22) In another embodiment, the invention pro 
vides a method according to embodiment (19), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 2.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0040] (23) In another embodiment, the invention pro 
vides a method according to embodiment (19), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 1.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0041] (24) In another embodiment, the invention pro 
vides a method according to embodiment (19), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 1.0 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0042] (25) In another embodiment, the invention pro 
vides a method according to embodiment (19), Wherein the 
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package has a permeability to HFA 134a that is less than or 
equal to about 0.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0043] (26) In another embodiment, the invention pro 
vides a method according to any one of embodiments (1) to 
(25), Wherein the package is made of metal, glass, or plastic, 
and is selected from the group consisting of bottles, bags, 
drum boxes, and irregularly shaped containers. 

[0044] (27) In another embodiment, the invention pro 
vides a method according to any one of embodiments (1) to 
(26), Wherein the package is made of plastic. 

[0045] (28) In another embodiment, the invention pro 
vides a method according to embodiment (27) Wherein the 
plastic is a ?exible laminate having a barrier layer providing 
said package With permeability to HFA 134a and/or HFA 
p227. 

[0046] (29) In another embodiment, the invention pro 
vides a method according to embodiment (27), Wherein the 
plastic is a ?exible laminate having a barrier layer providing 
said package With impermeability to HFA 134a and/or HFA 
p227. 

[0047] (30) In another embodiment, the invention pro 
vides a method according to embodiment (28) or (29), 
Wherein said ?exible laminate has three layers: polyester/ 
aluminum/polyethylene, Wherein the aluminum layer is 
betWeen the polyester and polyethylene layers. 

[0048] (31) In another embodiment, the invention pro 
vides a method according to embodiment (28) or (29), 
Wherein said barrier layer is made of aluminum foil. 

[0049] (32) In another embodiment, the invention pro 
vides a method according to any one of embodiments (1) to 
(31), Wherein the sealed package is hermetically sealed by 
heat-sealing, gluing, Welding, braZing, mechanical closures 
or clamps, or compression. 

[0050] (33) In another embodiment, the invention pro 
vides a use of an HFA adsorbent to maintain the pressure of 
an enclosed volume Within a sealed package at about ambi 
ent pressure, Wherein the sealed package comprises: 

[0051] (i) a pressuriZed MDI (metered dose inhaler) con 
tainer comprising a drug, a HFA (hydro?uoroalkane) pro 
pellant selected from the group consisting of HFA 134a and 
HFA p227, or a mixture thereof; 

[0052] (ii) an effective amount of an HFA adsorbent mate 
rial; 
[0053] Wherein the pressurized MDI container and HFA 
adsorbent material are Within the enclosed volume of the 
sealed package. 

[0054] (34) In another embodiment, the invention pro 
vides a use according to embodiment (33), Wherein the drug 
is selected from the group consisting of bronchodilators, 
antihistamines, lung surfactants, antiviral agents, corticos 
teroids, ant-in?ammatory agents, anti-cholinergics, and anti 
biotics. 

[0055] (35) In another embodiment, the invention pro 
vides a use according to embodiment (33) or (34), Wherein 
the pressurized MDI (metered dose inhaler) container fur 
ther comprises one or more excipients selected from the 
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group consisting of surfactants, preservatives, ?avorings, 
antioxidants, anti-aggregating agents and co-solvents. 

[0056] (36) In another embodiment, the invention pro 
vides a use according to any one of embodiments (33) to 
(35), Wherein the HFA propellant is HFA 134a. 

[0057] (37) In another embodiment, the invention pro 
vides a use according to any one of embodiments (33) to 
(35), Wherein the HFA propellant is HFA p227. 

[0058] (38) In another embodiment, the invention pro 
vides a use according to any one of embodiments (33) to 
(37), Wherein the HFA adsorbent material is capable of 
adsorbing the HFA propellant up to about 25% of the Weight 
of the adsorbent. 

[0059] (39) In another embodiment, the invention pro 
vides a use according to any one of embodiments (33) to 
(37), Wherein the HFA gas adsorbent material is capable of 
adsorbing the HFA propellant up about 20% of the Weight of 
the adsorbent. 

[0060] (40) In another embodiment, the invention pro 
vides a use according to any one of embodiments (33) to 
(39), Wherein the HFA adsorbent material comprises mate 
rial selected from the group consisting of molecular sieves, 
activated clays, activated alumina, silica, Zeolites, bauxites, 
and mixtures thereof. 

[0061] (41) In another embodiment, the invention pro 
vides a use according to embodiment (40) Wherein the HFA 
adsorbent material is 10 A (Angstrom) molecular sieves. 

[0062] (42) In another embodiment, the invention pro 
vides a use according to embodiment (41), Wherein the 
molecular sieves, in an amount of about 4 grams, absorbs 
about 230 ml of HFA p227. 

[0063] (43) In another embodiment, the invention pro 
vides a use according to embodiment (41), Wherein the 
molecular sieves, in an amount of about 4 grams, absorbs 
about 230 ml of HFA 134a. 

[0064] (44) In another embodiment, the invention pro 
vides a use according to any one of embodiments (33) to 
(43), Wherein the package is impermeable to HFA 134a. 

[0065] (45) In another embodiment, the invention pro 
vides a use according to any one of embodiments (33) to 
(42), Wherein the package is impermeable to HFA p227. 

[0066] (46) In another embodiment, the invention pro 
vides a use according to any one of embodiments (33) to 
(42), Wherein the package is permeable to HFA p227. 

[0067] (47) In another embodiment, the invention pro 
vides a use according to embodiment (46), Wherein the 
package has a permeability to HFA p227 that is less than or 
equal to about 0.25 cc of HFA p227 per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0068] (48) In another embodiment, the invention pro 
vides a use according to embodiment (46), Wherein the 
package has a permeability to HFA p227 that is less than or 
equal to about 0.15 cc of HFA p227 per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 
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[0069] (49) In another embodiment, the invention pro 
vides a use according to embodiment (46), Wherein the 
package has a permeability to HFA p227 that is less than or 
equal to about 0.10 cc of HFA p227 per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0070] (50) In another embodiment, the invention pro 
vides a use according to embodiment (46), Wherein the 
package has a permeability to HFA p227 that is less than or 
equal to about 0.05 cc of HFA p227 per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0071] (51) In another embodiment, the invention pro 
vides a use according to anyone of embodiments (33) to 
(43), Wherein the package is permeable to HFA 134a. 

[0072] (52) In another embodiment, the invention pro 
vides a use according to embodiment (51), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 4.1 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0073] (53) In another embodiment, the invention pro 
vides a use according to embodiment (51), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 3.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0074] (54) In another embodiment, the invention pro 
vides a use according to embodiment (51), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 2.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0075] (55) In another embodiment, the invention pro 
vides a use according to embodiment (51), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 1.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0076] (56) In another embodiment, the invention pro 
vides a use according to embodiment (51), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 1.0 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0077] (57) In another embodiment, the invention pro 
vides a use according to embodiment (51), Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 0.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

[0078] (58) In another embodiment, the invention pro 
vides a use according to any one of embodiments (33) to 
(57), Wherein the package is made of metal, glass, or plastic, 
and is selected from the group consisting of bottles, bags, 
drum boxes, and irregularly shaped containers. 

[0079] (59) In another embodiment, the invention pro 
vides a use according to embodiment (58), Wherein the 
package is made of plastic. 

Jul. 6, 2006 

[0080] (60) In another embodiment, the invention pro 
vides a use according to embodiment (59), Wherein the 
plastic is a ?exible laminate having a barrier layer providing 
said package With impermeability to HFA 134a and/or HFA 
p227. 

[0081] (61) In another embodiment, the invention pro 
vides a use according to embodiment (59) or (60), Wherein 
the plastic is a ?exible laminate having a barrier layer 
providing said package With permeability to HFA 134a 
and/or HFA p227. 

[0082] (62) In another embodiment, the invention pro 
vides a use according to embodiment (60) or (61), Wherein 
said ?exible laminate has three layers: polyester/aluminum/ 
polyethylene, Wherein the aluminum layer is betWeen the 
polyester and polyethylene layers. 

[0083] (63) In another embodiment, the invention pro 
vides a use according to embodiment (60) or (61), Wherein 
said barrier layer is made of aluminum foil. 

[0084] (64) In another embodiment, the invention pro 
vides a use according to any one of embodiments (33) to 
(63), Wherein the sealed package is hermetically sealed by 
heat-sealing, gluing, Welding, brazing, mechanical closures 
or clamps, or compression. 

[0085] (65) In another embodiment, the invention pro 
vides a pharmaceutical product comprising: 

[0086] (i) a pressurized MDI (metered dose inhaler) con 
tainer comprising a drug, and an HFA (hydro?uoroalkane) 
propellant selected from the group consisting of HFA 134a 
and HFA p227, or a mixture thereof; 

[0087] (ii) an effective amount of an HFA adsorbent mate 
rial; and 

[0088] (iii) a sealed package having an enclosed volume 
Within Which the pressurized container and the HFA adsor 
bent material are situated, 

[0089] Wherein the sealed package is impermeable to the 
HFA propellant and the pressure Within the enclosed volume 
of the package is equal to about ambient pressure; and 

[0090] Wherein the HFA adsorbent material is capable of 
adsorbing the HFA propellant so as to maintain a constant 
pressure Within said enclosed volume, When any leakage of 
the HFA propellant occurs from the pressurized container. 

[0091] (66) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(65), Wherein the drug is selected from the group consisting 
of bronchodilators, antihistamines, lung surfactants, antivi 
ral agents, corticosteroids, ant-in?ammatory agents, anti 
cholinergics, and antibiotics. 

[0092] (67) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(65) or (66), Wherein the pressurized MDI (metered dose 
inhaler) container further comprises one or more excipients 
selected from the group consisting of surfactants, preserva 
tives, ?avorings, antioxidants, anti-aggregating agents and 
co-solvents. 

[0093] (68) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (65) to (67), Wherein the HFA propellant is 
HFA 134a. 
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[0094] (69) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (65) to (67), Wherein the HFA propellant is 
HFA p227. 

[0095] (70) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (65) to (69), Wherein the HFA adsorbent 
material is capable of adsorbing the HFA propellant up to 
about 25% of the Weight of the adsorbent. 

[0096] (71) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (65) to (69), Wherein the HFA gas adsorbent 
material is capable of adsorbing the HFA propellant up about 
20% of the Weight of the adsorbent. 

[0097] (72) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (65) to (71), Wherein the HFA adsorbent 
material comprises material selected from the group con 
sisting of molecular sieves, activated clays, activated alu 
mina, silica, zeolites, bauxites, and mixtures thereof. 

[0098] (73) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(72), Wherein the HFA adsorbent material is 10 A (Ang 
strom) molecular sieves. 

[0099] (74) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(73), Wherein the molecular sieves, in an amount of about 4 
grams, absorbs about 230 ml of HFA p227. 

[0100] (75) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(73), Wherein the molecular sieves, in an amount of about 4 
grams, absorbs about 230 ml of HFA 134a. 

[0101] (76) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (65) to (75), Wherein the package is imper 
meable to HFA 134a. 

[0102] (77) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (65) to (76), Wherein the package is imper 
meable to HFA p227. 

[0103] (78) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (65) to (77), Wherein the package is made of 
metal, glass, or plastic, and is selected from the group 
consisting of bottles, bags, drum boxes, and irregularly 
shaped containers. 

[0104] (79) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(71), Wherein the package is made of plastic. 

[0105] (80) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(79), Wherein the plastic is a ?exible laminate having a 
barrier layer providing said package With impermeability to 
HFA 134a and/or HFA p227. 

[0106] (81) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(80), Wherein said ?exible laminate has three layers: poly 
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ester/aluminum/polyethylene, Wherein the aluminum layer 
is betWeen the polyester and polyethylene layers. 

[0107] (82) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(80), Wherein said barrier layer is made of aluminum foil. 

[0108] (83) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (65) to (82), Wherein the sealed package is 
hermetically sealed by heat-sealing, gluing, Welding, braz 
ing, mechanical closures or clamps, or compression. 

[0109] (84) A pharmaceutical product comprising: 

[0110] (i) a pressurized MDI (metered dose inhaler) con 
tainer comprising a drug, and an HFA (hydro?uoroalkane) 
propellant selected from the group consisting of HFA 134a 
and HFA p227, or a mixture thereof; 

[0111] (ii) an effective amount of an HFA adsorbent mate 
rial; and 

[0112] (iii) a sealed package having an enclosed volume 
Within Which the pressurized container and the HFA adsor 
bent material are situated, 

[0113] Wherein the pressure Within the enclosed volume of 
the package is equal to about ambient pressure; 

[0114] Wherein the HFA adsorbent material is capable of 
adsorbing the HFA propellant so as to maintain a constant 
pressure Within said enclosed volume, When any leakage of 
the HFA propellant occurs from the pressurized container; 
and 

[0115] Wherein the package has a permeability to HFA 
p227 that is less than or equal to about 0.25 cc of HFA p227 
per square meter of package per day at about 1 bar pressure 
and about room temperature, or a permeability to HFA 134a 
that is less than or equal to about 4.1 cc of HFA 134a per 
square meter of package per day at about 1 bar pressure and 
about room temperature. 

[0116] (85) A pharmaceutical product according to 
embodiment (84), Wherein the package has a permeability to 
HFA p227 that is less than or equal to about 0.15 cc of HFA 
p227 per square meter of package per day at about 1 bar 
pressure and about room temperature. 

[0117] (86) A pharmaceutical product according to 
embodiment (84), Wherein the package has a permeability to 
HFA p227 that is less than or equal to about 0.10 cc of HFA 
p227 per square meter of package per day at about 1 bar 
pressure and about room temperature. 

[0118] (87) A pharmaceutical product according to 
embodiment (84), Wherein the package has a permeability to 
HFA p227 that is less than or equal to about 0.05 cc of HFA 
p227 per square meter of package per day at about 1 bar 
pressure and about room temperature. 

[0119] (88) A pharmaceutical product according to 
embodiment (84), Wherein the package has a permeability to 
HFA 134a that is less than or equal to about 3.5 cc of HFA 
134a per square meter of package per day at about 1 bar 
pressure and about room temperature. 

[0120] (89) A pharmaceutical product according to 
embodiment (84), Wherein the package has a permeability to 
HFA 134a that is less than or equal to about 2.5 cc of HFA 
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134a per square meter of package per day at about 1 bar 
pressure and about room temperature. 

[0121] (90) A pharmaceutical product according to 
embodiment (84), Wherein the package has a permeability to 
HFA 134a that is less than or equal to about 1.5 cc of HFA 
134a per square meter of package per day at about 1 bar 
pressure and about room temperature. 

[0122] (91) A pharmaceutical product according to 
embodiment (84), Wherein the package has a permeability to 
HFA 134a that is less than or equal to about 1.0 cc of HFA 
134a per square meter of package per day at about 1 bar 
pressure and about room temperature. 

[0123] (92) A pharmaceutical product according to 
embodiment (84), Wherein the package has a permeability to 
HFA 134a that is less than or equal to about 0.5 cc of HFA 
134a per square meter of package per day at about 1 bar 
pressure and about room temperature. 

[0124] (93) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (84) to (92), Wherein the drug is selected from 
the group consisting of bronchodilators, antihistamines, lung 
surfactants, antiviral agents, corticosteroids, ant-in?amma 
tory agents, anti-cholinergics, and antibiotics. 

[0125] (94) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (84) to (93), Wherein the pressurized MDI 
(metered dose inhaler) container further comprises one or 
more excipients selected from the group consisting of sur 
factants, preservatives, ?avorings, antioxidants, anti-aggre 
gating agents and co-solvents. 

[0126] (95) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (84) to (94), Wherein the HFA propellant is 
HFA 134a. 

[0127] (96) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (84) to (94), Wherein the HFA propellant is 
HFA p227. 

[0128] (97) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (84) to (96), Wherein the HFA adsorbent 
material is capable of adsorbing the HFA propellant up to 
about 25% of the Weight of the adsorbent. 

[0129] (98) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (84) to (96), Wherein the HFA gas adsorbent 
material is capable of adsorbing the HFA propellant up about 
20% of the Weight of the adsorbent. 

[0130] (99) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (84) to (98), Wherein the HFA adsorbent 
material comprises material selected from the group con 
sisting of molecular sieves, activated clays, activated alu 
mina, silica, Zeolites, bauxites, and mixtures thereof. 

[0131] (100) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(99), Wherein the HFA adsorbent material is 10 A (Ang 
strom) molecular sieves. 
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[0132] (101) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(100), Wherein the molecular sieves, in an amount of about 
4 grams, absorbs about 230 ml of HFA p227. 

[0133] (102) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(100), Wherein the molecular sieves, in an amount of about 
4 grams, absorbs about 230 ml of HFA 134a. 

[0134] (103) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (84) to (102), Wherein the package is made of 
metal, glass, or plastic, and is selected from the group 
consisting of bottles, bags, drum boxes, and irregularly 
shaped containers. 

[0135] (104) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(103), Wherein the package is made of plastic. 

[0136] (105) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(104), Wherein the plastic is a ?exible laminate having a 
barrier layer providing said package With permeability to 
HFA 134a and/or HFA p227. 

[0137] (106) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(105), Wherein said ?exible laminate has three layers: poly 
ester/aluminum/polyethylene, Wherein the aluminum layer 
is betWeen the polyester and polyethylene layers. 

[0138] (107) In another embodiment, the invention pro 
vides a pharmaceutical product according to embodiment 
(105), Wherein said barrier layer is made of aluminum foil. 

[0139] (108) In another embodiment, the invention pro 
vides a pharmaceutical product according to any one of 
embodiments (84) to (107), Wherein the sealed package is 
hermetically sealed by heat-sealing, gluing, Welding, braZ 
ing, mechanical closures or clamps, or compression. 

[0140] (109) In another embodiment, the invention pro 
vides a ?exible laminate according to any one of embodi 
ments (30), (62), (81), and (106) comprising 12 micron 
polyester/ 9 micron aluminum foil/ 50 micron polyethylene. 

[0141] It is appreciated that certain features of the inven 
tion, Which are, for clarity, described in the context of 
separate embodiments, may also be provided in combination 
in a single embodiment. Also, various features of the inven 
tion Which are, for brevity, described in the context of a 
single embodiment, may also be provided separately or in 
any suitable subcombination. 

The Ability of HFA Adsorbents to Entrap Propellants 

[0142] It is discovered that HFA adsorbent materials, 
especially molecular sieves, are capable of removing (by 
entrapping) propellant gases from local environment. The 
present invention takes advantage of this property of the 
HFA adsorbent materials and enclose them in an imperme 
able, or substantially impermeable, ?exible package as a 
means to preventing the leaked out propellant from in?ating 
the package. By enclosing one or more HFA adsorbent 
materials in the package to absorb or adsorb any leaked-out 
propellant, applicants can make the ?exible Wrapping mate 
rial as impermeable as possible to prevent moisture ingress 
Without Worrying about the leaked-out propellant in?ating 
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and causing failure of the seals in the ?exible package. To 
determine the proper type and amount of HFA adsorbent 
material to be used in each package for a pressurized inhaler 
containing a speci?c propellant, applicants conducted the 
folloWing measurement and determined that about 4 grams 
of a sachet of 10 Angstrom molecular sieves can remove 
(adsorb) approximately 230 ml of HFA-227 propellant. 

[0143] TWo methods are used to measure the absorption 
capability of the sieves. The Initial Measurement method 
uses ?oWrap packs containing active product to obtain an 
approximate data on the amount of propellant that Would be 
absorbed. The Precise Measurement method builds on the 
results obtained from the Initial Measurement method but 
uses containers ?lled only With propellant for the purpose of 
eliminating any possible effect from the active compounds 
(i.e., medicaments). 
[0144] For the Initial Measurement method, a number of 
sample packs (?exible package enclosing a pressurized 
inhaler containing HFA-227 propellant and the molecular 
sieve to be tested) are obtained and checked for seal integrity 
by testing on the Qualitek leak tester. The packs Were 
orientated With the valve of the pressurized inhaler on the 
top. With minimum disturbance, the orientation of the packs 
is reversed (With the valve pointing doWnWards) and the 
aerosol ?red for a predetermined number of shots and the 
time taken to de?ate each of the packs Was recorded. The 
reason for these precautions is to minimize active product 
expelled With propellant, Which may coat the sieves and 
possibly reduce their absorption capacity. The packs are then 
opened and the sieves are examined for the presence of the 
active product on their surfaces. The presence of the active 
product Would indicate that inverting has not prevented the 
active product from being expelled and consequently it 
could have effected the absorption rate. The results of the 
Initial Measurement are as folloWs: 

[0145] All packs With up to 15 shots ?red return to original 
size Within 10 minutes, While packs With 20 shorts ?red 
shoW slight in?ation after 15 minutes. Examination of the 
sieves used shoWed evidence of product deposition on the 
inside of the pouch and on the outside of the adsorbent 
sachet although none could be seen on the surface of the 
adsorbent itself. As such this Was considered a good guide 
to the adsorbent capacity prior to the more precise method 
being undertaken. 

[0146] For the Precise Measurement method, the folloW 
ing steps are folloWed: 

[0147] l. A number of pressurized inhalers (aerosol cans) 
?lled only With HFA-227 Propellant are obtained. They 
are numbered and their Weights are recorded. 

[0148] 2. A number of ?exible packages With a open end 
are obtained. They are also numbered. 

[0149] 3. Each aerosol can in turn is placed into an 
actuator and inserted into the ?exible package. 

[0150] 4. A predetermined amount of molecular sieves is 
transferred from an unused polyethylene bag to a smaller 
minigrip bag. Using tWeezers to avoid transfer of mois 
ture, the sieves are Weighed and inserted into each of the 
packages in turn. 

[0151] 5. Each of the packages, noW containing an aerosol 
can and molecular sieves, is immediately heat sealed 
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using a AstraPack Heatsealer that has been set up to 
produce e?fective seals With this particular package mate 
rial. This step is repeated for all the packages. 

[0152] 6. The ?rst ?ve packages remain as sealed. This is 
for the purpose of assessing the effect of moisture pickup 
from the actuator and/or the air in the package, Which can 
serve as the base line for all other measurements. 

[0153] 7. The remaining packages are divided into sets of 
?ve. The cans of a set are ?red for a predetermined 
number of shots. The maximum number of shorts is 
determined based on the information obtained from the 
Initial Measurement method. Sets With more than 10 shots 
are given time to de?ate before continuing With the next 
shot. All the sets of packages are stored for a minimum of 
24 hours to alloW the maximum propellant absorption to 
occur. 

[0154] 8. The packages are then leak tested using a Qual 
itek leak tester to ensure all packages have been 
adequately sealed and hence the data obtained are rel 
evant. Results from packages failing the leak test are 
discarded. 

[0155] 9. Each package is opened in turn and the sieve and 
the can are re-Weighed. The sieve is Weighed ?rst to avoid 
Weight increase due to atmospheric moisture absorption. 

[0156] 10. The Weight loss from each can and the Weight 
gain of the sieve are obtained and the average for each set 
is calculated. The data are then plotted on a graph to shoW 
the rate of Weight gain by the sieves and the number of 
shots (and hence the volume of gas) required to reach 
maximum absorption level. Similarly, the data on the 
average Weight loss from the cans are plotted to shoW the 
equivalent transfer of propellant from the cans into the 
sieves until ?nal absorption for sieves reached (see FIG. 
1). 

[0157] As shoWn in FIG. 1, comparison of Weight gain by 
the molecular sieve against gas volume indicates a steady 
rise in Weight until about 25 shots (equate to 230 ml) of 
propellant has been absorbed. This is matched by the Weight 
loss from the cans climbed While the Weight of the sieves 
remained steady. Thus, it is concluded that about a 4 grams 
sachet of a 10 Angstrom molecular sieve can remove 
(adsorb) approximately 230 ml of HFA-227 propellant. 

[0158] Of course, the HFA adsorbent material’s capacity 
to absorb the propellant may vary under actual production 
line conditions because the HFA adsorbent material may be 
pre-exposed to the atmosphere for a certain period of time 
and absorb atmospheric moisture. Absorption of moisture 
limits the eventual capacity of the HFA adsorbent material to 
absorb propellant gases. Therefore, it should be taken into 
consideration in practicing the present invention. In the 
speci?c embodiment disclosed herein, applicants ?rst deter 
mine the rate at Which an HFA adsorbent material absorbs 
atmospheric moisture under conditions close to actual pro 
duction line conditions (see FIGS. 2 and 3), then examine 
the effect of the length of atmospheric exposure on the 
eventual capacity of propellant adsorption under typical 
production conditions (see FIGS. 4 and 5). The data from 
this study are used to determine a time alloWance for normal 
production processes, Whilst still alWays ensuring that the 
original targeted amount of propellant can be adsorbed. 
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[0159] As indicated in FIGS. 2 and 3, the moisture 
absorption during the ?rst hour of exposure can reach 20% 
of the maximum moisture absorption at 20° C./45% RH 
(relative humility) and 34% at 25° C./60% RH. Applicants 
also examined the difference in moisture absorption betWeen 
the sieves in top and bottom positions of a bulk container 
found that molecular sieves directly exposed to the atmo 
sphere Will absorb moisture much more rapidly than those 
protected by virtue of being in a loWer position in the 
container. This supports the vieW that sieves in a reel format 
Will maintain their effectiveness longer. These data Will help 
determine proper procedures of handling molecular sieves in 
the production environment. 

[0160] In FIGS. 4 and 5, the molecular sieves are exposed 
to the production conditions for the prescribed period of 
time and then immediately packaged using an Astrapack 
heatsealer. The resulting packs are left for 10 minutes to 
alloW the seals to cool and then the aerosols (?lled With 
propellant only) are actuated 5 times so that the packages 
expend. The packs are left for another 10 minutes to alloW 
to adsorb the propellant. The actuating procedure is repeated 
until each sieve reached its maximum adsorption capacity. 
At the end of a 24-hour period (a period to ensure maximum 
adsorption of the propellant), each pack is opened and the 
sieves are Weighed immediately. FIG. 4 shoWs that the 
amount (in grams) of propellant adsorbed by 4 grams of the 
molecular sieves is reduced folloWing exposure to moisture 
for the different time periods indicated. FIG. 5 shoWs the 
percentage propellant adsorption per gram of molecular 
sieves over the same time periods as in FIG. 4. The goal in 
this particular case is to adsorb 100 ml of HFA-227 propel 
lant (equivalent to 0.76 g) by using a pouch containing 4 
grams of molecular sieves. The data shoWing in FIGS. 4 
and 5 indicate this goal can be achieved even if the sieves 
are exposed to the normal atmospheric moisture in the 
production line for 30 minutes. 

[0161] The above study results demonstrate that inclusion 
of an HFA adsorbent inside the impermeable, or substan 
tially impermeable, package is a simple, practical and effec 
tive solution to the in?ation problem of packages for pres 
suriZed containers. Particularly, molecular sieves are very 
effective HFA adsorbent materials against package in?ation 
When used in practicing the present invention. 

[0162] Although there are various types of HFA adsorbent 
materials available and their effectiveness against any given 
propellant may vary considerably, it is understood that 
people of ordinary skill in the art can easily adopt some 
conventional assay methods, such as the above-described 
study, to determine the type and amount of HFA adsorbent 
material that is effective in reducing package in?ation 
caused by a particular propellant leaked from the pressurized 
container enclosed in the package. 

The Propellants 

[0163] Propellants for use in the invention mean pharma 
cologically inert liquids With boiling points from about room 
temperature (250 C.) to about —25° C. Which singly or in 
combination exert a high vapor pressure at room tempera 
ture. Upon activation of the MDI system, the high vapor 
pressure of the propellant in the MDI forces a metered 
amount of drug formulation out through the metering valve 
then the propellant very rapidly vaporiZes dispersing the 
drug particles. The propellants used in the present invention 
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are preferably hydro?uorocarbons or hydro?uoroalkanes 
such as HFA-134a and HFA-227. 

Drugs 

[0164] The term “drug” as used herein is intended to 
encompass the presently available pharmaceutically active 
drugs used therapeutically and further encompasses future 
developed therapeutically effective drugs that can be admin 
istered by the intrapulmonary route. Drugs may be selected 
from, for example, analgesics, e.g. codeine, dihydromor 
phine, ergotamine, fentanyl or morphine, anginal prepara 
tions, e.g. diltiaZem; antiallergics, e.g. cromoglycate, keto 
tifen or nedocromil; antiinfectives e.g. cephalosporins, 
penicillins, streptomycin, sulphonamides, tetracyclines pen 
tamidine, and Neuraminidase Inhibitors, such as Zanamivir 
(RelenZa®) available from GlaxoSmithkline; and Ribavirin 
(ViraZole®) manufactured by ICN Pharmaceuticals, Inc.; 
antihistamines, e.g. mnethapy?lene; antitussives, e.g. nos 
capine; beta-adrenergics that include bronchodilators such 
as salbutamol, salmeterol, ephedrine, adrenaline, fenoterol, 
forinoterol, isoprenaline, phenylephrine, phenylpropanola 
mine, reproterol, rimiterol, terbutaline, isoetharine, 
tulobuterol, orciprenaline, or (—)4-amino-3,5-dichloro-.al 
pha.-[[[6-[2-(2-pyridinyl)ethoxy]hexyl]-amino]methyl]ben 
Zenemethanol, epinephrine (Primatene), formoterol 
(Foradil), isoproterenol (Isuprel), isoetharine (Bronkosol), 
metaproterenol (Alupent, Metaprel), albuterol (Proventil, 
Ventolin), terbutaline (Bricanyl, Brethine), bitolterol (Tor 
nalate), pirbuterol (Maxair), salmeterol (Serevent), salme 
terol+?uticasone combination (Advair Diskus), and 
albuterol+atrovent combination (Combivent); sodium chan 
nel blockers such as amiloride, anticholinergics e.g. iprat 
ropium, atropine or oxftropium; hormones, e.g. cortisone, 
hydrocordisone or prednisolone; and therapeutic proteins 
and peptides, e.g. insulin or glucagon; anti-in?ammatory 
drugs used in connection With the treatment of respiratory 
diseases include steroids such as NASACORT AQ® (triam 
cinolone acetonide), AZMACORT AQ® (triamcinolone 
acetonide) ?unisolide, ?uticasone, budesonide, triamcino 
lone acetonide, beclomethasone (Vanceril, Beclovent), 
budesonide (Pulmicor‘t) dexamethasone, ?unisolide (Aero 
bid), ?uticasone (Flovent), salmeterol+?uticasone combina 
tion (Advair Diskus), and triamcinolone (AZmacor‘t), and 
Mediator-release inhibitors such as Intal® (cromolyn 
sodium), and nedocromil sodium (Tilade); leukotrine (LT) 
inhibitors, vasoactive intestinal peptide (VIP), tachykinin 
antagonists, bradykinin antagonists, endothelin antagonists, 
heparin furosemide, anti-adhesion molecules, cytokine 
modulators, biologically active endonucleases, recombinant 
human (rh) DNase compounds, alpha-antitrypsin and diso 
dium cromoglycate (DSCG); and lung surfactants such as 
lipid-containing compositions as described in TONGE et. 
Al, WO 99/09955; Pulmonary surfactants as decribed in 
Devendra et. Al, Respir Res 2002, 3:19; Infasurf® available 
from ONY; Curosurf® available from Dey Laboratories; 
Exosurf® by Glaxo Wellcome; Survanta available from 
Abbot; Surfaxin® lung surfactant available from Discovery 
Laboratories. 

[0165] The present invention is intended to encompass the 
free acids, free bases, salts, amines and various hydrate 
forms including semi-hydrate forms of such drugs and is 
particularly directed toWards pharmaceutically acceptable 
formulations of such drugs Which are formulated in combi 
nation With pharmaceutically acceptable excipient materials 



US 2006/0144735 A1 

generally known to those skilled in the art, preferably 
Without other additives such as preservatives. 

[0166] Preferred drug formulations do not include addi 
tional components such as preservatives Which have a 
signi?cant effect on the overall formulation. Thus preferred 
formulations consist essentially of pharmaceutically active 
drug and a pharmaceutically acceptable carrier (e.g., Water 
and/or ethanol). HoWever, if a drug is liquid Without an 
excipient the formulation may consist essentially of the drug 
Which has a su?iciently loW viscosity that it can be aero 
solized using a dispenser of the present invention. 

Drug Formulations 
[0167] Drug formulations for use in the invention may be 
free or substantially free of formulation excipients, e.g., 
surfactants and cosolvents, etc. Such drug formulations are 
advantageous since they may be substantially tasteless and 
odorless, less irritant and less toxic than excipient-contain 
ing formulations. Thus, a preferred drug formulation con 
sists essentially of a drug, or a physiologically acceptable 
salt or solvate thereof, optionally in combination With one or 
more other pharmacologically active agent, and a hydrof 
luorocarbon propellant. 
[0168] Optionally, the aerosol formulations according to 
the invention may further comprise one or more cosolvent. 
A polar cosolvent such as C2_6 aliphatic alcohols and poly 
ols, e.g., glycerol, ethanol, isopropanol and propylene gly 
col, preferably ethanol, may be included in the drug formu 
lation in the desired amount, either as the only excipient or 
in addition to other excipients, such as surfactants. Suitably, 
the drug formulation may contain 0.01 to 5% W/W based on 
the propellant of a polar cosolvent, e.g., ethanol, preferably 
0.1 to 5% W/W, e.g., about 0.1 to 1% W/W. 

[0169] Optionally, the aerosol formulations according to 
the invention may further comprise one or more surfactants. 
The surfactants must be physiologically acceptable upon 
administration by inhalation. Within this category are 
included surfactants such as oleic acid, sorbitan trioleate, 
sorbitan mono-oleate, sorbitan monolaurate, polyoxyethyl 
ene (20) sorbitan monolaurate, polyoxyethylene (20) sorbi 
tan monooleate, natural lecithin, oleyl polyoxyethylene (2) 
ether, stearyl polyoxyethylene (2) ether, lauryl polyoxyeth 
ylene (4) ether, block copolymers of oxyethylene and 
oxypropylene, synthetic lecithin, diethylene glycol dioleate, 
tetrahydrofurfuryl oleate, ethyl oleate, isopropyl myristate, 
glyceryl monooleate, glyceyl monostearate, glyceryl 
monoricinoleate, cetyl alcohol, stearyl alcohol, polyethylene 
glycol 400, cetyl pyridinium chloride, benzalkonium chlo 
ride, olive oil, glyceryl monolaurate, corn oil, cotton seed oil 
and sun?ower seed oil. Preferred surfactants are lecithin, 
oleic acid and sorbitan trioleate. The amount of surfactant 
employed is desirably in the range of 0.0001% to 50% W/W 
ratio relative to the drug, in particular 0.05 to 5% W/W ratio. 

[0170] Optionally, the aerosol formulations according to 
the invention may further comprise one or more stabilizers. 
The stabilizer is selected from the group consisting of 
glycin, glycine, alanine, valine, leucine, isoleucine, 
methionine, threonine, isovaline, phenylalanine, tyrosine, 
serine, histidine, tryptophan, proline, hydroxyproline, argi 
nine, ornithine, asparagine, citrulline, aspartic acid, cysteine, 
glutamic acid, glutamine, lysine, hydroxylysine, N-acetyl 
L-cysteine, phenylalanine, trans-4-hydroxy-L-proline, 
tyrosine, L-aspartyl-L-phenylalanine methylester and a mix 
ture of any of the foregoing. 
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[0171] Optionally, the aerosol formulations according to 
the invention may further comprise one or more antioxi 
dants. The antioxidant may be selected from the group 
consisting of tocopherol, deteroxime mesylate, methyl para 
ben, ethyl paraben and ascorbic acid and mixtures thereof. A 
preferred antioxidant is tocopherol. 

The Package 

[0172] According to one embodiment of the present inven 
tion, shoWn in FIG. 6, the pharmaceutical product has an 
impermeable, or substantially impermeable, ?exible pack 
age 10, in Which a metered dose pressurized container 20, 
inhalation device 30 and a molecular sieve 40 enclosed in a 
sachet 50, are sealed in an enclosed volume 60. 

[0173] The ?exible package is conventional and its manu 
facturing is Well Within the knoWledge of the people skilled 
in the art. In general, the package is constructed from ?at 
reels of laminate Which are folded or otherWise formed 
according to the packaging equipment technology into a 
package by means of sealing and cutting. In this embodi 
ment the package is constructed from a ?at reel of ?exible 
material Which is curled around into a long tube and a seal 
14 is formed by heating (Welding) the edges of the tube 
together. The cross seals 12 are formed by a straight heater 
bar Which clamps the laminate tube before and after the 
package contents (i.e., the inhaler and the adsorbent sachet). 
It also cuts the continuous tube into individual packs. As a 
result, there is a long continuous seal 14 doWn the middle of 
the pack and the cross seals 12 at both ends. 

[0174] Other package types may include more or less seals 
according to the desired shape of the container, Which may 
be ?at seals or crimped, and may include gussets. The seals 
may be formed by heating (Welding) or by the use of 
pressure sensitive materials. In a further embodiment the 
?exible laminates may be formed using heat, pressure and/or 
vacuum into blisters or pockets to contain the product and 
Which are then sealed by heating. 

[0175] Although a ?exible package is preferred, other 
types of enclosures or containers may be suitable, Whether 
?exible or in?exible, provided that the enclosure chosen is 
impermeable, or substantially impermeable, to moisture 
ingress. In general, When the package or enclosure is imper 
meable, or substantially impermeable, to moisture, it is also 
impermeable, or substantially impermeable, to the propel 
lant that gradually leaks out from the enclosed pressurized 
container. This may gradually build-up a pressure Within the 
package or enclosure, Which is undesirable. In this context, 
“substantially impermeable” to the propellant means that the 
level of the propellant in the enclosed volume of the package 
or enclosure Will elevate if no measure, such as inclusion of 
an HFA adsorbent material, is taken to reduce it. Or in other 
Words, the egress rate of the propellant gas alloWed by the 
package or enclosure is loWer than the rate by Which it is 
leaked into the enclosed volume of the package or enclosure 
from the pressurized container. Preferably, a substantially 
impermeable package of the present invention has a perme 
ability to HFA p227 that is less than or equal to about 0.25 
cc of HFAp227 per square meter of package per day at about 
1 bar pressure and about room temperature, or a permeabil 
ity to HFA 134a that is less than or equal to about 4.1 cc of 
HFA 134a per square meter of package per day at about 1 bar 
pressure and about room temperature. Also, in this context, 
“impermeable” to the propellant means impenetrable by the 
HFA propellant gas used in the invention. 
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Flexible Material for Making Packages 

[0176] A preferred ?exible material for making the pack 
age is a laminate, although other materials may also be 
satisfactorily employed. The main limitations are is that the 
package material must be substantially impermeable to 
atmosphere moisture, and impermeable or substantially 
impermeable, to the HFS propellant used. 

[0177] The laminate used in making packages generally 
consists of several layers of materials either co-extruded or 
bonded together to form an apparently single ?lm of “lami 
nate”. As an example, a suitable laminate may have three 
layers adhesively laminated to each other: an inner layer, a 
barrier layer and an outer layer. For example, Pharma?ex 
Ltd., part of Alcan inc. (Cramlington, Northumberland, 
England) supplies a laminate ?lm having three layers: 12 
micron polyester/ 9 micron aluminum foil/50 micron poly 
ethylene (product catalog LMP-F BRI/ 72/ H1). Also, another 
laminate that could be used in the invention comprises 
polyester (16.9 gsm/l2 micron, orientated and acrylic 
coated)/loW density polyethylene (20 gsm, coloured White 
using Titanium dioxide)/aluminium foil (24.3 gsm/ 9 
micron)/polyethylene copolymer (5 gsm)/loW density poly 
ethylene (13 gsm)/linear loW density polyethylene (37 gsm/ 
40 micron). 
[0178] The inner layer is disposed on the inner surface of 
the package (i.e. the side in contact With the inhaler device) 
and is normally a thermoplastic layer and heat-sealable. A 
common material for the inner layer is polyethylene, but 
other polyole?nic or cyclo-ole?nic materials may also be 
used. In addition, specialist materials such as ionomers are 
also frequently used for making the inner layer, for example, 
the ionomer under the tradename Surlyn. Properties Which 
distinguish these ionomers resins from other polyole?n 
heat-sealed polymers are high clarity, high impact resis 
tance, loW haZe in lamination, tear resistance, abrasion 
resistance, solid state toughness, and moisture impervious 
ness. 

[0179] The barrier layer is disposed betWeen the inner and 
outer layers (i.e. it is sandWiched betWeen the inner and 
outer layer) and provides imperrneability, or substantial 
imperrneability, to the package. Aluminum foil is commonly 
used for the barrier layer, although any other metals capable 
of being rolled into thin sheets can also be satisfactorily 
used. Atypical thickness for the aluminum foil layer is about 
8 or 9 microns. Alternatively, the barrier layer may be 
metaliZed ?lms, made up of tin, iron, Zinc, magnesium or 
other metals coated by vacuum deposition or sputtering onto 
a polymeric sheet. 

[0180] The outer layer is disposed on the surface of the 
barrier layer, on the opposite side to the inner layer. The 
outer layer normally provides support, impact resistance, 
protection for the barrier layer and general robustness to the 
pack. A commonly used material for the outer layer is 
polyester, although other material, such as paper, may also 
be used. 

[0181] Adhesives may be used to join the respective layers 
of materials together. The adhesive layers are typically 
substantially smaller in thickness relative to the thickness of 
the substrate, heat sealable and/or protective layers Which 
they bond. 

[0182] The number, siZe, and shape of the layers are not 
limited to those layers shoWn in the draWings. Any number 
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of layers With relative areas of any siZe and predetermined 
thickness may be used so long as the ?exible package forms 
an enclosed volume Which substantially prevents ingression 
of Water vapor and particulate matter into the enclosed 
volume While being impermeable, or substantially imper 
meable to any HFA leakage from the MDI device. The siZe, 
shape, and number of layers of the package is typically a 
function of the siZe and contents of the pressuriZed container 
Which includes a drug and HFA propellant. 

[0183] Preferred exemplary thicknesses of the three layers 
include an outer layer 1 to 40, preferably 4 to 30, more 
preferably 10 to 23 microns, and most preferably 12 
microns; a barrier layer of l to 100, preferably 3 to 70, more 
preferably 5 to 50 microns, more preferably 6 to 20 microns 
and most preferably 9 microns. For the inner layer, preferred 
exemplary thicknesses include thicknesses of l to 100, 
preferably 5 to 70, more preferably 10 to 60, more preferably 
20 to 55 microns, and most preferably 50 microns. 

[0184] Preferred exemplary embodiments include a poly 
ester ?lm as the outer layer having a thickness ranging from 
12 to 23 microns. The polyester ?lm is laminated to an 
aluminum foil as the substrate layer having a thickness 
ranging from 6 to 20 microns. The aluminum foil is lami 
nated to am inner ?lm such as a polyethylene ?lm having a 
thickness ranging from 20 to 50 microns. 

[0185] Alternative preferred embodiments include alumi 
num metaliZed polyester ?lm laminated to an inner layer as 
outlined above. Another embodiment includes a silicon 
oxide coplated polyester ?lm laminated to an inner layer as 
outlined above. Yet, in another embodiment, a polyester ?lm 
as an outer layer having a thickness ranging from 12 to 30 
microns is laminated to an aluminum foil substrate layer 
having a thickness ranging from 6 to 20 microns, the 
aluminum foil being laminated to a polyester ?lm of 12 to 
30 microns Which is laminated to an inner layer as outlined 
above. In another embodiment, a polypropylene ?lm as an 
outer layer having a thickness ranging from 15 to 30 microns 
is laminated to an aluminum foil barrier layer having a 
thickness ranging from 6 to 20 microns, and the aluminum 
foil is laminated to an inner layer as outlined above. The 
laminates of the present invention can be adhesively lami 
nated or extrusion laminated. 

[0186] The laminate can be formed of any material 
described above and of any thickness as described above, as 
long as the ?nal laminate is impermeable, or substantially 
impermeable, to HFA 134a or HFA p227. 

[0187] The permeability, or substantial imperrneability, of 
the laminate may be tested by a variety of techniques knoWn 
to the skilled person. For example, three pieces of 75 mm 
diameter discs are die stamped from laminate material. The 
thickness of the laminate disc are then measured and 
recorded. The samples are then placed into test chambers 
and vacuumed doWn to 230 C. for at least three hours. Once 
total vacuum has stabiliZed approximately 50 psi of HFA 
p227 propellant is applied to the top half of the disc sample, 
this being the outlet pressure for the cylinder at laboratory 
temperature, Whist the bottom side is still under vacuum. A 
similar test can be carried out using 30 psi of HFA 134a 
propellant applied to the top half of the disc sample. 

HFA Adsorbent and Gaseous Substances 

[0188] “HFA adsorbent” means a substance Which has the 
ability to condense or hold HFA molecules on its surface or 
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in its inner structure, an activity often referred as “adsorb 
ing” or “absorbing”. Examples of HFA adsorbents material 
selected from the group consisting of molecular sieves, 
activated clays (including, montmorillonite and bentonite 
clay, and other knoWn activated clays eg those clays 
supplied by Colin Stewart Minchem Ltd, Cheshire, UK), 
activated alumina, silica, zeolites, bauxites, and mixtures 
thereof. Preferably, 10 A (Angstrom) molecular sieves. 

[0189] The present invention is not limited to any speci?c 
HFA adsorbents or speci?c gaseous substances. Although 
there are many different HFA adsorbent, and there are 
various types of propellant gases, it is believed that any 
propellant gas can be in principle entrapped by a properly 
chosen HFA adsorbent. By folloWing the information dis 
closed herein, it is Well Within the ordinary skill of the 
artisans in the ?eld to choose a proper HFA adsorbent for a 
given propellant gas. Practitioners can make an initial choice 
based on their knowledge and experience (for example, 
Weighing the factors such as the molecular size of the 
gaseous substance and the pore size of an HFA adsorbent as 
Well as electronic charges it carries) and then conduct tests 
(such as those disclosed herein or some other methods) to 
determine the actual effectiveness of the chosen HFA adsor 
bent against a given propellant gas. They may need to repeat 
the process until a proper HFA adsorbent is found. 

[0190] As described in the foregoing, applicants have 
found that molecular sieves With a pore size of about 10 
Angstroms is an effective HFA adsorbent material. Inclusion 
of about 4 grams of a sachet of the molecular sieve supplied 
by AtoFina (Solihull, England) under the trade name Sili 
porite, for example, is found su?icient per package to 
prevent in?ation. More detailed technical information about 
molecular sieves and their other industrial uses can be found 
in the Hajdu articlei-“Molecular Seives: Unique Moisture 
and Odor-Taste Control Material”, D. Hajdu, T. J. Dangieri 
and S. R. Dunne, TAPPI P0lym., Laminalions Coal. Conf 
(1999), Vol. 2, p. 655-662, Which is incorporated herein by 
reference. 

The HFA Adsorbent Sachet 

[0191] Although it is not necessary to have a sachet to 
contain the HFA adsorbent Within the package, it is usually 
preferred. The HFA adsorbent sachets are commercially 
available from many suppliers including Sud-Chemie (Mid 
dleWich, England). The sachet, With a “tea-bag” like appear 
ance, is generally manufactured from synthetic ?bers, such 
as polyamide or polyester ?bers or blends thereof. Com 
mercially available materials suitable for making HFA 
adsorbent sachets include, for example, GDT-ll from San-ei 
Corporation (Osaka, Japan) and Tyvek from Perfecseal 
(Londonderry N. Ireland UK). HoWever, a suitable sachet 
may be in other convenient shapes or appearances and made 
from other permeable materials. The molecular sieve mate 
rial, contained Within the sachet is commercially available 
from several manufacturers. For example AtoFina (Solihull, 
England) market a molecular sieve under the trade name of 
Siliporite. 

The Pressurized Container 

[0192] The pressurized container is preferably an MDI 
container. The term “MDI” or “metered dose inhaler” means 
a unit comprising a can and a drug metering device. Exem 
plary pressurized containers for use in MDls are disclosed in 
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wo 96/32151, wo 96/32345, wo 96/32150, wo 
96/32099, and U8. Pat. NOS. 6,293,279, 6,253,762, and 
6,149,892. 
[0193] Most often the MDI can and cap are made of 
aluminum or an alloy of aluminum, although other metals 
not affected by the drug formulation, such as stainless steel, 
an alloy of copper or tin plate, may be used. An MDI can 
may also be fabricated from glass or plastic. Preferably, 
hoWever, the MDI cans employed in the present invention 
are made of aluminum or an alloy thereof. Advantageously, 
strengthened aluminum or aluminum alloy MDI cans may 
be employed. Such strengthened MDI cans are capable of 
Withstanding particularly stressful coating and curing con 
ditions, e.g., particularly high temperatures, Which may be 
required for certain ?uorocarbon polymers. 

[0194] Strengthened MDI cans Which have a reduced 
tendency to malform under high temperatures include MDI 
cans comprising side Walls and a base of increased thickness 
and MDI cans comprising a substantially ellipsoidal base 
(Which increases the angle betWeen the side Walls and the 
base of the can), rather than the hemispherical base of 
standard MDI cans. MDI cans having an ellipsoidal base 
offer the further advantage of facilitating the coating pro 
cess. 

[0195] The MDI cans of the present invention include 
MDI cans supplied by Presspart of Blackburn, Lancashire, 
U.K., or by Neotechnic of Clitheroe, Lancashire UK. The 
MDI cans typically have a neck diameter of 20 millimeters, 
although any suitable neck diameter may be used and can 
vary in height from 30 millimeters to 60 millimeters. 

[0196] While there have been described and pointed out 
fundamental novel features of the invention as applied to a 
preferred embodiment thereof, it Will be understood that 
various omissions and substitutions and changes, in the form 
and details of the packages and methods illustrated, may be 
made by those skilled in the art Without departing from the 
spirit of the invention. For example, it is expressly intended 
that all combinations of those elements and/ or method steps 
Which perform substantially the same function in substan 
tially the same Way to achieve the same results are Within the 
scope of the invention. 

[0197] The invention is not limited by the embodiments 
described above Which are presented as examples only but 
can be modi?ed in various Ways Within the scope of pro 
tection de?ned by the appended patent claims. 

1. A method for maintaining the enclosed volume of a 
sealed package at about ambient pressure, Wherein the 
package contains pressurized MDI (metered dose inhaler) 
container comprising a drug, and an HFA (hydro?uoroal 
kane) propellant selected from the group consisting of HFA 
134a and HFA p227, or a mixture thereof; Wherein the 
method comprises the steps of: 

(i) positioning an effective amount of a HFA adsorbent 
material, and said pressurized container, Within a seal 
able package; 

(ii) sealing the package so that the pressurized container 
and adsorbent are in an enclosed volume Within the 
package at a pressure equal to about ambient pressure; 
and 
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(iii) adsorbing any leakage of the HFA propellant into the 
HFA adsorbent material so as to maintain the enclosed 
volume at about ambient pressure. 

2. The method according to claim 1, Wherein the drug is 
selected from the group consisting of bronchodilators, anti 
histamines, lung surfactants, antiviral agents, corticoster 
oids, ant-in?ammatory agents, anti-cholinergics, and antibi 
otic. 

3. The method according to claim 1, Wherein the pres 
suriZed MDI (metered dose inhaler) container further com 
prises one or more excipients selected from the group 
consisting of surfactants, preservatives, ?avorings, antioxi 
dants, anti-aggregating agents and co-solvents. 

4. The method according to claim 1, Wherein the HFA 
propellant is HFA 134a. 

5. The method according to claim 1, Wherein the HFA 
propellant is HFA p227. 

6. The method according to claim 1, Wherein the HFA 
adsorbent material is capable of adsorbing the HFA propel 
lant up to about 25% of the Weight of the adsorbent. 

7. The method according to claim 1, Wherein the HFA gas 
adsorbent material is capable of adsorbing the HFA propel 
lant up to about 20% of the Weight of the adsorbent. 

8. The method according to claim 1, Wherein the HFA 
adsorbent material comprises material selected from the 
group consisting of molecular sieves, activated clays, acti 
vated alumina, silica, Zeolites, bauxites, and mixtures 
thereof. 

9. The method according to claim 1, Wherein the package 
is permeable to HFA p227. 

10. The method according to claim 9, Wherein the package 
has a permeability to HFA p227 that is less than or equal to 
about 0.25 cc of HFA p227 per square meter of package per 
day at about 1 bar pressure and about room temperature. 

11. The method according to claim 9, Wherein the package 
has a permeability to HFA p227 that is less than or equal to 
about 0.15 cc of HFA p227 per square meter of package per 
day at about 1 bar pressure and about room temperature. 

12. The method according to claim 9, Wherein the package 
has a permeability to HFA p227 that is less than or equal to 
about 0.10 cc of HFA p227 per square meter of package per 
day at about 1 bar pressure and about room temperature. 

13. The method according to claim 9, Wherein the package 
has a permeability to HFA p227 that is less than or equal to 
about 0.05 cc of HFA p227 per square meter of package per 
day at about 1 bar pressure and about room temperature. 

14. The method according to claim 1, Wherein the package 
is permeable to HFA 134a. 

15. The method according to claim 14, Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 4.1 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

16. The method according to claim 14, Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 3.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

17. The method according to claim 14, Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 2.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 
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18. The method according to claim 14, Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 1.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

19. The method according to claim 14, Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 1.0 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

20. The method according to claim 14, Wherein the 
package has a permeability to HFA 134a that is less than or 
equal to about 0.5 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about room 
temperature. 

21. The method according to claim 1, Wherein the package 
is made of metal, glass, or plastic, and is selected from the 
group consisting of bottles, bags, drum boxes, and irregu 
larly shaped containers. 

22. The method according to claim 1, Wherein the package 
is made of plastic. 

23. The method according to claim 22, Wherein the plastic 
is a ?exible laminate having a barrier layer providing said 
package With permeability to HFA 134a and/or HFA p227. 

24. The method according to claim 1, Wherein the sealed 
package is hermetically sealed by heat-sealing, gluing, Weld 
ing, braZing, mechanical closures or clamps, or compres 
sion. 

25. Use of an HFA adsorbent to maintain the pressure of 
an enclosed volume Within a sealed package at about ambi 
ent pressure, Wherein the sealed package comprises: 

(i) a pressurized MDI (metered dose inhaler) container 
comprising a drug, a HFA (hydro?uoroalkane) propel 
lant selected from the group consisting of HFA 134a 
and HFA p227, or a mixture thereof; 

(ii) an effective amount of an HFA adsorbent material; 

Wherein the pressuriZed MDI container and HFA adsor 
bent material are Within the enclosed volume of the 
sealed package. 

26. The use according to claim 25, Wherein the drug is 
selected from the group consisting of bronchodilators, anti 
histamines, lung surfactants, antiviral agents corticosteroids, 
ant-in?ammatory agents, anti-cholinergics, and antibiotics. 

27. The use according to claim 25, Wherein the pressur 
iZed MDI (metered dose inhaler) container further comprises 
one or more excipients selected from the group consisting of 
surfactants, preservatives, ?avorings, antioxidants, anti-ag 
gregating agents and co-solvents. 

28. The use according to claim 25, Wherein the HFA 
propellant is HFA 134a. 

29. The use according to claim 25, Wherein the HFA 
propellant is HFA p227. 

30. The use according to claim 25, Wherein the HFA 
adsorbent material is capable of adsorbing the HFA propel 
lant up to about 25% of the Weight of the adsorbent. 

31. The use according to claim 25, Wherein the HFA gas 
adsorbent material is capable of adsorbing the HFA propel 
lant up to about 20% of the Weight of the adsorbent. 

32. The use according to claim 25, Wherein the HFA 
adsorbent material comprises material selected from the 
group consisting of molecular sieves, activated clays, acti 
vated alumina, silica, Zeolites, bauxites, and mixtures 
thereof. 
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33. The use according to claim 32, wherein the HFA 
adsorbent material is 10 A (Angstrom) molecular sieves. 

34. The use according to claim 33, Wherein the molecular 
sieves, in an amount of about 4 grams, absorbs about 230 ml 
of HFA p227. 

35. The use according to claim 33, Wherein the molecular 
sieves, in an amount of about 4 grams, absorbs about 230 ml 
of HFA 134a. 

36. The use according to claim 25, Wherein the package 
is impermeable to HFA 134a. 

37. The use according to claim 25, Wherein the package 
is impermeable to HFA p227. 

38. The use according to claim 25, Wherein the package 
is permeable to HFA p227. 

39. The use according to claim 38, Wherein the package 
has a permeability to HFA p227 that is less than or equal to 
about 0.25 cc of HFA p227 per square meter of package per 
day at about 1 bar pressure and about room temperature. 

40. The use according to claim 38, Wherein the package 
has a permeability to HFA p227 that is less than or equal to 
about 0.15 cc of HFA p227 per square meter of package per 
day at about 1 bar pressure and about room temperature. 

41. The use according to claim 38, Wherein the package 
has a permeability to HFA p227 that is less than or equal to 
about 0.10 cc of HFA p227 per square meter of package per 
day at about 1 bar pressure and about room temperature. 

42. The use according to claim 38, Wherein the package 
has a permeability to HFA p227 that is less than or equal to 
about 0.05 cc of HFA p227 per square meter of package per 
day at about 1 bar pressure and about room temperature. 

43. The use according to claim 25, Wherein the package 
is permeable to HFA 134a. 

44. The use according to claim 43, Wherein the package 
has a permeability to HFA 134a that is less than or equal to 
about 4.1 cc of HFA 134a per square meter of package per 
day at about 1 bar pressure and about room temperature. 

45. The use according to claim 43, Wherein the package 
has a permeability to HFA 134a that is less than or equal to 
about 3.5 cc of HFA 134a per square meter of package per 
day at about 1 bar pressure and about room temperature. 

46. The use according to claim 43, Wherein the package 
has a permeability to HFA 134a that is less than or equal to 
about 2.5 cc of HFA 134a per square meter of package per 
day at about 1 bar pressure and about room temperature. 

47. The use according to claim 43, Wherein the package 
has a permeability to HFA 134a that is less than or equal to 
about 1.5 cc of HFA 134a per square meter of package per 
day at about 1 bar pressure and about room temperature. 

48. The use according to claim 43, Wherein the package 
has a permeability to HFA 134a that is less than or equal to 
about 1.0 cc of HFA 134a per square meter of package per 
day at about 1 bar pressure and about room temperature. 

49. The use according to claim 43, Wherein the package 
has a permeability to HFA 134a that is less than or equal to 
about 0.5 cc of HFA 134a per square meter of package per 
day at about 1 bar pressure and about room temperature. 

50. The use according to claim 25, Wherein the package 
is made of metal, glass, or plastic, and is selected from the 
group consisting of bottles, bags, drum boxes, and irregu 
larly shaped containers. 

51. The use according to claim 50, Wherein the package 
is made of plastic. 
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52. The use according to claim 51, Wherein the plastic is 
a ?exible laminate having a barrier layer providing said 
package With imper'meability to HFA 134a and/or HFA 
p227. 

53. The use according to claim 51, Wherein the plastic is 
a ?exible laminate having a barrier layer providing said 
package With permeability to HFA 134a and/or HFA p227. 

54. The use according to claim 52, Wherein said ?exible 
laminate has three layers: polyester/aluminum/polyethylene, 
Wherein the aluminum layer is betWeen the polyester and 
polyethylene layers. 

55. The use according to claim 52, Wherein said barrier 
layer is made of aluminum foil. 

56. The use according to claim 25 Wherein the sealed 
package is hermetically sealed by heat-sealing, gluing, Weld 
ing, braZing, mechanical closures or clamps, or compres 
sion. 

57. A pharmaceutical product comprising: 

(i) a pressurized MDI (metered dose inhaler) container 
comprising a drug, and an HFA (hydro?uoroalkane) 
propellant selected from the group consisting of HFA 
134a and HFA p227, or a mixture thereof; 

(ii) an e?‘ective amount of an HFA adsorbent material; and 

(iii) a sealed package having an enclosed volume Within 
Which the pres suriZed container and the HFA adsorbent 
material are situated, Wherein the pressure Within the 
enclosed volume of the package is equal to about 
ambient pressure; 

Wherein the HFA adsorbent material is capable of 
adsorbing the HFA propellant so as to maintain a 
constant pressure Within said enclosed volume, When 
any leakage of the HFA propellant occurs from the 
pressurized container; and 

Wherein the package has a permeability to HFA p227 
that is less than or equal to about 0.25 cc of HFA 
p227 per square meter of package per day at about 1 
bar pressure and about room temperature, or a per 
meability to HFA 134a that is less than or equal to 
about 4.1 cc of HFA 134a per square meter of 
package per day at about 1 bar pressure and about 
room temperature. 

58. A pharmaceutical product according to claim 57, 
Wherein the package has a permeability to HFA p227 that is 
less than or equal to about 0.15 cc of HFA p227 per square 
meter of package per day at about 1 bar pressure and about 
room temperature. 

59. A pharmaceutical product according to claim 57, 
Wherein the package has a permeability to HFA p227 that is 
less than or equal to about 0.10 cc of HFA p227 per square 
meter of package per day at about 1 bar pressure and about 
room temperature. 

60. A pharmaceutical product according to claim 57, 
Wherein the package has a permeability to HFA p227 that is 
less than or equal to about 0.05 cc of HFA p227 per square 
meter of package per day at about 1 bar pressure and about 
room temperature. 

61. A pharmaceutical product according to claim 57, 
Wherein the package has a permeability to HFA 134a that is 
less than or equal to about 3.5 cc of HFA 134a per square 
meter of package per day at about 1 bar pressure and about 
room temperature. 




