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METHOD FOR CHARGING A CONTAINER FOR USE WITH A MEDICATION
DELIVERY APPARATUS, CONTAINER FOR SUCH AN APPARATUS AND
METHOD FOR TREATING A PATIENT

The present invention relates {o a method of charging a container for use in a medication
delivery apparatus, especially a pressurised aerosol canister for use in a metered dose

inhaler (MDI}, wherein the propellant used comprises 1,1-diffucroethane (R-152a).

MDls are the most significant type of inhalation drug delivery system and are well known
to those skilled in the art. They are designed to deliver, on demand, a discrete and accurate
amouni of a drug to the respiratory tract of a patient using liguefied propeliant in which the
drug is dissolved, suspended or dispersed. The design and operation of MDis is described
in many standard textbooks and in the patent literature. However, they all comprise a
pressurised container that holds the drug formulation, a nozzle and a valve assembly that
is capable of dispensing a controlied quantily of the drug through the nozzle when it is
aclivated. All of these components are typically Iocated in a housing that is equipped with
a mouth piece. The drug formulation will comprise a propellant, in which the drug is
dissolved, suspended or dispersed, and may contain other materials such as co-solvents,

surfactants and preservatives.

In order for a propellant to function satisfactorily in MDls, it needs to have a number of
properties. These include an appropriate boiling point and vapour pressure so that it can
be liguefied in a closed container at room temperature but develop a high enough pressure
when the MDI is activated {o deliver the drug as an alomised formulation even at low
ambient temperatures. Further, the propeilant should be of low acule and chronic toxicity
and have a high cardiac sensitisation threshold. it should have a degree of chemical
stability in contact with the drug, the container and the metallic and non-meialiic
components of the MDI device, and have a low propensity 1o exiract low molecular weight
substances from any elastomeric or other polymeric materials in the MD! device. The
propeliant should also be capable of maintaining the drug in a homogeneous solution, in
a stable suspension or in a stable dispersion for a sufficient time. When the drug is in
suspension in the propeliant, the density of the liquid propeliant is desirably similar o that
of the solid drug in order to avoid rapid sinking or floating of the drug particles in the liguid.
Finally, the propeliant should not present a significant flammability risk to the patient in
use. In particular, it should form a non-flammable or low flammability mixture when mixed

with air in the respiratory tract.

Dichlorodiflucromethane (R-12) possesses a suitable combination of properties and was

for many vears the most widely used MDI propellant, often blended with
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trichlorofiucromethane (R-11). Due to international concern that fully and partially
halogenated chlorofiucrccarbons {CFCs), such as dichlorodifluoromethane  and
trichloroflucromethane, were damaging to the earth’s proteclive ozone layer, many
countries entered into an agreement, the Monireal Profocol, stipulating that their
manufacture and use should be severely restricted and eventually phased cut completed.
Dichlorodifluoromethane and frichlorofluoromethane were phased out for refrigeration use
in the 1890°s, but are still used, to some extent in the MD! sector as a result of an essential

use exemption in the Montreal Protocol.

1,1,1.2-tetraflucrcethane (R-134a) was infroduced as a replacement refrigerant and MDI
propeliant for R-12. 1,1,1,2,3,3,3-heptafluoropropans (R-227ea) was also introduced as a
replacement for R-12 in the fire control (e.g. computer suites) and MDI! sectors and is

sometimes blended with R-134a for these applications.

Although R-134a and R-227ea have low ozone depletion potentials (ODPs), they have
global warming potentials (GWPs), 1430 and 3220 respectively, that are now considered
to be too high by some regulatory bodies, especially for dispersive uses when they are

released into the atmosphere.

1, 1-diflucroethane (R-152a) has been suggested as a replacement MDI propeliant for R-
134a and R-227ea due to its low global warming potential of 124, in addition to having zero
ozone depletion potential {ODP). Toxicological evaluations have demonstrated that R-
152a has a very low order of acute and chronic inhalation toxicity, with the compound being
neither a mutagen, {eratogen or carcinogen. Chemical stability studies have revealed that
R-152a does not undergo reaction with solvents commonly used in aerosol formulations,
is very stable to hydrolysis, and is compatible with several plastics that are typically prone
to attack by solvents and propellants. Furthermore, in EP2706987 the inventors found that
the use of R-152a as a propellant reduced the amount of ethanol required for dissolving
the drug in the pharmaceutical composition compared {0 the amount that would be needed
if R-134a is used as the propellant. Thus, R-152a has a number of advantageous

properties that makes it use as a propeliant desirable.

However, while neither R-134a or R-227ea are flammable or explosive under atmospheric
conditions, R-152a is both flammable and explosive, having a lower explosive imit (LEL)
of 3.9 vol% and an upper explosive limit of 16.9%. The flammability and explosive nature
of R-152a means that conventional processes used for charging pressurised aerosol

containers, especially those used in MDIis, are unsuitable, as is explained below.
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Consequently, it is not normally possible to convert existing processes and facilities to

using R-152z as the propellant without significant modification.

There are three conventional processes used for charging pressurised aerosol containers

for use in MDis: cold fill; single-stage pressure fill, and two-stage pressurs fill.

Cold fill is a method of manufacture in which cold temperatures are used to convert the
drug formulation into the liguid phase. The cold fill process begins with crealing a
homogenous suspension or solution of the active pharmaceutical ingredient (AP} with a
solvent or carrier that is a liquid at room temperature. in parallel, the bulk propellant, which
forms the rest of the formulation, is placed into g pre-chilled bulk-manufacturing/mixing
vessel, where the low temperature ensures the propeliant is in liquid form. The concentrate
is then transferred into the same vessel, followed by mixing of the eniire formuiation

{comprising the propellant, solvent/carrier, and the AP,

The next step of the cold filling process is to dispense the formulation into appropriately
sized canisters/containers. This is achieved by pumping the formulation from the mixing
vessel to a filling head and feeding a predetermined portion of the chilled Hiquid formulation
into an open canister. Subsequently, a valve assembly is placed on top of each canister
and then crimped inio place. A seal is formed between the top of gach canister and an

elastomeric component of the valve assembly.

Each completed canister is then checked for weight to ensure the correct amount of
formulation is present. Products may then be subjecied to a stress test in a water bath o
ensure a proper seal has been formed and that there are no gaps through which the
propeliant may leak. In the cold fill process, the water bath also serves the purpose of
warming the aerosol {o room temperature. Even 50, the formulation in the canister remains

a liguid because it is under pressure.

in contrast to cold filling, both the single-stage and two-stage pressure filling processes
use pressure instead of low temperature 10 maintain the propellant in the liguid phase. In
these processes, the propellant is held in a pressurised mixing vessel in liquid form, and a
drug concenirate may be made in the same way as it is with cold filling, with the APl mixed

with a solvent or carrier that is liguid at room temperature.

in the single-stage pressure filling process, the AP! and propellant are mixed and held

under pressure in a buli-manufacturing/mixing vessel. An emply canister is then fed onto
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the filling table and a valve assembly placed on top and crimped into place. The complete
formulation is then driven under pressure into the canister through the valve assembly. In
common with the cold-fill process, the unit is checked, weighed, water bathed and

submitied for further processing.

I the two-stage pressure filling process, the AP or drug concentrate is placed in an open
canister. A valve assembly is then placed on top of the canister and crimped into position
to form the seal. The propellant is then driven under pressure backwards through the valve
assembly and into the canister. Using this method, the mixing of the concenirate occurs in
the canister rather than in a bulk-manufacturing vessel Following this step, the unit is

checked, weighed, water bathed and submitted for further precessing.

Each of the three conventional methods used for charging pressurised aerosol containers
for use in MDis are unsuitable when using R-152a, due to its flammability and explosive

properties.

in existing cold fill and single-stage pressure fill facilities, the presence of a large bulk-
manufacturing/mixing vessel in proximity to the line with a rapid-moving filling head is not
a major explosion safely issue, due 1o the non-flammability and non-explosive nature of
R-134a and R-227ea. Accordingly, filling lines are often situation in the core of a building

or facility.

However, if R-152a were to be used in an existing facility, the risk profile would be
unacceptable due to the flammable and explosive properties of R-152a. Consequently, it
is difficult to use an existing coid fill or single-stage pressure §ill facility with R-152a without

significant modification.

in contrast, in the conventional two-stage pressure fill process, the propellant and API (or
drug concentrate) are added separately to the canister, and so there is no requirement for
a bulk-manufacturing vessel to mix large quantities of these components. Accordingly,
existing two-stage pressure fill faciliies may be suitable for use with R-152a with little or

no modification,

However, in the convention two-stage pressure fill process, the necessity of adding the
APl or drug concentrate to the canister before a valve assembly is crimped ontoe the

canister means that it can be difficult to evacuale the sealed canister without risking loss
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of the AP through asrosclisation or foaming, or loss of the solvent or carrier through

evaporation.

Consequently, in typical processes, no evacuation of the canister is carried out before
propeliant is added through the valve. This resulls in the fully charged canister containing
air with a partial pressure of approximately one bar. In some territories, such as the USA,
it is mandatory 1o subject the charged cannister to a stress test in a waler bath at elevated
temperatures. The additional pressure arising from the air present in the canisters can
result in Tailure of the siress test. The presence of air may also compromise the stabiiity of

the APl and/or propsllant in the canister.

There is @ need for a process for charging a pressurised aerosol canister for use in a
metered dose inhaler (MDI), wherein the propellant used comprises 1,1-difluoroethane

{(R-152a), which is broadly compatible with existing facilities and equipment.

The present inventors have surprisingly found that by purging the asrosol canisier with a
fluid comprising a (hydro)halocarbon and/or by evacuating the canister prior o charging
with propeliant, it is possible 1© provide canisters comprising a 1, 1-diflucrosthane (R-152a)
propeliant which have the required stress performance, and which may be prepared with

only minor modifications o existing facililies and equipment.

Accordingly, in a first aspect of the present invention, there is provided a method for

charging a container for use with a medication delivery apparatus comprising:

{a) purging the container with a fiuid component comprising & (hydrojhalocarbon;

{b) introducing into the container a pharmaceutical composiilion comprising an active
pharmaceutical ingredient;

(c) sealing the container; and

(d} introducing into the container a propellant component comprising 1, 1-diflucroethane
(R-152a);

wherein the steps are carried cut in the order {a), (), (¢} then (d); or

wherein the steps are carried cut in the order (b)), {a), (¢} then (d).

Unless otherwise indicated, sl technical and scientific terms used herain have the same
meaning as commonly understond by one of ordinary skill in the art to which this invention

pertains.
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All embodiments of the invention and particular features mentioned herein may be taken
in isolation or in combination with any other embodiments and/or particular features
mentioned herein (hence describing more particular embodiments and particular features

as disclosed herein) without departing from the disclosure of the invention.

As used herein, the term “comprises” will take ifs usual meaning in the arl, namely
indicating that the component includes but is not limiled o the relevant features (i.e
inciuding, among other things). As such, the term “comprises” will include references to
the component consisting essentially of the relevant features. As used herein, the term
“‘consists essentially of” will refer to the relevant component being formed of at least 80%
{e.q. at least 85%, at least 90%, or at least 95%, such as at least 89%) of the relevant

features, according to the relevant measure (e.g. by weight thereof).

in the process of the first aspect of the invention, steps (&) and (b) may be carried out in
either order; that is step (a) may be carried out before step (b), or step {b) may be carried
out before step (a@). When step (b) is carried out before step (a), care must be taken during
the purging of the container with the fiuid component not to displace the pharmaceutical

composition from the container.

Regardiess of the order that steps (a) and (b) are carried out in, both sieps are carried out
before steps (¢) and (d}, which are carried out with step (¢) before step (d). Thus, the order
of the four steps is either (g), (b}, {¢) then (d); or (b}, {(a), {¢) then {d}.

in step (a), the container, especially a canisier for use with a metered dose inhaler (MDD,
is purged with a fluid component comprising a hydrofluorocarbon. For the aveidance of
doubt, the term fluid includes vapours and liquids. Typically, the container, containing an
original atmosphere, for example of air or nitrogen, is supplied o g purging station where

purging takes place.

in some processes, the fluid component is in the form of a vapour, and may, for example,
be delivered at approximately ambient pressure by way of a directed nozzle into the body

of the container. The delivered vapour purges the container of the original atmosphere.

In some processes, the fluid component is in the form of a liquid. Evaporation of the liquid

in the container purges the container of the original atmosphere.
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By the term “purge”, it is meant that an appropriate volume of gas or vapour is delivered,
either directly or through evaporation of a liquid, 1o the container, to displace substantially
all of the original atmosphere. Thus, afier step (a), the container is substantially free of the

original atmosphere of, for example, air or nitrogen.

As used herein, references o “substantially” of a component will refer to at least 50% {e.q.
at least 75%, at least 80%, at least 85%, or, particularly, at least 80%, such as at least
95%, or, more particularly, at least 98%) of the component, according to the relevant

measure (.g. by weight thereof).

The purging fuid component used in the process of the invention comprises a
hydrofluorocarbon. Some fluid components may comprise at least about 95% by weight of
a hydrofluorocarbon, such as at least about 6%, at least about 87%, at least about 98%,
at least about 99% or at ieast about 89.9% by weight of a hydrofiuorocarbon. Some purging
fluid components may consist entirely of a hydrofluorccarbon.

When used herein in relation {0 a specific value (such as an amount), the term “about” (or
similar terms, such as “approximately™) will be understood as indicating that such values
may vary by up to 10% (particularly, up to 5%, such as up to 1%) of the value defined. it
is coniemplated that, at each instance, such terms may be replaced wiih the notation
“t10%”, or the like (or by indicating a variance of a specific amount calculated based on
the relevant value). It is also contemplated that, at each instance, such terms may be
deleted.

By the term “(hvdro}halocarbons®, we are referring to siraight-chain or branched
compounds that contain halogen atoms, such as fluorine, chiorine, bromine or iodine, and
optionally hydrogen atoms in addition io carbon atoms. Thus, the term includes
perhalocarbons as well as hydrohalocarbons which contain halogen and hydrogen atoms

in addition to carbon.

Some (hydrohalocarbons that may be mentioned include (hydro)fluorocarbons, preferably
hydrofiuorocarbons,  such  as  Coqo  hydrofluorocarbons, for  example Cx-Cs

hydrofiucrocarbons.

Some hydrofiucrocarbons that may be mentioned include hydrofluorcalkanes, such as
1,11, 2-tetrafluoroethane (R-134a), 1,1,1.2,3,3,3-heptaflucropropane {(R-227ea), 1,1-

difiuoroethane (R-152a), and mixiures thereof. In some processes, the hydrofiuoroalkane
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is 1,1,1,.2-tetraflucrcethane (R-134a). In some processes, the hydrofluoroalkane is
1,1,1.2,3,3,3-heptaflucropropane (R-227ea). In some processes, the hydroflucroalkane is
1, 1-difluoroethane (R-152a).

In some processes that may be mentionad, the hydroflucroalkans is a mixture of 1,1,1,2-
tetraflucroethans (R-134a) and 1, 1-diflucrosthane (R-152a). Increasing the amount of
1,1, 1 2-tetrafluoroethane (R-134a) in the mixture can be used to reduce the flammability
of the mixture compared to 1,1-difluoroethane (R-152a) alone. A mixture of reduced
flammability may be useful, for exampie, if the purging step is {0 be carried out in existing
facilities which have a low flammability rating, for instance metered dose inhaler (MDD
canister filling facilities designed for use with non-flammable propeilants, such as 1,1,1,2-

tetrafluorosthane (R-134a) and/or 1,1,1,2,3,3,3-heptaflucropropane (R-227ea).

Conveniently, mixtures of 1,1,1,2-tetraflucrosthane (R-134a) and 1,1-diffucroethane (R-
152a) may contain up to about 80 weight %, such as up 1o about 80 weight %, up to about
70 weight %, up to about 60 weight %, up to about 50 weight %, up to about 40 weight %,
up o aboui 30 weight %, up to about 20 weight % or up (o about 10 weight % of 1,1,1,2-
tetrafiuorosethane (R-134a) relative to the total amount of 1,1,1,2-tetrafluoroethane (R-
134a) and 1,1-difluoroethane (R-152a) in the mixiure.

In other processes that may be mentioned, the hydroflucrcalkane is a mixture of
1,1,1,2,3,3,3-heptafluoropropane {(R-227ea) and 1,1-diflucroethane (R-152a). Increasing
the amount of 1,1,1,2,3,3,3-heptaflucropropane (R-227ea) in the mixture can be used {o
reduce the flammability of the mixiure compared to 1,1-difluoroethane (R-152a) alone. A
mixture of reduced flammabilily may be useful, for example, if the purging siep is to be
carried out in existing facilities which have a low flammahbility rating, for instance metered
dose inhaler (MDD canister filling faciliies designed for use with non-flammable
propellantis, such as 1,1,1.2-tetrafluoroethane  (R-134a) andfor 1,1,1,2,3,3,3-
heptafiuoropropane (R-227ea).

Conveniently, mixtures of 1,1,1,2,3,3 3-heptafluoropropane (R-227e3) and 1,1-
diffluoroethane (R-152a) may contain up to about 80 weight %, such as up to about 80
weight %, up to about 70 weight %, up to about 8C weight %, up o about 50 weight %, up
to about 40 weight %, up to about 30 weight %, up to about 20 weight % or up to about 10
weight % of 1,1,1,2,3,3,3-heptafiucropropane (R-227ea) relative o the total amount of
1,1,1,2,3,3,3 -heptafluoropropane (R-227ea) and 1,1-difluoroethane (R-152a) in the

mixiure,
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In other processes that may be mentionad, the hydrofluorcalkane is a mixture of 1,1,1,2-
tetrafluoroethane  (R-134a) and 1,1,1,2,3,3,3-heptafluoropropane  (R-227e3).
Conveniently, mixtures of 11,1 2-tetrafluorcethane {(R-134a) and 1,1,1,2,3,3,3-
heptafiuoropropane (R-227ea) may contain up {o about 90 weight %, such as up o about
80 weight %, up 1o about 70 weight %, up 1o about 60 weight %, up to about 50 weight %,
up to about 40 weight %, up 1o about 30 weight %, up to about 20 weight % or up {o about
10 weight % of 1,1,1,2-tetrafluorcethane (R-134a) relative to the total amount of 1,1,1,2-

tetrafluoroethane (R-134a) and 1,1,1,2,3,3,3-hepiafluoropropane (R-227ea) in the mixiure.

Some other hydroflucrocarbons that may be mentioned include hydrofiuoroolefins such as
hydroflucropropenes. Some  hydrofluoropropenes that may be mentioned include
tefrafiuoropropenes, such as 1,33 3-teirafluoropropene (R-1234ze) and 2,3,3,3-
tetraflucropropene (R-1234yhH, preferably 1,3,3 3-tetrafluoropropene (R-1234ze). 1,3,3,3-
tetrafluoropropene (R-1234ze) is available as two geomestric isomers, frans-1,3,3,3-
tetrafluoropropene (R-1234ze(E)) and cofs-1,3,3,3-tetraflucropropene (R-1234ze(2)), of

which frans-1,3,3,3-teirafiucrorpropene (R-1234ze(E)) is preferred.

Where the purging fluid component used in step (a) is flammable, the purging station and
adjacent equipment is suitably designed to miligate the risks associated with the relative

small volumes of flammable fluid component used.

in step (b}, a pharmaceutical composition comprising an active pharmaceutical ingredient
is infroduced into the container. In a metered dose inhaler (MDD canisier facility, the
canisier is supplied to a charging station where the pharmaceutical formulation is metered

into the canister.

The active pharmaceutical ingredient in the pharmaceutical composition may comprise
one or more pharmaceutical substances that are suitable for delivery through an oral or
nasal aerosol delivery route. Relevant pharmaceutical substances include corticosteroids
(IC8}); short acting beta-2-agonists (SABA); long acting beta-Z-agonists (LABA), long
acting muscarinic antagonists (LAMA); short acling muscarinic antagonisis (SAMA);
cromoglicate (for example sodium cromoglicate), synthetic, semi-synthetic or naturai
cannabincids; synthetic, semi-synthetic or natural opicids,; or combinations thereof. Other
relevant pharmaceutical substances include nicotine. The active pharmaceutical
ingredient may comprise a combination of substances from the above-desoribed classes

of pharmaceutical subsiances.
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The getive pharmaceutical ingredient may also be used in combinatlion with ong or more

excipients inoluding solvenis, co-solvenis, co-suspension agenis and surfactants,

in some methods that may be mentioned, the active pharmaceutical ingredient comprises
or consists of a corticostercid. Any of the corticosteroids that that are suitable for delivery
through an oral or nasal aerosol delivery route, such as those that have been in use
hitherto for treating asthma and chronic obstructive pulmonary diseases and that can be
delivered using a MDI, can be used in the methods of the present invention. Suitable
corticosteroids include budesonide, mometasone, beclomethasone and fiuticasone as well
as their pharmaceutically acceptable derivatives, such as their pharmaceutically
acceptable salls and esters. Preferred compounds include budesonide, momelasone
furoate, beclomethasone dipropionate and fluticasone propionaie. The most preferred
corticostarcids are budesonide, momeatasone, flulicasone and beclomethasons,

particularly budesonide and mometasone and especially budesonide.

in some methods that may be mentioned, the active pharmaceutiical ingredient comprises
or consists of a short acting beta-2-agonist (SABA). Any of the short acting beta-2-agonists
that are suitable for delivery through an oral or nasal aerosol delivery route, such as those
that have been in use hitherto for treating asthma and chronic obstructive pulmonary
diseases and that can be delivered using a MDI, can be used in the methods of the present
invention. Suitable short acting beta-2-agonists include levosalbutamol, salbutamol and
terbutaline as well as their pharmaceutically acceptable derivatives, such as their
pharmaceutically accepiable sails and esters. Preferred compounds include salbutamol

and salbutamol suiphate.

In some methods that may be mentioned, the active pharmaceutical ingredient comprises
or consists of a long acling beta-2-agonist (LABA). Any of the long acting beta-2-agonists
that that are suitable for delivery through an oral or nasal aerosol delivery route, such as
those that have been in use hitherto for freating asthma and chronic cbstructive pulmonary
diseases and that can be delivered using a MDI, can be used in the methods of the present
invention. Suitable long acting beta-2-agonists  include formoterol, arformoterol,
bambuterol, clenbutercl, salmeterol, indacaterol and olodatercl as well as their
pharmaceutically acceptable derivatives, such as their pharmaceutically acceptable salls
and esters. Preferred compounds include formoterol, salmetero! and clodaterol and the
pharmaceutically acceptable salts thereof Particularly preferred compounds include

formoterol fumarate, formoterol fumarate dihydrate, saimeterol xinafoate and oladaterol.
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In some methods that may be mentioned, the active pharmaceutical ingredient comprises
or consists of a long acling muscarinic antagonist (LAMA). Any of the long acting
muscarinic antagonists that that are suitable for delivery through an oral or nasal aerosol
delivery route, such as those that have been in use hitherto for treating asthma and chronic
obstructive pulmonary diseases and that can be delivered using a MDI, can be used in the
methods of the present invention. Suitable long acting muscarinic antagonists include
ipratropium, tiofropium, aclidinium and the pharmaceutically acceptable derivatives
thereof, especially the pharmaceutically acceptable salts thereof Preferred compounds
include the pharmaceutically acceptable salts of glycopyrrolate (alse known as
glycopyrronium).  Glycopyrrolate  is  a quaternary  ammonium  salt.  Suitable
pharmaceutically acceptable counter ions include, for exampie, fluoride, chioride, bromide,
indide, nitrate, sulfate, phosphate, formate, acetate, triflucrcacetate, propionate, butyrate,
laciate, citrate, tartrate, malate, maleate, succinate, benzoate, p-chiorobenzoate, diphenyl-
acelate or triphenylacetale, o-hydroxybenzoate, p-hydroxybenzoate, 1-
hydroxynaphthalene-2-carboxyiate, 3-hydroxynaphthalene-2-carboxylate,
methanesuifonate and benzenesulfonate. A preferred compound is the bromide salt of

glycopyrrolate also known as glycopyrronium bromide.

in some methods that may be mentioned, the active pharmaceutical ingredient comprises
or consists of synthetic or natural cannabinoids. Any of the cannabinoids that that are
suitable for delivery through an oral or nasal asrosol delivery route, such as those that
have been in use hitherto for treating pain, seizures, arthritis, nausea, neurcdegenerative
diseases, such as muitiple sclerosis, cancer and HIV, or for trealing asthma and chronic
cbstructive pulmonary diseases, and that can be delivered using a MDI, can be used in
the methods of the present invention. Suitable cannabinoids  include
tetrahydrocannabinols (THC), such as delta-9-tetrahydrocannabinol, delta-8-

tetrahydrocannabinol and cannabidiol (CBD).

In some methods that may be mentioned, the active pharmaceutical ingredient comprises
or consists of synthetic, semi-synthetic or natural opioids. Any of opicids that that are
suiitable for delivery through an oral or nasal asrosol delivery route can be used in the
methods of the present invention. Suitable opicids include morphine or methadone. In
other methods thal may be mentioned, the active pharmaceutical ingredient comprises a

combination of a cannabincid and an opioid.
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The pharmaceutical composition may be in the form of a solid, a solution or a suspension.
Some pharmaceutical compositions may be in the form of a pelletised solid. When the
pharmaceutical composition is in the form of a solid, it is particularly preferred that the solid
is pelietised. Equipment for peilet formation of pharmaceutical products is common in the
field. The particle size and cohesive strength of the pellstized solid should be large enough
{o resist asrosolisation of the pharmaceutical composition when the sealed container is
evacuated (in step (i)}, but small enough 1o still permit good dispersion of the composition
in the propellant. The pharmaceutical pelist may include excipients o optimise the

mechanical or dispersive properties of the pellet.

In addition o the aclive pharmaceutical ingredient, the pharmaceutical composition may
comprise a number of additional components. These componenis may be present in the
pharmaceutical composition before it is added f{o the container. Alternatively, the
components may be added to the container separately from the pharmaceutical
composition, such as before or after the pharmaceutical composition is added to the

container.

Such additional components may include a carrier solvent in which the active

pharmaceutical ingredient is soluble, for example, ethanol.

Such additional components may include a surfactant, which produces a more stable
suspension. Commonly used surfactants include oleic acid, lecithin, sorbitan trioleate,

polyvinvipyrrolidone and polyethylene glycol.

The pharmaceutical compositions may also comprise one or more other additives of the
type that are conventionally used in drug formulations for metered dose inhalers (MDis),
such as valve lubricants. Where other additives are included in the pharmaceutical

composition, they are normally used in amounis that are conventional in the art.

The container may be filled with enough of the pharmaceutical composition to provide for
a plurality of dosages. The pressurised aeroscl canisters that are used in MDls typically

contain 50 to 200 individual doses.
In step (¢), the container is sealed. By sealing, it is meant that the open portion of the

container is closed, coversd or obsiructed to prevent substantial loss of the fluid

component or ingress of ambient atmosphere.
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It is preferable that step () is carried out before substantially any displacement of the fluid
compenent (introduced in step (&) from the container) by ambient atmosphere (such as air
or nitrogen) occurs, otherwise the benefit achieved by step (a) will be reduced.
Consequently, the stations at which steps (a} to (c) are carried out are ideally located
adiacent {0 each other on a filling production line such that the time batween purging,
introducing the pharmaceutical composition, and sealing of the container is minimised.
Altemnatively or additionally, steps (&) 10 (¢) may be carried out in an atmosphere of the
fluid component, such that there is no ingress of air or nitrogen into the container during
steps (b) and {c), or in the event that there is a significant delay between carrying step (a)

and either of steps (b) or (¢}

In some processeas that may be mentioned, the unsealed container, such as an unsealed
canister for use in a metered dose inhaler (MDI), does not contain a valve. Such containers
may be sealed by affixing (for example, by crimping) a cap comprising a valve over the
open portion of the container. The presence of a valve In the sealed canister permits the
introduction of the propellant composition in step (d), and, ultimately, allows the dispensing
of a metered dose of the pharmaceutical composition by the end user. The cap may aiso
comprise other elements necessary for the funclioning of the container in the medication

delivery apparatus.

In some processes that may be mentioned, the unsealed container may already contain a
valve and any other elements necessary for the infroduction of the propelient composition
in step (d) and, ultimately, to allow the dispensing of a metered dose of the pharmaceutical
composition by the end user when the container is fitted to the medication delivery
apparatus. In these processes, the container may be sealed through affixing a cap, for
example a monolithic cap, over the open portion of the container. Altematively, soms
containers may be sealed without the use of an additional element, for example where the

open portion of the container may be crimped closed.

In step (d}, a propeliant composition comprising 1,1-diflucrosthane (R-152a) is introduced
into the container. Typically, the sealed contziner, confaining the pharmaceutical
composition and the fluid component at atmospheric pressure, is supplied o a propeliant
charging station where the liguefied propellant composition, under pressure, is metered
into the container through the valve. In some processes, the propeliant charging station is
located at a location remote from the siations for steps (8), ) and (¢}, where the
flammability and explosive hazards associated with handling flammabile liguid propellant

have been appropriately mitigated.
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Some propellant compositions that may be mentioned comprise at least about 95 % by
weight of 1,1-difluoroethane (R-152a), such as at least about 96 %, at least about 97 %,
at least about 88 %, at least aboul 89% or at least about 89.2¢ % by weight of 1,1-
difiucroethane {(R-152a). Some propellant compositions consist entirely of 1,1-
difiuorcethane (R-152a).

In some processes that may be mentioned, the absolute pressure in the sealed and
charged container (i.e. after step (d) has been completed) at 293K is within the range of
about 400 kPa to about 600 kPa, preferably about 450 kPa to about 600 kPa, more
preferably about 500 kPa to about 600 kPa, even more preferably about 500 kPa to about
550 kPa, most preferably about 500 kPa to about 520 kPa. In preferred embodiments of
the invention, these pressure ranges apply when between about 50 % and about 75% of
the volume of the container is occupied by the liquid component of the propeliant
composition, such as wherein between about 55 % and 70 % of the volume of the container
is occupied by the liquid component of the propeliant composition, for example wherein
beiween about 80 % and 65% of the voiume of the container is occupied by the iiquid
component of the propellant composition.  In preferred sembodiments of the invention,
these pressure ranges apply when the propellant composition comprises at least about 85
% by weight of 1,1-diflucroethane (R-152a}, such as at least aboui 96 %, at least about 97
%, at least about 98 %, at least about 99% or at least about 89.9 % by weight of 1.1-

diffiuorcethane (R-152a), for example consisting essentially of 1, 1-diflucroethans (R-152a).

Subsequent to step (d), the charged container may be conveyed to other stations to be
equipped with additional device components such as actuators and dose counters, to be
labelled, to be packaged and to be warehoused. The container may also be sonicated or
otherwise subject to mechanical agitation 1o ensure dissolution or uniform dispersion of

the pharmaceutical composition in the propellant.

In some processes that may be mentioned, the charged container is subjectad o an
integrity/stress and/or leak fest which comprises the step of submerging the containerina
liquid at a temperature of about 30 to about 80 °C, such as about 40 {o about 70 °C, for
example about 50 to about 80 °C, or about 55 °C for a period of about 1 to about 5 minutes,
such as about 2 to about 4 minutes, for example about 3 minutes. The integrity and/or leak

test may be carried out in a water bath.
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In some processes of the invention, the container is a pressured asrosol canister for use

with @ metered dose inhaler (MDD,

Without wishing o be bound by theory, it is believed that the purging of the container with
a fluid component reduces the amount of ambient atmosphere present in the sealed
container, which reduces the pressure in the container during integrity/stress testing at
elevated temperatures. It is belisved thal the reduced pressure resulls from the lower
saturated vapour pressure of the fluid component compared to ambient atmosphere, which

predominantly comprises nitrogen.

According 1o a second aspect of the present invention, there is provided a method for

charging a container for use with a medical delivery apparatus comprising:

(i infroducing into the container a pharmaceutical composition comprising an aclive
pharmaceutical ingredient;

{(iiy sealing the container;

(iii} optionally, at least partially evacuating the container;

(ivy optionally, introducing into the confainer a fluid component comprising a
{hydro)halocarbon, and

(v} introducing into the container a propellant component comprising 1,1-difluoroethane
(R-152a);

wherein steps (i) to (v) are carried out in the stated order; and

wherein at least one of steps (i) and {iv) are mandaiory.

in step (i), a pharmaceuiical composition comprising an active pharmaceutical ingredient
is introduced into the confainer in the same ways as described in refation to step (b) of the
first aspect of the invention. In particular, all embodiments relating {o step (b) of the first
aspect of the invention and all features described therein also apply o step () of the

second aspect of the invention.

When the pharmaceutical compaosition is in the form of a solid, it is particularly preferred
that the solid is pelistised. Equipment for peliet formation of pharmaceutical products is
common in the field. The particle size and cohesive strength of the pelietized solid should
be large enough 1o resist aerosolisalion of the pharmaceutical composition when the
sealed container is evacuated (in step (i), but small enough to still permit good dispersion
of the composition in the propellant. The pharmaceutical pelist may include excipients o

optimise the mechanical or dispersive properties of the pellet.
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In step (i}, the container is sealed in the same ways as described in relation to step (¢) of
the first aspect of the invention. In particular, all embodiments relating o step (¢} of the
first aspect of the invention and all the features described therein also apply to step (i) of

the second aspeci of the invention.

Step (iii) is an optional step. In step (i), the sealed container is at least partially evacuated.
As used herein, by the term “evacuaied”, it is meant that substantially all of the atmosphere
in the container is removed, typically through the valve. Evacuation of the container may

be carried out by any means known in the art, for example, using a vacuum pump.

Step (iv) is an optional step. When both steps (ill) and (iv) are carried out, in step (iv} a
fluid component is introduced into the at least partially evacuated container. The fluid
component may be infroduced into the container through the valve at ambient pressure.
Since many of the valve assemblies for canisters used with metered dose inhalers (MDis)
are intended fo provide a sealing function at elevated internal pressures due io the
presence of the propellant, the introduction of the fluid component into the evacuated
container reduces the potential for subsequent ingress of ambient atmosphere, such as

air, into the sealed container prior to propeliant charging (i.e. step {(v)).

When step (i) is not carried out, in step {iv) a fluid component is introduced into the
container to purge the container of the original atmosphere. The fluid componant may be
introduced, and the original atmosphere displaced through the same valve, or through

different valves,

All embodiments relaling (o step {a) of the first aspect of the invention and all the features

described therein apply {0 step (iv) of the second aspect of the invention.

Atleast one of steps (iil) and {iv) is mandatory. In some embodiments, step (iii} is carried
out and step (iv) is not carried outl. In other embodiments, step (i) is not carried out and

step (v} is carried out. In yat further embodiments, both steps (ili) and (iv) are camriad out.

in step (v}, a propellant component comprising 1,1-diflucrosthane (R-152a) is introduced
into the container in the same ways as described in relation to step (d) of the first aspect
of the invention. In particular, all embodiments relating to step (d) of the first aspect of the
invention and all features described therein also apply 1o step (v) of the second aspect of

the invention.
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According to a third aspect of the invention, there is provided a container for a medication
delivery apparatus produced by the method of the first or second aspects of the invention

(including all embodiments and/or particular features mentioned therein).

According o a fourth aspect of the invention, there is provided a medication delivery
apparatus fitted with a container of the third aspect of the invention (including all
embodiments and/or particular features mentioned therein). Preferably, the medication
delivery apparatus is a metered dose inhaler (MDH and the container is a pressurised

aerosoi canister for use with a metered dose inhaler (MDD,

The pharmaceutical compositions present in the containers produced by the methods of
the present invention are for use in medicine for treating a patient suffering or likely o
suffer from a respiratory disorder and especially asihma or a chronic obstruclive pulmonary

disease.

Accordingly, in a fifth aspect of the invention, there is provided a method for realing a
patient suffering or likely to suffer from a respiralory disorder which comprises
adrministering to the patient a therapeutically or prophviactically effective amount of the
pharmaceutical composition from the container of the third aspect of the invention
(including all embodiments andfor particular features mentioned therein). The
pharmaceutical composition is preferably delivered to the patient using an MDI of the fourth
aspect of the invention (including all embodiments and/or particular features mentioned

therein).

Without wishing o be bound by theory, it is believed that the evacuation of the container
before introduction of the propeliant component reduces the internal pressure of the
container during integrity/siress testing at elevated temperatures. Furthermore, the
evacuation of the container followed by the introduction of the fiuid component reduces
the potential for subsegueni ingress of ambient atmosphere, such as air, into the sealed
container prior to propellant charging, while reducing the pressure in the container during
integrity/stress testing at elevaled temperatures. It is believed that the reduced pressure
results from the lower saturated vapour pressure of the fluid component compared to

ambient atmosphere, which predominantly comprises nifrogen.
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Claims:

1.

A method for charging a container for use with a medication delivery apparatus

comprising:

(a) purging the container with a fluid component comprising a (hydroyhalocarbon;

(b) introducing info the container a pharmaceutical composition comprising an
active pharmaceutical ingredient;

(c) sealing the container; and

(d) infroducing inte the confainer a propeliant component comprising 1,1-
difftuoroethane (R-152a);

wherein the steps are carried cut in the order {(g), (b}, (¢} then {d); or

wherein the steps are carried out in the order (b}, (a), {c) then (d).

The method of claim 1, wherein the steps are carried out in the order (a}, (b}, (¢}
then {d).

The method of claim 1, wherein the steps are carried out in the order (b}, (a), (¢}
then (d).

The method of any of the preceding claims, whersein the fluid component is a

Vapour.

The method of any of claims 1 10 3, wherein the fluid component is a liquid.

The method of any of the preceding claims, wherein step (¢) is carried out before
substantially any displacement of the fluid component from the container by

ambient atrmosphere oocurs.

A method for charging a container for use with a medication delivery apparatus

comprising:

(i introducing into the container a pharmaceutical composition comprising an
aclive pharmaceutical ingredient;

{(iiy sealing the container;

(i} optionally, at least partially evacuating the container;

{(iv) optionally, introducing into the container g fluid component comprising a
hydrofluocrocarbon; and

(v} introducing intc the container a propellant component comprising 1,1-
diffuorosthane (R-152a);
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10.

1.

12.

13.

14.

15.

16.

wherein steps (i) to (v) are carried out in the stated order; and

wherein at least one of steps (i) and {iv) are mandaiory.

The method of any of the preceding claims, wherein at least about 85 weight % of
the fluid component is (hydroyhalocarbon,

preferably wherein at least 99 weight % of the fluid component is
{hydro)halocarbon;

more preferably wheregin at least 99.9 weight % of the fiuid component is
{hydro)halocarbon;

even more preferably wherein the fluid component is  entirely
(hydrothalocarbon,

based on the fotal weight of the fluid component.

The method of any of the preceding claims, wherein the (hydro}halocarbon is a

hydrofluoroalkans.

The method of claim 8, wherein the hydrofiuorcalkane is selected from the group
consisting of 1,1,1,2-tetrafluoroethane (R-134a), 1,1,1,2,3,3,3-heptaflucropropane
(R-2272a), 1,1-difluoroethane (R-152a), and mixtures thereof.

The method of claim 10, wherein the hydrofluoroalkane is a mixture of 1,1,1,2-
tetrafluorethane (R-134a) and 1,1-difluorosthane (R-152a).

The method of claim 10, wherein the hydrofluoroalkane is a mixture of
1,1,1,2,3,3,3-heptafiucropropane (R-227ea) and 1, 1-difluoroethane {(R-152a).

The method of claim 10, wherein the hydrofiuoroalkane is a mixture of 1,1,1,2-

tetrafluoroethane (R-134a) and 1,1,1,2,3,3,3-heptafluoropropans (R-227ea).

The method of any of claims 1 to 8, wherein the hydrofluorccarbon is a

hydrofluoroolefin.

The method of claim 14, wherein the hydrofluorclefin is a tetraflucropropene.

The method of claim 15 wherein the tetrafluoropropens is  1,3,3,3-
tetrafluoropropene (R-1234ze), preferably trans-1,3,3,3-tetrafluoropropene (R-
1234ze(E)).
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17. The method of any of the preceding claims, wherein the pharmaceutical

composition is in the form of a solid, a solution or a suspension.

18. The method of claim 17, wherein the pharmaceutical composition is in the form of

a solid, such as a pelletised solid.

18. The method of any of the preceding claims wherein the siep of sealing the container

comprises affixing a cap comprising a valve over the open portion of the container.

20. The method of any of the preceding claims, wherein at ieast about 85 weight % of

the propellant component is 1, t-difluorcethane (R-152a);

preferably at least about 898 weight % of the propellant component is 1,1-
difluoroethane (R-152a);

more preferably at least about 89.8 weight % of the propellant component
is 1,1-diffucrosthane (R-152ay

even more preferably wherein the fluid component is entirely 1,1-
difluoroethane (R-152a);

based on the iotal weight of the propseliant component.

21. The method of any of the preceding claims, wherein the absolute pressure at 203K
in the comiainer after the step of introducing into the container a propeliant
component comprising 1,1-diflucroethane {R-152a) is about 500kPa to about
600kPa, preferably about 500kPa to about 550kPa, even more preferably about
500kPa to about 520kPa.

22. The method of any of the preceding claims which further comprises the step of
submerging the container in a liquid at a temperature of about 50 to about 80 °C
for a period of about 2 to about 4 minutes; such as a temperature of about 55 °C

for a pericd of about 3 minutes.

23. The method of any of the preceding claims, wherein the active pharmaceutical
ingredient comprises a corticosteroid (IC5), a short acting beta-2-agonist (SABA),
a iong acting beta-2-agonist (LABA), a short acting muscarinic antagonist (SAMA),
a long acling muscarinic antagonist (LAMA)Y, a cannabinoid, an opioid,

cromoglicate, nicoting, or a combination thereof.

24. The method of claim 23, wherein the active pharmaceutical ingredient comprises a

corticosteroid (ICS), a short acting beta-2-agonist (SABA), a long acling beta-2-
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agonist (LABA), a short acling muscarinic antagonist (SAMA), a long acting

muscarinic antagonist (LAMA), or a combination thereof.

25. The method of claim 23 or 24, wherein the corticosteroid is selected from the group
of consisting of budesonide, mometasone, beclomethasone, fluticasone, and
pharmaceulically accepiable salls and esters thereof, preferably budesonide,

mometasons furcate, beclomethasone dipropionate and fiuticasone propionate.

26. The method of claims 23 or 24, wherein the short acling beta-2-agonist is selected
from the group consisting of levosalbutamol, salbutamol, terbutaline, and
pharmaceutically acceplable salts and esters thereof, preferably salbutamol and

salbutamol suiphate.

27. The method of claims 23 or 24, wherein the long acting beta-2-agonist is selected
from the group consisting of formotercl, arformoterol, bambutersl, clenbuterd,
salmeterdl, indacaterol, clodaterol, and pharmaceutically accepiable salls and
esters thereof, preferably formoterol fumarate, formoterol fumarate dihydrate,

salmeterol xinafoate and oladaterol.

28. The method of daims 23 or 24, wherein the long acting muscarinic antagonist
{LAMA) is selected from the group consisting of ipratropium, tiotropium, aclidinium,
pharmaceutically acceptable salts and esters thereof, and pharmaceutically

acceptabie salis of glycopyrrolate; preferably glycopyrronium bromide.

29. The method of claim 23, wherein the cannabinoid is a tetrahydrocannabinol (THC),
such as delta-S-tetrahydrocannabinol, delta-8-tetrahydrocannabins! or cannabidiol
(CBD).

30. The method of claim 23, wherein the opioid is selected from the group consisting

of morphing or methadone.

31. The method of any of the preceding claims, wherein the container is a pressurised

aerosol canister for use with a metered dose inhaler (MDD

32. A container for a medication delivery apparatus produced by the method of any of

the preceding claims.

33. A medication delivery apparatus fitled with a container according to claim 32,

preferably wherein the medication delivery apparatus is a metered dose inhaler
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(MDD and wherein the container is a pressurised aerosol canister for use with a

metered dose inhaler (MDI).

34. A method for treating a patient suffering or likely to suffer from a respiratory disorder
which comprises administering to the patient a therapeutically or prophylactically
effective amount of the active pharmaceutical ingredient from the container of claim
32.
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