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xi naf oate The invention provides a container for a netered dose inhaler

(MDI) fowaoswmoiims3 di spensing a quantity of a pharnmaceuti ceCT/AGBOIUE7a4 | ON,

especially salneterol xinafoate fornul#&tion, which may be used in the

treatnment of respiratory disorders. 5

4- hydroxy-a' -[[[ 6- (4- phenyl but oxy) hexyl ] am no] net hyl ] -1, 3- benzenedi neth

anol was described as one of a wi de range of "bronchodilators in

GB- A- 2140800. This conmpound is also known by the generic nane of

sal neterol, the 1-hydroxy-2-naphthoate (xinafoate) salt of which has

becone w dely known as Metereghdose jrthalerfor salmeterad xinafpatej nf | ammat ory

di seases, THC hvagtichs bRiRie8Nd &miaidrC 1P DS trhsietdd %o?%'lim?ﬂ@lr YMgQS%SL?Sﬁ 11'8
nly co ody

(COPD). Containers for aerosol fornmulations como _conprise a via

(cani st er JIRRGIRNG # ayantiy ofap Pharmageulical Jermubationi seredially Salrestsrob yinafaatrigh
Wnib E“ thelffbmliutatlo@t whieh nedyeoe lﬁﬁeﬂlﬁilieﬂ%etﬁbatrﬁ_eﬂledfaéématd??dié@idé@sf.i nﬁl udels a

ru val v i o.al how -recipr venent . of . t val ve stem
whi cﬁg pr e\fé&dzg)s)é‘gk[ﬂégﬁl'gﬁgw%%%’WIMAWH?'P@ﬂf@%@%%’%&ﬁ?iﬁ‘%?th%‘ﬁer ed"Pose

i nhal er s clespiiiesieassongadf\eewidliratge of toesdhgdiadorsdn GB-AIK0800. nElie cemipaamiint  of
an aer osoli f Jn0 - £GPl , t I Qr n_ i ng
val ve genelsf_a%@m%:rg)"\}nriris eg%ab%g?gfﬁr?@%%n%@ﬁ{eﬁlsléﬁﬁ%sqg}ydg}%g?t&ygﬁtﬁg‘!vvhi ch
ains to adﬁﬂﬁfuoét%rsgg@f wiighubas becosie widely krawn gs édeigbly effestivedtieatmentoér i ng

val ves i nGeipfhatbR BRE4RIsS stiah SR 419 AR e8dhi) ofsruBhRY BlindnaAkaReasd 20
prop. Iant(gbggpr))ugh the val ve. The gasket may conprise suitable el astoneric

mat er1 al as for exanple | ow density pol yethyl ene, chlorobutyl, bl ack
and whi t e Guritaicére e asxosaf lfomiulatiohe comiplmils corhprisel a viabbedy tuadiste?)D poigied

Val ves for i I e fro rers. well known in the
aer osol it?\ ug?lpg} I\ﬂoef V%&(%#%@,ng FSm {I)fﬁ g}esm? Qlﬁrﬁogﬁig\/ rﬁ%‘gf‘heDbiW}J% ,areDFGO) ,
Bespak pl ¢lispenseced GgeaerrihhdaroiaivegincRides0a BEBSG6 valBK3%r) iateddgMtdealtoschni c
Limted, WRiibRealkhbaHhMAt (F e PRVELERS HhIM preddifts rl@k‘é?é ¢ gY el f?cfn? él’l@ed In

assocjation with commercially available canisters, Tor 'X\Rrg) e ne

cani st er s COBIRNErasMaierad APsRRIars camerise @ Valwe evhighpjs designast tngeliver a

ghar nagegtnhe:tededa@ﬁafmloﬁm Aetodbl lcvamu!awﬁ}h,sgi n%orel@mﬁcﬁt,i péer Mabatﬁarga%@hlselx as
escri bed ahove perform adequately with. chl or of | uor gcar bon propel | ants
such as pro 8rl"?ga¥é?vﬁgertef%g'%ﬂpnﬁ?%ﬁéﬁtﬁmg %W%e(r&%%'&l@gélsfpéﬁﬂgﬁr@bﬁ | ant
12 ( CCl 2F2jmeto admihistes pet actuatoon. anHmoerate, drédetermipsdgade. ant s are now

bel i eved : dat. i t S ri re:i s
Chus s neopBAfd 946ed IRecbtaRBRURR: Phs? (CBRACH RE4E) 16 BN ealddB 81 L) <o
cal %4 " oP6erellant tBrruch the valye! | Eiet gasket may cqoawisefsujsallp elastarneriomatsiahr e

bel i eved tsachay o |0V 886t gety@iHyghee thIBRIbEL, AR A% RRilé BStadiene-
PCT/ GB01/ 05749 'tgl%orngg“ on .to conventional chiorofluorocarbon propellants
I ﬁ?!!ﬁ@ﬂ .

conpri ses 2°R{RIY G eyl sdbherignd 8goRiepRcial 1y 1, 1,
1, 2-t et r aMal@sdfet lnasmén (MHAlard4ajpjlable from manufacturers well known in the aerosol

industry, for example, from Valois, France (eg. DF10, DF30, DF60), Bespak plc, United
25 Kingdom (eg. BK300, BK356, BK357) and 3M-Neotechnic Limited, United Kingdom (eg.
Spraymiser™). The metering valves are used in association with commercially

available canisters, for example metal canisters, such as aluminium canisters, suitable
for delivering pharmaceutical aerosol formulations.
MDIs incorporating valve gaskets as described above perform adequately with
30 chlorofluorocarbon propellants such as propellant 11 (CCI3F), propellant 114
(CF2CICF,Cl) and propellant 12 (CCloF9) or mixtures thereof. However these
propellants are now believed to provoke the degradation of stratospheric ozone and
there is thus a need to provide aerosol formulations for medicaments which employ so
called "ozone-friendly" propellants.
35 A class of propellants which are believed to have minimal ozone-depleting effects in



1,1,1, 2,3, 3, 3-hept af | uor o- n- propane (HFA 227) and m xtures thereof. However
there have been probl ens associated with stabilising the pharnaceuti cal
aer osol fwoonubzsd3ons 5 prepared using the new cl ass of prPERGBaANIT49

Phar maceuti cal aerosol fornulations rrayzcorrpri se a solution or a
suspension. Some solution formulations suffer the disadvantage that the
drug substance contained therein is nore susceptible to degradation.
Furthernore there are issues with control of size of the droplets which
influences the therapeutic profile. For this reason, suspensi ons are 10
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MDI's to tlendency to aggregate, or adhere to parts of the MDI eg. canister or valve. Furthermore
25 the drug may have the tendency to be absorbed into the rubber components of the
valve, especially when stored for a prolonged period. In particular fine particles may be
preferentially absorbed. The effect of Ostwald Ripening and especially of drug
deposition may be particularly severe for potent drugs (including salmeterol xinafoate)

which need to be formulated in low doses. .

30 The problems mentioned above have been addressed by the addition of one or more of
adjuvants such as alcohols, alkanes, dimethyl ether, surfactants (including fluorinated
and non-fluorinated surfactants, carboxylic acids, polyethoxylates etc) and even
conventional chloroflucrocarbon propellants in small amounts intended to minimise
potential ozone damage as disclosed in, for example, EP0372777, WO0O91/04011,

35 WO91/11173, WO91/11495 and WO091/14422.
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25 Whilst not wishing to be bound by any theories it is hypothesised by the inventors that
the concentration of drug in the suspension and thus the dose dispensed may, in many
cases (especially in particulate salmeterol xinafoate and HFA formulations), decrease
over time with the adsorption of drug into the rubber components of the valve. This may
be observed as a decrease in the Total Drug Content (TDC) of the can. This process
30 may be accelerated by the ingression of water into the formulation.
This hypothesis has been supported by studies employing saimeterol xinafoate HFA
134a aerosol formulations in conventional MDI's stored at 40°C and 75% relative
humidity and 40°C and 20% relative humidity as shown in Table 1.
Furthermore evidence indicates that the FPM and mean dose of some particulate
35 aerosol formulations, for example, salmeterol xinafoate HFA 134a formulations



i nconsi stencies in the doses di spensed, which beconmes particularly acute
over 10 increasing nunbers of actuations. The problemw th deposition is
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based on the propellants 1,1,1,2-tetraf#uoroet hane (HFA 134a) and

1,1,1, 2,3, 3, 3- hept af | uor o- n- propane (HFA 227) and is thought to increase
with |length of storage of the aerosol, particularly when stored at high
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25 (A) particulate salmeterol xinafoate optionally in combination with another drug useful
in inhalation therapy, suspended in
(B) a liquefied propellant gas comprising 1,1,1,2,3,3,3-heptafluoro-n-propane,
1,1,1,2-tetrafluoroethane or a mixture thereof:
wherein the formulation is substantially free of surfactant and components having

30 polarity higher than the liquefied propellant gas;
said valve characterised in that it contains one or more sealing gaskets substantially
constructed from of a polymer of ethylene propylene diene monomer (EPDM) and the
metering chamber surface presents a substantially fluorinated surface to the formulation.
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reducing the undesirable effects thereof.

A particular aspect of the invention is a container as described above wherein the valve

is sealed to the canister by means of a can/neck sealing gasket (3) which is
25 substantially constructed from a polymer of EPDM.

Especially preferred is a container as described above wherein the metering valve

comprises a metering chamber (4) defined by walls and an upper (12) and a lower (9)

sealing gasket through which pass a valve stem (7 and 8) characterised in that said two

sealing gaskets are substantially constructed from a polymer of EPDM and the metering
30 chamber surface presents a substantially fluorinated surface to a formulation

containable therein.

Also especially preferred is a container as described above wherein the valve is sealed

to the canister by means of a can sealing gasket (3) which is substantially constructed

from EPDM polymer and wherein the lower (9) sealing gasket is substantially
35 constructed from EPDM polymer.
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Table 3 and Table 5 give mean dose data and range of dose data for beginning of use

25 which further supports the improved stability of formulations illustrated by salmeterol
xinafoate HFA 134a formulations wherein the valve gaskets are composed of EPDM
polymer.

In addition it seems that the life span of the gaskets of EPDM polymer is longer than
that of traditional gaskets as the material is more.stable to the hydrofluorocarbon
30 containing formulations and more resistant to degradation and/or distortion. Therefore
the advantages of the EPDM polymer are enjoyed throughout the life of the product
without the function of the device being impaired.
EPDM polymer is available from a variety of suppliers including West and Parker Seals
(USA).
35 A gasket substantially constructed from a polymer of EPDM when used in this
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The plasma coating may comprise a fluorinated polymer laid down on the surface of the
25 valve component, preferably the metering chamber, by polymerisation or direct
modification of the material surface by interchange of hydrogen ions in the material with
fluorine ions. The coating process typically takes place in a vacuum at ambient
temperature. The components to be coated are placed inside a chamber which is
evacuated. The fluorine monomer or fluorine source is introduced into the chamber at a
30 controlled rate. The plasma is ignited within the chamber and maintained for a given
time at a chosen power setting. At the end of the treatment the plasma is extinguished,
the chamber flushed and the products retrieved. In the polymerisation process, a thin
tayer of plasma polymer will be bonded to the surface of the valve component,
preferably a metering chamber, or any other surface of the valve to be coated.
35 For plasma polymerization typically temperatures in the range of about 20°C to about
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pol ypheny|Exaenptasl bf dedtablanfiuaimatee- bolymersahgldds ridﬂﬁétrﬁﬂsletdethyganée%ﬂ’TBE), These
added pol adhe of t he ng to F;E.%
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si5d copolymers of tetrafluoroethylene (TFE) with PFA, TFE with hexafluoropropylene (HFP)
(available as FEP 6107 and FEP 100 from DYNEON), VDF with HFP (commercially
available as Viton A), TFE with perfluoro(propy! vinyl ether) (available as PFA 6515N
from DYNEON), a blend of TFE, hexafluoropropylene and vinylidene fluoride (available
commercially as THV 200G from DYNEON), etc.
30 It should be noted, however, that any conventionally available polymer, copolymer or
mixture thereof which comprises a fiuorinated polymer and which can be used to make
the valve for use in an inhaler according to the invention may be suitable. Examples of
mixtures of polymers and/or copolymers comprise, for example, up to 80% by weight
fluorinated polymer, optionally up to 40% by weight flucrinated polymer, optionally up to
35 20% by weight fluorinated polymer or optionally up to 5% by weight of fluorinated



A techni que for applying such coatings to, for exanple, a netal, such as
alumniumor stainless steel, is where the netal is precoated as coil
stock andaveuorexd4dsef ore being stanped or drawn into the crar/sBapes749hi s
method is well suited to high volune ®roduction for two reasons. First,
the art of coating coil stock is well devel oped and 30 several

manuf acturers can custom coat netal coil stock to high standards of
uniformty and in a wi de range of thicknesses. Second, the precoated stock
can be stanped or drawn at high speeds and precision by essentially the
sanme nethods used to draw or  stanp uncoated stock. O her techm%es for
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PTFE/ polyethersulphone (PES) and FEP benzoguanamrne The most preferred
polymer coating is a blend of PTFE and PES. A coating of pure FEP is also of

25 considerable interest.
A technique for applying such coatings to, for example, a metal, such as aluminium or
stainless steel, is where the metal is precoated as coil stock and cured before being
stamped or drawn into the can shape. This method is well suited to high volume
production for two reasons. First, the art of coating coil stock is well developed and
30 several manufacturers can custom coat metal coil stock to high standards of uniformity
and in a wide range of thicknesses. Second, the precoated stock can be stamped or
drawn at high speeds and precision by essentially the same methods used to draw or
stamp uncoated stock.
Other techniques for coating techniques includes electrostatic dry powder coating or by
35 spraying preformed MDI components with formulations of the coating fluorinated
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25 coating requires curing after application as described above.

Additionally stems may be coated by processes using fluorocarbon polymers that

require drying at temperatures between 50-100°C as described above for metering

chambers.

Alternatively the stem presents a substantially fluorinated surface to the formulation by
30 virtue of being composed of a suitable fluorinated material.

Analogous processes and materials described above for metering chambers are

suitable for the preparation of valve stems according to the invention.

Preferably the substantially fluorinated surface will result from surface treatment of the

stem. Most preferably the surface treatment will comprise a process of plasma coating
35 with highly fluorinated small molecules such as: Cj.qperfluoroalkanes including
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CIclesomde triamcinolone acetonide; anticholinergics, e.g. ipratropium (e.g. as
bromide), tiotropium, atropine or oxitropium and salts thereof. It will be clear to a
25 person skilled in the art that, where appropriate, the medicaments may be used in the
form of salts, (e.g. as alkali metal or amine salts or as acid addition salts) or as esters
(e.g. lower alkyl esters) or as solvates (e.g. hydrates) to optimise the activity and/or
stability of the medicament and/or to minimise the solubility of the medicament in the
propellant.
30 Specific medicaments of interest for use in combination with salmeterol xinafoate
include fluticasone propionate or ipratropium bromide.
The container and valve described herein may also be suitable for containing
medicaments besides salmeterol xinafoate which present similar formulation difficulties
e.g. because of their susceptibility to water ingress, drug deposition, and other drug
35 losses. Generally these difficulties are especially severe for potent medicaments which
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25 It is desirable that the formulations of the invention are substantially free of any polar
adjuvants e.g. C,.ealiphatic alcohols and polyols such as ethanol, isopropanol propylene
glycol, glycerol and mixtures thereof. “Substantially free” will generally be understood to
mean containing less than 0.01% especially less than 0.0001% based on weight of
formulation. Polarity may be determined, for example, by the method described in

30 European Patent Application Publication No. 0327777.

Thus in one aspect the invention provides a container which contains a pharmaceutical
aerosol formulation comprising a particulate medicament and a liquefied propellant gas
of 1,1,1,2,3,3,3-heptafluoro-n-propane, 1,1,1,2-tetrafluoroethane or mixtures thereof.
Preferably the pharmaceutical aerosol formulation will consist of or consist essentially of
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humidity conditions.
The chemical and physical stability and the pharmaceutical acceptability of the aerosol
30 formulations according to the invention may be determined by techniques well known to
those skilled in the art. Thus the chemical stability of the components may be
determined by HPLC assay, for example, after prolonged storage of the product.
Physical stability data may be gained from other conventional analytical techniques
such as by leak testing, by valve delivery assay (average shot weights per actuation),
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Typically, in batches prepared for pharmaceutical use, each filled canister is check-
weighed, coded with a batch number and packed into a tray for storage before release
testing.

30 Each filled canister is conveniently fitted into a suitable channelling device, prior to use,
to form a metered dose inhaler system for administration of the medicament into the
lungs or nasal cavity of a patient. Metered dose inhalers are designed to deliver a fixed
unit dosage of medicament per actuation or "puff", for example, in the range of 10 to
5000 micrograms of medicament per puff.
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met eri ng disgndfeat least corssealing gdsKat snbstahtially rdonsitedted byine polymer efiEPOM par t
and/or a and presenting a substantially fluorinated metering chamber surface to the
25 pharmaceutical hydrofluorocarbon aerosol formulation contained therein.
A further aspect of the invention is use of EPDM polymer in the preparation of a sealing
gasket which when used in conjunction with a valve with a substantially fluorinated
metering chamber surface and pharmaceutical aerosol formulation consists of or
consisting essentially of particulate medicament, e.g. of salmeterol xinafoate, and a
30 liquid propellant which is 1,1,1,2,3,3,3-heptafluoro-n-propane, 1,1,1,2-tetrafluoroethane
or mixtures thereof provides the advantages described above.
The invention thus provides an MDI comprising a container, a described above, fitted
with a suitable channelling device.
The use of an MDI as described above in inhalation thefapy, for the treatment or
35 prophylaxis of respiratory disorders is an aiternative aspect of the invention. Specifically



fluorinated coating according to the invention. The words "upper"” and
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the outer end of the stem and in communication with a radial passage 11.
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return to ontaingblejtherein.ed position under the force of the spring 6. The
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from EPDM polymer optionally wherein the lower (9) sealing gasket is also substantially
constructed from EPDM polymer.
Most preferably all the sealing gaskets in the said metering valve are substantially
constructed from EPDM polymer.
30 Furthermore usually the surface of surface of the metering chamber will be treated so
as to present a substantially fluorinated surface to the formuiation.
Thus the invention encompasses a container suitable for containing a pharmaceutical
aerosol formulation comprising a canister sealed with a metering valve, said valve
comprising a metering chamber having an upper and a lower sealing gasket and a valve

35 stem characterised in that (i) the vaive is sealed to the canister by means of a neck



20 under pressure fromthe container through orifice 26, through the
passage 15 and thence into the netering chanber 4 to fill it. Figure 2
shows a v hzoaame3 vi ew of a valve in which the gasket seaPCwo@oi/odmey and
upper stemseals are labelled 3, 9 andl82 respectively. The invention wll
now be described further wwth reference the foll ow ng Exanple which 25
serve to illustrate the invention but is not intended to be limting.

Exanpl e Sanple Preparation The MDIs for which data are presented in Tabl es
1 to 5 were prepared in alumnium canisters coated with a PTFE/ PES pol yner
bl end as descgribed in W)96/$2150 and 30 sealed with a Bes;aak_ val ve wherein
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extends outside the valve through lower stem seal 9 and ferrule 2. The stem part 8 is
formed with an inner axial or longitudinal canal 10 opening at the outer end of the stem
and in communication with a radial passage 11.
The upper portion of stem 7 has a diameter such that it can slide through an opening in
25 an upper stem seal 12 and will engage the periphery of that opening sufficiently to
provide a seal. Upper stem seal 12 is held in position against a step 13 formed in the
valve body 1 between the said lower and upper parts by a sleeve 14 which defines the
metering chamber 4 between lower stem seal 9 and upper stem seal 12. The valve
stem 7 has a passage 15 which, when the stem is in the inoperative position shown,
30 provides a communication between the metering chamber 4 and sampling chamber 5,
which itself communicates with the interior of the container via orifice 26 formed in the
side of the valve body 1.
Valve stem 7 is biased downwardly to the inoperative position by return spring 6 and is
provided with a shoulder 17 which abuts against lower stem seal 9. In the inoperative
35 position as shown in Figure 1 shoulder 17 abuts against lower stem seal 9 and radial



ex-device is a neasure of the dose available to the patient. On visual

i nspection it was observed that the drug substance obtained fromthe 25
convent i w@b2/0Akss stored at 40C 20% RH (i.e. with nitril epOgESBet/6S7and a
normal netering chanber [as shown in T&ble 1]) had the sane appearance and
appeared unchanged fromthe initial tinmepoint. However the drug substance
fromconventional Ms stores at 40C 75% RH was distinctly crystalline in
appear ance indicating some dissolution and recrystallisation. 30 Table 1
shows that TDC val ues obtained for MDs obtained for conventional Mls
stored at stored at 40C 75% RH and 40C 20% RH. The forner had a
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The invention will now be described further with reference the following Example which
25 serve to illustrate the invention but is not intended to be limiting.

Example
Sample Preparation

The MDIls for which data are presented in Tables 1 to 5 were prepared in aluminium

canisters coated with a PTFE/PES polymer blend as described in W096/32150 and
30 sealed with a Bespak valve wherein all the gaskets were made from conventional nitrile

rubber (as comparator) or EPDM polymer (according to the invention) and wherein the

metering chamber is composed of PBT and was conventional or surface treated with a

plasma coating of a C,_joperfluoroalkane.

Furthermore the said aluminium canisters contained a pharmaceutical aerosol
35 formulation comprising 4.2mg of salmeterol xinafoate and 12g of HFA 134a.



with a substantially fluorinated surface in Mdis containing a _
pharmaceutical aerosol fornulation of particulate medi canent, especial
sal net er wwoxry/emfigsate in a |liquefied HFA propellant resul PET/IGBOH0S749

formulation with inproved stability in onparison to either
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Method for Determining Total Drug Content (TDC) in MDIs containing Saimeterol
Xinafoate and HFA 134a
Each MDI canister tested (before use) was cooled in a freezing mixture of dry ice and

methanol for approximately 5 minutes, after which it was clamped and the valve
assembly removed with a suitable tube cutter. The contents of the can was
quantitatively transferred into a receptacle(s) of known volume and the can, valve and
valve components quantitatively washed. The combined can contents and associated
washings were then assayed by HPLC and the TDC calculated. TDC values which are
lower than predicted imply absorption of drug into valve components.

Mean can content is the weight of formulation contained in the canister calculated by
mass difference.

Method for Determining Dose and FPM

Each MDI canister tested was put into a clean actuator and primed by firing 4 shots.

Then 10 shots were fired into an Andersen Cascade Impactor which was quantitatively
washed and the amount of drug deposited thereon quantified by HPLC analysis of the
washings.

From this the dose delivered (the sum of the amount of drug deposited on the cascade
impactor) and the FPM (the sum of drug deposited on stages two 3, 4 and 5) data were
calculated. Values of FPM which are lower than expected imply one or more of the
following: (i) absorption, (ii) deposition or (jii) particle growth.

The mean dose delivered is the mean of 3 dose delivered determinations. The %FPM
ex-device is a measure of the dose available to the patient.

On visual inspection it was observed that the drug substance obtained from the
conventional MDIs stored at 40°C 20% RH (i.e. with nitrile gaskets and a normal
metering chamber [as shown in Table 1]) had the same appearance and appeared
unchanged from the initial timepoint. However the drug substance from conventional
MDls stores at 40°C 75% RH was distinctly crystalline in appearance indicating some
dissolution and recrystallisation. ,

Table 1 shows that TDC values obtained for MDIs obtained for conventional MDis
stored at stored at 40°C 75% RH and 40°C 20% RH. The former had a significantly
lower TDC valve than the initial timepoint and those stored under low humidity
conditions. A

Table 2 shows the dose delivered by the conventional MDI (control) is reduced on
storage at 40°C 75% RH. The trend is very evident by the 6/7 month timepoint. The
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trend is not observed in MDIs wherein all the gaskets are prepared from EPDM
polymer. The trend may be present in the MDIs with a plasma treated metering
chamber, however if present the trend seems to be not so pronounced as for the
conventional MDI.

5 The FPM data for the conventional MDI employing nitrile gaskets shows a significant
decrease after storage at 40°C 75% RH. This trend is reduced noticeably in addition to
the initial timepoint value being higher in the MD! where all the gaskets are prepare from
EPDM polymer. The data for the MDI with a plasma treated metering chamber seems
to indicate an initial value for FPM higher than both the control and the EPDM polymer

10 MDIs. However the data suggests that this value is reduced on storage at 40°C 75%
RH albeit by not as much as the reduction observed for the conventional MDI.
The data in Table 3 supports the trends observed in Table 2.
The data in Table 4 shows that MDIs with gaskets substantially constructed from a
polymer of EPDM and having a metering chamber with a substantially fluorinated

15 surface provide an increase, in ug, in the dose delivered and practically eliminate the fall
in dose delivered, observed on storage of the product especially under high humidity
conditions, whilst simultaneously minimising the reduction in FPM observed, in
comparison to conventional MDis or those with either gaskets substantially constructed
from a polymer of EPDM or having a metering chamber with a fluorinated surface.

20 The data in Table 5 supports the trends observed in Table 4.
The throat piece used in the Andersen Cascade Impactor to generate data contained in
Table 4 and Table 5 was of the USP type. Therefore although the data was obtained
using the same procedure as described above for Table 2 and Table 3 it is not directly
comparable to the latter, wherein a throat manufactured for Glaxo Wellcome was used.

25 From the Tables it can be concluded that use of EPDM gaskets and metering chambers
with a substantially fluorinated surface in MDIs containing a pharmaceutical aerosol
formulation of particulate medicament, especially salmeterol xinafoate in a liquefied
HFA propellant results in a formulation with improved stability in comparison to either
conventional MDls or those containing EDPM gaskets or metering chambers plasma

30 coated with a fluorinated coating.
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cani ster sealed with a netering valve, Z®mving a netering chanber, which
contai ns a pharmaceutical aerosol fornulation consisting essentially of 5
(A) particulate salneterol xinafoate optionally in conbination with another
drug useful in inhalation therapy, suspended in (B) a |liquefied propellant
gas conprising 1,1,1, 2, 3, 3, 3- hept af | uor o- n- propane, 1,1, 1, 2-

tetrafl uoroethane or a m xture thereof; wherein the fornulation is

subst anti &RynF ree of surfactant and conponents having polarity 10 hi gher
than the ki quef 'A@Qoﬁfaﬁﬁ?'doﬁﬁnsﬁ@sa ERisterVadar&y W\f&ré‘%éﬁehﬁ dygve tl’ib?zn 2

contai ns one or re seal ing gaskets substanti const uct ed

pol ymer ofSEBHN SHIMPHe "YFB‘E"bngH inshanBRAMageyticak aﬁf%bﬁ‘?@“&atm@uﬁm%ﬁw@al |y
fluori nat essesttinllyasfe to the forrrul ation. 2. A container as cl al med in clai m
1 whegfein traf,l uor oet

A cort af néb" s PeETRIECERERRE X ass ORicaP 5 pieiatir i dRben Gt
usef ul i nininh#aliert therapy heusapydddsinf | ut i casone propi onate or ipratropi um
brom de. (g) g5 liquefied propellant gas comprising 1,1,1,2,3,3,3-heptafluoro-n-propane, 1,1,1,2-
tetrafluoroethane or a mixture thereof;
wherein the formulation is substantially free of surfactant and components having polarity
10 higher than the liquefied propellant gas;
said valve characterised in that it contains one or more sealing gaskets substantially
constructed from of a polymer of EPDM and the metering chamber surface presents a
substantially fluorinated surface to the formulation.

2. A container as claimed in claim 1 wherein the liquefied propellant gas is 1,1,1,2-
15 tetrafluoroethane.
3. A container as claimed in claim 1 or claim 2 wherein the another drug useful in

inhalation therapy is fluticasone propionate or ipratropium bromide.
4, A container as claimed in claim 1 or claim 2 wherein salmeterol xinafoate is the
only medicament.

20 5. A container according to any one of claims 1 to 4 wherein the valve is sealed to
the canister by means of a neck sealing gasket which is substantially constructed from a
polymer of EPDM.

6. A container according to any one of claims 1 to 5 wherein the metering valve
includes a metering chamber having an upper and a lower sealing gasket and a valve

25 stem characterised in that said two sealing gaskets are substantially constructed from a
polymer of EPDM.

7. A container according to any one of claims 1 to 6 wherein the metering
chamber is constructed from a plastics material.
8. A container according to claim 7 wherein the plastics material is nylon, PBT or

30 acetal.

9. A container according to any one of claims 1 to 8 wherein the metering
chamber is surface treated so as to present a substantially fluorinated surface to the
formuiation.

10. A container according to claim 9 wherein the surface treatment comprises a

35 process of plasma coating with a Cy_soperfluoroalkane.



4. A container as clainmed in claim21 or claim?2 wherein sal neterol
xinafoate is the only nedicanent. 20 5. A container according to any one
of cl ai mwaoresi483wherein the valve is sealed to the cani BCBGBbyosTe#ans of a
neck sealing gasket which is substantiglty constructed froma polyner of
EPDM 6. A container according to any one of clains 1 to 5 wherein the
nmetering valve includes a netering chanber having an upper and a | ower
seal i ng gasket and a valve 25 stemcharacterised in that said two sealing
gaskets are substantially constructed froma polyner of EPDM 7. A

cont ai ner according to any one of clains 1 to 6 wherein the netering
chanber i 41 constA cattaidef acmordingtaadint  wierain itizd meering chantksr recorstractedi ng
to claim 9. A
cont a ner? a?é?@%?r?té}xa‘i Q&e@ﬂrelésrwn%e”@rtuﬁﬁ !cé\%snéirﬁ}g“é{# 28 mﬁlggﬁ}leﬂ%ﬁtréﬂjo%&ﬂﬂéne
chanber i@ BQIW!@)d@emefblaﬂ@%t gopqi@erfblomaél%mlkaﬂ%u@sq%whlmtrlf)luqfwbylem@t ad
surface t@yédiated (BBWH{F@!Ie'nanroﬂ)QeneA & ORIy acaobaytegaﬂ&brsétﬁyn@aeg a\N@eée' n

t he surface treatnment nmprises a 5 I’OCGSS of 9 P‘a Ry
C, _1loper f P&%P%PW&H%PX a@?/ 05148% MM BB/ @5 78YYtegatluorost ‘E'tht e%”ﬁera
accor di ng pbl@h@laﬂhmoﬁroﬂy@hej n & heopelyeier ngofc hanbeolyvisyldienstiudiiceedand r oa a

mat eri al sel grou i ting, of
pol yet hyl 88'@ a?@?'fohporpgeg%yl enegog &%%rlsy\ﬂlf nyﬁl diR O@e? r%ngro roda thylene and  a

pol yper f | polwpaﬂkw&mbm&ne\(lmd pethgdhl @r oblendl| ud oet hy®léﬁ&é‘aﬂ@r0¢thﬂ©mé naged
pol yet hyl EB@h BBy IACRRAINTAidEe RBiRle/! AEARS HAEOCLRY | CfiRARNS S
pol yper fl uor oal koxyal kane, a copol'yner a polytetrafl uoroethylene and a
pol yHéxaf | heeed propyl ene, a copol yner of a pol yvinyl di enefluoride and a
pol yhexaf hgor oprﬁowh@n@r Fcc6RIY YTRhy 0dned oP Waihet 1 abl 6lariaeéinyihen@etsfidiga

pol yperfl uorof pr. et he bl end of a polytetrafl uoroethyl ene, a
pol yhexaf P3P é% %T’B Ofp?o'fnﬁt\?ﬁ'?ci ‘%ﬁ @he fluoride, blends thereof and

conbi nati 68s 1A cdsrealeerfaccbmlngﬁxtoc@am'aimwhe@drctbuedhelgllibmnaialyal(imeluoﬁniumairns I
to 6 whergarhéggest tering chanber is conposed of a netallic material. 13.
A contai ner according to claim 12 wherein the netallic material is

al urdi um'ér  stAaicanteiner siceending1® ¢laim A2 eht13i wherelic ther diefjingochkanzian is2 or

13 wher ei BufhR Peh&d §Hds wa@b@m d @bs%Hfuél@qﬁxohﬁﬁéH edrfse ta&hé RriRlRgeNt a

substantially fluorinated s ormul ati o ont ai.ner
2ccor di ng 1Po” ol 4 APANGREFEITING e ST (NP Ba Ret 20 VRt ARG Ess of
appl yi ng araxess bﬂ@awln@afdouﬂmg)oﬁa fosroparbyireblyafer ioptiendily in tornibinbiomawiton Wi t h
non- f | car Q 20 16. A container according to claim 14 or
ﬁﬁéﬁa 33eB ok RS

cI aim 15 pol ymer is

20 A container according to claim 14 or claim 15 wherein fluorocarbon polymer is
selected from FEP and PTFE.
17. A container according to any one of claims 14 to 16 wherein the coating is a
coating of FEP.
18. A container according to any one of claims 14 to 16 wherein the coating is a

25 coating of a blend of PTFE and PES.
19. A container according to any one of claims 1 to 18 wherein the canister is

composed of aluminium.
20. A container according to claim 19 wherein the canister is surface treated so as
to present a substantially fluorinated surface to the formulation.

30 21 A container according to claim 20 wherein the canister is surface treated by
coating with a fluorocarbon polymer optionally in combination with a non-fluorocarbon
polymer.

22. A container according to claim 20 or claim 21 wherein fluorocarbon polymer is
selected from FEP and PTFE.



sel ected from FEP and PTFE. 17. A container according to any one of clains
14 to 16 wherein the coating is a coating of FEP. 18. A contai ner

accor di ngvo o2/emys3one of clainms 14 to 16 wherein the coati POT/GBOH0572D
coating of a blend of PTFE and PES. 19.2gA contai ner according to any one of
clains 1 to 18 wherein the canister is conposed of alumnium 20. A
contai ner according to claim 19 wherein the canister is surface treated so
as to present a substantially fluorinated surface to the formulation. 30
21. A container according to claim20 wherein the canister is surface
treated by coating with a fluorocarbon polynmer optionally in conbination
wi th a -no23.f| uorocantdioer aquotdimeta a2 one\of olatnas 0@ rto 220emateinghé @oatirg [ 20 or
claim 21 %ﬁg %buorocar bon polynmer is selected fromFEP and PTFE. WO
02/ 051483 8 /105749 28 23. A container according to any one of clains
20 to 22 ¥herei A ¢MB3IBYAGOREING tonany epg Ph@laims RE/RO 224vheseipdhe goatng is a
accor di NgcdAingdY a BRI PIIFE 4/ st o 22 wherein the coating is a coating
of a;l eng%of PTFE and. PES. net ered, dose i nhal er conpri sing

.5 25. A g a
cont & ner“%ccor ARG %7 Rl FOMATISAR cPNtRIRET 2ECeTANGdR aRY PRe A daiMsabl e
channel | i nR4dfittadogith 2 6uitablereidnadiing dévieat ment of asthma or COPD whi ch
conpri ses,use of I e roi. to ¢laim?25 b
patient. % . A éaﬁﬁ{ﬁgé%gg%trrﬁ%ﬁ% agttﬂﬁ%at rrggﬁgo\g@&?ﬁﬁ@f”e%esa%sgo%cﬁ ﬁ‘é?%dm aim
25 cont ai #es® inhd@enaachrdingatofdiain 35 ey awalgpér sai d wr apper conposed of a

mat erial whi ch S eubsd é&%gﬁég‘\g{ a nRAGEERARSE iﬁr%lé?‘é%EMHﬁQB.c@Jimpjsoaﬂtéiﬁéﬁz 8932

and substantial [y | npérnea o Iintrusion o at nospheri c nol sture,
packdhe aWitlRipd Agkikle WRRPeh $81d MraRResteemPesed ioh at Heatelia Wi isapahstentially so

contai NS péritiablel tb evab@fion A brogBib@! darl andlsubéintidlyRRpEABSaRE EOMEHISBN 1o
claim 28 charaEterl sed in the can contains within it a desiccant materi al.

30. A con?HI9SBPEUNPEME for cont ai ni ng a pharnaceuti cal aerosol
fornul ati®h coAppackagg accoritigstoeclame 27 echaradtérisedniat e flrexiblearappes adlsb val ve

conpri si ngorﬁaiﬁ%ﬁﬁimﬂa dgg}@%ﬂgﬁﬁgﬁ\é]_ng an upper and a | ower sealing gasket
Vv

and a valve s wher ern th alve is sealed to the canister by neans
of aheck2%eal i Agraskaae rccRing de chaim S8dcharagteriged intthe eas coptamsguitiveit a s
subst ant i gddidcafOmaiearidct ed from a pol yner of EPDM and the netering chanber
surface p |1y fluorjnpated surface.to the fornul ation.

31. A coné‘g?ﬁgﬁi‘sgf’st%g?setéagé%g'@o raFPRtRgIng ﬁhgﬁﬂ%ﬁ%“?c@élae&%s@m“’a“o”
f or mul at i eomprésirgoa diantdrsealeali Wit3@ mwheFiag valvee shifpaive toamerisirgng meekng
seal i ng gé}%ﬁ%& haaRn%g an upper and a lower sealing gasket and a valve stem, wherein the
20 valve is sealed to the canister by means of a neck sealing gasket, characterised in that
at least one gasket is substantially constructed from a polymer of EPDM and the
metering chamber surface presents a substantially fluorinated surface to the formulation.
31. A container suitable for containing a pharmaceutical aerosol formulation
according to claim 30 wherein the upper, lower and neck sealing gaskets are
25 substantially constructed from a polymer of EPDM.
32. A container suitable for containing a pharmaceutical aerosol formulation
according to claim 30 or claim 31 wherein the metering chamber is surface treated so as
to present a substantially fluorinated surface to the formulation.

33. A container according to claim 32 wherein the surface treatment comprises a
30 process of plasma coating with a C.gperfluoroalkane.
34. A container according to any one of claims 30 to 33 wherein the metering

chamber is constructed from a plastics material.
35. A container according to claim 34 wherein the plastics material is nylon, PBT or
acetal.



25 substantially constructed froma polyner of EPDM 32. A contai ner
suitable for containing a pharmaceutical aerosol fornulation according to
cl ai m 30 voo 0Db:SH 31 wherein the metering chanber is surfBRCEGBoEei7éd so as
to present a substantially fluorinated Zgurface to the forrmulation. 33. A
contai ner according to claim32 wherein the surface treatnent conprises a
30 process of plasma coating with a Cl. 10perfl uoroal kane. 34. A contai ner
according to any one of clainms 30 to 33 wherein the netering chanber is
constructed froma plastics material. 35. A container according to claim 34
wherein the plastics material is nylon, PBT or acetal. W 02/051483

PCT/ GB01/ 66749 Aeorgsinepnacending e rngcwer ofi ¢lgimso3Gity 36 nghaseincthai sapist®y iso 35

wher ein tggm&gggoséf%r,urﬁiﬁiungonposed_ of alum nium 37. A container according
to claim ereln the canister is surface treated sQ as_ to present a

substanti 871y flARNtABeERFCSIHiRnGOL!i 3G whersimineaanister is sudaceireaied a9 @er
ac;:ﬁrdi Plgtd @re@éﬁibarm?bzta}ﬁharyeiuari?é&@de?;:iaécfetterthé %@uragigme t_r;eﬁt ed by coating
Wi rocarbon pol yner ional.ly.jn, _conbination w

non- 13 uor daar bor: SPRRVREACCSGNS A8 ClRIP 23 WPSEIT SIRIFHE P, ARy SR eo% P s
30 to 38 wvwbattly withntaaflussocarbqrhpolymere aptically &ecombinafiar with s nom-fluompaibshng a
parti cul abglygpeﬂi canent and a |iquefied 10 propellant gas of

1,1, 1,2, 3, ept af | uoro-n-propane, 1,1,1,2-tetrafl uoroethane or mxtures
thereof. 40. A dorroalaingr aasecsting Ag any engi ¢h 89INKheIleith IBhavhishogenteimst agas

is 1, 1,1, 2naneideafidal aR8bNeRtulath campiRiHgd PERicABROMEHBSMESR dHPh Ny Adiear
claim40 V\:hel’?l n the particul ate canment is

xi nat®at e Pranelieitc #2880 &% pr dph: ﬁa’t%f‘égﬁgﬁgér"wm%n% 1213?3%‘??3“‘%&%%;”%' o erol
becl onet haggtaresdhgreopi onate, fornmoterol or a salt thereof, ipratropium
cont ai ner “ccor di 19 EB 0! SPROHE MR SerarBEm PP A Je 1 e
sal net er oltetrafloafoetitageopt i onal |y i n conbination with fluticasone propionate.
41, A container according to claim 39 or claim 40 wherein the particulate
15 medicament is selected from salmeterol xinafoate, fiuticasone propionate, albuterol or a
salt thereof, beclomethasone dipropionate, formoterol or a salt thereof, ipratropium
bromide, budesonide, sodium cromoglycate and combinations thereof.
42. A container according to claim 41 wherein the particulate medicament is
salmeterol xinafoate optionally in combination with fluticasone propicnate.



