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10 ensure the patient gets the correct dose each tine the device is
actuated the formul ati on must contain an excess of drug substance,

sonet i new@ed/dse3” over age”, to conpensate for the | oss. ABCHGBAYETYS] y when
sai d gaskets are used in conjunction wi2h a netering chanber which presents
a substantially fluorinated surface to the fornulation, the absol ute dose
of nedi canent available to the patient is raised whilst sinultaneously 15
mai ntai ning or inproving the stabilisation in the dose delivered and FPM
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devi ce being inpaired. EPDM polyner is available froma variety of
suppliers including West and Parker Seals (USA). 35 A gasket substantially

constructed froma pol yner of EPDM when used in this 7 specification

w Il be understood to nean a gasket conposed of greater than 90% of EPDM
pol ymer, particularly greater than 95% of EPDM pol yner, especially greater
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100C may be enployed. The surface of the conponent especially the netering
chanber may require activating in order to facilitate nore effective

coati ng @fobhesi138sr f ace by i nproving the adhesi on of the ceerigey1os4dhe
surface. 5 Preferably the conponents to3be plasna coated wll be
pre-treated to renove any surface contam nation and/or to activate the
surface. This may be achi eved by, for exanple, treatnent of the conponents
wi th an etching gas such as oxygen or argon. In the process radicals react
with the plastic or netal substrate e.g the conponent is exposed to a | ow
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Exanpl es déssthah Grmisrodk. pol yners and/ or copol ynmers conprise, for exarrpl e,

P uor nat eepb e =t RiabRE i ) VB san ol ol et ot e L B e
or caﬂ i onaanhwrmmftdwgswwam denosdéd fthsjagaaaBeél and @opehy‘hmerselnr @aecraaibl Y,
fluori nat qg Bl ®S, ése{j@cEFn%Fleé b SlaRG5e HEPME aafgsi€CTFE are used as m xtures

with non-f uorlnate For exanple a suitable material i s HOSTAFORM
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and FEP. Tﬁlﬁm SﬁdWCPSWdT@@Yo r@ﬁﬁvé’ﬁ’uﬁuﬂﬁ@b@%oﬁmrﬁﬁaﬂl&present a
substantl LH’}/fluorln urface to t ornmul ation, for _exanp

coating wif "‘é?"T'P{?oPY'a%'ECé’?‘d alefe fh WﬁhFlM e F%%P&ﬁ&@& Rﬂ“ﬁ“'ate
non-3d uor i mabsd fovmuiatibss, s farh easmp@t ysdingtsol Riviajoate deBA 284a formulations

pol yam dei mi des, pol yethersul fones, pol yphenyl ene sul fides, and

am ne-formal dehyde thernosetting resins. These added pol yners often inprove
adhesi on of the polymer coating to the substrate. Preferred pol ynmer bl ends
are PTFE/ FEP/ pol yam dei m de, PTFE/ pol yet hersul phone (PES) and

FEP- benzoguanam ne. The nost preferred polynmer coating is a blend of PTFE
and PES. A coating of pure FEP is also of 25 considerable interest. A
technl que for appl y| ng such coatl ngs. to, for exarrpl e, a met aI such as
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11 [ XCF2CF20( CFXCl =z0) XCFXCHZG zPQ(OV) as described in USP 3, 492, 374

(i ncorporated herein by reference) or phosphoric nonoester of formula

[ Rf - O CFW0-6o¥rmd( O Z+) a-m as described in EP 0 687 533 (ParoeBpuosHed
herein by reference) wherein L is a divélent organic group; m=1; Yis -F
or -CF3; Z+ is selected fromH, M5 where Mis an alkali netal; N(R) a+
where the R groups independently represent Hor C _ 6alkyl; Rf is a
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termnals directly linked to a perf]uoroal kyl group -CFz, -CF2CFX (wherein
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fromsurface tre brre nt .o a'gtem Most prefer& y t he rface treatrrent
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Thus, for exanple) each val ve actuation may deliver 25 m crograns of

sal neterol (as xinafoate). Typically each filled canister for use in a
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or puffs of medicanent. 15 An appropri abe dosing regine for other

medi canents will be known or readily available to persons skilled in the
art. A further aspect of the invention provides a nethod of reducing drug
deposition, in a pharnaceutical aerosol fornulation consisting essentially
of particul ate nedicament, e.g salneterol xinafoate optionally in
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the patient. On visual inspection it was observed that the drug substance
obtained fromthe 25 conventional MDIs stored at 40C 20% RH (i.e. with
nitrite gaskets and a normal netering chanber [as shown in Table 1 ]) had
t he sane appearance and appeared unchanged fromthe initial tinepoint.
However the drug substance from conventional MD s stores at 40C 75% RH was
distinctly crystalline in appearance i ndi cati ng some di ssol ution and

recr ystal I | satl on. 30 TabI e 1 shows that TDC val ues obt ai ned for NDI S
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froma polymer of EPDM or having a netering chanber with a fluorinated
surface. 20 The data in Table 5 supports the trends observed in Table 4.
The t hr oavoprexaasused in the Andersen Cascade | npactor toPpgaresuansr4dat a
contained in Table 4 and Table 5 was of 8t he USP type. Therefore although
the data was obtai ned using the same procedure as descri bed above for Table
2 and Table 3 if is not directly conparable to the latter, wherein a throat
manuf actured for 3 axo Wellcome was used. 25 Fromthe Tables it can be
concl uded that use of EPDM gaskets and netering chanmbers with a
substantially fluorinated surface in Mdls containing a pharmaceuti cal
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example, treatment of the components with an etching gas such as oxygen or argon. In
the process radicals react with the plastic or metal substrate e.g the component is
exposed to a low pressure oxygen plasma environment which creates polar groups on
10 the components surface which are more conducive to bonding with the plasma coating
to be applied.
Alternatively the metering chamber (especially when composed of a plastics material,
for example, those described above) may be surface treated with a siloxane such as
dimethyl siloxane using a similar process as that described above for fluoroplasma
15 coating.
Alternatively the metering chamber presents a substantially fluorinated surface to the
formulation by virtue of being composed of a suitable substantially fluorinated material.
Suitable fluorinated materials include fluorinated polymer/copolymer or mixtures thereof
or a mixture of the fluorinated polymer in combination with non-fluorinated polymers

20 conventionally used in the manufacture of valves, such as acetal, polyester (PBT).
Examples of suitable fluorinated polymers include polytetrafluoroethylene (PTFE),
ethylenetetrafluoroethylene (ETFE), polyvinyldienefluoride (PVDF),

perfluoroalkoxyalkane (PFA), polyvinylfluoride (PVF), polychlorotrifluoroethyiene
(PCTFE), fluorinated ethylenepropylene (FEP) etc. Suitable copolymers include

25 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(propyl 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 conventionaily available polymer, copolymer or
mixture thereof which comprises a fluorinated 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 fluorinated polymer, optionally up to

35 20% by weight fluorinated polymer or optionally up to 5% by weight of fluorinated
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polymer. Preferably, fluorinated polymers selected from PTFE, PVF and PCTFE are
used as mixtures with non-fluorinated polymers. For example a suitable material is
HOSTAFORM X329™ (Hoechst) which is a 5% PTFE/Acetal blend, HOSTAFORM
C9021TF which is a 20% PTFE/Acetal blend, PTFE/PBT blends (for example, LNP
WL4040), PTFE/PBT/silicone blends (for example, LNP WL4540).

The fluorinated polymers and mixtures thereof used in the invention can be moulded in
any conventional manner, for example, by injection moulding, plastic moulding etc.
Alternatively metering chambers (especially when composed of a metallic material such
as aluminium or stainless steel) can be coated by conventional technigues using
fluorocarbon polymers which include fluorocarbon polymers which are made of multiples
of one or more of the following monomeric units: tetrafluoroethylene (PTFE), fluorinated
ethylene propylene (FEP), perfluoroalkoxyalkane (PFA), ethylene tetraflucroethylene
(ETFE), vinyldienefluoride (PVDF), and chiorinated ethylene tetrafluoroethylene.
Fluorinated polymers, which have a relatively high ratio of fluorine to carbon, such as
perfluorocarbon polymers, e.g. PTFE, PFA or FEP may be preferable, especially
polymers selected from PTFE and FEP.

The metering chamber may be treated, so as to present a substantially fluorinated
surface to the formulation, for example, by coating with a fluorinated polymer which is
optionally blended with non-fluorinated polymers such as polyamides, polyimides,
polyamideimides, polyethersulfones, polyphenylene sulfides, and amine-formaldehyde
thermosetting resins. These added polymers often improve adhesion of the polymer
coating to the substrate. Preferred polymer blends are PTFE/FEP/polyamideimide,
PTFE/ polyethersulphone (PES) and FEP-benzoguanamine. The most preferred
polymer coating is a blend of PTFE and PES. A coating of pure FEP is also of
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
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
spraying preformed MDI components with formulations of the coating fluorinated

26)
N~ NO3
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polymer/polymer blend and then curing. The preformed MD! components may also be
dipped in the fluorocarbon polymer/polymer blend coating formulation and cured, thus
becoming coated on the inside and out. The fluorocarbon polymer/polymer blend
formulation may also be poured inside the MDI components then drained out leaving
5 the insides with the polymer coat.

The appropriate curing temperature is dependent on the polymer blend chosen for the
coating and the coating method employed.

However, for coil coating and spray coating temperatures in excess of the melting point
of the polymer are typically required, for example, about 50°C above the melting point

10 for up to about 20 minutes such as about 5 to 10 minutes e.g. about 8 minutes or as
required. For the above named preferred and particularly preferred polymer blends
curing temperatures in the range of about 300°C to about 400°C, e.g. about 350°C to
380°C are suitable.

Where the components are coated and then cured the substrate components may be

15 prepared from strengthened materials to ensure they withstand the process.

Thus an aspect of the invention is a process for preparing a container, as described
above, wherein the surface treatment of the metering chamber comprises a process for
applying a coating of a fluorocarbon polymer optionally in combination with a non-
fluorocarbon polymer.

20 Conversely alternative polymer coatings may be used on the components which may be
dipped or bath immersed into a treatment tank containing a solution of polymeric
compound. Usually the components are immersed in the solution at room temperature
for at least one hour, for example, 12 hours, thus being treated both internally and
externally.

25 The treated components are preferably washed with solvent and dried at an elevated
temperature for example 50-100°C optionally under vacuum.

Examples of suitable coating materials include of fluoropolyethers having functionalised
ends groups with a general formula RrO(C3FsO)m(CFX),-CFX-Y-Z, as described in USP
4, 746, 550 (incorporated herein by reference) including perfluoropolyethers having

30 functional groups capable of anchoring the coating to the substrate such as carbaoxyl,
ester, amide, hydroxyl, isocyanate, epoxy, silane, for example, -CONR?R® wherein R?
and R® may be independently selected from amongst other things hydrogen, or a sily!
ether (e.g. SiR(OR)s. or a fluoropolyether having hydroxylic functionality of the type
—CF,CH,0H, -CF,CFXCH,0OH (wherein X is Cl or F) or -CF(CF;)CH,OH as described

35 in USP 6, 071, 564 (incorporated herein by reference); phosphoric diesters of formuia
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[XCF,CF,O(CFXCF,0)xCFXCH,0L,PO(OM) as described in USP 3, 492 374
(incorporated herein by reference) or phosphoric monoester of formula [R;-O-CFY-L-
OlwP=0(0Z")s.m as described in EP 0 687 533 (incorporated herein by reference)
wherein L is a divalent organic group; m = 1; Y is =F or -CF3; Z* is selected from H*, M*
5 where M is an alkali metal; N(R)," where the R groups independently represent H or C,.
salkyl; R¢is a polyperfluoroalkyleneoxide chain.
The fluoropolyethers described above may be used in combination with monofunctional
fluoropolyethers having —CH,OH terminals directly linked to a perfluoroalkyl group -CF,,
-CF,CFX (wherein X is ClI or F) or CF(CF;) optionally through a bridging group
10 (CH2CH_), wherein q represents an integer from 1 to 6.
Other suitable coating materials also include polymeric compounds that are silane
derivatives of perfluoropolyoxyalkanes with a molecular weight in the range 1600-1750
and those of the general formula:

15 R" = (CH2)y-CF20-(C,F40)y - (CF;0),CF2~(CHa)~ R" (1)

wherein R' comprises:

-(OCH,-CH,)z-OPO(0OH), , wherein x, y and z are such that the molecular weight of the

compound is 900-2100 and v and w independently represent 1 or 2.

The invention also relates to a container as described above wherein the valve stem
20 presents a substantially fluorinated surface to the formulation.

Stems to be plasma coated may optionally be pretreated to remove surface

contamination and/or activate the surface.

Alternatively stems may be coated by conventional techniques using fluorocarbon

polymers optionally in combination with non-fluorocarbon polymer wherein the said
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.gperfluoroalkanes including
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fluorocycloalkanes; C..ioperfluoroalkenes; fluoroalkanes including fluorocycloalkanes or

fluoroalkenes wherein a high proportion of the hydrogens have been replaced by

fluorines or mixtures thereof as described above.

Preferably the container according to the invention is a canister composed of
5 aluminium.

Preferably the canister also presents a substantially fluorinated surface to the

formulation.

Preferably the canister is surface treated so as to present a substantially fluorinated

surface to the formulation contained therein.

10 More preferably the canister is surface treated by coating with a fluorocarbon polymer
optionally in combination with a non-fluorocarbon polymer, for examplie, using materials
mentioned above. Fluorocarbon polymers selected from FEP and PTFE are particularly
preferred for the surface treatment of canisters. FEP is especially preferred. A polymer
blend of PTFE and PES is also especially preferred.

15 The surface treatment of the canister may be performed by methods analogous to those
described above for valve components.

Preferably salmeterol xinafoate is the only medicament. However medicaments which
may be administered in aerosol formulations according to the invention in combination
with salmeterol xinafoate include any drug useful in inhalation therapy e.g; anti-allergics,

20 e.g. cromoglycate (e.g. as the sodium sait), ketotifen or nedocromil (e.g. as sodium
salt); anti-inflammatory steroids, e.g. beclomethasone (e.g. as dipropionate), fluticasone
(e.g. as propionate), flunisolide, budesonide, rofleponide, mometasone (e.g as furoate),
ciclesonide, 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 aiso 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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cani ster sealed with a netering valve, hWving a netering chanber, which
contai ns a pharmaceutical aerosol formulation consisting essenti al | y of 5
(A) particulate salneterol xinafoate optionally in conbination wth another
drug useful in inhalation therapy, suspended in (B) a |iquefied propellant
gas conprising 1,1,1, 2, 3, 3, 3- hept af | uoro-n-propane, 1,1,1,2

tetrafl uoroet hane or a nixture t hereof; wherein the formulation is
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-fluori nat ethltsMéraofeaﬂdncdxﬂrt&ndt.anewfon 2. A container as clained in claim
1 whegei n gL haHERLE Be BLOPH thé‘%rmgéksraéénétejur?n thbFomthf ApLRURRLNRGER-
salmeterol or S-salmeterol.
The particle size of the particulate (e.g. micronised) medicament should be such as to
permit inhalation of substantially all of the medicament into the Ilungs upon
administration of the aerosol formulation and will thus be less than 100 microns,

10 desirably less than 20 microns, and preferably in the range 1-10 microns, e.g. 1-5
microns.

The concentration of medicament in the formulation will generally be 0.01-10% such as
0.01-2%, particularly 0.01-1%, especially 0.03-0.25% w/w. When salmeterol xinafoate
is the only medicament its concentration in the formulation will generally be 0.03-0.15%

15 wiw,

It is desirable that the formulations of the invention contain no components which may
provoke the degradation of stratospheric ozone. In particular it is desirable that the
formulations are substantially free of chloroflucrocarbons such as CCI3F, CCloF» and
CF3CCl3. It is desirable that the formulations of the invention are substantially free of

20 any volatile adjuvant such as a saturated hydrocarbon, for example, propane, n-butane,
isobutane, pentane and isopentane or a dialky! ether, for example, dimethyl ether.

It is desirable that the formulations of the invention are substantially free of surfactant.
“Substantially free” will generally be understood to mean containing less than 0.01%
wiw especially less than 0.0001% based on weight of medicament.

25 It is desirable that the formulations of the invention are substantially free of any polar
adjuvants e.g. C,.saliphatic alcohols and polyols such as ethanol, isopropanol propyiene
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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Each filled canister is convemently 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.



j K3 1(F (10% ()-OF (109 ()-O('F (10%& ()-0'F (10%& ()-0" & 10%& ()-m 10
CDEu] C3 1(F (10%& ()-O(OF (10%& ()-OF (10% ()-O0(OF (10% ()-00F (10%& ()-0
1" zx"?3 Wdroyday®R ()-OF (10%& ()-O(F (109& ()-OF (109%& ()PO’Q‘/IGBO]/Oﬂ-I‘)

(109& ()-0z{|/0}"F3 1((F (10%& ()-OF (108& ()-O(F (10%& () -

(10%& ()-0(03H Ju] C3 1(F (10%& ()-O0(&F (10%& ()-0)F (10%& () 0(&F

(10%&' ()-0)F (10%&' ()-0UVW~"?3 1(F (10%& ()-OF (10%&' ()-O(F (10%& ()-OF
(109%&' ()-0(F (10%& ()-0cd}*F3 1((F (10%& ()-OF (10%& ()-O(F (10%& ()-OF
(109%&' ()-0(deu] C3 1(F (10%& ()-O0(&F (109%& ()-0)F (10%& ()-O(&F (10%& () 0)F
(10% ()-0% ) x"?3 1(F (10%& ()-OF (10%& ()-O(F (10%& ()-OF (109& ()-O(F
(109 () - orsipisEatian of nferisrrren) N0y pe (odicgted Jerthelme@ment of mild, moderate,
109&' () - % ,;g,@

E 1096 8 ) (ye%é@%%e & E%r%ﬁ%\%n{r)t oré ‘%E Cf)&fégc{?hﬂéd@)t}:ea( i )mlzlﬁé?‘%@g?rzeaated
(109& ()- O %‘ i@fw*?%d?ﬁe Qq'fgﬂs*qud&c ﬁeq%@omw%@ﬁi tien s G(Eafmt() OF
(109& () - Gk ipbtticGar i)(aﬁc(xlkfé’/&eﬂl):a&(e&:uéehoﬁﬁfd the-flquedd08i&adning{rétion and will

R TR e g gy e G
sL! 10?/q0 p&heqle@nams Ja)e leﬂFpl(Jsle}P/&ie( Yog¥ of @pEkQ@BPo(d%y th&' ¢omifigdtion will in
(1505 o G SR b 0 ool i g el
(10%' p& (3drjpig &b@@f@! e eDe % Mpee times O(PG%PQ&fT?m 10’(3F3 %"D@S/cﬁe'b@l/( helllee
(10%" p& (fbr &4d @X<Q@Er4é9ﬁ@e&§qt(r%e0(|: (10%' p& () -OF (10%' p& () - O(F

L0 EE (G ot 8] bt bl Pl o 5 o

(10%" P& (3aierc e on t%séwgﬁo?fa&?(d)se@xééG?pgfg@F (10%' p& ()-O(F
008 B QA hoe bRt e e SR

(10%' p& (RinaiGHEXk X@yopaly Ecaobgdilied: o(a)1lStH¥ fol ase' Ip&l (etereet dapeviphper Gystom

10%' p& 10%' p& O(F
ElOO/(p p& Ei %@W 2%39'%8(0194@ sW/q (Egs 6'1 %%d)cg@z{ﬁo%)‘ppg (()O(I(:
(10%P p& (Hn gppreg@a}@ cg:&mg)reguma foroter g gan@entgiwgl be knownxegy available

(109" pa (IO TN XL {paeacnt (1008 pél () O(F. (100 p () OF

(1006 ba: (4 TotHer Fepog: ShP) PeHeTon SUgdrg 2 rhaihed pbeiadha Ky Kgpostton, in a

(109%' p& (phedifia¢0ipl gesodol fa(rElstind Yphsistir) sBBNi{allg Y bprdiciptedniEdicament, e.g
10%" p&

(1o pe: (JIORepe d%}‘af°é£t19*§%“§{‘wﬁx§'fﬁﬁﬁ‘?f°’f)% REOTLE BRI e
FF' 1996 & (mewpwnm@%l@f@pwomaub%l@ i 1.1.16& 3. 2ehentadiuoyo-proropane, 1)131, 2R10"

}13'10% & t@)raﬂ@réétﬂ(wc& rﬁ'\)xturﬁs|tﬁ&fﬂe@?/"br’fﬁql)&&res’\t'héf)é%@%n& (\)alveT c%’ Snént (;)

%4 0% 10% -0
Y ( 10%30 g& (%QDGC@LBY ![b%meft%{ "(9) C'ﬁi"*i?f %‘Pg%‘ Ez??éé@i "i‘?'fets %?Id’seég? '("Pb% RAsIng (T) Y
(10% & () - @salofYat(1&886 didg $e.=.0|n§l g\éskétO@(db&tdn)IaI@ consfriiCrea & ofm aOpolyl‘ner of EPDM

2 1000 & (I SPIGHENGS (Pntaootiseled | hiespe i, waqte 028" 7

F[° @4.0% spharmaceutiva L@yocarbnmmfc(rmu atioycongined thigrein. §° |
1 10% & () - A Vurtrer akg Io[‘ tH%Rﬂi@enth'é uéelgf)/EPD!g‘l ;Sawmerzlh(thé En%ﬁ‘g‘ra(tlbn of a sealing

FF9' 3" 10% &

04094 #[ & (92 ébw N 6388@[0?1(9%19'“%?“ Wllthsa (Vib%"&tf(? supstantially 1fiygyrigater. <

23%‘}85&&(%me@§3%1@%n&100 dr) s@fdce éﬂ@%k&r&\écem>836€bl[ fdRokBdA Ednditel o & () -
Cos To0c et Rsedtal o . sl iebisameat, . S sdihetareloxingtpste, and a
94085 >&! lguid PERMBITagh SFAKIRA. 3 hepta&mm@%bs&te( )i+ g9 2K eakatidargatvasel 0

S, (10% &or(r)uxEBrE? d%p(c)wdeFftﬁé 1004k &495 dTché&djéb 'y2 (10%& ()- J 'y2
(10% & () - LL9 NNF F 93.0% F R 83109 F 3310 & () -
F > n?d0% & e)mvenm &’f?y'deq a0ddi} %9"1@@@ ?M%}nefm@ﬁ‘iﬂbepf@we fitte

-(1/200/‘2/(5224&(\)‘/&}&)5%80% &H%r&ll@; déVEE(ilO%og/L E&) Y40% /ﬁc (k) ‘V&O%/ 38/4 ()-
9%4.00 v 0 0 9%4.00
' 10% & ‘}e usﬁs@%ﬁ@ ey df@?“ Q?er] i"?i}z"""‘g“t'f”[‘ ﬁﬂrfﬁ%&?ﬁ'@? tfﬁf% e‘%&(’%) s

, 380% &br(o))hylaXIs mtéwplrai&n(msdirdﬁsus &6 atedatiye aspelcMdfQPe invehiign. Specifically
’\ LI 94.0% & O- " b(bbvW410 " Z29%40%& &&' ()- FZ9%0%&' ()- )I'10% & ()
S& 10% & ()-10"10"10" Q " I3t'10% & ()-sbchdefegg|[:vW10 [& ' 10%st S& () - FF
T mA0%' 0& () -




) mA0% ' & ()- FH mAO% & ()- ~ZW0%' >& ()-

F** Z940% & () - ghi j kkkkk| obU410 Q_sl 10% & () - 10k’ k10k' k10K’ K)

T & 10K WE01H51I83S &' 10% & () - 10% & ()-F PCT/GB01/05749

T& ' 10%&' ()-Fkd I mno| [: bu410 Q FSlO% &A7)- T1"10% & ()-) 1109 f& ()-
1T10% & ()- 417 10% & ()- 11 10% & () -ooopMopg| [ bU4A10 Q F[ " s$%0% & () -
SS$U09M MR ()-) Fs$od0%0& ()- F "10% & ()- F "10% & ()- F

"1090& ()-qgPrr6s~stttt|[NA41010' 10' 10' M YI5 10% & ()-) 7Y 5 10%A & ()-
FA3!10% & ()- Fi s$%0% & ()- s$%.0%' [& ()-ttguu” vV x| [ : NA41010
%0%C C& ()- FF "10% & ()-) F3 "10% & ()-- <@10% & ()- F3 "10% & ()-

d 1 10% & (the :MRkssigm) 2$ dm@embpw WA & &1seyl -in thglt%wwt\sv&p(rgphy)amyof
L940% "' [ & (gsthmyop/@;@cp@ Q& - FF :10% & ()- F 9%0% & ()-7}n}}~~~~~~ | obU410
F LlO%% O‘V & S M"Y63(10% & F Y43" 10%

FY43" 10% %ﬁh&ﬁmw ihe. "B‘(EL{TB g‘—‘é"éfoﬂ/ thod 5t t’éﬂ]ﬁ@ 'i&é}ga%r& ft"i”ﬁ’”ﬁfb'g%‘q‘gs& ()-
<F1'910% % 8as(tt)ma EELO%P% which -cofpii€s GéeSof(an-MD[ addékstiibéd Bbove thOdpatient.()-- F

AT S SRR A o it

FFY " 10% 90@&ppgr, sam WOBRPRS &O(r)posecrl_of "2 Ovateiat; which veUsulostamtiallp gpegmepble/to

I 10%uué& s - 11004 &' ()-10-0

F va" 1"'6(‘% é\éc%tl \gﬁﬁ’p@ %as énoggt%%sl%){ "))DE}HE{%I QO(}Q oﬁ’Qf atT&?})hqn&
1 10% & (w0$wr6e9199/aie§f(rwedﬁn UBP 9397 %lyanpmﬁbwwmltbemwenv%% & ()-
| 4( 10% & Roeferbblf %éf%ka%& Wil akd ddhtdif 'withid it H08éstccaht miaterial. The desnccant

A |4 o% gﬂefe)ﬂal/mgyﬁ hﬁ%‘é g\EDIFs/yls4 10%@{@'}%&% the, b%ysQ% & ()-

) 1 4(10% &n( p- furtpeQaspddtO theSAivERtiorR grpvided-F' TOPtakief ) suitable for containing a

™ éﬁ?ﬁo&%:’(#?ﬂﬁ%ﬂ%m%&%{%ﬁ ShPeng bt el g g Ve

Y| S4( 10% sRiq yalye pampising eonete(ing chambexdeying aroupr@r RNEY Iswen esaliag (gpsket
J | S4(10% & h-Va I\Q éﬁﬁlﬂ%réﬁn(t\he vaﬁ\re| §4§é]a@e/c9 1 (I‘)e canlster bé means of a neck
Y1 S4(10% R z& () -/ | [ NAA1010 Q@d0% ' "& () - [ (t
21+ 1098/ Feplirg ﬁFSkeio%’%'za%f)?”S%qE'" thedeat: '%%SI °n§9gafb% 15( %'JRS fan '%1 Fonsinyeteeo
Fi #2Z94.0% &rdm-a polimikt dDEPEIM Jand e 'diehinkg Chamirer Qia%e Hrégents a@db@%&&& ()-

F Q0% & | yade: ()-3F & v >& ()-
* & 0% g V\%Q Lﬁgénéq‘ég@f%{w{%gw( 10% & ()- " #Z%40%1 H&' ()-- ! UvU410
Fs$10% & (Espe)clallmvef&rregi is 4 sol%a&e( )asl@esmcho abEvEWHEOstee (Metering valve

& rTf’/d.O(V(C y
* 3MPA0% ::3#%%@%1’ b e iper FTGNE &&} 5"5‘3&%@9@2& hda tower (9)
XUg29 | [ ﬂ@giﬁ“eithr?l«lgh WEJE @ggs/@gab/y._stqngg @q@t}@cf@ractqnsedw({m%ld(t)mog

T+m;/<102@ &Oééahﬁs asﬁéfé’/érofé%}&sﬁahtﬁn 7doth\§éd)ﬂQm % %gfﬁofgﬁﬁbm and the metering
lr: SLa 100B9RAT5 BYHEENRITIATES £ SUpelRRP g opipaind SUnscnofb! ag fpymulaton
~94.0% 8%aitdirabie trﬁmmy& ()-" " %0%BY%& ()-" YA09%BYU& ()-"Ykl mr)vUil0 F3

1&?00%% 58 ELl ot optavh o ot aob MBI e seaes

* M 04HHS! t@) € Capigten Gy pRRANS) of a camBaAING g&s(gt 3) w{mb%sg@tr\agtm ly constructed
YY@ 10% & fedm SFEINS pB oEnEnauQ YWY tHe) owl i) WhiME dasket .Q%i&%ﬂbls-l&n{.ény

" ML 0%4HHE! A 0% >& ~$& +&vU410 Al 10% &
"10% & () - ég“&“%ﬁ%‘ %@ ‘?/%’%016“% Fl° (%1(()2%) & ()- "(9%0% & ()-& vv|( % vU410
A FQ | Yd0RMost prefdrably | Ml O8Iy - gaske®id AhieOid Jmetedingl Dadse "k (Jubstantially

FY 3" 10% g NA41010' 10' 10' F F H%0% & ()-G
# Y4.0%" f&‘;’? m%ggq,g%%)g %M%@"%J)(HG F[ , # Y40%& () - 0
| 94089 : & Eyrinqrmwze{ psusitxAE eurBacEOafosuriace of theomeeriny Chm%e&wﬁlb be 1reeteg KO -

: F3410% & (3s o present a substantially fluorinated surface to the formylation

FL10% & () M hENA41010' 10109 & () - gg iﬁ%m%m‘& | ANA4101
0'"' 10% & HesiRven ‘0" W@PE§3651® @}M@‘Wf ‘t?%e&qu )CONiRNG @ G%E)UT‘CE‘O%
()--10% & éérﬁsol m%&afldn cﬂ:ﬂ%lﬁnﬁ )a cafiYtek s(e)a%ed| Wit L0 hi¥eriag( Yalve, 189168 &alve - -

0% & % 4110% & 0% & ()= -10% & ()--10% &
Fost & (Somitsing & piaférhelchamslr B0 3 b g alowssﬁ?%'e?.géi%f&aé?ﬂe)v.a?mﬁé
% & B%- - 108eR ¢harageged in)that mntm&vqt\)e 4s19@a1@1 {0 thelCanigien by neROW 1% 8¢k - - 10
W& ()---'"10%8& ()--10% & ()--10%8 & ()---'el )10 & ()--10% & ()--10% & () - -
'10%‘&'()--10%‘&'()--10%‘&'()--pPOlO%'&'()--10%‘&'()--'10%‘&'()--10%&'()--
10% & ()--'jN210% & ()--10% & ()--'10% & ()--10% & ()--'10% & ()--10% & () -
-jLO10% & ()---""10% & ()--10% & ()--10% & ()--10% & ()--' nR4' 10% & ()--10%
"&'()--10%’&'()--'10%'&'()--10%'&'()--
mB109%6 & ()--10% & ()---10% & ()---')10% & ()--109% & ()-- (10% & ()-
bD510% " 10% & () - 10%&() 10%&() -10% & ()--"1"#% )| I*10% & () - 10%&(

A INAAL AT A INAAL AT A INAAL AT A PINAAL AT A remNA NAAL AT A INAAL AT



109 & ()-..1* 10%!' & ()-.1* 10%- & ()-.1* 10%!& ()-.1* 10%!' & ()-.1*
10%! & ()-.}]=vUaf10 I* 10%H & ()-.1* 10%H & ()-.1* 10%-& ()-.1*
10%! & (wopRepflss |* 10%H & ()-.}]=vWU4f10 I* 10%! & ()-. PCTRG08I40) - . | *
10%! & ()-.1* 10%! & ()-.)?2uxXl ' |* 10%8& ()-.}]=vW4f10 I* 10%!'& ()-.1*
109 & ()-.1* 10%! & ()-.1* 10%!& ()-.)?2ux1l ' |I* 10%!'& ()-. 'y]AvW4f10 | *
10%! & ()-.1* 10%! & ()-.1* 10%!& ()-.1* 10%!& ()-.)?2uxX1 ' |*
10%! & () -.!'"#$9%&' (fJ.41* 10%!& ()-. 1* 109% & ()-. I* 10%!& ()-.1*
109 & ()-.1* 10%! & ()-.)?2uXl ' I* 10%!& ()-.()+, -./~bF. 41* 10%! & (I*
109 & ()-.1* 10%! & ()-.1*

sealing gasket substantially constructed from a polymer of EPDM; (ii) said upper and

lower metering chamber sealing gaskets are substantially constructed from a polymer of
EPDM and (jii) the metering chamber is surface treated so as to present a substantially
fluorinated surface to the formulation.

5 Additionally the invention provides a metering valve, and use thereof, suitable for
dispensing a pharmaceutical aerosol formulation comprising a metering chamber having
an upper and a lower sealing gasket and a valve stem, characterised inthat 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.

10 An exemplary valve of use according to the invention is shown in Figure 1 and
comprises a valve body 1 sealed in a ferrule 2 by means of crimping, the ferrule itself
being set on the neck of a container (not shown) with interposition of a gasket 3 (can
seal) in a well-known manner.

The valve body 1 is formed at its lower part with a metering chamber 4, and its upper

15 part with a sampling chamber 5 which also acts as a housing for a return spring 6. The
metering chamber is constructed from a fluorinated polymer at least in part and/or a
fluorinated coating according to the invention. The words "upper" and "lower" are used
for the container when it is in a use orientation with the neck of the container and valve
at the lower end of the container which corresponds to the orientation of the valve as

20 shown in Figure 1. Inside the valve body 1 is disposed a valve stem 7, a part 8 of which
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
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passage 11 opens below lower stem seal 9 so that the metering chamber 4 is isolated

from canal 10 and suspension inside cannot escape.

A ring 18 having a "U" shaped cross section extending in a radial direction is disposed

around the vaive body below orifice 26 so as to form a trough 19 around the valve body.

5 As seen in Figure 1 the ring is formed as a separate component having an inner annular

contacting rim of a diameter suitable to provide a friction fit over the upper part of valve

body 1, the ring seating against step 13 below the orifice 26. However, the ring 18 may

alternatively be formed as an integrally moulded part of valve body 1.

To use the device the container is first shaken to homogenise the suspension within the
10 container. The user then depresses the valve stem 7 against the force of the spring 6.

When the valve stem is depressed both ends of the passage 15 come to lie on the side

of upper stem seal 12 remote from the metering chamber 4. Thus a dose is metered

within the fluorinated metering chamber., Continued depression of the valve stem will

move the radial passage 11 into the metering chamber 4 while the upper stem seal 12
15 seals against the valve stem body. Thus, the metered dose can exit through the radial

passage 11 and the outlet canal 10.

Releasing the valve stem causes it to return to the illustrated position under the force of

the spring 6. The passage 15 then once again provides communication between the

metering chamber 4 and sampling chamber 6. Accordingly, at this stage liquid passes
20 under pressure from the container through orifice 26, through the passage 15 and

thence into the metering chamber 4 to fill it.

Figure 2 shows a different view of a valve in which the gasket seal and lower and upper

stem seals are labelled 3, 9 and 12 respectively.

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 MDls 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 WO96/32150 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,. gperflucroalkane.

Furthermore the said aluminium canisters contained a pharmaceutical aerosol
35 formutation comprising 4.2mg of salmeterol xinafoate and 12g of HFA 134a.
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Each device was stored at 40°C and 75% relative humidity unless otherwise stated.

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

5 methanol for approximately 5 minutes, after which it was clamped and the valve
assembly removed with a suitable fube 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

10 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.
15 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
20 calculated. Values of FPM which are lower than expected imply one or more of the
following: (i) absorption, (ii) deposition or (iii) 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
25 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
MDis stores at 40°C 75% RH was distinctly crystalline in appearance indicating some
dissolution and recrystallisation.

30 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.

Table 2 shows the dose delivered by the conventional MD! (control) is reduced on

35 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 MDls 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 MDI 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 MDls with gaskets substantially constructed from a
polymer of EPDM and having a metering chamber with a substantially fluorinated

15 surface provide an increase, in pg, 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 MDIs or those containing EDPM gaskets or metering chambers plasma

30 coated with a fluorinated coating.
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23. A container according to any one of claims 20 to 22 wherein the coating is a
coating of FEP.
24. A container according to any one of claims 20 to 22 wherein the coating is a
coating of a blend of PTFE and PES.
5 25. A metered dose inhaler comprising a container according to any one of claims 1

to 24 fitted with a suitable channelling device.
26. A method of treatment of asthma or COPD which comprises use of a metered
dose inhaler according to claim 25 by a patient.
27. A package comprising a metered dose inhaler according to claim 25 contained

10 within a flexible wrapper said wrapper composed of a material which is substantially
permeable to evacuation of propellant gas and substantially impermeable to intrusion of
atmospheric moisture.

28. A package according to claim 27 characterised in the flexible wrapper also
contains within it a desiccant material.
16 29. A package according to claim 28 characterised in the can contains within it a

desiccant material.

30. 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 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 formuiation.

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 Cs. operfluoroalkane.

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.
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5 38. A container according to claim 37 wherein the canister is surface treated by
coating with a fluorocarbon polymer optionally in combination with a non-fluorocarbon
polymer.
39. A container according to any one of claims 30 to 38 which contains a
pharmaceutical aerosol formulation comprising a particulate medicament and a liquefied
10 propellant gas of 1,1,1,2,3,3,3-heptafluoro-n-propane, 1,1,1,2-tetrafluoroethane or
mixtures thereof.
40. A container according to claim 39 wherein the propellant gas is 1,1,1,2-
tetrafluoroethane.
41. A container according to claim 39 or claim 40 wherein the particulate
15 medicament is selected from salmeterol xinafoate, fluticasone 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 propionate.



