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A valve for an aerosol container suitable for use in dispersing
a quantity of the contents thereof is disclosed. The valve
components comprise a fluorinated polymer and/or a fluori-
nated coating which have been found to reduce drug deposi-
tion in the valve.
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VALVE FOR AEROSOL CONTAINER

RELATED APPLICATIONS

[0001] This application is a continuation of application Ser.
No. 09/646,270, allowed, which is the National Stage of
International Application No. PCT/EP99/01757, filed Mar.
17, 1999 which claims priority from Application No.
9805938.9, filed in Great Britain on Mar. 19, 1998.

[0002] The invention provides a valve for an aerosol con-
tainer suitable for use in dispensing a quantity of the contents
thereof and which may be used in the treatment of asthma and
other ailments. In particular, the invention provides a valve
for a metered dose inhaler suitable for use in dispensing
metered doses of medicaments.

[0003] Containers for aerosol formulations commonly
comprise a vial body (can) coupled to a salve. The valve
comprises a valve stem through which the formulations are
dispensed. Generally the valve includes a rubber valve seal
intended to allow reciprocal movement of the valve stem
which prevents leakage of propellant from the container.
Metered dose inhalers comprise a valve which is designed to
deliver a metered amount of an aerosol formulation to the
recipient per actuation. Such a metering valve generally com-
prises a metering chamber which is of a set volume which
aims to administer per actuation an accurate, predetermined
dose.

[0004] Suitable valves for use in the invention are available
from manufacturers well known in the aerosol industry, for
example from Valois, France (e.g. DF10, DF30, DF60),
Bespak plc, United Kingdom (eg. BK300, BK356, BK357)
and 3M-Neotechnic Limited, United Kingdom (eg.
Spraymiser™). The metering valves are used in association
with commercially available canisters such as aluminum can-
isters, suitable for delivering pharmaceutical aerosol formu-
lations.

[0005] Aerosol formulations which are generally used
comprise a suspension of a medicament, e or more liquid
propellants, optionally with a co-propellant, and optionally
an adjuvant such as a solvent or a surfactant, though the
invention may be applicable to the dispensing of any aerosol
formulation, he aerosol formulation is under pressure in the
canister.

[0006] Tt has been found that conventional aerosols, par-
ticularly metered dose inhalers, suffer impaired performance
due to the deposition of drug particles in the valve component,
particularly in the metering chamber. This leads to a high
occurrence of inconsistency in the doses of drug being admin-
istered which becomes particularly acute over increasing
numbers of actuations. The problem of drug deposition in
conventional aerosols is particularly exacerbated when
excipient-free aerosol formulations are used based on the
hydrofiuoro alkane (HFA) propellants 1344 227. Ithas further
been found that drug deposition increases with storage of the
aerosol, particularly when the aerosol is stored at high tem-
perature and/or high humidity.

[0007] The invention provides a valve for an aerosol in
which there is significantly reduced drug deposition com-
pared with conventionally available valves when the valve is
used in aerosols comprising an aerosol formulation for inha-
lation. In particular, the invention provides a metering valve
having a metering chamber in which there is significantly
reduced drug deposition.
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[0008] Accordingly the invention relates to a valve for an
aerosol container for dispensing a suspension or solution of a
substance in a liquid propellant contained therein, wherein
the valve comprises a valve body defining a chamber, a trans-
fer passage through which a quantity of substance to be dis-
pensed can pass from the container into the chamber, and
dispensing means which allots he substance to be dispensed,
in which the chamber comprises a fluorinated polymer.

[0009] The invention further provides an aerosol container
which comprises a valve according to the invention, and an
inhalation device, preferably a metered dose inhaler, which
comprises the aerosol container.

[0010] Theinvention further provides a method of reducing
drug deposition in a metering chamber for use in a metered
dose inhaler by the use of a fluorinated polymer according to
the invention.

[0011] The invention further provides a valve for ant aero-
sol container as described hereinabove in which the surface of
the chamber, for example, the metering chamber, in contact
with the substance to the dispensed is coated with a fluori-
nated material including fluorine coatings, plastics materials
comprising fluorinated materials etc.

[0012] The fluorinated coating is preferably a plasma coat-
ing, for example, a CF4 plasma coating. Preferably the flu-
orinated plasma coating CF4 is applied to the metering cham-
ber of a metering valve which may be made from any
conventionally used plastics material such as Acetal, polyes-
ter, etc. The plasma coating may consist of a fluorinated
polymer laid down on the surface of the valve component,
preferably the chamber, by polymerisation or direct modifi-
cation ofthe material surface by interchange of hydrogen ions
in the material with fluorine ions. The coating process typi-
cally 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 intro-
duced into the clamber at a 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 tie plasma
is extinguished, the chamber flushed and the products
retrieved. In the polymerisation process, a thin layer of
plasma polymer will be bonded to the surface of the chamber,
preferably a metering chamber, or any other surface of the
valve to be coated.

[0013] The fluorinated polymer may be selected from any
conventionally used fluorinated polymer/copolymer, or mix-
tures thereof or mixture of the fluorinated polymer in combi-
nation with non-fluorinated polymers conventionally used in
the manufacture of valves, such as acetal, polyester (PBT) as
well as polymer blends with, for example, stainless steel (eg.
PBT/stainless steel blend (PDX W0960812)), etc. Examples
of suitable fluorinated polymers include polytetrafluoroeth-
ylene (PTFE), ethylenetetrafluoroethiyleane (ETE), polyvi-
nyldenefluoride CQVDE), perfuoroalkoxyalkane (PFA),
polvinylfluorinde ~ (PVF),  polychlorotrifluoroethylene
(PCTEE), fluorinated ethylenepropylene (FEP) etc. Suitable
copolymers include copolymers of tetrafluoroethylene (TFE)
with PFA, TFE with hexafluoropropylene (HFP) (available as
FEP 6107 and FEP 100 from DYNEON), VDF with HEP
(commercially available as Viton A). TFE with perfluoro(pro-
py! vinyl ether) (available as PFA 6515N form DYNEON), a
blend of TFE, hexafluoropropylene and vinylidene fluoride
(available commercially as THV 200G from DYNEON), etc.
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[0014] Ttshould be noted, however, that any conventionally
available polymer copolymer or mixture thereof which com-
prises a fluorinated polymer and which can be used to make
the valve for use in an inhaler according to tie invention will
be suitable. Examples of mixtures of polymers and/or copoly-
mers comprise, for example, up to 80% by weight fluorinated
polymer, optionally up to 40% by weight fluorinated poly-
mer, optionally up to 20% by weight fluorinated polymer or
optionally up to 5% by weight of fluorinated polymer. Pref-
erably, fluorinated polymers selected from PTFE, PVE and
PCTEE are used as mixtures with non-fluorinated polymers.
For example a suitable material is HOSTAFORM X329™
(Hoechst) which is a 5% PTFE/PBT Acetal blend, HOS-
TAFORM C9021TE which is a 20% PTFE/Acetal blend,
PTFE/PBT blends (for example, LNP WL4040), PTFE/PBT/
silicone blends (for example, LNP W1.4540).

[0015] 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.

[0016] According to a preferred embodiment of the inven-
tion, the valve is a metering valve comprising a metering
chamber, a transfer passage through which a quantity of sub-
stance to be dispensed can pass from the container into the
metering chamber, wherein in the first position the dispensing
passage is isolated from the metering chamber aid the meter-
ing chamber is in communication with the container via the
transfer passage, and in the second position the dispensing
passage is in communication with the metering chamber and
the transfer passage is isolated from the metering chamber.

[0017] Medicaments which may be administered in the
aerosol formulations, suitably suspended in a liquid propel-
lant, include any drugs useful in inhalation therapy which
may be present in a for which is substantially completely
insoluble in the selected propellant system. The aerosol for-
mulation, if desired, may comprise one or more active ingre-
dients. Aerosols comprising two active ingredients in a con-
ventional propellant system are known for the treatment of
respiratory disorders such as asthma. Appropriate medica-
ments may thus be selected from, for example, analgesics e.g.
codeine, dihydromorphine, ergotamine, fentanyl or mor-
phine; anginal preparations, eg. dilitiazem; antiallergics, e.g.
cromolyn, cromoglycate or nedocromil; antibiotics, e.g.
cephalosporins, penicillins, streptomycin, sulphonamides or
tetracyclines; antihistamines, e.g. methapyrilene; anit-in-
flammatories, e.g. beclomethasone, flunisolide, fluticasone,
tipredane, budesonide, triamcinolone acetonide; antitussives,
e.g. noscapine; bronchodilators, e.g. ephedrine, epinephrine,
fenoterol, formoterol, isoprenaline, isoproterenol, metaprot-
ernol, phenylephrine, phenylpropanolamine, pirbuterol,
reporterol, rimiterol, salbutamol, salmeterol, terbutaline or
(—)-4-amino-3,4-dichloro-a-[[[ 6-[ 2-(2-pyridinly)ethoxy]
hexylJamino |methyl|benzenemethanol;,  diuretics, e.g.
amiloride; anticholoinergics e.g. ipratropium bromide; hor-
mones, e.g. cortisone, hydrocortisone or prednisolone; and
therapeutic proteins and peptides, e.g. glucagon or insulin. It
will be clear to a person skilled in the art that, where appro-
priate, the medicaments will 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 (eg hydrates) to
optimise the activity and/or stability of the medicament and/
or to minimise the solubility of the medicament in the pro-
pellant.
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[0018] Preferably the medicament is selected from bron-
chodilators a anti-inflammatory steroids of use in the treat-
ment of asthma by inhalation therapy, including salbutamol
(e.g. as the sulphate), salmeterol (e.g. as the hydroxynaph-
thoate known as salmeterol xinafote), beclomethasone dipro-
pionate or a solvate thereof, fluticasone propionate or (—)-4-
amino-3,5-dichloro-a-[[[6[2-(pyridinyl)ethoxy |hexyl]

amino Jmethyl | benzenemethanol and mixtures thereof.

[0019] The particle size of the particulate medicament
should be such as to permit inhalation of substantially all of
the medicament into the lungs upon administration of the
aerosol formulation and will thus desirably be less than 20
microns, preferably in the range 1 to 10 microns, e.g. 1 to 5
microns. The particle size of the medicament or the medica-
ment together with the excipient may, be reduced by conven-
tional means, for example by milling, micronisation, spray-
dying or controlled recrystallization.

[0020] The final aerosol formulation desirably contains
0.0005-10% w/w, preferably 0.0005-5% w/w, especially
0.01-1.0% w/w, of medicament relative to the total weight of
the formulation. Examples of aerosol propellants for the aero-
sol formulations include CCL,F (propellant 11) in admixture
with CCLF, (propellant 12) CF,C1.CF,Cl (propellant 14),
however, due to the ozone-depleting effects believed to be
associated with such propellants, the valve for an aerosol
container of the invention is more suitable used with aerosol
formulations which comprise so called “ozone-friendly” pro-
pellants.

[0021] Preferably, the propellants are selected from hydro-
gen-containing chlorofluorocarbons and fluorocarbons and a
number of medicinal aerosol formulations using such propel-
lant systems have been disclosed ins for example, EP
0372777, WO091/04011, WO91/11173, WQO91/11495,
WO091/14422, W092/00061, W092/,0062 and WO92/
00107.

[0022] Suitable propellants includes for example, C,_,
hydrogen-containing chlorofluorocarbons such as CH,CIF,
CCIF,CHCIF, CF;CHCIF, CHF,CCIF,, CHCIFCHF,,
CF;CH,Cl and CCIF,CHj;; C, , hydrogen-containing fluoro-
carbons such as CHF,CHF,, CF,CH,F, CHF,CH; and
CF CHFCF; and C, _, perfluorocarbons such as CF3CF; and
CF,CF,CF,.

[0023] Where mixtures of the fluorocarbons or hydrogen-
containing chlorofluorocarbons are employed they may be
mixtures of the above identified compounds or mixtures,
preferably binary mixtures, with other fluorocarbons or
hydrogen-containing chlorofluorocarbons for example
CHCIF,, CH,F, and CF,CH,.

[0024] A single fluorocarbon or hydrogen-containing chlo-
rofluorocarbon may be employed as the propellant. Particu-
larly preferred as propellants are hydrogen-containing fluo-
rocarbons, especially 1,1,1,2-tetrafluoroethane (CF;CH,F)
(propellant 134a) and 1,1,1,2,3,3,3-heptafluoro-n-propane
(CF;CHEFCF;) (propellant 227) or a mixture thereof. The
propellants are preferably used in the absence of excipients
and adjuvants, such as solvents and surfactants. As used
herein “substantially free” refers to formulations which con-
tain no significant amounts of surfactant, for example, less
then 0.0001% by weight based upon the weight of the medi-
cament. However, the invention also applies to formulation
which include any conventionally used excipients, such as,
surfactants etc.
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[0025] The formulations may be prepared by any conven-
tionally known process, for example, by dispersal of the
medicament in the selected propellant in an appropriate con-
tainer, e.g. with the aid of sonication.

[0026] Minimising and preferably avoiding the use or for-
mulation excipients e.g. surfactants, cosolvents etc. in the
aerosol formulations is advantageous since formulations may
be substantially taste and odour free, less irritant and less
toxic than conventional formulations. However, such formu-
lations are associated with a higher degree of drug deposition
on the valve components. The fluorinated valve according to
the invention, particularly the valve having a fluorinated
metering chamber, is preferably used to administer formula-
tions substantially free of excipients which has been found to
substantially reduce drug deposition in the valve.

[0027] The formulations may be filled into canisters suit-
able for delivering pharmaceutical aerosol formulations.
Canisters generally comprise a container capable of with-
standing the vapour pressure of the propellant used such as a
plastic or plastic-coated glass bottle or preferably a metal can,
for example an aluminum can which may optionally be ano-
dised, lacquer- or polymer-coated and/or plastic-coated,
which container is closed with a valve according to the inven-
tion.

[0028] Conventional bulk manufacturing methods and
machinery well known to those skilled in the art of pharma-
ceutical aerosol manufacture may be employed for the prepa-
ration of large scale batches for the commercial production of
filled canisters. Thus, for example, in one bulk. manufactur-
ing method a metering valve is crimpled onto an aluminum
can to form an empty canister. The medicament is added to a
charge vessel and liquified propellant is pressure filed through
the charge vessel into a manufacturing vessel. The drag sus-
pension is mixed before recirculation to a filling, machine and
an aliquot of the drug suspension is then filled through the
metering valve into the canister. Typically, in batches pre-
pared for pharmaceutical use, each filled canister is check-
weight, coded with a batch number and packed into a tray for
storage before release testing.

[0029] Each filled canister may be conveniently fitted into a
suitable channeling device prior to use to form a metered dose
inhaler for administration of the medicament into the lungs or
nasal cavity of a patient. Suitable channeling devices com-
prise for example a valve actuator and a cylindrical or cone-
like passage through which medicament may be delivered
from the filled canister via the metering valve to the nose or
mouth of a patient e.g. a mouthpiece actuator.

[0030] A spacer may be placed between the passage and the
mouthpiece. 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 microgram medicament
per putf.

[0031] According to a further embodiment of the invention,
other parts of the inhaler which are also susceptible to ding
deposition may comprise the fluorinated polymer of the
invention and/or be coated with the fluorinated material
according to the invention, for example, the actuator into
which the filled canister comprising tile valve is fitted for
application by the patient. All or part of the actuator, for
example, the valve actuator, mouthpiece actuator etc. may
comprise the fluorinated polymer/copolymer or mixtures
thereof and/or be coated with the fluorinated material.
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[0032] Administration of medicament may be indicated for
the treatment of mild, moderate or severe acute or chronic
symptoms or for prophylactic treatment. It will be appreci-
ated that the precise dose administered will depend on the age
and condition of the patient, the particular particulate medi-
cament used and the frequency of administration will ulti-
mately be at the discretion of the attendant physician. When
combinations of medicaments are employed the dose of each
component of the combination will in genera be that
employed for each component when used alone. Typically,
administration may be one or more times, for example from 1
to 8 times per day, giving for example 1,2,3 or 4 puffs each
time.

[0033] Each valve actuation, for example, may deliver 25
ng, 50 ug, 100 pg, 200 pg or 250 pg of a medicament. Typi-
cally each filled canister for use in a metered dose inhaler
contains 60, 100, 120 or 200 metered doses or puffs of treat-
ment.

[0034] The invention will now be described further with
reference to the accompanying drawing in which FIG. 1 is a
section through a metering valve according to the invention
and to the following examples which serve to illustrate the
invention but are not intended to be limiting.

[0035] A valve according to he invention is shown in FIG.
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 in a
well-known manner.

[0036] The valve body is formed at its lower part with a
metering chamber 4, and it upper part with a sampling cham-
ber 5 which also acts as a housing for a return spring 6. The
metering chamber is made at least in part from a fluorinated
polymer and/or a fluorinated coating according to the inven-
tion. The words “upper” and “lower” are used for the con-
tainer 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 shown in FIG. 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 oater end of the stern 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 an upper stem seal 12 and will engage the periph-
ery 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,
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.

[0037] Valve stem 7 is biased downwardly to the inopera-
tive position by return spring 6 and is provided with a shoul-
der 17 which abuts against lower stem seal 9. In the inopera-
tive position as shown in FIG. 1 shoulder 17 abuts against
lower stem seal 9 and radial passage 11 opens below lower
stem seal 9 so that the metering chamber 4 is isolated from
canal 10 and suspension inside cannot escape.

[0038] A ring 18 having a “U” shaped cross section extend-
ing in a radial direction is disposed around the valve body
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below orifice 26 so as to form a trough 19 around the valve
body. As seen in FIG. 1 the ring is formed as a separate
component having an inner annular contacting rim of a diam-
eter 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 ant
integrally moulded part of valve body 1.

[0039] To use the device the container is first shaken to
homogenise the suspension within the 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 stein will move the radial passage 11 into the metering
clamber 4 while the upper stem seal 12 seals against the valve
stem body. Thus, the metered dose can exit through the radial
passage 11 and the outlet canal 10.

[0040] Releasing the valve stem causes it to return to the
illustrated position under the force of the spring 6. The pas-
sage 15 then once again provides communication between the
metering chamber 4 and sampling chamber 6. Accordingly at
this stage liquid passes tinder pressure from the container
through orifice 26, through the passage 15 and thence into the
metering chamber 4 to fill it.

[0041] 1In the following Examples each aerosol contains a
suspension of a medicament an excipient-free propellant for-
mulation. In each case aerosols having conventionally avail-
able valves made from acetal or polyester are compared with
aerosols having valves according to the invention in which
either the metering chamber is made from fluorinated ethyl-
ene polymer or from polyester which has been plasma coated
with CF4. In each case, the drug deposition generated through
use is measured and “Dose Through Use” collection regimes
are carried out to analyze doses administered during the life of
the inhaler. The formulation tested in each case was an excipi-
ent-free propellant formulation comprising fluticasone pro-
pionate and 134a propellant.

Valve Drug Deposition Method

[0042] The quantity of drug deposited in the valve was
measured. The interior valve components include the meter-
ing chamber, upper stem gasket and the pats of the upper and
lower stem, which are within the metering chamber. For
deposition performed at the beginning of use (BOU) of the
inhaler, 2 testfire and 3 manual actuations are taken valve-
down followed by 1 manual actuation valve-up to evacuate
the metering chamber. Deposition performed on inhalers at
end of use (EOU) has used 120 actuation inhalers. Before
deposition is performed on these inhalers. 1 manual actuatin
valve-down is taken followed by 1 manual actuation valve-up
to evacuate the metering chamber.
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[0043] The sample preparation for measuring the valve
deposition is the sample for both BOU and EOU inhalers.
Firstly the valve stem is washed with acetronitrile. Then, the
inhaler is chilled for five minutes in a bath of dry ice and
methanol. The valve is removed from the inhaler and the valve
interior components are washed quantitatively with acetoni-
trile into a 50 ml volumetric flask containing 25 ml water. The
drug solution was made to volume and the resultant solution
assayed for fluticasone propionate by HPLC.

Dosing Method

[0044] The following method was used to evaluate the dos-
ing for the different valve variants for each experiment. The
dose was collected as pairs of actuations at the BOU and EOU
of the inhaler.

[0045] Before the dose collection at BOU, 2 testfire and 4
manual actuations were fired to waste valve-down. Actua-
tions 1 and 2 were fired into a dose trap. The dose tap was
washed quantitatively with acetontrile into a 100 ml volumet-
ric flask containing 5 m1 water. The drug solution was made to
volume and the resultant solution assayed for fluticasone
propionate by HPL.C. After BOU collections, the inhalers
have another 116 actuation fired to waste. The inhalers are at
EOU. Actuations 119 and 120 were fired into a dose trap. The
dose trap was washed quantitatively with acetonitrile into a
10 ml volumetric flask containing 50 ml water. The ding
solution was made to volume and the resultant solution
assayed for fluticasone propionate by HPLC.

EXAMPLE 1

[0046] The EOU interior valve deposition and dosing pro-
file on valves was investigated with different polymer meter-
ing chambers. Fluticasone Propionate/Propellant HFA134a
Inhalers, 50 microgram, 120 actuation were manufactured
using the DF60 valve (acetal components. different polymer
metering chambers and nylon ring). The inhalers were stored
for a minimum of 2 weeks before analysis of the drug depos-
ited on valve. The deposition and dosing data are presented in
Tables 1 and 2.

TABLE 1

Drug deposition in metering chamber

Composition of Metering Chamber Amount of drug deposition - mg

Standard acetal 0.26
Standard polyester 0.28
CF4 coated polyester 0.15
FEP 100 0.10
X329 (5% PTFE/acetal blend) 0.18
[0047]

TABLE 2

Dosing Data at Actuations 1 + 2/119 + 120 (for a 120 dose product)

Actuation Actuation Increase in dose
Composition of 1+2 119 + 120 during life of
Metering Chamber Dose pug SD Dose pg SD inhaler (ug)
Standard acetal 39.6 5% 54.0 12.2% 14.4

Standard polyester 37.7 3.4% 52.3 7.1% 14.6
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TABLE 2-continued
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Dosing Data at Actuations 1 + 2/119 + 120 (for a 120 dose product)

Actuation Actuation Increase in dose
Composition of 1+2 119 + 120 during life of
Metering Chamber Dose pg SD Dose pg SD inhaler (ug)
CF4 coated polyester 41.0 1.6% 49.6 7.5% 8.6
FEP 100 39.0 3.2% 48.1 6.8% 9.1

SD = Standard deviation

[0048] Table 2 demonstrates the improvement in the con-
sistency of each dose administered and a reduction in increase
of'dose through the life of the inhaler using inhalers according
to the invention.

EXAMPLE 2

[0049] The EOU interior valve deposition and dosing pro-
file on valves was investigated with PTFE/acetal polymer
metering chambers. Fluticasone Propionate/Propellant
HFA134a Inhalers, 50 microgram, 120 actuation were manu-
factured using the DF60 valve and DF60 valve modified with
5% PTFE/acetal in the metering chamber. The inhalers were
stored for a minimum of 2 weeks before analysis. The depo-
sition and dosing data are presented in Tables 3 and 4.

TABLE 3

EOU Interior Valve Drug Deposition

Amount of fluticasone

Valve type propionate deposited (mg)
Standard Valve 0.44

Valve modified 0.32

with

5% PTFE/acetal

[0050] The valve according to the invention demonstrates
significantly lower interior valve deposition an that seen in the
standard valve. This is due to the 5% PTFE/acetal polymer
metering chamber having fluorine at the surface.

TABLE 4

Dosing Data

End of
Use Dose (mcg)

Increase in dose
during life of

Beginning of
Use Dose (mcg)

Valve type Mean SD (%) Mean  SD (%) inhaler (mcg)
Standard 40.5 4.1 53.0 7.6 12.5
Valve

Modified 42.6 2.2 51.4 7.1 8.8
Valve

[0051] Several experiments were conducted to investigate
the quantity of drug deposited on different types of polymer
blocks.

[0052] The following method was used to analyse the quan-
tity of drug deposited on the polymer blocks for each experi-
ment. Firstly, the fluticasone propionate suspension was
evacuated quickly by piercing the MDI can. The valve was
then cut from the MDI and the polymer block carefully

removed for washing. The polymer block was washed quan-
titatively with acetonitrile into a 50 ml volumetric flask con-
taining 25 ml water. The dug solution was made to volume
and the resultant solution assayed for fluticasone propionate
by HPLC.

EXAMPLE 3

[0053] The effect of different polymers or the quantity of
drug deposited was investigated. The polymer blocks used
had the standard injection moulded finish. The polymer
blocks were, cut to an appropriate size to fit an 8 ml-inhaler
can. The polymer blocks were then placed into MIDI con-
taining a suspension of 0.35% w/w fluticasone propionate in
12 g of propellant HFA134a. The inhalers were stored for a
minimum of 2 weeks before analysis of drug deposited on the
polymer blocks. The data are presented in Tables 5 and 6.

TABLE 5

Effect of Polymer Used on Drug Deposition

Amount of fluticasone
propionate deposited

Polymer Used (mg)
Acetal 0.23
Hostaform C9021TF 0.15
(20% PTFE/acetal blend)

THV200G 0.14
(TFE, HFP, vinylidene fluoride)

THV500G 0.09
(TFE, HFP, vinylidene fluoride)

PFA6515N 0.05
(perfluoroalkoxy)

FEP6107 0.04
(fluorinated ethylenepropylene)

ETFE ET6125 0.04

(ethylenetetrafluoroethylene)

[0054]
TABLE 6
Effect of Polymer Used on Drug Deposition

Amount of fluticasone

propionate deposited
Polymer Used (mg)
Polyester 0.70
Polyester/PTFE (LNP WL4040) 0.49

[0055] The additional of PTFE to polyester reduces the
fluticasone deposition significantly compared to pure polyes-
ter.
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[0056] The lowest levels of drug deposition are seen with
the polymers with the greater levels of fluorination (PFA,
ETFE, and FEP).

EXAMPLE 4

[0057] The effect of fluorine coating the polymer and the
quantity of dg deposited was investigated. Acetal was the
polymer coated with fluorine. The coating process was the
conventionally known plasma coating process.

[0058] The polymer blocks were cut to an appropriated size
to fit an 8 ml-inhaler can. The polymer blocks were then
placed into MDI containing a suspension of 0.34% w/w flu-
ticasone propionate in 12 g of propellant HFA134a. The
inhalers were stored for a minimum of 2 weeks before analy-
sis of the drug deposited on the polymer blocks. The data are
present in Table 7.

TABLE 7

Effect of Fluorine Coating on Drug Deposition

Amount of fluticasone
propionate deposited

Polymer Used (mg)
Acetal 0.70
CF4 plasma coating/acetal 0.33

[0059] Fluorinating the surface of the acetal by coating has
reduced die drug deposition significantly compared to acetal
which does not have a fluorinated coating.

[0060] Tt will be understood that the present disclosure is
for the purpose of illustration only and the invention extends
to modifications, variations and improvements thereto which
will be within the ordinary skill of the person skilled in the art.

1-20. (canceled)

21. A method for manufacturing a valve adapted for dis-
pensing an aerosol formulation from an aerosol container,
said method comprising the steps of:

providing as component parts of the valve a valve body, a
sleeve having an upper opening and a lower opening, a
valve stem provided with transfer and dispensing pas-
sages, and upper and lower stem seals, and

assembling the components parts to form the valve such
that:
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the valve stem is mounted for sliding movement and
extends through the sleeve via its open ends to define
an annular metering chamber between the valve stem
and the sleeve which is configured to contain a
metered amount of the aerosol formulation for dis-
pensing by the valve,

the upper and lower stem seals are respectively disposed
atthe upper and lower open ends of the sleeve with the
valve stem in sealing slidably engagement with the
seals, and

the valve stem is slidably between:

a rest position, in which the transfer passage of the
valve stem is disposed in fluid communication with
the metering chamber, to enable a metered amount
of the aerosol formulation to pass from the con-
tainer into the metering chamber, and the dispens-
ing passage of the valve stem is not in fluid com-
munication with the metering chamber, and

a dispensing position, in which the transfer passage is
not in fluid communication with the metering
chamber and the dispensing passage is in fluid
communication with the metering chamber to
enable the metered amount of the aerosol formula-
tion in the metering chamber to be dispensed from
the metering chamber;

wherein the sleeve is moulded from a plastics material
which is a mixture of a fluorinated polymer and a
non-fluorinated polymer; and wherein the surface of
the sleeve which, in use, is in contact with the aerosol
formulation in the metering chamber is not coated
with a fluorinated material.

22. The method according to claim 21, wherein the fluori-
nated polymer is selected from the group consisting of poly-
tetrafluoroethylene (PTFE), polyvinylfiuoride (PVF) and
polychlorotrifluoroethylene (PCTFE).

23. The method according to claim 21, wherein the non-
fluorinated polymer is selected from the group consisting of
acetal and polyester.

24. The method according to claim 21, wherein the plastics
material comprises at least 5% by weight fluorinated polymer.

25. The method according to claim 21, wherein the mixture
is polytetrafluoroethylene and acetal.

26. The method according to claim 23, wherein the mixture
comprises at least 5% by weight of polytetrafluoroethylene.
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