WD 96/ 32344

PCT/.ER96/.01561

val ve.

di spensing a material in aerosol form It is particularly, though not
excl:usively, wosgsiged With metered 5 dose nedi canent aer Opedgpodniiss:
exanpl e netered dose inhalers (Ms). Aer osol type dispensers are

used t hroughout the world for dispensing a w de range of products, for
exanpl e hair lacquer, furniture polish, cleaners, paint, insect '
killers and nedi canents. 10 Li quefi ed conpressed gases are invariably
used -as the propellant for aerosol di spensers for inhalation therapy

in preference to non-liquefied conpressed?

Met er ed- dose aer osol

This invention relates to a nethod and apparatus for

carbon di oxi de, as they confer the following critical advant ages:

10

15

20

35
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This invention relates to a method and apparatus for dispensing a material in
aerosol form. It is particularly, though not exclusively, concerned with metered
dose medicament aerosols, for example metered dose inhalers (MDIs).

Aerosol type dispensers are used throughout the world for dispensing a wide
range of products, for example hair lacquer, furniture polish, cleaners, paint, insect
killers and medicaments.

Liquefied compressed gases are invariably used as the propeliant for aerosol
dispensers for inhalation therapy in preference to non-liquefied compressed
gasses such as nitrogen or carbon dioxide, as they confer the following critical
advantages:

a) the spray undergoes flash evaporation to give aerosols of very small
particle size

b) the spray particle size remains constant during pack emptying as the
inhaler vapour pressure is maintained at an almost constant level by
progressive propellant evaporation

c) the pressure generated by partial evaporation of propellant in the valve
metering chamber causes efficient discharging of the metered valve contents
and accurate dose delivery

d) suitably designed formulations have notably good chemical drug
stability and resistance to microbial growth.

Figures 1A and 1B of the accompanying drawings show the vaive and fower
portion of a typical MD! aerosol dispenser in closed and open positions
respectively. Such dispensers generally comprise a small aluminium shuttle valve
1 which is crimp fitted to the can 2 containing the drug and chiorofiuorocarbon
{CFC) propellants. The vaive is activated by manually pressing shuttle pin 3 such
that it moves a small distance into the can 2. In order to do this it is necessary to

gasses such as nitrogen or
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Until recently, CFCs were the most common of the propellant gases used in
aerosols because they are inert, miscible with a wide range of products, are easily
liquefied under low pressures, give a substantially constant product flow-rate, and
can produce sprays of droplets having mean diameters in the range of 3 to over

10 100 micrometers. However, in the 1970's it was proposed that CFCs were
probably responsible for depleting the Earth’s protective ozone layer, and in 1987,
most countries signed the Montreal Protocol to phase out the use of CFCs and
have since agreed to stop use of CFCs for non-essential appfications by the end of
1985. One notable exemption to this deadline for cessation of use is in reiation to

15 MDis for medicaments, which are regarded as an essential use of CFCs, but even
this use of CFCs will be phased out as acceptable alternatives are developed.

Many companies are now working to develop alternative CFC - free propellants for
use in aerosol spray devices including MDis to overcome the ozone destructing
20 properties of conventional CFC containing propellants. A class of propeliants
which are believed to have minimal ozone-depleting effects in comparison to
conventional CFCs comprise fluorocarbons and hydrogen-containing
fluorocarbons (commonly known as HFA propellants), and a number of medicinal
aerosol formulations using such propeliant systems are disclosed in, for example
25 European Patent Application Publication No. 0372777 and PCT Patent
Application Nos. W091/04011, WO81/11173, WO81/11485 and WO91/14422.
These applications are all concerned with the preparation of pressurised aerosois
for the administration of medicaments and seek to overcome the problems
associated with the use of the new class of propellants, in particular the problems
30 of stability associated with the phammaceutical formulations prepared. The
applications all propose the addition of one or more of adjuvents such as alcohols,
atkanes, dimethyl ether, surfactants and even conventional chiorofisorocarbon
propeliants in small amounts to minimise potential ozone damage. Surfactants are
added to make the suspension formulations stable. However, whilst surfactants
35 may conveniently be used in MDls which use CFC propellants, surfactants are not
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carbon dioxide, which are present in the atmosphere in relatively large proportions.
The main problem associated with aerosol dispensers of this type which use
compressed gas propellant is that whilst the spray characteristics may be
satisfactory when the dispenser is full and the propellant is at a high pressure,
10 they display a serious drop in pressure during emptying as the available
headspace increases with the result that the atomizing and spray pattern
deteriorate to an extent that dispensing becomes unsatisfactory for many
purposes. Such dispensers may be used where such deterioration of the
atomization and spray pattern are of no concern, e.g. in the dispensing of
15 foodstuffs, but it has not been found to be useful in areas where atomization and
spray pattemns are important, e.g. in dispensing of medicaments. For this latter
application it is often required to deliver drugs to topically treat the lung or to
provide a route for absorption into the blood stream of drugs that are poorly
absorbed from the alimentary tract. To reach the alveoli it is essential that the
20 aerodynamic size of the particles is less than 10 micrometers, preferably between
0.5 and 5 micrometers. In order to reliably reproduce aerosol sprays from a
dispenser in which the majority of particles have a size of between 0.5 and 5
micrometers it is necessary to maintain a fairly constant propellant pressure.

25 The pressures that would be required to maintain gases such as carbon dioxide in
a liquid state at ambient temperatures are typically of the order of 10 times greater
than that within a conventional dispenser such as that shown in figures 1A and 1B,
and such pressures are far in excess of those within any dispensers currently
available. Hence to maintain the same activation force, the shuttle pin diameter

30 would need to be reduced accordingly resulting in more stringent engineering
requirements. '

US Patent No. 5301 664 describes an apparatus for producing a gas-borne
dispersion of a physiologically active solute dissolved in a supercritical fluid
35 solvent. The supercritical fluid solution is passed into a subcritical region to
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the magnitude of the volume dispensed to maintain solute density, or increase the
dose size accordingly.

'European Patent Application 675054 (published after the priority date of this

application) describes a constant quantity injection valve and canister for carbon
dioxide however it does not discuss the use of solutions or suspensions of
substances in carbon dioxide, nor does it mention use of the valve in an apparatus
for inhalation therapy. Furthermore, since opening of the vaive requires the
pressure inside the canister to be overcome , the arrangement is disadvantageous
when the carbon dioxide is under very high pressure .

European Patent Application 677332 (published after the priority date of this
application) describes a method and apparatus for producing fine particles of
substance which comprises dissolving the substance in a first liquid, mixing the
resuitant solution with a second fluid (such as supercritical carbon dioxide) and
then rapidly lowering the pressure. However this method may not be suitable for
alt substances and the apparatus is relatively complex since it requires control of a
mixing step. Furthermore, if the solvent of the first liquid is itself soluble in the
second fluid, the dissolved substance may start to recrystallise in an uncontrolied
manner prior to the pressure being lowered.

It is an object of the present invention to provide a method and apparatus for
generating aeroso! mists which overcomes the aforementioned disadvantages or
which is of more general application or which achieves the desired end with
greater ease or simplicity.

According to the present invention there is provided a hand held apparatus for
creating an aerosolised mist of particles, the apparatus comprising a high pressure
vessel containing a solution or suspension of the substance to be aerosolised in a
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10 :
in a preferred embodiment of the invention, the metering member is defined by a
shaft and the metering chamber is a cut-away section of the shaft. Thus the
vaive body is provided with a bore, the metering member is defined by a shaft, the
metering chamber is a cut-away section of the shaft and the shaft is seated in the

15 bore.

Preferably both ends of the bore will be open to the atmosphere.

In a particularly preferred embodiment of the invention the valve comprises a body

20 with an inlet and an outlet, a shaft with a cut away section mounted in the body

and moveable bestween a first position in which the cut away section is in

- communication with the inlet, and a second position in which the cut away section

is in communication with the outiet, and wherein the shaft and inlet are arranged

such that the force reqhired to actuate the valve by movement of the shaft

25 between the first and second positions is substantially independent of the pressure
at the inlet.

Such an embodiment has the advantage that the user of the apparatus will not

have any difficulty in causing actuation of the valve even when the pressure inside
30 the high pressure vessel is very high. More particularly the pressure that can be

tolerated inside the high pressure vessel is limited by the strength of that vessel

and the operating parameters of the apparatus (for example the requirement to

keep the gas in a sub-critical state) and not by the strength of the user.

Furthermore, the manufacture of apparatus parts is not expected to cause any
35 particular engineering difficulty.
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manufacture, the shaft and inlet are arranged such that the valve is actuated by
movement of the shaft between the first and second positions along an axis which
5 is orthogonal to the axis along which the pressure at the inlet is exerted.
In the above arrangements, seals will be disposed between the body and the shatft
to prevent the escape of liquefied gas. ldeally, seals will be arranged such that the
inlet is at all times isolated from the outiet irrespective of the position of the shaft.
For example there may be disposed 2 pairs of seals such that when the metering
10 chamber is in the first position a first pair of seals keeps the metering chamber in
communication with the inlet and isolated from the outlet and when the metering
chamber is in the second position a second pair of seals keeps the metering
chamber in communication with the outiet and isolated from the inlet.

15 Although a number of alternatives can be envisaged, we find it useful to use
polytetrafluoroethylene (PTFE) lip seals with an integral spring. PTFE is a
particularly suitable sealing material because it does not absorb carbon dioxide,
does not require lubrication, does not contain carcinogenic compounds and is
food grade. PTFE is non-elastomeric and so requires an integral spring to

20 maintain a seal. Altemative seal designs or materials, e.g. ultra-high molecular
weight polyethylene, could also be used.

An altemative embodiment of the invention which does not have the advantage
that the force required to actuate the valve by movement of the shaft between the

25 first and second positions is substantially independent of the pressure at the inlet,
but which does nonetheless have the advantage that the burden on the user to
actuate the valve may be significantly eased is set out in the following
embodiment.

30 In this embodiment, we provide an apparatus wherein the valve inlet is provided
with a pin vaive comprising a pin biased against a seat and the shaft includes a
ramped surface such that in the first position the pin of the pin valve is displaced
from its seat to allow communication between the high pressure vessel and the
metering chamber and in the second position the pin of the pin valve is seated to

35 prevent communication between the high pressure vessel and the metering
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t he 10 one of the two outlets on moving the shatt laterally in either direction within the
bore.

~ The apparatus will also desirably be provided with seals which are arranged such
that the inlet is at all times isolated from the outlet or outlets irespective of the
15 position of the shaft.

As a further improvement, the high pressure vessel may be provided with an
integral valve assembly comprising a member biased against a seat such that
when the high pressure vessel is engaged with the metering valve inlet the vessel

20 valve member lies in close proximity to the pin of the metering valve pin valve
such that on actuation of the metering valve the pin of the metering valve pin valve
is pushed off its seat and abuts against the vessel vaive member which is in turn
pushed off its seat thereby bringing the inlet into communication with the interior of
the vessel. The advantage of this arrangement is that the valve of the apparatus

25 may readily be engaged and disengaged from the high pressure vessel thus
facilitating replacement or renewal of the contents of the vessel.

According to another aspect of the invention there is also provided a method for
creating an aerosolised mist of particles which comprises forming a solution or

30 suspension of the substance to be aerosolised in a high pressure liquefied gas
which is in a sub-critical state and rapidly expanding the solution or suspension at
the spray nozzie of an apparatus according to the invention.

35
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As a consequence of using a high pressure liquefied gas, the propellant will flash

off from the droplets more rapidly than conventional propellants thereby

decreasing the likelihood that drug laden droplets will impact on the throat of the

patient and, as a consequence, increase the efficiency with which drug is delivered
5 tothe lungs.

High-pressure liquefied gases will typically be those that liquefy at ambient
temperature at a pressure of greater than 25 bar. More usually they will liquefy at
a pressure in excess of 55 bar and may be up to 150 bar.
10
As the temperature of a liquid increases, its density decreases whilst as the
pressure of a gas increases, its density increases. At the critical point, the density
of both phases becomes the same so that the two phases are indistinguishable.
By “in a sub-critical state” we mean that the high pressure liquefied gas will not be
15 become “supercritical” i.e. be above both its critical temperature and pressure (as
determined from the phase diagram of the gas) under all useful operating
conditions of the apparatus. For example the pressure of the liquefied gas will not
be so great that the gas becomes supercritical at a temperature below say 30 °C.

20 Whnilst the critical temperature and pressure are documented for particular gases,

for example:

Gas Critical Pressure (bar)  Critical Temperature (°C)
25 Carbon dioxide 74 31

Nitrous oxide 72 36

Sulphur hexafluoride 37 45

Ethane 48 32

Triflucromethane 47 26

30
these values will tend to be modified by the presence of other components in a
formuiation containing the liquefied gas.
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Carbon dioxide in liquefied form behaves as a particularly good solvent so that

10 surface active agents to stabilise suspensions may be dissolved therein without
the need for additional co-solvents. Furthermore, upon expansion into the
atmosphere it undergoes substantially instantaneous flash evaporation giving rise
to an aerosol mist of the active ingredient with very small particle sizes.

16 Substances suitable for delivery in this way include pharmaceuticals especially
pharmaceuticals destined for inhalation such as salbutamol, beclomethasone
dipropionate, salmeterol and fluticasone propionate and phamaceutically
acceptable saits thereof. Other phammaceuticals destined for inhalation include
cromoglycate, nedocromil, ipratropium, terbutaline, formoterol, budesonide and

20 reproterol and pharmaceutically acceptable salts thereof.

Depending on the properties of the active ingredient and its solubility or otherwise
in the liquefied gas propellant, excipients might be used to improve the formulation
characteristics.
25
in order to improve the properties of a suspension formulation it may be desired to
dissolve or disperse a surfactant in the liquefied gas. A co-solvent may likewise be
included in the liquefied gas in order to improve the properties of solution or
suspension formulations. As to whether a suspension or solution of the substance
30 to be dispensed may be preferred and the concentrations thereof as well as the
use and concentrations of excipients such as co-solvents, surfactants or diluents
will depend on the solubility and other properties of the substance to be dispensed
in the propeliant.
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the shaft and inlet are arranged such that the valve is

Preferred embodiments of the invention are described below, by example only,
with reference to the accompanying drawings, wherein :

Figure 2 shows a plain view of a hand held-apparatus according to the invention;

Figure 3 shows a section through a metering vaive according to one embodiment
of the invention;

Fi_gure 4 shows a section through a seal used in the metering vaive of figure 3;

Figures 5A-6C show sections through the metering valve of figure 3 at different
stages during operation of the vaive;

Figure 6 shows a section through a metering valve according to a second
embodiment of the invention; and-

Figure 7 shows a section through a reservoir with an integral valve assembly
suitable for use with the metering valve of figure 6.

The apparatus according to the invention shown in figure 2 comprises a hand held
high pressure vessel or reservoir 4 containing a suspension of salbutamol sulphate
suspended in liquefied carbon dioxide connected to a metering valve 5 with
actuating button 6 capable of handling high pressure liquefied gas and being
manually actuatable, and a spray nozzle 7. The suspension has a concentration
of 32mg salbutamol sulphate in 8mg carbon dioxide, and is maintained at a
pressure of around 60 bar.

The high pressure vessel 4 is of the type commonly available as a source of high
pressure carbon dioxide for soda syphons. The vesse! is of metallic construction
but might also be formed of any other suitable high strength material. The vessel
may be provided with a rupturable closure member as is common on soda syphon-
type vessels, or alternatively may be provided with a valve arrangement to control
flow from the vessel. A vessel provided with a valve arrangement is shown in
figure 7 and is described in more detail below.

state) and not by the strength of the user.

In
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second pair of seals keeps the netering 11 chanber in conmmunication wth
the outlet and isolated fromthe inlet. 15 Al though a nunber of

| [ b ' find, ,
Dol yt ot af & uof G mERTR. iR ecnsPism B ow) - fglire £ o includes 9 hady Awith p;
particul arl y screwdbreadsfon moupting thei high peessuse: vessellab inlet. Ahe hody Bmight
e, ot s St o Bt o o
an | ntegral <t Mg high BPsSyH: Vessel or A vake ‘aitialing; meghanism; 10 aren, e Yalve
mat eri al s,5 e.arangementhon therdligh prassure vessali glibe (idye8 liy Ifomeed swithi @ boreo
be used. meﬂihﬂubﬁrfafﬁédﬁ?va iﬁﬁt%“a??ﬁ. &Hd 5@ utigl ?i‘tlééﬂhd"ﬁ]grbﬁ?ga Zaogeb

moverent of - (A6¢ ShRWR). Al 3emls T2 195 144 1§ aie rraded silin Bodoreons i <

substantial ly i ndependent of the pressure at the inlet, but which does
nonet hel ess t : te
*ﬁé&ré H%lﬁ:@?‘a ofh 'ﬁ%gb.ﬂ BnaUsrihE éé&léh Wtﬁhdgsﬁrrx{ngkvﬁsns PTEE Y8

Eaggo\éﬁlne\!ﬁ'lo.rmysﬁ?ﬁlﬂﬁmﬁé?am Gﬁﬂ%&igf’"ﬂﬂla Zn?gt/i ggt aln apparatus wherein the
valve inlet is provided
The shaft 10 is formed with a cut away section in the form of a chamfered groove
18 which in co-operation with the bore delineates the metering chamber. The
metering chamber is sized to contain a 50 micro-litre dose. However, the size of
15 the metering chamber may be varied according to the delivery characteristics
required.

Two channelled circlips 19, 20 are arranged within the bore to maintain the
spacing between seals pairs 12, 13 and 14, 15, whilst the channels ensure

20 communication between chamfered groove 18 and the inlet 9 and outlet 11
respectively depending upon the position of shaft 10.

The shaft 10 and inlet 9 are arranged such that the forces exerted on the shaft by
virtue of the pressure in the vessel are in equilibrium since the effective area

25 presented by the shaft and upon which the pressure acts is the same for both
directions of movement of the shaft. The force required to move the shaft is
therefore substantially independent of the pressure within the vessel.

Figures 5A, 5B and 5C illustrate the operation of the valve mechanism. Figure 5A
30 shows the valve in the ‘primed’ position in which the high pressure fluid from the
reservoir is contained between seals 12 and 14. To meter a quantity of fluid the
shaft 10 is moved into the position depicted in figure 5B. The metered volume is
that contained between seais 13 and 14 and can be varied by altering the
dimensions of the chamfered groove 18.
35



with a pin valve conprising a pin biased agai nst a seat and the shaft

i ncludes a ranped surface such that in the first position the pin of
the pin valve is displaced fromits seat to all ow communi cation

bet ween the high pressure vessel and the nmetering chanber and in the
second positi he.nin of the pin valve is seated to 35 pr

conmuni cati on e%%a”eﬁ the high pressure vessel and the rreterﬁ'\#g%‘msﬂ
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chanber and wherein the displacenent of the pin fromits seat against the
bias-is caused by . urging of the ranped surface against the pin upon
novenent of the shaft between the firg® and second positions. 5 The

arrangenent is especially conveni ent when the valve body is provided with a
second outl et _.and when the shaft includes a second ranped surface which

cooper at es wi tife; metered yolume,gtfuid may.be dispensad,aut ofthe outiet 11y maying the
bet ween shaft 10 into the position depicted in figure 5C. As the chamfered groove 18

passes seal 14 a path is established to outiet 11 for the metered volume of fluid.
The high pressure required to maintain the metered volume of fluid in liquefied
5 form is thus vented to the atmosphere via outlet 11. As a result the liquefied
carbon dioxide propeliant undergoes substantially instantaneous flash evaporation
as it expands through the outiet 11. As the propellant flows through outlet 11 it
carries with it the volume of active ingredient suspended therein, and the flash
evaporation gives rise to an aerosol mist of 200 micro-grams salbutamol sulphate
10 with particles of a respirable size. In the position shown in figure 5C the reservoir
pressure is contained by seais 12 and 13. Seal 15 ensures that no fluid escapes
out of the end of the valve mechanism. After delivery of the metered volume of
fluid the shaft is moved back into the position depicted in figure 5A under the
action of a spring (not shown) and the valve is re-primed and ready for actuation

15 again.

One advantage of using a metering vaive of the type described is that the force

required for operation is substantially independent of reservoir pressure. The

valve can therefore be actuated comfortably by application of finger pressure on
20 the end of shaft 10. '

An alternative metering valve is illustrated in figure 6. The metering vaive
comprises a body 30 with a suitable means for mounting the reservoir (not shown)
at inlet 31. The body 30 is also provided with two outlets 32, 33 for connection to

25 a spray nozzle (not shown), and a bore for receiving shaft 34. A pin valve 36 is
located at inlet 31. Shaft 34 is formed with two cut away sections of reduced
diameter separated by two symmetrical conical sections creating ramped surfaces
37, 38. The sections of reduced diameter and ramped surfaces 37, 38 form a
single chamber 38 within the bore. Seals 40, 41 are provided between bore and

30 shaft 34 to prevent escape of fluid from chamber 39 through the ends of the valve
mechanism.

To actuate the valve from the position shown in figure 6 the user pushes the shaft
34 in the direction of the arrow. As the shaft 34 moves within the bore, seal 41
35 moves across outiet 33 to seal chamber 39 therefrom, and pin valve 36 is pushed



the first position in which the nmetering chanber is in comunication with’
the inlet.._.. and the second position in which the netering chanber is in
corfmuni cation with 10 one of the two outlets on noving the shaft laterally
in either direction within the bor e. The apparatus will also
desirably be ' wi th seals which are arranged such t

inlet is at dﬁp3¥# I solated fromthe outl et o? outlets irrsigﬁ%%Fgﬁ of
the 15 position of the shaft. As a further inprovenent, the high
pressure vessel nmay be provided with an i ntegral val ve assenbly
conprising a nenber biased against a seat such that when the high
pressure vessel is engaged with the netering valve inlet the vessel 20

val ve menber lies in close proximty to t4g pin of the netering valve pin
valve - such that on actuation of the nmetering valve the pin of the

nmetering val ve pin valve I's pushed off its seat and abuts against the
vessel val ve oftiitseseathby hthes rampedirsurface 3P usthallowing ithes liqeefied rsolution or

The  advant QSgi‘;%P@%‘ﬂ%’QZ‘%gﬁ@aﬁg“e %’“ “eaiﬁda' W@E‘“‘?ﬁ%‘?‘%‘é@ﬁ g%e*asgg ag‘g?;%e' |
may readil HS?@%‘{% mps, [

facili ;alt i %g achhas seak 40 moves aevass oitlet 32 umnébmdoiolumeraieﬂtﬁdlcontained
According g o Vo Bﬁémﬁépﬁfs &gpéso :@gg}p?ﬂh@é{} g(?ere is also provided a

met hod for creating an aero particles which conprises
form ng a solution or 30 suspension of the substance to be aerosolised in
a hi gh pressuhge to its!symmetrivat configuratiorcsubsequentcactudtionrofithe ¥hivetisachieved

rapi dly expangdi . | . i t; an
ropar o] oo AR RT 1R 38 S RRBRB dfecon o thar RecaREBY Bt i
figure 6. The metering and dispensing process is now exactly the same as that
10 described above, except that the roles of outlets 32, 33, ramped surfaces 37, 38
and sealis 40, 41 respectively are reversed.

The metering valve illustrated in figure 6 might conveniently be mourited to a
reservoir with an integral valve assembly which enables safe removal of the

15 reservoir from the metering valve without allowing escape of the contents of the
reservoir. An example of such a reservoir is depicted in figure 7. The reservoir
comprises a high pressure vessel 50 with an outlet 51, and a valve arrangement
52 which in a closed position prevents flow of the reservoir contents out of the
outlet 51, and in an open position allows flow out of the outlet 51.

20 )
The valve arangement 52 includes a valve member §3 which, in the closed
position, seats against valve seat 54 to prevent flow through the valve, and in the
open position is pushed off the vaive seat 54 in a proximal direction with respect to
the vessel 50 to allow flow past the valve member 53 and valve seat 54 to outlet

25 51. The valve member 53 is biassed to its closed position by means of spring 55
and/or the pressure within the reservoir such that, unless acted on by an external
force, the valve will remain in the closed position.

When connected to the metering vaive of figure 6, outlet 51 is mounted at metering
30 valve inlet 31 such that valve member 53 lies in close proximity to pin vaive 36.
Upon actuation of the metering valve, pin valve 36 is pushed off its seat and abuts
against valve member 53 which in turn is also pushed off its seat, so allowing the
contents of the reservoir to enter chamber 39. At the end of the actuation stroke of
the metering vaive, valve arrangement 52 closes as pin valve 36 and valve
35 member 53 return to their respective seats. At any time the reservoir may be
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consequence of using a high pressure Ilquefled gas, The propellant Wil
flash off fromthe droplets nore rapidly than conventional propell-ants

t her eby ng the likelihood that drug | aden dropl L. i npact
on the throata@?k’?ﬁﬁl patient and, as a consequence, mc?égwhse"l

efficiency with which drug is delivered 5 to the | ungs. :
Hi gh-pressure liquefied gases will typically be those that |iquefy at

anbi ent tenperature at a pressure of greater than 25 bar. Mre usually
they will liquefy at a pressure in excess of 55 bar and may be up to
150 bar. 10 As the tenperature of a M#quid increases, is density

decreases whilst as the

removed from the metering vaive without allowing escape of its contents to
enable, for example, replacement of the reservoir. Altematively, valve member 53
and pin valve 36 might be replaced by a single pin which forms part of vaive
arrangement 52 and which protrudes beyond outiet 51 such that upon actuation of

§ the metering valve it is pushed off its seat by direct contact with ramped surfaces
37 and 38.
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of the substance to be aerosolised in a _high pressure liquefied gas which is in a
sub-critical state, a manually actuatable valve and a spray nozzle.

2.
valve.

An apparatus according to claim 1 wherein the valve is a metering

3. An apparatus according to claim 2 wherein the valve comprises a body
having an inlet in communication with the high pressure vessel, an outlet in
communication with the spray nozzle, and a metering member including a
metering chamber mounted in the body which is adapted to move between a first
position in which it is in communication with the inlet and a second position in
which it is in communication with the outlet.

4, An apparatus according to claim 3 wherein the vaive body is provided
with a bore, the metering member is defined by a shaft, the metering chamber is a
cut-away section of the shaft and the shaft is seated in the bore.

5. An apparatus according to claim 4 wherein the bore has both ends
open to the atmosphere.

6. An apparatus according to claim 4 or claim 5 wherein the shaft and
inlet are arranged such that the force required to actuate the valve by movement of
the shaft between the first and second positions is substantially independent of
the pressure at the inlet. -

7. An apparatus according to claim 6 wherein the shaft and inlet are
arranged such that the valve is actuated by movement of the shaft between the
first and second positions along an axis which is orthogonal to the axis along
which the pressure at the inlet is exerted.

8. An apparatus according to any one of claims 4 to 7 wherein seals are
disposed between the body and the shaft to prevent the escape of liquified gas.

R O R
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considered to be especially suitable for carrying out the nethod of the
current invention include carbon dioxide, nitrous oxide and sul phur

hexaf | uori de. bon di oxi de and nitrous oxide are the pr g
gases, especi aI“R/%gar on di oxi de. M xture of such gases &W 5¢)e
used. Such gases do not deplete 5 atnospheric ozone, act as good sol vent
or suspension nedia, provide good propel | ant characteristics for
droplet or particle cloud generation, and reduce the need for

exci pients, especially co-solvents. Carbon dioxide in liquefied form
behaves as a particularly good solvent so ifat 10 surface active agents to
stabilise suspensions may be di ssol ved therein w thout the need for

addi ti onal co-solvents. Furthernore, upon expansion into the
at nosphere it undergoes substantially instantaneous flash evaporation
giving rise 9. to anArcapparatus accondingito claim 8cwherginczbais) arevaianged \such

smay | particl oyt fiitSinjet iat fatectbin b ulle imBhactiGe b irid AdionEbtne

I ncl ude pharmaceuti cals especrally pharmaceuti cal s desti ne or

i nhal ation suc®h sal but anol , becl onet hasone di propi onat e, sal neterol
and flutica8one propionate and pharmaceutically acceptabl e salts

thereof. Q herqphar macoy boalandestddifilg 8" clait8! cnydHiing8! pHis of seals such
that when the metering chamber is in the first position a first pair of seals keeps
the metering chamber in communication with the inlet and isolated from the outiet
and when the metering chamber is in the second position a second pair of seals
10 keeps the metering chamber in communication with the outlet and isolated from
the inlet.

11. An apparatus according to any one of claims 8 to 10 wherein the seals
comprise PTFE lip seals with an integral metal spring.

15
12. An apparatus according to any one of claims 4 to 11 wherein the cut-
away section is in the form of a chamfered groove.

13. An apparatus according to any one of claims 3 to 12 wherein the high

20 pressure vessel is provided with a rupturable closure member and the vaive body
at the valve inlet is provided with means fo rupture the rupturable closure member
such that when the high pressure vessel is engaged with the vaive body at the
valve inlet the rupturable closure member is ruptured.

25 14. An apparatus according to any one of claims 4 or 5 wherein the vaive
inlet is provided with a pin valve comprising a pin biased against a seat and the
shaft inciudes a ramped surface such that in the first position the pin of the pin
valve is displaced from its seat to allow communication between the high pressure
vessel and the metering chamber and in the second position the pin of the pin

30 valve is seated to prevent communication between the high pressure vessel and
the metering chamber and wherein the displacement of the pin from its seat
against the bias is caused by urging of the ramped surface against the pin upon
movement of the shaft between the first and second positions.

_—
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cronogl ycate, nedocrom |, ipratropium terbutaline, fornoterol, budesonide
and 20 reproterol and pharmaceutically acceptable salts thereof.
Dependi ng on the properties of the active ingredient and its solubility or

ot herw se in the liquefied gas propellant, excipients mght be used to
| npeove the f L ati.on characteristics. 25 In order_to inprove
the properti eg&%@%spensi on fornulation it may be desired lrgrmrsao'}?sx

di ssolve or disperse a surfactant in the liquefied gas. A co-solvent nay
| i kew se be included in the liquefied gas in order to inprove the
properties of solution or suspension fornul ations. As to whether a
suspension or solution of the substance 30 to be dispensed may be
preferred and the concentrations thereof at7well as the use and
concentrations of excipients such as co-solvents, surfactants or diluents

w I l.depend on the solubility and other properties of the substance to be
di spensgd ‘n the ﬁﬂcﬂmaﬁﬂﬂl? according 10 cldim ifovbereinpthevalve body is provided

PCT/ EP96/ 0156 \with a second outlet and wherein the shaft includes a second ramped surface
which cooperates with the first ramped surface such that the shaft may move
between the first position in which the metering chamber is in communication with

5 the inlet and the second position in which the metering chamber is in
communication with one of the two outlets on moving the shaft lateralty in either
direction within the bore.

16. An apparatus according to claim 14 or 15 further provided with seals
10 which are arranged such that the inlet is at all times isolated from the outlet or
outlets irrespective of the position of the shaft.

17. An apparatus according to claim 16 wherein the seals are
manufactured of PTFE.
15
18. An apparatus according to any one of claims 14 to 17 wherein the high
pressure vessel is provided with an integral valve assembly comprising a member
biased against a seat such that when the high pressure vessel is engaged with
the metering valve inlet the vessel valve member lies in close proximity to the pin
20 of the metering valve pin valve such that on actuation of the metering valive the pin
of the metering vaive pin valve is pushed off its seat and abuts against the vessel
valve member which is in turn pushed off its seat thereby bringing the inlet into
communication with the interior of the vessel.

25 19 An apparatus according to any one of the preceding claims wherein
the high pressure liquefied gas comprises carbon dioxide, nitrous oxide or sulphur
hexafluoride.

20. An apparatus according to any one of the claim 19 wherein the high
30 pressure liquefied gas comprises carbon dioxide.

21. An apparatus according to any one of the preceding claims wherein
the substance to be aerosolised is a pharmaceutical.
-
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10 Preferred enbodi nents of the invention are described bel ow, by

exanpl e only, with reference to the acconpanying draw ngs, wherein:
Figure 2 shows a plain view of a hand hel d- apparatus according to the
invention; 5 Figure 3 shows a section through a netering val ve

according to o ﬁﬂ%ﬂ?i ment of the invention; Fi gu QWs a
section through a seal used in the netering valve of figure 35'81’%’”’““'

Fi gures 5A-5C show sections through the netering valve of figure 3 at

di fferent stages during operation of the valve; Figure 6 shows a
section through a netering valve according to a second 15 enbodi nent of
the i nvention; and Figure 7 shows a section through a reservoir with
an integral valve assenbly . suitable f48 use with the netering val ve of
figure 6. 20 The apparatus according to the invention shown in figure 2

conprises a hand held hi gh pressure vessel or reservoir 4 containing a
suspensi on of & but andin SpPprAtus according, i ciaiAd21 whergincthec Bharmacetitical is

di OXIb fle C ?nﬂeckﬁdutma Betioretigasone\dipropitnate, salmemgluﬂﬁﬁdaeohvbmrf‘at? ora
actuat abl e, a”ﬁ“é%%%@%%“ﬁ%“@@&%@ﬁ% o Soncentration

5 23. A method for creating an aerosolised mist of particles which
comprises forming a solution or suspension of the substance to be aerosolised in
a high pressure liquefied gas which is in a sub-critical state and rapidly expanding
the solution or suspension at the spray nozzle of an apparatus according to any
one of claims 1 to 22.

_—
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25 of 32ng sal butanol sul phate in 8ng carbon dioxide, and is maintai ned at
a pressure of around 60 bar. The high pressure vessel 4 is of
the type comonly avail able as a source of high pressure carbon

di oxi de for soda syphons. The vessel is of netallic construction 30 but

m ght al so be_for of any other suitable high strength nmatetd

vegsel ﬂ?’ﬁg‘? ovided with a rupturable closure rrenbersgi‘g&bs‘mg%ﬁmmn
on soda syphon- type vessels, or alternatively may be provided with a
val ve arrangenent to control flow fromthe vessel. A vessel provided
with a valve arrangenment is shown in T/ Qure 7 and is described in nore
detail below 35 - WO 96/ 32344 T

PCT/ EP96/ 01561 11 The
nmetering val ve nechanig@1is shown in figure 3 and includes a pody 8 with a
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screw thread for nmounting the high pressure vessel at inlet 9. The body 8

m ght be provided with a piercing el enent_(not shown) for—pieretlng—a
ruptarabl e closure on the high pressure vessel or a valve actuating
mechanismto open the valve 5 arrangenent on the high pressure vessel.
The body 8 is fornmed with a bore t heret hrough for receipgd ft
10! and an oN9¥P2f | eading to a spray nozzle (not showng. Foﬁrbﬁseal s
12, 13, 14, 15 are provided within the bore. Figure 4 shows a section
t hrough one of the seals which conprises a PTFE lip 10 seal 16 with an
integral netal spring 17. The shaft? 1@ is formed with a cut away
section in the formof a chanfered groove 18 whij | Q '
with the bore delineates the nmetering chanber. Thel’

is sized to contain a 50 mcro-| g dose. However,
metering chanber nmay be varied geebf¥ling to the del
required. Two channelled dir¢iffps 19, 20 are ar
to maintain the spaci ng betjwe¢pl{seal s pairs 12,
t he channel s ensure 20 comuni gat i bet ween chanf erle
inlet 9 and outlet 11 respdact i ¢l y dependi nggup
shaft 10. The shaft 10 and i gt 9 are arr &mged
exerted on the shaft(Hy viritue{ipf the pressurei«ﬂlﬁ
equilibriumsince the effective jar¢@{25 presented by the shaft and upon
whi ch the pressure Is the sfane|#or both di rections of novenent of
the shaft. The force==equired to mp the shaft is t hdef ore
substantial ly indepehﬂent otzghe pregsure within the vessel.:*
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Figures 5A, 5B and 5C illustrate the operation of the valve nechani sm
Figure 5A 30 shows the valve in the '"primed__position in which the high

pressure fluid fromthe reservoir is contained between seals 12 and
14. To neter a quantity of fluid the shaft 10 is noved into the
position depicted in figure 5B. The netered volune is t ,ﬁﬁg 43y ned

- bet ween seal SWQ263F 14 and can be vari ed by altering the Pé} IWQ?IS?OHS
of the chanfered groove 18. 35 WO 96/ 32344 - .
PCT/ EP96/ 01561 12 The

metered volume of fluid may be dispensed P 'R of the outlet 11 by noving the
shaft 10 into the position depicted in figure 5C. As the chanfered groove
18 - passes seal 14 a path is estaplished hg otil et I?‘tafor he netered
vol ume of fluid, The hi gh press req il i in t1 met er ed
volume of fluid in liquefied] formis teus pented{to thel at nosphere via
outlet 11. As a result the |iqugfiel ’

\
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carbon di oxi de propell ant undergoes substantially instantaneous fl ash

evapor ati on as it expands through the_outlet 11. As the—prepeHant—
fl.owsthrough outlet 11 1t carries with it the volunme of active

i ngredi ent suspended therein, and the flash evaporation gives rise to

an aerosol nmist of 200 m cro-grans sal butanol sul phate 10 poytrvepEssL i cl es
of* a respirmme. In the position shown in figure 5C the reservoir

pressure is contained by seals 12 and 13. Seal 15 ensures that no fluid

escapes out of the end of the valve mechanism After delivery of the
met ered vol une of fluid the shaft is ﬂoved back into the position
depicted in figure 5A under the ac#ié of a spring (not shown) and the

valve is re-prined and ready for actuation 15 again.
of using a netering valve of the type descri bg
required for operation is substantially i

One advant age
&lis that the force
dependent of reservoir pressure.

The val ve can therefore be actﬁg%gd ortabl y,by application of
finger pressure on 20 the end ofb3 t ,/’—?gZalternative nmet ering
valve is illustrated in figure 6. The ng ng val ve conprises a body
30 with a suitable neans for nounti ng@ERE/ kSesy Voi r (not shown) at
inlet 31. The body 30 is al so provi dej

™ outlets 32, 33 for

nd a bore for receiving
Shaft 34 is formed

separated by two

rfaces 37, 38. The

connection to 25 a spray nozzle (not
shaft 34. A pin valve 36 is L

with two cut away sections of reﬁ ced
symmetrical conical sections creating
sections of reduced di ameter and ranp

V K 37, 38 forma single
chamber 39 within the bore. Seals 4@/ 41 are pro¥ ded between bore and 30
shaft 34 to prevent escape of fluig from chanber 8§ through the ends of the

val ve mechani sm

FIG.7
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To. actuate the valve fromthe position shown in figure 6 the user pushes
t he shaft ﬁ%@ the direction of the arrow. As the shaft 34 noves
wibt hin the bor 41 35 noves across outl et gS—to—seat—echarber—39

therefrom -and pin valve 36 is pushed VREPCASED
PCT/ EP96/ 01561 LSHEETS O%(?

its seat by the ﬂi so all ovm ng t éjlqeaﬁmﬁoreopagad ut .0l paged ....7..
suspension to en m Em ﬂﬂﬂl m the reservoi i Cuim@Eph [gaged ..32. 1o/sagbd 8. |
es the ®

shaf t appr oae nc of* its travel ra Il_o n. _
val ve 36 to cl ose, and as seal 40 noves acr@%{ﬁt F%g """ t:ga\g """"
vol ume of fluyid contained 5 within chanber 39 ﬁ nsé’@g%t of‘°d2§9?‘ét ------ ;
32. Du ts symretrical configuration suosequem actratror—ef—i-he—r
val ve i s achifved by pushhany teld sppétatGsl fon ctdatingear rasrosbilsedtmish dfo

t hat i ndicat
Lhat Lt o2t Sfbrdiol WiedoaPal,8 comerisletl itiForelbie/ sl Ashtdfthg' $BEASH
suspension of the substance to be aerosolised in a high pressure liquefied gas
5 which is in a sub-critical state, a spray nozzle and a manually actuatable valve for
controlling release of the contents of the high pressure vessel to the spray nozzle.

2. _ An apparatus according to claim 1 wherein the vaive is a

: metering vaive.

10
3. ~ An apparatus according to claim 2 wherein the valve
comprises a body having an inlet in communication with the high pressure vessel,

~an outlet in communication with the spray nozzle, and a metering member
including a metering chamber mounted in the bedy which is adapted to move '

15 between z first position in which i is in communication with the inlet and a second
position in which it is in communication with the outiet.

4, An apparatus according to claim '3 wherein the valve body is
provided with a bore, the metering member is defined by a shaft, the metering
20 chamber is a cut-away section of the shaft and the shaft is seated in the bore.

5. An apparatus according to claim 4 wherein the bore has both
ends open to the atmosphere.

25 6. An apparatus according to claim 4 or claim § wherein the
shaft and inlet are amranged such that the force required to actuate the valve by
movement of the shaft between the first and second positions is substantiaily
independent of the pressure at the inlet. -

30 7. An apparatus according to claim 6 wherein the shaft and infet
are arranged such that the valve is actuated by mavement of the shaft between
the first and second positions along an axis which is orthogonal to the axis along
which the pressure at the inlet is exerted.
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10. descri bed above, except that the roles of outlets 32, 33, ranped
sur faces 37, 3 B? zand seal s 40, 41 respectively are reversed. The
us

net¢ eri ng val ve rated in figure 6 night convenient|y be nounted to a
reservoir with an integral valve assenbly which enables safe re rew t he

15 reservoir fromthe neteri ng val've wit higut all ow rﬁmﬁ
contents of the reservoir. An exanple of such a m’ m Ct ed

in figure 7. The reservoir conprises a high pressuré véssel
outlet 51, and a val ve arrangenent 52 which in a closed position
prevents flow of the reservoir contents out of the out | et 51 and in

an open positgon allows flow QU .t 51, 20 The v

arr angenent i ncl udes a vaIA\/ é?ﬁf&ﬁ@? %vé'"‘%ﬁo ny ?%OEF@QE%A’ 0 ywhereln
position, seaisala@aedispesad, betien e lbodprandame fshaft tchpravent the esshpe, of
and in the liquifideegadlosi tion is pushed off the valve seat 54 in a proxinal
direction with respect to the vessel 50 to allow flow past the val ve
menber 53 and val ve seat 54 to outlet 25 51. The val ve nenber 53 s

bi assed t& i t&% cl osed positi An lapparsos afcardingndoSblaim 8 avtlren tseals are

Porce. the variamidh pRaE i the THets' an uBsISTARE! P the Pl iF5eR00 o1
to the neterlthgp@&mé ofthe sh@fte 6, outlet 51 is nounted at netering 30

val ve inlet 31 such that valve nenber 53 Iies in close proxi mty to pin
val ve 36. - Upon actuatio

of f its seat Hhd abuts g&zﬂpﬁﬂa \'}%F%O Clgig W@TP'PWQ(%PW"T‘ of
pushed ofi0 i tstichethat whenatheonetegingehamber i dntthe tfisstofpasitionr 2 fiest\aain of seals

ng 5; cCglrrtv)grkgr%r%s thé rﬁéiéruég ?lfnbbhﬁz e&hyﬁhiv&ﬁoﬁtwnﬂme%lveé agg ik 418t 'tﬁe
Vaturn Lot nater Bagcntan, Ba eferinanharmber i e Sacaed ARRINOT A gepnd pair of
seals keeps the metering chamber in communication with the outlet and :solated
from the iniet.
15 :
11. An apparatus according to any one of claims 8 to 10 wherein
the seals comprise PTFE lip seals with an integral metal spring.

_ 12. ‘An apparatus according to any one of claims 4 to 11 wherein
20 the cut-away section is in the form of 2 chamfered groove.

13. | An épparatus according to any one of claims 3 to 12 wherein
the high pressure vessel is provided with a rupturable closure member and the
valve body at the valve inlet is provided with means to rupture the rupturable

25 closure member such that when the high pressure vessel is engaged with the
valve bady at the valve inlet the rupturable closure member is ruptured.

14. ~ An apparatus according to any one of claims 4 or 5 wherein

the valve inlet is provided with a pin valve comprising a pin biased against a seat

30 and the shaft includes a ramped surface such that in the first position the pin of
the pin valve is displaced from its seat to allow communication between the high
pressure vessel and the metering chamber and in the second position the pin of

the pin valve is seated to prevent communication between the high pressure

~ vessel and the metering chamber and wherein the displacement of the pin from its

\ |
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friom the metering valve w thout allow ng escape of its contents to—

‘enabl e, for exanple, replacenent of the reservoir. Alternatlvely, val v
menber 53 and pin valve 36 might be rebfaced by a si n M i \“‘
forms, part of valve arrangenent 52 and which protrud

61 such t hat upon actuation of 5 the nmetering valve it is pUsh’e ‘of f its
seat by direct contact with ranped surfaces 37 and 38.

seat against the bias is caused by urgmg of the ramped surface agalnst the pin
upon movement of the shaft between the first and second positions.

15. - An apparatus according to claim 14 wherein the vaive body is
5 provided with a second outlet and wherein the shaft includes a second ramped
_surface which cooperates with the first ramped surface such that the shaft may
move between the first position in which the metering chamber is in
- communication with the inlet and the second position in which the metering
chamber is in communication with one of the two outlets on moving the shaft

10 laterally in either direction within the bare.

.16 ' - .An apparatus according to claim 14 or 15 further provided
with seals which are arranged such that the inlet is at all times isolated from the
outlet or outlets irrespective of the position of the shaft. '

15 |
17. An apparatus accordmg to claim 16 wherein the seals are

manufactured of PTFE.

18. An apparatus according to any one of claims 14 to 17

20 wherein the high pressure vessel is provided with an integral valve assembly
comprising a member biased against a seat such that when the high pressure
vessel is endaged with the méterir’:g vaive inlet the vessel valve member lies in
close proximity to the pin of the metering valve pin valve such that on actuation of
the metering valve the pin of the metering valve pin valve is pushed off its seat and

25 abuts against the vessel vaive member which is in tum pushed off its seat thersby
bringing the inlet into communication with the interior of the vessel.

19. An apparatus according to any one of the preceding claims
wherein the high pressure liquefied gas comprises carbon dioxide, nitrous oxide or
30 sulphur hexafluoride.

21. | An apparatus according to any one of the preceding claims
wherein the substance to be aerosolised is a pharmaceutical. :

‘——-——-——"""""l '\
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1.). A hand hel d apparatus for creating an aerosolised m st of particles, the
apparatus conpgsRepPg avessel containing a solution-or_suspension of the 5
substance to be aerosqlised in a |liquefied gas which |iquefied-gas is bel ow
t he critical tenperature and pressure thereof; 3”’ zle and a
manual |y actuatabl e valve for controltd ng rel ea mﬂm‘ﬂwﬁ'mﬂ of
-the vessel to the spray nozzl e, characterised in”*thét " mlls
is at a pressure of greater than 2.5 x 10[err] Pa (25 bar). 10" 2.

An apparatus according to claim1l wherein the valve is a netering val ve.
3. An apparatus according to claim2 wherein the valve conprises a body

having =~ agpinlet in commay cabpiratd t ckORiNESIS! : clgim o%l eWh‘ei?in the
conmuni cation with the 15, spr%}fl nozzl. c&ﬁﬁtﬁ nmeteri 8 e ?r I nc u%\g}g a
neteri ng chal arsiticaly s, saibufamo bog'%? € a?@”%da‘ﬁ BRiQnGtey salMaiet, o
first positifuticascndé ipodpionatesriapharmaceoticallyerceptable sdit ohany ahetherasf. a
second position in which it is in conmunication wth the outlet. 20

4. An apparatus according to claim3 wherein the valve body is provi ded
with a 2 %bdre, the net erihg""?@ﬁﬁ@?"?@aﬂegiaﬂﬁ@o‘&m,ﬁpﬁé’cﬂﬁﬁ\wmg
chamber is acortiprises formingpy selfibh ensedpériziorsbithe siibdtdnes t6 befderbsolizedtied i n

the bore. high pressure liquefied gas which .is in a sub-critical state and rapidly expanding
the solution or suspension at the spray nozzle of an apparatus according to any
one of claims 1 to 22. :
10
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5. SAn %ippar at us ',aocordi ng to claim4.,wherein the bore has both ends open to

the 25 ysphere. - 6. An apparatus accordi ng ' '
wher ei n Mare arranged such tthItDLéﬂqrmEN?quEET
v

to act uatt/”/ e by novenent of the shaji—hetuween the first and
second po GW /ém ntially indepdRdent of| t heRERLAGRMEENT SHEETSt hesG
inlet. Y LA MUS according to claimip @iptionhpagdth{d. taupdged ..,
inlet are arranged suth * that the valve is Sam(d)y mpugnkbf tpai e 18
shaft between the first and second posi ti onfs ChDvawging() @pbgedM. €4 phged , =,
orthegonal to the axis alon which the pressure gt [BAbsfrdt¢ ir_a?géedi"s_:_gd(% .
REPLACENVENE | SiHRET :

An appar at os—actording to any one of clains 4t b%r@#rk%'i%nc'f ]993

di sposed

1. A hand held apparatus for creating an aerosolised mist of particles, the
apparatus comprising a_vessel containing a solution or suspension of the
5 substance to be aerosolised in a_liquefied gas which liquefied gas is below the
critical temperature and pressure thereof, a spray nozzle and a manually
actuatable valve for controlling release of the contents of the vessel to the spray

‘nozzle, characterised in that the liquefied gas is at a pressure of greater than 2.5 x
10° Pa (25 bar). '

10
2. An apparatus according to claim 1 wherein the valve is a metering valve.

3. An apparatus according to claim 2 wherein the valve comprises a body having
an inlet in communication with the_vessel, an outlet in communication with the
15 spray nozzle, and a metering member including a metering chamber mounted in
the body which is adapted to move between a first position in which it is in
communication with the inlet and a second position in which it is in communication

- with the outlet.

20 4 An apparatus according to claim 3 wherein the valve body is provided with a
bore, the’'metering member is defined by a shaft, the metering chamber is a cut-
away section of the shaft and the shaft is seated in the bore.

5. An apparatus according to claim 4 wherein the bore has both ends open to the
25 atmosphere.-

6. An apparatus according to claim 4 or claim 5 wherein the shaft and inlet are
arranged such that the force required to actuate the valve by movement of the

shaft between the first and second positions is substantially independent of the
30 pressure at the inlet.

7. An apparatus according to claim 6 wherein the shaft and inlet are arranged such
that the valve is actuated by movement of the shaft between the first and second

positions along an axis which is orthogonal to the axls-_allgrlg,w,mch.-.tge;ptgspure at
35 the inlet is exerted. REPLACEM:TH DT )
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betweeh t he' bod;} and the shaft to prevent the escape of the liquefied gas.
5 9. An apparatus according to claim8 wherein seals are arranﬁgéagb_g

that the inlet is at all times isolated from RERLWACEME

of the position of the shaft. 10. An apparatus according to claim?9
conprising 2 pairs of seals, such that When the netering chanber is in
the first posit i ijgg) of seal s keeps the netering 10 chanber in
conmuni cati on \/M“mmm “mﬂ“nmmi i solated fromthe outlet and when the
metering chanber*i ¢ it the Secbnd position a second pair of seals keeps the
met ering chanber in conmunication with the outlet and isolated fromthe .

I nlet. 11. An apparatus according to any one of clains 8 to 10
wherein the seals 15 conprise PTFE |ip seals with an integral nmetal spring.
T an appllr ARSI ARP RGN ATSHEIS BT ST § 1 Bheieinmeals e disposed
cut-away betwestrthedbodysand th:shdfotopeivent thesedcapebfghe fiyeefiedfas.13. An
apparatus according to any one of clains 3 to 12 wherern thevessel is
provided with a rupturable closure nenber and the val ve body at the val ve
inlet i§ 9. Ampappardus according te claimr 8 wherein seaisuateuatrahged Isuchrthatréinder
such that wen : | ﬁp@@ﬁﬁﬂ i ' ve

i nlet the rlIth ﬁtrag%flélr%&%/sg%éﬁéed fro ne eIre‘f’:lrg&réj%tﬁ\d%g;gﬂ%@SQﬁoﬁtoiwiﬂnﬁ.
apparatus according to any one of clains 4 or 5 wherein the valve is

provi ded wiphap ?p@arﬁﬁlsvét&?diﬁé 8 icimP9 Bbmprisiti2! paftsiof Skal, S8ak tRatwhere
shaf t I ncl udes a ragped _SL{éf e?.c Suc, thaft In 't h? fi I‘itﬁ'é&gzltlo t.he
pin of thell}f Mmefefing chamber is ig;tas fist.ROSINQR-3 frst RARPT seAls) BEBY | on
bet weeh0t hehamber imodmininication with the inlet and isolated from the outlet and when the
metering chamber is in the second position a second pair of seals keeps the
metering chamber in communication with the outlet and isolated from the inlet.

11. An apparatus according to any one of claims 8 to 10 wherein the seals
15 comprise PTFE lip seals with an integral metal spring.

12. An apparatus according to any one of claims 4 to 11 wherein the cut-away
section is in the form of a chamfered groove.

20 13. An apparatus according to any one of claims 3 to 12 wherein the_vessel is
provided with a rupturable closure member and the valve body at the valve inlet is -
provided with means to rupture the rupturable closure member such that when the

—vessel is engaged with the valve body at the valve inlet the rupturable closure
member is ruptured.

25 - :

14. An apparatus according to any one of claims 4 or 5 wherein the vaive is
provided with a pin valve comprising a pin biased against a seat and the shaft
includes a ramped surface such that in the first position the pin of the pin valve is
displaced from its seat to allow communication between the vessel and -the

30 metering chamber and in the second position the pin of the pin valve is seated to
prevent communication between the vessel and the metering chamber and
wherein the displacement of the pin from its seat against the bias is caused by
urging of the ramped surface against the pin upon movement of the shaft between

the first and second positions. :
35 REPLACEMENT SHEET
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30° neteri ng chanber and in the second position the pin of the pin valve is
seated to prevent conmuni cati on between thevessel and the neteri nﬁ T

chanber and wherein the displacenment of the pi IRERIACEMENT®S

the bias is caused by  urgi-ng of thq ranped surface against the pin
upon novenent of the shaft between ? he first and second positions. 35

?EP;QEEZEEL 2’?53]“‘“” l“' ﬂ““g\u!‘lu m 14 wherein the valve body is pr(13\7/| ded

a secont dutlet "and wherein the shaft includes a second ranped
surface which cooperates wth the first ranped surface such that the
shaft may rtﬁvAnbappmatus accordling tbidlain’pésvHdrein the vdive botipds provided&ith a

hanber i h
i oh the RRRE TR Sl Whetbih e GhathiBludles, ¥ Sehdifa SERERY Sitace Sl
out | et s onceepenates mithsthe first samped |surfagesiudhethaliithe shatrmay tmove bietween
S’ﬂﬁ seg Str@ﬁrsh%sﬂlb?%%%hatﬁé%é'ﬂeﬁﬂgtdha?ﬁ@ér%HcBhwn%@mEé‘ﬁélethpth@"‘hfé?d
e second position in which the metering chamber is in communication with

one of the two outlets on moving the shatft laterally in either direction within the
bore.

. 16. An apparatus according to claim 14 or 15 further provided with seals which are
10 arranged such that the inlet is at all times isolated from the outlet or outlets
irrespective of the position of the shatt.

17. An apparatus according to claim 16 wherein the seals are manufactured of
PTFE.

15

18. An apparatus according to any one of claims 14 to 17 wherein the vessel is
provided with an integral vaive assembly comprising a member biased against a

seat such that when the vessel is engaged with the metering valive inlet the vessel
valve member lies in close proximity to the pin of the metering valve pin valve

20 such that on actuation of the metering valve the pin of the metering valve pin valve
~is pushed’off its seat and abuts against the vessel valve member which is in turn

pushed off its seat thereby bringing the inlet into communication with the interior of
the vessel.

25 19. An apparatus according to any one of the preceding claims wherein the__
liquefied gas comprises carbon dioxide, nitrous oxide or sulphur hexafluoride.

20. An apparatus according to any one of the preceding claims wherein the
: substance to be aerosolised is a pharmaceutical.
30 _‘ _
21. An apparatus according to claim 20 wherein the pharmaceutical is salbutamol,
beclomethasone dipropionate, salmeterol, fluticasone propionate or a
pharmaceutically acceptable salt of any one thereof.

REPLACEMENT SHEET

12 OCT 1998




10:--aff"ranged_sd,ch that the inlet is.at &l times isolated fromthe outl et

or outlets” irrespective of the position of the SI@ER%QEM%NOT,@HEET

apparatus according to claim 16 wherein the seals are ure
PTFE. 15 18. An apparatus according to any one_of claims 14 to 17
wherein the vessel is provi ded wi tI8 an integral valve assenbly

conprising a nenber biased agai nst a seat such ”mummf sel is
engaged with the netering valve inlet the vessel : l" ’lﬂﬂes in
close proxinmity to the pin of the netering valve pin Val ¥e 20" sisch+=t hat on

actuation of the netering valve the pin of the netering valve pin valve..

s pushed 51 sl & 3RAn Al APK SrA3 B3hny eV S SEImY A P27RBP BiodtihcChn o
comuni caeoosalised mistof padiciesr .of the vessel. 25 19. An apparatus
according to any one of the preceding clains wherein the - |iquefied gas
conpri ses carbon dioxide, nitrous oxide or sul phur hexafl uoride. 20.
An apparatus according to any one of the preceding clainms wherein the

subst agce to be aerosolised is a pharmaceutical. 30 21. An appar at us
according to claim20 wherein the pharmaceutical is sal butanol,
becl onet hasone di propi onate, sal neterol, fluticasone propionate or a
pharmaceutically acceptable salt of any one thereof.

‘s
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an

22. Use of an apparatus according to any one of clains 1 to ZQﬁEbWQ;ﬂﬁﬁdiﬂﬁi

aerosolised m st of particles. 5
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