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in drug delivery devices and particularly those for dispensing 5

a netered dose of nedicanent. In netered dose inhalers, an
aerosol stream from a pressurised di spensing containe¥|is f%Led
towards a atient or user_of the inhaler |nto an air oWw. e

air flowis crea?ed by a user i RRYG PRLAVERYDEVIC nout hpi ece of the

i nhal er and the nedi canent is rel eased |nto thIS air flow at a point
between the air i nl et hol es and the nout hpi ece.

Conventional netering valves for use wth pressuri sed di spensing
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of the valve stem and tgg val ve _menh to seal the neter nber
t her ebet weeh. TRe"hEygdogose Qﬁeﬁ?@écﬁ%?PBm/whereby in a non-di spensi ng

posi tion of t h@nvakteretiedosté henhel €+ & ngaﬁf’@ém%ol ScteREUIRC s t O _
roduct therefrom The val ve stemis

th tai ner and har Wi, t
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drug delivery devices in
10 mouthpiece of the 1nha1er and the medicament is

released into this air flow at a point between the air
inlet holes and the mouthpiece.

Conventional metering valves for use with
pressurised dispensing containers comprise a valve

15 stem coaxially slidable within a valve member defining

. an annular metering chamber, and outer and inner

annular seals operative between the respective outer
and inner ends of the valve stem and the valve member
to seal the metering chamber therebetween. The valve

20 stem is hollow whereby in a non-dispensing position of
the valve stem, the metering chamber is connected to
the container and charged with product therefrom. The
valve stem is movable against the action of a spring
to a dispensing position wherein the metering chamber

25 is isolated from the container and vented to
atmosphere for the discharge of product.

Other drug delivery devices include apparatus in
which capsules containing a powdered medicament are
mechanically opened at a dispensing station where

30 inhaled air subsequently entrains the powder, which is
then dispensed through a mouthpiece.

A problem with all such drug delivery devices is
that deposition of the medicament, or a solid
component from a suspension of a particulate product

35 in a liquid propellant, on the internal surfaces and
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particul ate product 35 in aliquid propellant, on the internal surfaces
and WD 99/ 42154 - 2- ot her
conponents of the devices occurs after a nunber of operation cycles
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t he metering chanber size of the chanber is significantly
smal l er, the 15 r&SWE| Préarf pslw BEVLiFeRdTRAYt AR hbeedispevserber

(caused by thepkehgushakknofint Ba htewmpat Bot BEAYEAgENEhe deposited
particles as a result of the movement of a liquid

10 propellant and product mixture. However, whilst this
remedy is effective within the body of the container
itself, it is not effective for particles deposited on
the inner surfaces of ‘the metering chamber. As the
size of the chamber is significantly smaller, the

15 restricted flow of fluid in the metering chamber
(caused by the tortuosity of the flow path through the
chamber) means that the fluid in the metering chamber
does not move with enough energy to adequately remove
the deposited particles.

20 One solution is proposed in our pending
application GB 97211684.0 in which a liner of a
material such as fluoropolymer, ceramic or glass is
included to line a portion of the wall of a metering
chamber in a wmetering valve. Although this solves the

25 problem of deposition in these types of dispensers, it
does require the re-design or modification of moldings
and mould tools for producing the valve members to
allow for the insertion of the liner.

It is an object of the present invention to

30 provide drug delivery devices in general in which the
deposition of ‘the product and active drug component is
minimised.

According to the invention there is provided
apparatus for dispensing a medicament, wherein at

35 least a portion of one or more of the internal
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a portion of one or nore of the internal
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reference to the accompanying drawings, in which:

10 Figure 1 is a cross-sectional view through an
inhaler, which is one type of drug delivery device of
the present invention; and

Figure 2 is a cross-sectional view of a metering
valve used in another type of drug delivery device.

15

. In Figure 1, an inhaler 10 for a product such as
a medicament comprises a housing 11 for receiving a
pressurised dispensing container 12 of a medicament
and a mouthpiece 14 for insertion into the mouth of a

20 user of the inhaler 10.

The container housing 11 is generally cylindrical
and open at its upper end. A lower wall 15 of the
housing 11 includes an annular socket 16 for receiving
the tubular valve stem 17 of the container 12. The

25 socket 16 communicates via a duct 18 ending in an
orifice 19 with the mouthpiece 14. The lower wall 15
also has holes 20 for allowing air to flow through the
container housing 11 into the mouthpiece 14.

The mouthpiece 14 may be generally circular or

30 shaped to fit the mouth and is connected to or forms a
part of the housing 11.

In use, a patient or user holds the inhaler 10,
usually in one hand, and applies his mouth to the
mouthpiece 14. The user then inhales through the

35
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an i nhal er, which is one type_-ofy drug delivery device of t he
present invention; and Figure 2 is a cross-sectional view of a
net eri ng val ve used in another type of drug delivery device. 15

In Figure 1, an inhaler 10 for a product such as a medi canent
conprises a housing 11 for receiving a pressurised di spensing

cont ai ner 12 nefuthpiegiecddermnd this anmakamerhpiisdElowl Hhorougtseritd on i nto
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10 19. It then mixes with the airflow through the
mouthpiece 14 and is hence inhaled by the user.

In traditional inhalers, all of the components
are plastic moﬁldings, which gives rise to the
deposition problems described above. The particular

15 problem areas in devices such as inhalers are the
internal surfaces 21 of the mouthpiece 14, the — : ’
internal surfaces 22 of the duct 18 and the walls 23
defining the orifice 19. In some inhalers 10, the
diameter of at least a part of the duct 18 can be as
20 little as 0.5mm and so any deposition on its internal
surfaces 22 could lead to not only the problem of a
reduction in active drug components being available,
but also dispensing difficulties.

The metering valve 110 illustrated in Figure 2 is

25 another type of drug delivery device or dispenser, and
‘includes a valve stem 111 which protrudes from and is
axially slidable within a valve member 112, the valve
member 112 and valve stem 111 defining therebetween an
annular metering chamber 113. The valve member 112 is

30 located within a valve body 114 which is positioned in-
a pressurised container (not shown) containing a
product to be dispensed. The metering valve 110 is
held in position with respect to the container by
means of a ferrule 115 crimped to the top of the

35 container and sealing being provided between the valve
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I ncludes a val ve stem I C trudes fromand ally slidable
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from the valve member 112 and ferrule 115 which is a
hollow tube and which is closed off by flange 120
which is located within the metering chamber 113. The

15 hollow end 119 of valve stem 111 includes a discharge

. port 121 extending radially through the side wall of

the valve stem 111. The valve stem 111 further has an
intermediate section 122, which is also hollow and
defining a central passage and which has a pair of

20 spaced radial ports 123, 124 which are interconnected
through a central cavity.

A spring 125 extends between a second flange 126,
separating the intermediate section 122 of the valve
stem 111 and an inner end 127 of the valve stem 111,

25 and an end of the valve body 114 to bias the valve
stem 111 in a non-dispensing position in which the
first flange 120 is held in sealing contact with the
outer seal 117. The second flange 126 is located
outside the valve member 112, but within the valve

30 bedy 114.

The metering chamber 113 is sealed from the
atmosphere by the outer seal 117, and from the
pressurised container to which the valve 110 is
attached by the inner seal 118. In the illustration

35 of the valve 110 shown in Figure 1 radial ports 123,
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di spensed. ? e netering valve 110 is held in position with respect to
t he contai ner by means of a ferrgle 115 crinped to the top of the 35

cont ai ner and sealing being provided between the val ve body
114 and contai ner by an annul ar gasket 116. An outer seal 117 and
an inner seal 118 of an el astonmeric material extend radially between

t he val ve - stem 111 and the val ve nmenber 112. The outer seal 117 5

Is radially capp,essgdthetrwednht bhevabneradnbarvity?in theand val ve stem 111
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defining a Ceghéalogégiﬁgg a@ﬂeWQ ﬁgaﬁaﬁogtpib 9% closed off as it

10 passes through the inner seal 118, thereby isolating
the metering chamber 113 from the contents of the
pressurised container. Upon further movement of the
valve stem 111 in the same direction to a dispensing
position the discharge port 121 passes through the

15 outer seal 117 into communication with the metering
chamber 113. In this dispensing position the product .
in the metering chamber 113 is free to be discharged
to the atmosphere via the discharge port 121 and the
cavity in the hollow end 119 of the valve stem 111.

20 When the valve stem 111 is released, the biasing
of the return spring 125 causes the valve stem 111 to
return to its original position. As a result the
metering chamber 113 becomes recharged in readiness
for further dispensing operations.

25 The component parts of conventional drug
dispensing devices, such as valve members, valve
stems, inhaler housings and so on, are generally
formed as single mouldings from material such as
acetal, polyester or nylon which are prone to the

30 deposition problems described above. Although in some
cases it might be possible to include a separate liner
of a material such as a fluoropolymer, ceramic or
glass to line a portion of the area in which
deposition problems occurs, this requires the re-

35 design or modification of mouldings and mould tools so
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val ve body 114 to bias the valve stem 111 in a non-di spensing
position in which the first flange 120 is held in sealing contact
with the outer seal 117. The second flange 126 is |ocated

out side the val ve nenber 112, but within the val ve 30 body 114.
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Upon depression_of the valye-stem 111 relative to the val ve nenber 112
so that it move& ﬁ&&?&ﬁ Of npBe or more monomers which 1

“hydrophobic” treatment which creates a very thin

layer of the plasma polymer on the surface of the

10 component parts which significantly reduces the
deposition of active drugs on the relevant surfaces
due to factors such as anti-frictional and waterproof
characteristics and low surface energy.

The preferred monomers to use in this process are

15 perfluoro-cyclohexane or perfluoro-hexane which would
create a thin layer of plasma polymerised fluoro-._
cyclohexane or fluoro-hexane on the appropriate
surface. Other fluorinated hydrocarbons may also be
used, such as tetrafluoroethylene (TFE),

20 trifluoroethylene, vinylidene fluoride and vinyl
fluoride. The two monomers fluoroethylene and
fluoropropylene may also be used to form the co-
polymer fluorinated ethylene-propylene (FEP). As a
further alternative, siloxanes may be used, such as

25 dimethyl siloxane, to give a layer of plasma
polymerised dimethylsiloxane.

The process is known as “cold plasma” treatment
as the temperature within the body of the plasma is
ambient. Thus thermoplastic materials such as

30 polybutyrene terephthalate (PBT), nylon, acetile and
tetrabutyrene terephthalate (TBT) can be treated
without fear of thermal damage. The treatment is a
vacuum procedure in which the components are placed
inside a chamber which is evacuated to less than 0.005

35 Torr. One or more monomers are introduced to the
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Elther an entlre component within the drug

delivery device, or just the surfaces of one or more
component which would come into contact with the

" medicament during actuation, could be treated to

15

20

25

provide an improved drug delivery device according to
the present invention. 1In the case of the type of
inhalers as shown in Figure 1, surfaces 21, 22 and 23
may be treated. In a typical dry powder inhaler, the
inner surface of the mouthpiece and any channel
leading to the mouthpiece from the point of powder
storage, i.e. from a capsule, bulk storage chamber or
a pre-metered chamber of a device. In the metering
valve of Figure 2, the valve member 112 alone may be
treated. However, additional benefits can be achieved
in treating some or all of the other plastic and
rubber parts of the valve, including the valve body
114 and the seals 116, 117 and 118. Treatment of the
seals 117 and 118 has the additional benefit that
fiction between the seals 117 and 118 and valve stem

111 is reduced resulting in easier operation of the

30

35

device. The level of friction between the valve stem
111 and seals 117 and 118 may be further reduced by
treatment of the valve stem 111 itself. Such treatment
reduces or eliminates the need for silicone emulsions
or oils to be applied to the seals 117 and 118 and
valve stem 111. Treatment of the seals 116, 117 and
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end of the treatment the plasma i s extinguished, th \‘“anber fl ushed
and the products retrieved. As a resul \Xﬁ\%\\ or exanpl e
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10
2. Apparatus as claimed in claim 1 in which the
layer is of a cold plasma polymerised fluorinated
hydrocarbon.

15 3. Apparatus as claimed in claim 2 in which the one
or more monomers for cold plasma polymerisation are
selected from the group of materials comprising
perfluoro-cyclohexane, perfluoro-hexane,
tetrafluoroethylene, trifluoroethylene, vinylidene

20 fluoride, vinylfluoride, fluoroethylene and
fluoropropylene.

4. Apparatus as claimed in claim 1 in which the
layer is of a cold plasma polymerised siloxane.

25
5. Apparatus as claimed in claim 4 in which the
monomer for cold plasma polymerisation is dimethyl
siloxane.

30 6. Apparatus as claimed in any one of the preceding -
claims in which the treated portion is made from a
plastic polymer or synthetic rubber.




treated. However, additional benefits can be achieved in treating
sone or all Woﬁ?zﬂlﬁt her plastic and 25 rubber parts of tperTzHy00532
i ncl udi ng the val ve body 114 and the seals 116, 117 and 118.

Treat nent of the seal s 117 and 118;fas the ' t hat

fiction between the seals 117 and 118 and val ve St egamn mar educed
resulting in easier operation of the 30 devi ce. Tww& BI‘LI ction
bet ween the val ve stem 111 and seals 117 and c

reduced by treatment of the valve stem 111 itself. Such treatnent
reduces or elimhat eApperamed dorclsinecbricn eny snensf the paecediagt o be
applied to the s 4 11. r ment of the
seal s 116, 117 a@%ﬁng‘]l %&}%k?en%p%%rat\ﬁ@ c%m%tr Iere; _%hoLs?.% 118

al so has the ben@dﬁp@ﬁiﬁtQEXRRﬁkﬁfIaanﬂn;aﬂher for stordog thes where the
~seals are manuf %éaﬁié‘éinéz{@ma mout Qiﬁu@%t ﬁ{eaﬁ' Scohﬁ%‘e Eﬁe

per meabi | it e 'seal's tothe propel | ant he pressur

di spensi ng %onta??E}GQNRﬁrﬁhﬁMQQEf%%ﬂ?IIéﬂéﬁst@ﬁ mOuth@B?@ﬁpt?@ﬂ éF product

~onto the surfacepefdt tdpSAch of onell: MRIROGCaRALR hRaUSEd tO treat
conponent s of {Eh%%Ot er. de |very deV|ces I ncl udi ng nasal g
non- pressuri sed 3t Ot fthe Wk FRd/QFpBSUtRPECR 16 tTALE t-ed i nhal er

. devices and breath co-ordinating devi ces and so on.
8. Apparatus as claimed in claim 7 in which at least
10 a portion of the surfaces of the duct and the
mouthpiece have a layer of plasma polymer bonded
thereto.
9. Apparatus as claimed in any one of claims 1 to 6
15 in which the apparatus is a metering valve for use

with a pressurised dispensing container, the valve
comprising a valve stem co-axially slidable within a
valve member, said valve member and valve stem
defining an annular metering chamber, outer and inner

20 annular seals operative between the respective outer
and inner ends of the valve member and the valve stem
to seal the annular metering chamber therebetween,
wherein at least a portion of the metering valve is
treated to have a layer of a plasma polymer bonded to

25 at least a portion of an internal surface of the
metering chamber.

10. Apparatus as claimed in claim 9 in which at least
a portion of the surface of the valve member has the
30 layer of plasma polymer bonded thereto.

11. Apparatus as claimed in claim 9 or claim 10 in

which at least a portion of the surface of the valve

stem has the layer of plasma polymer bonded thereto.
35



-10- CLAINB - 1. Apparatus for dispensing a nedi canent
wherein aty, gast a portion of one or nore of the inteppgd)cplonesss!! faces
of conponen? the appar atus whi ch cone into contact with nmedicanment
during storage or di spensing has; & lLayer of one or nore cold rlasna

pol yneri sed nonomers bonded to at | east a portion Ulllmlllﬂ“ﬂ‘"w IIII
Apparatus as clained in claim1 in which the Ia plasna
pol yrmeri sed fluorinated hydr ocar bon. 15 ) Apparatus as ¢l ai med
in claim2 in which the one or nDre nononers for cold plasma

pol yneri sati aip Ar eApparatisd e e £ined tilre giowhofofiradlefimd SO apri si ng

per fl uoro-cycl ohexane, r f1 yor.o-hexane tetrafl uoro t | ene,
trlfluoroeth ’éﬁ@“@?ﬁ?fi &R S PORY S ?ﬁathﬁrﬁﬂ§ &for | ?uoroethylene

and f | userhdwndhe layer of plasma polymer bonded 'thereto.

5 13. Apparatus as claimed in any one of claims 9 to 12
in which the valve further comprises a valve body in
which the valve member is located, the valve body
having the layer of plasma polymer bonded to at least
a portion of its surface.

10
14. Apparatus as claimed in any one of claims 9 to 13
further comprising a gasket extending between the
sealing surfaces of the metering valve and a
pressurised dispensing container, said gasket having
15 the layer of plasma polymer bonded to at least a
portion of the surface thereof.

15. Apparatus substantially as hereinbefore described
with reference to and as shown in the accompanying
20 drawings.




4. Apparatus as clainmed in claim1l in which the | ayer is of a cold

pl asma pol yrngoiesasghssi | oxane. 25 5. Apparatus as cl ai npdr/cBowndosszm 4
in which the nononer for cold plaﬁzg pol ymeri sation is dinethyl
si | oxane. 30 6. Appar atus as cl ai in any one of the preceding
clainms in which the treated portion is made from a pl astic pol yner or
synt heti c rubber. WO 99/ 42154 - - 11 -
7. Apparatus as clainmed in any one of the preceding clainms in which
t he apparatus conprises a housing adapted to receive a container for
storing the medi canment, a nout hpi ece and duct neans connecting an 5
outlet of the container with the nouthpiece, and at | east a portion of
one or nore of the internal surfaces of the duct and/or nouthpiece is
treat ed. : par as, claimed in claim7 in which at |east 10
a portion of the surfac,e‘éa LW’ duct and the nout hpi ece have a | ayer
of plasnma pol yner bonded
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t hereto. 9. Apparatus as clainmed in any one of clains 1 to 6 15
in which t ypoeppadsat us is a netering valve for use rlsed
di spensi ng cont ai ner, the valve co i sing a val ve sten1co aX|a
slidable within a val ve nenber, sai€d¢4val ve nenber and val ve stem
defining an annul ar netering chanber, outer and inner 20 annul ar seals
operative between the respective outer and i nner ends of the valve
menber and the val ve stem to seal the annular netering chanber

t her ebet ween, wherein at |least a portion of the metering valve is
treated to have a layer of a plasma pol yner bonded to 25 at least a
portion of an internal surface of the net eri ng chanber. 10.
Apparatus as clained in claim9 in which at |east a portion of the
surface of the valve nenber has the 30 | ayer of plasnma pol yner bonded
t hereto. 11. Apgg%gzgshg§7clained inclaim9 or claim10 in

which at |east a portidn“ urface of the valve stem has the

| ayer of plasna pol ymer bonded thereto. 35 WO 99/43%2§
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12. Apparatus as claimed in any one of claims 9 to 11 [

| east a porti SP t he sur fwskep Niectf@uaL prope@® dREaNRAYEN t he | ay GEKF astie |
pol ymer bonde ereto. 5 13. AypaentRysags cl ai med in any one of

cl ai rs INTERNATIONAL ABPLMA’HON’(PNEBL‘I&{BEUNDER e mmrrlmmmlv embndy (pmn

7T
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{54) Title: DRUG DELIVERY DEVICES

# 1 (87) Abstract

The invention relates to improvements in drag deliv-
-ery devices and particularly those for dispensing a metered
dose of medicament. Apparatus (10, 110) is provided for
dispensing medicament wherein at least a portion of one or
more of the internal surfaces of components of the appara-
tus (10, 110) which come into contact with the medicament
during storage or dispensing has a layer of one or more cold
plasma polymerised monomers bonded to a at least a por-
tion thereof.
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