| nhal er Description The present invention relates to an inhalation device
for oral or nasal delivery of nedicanent in powdered formand to an inhaler
containing a strip of blisters 5 each having a breachable |id and/or base
that contains a dose of nedicanent for inhalation by a user of the device.
Oral or nasal delivery of a nedi canent Uﬁlng an inhalation device is a
particularly attractive nmethod of drug adm nistration as these devices are
relatively easy for a 10 patient to use discreetly and in public. As well
as delivering nmedicanent to treat |ocal diseases of the airway and ot her
respiratory prdbleens, they have nore recently al so been used to deliver
drugs to the bl oodstreamvia the lungs thereby avoi ding the need for
hypoderm ¢ i qp&chipeda. 15 It is common for dry powder fornulations to be
pre-packaged in individual doses, usually in the formof capsules or
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the blister during manufacture and after introduction of the dose into the

blister. A fathalasiondyerusesopphefdsiced over a pol yner blister or gel atine
capsul e as each dose is protected fromthe ingress of water and penetration
of gases such as oxygen in addition to being shielded fromlight and UV
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Actuation of [{REIFENS GEeLA4ARS dRIVECHAZY Bt axd@a@@% Ofa thél Ringk %m@elﬂ/l i ster,
such as by puncturing it or peeling the lid off, so that when t he

pati ent i nhapegidingjthe peeddioapipedreaifgitiacHendl i ster entraining the dose
therein that is then carried out of the blister through the device and via
the patient's airway down into the lungs. Pressurized air or gas or other
propel | amss s catmgmon for dry powder formulations to be pre-packaged in individual

doses, usually in the form of capsules or blisters which each contain a single dose
of the powder which has been accurately and consistently measured. A blister is
generally cold formed from a ductile foil laminate or a plastics material and
includes a puncturable or peelable lid which is heat-sealed around the periphery

20 of the blister during manufacture and after introduction of the dose into the
blister. A foil blister is preferred over a polymer blister or gelatine capsule as
each dose is protected from the ingress of water and penetration of gases such as
oxygen in addition to being shielded from light and UV radiation all of which
can have a detrimental effect on the delivery characteristics of the inhaler if a

25 dose becomes exposed to them. Therefore, a blister offers excellent

environmental protection to each individual drug dose.

Inhalation devices that receive a blister pack comprsing a number of blisters
each of which contain a pre-metered and individually packaged dose of the drug
30 to be delivered are known. Actuation of the device causes a mechanism to breach

or rupture a blister, such as by puncturing it or peeling the lid off, so that when



be used to carry the dose out of the blister. Alternatively, the nechanism
that 5 punctures or opens the blister nay al so push or eject the dose out
of the blister into a receptacle fromwhich the dose may subsequently be
inhaled. It is advantageous for the inhaler to be capable of holding a
nunber of doses to enable it to be used. repeatedly over a period of tinme

wi t hout the requirenment to 10 open and/or insert a blister into the device
each time it is used. Therefore, many conventional devices include neans
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t he acconpanyi ng drawi ngs, an inhaler 1 25 has a housing 2 containing a
coiled strip_of blisters 3. An indexing nmechani sm.4 conpri si a single
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: indexing mechadism moves a previously emptied blister away from the opening
mechanism so that a fresh one is moved into a position ready to be opened for

75 1inhalation of its contents.

An inhaler of the type described above is known from the Applicant’s own co-
pending international application no. PCT/GB2004/004416 filed on 18
October 2004 and claiming priotity from GB application no. 0324358.1 filed 17t

20 October 2003. This international application has been published as WO
2005/037353 Al.

According to one embodiment described and claimed in WO 2005/037353 Al,
and illustrated in Figutes 12 and 1b of the accompanying drawings, an inhaler 1
25 has a housing 2 containing a coiled strip of blisters 3. An indexing mechanism 4
compiising a single actuating lever 5 unwinds the coil 3 one blister at a2 ime so
that they pass over a blistet locator chassis 6 and successively through a blister
pietcing station 7, when the actuator 5 is pivoted in a ditection indicated by
arrow “A” in Figure 1b. The blister 3a located at the blister piercing station 7 on
30  each movement of the actuator 5 is pietced on the return stroke of the actuator 5
(in the direction indicated by arrow “B” in Figure 1b) by piercing elements 8 on

the actuator 5 itself so that, when a user inhales through a mouthpiece 9, an



airflowis generated within the blister 3a to entrain the dose contai ned
therein and carry it out of the blister 3a via the nouthpiece 9 and into
the user's airway. Although the inhalation device referred to above and
described in the 5 aforenenti oned publication has addressed many of the
known probl ens associated with these types of devices, it is designed so as
to store only a small nunber of used blisters within the device so that,
when that nunber of blisters is exceeded, they extend out of the housing of

t he device so. that the user . nust parate those used blisters fromthose
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indicated by arrow "C' in Figures la and | b.” The blister strip 3 may be
perforated or weakened between each or a nunber of blisters to facilitate
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suitable low friction materials are used, the tw centre spools 11,12 need

not be drfveAlthengh devices theticist sendehliptess Bavedida 2By ntres ofrheing Rigtsbeani sm 4

that is small and lightweight, it is desirable to provide a fully integrated device in which
all the used blisters are retained within the device so that separation of used
blisters from those that remain in the device is no longer necessary. Not only
would this make the device simpler to use because the user no longer has to

20 concern themselves with periodic detachment and disposal of a used portion of

the blister strip but any potential contamination of the fingers by residual drug
temaining on the used blisters can be avoided because there is no need for the
user to come into contact with any of the used blisters. Therefore, the entire

strip can be effectively sealed within the housing of the device.

25
Used blisters can be simply wound around a take-up spool within the device.
However, such devices are large and requite means to rotate the spool to wind
up the used blisters. The leading end of the strip must also be pre-attached to the
spool so that the strip starts to wind around the spool as the spool 1s rotated.

30

WO 2005/037353 also discloses an embodiment in which all the blisters are

retained within the device and 1n which the blister strip takes the form of an



concentric with the actuator pivot and which rotates in response to pivotal
5 novenent of the actuator 13 by the user, as described with reference to
t he device shown in Figures la and | b. Although this device provides a
conpact arrangenent, if the strip 14 is too long it tends to jamon the
wal | s 15 separating the elements of the strip 14 in the manner of a

wr ap-spring clutch or a rope passed around a cylinder preventing proper

i ndexi ng of the strip 14. 10 A previously undi scl osed version of a | oop
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may be pdésible to open the housing to enable the old strip to be renoved
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direct cont agiowdyintthe r@atrie@nbf Figure 3a, the loop 22 follows a serpentine path
15 around a number of wheels 7, at least some of which are driven from the main
indexing wheel 4, the remaining wheels being idler wheels 8 which guide the
successive parts of the strip 21 of the loop 22. In the front view of Figure 3b, it
can be seen that the indexing mechanism 4 and the three secondary driving
wheels 7 are toothed and are geared to a single latger toothed gear wheel 23

20 mounted for rotation on a central spindle 24 on the rear of the housing 25.

The present invention seeks to provide an inhalation device that retains a used
strip of blisters within the housing of the device whilst maintaining simplicity
and compactness of the device, as well as ease of use.
25
Although the device may be disposable after all the blisters contained within it
have been exhausted, it is envisaged that it may be possible to open the housing
to enable the old strip to be removed and a fresh one inserted. It is also
envisaged that blisters may be retained within a portion of the housing of the
30  device which is detachable from the remainder of the housing in which the
indexing and pietcing mechanism is located, thereby forming a replaceable

cartridge. This would enable an exhausted blister strip to be removed without



A potential conplication with inhalation devices that retains used blisters
is that a small anmount of the powdered dose, typically between 1% - 5% may
remain in 5 each blister after inhalation. Furthernore, if a patient

i ndexes the strip without having previously inhaled the dose in a blister

t hat has been pierced or breached, the anount of residual powder wll be
substantial. It is therefore inportant to prevent the unused blisters from
becom ng contam nated with | oose powder that could have a detrinental
effect on the operation of the device and also result in 10 the patient
exceedi ng ardifsst epriaet ke Paléethey may i nhal e some of the residual powder
as well as the contents of a pierced blister. Furthernore, if the residual
powder has been exposed to the atnosphere, it may have al so degraded mnaking
it unsuitabl& poomtahtratpliceben with inkalatosvdayices Het tespiag shedgblistase isghels ent
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75 In view of the foregoing, the present invention also seeks to address the problem
of residual powder containment to prevent residual powder from contaminating
unused blisters remaining in the device and from being inhaled by a user of the

device.

20  According to one aspect of the invention, there is provided an inhaler
comprising a housing to receive a strip of blisters each containing a dose of
medicament and means to sequentially move each blister into alignment with
means for opening a blistet to enable a user to inhale said dose and, a spiral

wound element or former to coil said strip.

25
Preferably, the spiral wound element is configured so that 2 used portion of the
sttip, which is made up of blisters which have been aligned with the means for
opening a blister, is gradually coiled within the spiral wound element as the
device is used.

30

In one embodiment, the spiral wound element is rigid. However, in 2 mote

preferable embodiment, the spiral wound element is formed from a flexible



The resiliency of the spiral wound elenent is preferably selected in
dependence 10 on the stiffness of a used portion of a blister strip so that
a first closed coil of a used portion of a blister strip is forned in the
spiral wound el enent prior to any substantial deformation or expansion of
the spiral wound element. Alternatively phe configuration of a nore
resilient spiral wound el enent can be arranged such that a first cl osed
coil is formed during initial deflection of the elenent. 15 In one
preferred enbodi nent, the spiral wound elenent is configured so that it
expands radiéFW?ggs the length of the used blister strip coiled within it
increases as nore blisters are breached. 20 Conveniently, the spiral wound
el ement has at |east one wi nding that extends over 360 degrees. The
stiffness of Threspsl wanndwemantenanbntorrey fain arfebysenbis nonysssiict) ong at

| east a porthggzgh_its |l ength. In particular, the stiffness of the spiral
wound el enent § may decrease towards its inner end. One approach to
achieving sthe reduction in stiffness is for the thickness of the spiral
wound el enent to‘gradually rgdu&p tomanps its 'Qaer eng and/.or % s wdth to
gradual |y redt@E THMAARETHST PRy it 3horm 18 AT SROURTPE ement  may
be fornmed form#&xaspl e from phosphor bronze, stainless steel, titanium
spring steel, shape nmenory alloy, nylon, acetal, PTFE or pol ypropylene. 5
The spiral wound el enent may al so be coated with a low friction material to
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coating. Alternatively the surface finish or texture of the spiral wound

el enent cHn pa bepdlpeesy of @ Yspdrpeiengpf aohlisterseup emthap e fliggteciosed coil of 2

used portion of a blister strip is formed in the spiral wound element prior to any
substantial deformation or expansion of the spiral wound element. Alternatively
the configuration of a more resilient spiral wound element can be arranged such
that a first closed coil is formed during initial deflection of the element.

15
In one preferred embodiment, the spiral wound element is configured so that it
expands radially as the length of the used blister strip coiled within it increases as

more blisters are breached.

20 Conveniently, the spiral wound element has at least one winding that extends

over 360 degrees.

The stiffness of the spiral wound element may advantageously vary along at least
a portion of its length. In particular, the stiffness of the spiral wound element

25  may decrease towards its inner end.

One approach to achieving the reduction in stiffness is for the thickness of the
spiral wound element to gradually reduce towards its inner end and/or its width
to gradually reduce towards its inner end.

30
In one embodiment, holes, slots or other apertutes are formed in the spiral

wound element close to or at its inner end.



The spiral wound el enent can be fornmed fromflat strip material, or from
square, circular or rectangular section material. Alternatively, the spira
may be formed fromone or nore wire elenments wound into a spiral. This
reduces the contact area with the strip and therefore reduces friction. 15
The materials and conmponents may be used separately or in conbination to
give the desired characteristics. I'n a preferred enbodi nent, the
spiral wound elenent is a coil spring formed 20 froma thin sheet of
material. One enbodi nent may conpri se a passage between the first and
second conmpartments, and bl ocking neans in said passage to prevent the
egress of pOM@g;g@hlwihe%%tHagmetfbﬁnéd fovtexhhpBifesm paORAOE Bedtze] Nt 0 t he
second blister artnent through the passage. The bl ocki ng nmeans may
be shaped toste@iﬁswmls Btanken.spape ssel shpeunempraler.yipn, asdalnBYFERE ude a
resilient ne ?é“%g egffect a seal against the blister strip. The bl ocking
nmeans nmay be ed such that it is aligned with a blister of the 30
blister sfrip mhen anot her blister is aligned mnth said neans for opening a
blister. str.ip_of isters each cont f t and
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openi ng a bl iwbeth xmﬁdlex@aﬁltﬁe Bredged Hloter nirgd, éoﬁaiadupdh)aé’THH]eoatmgal er haV| ng

a first conpartnment t con used blisters and a ond ¢ artnent to
receive usedgh??gFE@% E%GEPW oy ﬁﬁ“@éggﬁﬁs%ﬁﬂﬂ§WP§§ﬁ?% Béﬁh separ at ed
by a flexibl g p r@pmagllgwqhyﬁai agfaval | . Preferably, an aperture is
provided in the erX|bIe and/ or novable dividing wall for the passage of

the blist@r strip fromthe first conpartnent into the second 10
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powder ed - medi Cangh d%s a portion o ousi n Haped to
conformto thea sftapae@fxllihel thhteﬁlerremcres frictAnt er nat i veI y, said neans to
pr event e ress of powdered nedicanment may include a resilient menber to
effect a’Seal against the blister strip.

The materials and components may be used separately or in combination to give

the desired characteristics.

In a preferred embodiment, the spiral wound element is a coil spring formed

20  f{rom a thin sheet of material.

One embodiment may comprise a passage between the first and second
compartments, and blocking means in said passage to prevent the egress of
powdered medicament from the first blister compartment into the second blister

25 compartment through the passage.

The blocking means may be shaped to conform to the shape of the blister strip,
and may include a resilient member to effect a seal against the blister strip. The
blocking means may be disposed such that it is aligned with a blister of the

30 blister strip when another blister is aligned with said means for opening a blister.

According to one aspect of the invention, there is provided a housing to receive



20 Said resilient nenber may be shaped to conformto the shape of the
blister strip, and the resilient nmenber nay be fornmed integrally with the
di vidi ng wal | . The neans to prevent egress of powdered nedi canment may be
di sposed such that it is aligned with a blister of the blister strip when
another blister is aligned 25 with saidgeans for opening a blister.

Al t hough the unused blister strip and the breached blisters may be housed
in separate conpartnments, in one enbodi nent the housing conprises a common
chanmber to recejve Qch an_unused ang a used portion . of the blister strip.
30 - 9 - bl siwrotdlisiess gachiopataininga gpse plemELiE P HEARL SR8t 2 he strip
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may conprise a foamstri can I nc stiffening elenent. In one
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at 10 one engﬁgp as .to pivot about said end within the housing. In one
enbodi nent , 14 EXi'bl e and/or novable dividing wall is flexible and
configured so that it extends across said space between said sidewalls of

the inhaler to prevent passage of powdere se tween, t he .ynused and used
15 blister cBiffeirbiett erivpe SRsOurtHH rf?e,x&{f%““pl%éﬂ%’la@ed]i“{} @B wal | is

at | east parfjraht pasdhdeABE bliftet HEp IRk fhe HRYREIMBhLABAL intol R sbédnd bl €
dividing wall can al so be designed to exert a constraining or steadying

force on’énecampastpentofaid hieetbitk scdiegoieans PHITETEE HaY FEAPNIABPOFIEEE can 20
be achi eved Qﬁédi&grﬁgnt %HEhgus d%sv%:cli);ngﬂgﬁﬁlegi int&ethg'u}{h@dqgisy@l | or by the

friction created as t Ividi 'ides relative to the walls of the
housi ng. Thi sompartthentphrduigh uhanperripe idfd weals mdy bhaebsh calelapomedcel ement
containing the used portion of the blister coil is selected to be very
resilient, afd™EAn help to ensure that the coil of used blisters is kept as
smal| as possible. 25

15 Preferably, said means to prevent egress of powdered medicament includes a
portion of the housing which is shaped to conform to the shape of the blister
strip. Alternatively, said means to prevent egress of powdered medicament may

include 2 resilient member to effect a seal against the blister strip.

20 Said resilient member may be shaped to conform to the shape of the blister strip,

and the resilient member may be formed integrally with the dividing wall.

The means to prevent egress of powdered medicament may be disposed such
that it is aligned with a blister of the blister strip when another blister is aligned

25 with said means for opening a blister.

Although the unused blister strip and the breached blisters may be housed in
separate compartments, in one embodiment the housing comptises a common
chamber to receive both an unused and a used portion of the blister strip.

30
Advantageously, the chamber is configured so that the used portion of the strip

occupies a region of the chamber initially occupied by an unused portion of the



I n one enbodi nent, the inhaler may conprise a second spiral wound el enent
wi thin which an unused blister strip may be coiled up within said housing
such that the second spiral wound elenment retracts as the first spira
wound el ement expands, as the size of the coil formed froma used portion
of the strip increases 30 and the size gf the coil form ng the unused
portion of the strip decreases. - 10 - "conprising a housing to receive a
strip of blisters each containing a dose of nedi canment and neans to
sequentially nove each blister into alignnent with means for opening a
blister to ePNFHetaP a5l 15 ‘ifrﬁh%tfléeds%ﬂrﬂg‘ﬂgggfe TWHRMEEthe housi ng conpri ses
a common chanber to receive an unused blister strip and, a 5 used portion
of that striP, a flexible and/ or novable dividing wall separating the
chanber i nt olraprasmbketimani the dgeingvilsmay be sigshpiirenfisaisd spiaeke bf e di vi di ng
val | may be Ligede Anidhe U090 3hatGRE RIARA ik of iRl rant .t he
dividing wall 15 Flexible an onfigured so that 1t extends across said
space bet neeblistheogipdewahtscafbet dierddnhal er to prevent passage of powdered
dose between the unused and used blister conpartnents. Preferably, the
width of the dividing wall is greater than the di stance between the 15
si dewal | s soThdatxiblealifillipxivaillengl vé tikedigowhit hohdnfel éhd ¢r lwohphéssidn bet ween
the sidewal | s so as .to prevent passage of powder between the two regions of
the chanber BRBEREPEHE BUGes B ALt O HERG SUAFPORAMRG MAEs of ( ho
chanber. Theedib&inhe ael ﬂé:&ﬁ;l@gii%@ihg wNef BicRBblY 160 TRED S thethdueRBast ri p. 20
I n one enbodi ment, the inhalation_ device conprises a second spiral wound
el ement & rereinfesons 0 PHEdPBR; sidbendyithis heibepsit® i nsertion of the strip
into the housing such that the second spiral wound el enment retracts as the
first spiral wound el enent expands as the size of the coil fornmed froma
used porti onlmodnd drebRbmsty, itpe flexdble asesorandvabledigidreg will isHEexgdé kod or med from
an unused portion of the .strip,decreases. Preferabl t.he. spi wound
ol emont 1 's” SRS 65 T RRERH RS ear] S RRAD I g isaRRl e

inhaler to prevent passage of powdered dose between the unused and used

15 blister compartments. In one embodiment, the flexible dividing wall is at least

partially attached to the spiral wound element.

The flexible dividing wall can also be designed to exert a constraining or
steadying force on one or both of the blister coils. This constraining force can
20  be achieved by, for example, the stiffness of the dividing wall or by the friction
created as the dividing wall slides relative to the walls of the housing. This can
be particularly beneficial if the spiral wound element containing the used portion
of the blister coil is selected to be very resilient, and can help to ensure that the
coil of used blisters is kept as small as possible.
25
In one embodiment, the inhaler may comprise a second spiral wound element
within which an unused blister strip may be coiled up within said housing such
that the second spital wound element retracts as the first spiral wound element
expands, as the size of the coil formed from a used portion of the strip increases

30  and the size of the coil forming the unused portion of the strip decreases.

According to another aspect of the invention, there is provided an inhaler



or unwound by the | eading edge of a used portion of a blister strip on
initial 30 contact of the |eading edge of the strip against the spiral
wound el enent, prior to any substantial deformation of the strip caused by
the spiral wound elenent. According to the invention, there is also
provided a nethod of controlling a strip,of blisters within an inhalation
device in which unused blisters are sequentially novable into alignnent
with means for opening a blister to enable a user to inhale a dose, the

met hod including.the step of feeding a used portion of the 5 strip into a
spiral woundUPEHRNM 2 ﬁ%"‘s&ﬁ fo warye Elg\'éﬁ’ %%ﬁisit%ﬁe OREYRE ia;fil."s%eéor ding to

the inventi opedfchi8E® dnd A9 tHEQHH8Myam FRE HRH bBftet thmﬂl‘?‘lrﬁeiﬁ_@@i{}ﬁd strip of
blisters for insertion into an inhal ation device, the nethod including the

steps of feedetry fonoperingp blisfer & enableot usr ite indale saik dosg. whetelal thdound

el ement such, JQ; Fei€s 5 LbmbhdnScHaRIbL L WckBE By %ﬁh&_d%}?fs{e@'snﬁp d, el ement .
Accordi ng to anotther "aspect of the invention, there is provided an inhaler
conpri si ng audedusirngp bOthaesteipy e flaxibterdng/ of migivalst dvadiegohll ceprrating thg a dose
of medi cament, aq)d means to s ChLéenti %lblh'lft mye er%%h tbI ister into alignnent
with 15 neans o1 Spedi g S pticst & 0" shabrE*a i8%er to inhal e said dose,
the housing including a chanber to receive used blisters and neans to

conpress, cryush,_ tear,  cut-up and/or. fold said . used blisters. It will be
appr eci at ed fﬁ%peﬂp?F%Wéﬁﬁ @iéeg¥“1ﬁ@hF%98ﬂP$ﬁhe yoBe used 20

i ndependently or in any conbination wth other aspects of the invention.

For exanple, the spiral wound el enent can be used in conjunction with the
f1exi bl e’éal In effdypbodimgay ithediviieg yalhisdethloprd sefigurgd sopbat itjsatends

appreci at ed Lhals Lph A GoPlhe difeudaflY B8R AR IBY o}k Lo pASSI vE OF 25
active device. In a passive device, the dose Is entrained in"a flow of air

caused when péredarskdodertivaves: thanousdd 4oldensad blibtpt ewepatidoemver, in an active
devi ce, the

Preferably, the width of the dividing wall is greater than the distance between the
15 sidewalls so that the flexible dividing wall is held in compression between the
sidewalls so as to prevent passage of powder between the two regions of the

chamber around the edges of the dividing wall and the walls of the chamber.

The flexible dividing wall preferably comprises a foam strip.
20
In one embodiment, the inhalation device comprises a second spiral wound
element to receive an unused blister strip prior to insertion of the strip into the
housing such that the second spiral wound element retracts as the first spiral
wound element expands as the size of the coil formed from a used portion of the
25 strip increases and the size of the coil formed from an unused portion of the

strip decreases.

Preferably, the spiral wound element is configured so that it is partially unrolled
or unwound by the leading edge of a used portion of a blister strip on initial
30  contact of the leading edge of the strip against the spiral wound element, prior to

any substantial deformation of the strip cansed by the spiral wound element.



i nhal er woul d include nmeans for generating a pressurised flow of gas or air
through the blister to entrain the dose and carry it out of the blister

t hrough t he nout hpi ece and into the user's airway. |In one enbodi nent, the

i nhal er may be 30 provided with a source of pressurised gas or air within
the housing. - 12 - with reference to g{gures 4 to 20 of the acconpanying
drawi ngs, in which:-FIGURE |la and | b are side sectional views of a
conventional inhalation device to show how the blisters of a strip are
sequentially noved into alignment with a blister piercing station by
movenent of ARCRIEIBAPSRE PWERMHAh &SRS HFORrTHEMT Trigd ef ga?téolﬁag £ §™tthe

posi tion shoypyjideEivgiLad RIMALER datiky 8SwhRh RSN BB M8 seqht By CI NG head
on the actuator pierces the lid of an aligned blister when the actuator is
returned to imosablointalzlipgséntivoth msanshiowmepprngiadliper tacnablcGUREr20i s a
sectional vig f_an.inhal at | | ce i i . | are
retained w tﬁ’:ﬁlr"%loetahcgosgl’et\}/lie (%e%%%‘gﬂﬁcﬁlﬁy 'tgﬁ S%ﬁ\é@bf%ﬁé‘?%% %{a&&gh#ggg&t he form of
an 10 endf essripdap wpighwosndwelappediacound udedglortior-bf3bRERIBa and 3b show
front and rear sectional views of another version of a previously
undi scl osed endl ess | oop device in which the strip is driven at several

| ocati ons al gpgriitng th @RIk enddGdRESiAasd ProdedeaNONEthad of iedhgenrbilarcor di ng
to one aspect of the 15 invention in which the used portion of a strip of
blisters arestfigiafedisicss 91 spsgruongntt ax vhakEer sgvicradhs srsthaddneivding) tﬁ%t er
cavities ar eueslishRAsA oh 1Y of B UAEA AL ELERE QM AcNBALIcHAglu thin an
encl osed chanber in the housing of the device; FI'GJRES 5a and 5b show

anot her e#rbodiaivthret steip covadicd grithen eaid spisgd exaungdfelanigati nventi on in which the
used portion of the blister strip is driven through a nip 20 between at

| east one pair of rollers to crush the blister cavities and inpart a

curvat ure t oAtfwedsiprtb pnsthet heplect ¢f thoiidwentipnwibets in paovidmicinogbaechanber in

t he housi ng of the deyice; FIGJRE Sc and ﬁ? sho a si.nplifjed ?nbodinent
of a nechani SHFPHE LAPYIE B 50RG? Mdeo LA ATR thg CaBtings pelost 8 whi ch mmy
have been crsliRfimedd S Béunk @0BéqHeAGalll shst€Eah HikRo Qlghmesdidvighows a
sequence of drawi ngs to show how the used portion of the blister strip may
be fed iffo Bepryfiod opprirar DREGHEP Badkehtses 6o thaleraiddess. tdoye88 portion of

the stript Oin%ﬁ!dkn&"’aock?aﬁqkjek td PecBVE dedi DiYstiH6nd WAL Egmﬁxla%, $Rish Meapvound
el ement, according to an enbodi nrent of the invention;

cut-up and/or fold said used blisters.

It will be appreciated that different aspects of the invention may be used
20 independently or in any combination with other aspects of the invention. For
example, the spiral wound element can be used in conjunction with the flexible

wall and/or a device to crush used blisters.

It will be appreciated that the inhaler of the invention may be eithet a passive ot
25 active device. In a passive device, the dose is entrained in a flow of air caused
when the user inhales through the mouthpiece. However, in an active device, the
inhaler would include means for generating a pressurised flow of gas or air
through the blister to entrain the dose and carry it out of the blister through the
mouthpiece and into the uset’s airway. In one embodiment, the inhaler may be

30  provided with a soutce of pressurised gas or ait within the housing.

Embodiments of the invention will now be described, by way of example only,



30 FIGURE 7a to 7c shows a sequence of draw ngs to show how t he used
portion of the blister strip my be fed into a flexible spiral wound

el enent that expands as the used portion of the coiled blister strip grows
withinit, according to an - 13 - enbodi ment of the invention; FlIGJRE 8
shows an enbodi nent of an inhalation dey ce incorporating a coil such as
that shown in Figure 7; FIGURE 9a to 9d shows a sequence of drawings to
show how the unused 5 portion of a coiled strip of blisters gradually

unwi nds as the bljsters pass the hlister pi erci.ng station an t he used
portion of t¥&hBHPEres iSFiBRES itdo A0iafdhe B OMPEATIAR AHAYRSY Fal \dind el enent ;
FI GURE 9e shensuRR GadisRatids kéddoah] 4idvd bt csheWhohd iftiabidloa Bvieet in

whi ch a bl ocking elenent is secured to the end of the blister strip; 10

FI GURE 10 shevebosmhasnifsdilivent obf st 4rhpraar il meNaddatoraligrmgnavHbdsi ng
def i ni ng an ﬁlﬂ%e?w&&ngrg?a%grb GON LAk Bgai@a&ghéog(#rqny itx%tnréhgwﬂfinbl Isters
and a spiral wou d"el’&ment to receive a used portion of that Dblister strip,
t he chanmher FiguaiMitdeble potigod woorvbetvigigaret Ihewhioh sedehin siderigg whdelt he spi ral
wound el enent. b fl.exible dividin 1 ].,te form unus nd a used
blister conpBftiRgntcad s § T’&ﬁﬁﬁoﬂl‘%‘% NS Jéd |8g'r'“"t1 f‘%ﬁnegi% égégg%g?g?\eal vi ew
across the hpusittidis r@uidddustifsaioemblopssithen 4sl ssivalie Riguee ding wal | is held in

conpressi on between the sidewalls of t he[\ hou(?i ng;. Fl q# %ﬁé&a to 12d shows
a sequence of Y Bl 1g$ SCOHAROWAV A RRA 4 W B inxhich Et PhptfEs as the
spiral wound.gliePkhieXRAAAScAmd ih JHith thelRisWrlshigiaees B@Eo#hiodan of the

blister strip; FIGURE 13a and 13b show a nodified version of the inhalation

devi ce i I ustadiasedpaprviclyis wrapped aedofl atsolfii ch the flexi bl e dividing wall
surrounds, AaduREAGalAASE ABY A Hd HAACORh! Oiewl BE.WthENveilbh BFE OF Lhe
element. In Fig a h I h

spiral woun ure 13a, none of the blisters have been used
and so the spiviahslywoudidclesednmedies b opslesiptiy whikbwbeettip isrFegat eevedb, al |
the bli sters1 ha%e b[sen .uaed tﬁ\_nd the spiral wound el enent has expanded to
its maxi num 8AEHE 48§ HEE Wi th the flexible dividing wall;  FI GURE 14a,
14b and 1l4c BIGWREBMeeo Bekk@ecis sabydiewat afcoadispics ahe wpandofahenment whi ch
have notches close to its outer end nfc())tra at t a(%qji nt tof(t)}ge internal 30 wall

of the hélUsiAgeBondh Whith fherused pottio strip of blistets are ed in a zig-zag

or concertina fashion and the blister cavities are ctushed so that the used blisters
form a neat stack within an enclosed chamber in the housing of the device;
FIGURES 5a and 5b show another embodiment according to one aspect of the
invention in which the used portion of the blister strip is driven through 2 nip

20 between at least one pair of rollers to crush the blister cavities and impart a
cutvature to the strip so that it coils up within an enclosed chamber in the
housing of the device;
FIGURE 5c and 5d shows a simplified embodiment of a mechanism for tearing
or otherwise detaching used blisters, which may have been crushed, from

25 remaining blisters;
FIGURE 6a to 6d shows a sequence of drawings to show how the used portion
of the blister strip may be fed into a rigid spiral wound element so as to cause
the used portion of the strip to coil up as it is guided by the sutface of the spiral
wound element, according to an embodiment of the invention;

30  FIGURE 7a to 7¢ shows 2 sequence of drawings to show how the used portion
of the blister strip may be fed into a flexible spiral wound element that expands

as the used portion of the coiled blister strip grows within it, according to an



FI GURE 15a and 15b show two perspective views of a noul ded spiral wound
element; - 14 - FIGURE 16a and 16b shows a spiral wound el enent forned
froma wire or froma material having a rectangul ar section, respectively;
FIGURE 17a and 17b show a twin spiral wound el enent prior to and after
insertion into an inhalation device, respectively; 5 FIGURE 18a to 18c show
a sequence of drawings to illustrate how a fresh strip of unused blisters
may be coiled within a spiral wound el enent prior to insertion into the
housi ng of an inhal ation device; FIGJRE 19(a) to 19(j) are a sequence of
drawi ngs to &RbYAIRGH of dsiirvestiotised portion of a blister stripis formed in

a spiral wount BReNPHinAGHUARnL d0naRRIeS: &RQdREREbiacFL PHBE 20(a) to

20(0 show how a coil a used portion of a blister stripis fornmed with

the spiral wewhdschanbovn of Figuguf:.e 18 when | ocated in an inhal ation device;
FI GURE 21(a 0 - : | ; d
(Ol ROl BELFREL YRl B S, vien o

a 15 side view o e enent own in Figures
19 and 205 FpéidBE oZ2 coliedsiripnadtihietersegrbduhlipemtvirafs aanhé hhatatpaorthdevi ce

simlar to that of Figure 10, but includin s to _prevent,.residua
powder ed med Eﬁﬂﬁﬁ‘Iﬁ§§gﬁﬁﬁaﬂﬁéﬁ?Hﬁﬁégﬁuﬁ?ggg%ﬁﬂﬁgﬁﬁgﬁfﬁéﬁ?a%8pthe unused
blister conp@ﬁﬁﬂﬁﬁgsﬁﬁngg@ﬁ@@&méﬁ§sage bet ween the two through which the

blister stri asses; 20 FIGQURE 23 shows a partial section |l an view from
above of thelQEETéBE«MCt%PWS@Pmb@dW% Sﬁll&ﬁﬁ%ﬂﬁ;shﬁwwélgﬁae @%B&g an

al ternative @H@H@Mzﬁélexﬂ@mji@?@u%& QnthdeNE 68 usd Wisk@lsee that of Figure
22, FI GURE 25 shows a partial sectional plan view from above of the

area Wi t o n BPBESYRECIOshimis nn Ringhodemean of gp GURESI opgikvice Jggioghdwuaitger nat i ve
configurati O@e%in?xl;g gnei%itér;o%Q:tnaxggg@?&n%aigi%gtark%ilgm%qgg@&hpQ)ff bELIHI£% 24 and 25;
spital wound element to receive a used portion of that blister strip, the chamber
is divided into two between the unused blisters and the spiral wound element by
a flexible dividing wall to form an unused and a used blister compartment;

75 FIGURE 11 shows a partial side sectional view across the housing to illustrate
how the flexible dividing wall is held in compression between the sidewalls of
the housing; |
FIGURE 122 to 12d shows a sequence of drawings to shown how the flexible
dividing wall moves as the spiral wound element expands as it fills up with used

20 pottion of the blister strip;

FIGURE 13a and 13b show a modified version of the inhalation device
illustrated in Figure 112 and in which the flexible dividing wall sutrrounds, and 1s
at least partially attached to, the outer surface of the spiral wound element. In
Figure 132, none of the blisters have been used and so the spital wound clement

25 is empty. However, in Figure 13b, all the blisters have been used and the spiral
wound element has expanded to its maximum extent together with the flexible
dividing wall;

FIGURE 14a, 14b and 14c¢ show three perspective views of a spiral wound
element which have notches close to its outer end for attachment to the internal

30 wall of the housing of an inhaler;

FIGURE 152 and 15b show two perspective views of 2 moulded spiral wound

element;



FI GURE 27 shows an alternative enbodi nent of an inhal ation device simlar
to that of Figures 22 and 24; .30 FIGURE 28 shows a partial sectional plan
view from above of the area within circle Nin Figure 26; FIGJRES 29A - 29C
show alternative configurations of resilient nenbers of - 15 - the

enbodi nent of Figures 28 and 28; FI GUREl 0 shows an alternative enbodi nent
of an inhalation device simlar to that of Figures 22, 24 and 27; and

FI GURE 31 shows a partial sectional plan view from above of the area within

5 circle O in Figure 30 Reference is made throu gout this specification.to
bot h "unusedFIGHBE 1$saad 18P isbeowt & spirgl waund chgrenh SorRqddred 4 Wat OF tAthsed”

bli sters ref%akﬁiamm blicshghhy LR hAVE. ROty passed the blister piercing
1 C

station and remaih intaft with the /0 dose contained therein. "Used"
blisters ref BIGUBEtHeseddlbshews i erirdhapand slesedt prier il 4t dietpi er ci ng
station in response to noy nt ,of t tor by a user and which have
been pi ercedmtsgr%gﬁé% eanzi?:c%%sont%&tlﬁé egggcg&’g]ght ained therein to be obtained.
Al t hough in PERBRAE 182301868 eibw histgiedte bedmringsao dluskiastlerw & ifgsh whipch a dose

has been inhaled, it,should also he .taken tq incl,ude blisters.which have 15
passed the bPj&iused Eﬁl‘%?’éi"ﬁad }éet%ﬂﬂlegﬁ"@h’aaﬁ%\’}"g Woag eg‘?ﬂéer"éé’aloﬁﬁ? RRCCR stil |

contain eithgko U EoRIngdflanthhditod@seecont ai ned therein. This nmay happen,
for exanple, when a user noves the actuator to noye the in_tgr strip

wi t hout i nhaFIGHREN® (Bdad 96} et 2asearense o Sravipgseiodd ™™ £ &PL o 8sean
al ternative ﬁ(gm%&'ltd? él,tl:ni@teg gﬁ%elgtfbﬂﬂ@c{ i_naaow’iﬁﬁ@gum cISRRR! Adderdisesh bl i sters,
rrve escri pe

and the | oop ' above, is to enploy a nechanismto inpart
fol ds tora usedhetmilpdimenthat it is encouraged to forma concertina. The

devi ce can, i “el i n i 1] 0. a4t I NGr MEghani SRy al so

i ncl ude nean i‘?@?‘%‘*&éﬁ‘?@% ﬁféo“ﬁgg% %‘%O?Q?ftearusgg ?%ﬁg(sesgso as tc§ esduce their
vol ume and sforhedtwith @b splrfipaairidelshankofdfigurs ¢8 vlendoatsl insanfighsewhn t her eby
m ni m sing the volune of space occupied by the used blisters. One way in

whi ch the cof®®f%ina folds and crushing of the used blister cavities can be
carried out FEGHREVE (Ao PhEYEBEwEa peRpd&ivelviamanhinedlldd plganichengpen t hat

75 side view of the more flexible spiral wound element shown in Figures 19 and 20;
FIGURE 22 shows another embodiment of an inhalation device similar to that
of Figure 10, but including means to prevent residual powdered medicament
passing from a used blister compartment to the unused blister compartment
through the passage between the two through which the blister strip passes;

20 FIGURE 23 shows a partial sectional plan view from above of the area within
circle L in Figure 22;

FIGURE 24 shows an alternative embodiment of an inhalation device similat to
that of Figure 22;
FIGURE 25 shows a partial sectional plan view from above of the area within

25 circle M in Figure 24;

FIGURES 26A — 26C show alternative configurations of resilient members of
the embodiment of Figures 24 and 25;

FIGURE 27 shows an alternative embodiment of an inhalation device similar to
that of Figures 22 and 24;

30 FIGURE 28 shows a partial sectional plan view from above of the area within
circle N in Figure 26;

FIGURES 29A — 29C show alternative configurations of resilient members of



30 two | obed rollers 30,31 are configured so as to internesh with a snmall
gap between themwhich is less than the depth of a blister cavity. The

| obed rollers 30,31 nay be connected by integral toothed gear wheels (not
shown) so that - 16 - both are driven, possibly in response to novenent of
the actuator 5. As a used blister strip1 1 passes between the |obed rollers
30,31, the | obes 30a, 3la produce a zig-zag or fold in alternate directions
into the flattened strip so as to forma concertina. Each roller has the
same construction but they are nmounted so the 5 | obes 30a on one roller are
90 degrees othe egibqsias Qﬁyﬁlgilf?h%g reshé® 31a on the other roller so that, as
the rollers g8k & ﬁ]to%'s ah chRES et%ggdg’rgt%t 8P 1P faBbh %@vz@@sﬁﬁla@&gage the
strip and press it agal nst e other roller between the | obes 30, 31a of
that roller eﬁxaiF%Asméﬁommam¢ﬂFﬁgdres 4b and 4c, if the concertina is
forced into d space e aler, a
10conpact ed E@@Eﬁiﬂ i aé%%esec 5&3’15 V%’évegg%l |b§¥g§£8¥esar€arg{at?%d The
encl osed §pagaj82)nﬁyghe3prOV|ded mnth a wall or piston (not shown)

sl i dabl e agai nst a bias provided by a spring (not shown) in response to
pressure applied thereto by the used blisters 51 entering the encl osed
space 32, SORaRdRe M Ahdd ﬁgoﬁéh%uyﬂ:lnﬂfﬂ%cﬂﬁﬁﬂ&i by “whfsdal gl engdS1 and

mai ntain the concertina form It will also be appreC|ated that, in place
of the | obesbB0ers Bdll beﬁépmlaﬁétthatofunﬂlﬁ%d rlﬂllsFeésr%e tggoghoseRlistsas fabyi ded

wi th an ar m a9 s elthd ekl A0ELiNRMUnE! LkEs id Qe dith ep O thal
rat her than fol fe strip, ing bl ade engages the strip 51 to cut

it or chop i doast;mnrmimdstbestem (18 sgti” i)lmdftrv irefgato thioksbleaters which havgpasssdr

nodi fication, illustrat.ed gures n b) c ies of the
used bli st erf tkf’h ergiercm s{aplo r%sgo%%eﬁtgﬁlégve\%%{ilhgpﬁw ac‘:ﬂsahfg ﬁgéﬁg fold to
the strip 5land ¥hichéhasé begn fﬁ&.rcb& ipassddaaeouadhadoa doe:tmﬂe]d deackit by baigh a
nip 42 betmeen that roller. 41 an t least one other, roller 43, .44, the

rol lers 41, 430 M‘h% Sit gﬁ%“f‘ﬂéa‘%‘?ﬁi tﬁ‘é?ré‘?fﬁrsvﬁolalbhéf%cf PRI form a
curvature i ngdenasthelPindiledli¢ Bhdatise HeQhken ® ihOLABHMYs GhhicleRaviee direct ed
into an encl osed space 45 mﬁthln t he housing 40, as  shown in Figure 5b. It
will be apprpessed the hlister pieseing s@iies aad have bearpiersrd byiswhish sHl co8@® t o crush
or 30 flatten e HliSLA" %tﬁQdQJedc%htag Oed BOHGE THInky Bhien, AG%aMBY, DE
conpressed between noving parts etween a noving t “and an anvil. The
movi ng part twhyn basdrmeen thyatthgoatt mavethoblisty: s¢epanthvet imbaltrg th¥he bl i ster

form nay be dose from a previously pierced blistet.

20  An alternative to both the conventional approach of spooling used blistets, and
the loop drive described above, is to employ a mechanism to impart folds to a
used strip so that it is encouraged to form a concertina. The device can,
alternatively or in addition to a folding mechanism, also include means for
crushing the used blistet cavities so as to reduce their volume and so that a

25 compacted stack of used blisters is formed, thereby minimising the volume of

space occupied by the used blisters.

One way in which the concertina folds and crushing of the used blister cavities

can be carried out is shown in Figures 4a to 4c, from which it can be seen that
30 two lobed rollers 30,31 are configured so as to intermesh with a small gap

between them which is less than the depth of a blister cavity. The lobed rollers

30,31 may be connected by integral toothed gear wheels (not shown) so that



- 17 - weakened in manufacture to reduce the force needed to crush the
blister, for exanple by scoring the blister form In one unillustrated
enbodi ment, the indexing wheel form ng part of the 5 indexing nechani sm and
which rotates to draw the blister strip through the device past the
piercing station may be itself be used_%p_squeeze the used blister cavities
as they pass around it, thereby at |east partially crushing them This is
achi eved by enlarging the axle or hub of the indexing wheel so that the

di stance between the hub and the casing of the %fﬂjce, or _a,conponent fixed
to the 10 cazqthgre fdvinegessiinif 1ePRPOTTELP MATERERGRL thorcHapr Psfar Wi ty. As

the blister gayites, 3 §.8M bayBE&AdRALMERIIERS0SA0KRS0BEs J0ae31siediang wheel
onward rotation o he wheel causes the cavities to be at |east partially

squashed or szgdag ohéddbethwesteditsceonsantyedie flabeedd $tHB sp a8l & fHE heel and
the casing of the deyjce, ;15 | [ : Ghatisind af. tearing
or separati n‘bongeﬁlgé'?%ﬁ%l ré)p%rrshag%lég%a?%%g?rﬁgrug{}% ggfstf@T g}% showr%. The eused

bl i sters maylobés MRyomeic triecaddenicgrass hedofppliase with thelabgs bpeanr dieed. As can

be seen from Figure 5a, the strip 5 asses thragu a.,letterbgx"” shaped
openi ng 201 ‘?‘Ee‘gfqntﬁf 5q Hgbys iRtnise foeglrfoﬁﬁtevﬁi‘géﬁ%egg&ﬁ?\?e%fﬁgnf F\%F’rshom) are
provided to mﬂoeﬁgage e dtfp fid Prdsh kQPaROSHE ioBiter 2614t tw@AThE iches t he poi nt
at which it passes through the tearing wheel ‘é’oof&f% tfb?‘%t when the tearing
wheel 200 r ot sofghaiollpnd. o Asibowpin Figpres b pagt 36 of 18 CORETERAE ng wheel

200 may be df?i Ve nHyargé}?aios\é@%?Ac% HhRthik Ohak Susdidl ESPORSEAQ, AOvenent of the
actuat or 5. ﬁe det ached blisters 51a are allowed to fall into a

cont ai nment swepdcod wrckadcbosBiguspded ofsdd Mistareisraeasshglbe epdosdf erri ng
now to Figur here i A Il g j L ERNY,.20; and a used
portion of as%s??? ?% 3?%&9?%‘%2?{@%%3@%héwﬁégho%%?wgﬁl of tﬁg srf rip of

bli sters 51 siegpevidedlHyy spoing (bbir chiogin) ieespenseae piressvespphebtherctgbgcessi ve

actuation of _an ipdexi ng, mechani sm by the us t he used_partion of the
St 51 movise il PRERG! draRe b eatosptre 1 <ba° khERLrRR bt *PRE s eq
portion of th&ubleliyahe Bliftbs 5araaduadihisid Her@asa@sina Agnshown in Figure 6(a),
the | eading end 51a of the used portion of the strip is about to enter the
mout h 527of the spiral wound el emrent -18-

It will also be appreciated that, in place of the lobes 302, 31a, one or both of the
rollers 30,31 may be provided with an arm having a cutting blade (not shown)
affixed to its tip so that rathet than fold the strip, the cutting blade engages the
strip 51 to cut it or chop it up into sections or individual blisters.
20
In another modification, illustrated in Figures 5a and 5b, the blister cavities of
the used blister strip 51 can simply be crushed without imparting any fold to the
strip 51. Tf the strip 51 is passed around a roller 41 and through 2 nip 42 between
that roller 41 and at least one other roller 43, 44, the rollers 41,43,44 will crush
25 the cavities and will also tend to form a curvature in the strip 51 such that a coil
is formed which can be directed into an enclosed space 45 within the housing 40,

as shown 1n Figure 5b.

It will be appreciated that techniques other than rollers can be used to crush or
30  flatten the blisters in order to reduce theit size. They may be compressed
between moving patts, or between a moving part and an anvil. The moving part

may be driven by the actuator or by separate means. The blister form may be



50. In Figure 6(b), the used portion of the strip 51 has entered the nouth
52 and has been deflected by the surface of the spiral wound el enent 50 so
that it begins to follow a curved path guided by the surface of the spira
wound el ement 50. In Figure 6(c), the used portion of the strip 51 has
passed further into the 5 spiral wound enment 50 so as to forma conplete
coil. Further novenent of the used portf'on of the strip 51 into the spiral
wound el enment 50 results in the formation of multiple coils fromthe used
portion of the blister strip, as shown in Figure 6(d) %ﬁs f piral wound
el enent 50 i ¥egkegedin fﬁ@"ffb?téfebqolf§@‘é¢r€§h%§(ﬁ%§e‘1”d§ééP\?&fh Risen f¥ spir al
wound el emeng,, %Pb Q%nhgqgéggﬂgngngla of the used 10 portion of the
blister strip 51T @ac the centre of the spiral, as shown in Figure 6(d).
It will be appreciated that when the |eading end 5la of the used portion of

the strip 51, reache tr f inserted as
the spiral 1 (\)A‘beulﬁndﬁ eﬁttrélﬁeen mn%‘bdemgnt hpe ma%héé %qﬂiogg{ngdjﬁgﬁrbf‘?ﬁ%refore, in a

nore prefer ahldex;ﬁg)ﬁfet@amsaﬁ a0 whidherosqres @l dmmuhdbﬁttexrmrip tﬁﬁ)u'gls theormed from a
flexible, fer abI%/ resiljient, mat er| al fqﬁ_t ha it exp % % 1tisf%er number
of coils of it 15T SESNTCRE SHTOP TP it SUHE“S By USRE B SF dr awi ngs

of Figure 7../NG8 28 tQidasOlrohhdl & ﬁfe&b@]atll'@gt pag f&ﬁﬂﬁﬁg Webh imhidiwe spiral
wound el enent 60, further 20 novenent of the_ use rtiqn of %he strip 61
o

into the spi ?Célllev\ﬁélbm@ﬂ]él@%ﬁe%@%falt}é’e%f the fpdexingyX aﬁéh FPRE used
portion of tgﬁwg STl M@ R%ics aWcd cﬁiﬁt-'f'fe‘ed7éb thdhe initial
size and rigi g#eq{uﬁegngptpﬁg%s I%mnd'ee elﬁent 60 n?r%y ebe 1se| ected in
dependence omsmlgelssltsﬂtlflmé?s mfximhe hesght qf artlistsn catitn e the blisterrcagitesi p 61
such that, as _th ortiQ he st r hg,.spiral 25
wound el erren%reﬁﬁgamfegge&emé p[?ke% gt%ll{l?%ﬁlé%o églf‘&ﬁg(g?ta%gnhnﬁel it
forns a firsiwhedl eseds dmdamtﬁs tcshaMem pEttgullyeqﬁzkshecht yandwohetl fresveenr st

0"t ake. pl acthe PR Sethe PTG L b [ GT9BBC st (Moof 16, 30 or 60

or nore blisters can be successfully formed into a coil in this way. It
w Il of course be appreciated that 30 there may be sone initial_ expansion
of the spfraln fsordeirdmshe mohgusrig: feéflﬁﬁlOF6??%?“%“*?%‘?“@@3% coil .

- 19 - In bogh V&L f PR ShAWE bdinfheiuegs 6 and
7, the out er]ngrllldt@l %{Iﬂﬂ§1 g Slhg)glﬁ ?g%sﬁgédhﬁg%h&%g%gb ttc% facili ta?e t he

attachment oprithe lspig aﬂpammme‘heﬂvemteiﬁﬁowig@feéasﬂletsam el pagspmti on on the

inner wall o ou devi ce. r ] Lespondi ng
| ocati ng fea{ u?‘égsi’ legg%}t??{eg]? eggpe?leﬁeﬁs T H‘%&%?abﬁ{s 5{‘9%?3%?’3‘% Ef (b)
and (c) showz@. dpiandlnorelosnphepeatidéDankdep thetscipe:s a.’lﬂ:&dfpmrsmd | nit close

toits outer end for |ocation on, correspon formation ousmg
Al t hough ?f heURitia e OgiRf oy at ‘ghfcgi”hp%sﬁ? ‘g‘ﬁ%%& tﬁﬁﬁ?"émgfw al Ss? Mand 7,
/ g

I'S when the tearing wheel 200 rotates a section of the strip 51 is torn off. The

tearing wheel 200 may be dtiven by gear wheels that rotate in response to
movement of the actuator 5. The detached blistets 51a are allowed to fall into 2
containment section or enclosed space within the housing 2.
25
Referring now to Figure 6, there is shown a rigid spiral wound element 50 and a
used portion of a strip of blisters 51. As the used portion of the strip of blisters
51 sequentially move through the device in response to successive actuation of
an indexing mechanism by the user, the used portion of the strip 51 moves in the
30 direction of arrow “D” as the size of the nsed portion of the blister strip
gradually increases. As shown in Figure 6(a), the leading end 51a of the used

portion of the strip is about to enter the mouth 52 of the spital wound element



10 shown coiling up wthin the spiral wound el enent 50,60 with the pierced
upper surface of the blister strip facing outward, i.e. facing the surface
of the spiral wound el enent 51, 61, it will also be appreciated that the
blister strip can be encouraged to coil with the pierced upper surface
facing the centre of the spiral wound ebgnent. In this way, the strip
itself serves as a flexible wall to prevent the 15passage of residual
powder around the strip. To assist in this, the blister strip can be nade
slightly wider than the distance between the I1s of(% e devhgg and nore
flexible so phde Higure 6t hamssd roigieged i HHPtA S AREPIEe ORI i%EE Wit h

sufficient fprGe.hAcRLEUEHY B RESSAGE sgﬂcralr\ﬁﬁjrﬁ@ém&g\’%%b t8fiqund the strip
but still enabling coiling and i ndexing of the strip. The coil thereby

ef fectivel y B@ilreoditie a costed-meapvided bndieovaiaee pf theepitangowscdgraewst

resi dual po I t o coid. An di '@P@I | evice 70

i ncorporatin .&n?#1¥%F@%2§%88%{%%éﬁ?%%gﬂigﬁpgﬁﬁﬁgpg%F? réﬁﬁggﬁggd portion
of a bli s} ersital iwpubd clemehh®0 vays deoedidbmehR&e woilhFurdiee meneeachoofbgure 7 is

illustrated in Figure and. 9, It wll .be appreciated th t he general
construct i on“séﬁd’ogtb@r %%‘ihﬁﬁ“&ﬁ 51 Hﬁo\é\fé‘i/?l’d@??ﬁgg%e Rt g%F%"“ ¥ 1|nst%§i mlar to
that of the fgMa6en ShRWRPIOHlsdbsA thaudddhdrion 6X @RPblistdratrg,he shised part of
the blister strip 61 is retained within the device 70 and forned into a

coi | by a spinEibuigdifdAeentritel poundekmeat i SHACHETRBURINTGS 7 BF t he
devi ce, rat h&rceit;g@{%itﬁ& R PGS QST dR WHch thAeG@ingieRdlsy s of AR Jsedexi ng

mechani sm 4 pushes the used portion of the strip 61 into the spiral wound
el ement 60 apomveh|of slse birsasi sugp bhecashesidd cpeire PHheopirahas shawpingiiguer om t he
starting coié ver the blister location - 20 - chassis 6 and past the
blister pier q ig station 7. The indexing nechanism 4 noves the strip 61
increnmentally one blister at a time, i.e. activation of the indexing

i
mechani sm sequeptially noves a plister jinto i nt with the.blister
b1 o o ng. st atiioH e grplbstatsatunry ek by e Rl b8 By be
obt ai ned 5 ofgplBy eNGes A ©AleRE ISCHINRSImEteaanIng ihsatrdR gy il t he hook
63 on the spiral wound el enment, 60 hooks over a protrusion 72 f"t%[i d within
r

the wal | 76f whendhelasrrigol dosm indigwmd 18 sigidal ThESEHEE df & MRATE PEHC eto. 10
It will be a‘p&{fﬁﬁia%toﬁgthteaﬁﬁﬁlt@@urm HERSHSis (Ptgrrx}i‘]&pfrgﬁvd G&ISBQWBck b1 gure 8

are generally the sane as"that of the device shown in Figure 1, except that

t he housi ng ®iiliest, elaomghsethabyt axhendstaarthe ngmbenedetadls obfusedhelisesst 641 wound
el ement 60, ivr\fg%e%pe, Iassslr;[chpnl o le)éeqzu(%mc% 8f dr.la%%?g's of Figure 7. Once a coil of
blisters 61 has been formed within the spiral wound element 60, further
20 movement of the used portion of the strip 61 into the spiral wound element 60
causes it to expand as the coiled used portion of the blister sttip 61 grows, as
shown in Figure 7c. The initial size and rigidity of the spiral wound element 60
may be selected in dependence on the stiffness of the used portion of the blister
strip 61 such that, as the used portion of the strip 61 is received in the spiral
25  wound element 60, it is guided by the spiral wound element 60 until it forms 2
first closed coil, as shown in Figure 7b. Only once this first closed coil has been
formed does any expansion of the spiral wound element 60 take place. In
practice, a blister sttip 61 consisting of 16, 30 or 60 or more blisters can be
successfully formed into a coil in this way. It will of course be appreciated that
30 there may be some initial expansion of the spiral wound element 60 during

formation of the first closed coil.



15 For obvious reasons, it is desirable to ensure that the di nensions of
the device are kept within reasonable limts. This enhances patient
acceptability and portability of the device. Therefore, the housing has a
common chanmber 80 within it that receives both unused and used portions of
the blister strip. Prior- to 20 use of t i nhal er 70, a | arge proportion of
t he chamber 80 is occupied by the coil of unused blisters 6la, the

remai ning, nuch smaller portion, being occupied by the spiral wound el ement
60. As the dianeter or size of the unu ed portion gﬁu%he stnip 6la reduces

during use, ImBoRoiersipns efghe Fpigthvtayad 25 SRPY B 93¢ AdrT thBeutEncr eases
in diameter %wéfﬁﬁsgﬂ% 1BRL r@okmuaﬂt@kﬁm@ﬂ& R0 tFOh ¥ PRSkhanEirAS5 | NCrease
in diameter as nore more of the blisters are used and coil up within

it. As the siwpendtlemiat Zb60 tof mmlefﬁoemnmomledms@rrwlbﬁf ohopsieg 8k%ip 61
i ncreases, a he r cupi es
the space. pr B0t I Soat5E ol Poy G ARcand a0, sataru g B pect: BF
blisters ﬁlaelefﬁlaewﬁﬁpbeusetdh&gemmm)r (laemidsic)(xmmmmnal potthd ekedn640 and
unused 6la po %I ons of ng s 30 as posegélo havi n ,a separate
chanber for ®HEHOt %e(ﬁq fiyn t[ﬂ%seot\géfs I E%h chlrﬁon &vice 70 can be
kept to a mm@@g@bndm 2rmatibhs ba tﬁl@ﬁblﬁs@tge for the coil forned fromthe
used portion 61 of the blister stripinits initial state to occupy as
little space as possible and in its final state to occupy as nmuch of the

space previ OWshY.ACadRLSd: B tzheswrmscﬁeie,ﬁagsamamﬁé@@areghenalw gter strip as
possi ble. Prefera éthe unfl |'éd spiral wound el ement 60 has a 5 di aneter

| ess t haro SO%Q’_wn tdilkngliamishisy thefspirhlevewid cleshentHl.G0nvisle thamiptcrdiPBEa of the
bli st t f f d
ister stri Putrﬁa ug&ﬁ,ﬂgﬁ SR c}ﬁ\%ocﬁﬁg»a&fgge fg&{%bﬂe“s&f&t:e NI Erapfe erre

enbodi nent s, sp i &l has a di ameter |ess than
20 - 40% of whendlelanehes!, of, ﬂtli:ellahblbecapptelqemdrthste@heﬂ@swetmp%a ef the
blister strip and st,i | enbodi nent of
Figure o 1t MHEVRETs OFaRE B OPesaiBPet R SRS Ehe. B U8l € e
unused bl i stgbenddRmett &4 einRlay, ﬁleetrqp;téemfemseaatmlemaleemu folpienesititse f i nal
state occupies greater than 50% of the space previo y. occupi ed by the
unused péfti E%S@»Pé’deS@‘WéPBWId%% gpugd FheﬁtrlP 1 1@ a3§ish i gﬁﬁ/é]i‘\‘? %J&égtﬁﬂ}r 6% t he

outer surfacg. gf,qt E!%h%lﬁ'vﬁ@ér R aTleTes &gemet@gemel@m@rome @GAalngtd or cont act
the coil forrred fro unused portion 6la of the blister strip, as

general | y i ndicafledblbypo ahatduconktanitly cRgepes withgbamulloof the devicervitised portion
DI RsoL 0e  Dulepbigh: BLL B L EAE PR, bk RIS 8l Dbl REH AROLLL B0, B Of the

blister strlplncreases i‘n hi's can SSISt In stea
spiral woundstidl enlitig 64liagand ineepapdd tanstripl Tloe bal pemtmaﬁfeanwha t| ght er

coil fornmed 20 fromthe ynused portion 6la of the blis er tr| he spiral
wound el éhen ec@ﬁ"’f6rselg‘éﬂlfﬁnﬁgfnﬁlﬁs‘fii‘?é’rﬁ‘éee’amgSF‘iaPSﬁ’?é lch'f' “6|Ci“§t°£ Strip

has been fouggdito work with blister strips of varying degrees of thickness.

An embodiment of an inhalation device 70 incorporating a spiral wound element
60 to form a coil from a used portion of a blister strip 61 in the way described
25  with reference to Figure 7 is illustrated in Figure 8 and 9. It will be appreciated
that the general construction and operation of the device shown in Figure 8 is
similar to that of the device shown in Figure 1a and 1b, except that the used part
of the blister strip 61 is retained within the device 70 and formed into a coil by a
spiral wound element 60 located within the housing 71 of the device, rather than
30 being ejected from it. Accordingly, the indexing mechanism 4 pushes the used
portion of the strip 61 into the spiral wound element 60 as well as drawing the

unused pottion of the strip 61a from the starting coil over the blister Jocation



The strip is required to have at |least a certain degree of rigidity and
stiffness 25 otherwise it cannot withstand the conpressive force exerted on
it by the indexing mechanism 4 and buckl es. Devices with spiral wound

el ements 60 have been proven to work with blister strips formed froma base
| ayer of either 25i.tm nylon/45vm alum pium 30ri m PVC or 251km nyl on/ 45kt m
al um ni um 60um PVC, containing over 60 blisters and over 660nmin | ength.
Spiral wound 30 springs, such as a coil spring, have been formed from
phosphor bronze, stainless steel, nylon, acetal and polypropylene. It wll
be appr eci at €ibssihArng pastdby Pheerpieling stinfct i O 1BHSHRBEPERAN f a wi de
range of natx%'i)kf«? éﬁe%%&@ifﬁ%%%@ﬁl f Qe QLD at 2 i, f.e.lBBvAUInSIRRe ST P and
the spiral wound el eneEnt 60. The gpl ral wound elenent 60 is generally
formed from adeking nslkstisrokeqmeneuliyahotas: Bisewnntof dignaranpite thy blisgrgur es 14a
and 14b) or, it .can be nmouyl ded in t f f ' i.,gure 15(a
and 15(b). VREH'F {}F%%“ds,o Elﬂﬁ‘ga%cﬁsrsfté)ctgg5$nﬁeﬁé’%ef%3ﬁeehlt§£%r6ﬂ%%§éggtagfregvi ded \(M%h
rai sed regi ogse Bfldnd.0 facilitate ejection of the element fromthe nmould. It
can be also be formed fromwire or a thicker rectangul ar section material,
as shown in Figures 16(a) and 16(b), so that friction between the blister

strip and thgs s bas@nhodREa8PIHM FibRHNE, BL BBBRE3 64 the sfithl eduged due to a
smal l er regi on of contact between the strip _and . the ele

[ _ nt 60.. As
descri bed eatlpient ¢ hegigever 2 peatarion & tosmepaviide the well Althe SR¥EPEER i on of

the spiral 6&tagﬁ'th@9ﬁ9}§v§oﬁﬁd%@n{&lt saeiing. el ement 60 preferably has a degree
of resilience, 1t 1s 15 also envisaged that the spiral wound el enent 60

coul d bereonstructed froma material, such as a polyner, which creeps and

rel axes as i} SHRANGS: LIELLRY, hEldisuhNgnd Dol ARG OMINEiBYAL Phister coil.
Creep may occur to RPG°daSt Sone extent even in a resilien spi ral wound
el enent 60 agerakdllypht yseds s thaeoSthlejdecice shoat id Egste semecpdelgatebe of creep. 20

The spiral wound e emapt 60 .pref erabl as at | asst .ope _co If%tej[e1 iral or
coi | extendi h@“%‘%% Hrf %@Weé%tyﬁ ‘E“@i‘%‘é’e &msEH Oégbﬁr ee! %v%@%r, WS(EW Il be
appreci ated hah ik typi@aily abse bae. a plurality of coils or portion of a
coil. Figure
15
For obvious reasons, it is desirable to ensute that the dimensions of the device
are kept within reasonable limits. This enhances patient acceptability and
portability of the device. Therefore, the housing has a common chamber 80
within it that receives both unused and used pottions of the blister strip. Prior to
20 use of the inhaler 70, a large proportion of the chamber 80 is occupied by the
coil of unused blisters 61a, the remaining, much smaller portion, being occupied
by the spiral wound element 60. As the diameter or size of the unused portion of
the strip 61a reduces duting use, the coil formed from the used portion of the
strip 61 increases in diameter causing the spiral wound element 60 to expand and
25  increase in diameter as more and more- of the blisters are used and coil up within
it. As the size of the coil formed from the used portion of the strip 61 increases,
and the spiral wound element 60 expands and grows, it occupies the space
previously occupied by the unused portion of the strip of blisters 61a. Therefore,
the chamber 80 is common to both used 61 and unused 61a portions of the strip,
30 as opposed to having a separate chamber for each. Consequently, the overall size

of the device 70 can be kept to a minimum.



14a and 14b show a spiral wound elenent with one and a half turns, or 540
25 degrees. The coil in Figure 14a can be formed from stainl ess steel
between 0.8 and 0. 15mmthick, preferably 0.12mmthick. Such a coil can al so
be formed from phosphor bronze between 0.1nmm and 0. 18nm t hick, preferably
0.15mm thick. The coil in Figure 13c ca ) be noul ded fromacetal with a

nom nal thickness of between 0.3mm and 1. 0mm preferably 0.5mm 30 - 23 -
cube of the material thickness. The Young's Mduli of stainless steel,
phosphor bronze and acetal are 192, 103 and 3.1 GPa respectively. Hence
nonmi nal t hi ckriegdesblstfop thexoilformed frampths mssdp prHogi Gleok s‘gﬁPP%tFr gPPff ness. 5

Coils with t;@@lﬁ%l l;eemtwcaﬁy Qe ?&ebag %§§91e AARGS &s @ﬁazfs%mwekéuml have

thi nner materi a exa staintess steel 0.05mmthick. This

a stiffness aqo:pndxDﬁdteepycem&mbutﬂhatcwﬁedab}c@lelunﬁmdmedtlfméﬁn phtherial 0. 12mm
thick, and i ehaves in t wa n and 20 and
as wll be eélbﬁl%%ﬁ R 5?331%1 ‘I‘ﬁré?‘?r%@ é%eséédf ]%I ‘%W"‘%ndf :9?:{1 1%‘?nner

materi al &l s@iaetc@V&s ahah((BBE Liardigaider bbt}becoul&ﬁdhe hﬂus@d@owmr@heofused to

acconmodat e a blister coil, a il of the i ure 14a with
a nomi nal ﬁ‘teth%ﬁ&r QPR Oﬁfpfﬁﬁﬁﬁﬁlﬁkﬁ? grageto g%ré’r? §¢r thi nner
coil wth a éh%&;h{agtsdﬂérm;fﬁlﬁ:d@Enrzll%mnnd%émrse Hals @didh Req0dd thiaso the
further advant age that it is nore tolerant of friction caused, for exarrpl e,

by waste powl¥f of ibbilngcrshelencahel devpussiparien §is phthetdistes segipyand

ebodi ment t Aate SITALOMS <2 RAL bk 260K0d AL @&Beam@ubh@lgwmﬁggrl bed, the
stiffness of e spiral wound enent be constant Talong its Iength
However , wt dlametae of 394t fatye dirsndtey qfrtbwdléOf ﬁ@lymscthbhmﬁéla dlrefesably with a

r egi on of d; ) e&fllé;‘ %erst6?\ﬁ\i?gt9§1n s%aI nn 1?3&%6%99?%3 Sbk)’l (gfstrﬂgl ps the

spiral 20vvo oass rrearo n expan and helps to
prevent the gnde Ffevidt@ly&iﬁcﬁ;&led %@uimlneisedrpntud‘n"@lmd‘fahahlmgr"stagal nst the
surface of the blister strip. The stiffness can easily be varied by

changi ng the thickness or wdth of the spiral wound elenent or formng it

so that it taRGhDelAWRtEoL! forl (ARBLr@RE: AR the sfird vl eehal bargenent
the spiral wound el enent tapers for a portion of its 25 |l ength towards the

i nner ends APBoYsgaEdtier Forastithe eed fasmedrfeem shepnysed pogien @@rﬁﬁ%rﬁ the | ength
of the spiral;Ras;Heen LU Ao B w %P6 FRILA! 8 WRUAD:s the

unused portion 61a of the blister strip reduces in diameter and the used portion
61 of the blister sttip increases in diameter. This can assist in steadying the spiral
wound element 60 as it expands and also helps maintain a tighter coil formed

20 from the unused portion 61a of the blister strip.

The spiral wound element 60 for coiling up the used portion 61 of the blister
strip has been found to work with blister strips of varying degrees of thickness.
The strip is tequired to have at least a certain degree of rigidity and stiffness

25  otherwise it cannot withstand the comptessive force exerted on it by the
indexing mechanism 4 and buckles. Devices with spiral wound elements 60 have
been ptoven to wotk with blister strips formed from a base layer of either 25um
nylon/45um aluminium/30pm PVC ot 25um nylon/45um aluminium/60um
PVC, containing over 60 blisters and over 660mm in length. Spiral wound

30  springs, such as a coil spring, have been formed from phosphor bronze, stainless
steel, nylon, acetal and polypropylene. It will be appreciated that the device 70

will function adequately with a wide range of materials and dimensions for both



el ement can also be provided with a series of holes or slots init to
reduce its stiffness. 30 It will be appreciated that any enbodi nent that
enpl oys a spiral wound elenment for coiling up a used portion of a blister
strip can also enploy nmeans for crushing the blister cavities prior to the
used portion of the blister strip being,,- 24 - received within the spiral
wound el enent, such as those neans desc?4 bed previously. Wen the end of
the strip is reached, it passes through the blister |ocation 5 chassis 6
and i ndexi ng mechani sm 4. However, it may be desirable to inplenent a

bl ocki ng featﬁ}tfrlélsé?éStfﬁ)a%ﬂdr@ﬁéa’cf@d”%filféﬁf’i‘% 68f the device when the blister
strip has been exhausted is prevented. This would clearly indicate to the
patient that all doses have been taken. The bl ocking feature may take the
formof an eﬂ"halslgeamwnétetemﬂmedonmmjﬁraﬂbfmdfﬁf@mat & degt of metgEalst ri p t hat
i s physicall Iar t.er chassis 6.
For exanpl e, Yagég? z?lg%lg n&ﬁ%ﬁest Magaegnﬁitoggflq Il%earrql)ﬁﬁgﬁ 1nh%lll?l cal

pl astic mgul &mgoﬂi)q)ms (sseCuguet yS(ej anipkesdb)t @Vltdnemeuidedlftht hafatnbloittleqr strip

duri | d 00. h ef f t f th
Govt 00 o g e by Redded el Bl deSbhET b Pleeb i SBE R SnEL 1 06,

where furthepeRRNEFBALthOtnddl® SHldih BeaRd rGbratdfrom wie bDaphiekented. It will
be appreciated that nany ot her nethods  of creatlng 8 béﬁcklng | ement on
the end of tHstaegplppseeon araseriabrsdhovadt Higneg 4280 d S epped2biiahPast i ¢

moul ding or B0l MisARdhal Pl iatdvr BBG0N ddiBusirhaneichse! T Hovever,

it wll be appreciated that a bl ocking el enent is not essential and, once
al | the bbi stednsedoducatost ymigdich sagtorbelerpnipse betwesnthhsfag 288 ehatliceanodl t he

pndexing 20 RRGRADL2Mhic f'a;;%l%gg'omafe s B8 e iy G/ Enl NG Gl N SLT 1D

bei ng coil ed Wit wound used portion of the strip
w || then cogpirdl s al | the blisters of that strip. Al though the housing of
an inhal ation device may be provided with a cormon 25 chanber 80 that
stores the unused portion of the blister strip 6la, powler contam nation of

the unused palhbedh &b slraltvisudd dished: OtprtRNeeHs 4 dedher eldsiBasRitior
reasons that have already been described. The afgrementl oned_problemis at

| east par’fi aFIF‘glela‘ﬁﬁgééﬁ'é’d s SRk g B FSPGAT 69 cPHE besPREFiELITE™A enent 60

because the Qﬁf‘e@fapguémasaat él?i%sj \ﬁﬁ)&pcreé tarﬁ% ﬂéﬁﬁgs 20c Bldaaliemeedyi ties lies
agai nst the inner surf ace of the el enent her eby preventing escape of

resi dual powddievihg om lohe oblths tvepnd blisted @31 le@epl BapPeY: enol lsejegmehat t he
edges of t hee ~ S8l wound el e sp1patl W T RenliG: BHQY! ﬁﬁglyﬂqeg.'are subject to

at least some degree of creep.

20
The spital wound element 60 preferably has at least one complete spiral or coil
extending ovet an angle that exceeds 360 degrees. However, it will be
appreciated that it may also have a plurality of coils or portion of a coil. Figure
143 and 14b show a spiral wound e¢lement with one and a half turns, or 540

25 degrees. The coil in Figure 14a can be formed from stainless steel between 0.8
and 0.15mm thick, preferably 0.12mm thick. Such a coil can also be formed
from phosphor bronze between 0.1mm and 0.18mm thick, preferably 0.15mm
thick. The coil in Figure 13c can be moulded from acetal with a nominal
thickness of between 0.3mm and 1.0mm, preferably 0.5mm.

30
These thicknesses ate selected to give a similar stiffness irrespective of the

material. Stiffness of a flat spring is propottional to Young’s Modulus and the



- 25 - sealing elenments, such as plastic strips formed in a U-shape to
create |ip seals, brushes or w pers, where they contact adjacent walls of
the chanber to assist in retaining residual powder that does escape from
the blister cavities within the coils of the spiral wound el enent 60. As

|l ong as the sealing elenents are thin d 5 flexible, the strip can sea

bet ween the inner surfaces of the housifig w t hout inpedi ng expansion of the
spiral wound el enent 60. In another alternative arrangenment, a spiral wound

element 60 may be lined with a flexihle tape at _overl aps .the edges of the
el enent so a@l\{’ﬁd’fé]i“'e’é‘ﬁ@nél WHGaEsss e %@“&jamﬂé‘f ?%%a%‘[ﬁs? ﬁ&%‘s&b‘fspgg’é devi ce

wal I's. Howeviglh,,,d g sesh bRg ©f {@Linds o\ dmedshivil g sRut@howpund el ement 60
itself may not al one be sufficient to prevent powder contam nation of the

unused por t i birkosseshel G2,k Hr arst §-ppoevdl girysirhler pffeesst o provi de a conpl ete
barrier around the used portion of the blister strip 61 requires a |onger
spiral wound el enent 60 because, as the spiral wound el enent 15 expands, a
section of tfQeilspentweoi hoancirht saragdsobt atedd Ty pedernbwed e thiqpesed. To
at |east partia

|.Iy_overcome t.he probhl of .contam nation of .unused blisters
with resi dua@atﬁﬂﬂédg‘?léﬁaf&ngs,ta‘gﬁg% Ioi%g’]ﬁﬁ? 't@%ﬁagggsﬁxflgﬁ%‘éee%ls?#%esﬁr ovi si on of
a flexible, rbRkh X Dhe bkt JTovaal Brmed Hodi Mgrevial §.13@magkidkQaskipar at e t he
i nterior of t he housing into a unused blister claa er a.ﬁl\ng a used
blister chanerdavestpiasti{fenent Fandgs showe imhigurad? dgdi? ﬁg‘:adéﬁ‘” PEhin the used
bl i st er Porté@%i&fd hRE MRUS DAGsed BeliBBUCES thBhinh&EmPeridinlidNIBNALI On devi ce,
the Applicants have proposed all owi ng t'he space initiall %/{boccupl ed by the

unused po? t i omliglgoibfo bdesed ilstomre e2Bnpleuisgd tordsempeidaty SPORISFeT Ekled up by
the used porti f. Lh [ | ; W S@hpportion 61
of the bli stéec?lpés?ftt?%%erfgf)ggglé? %‘?\%1? ‘(%ltgia;}%ngpﬁtsﬁdéaﬁ%g%é%%o#t ?on 6la of
the blister &tuld pe tiptaceddea.lodger atidneswiltier psabimdiehepowddéfmm. The

cont am vt o a6y R e B RSB AP o
housi ng 307 1ciubat f6:2&@npaS b RRseSRIROFIBHE Bekwaén threcdlll dndttke siwipt i p SO as
to divide the
15
In any embodiment that employs a spiral wound element of the type described,
the stiffness of the spiral wound element may be constant along its length.
Howevet, it can be advantageous to provide the spiral wound element with 2
tegion of reduced stiffness towards its inner end 60z as this helps the spiral
20 wound element to assume a rounder form as it expands and helps to prevent the
end of the spiral wound element from “clawing” against the surface of the blister
strip. The stiffness can easily be varied by changing the thickness o1 width of the
spiral wound element or forming it so that it tapers towards its inner end 60a. In
a preferred artangement, the spiral wound element tapers for a pottion of its
25 length towards the inner end. A 50% reduction in section area over the last
20mm of the length of the spital has been found to work well. The spiral wound

element can also be provided with a series of holes or slots in it to reduce its

stiffness.

30 It will be appreciated that any embodiment that employs a spiral wound element
for coiling up a used portion of a blister strip can also employ means for

crushing the blister cavities prior to the used portion of the blister strip being



chanber 80 into "clean" and "contam nated" regi ons containing the unused
blisters 6la and the used blisters 61, respectively. - 26 - It wll be
appreciated that a flexible and/ or novable dividing wall 90 can be used in
an inhaler 70 with, or without, the spiral wound el enent 60 descri bed
previ ously, although partlcular benefltg4have been obtained as a result of
using 5 both a flexible dividing wall and a spiral wound el enent 60 in
conbi nation as the interaction between these conponents has sone
advantages, as will become apparent fromthe follow ng descr| tion. In one
uni | | ust r at edecsimsdaimentie spial WPwAdr ereRiafch iR mTArs BESEPET gi d el enent
10 which is g%%h t one end so that it can pivot about this point.

Al ternatively, an be slideably fixed to the housing so that it slides
dependi ng on the relative size of t he unused and used blister strips.

et L, SRS, PG T B e U AN R L0 13, e

d|V|d|ng wal | d TES ure a as one or both
ends i nnoyabl:yasfsﬂsmeadduﬁﬂep:ir%c:ﬁeevhahhnm tHewdetist ngy Ba diSrabie thmplienince. |t is
al so envisaged that a flexible diuvi el.astoneric in

B ur oot Pe Blodkme s e e g B ROt BF dEets S HEOHRIE TR [t by

an expandi ngh§@b<{eﬂ|ex}ﬁﬁﬁﬂﬂ i€ berRte dOOhP kv duteEedtly BHRAtcQBIthe fdrienfiiidiough the
flexibility of the dividing wall 90 may be such as to IIowthe 20 rel ative

si zes of thea}thﬁegédla‘é%@lee@sté]élﬂbﬂ'ﬂl§tb€?5k§1grfﬁﬁu€'o‘ﬁ*ﬁwatkﬁé}?ﬁ PtAange as t he
device is Usaqﬁ étegz% Liexhbd d {@yfo@hlﬁg IR HAVER &Tthé‘%ﬁi st isphihenseal i ng of

t he edges of |ng wal agai nst the wal 2b of "t he devi ce
housi ng 78 agai lagge tmmasﬁrthlrdﬂlg)h thgblistthipceielt ¢hagfis 64‘@0@3‘9@@1‘%@5 wal | 90 may be

greater than.the widt he s lister
chanber, bet fsnmfﬁglgi é:%%a ?@ﬁﬁﬁlgg%ﬁgga?ﬁg Ecﬂﬂ)d§€$ggﬂmq£8ﬁﬂ990 IS

al ways hel d Elipprdrprieseidof thetblieen sﬁﬂpedmmgm:ﬂdﬂy Zlazeabouldmg llerheastmon

ext endi ng across |t wi dth so n ges of .th i.di ng wal
90 in close & ﬁ‘ité’é]tt fePHatAR °§8}&Feé§éﬂlqe§“‘ a%e efttﬁ BBy %i‘%!élsé%y

M ni m si ng eqyc88sn HMasNOWIRherk RN ENBoHEREh DI itd QFip Shaiaprue@ABakt ment i nto

t he unused blister conpartnent bet ween t he edges .of the 30 d|§|d|ng wal I 90

and the 97 depeaverteddlt 3pll b apprsciatndthpignyay %\5{ fsthoglpiof Rreghig 2 /K81 d i n
contact. It ig.al 80, H&Sélldbéfqﬁg Qer &)\{ﬂcﬁge E&Qi ﬁfig%ngo‘;arfokl? sﬁid s dipgsmal |90

W th seallngeerrens not such plastic strips orrredlna
U-shape to moR#iag or by forming and or folding the end of the strip itself. However, it

will be appreciated that a blocking element is not essential and, once all the
blisters of a sttip have been used, continued operation of the indexing

20  mechanism will result in almost the entire length of the strip being coiled within
the spiral wound element, the used portion of the strip will then comprise all the

Blisters of that strip.

Although the housing of an inhalation device may be provided with a common
25 chamber 80 that stotes the unused portion of the blister strip 61a, powder
contamination of the unused portion 61 of the blister strip needs to be addressed
for reasons that have already been described.
The aforementioned problem is at least partially addressed by the provision of
the spiral wound element 60 because the opening in at least some of the used
30  blister cavities lies against the inner sutface of the element 60, thereby
preventing escape of residual powder from the blister cavities. It is also

envisaged that the edges of the spiral wound element 60 may be provided with



create lip seals, brushes or w pers, where they contact adjacent walls
2a,2b of the housing 71 to assist in retaining residual powder that does
escape fromthe blister cavities within the contam nated conpartnent of the
housing 71. 5 Figure 10 illustrates an enbodi nent of the invention in which
a flexible novable dividing wall 90 exthds over the spiral wound el enent
60 and separates the used portion 61 of “the blister strip fromthe unused
portion 6la fromeach other. The dividing wall 90 is fixed at each end

90a, 90b to the walls of the device. Fi %ure 11 i) lustrates a.gartli al
sectional vi esAlipg chepiepst puches RAVEE REPATOTRRdg ANdrsharsoro <eatpliP §&l%j ent | y
flexible in g.djLegtd @r,s?-%ﬁ@ésch%&n%ﬂtahja@gt wR6 of thenindihet Rafisikh@ di stance
"Z" between the two facing sidevalls 2a,2b of the housing 2, so that the

di vi di ng wal tet@finggedfiagpoiwderibhodorsdseapd fieh ghq blistesepyiEsswhindde ween t he
two sidewal ls .2a [ Ir .0 r it | diLt : s of
the dividi ngC(\)/\I/gSI (ffzcgf)sqf)agl\‘%mﬁrggse%egé%?ogfﬁ)élgsa? em%ltd{lhsg %g&l ia%]er@ﬁggtgfr ection
i ndi cat eds byfléHble| thelbrif tausel Helbwedd thrangdr subfecgrodsbeheusapgpiviteebtt o t he

si dewal | s 2a, 2b t he di vi di.ng waLI 90 geeds ‘%{g be sufficient to prevent
escape of po 1% GPREHRY ALY BIPLYEP L 8BSt fent to the unused blister
conmpartnent, it is inportant to ensure that the pressure is not so great
that the friction between the dividing wall 90 and the_ si dg sz‘/al%s_ga, 2b is
too great solmanatherRlsErabye arrapgearRadnhia TRFH WoRpY Bt &t DEREC 28U di ng
wal | 90 as tgﬁﬁﬁ%ﬁdﬂ?lll bt ‘35::1‘5.1?5 P Edec@bf S didheRWNG t&LRARNM whRy sgpands and
pushes against 1t. Figures 12a to 12d show how the fl exible dividing wall
90 i s noved agaixseslid jusfacesyoiddt devise Wals- aHeoweyqs, B sedsg asferspromidedby t he
expandi ng spj,ral . n | t ' gL ' 70 and
as the unuseg]eps Fr\ta?gﬁgwgdg”g%%&igﬁc}%?ae’?}ﬂ%%g%é%ﬁﬂfﬁégmgﬁﬁ tgﬁeélggggg&porti on
61 of the bl taitemimtiohpf \thaasised poitdd of thhdlistet saip 6leurd tleiremento 60 or i s
ot herwi se contaiped within the used, hlister conp t.. 30 In one

embodi nent, P qae%‘?‘ﬁ?léteg?aﬁ“ifiaﬁ@u%f e‘@ﬁgggwoéle%t%?ﬁgﬁe? TR f1exible
foamstrip V%q%ﬂeé §1&ig€§ﬂﬁfa9%dn§ QlekdRat 60 bedahsd, iag fiid $pi@DEPLGS Seaehet ween

the front and rear housing walls so that an effective powder seal j|s
mai nt ai ndéd evxRends, axgctiongf thspeyLailand i %SéO%viaa"b‘}“ é%@asr%?‘l’aﬁﬁ-i ed to
it by the expanding spiral wound el ement 60. Foam provi des a good bal ance
between flexibility and low frictional resistance. Foans can_be produced
from EVA, PVAp dPleasrphreillyi avorematbepobliami of eiintdmibatiompph enised Blstetiat nany
other materials could _be . usd, in . i s of the
Foam strip. dEer R EnPRG Ers bE ADRL T Ror paker FapPhibh o 11
may be fi xedfiegibleher fnflagibit bitpndabia)dividise wallisb fan s scpafiite Erenateroeby, a

strip formed of linked rigid tions can be fixed.to the flexjhle .sealing
strip toZRonthsdtoustig iﬁﬁ\/%ﬁ‘ﬁﬁf"i %ﬁﬁeégl?ﬁ‘ﬁéef aﬂﬁ’i 1 Vﬁfgfbtl’aﬁeéagafﬁbeerh%%ﬁiwr%nt , the
di vi di ng wal ko2QrniRYank t-s&ddal pewlarwRidnftho el ihadrpodfiod afiineitdushgy rigid
segnents pivotally linked to each other. In another nodified arrangenent, a
flexible dividing wall 91 or a portion of it can be at |east partially

fixed to thergut@lceSHE Eacss of idhRuSRIde®lce WU I pBLETRREveBRoposed

allowing the space initially occupied by the unused portion 61a of the blister

25 'strip to be being slowly taken up by the used portion 61 of the blister strip as the
size of the used portion 61 of the blister strip increases and the size of the
unused portion 61a of the blister strip decreases. To address the problem of
powder contamination, a flexible and/ot movable dividing wall 90 is interposed
between the unused portion 61a of the blister strip and the pazt of the housing

30 71 that receives the used portion 61 of the blister strip so as to divide the
chamber 80 into “clean” and “contaminated” regions containing the unused

blisters 61a and the used blisters 61, respectively.



15 as shown in Figure 13. As with the enbodi nent of Figure 12, at | east one
end of the dividing wall 91a,b can be fixed to the walls of the device. The
provi sion of a spiral wound el enent 60 having a stiffness which is
sufficient to ensure that there is little or no expansion until a first
closed coil of a used 20 portion of the,blister strip is formed has proved
to successfully control the coiling and storage of the used portion of the
blister strip within the device. However, it has been found that in

ci rcunst ances where a relatively |large amount of residual drug renains

wi thin the device, such as may occur when a blister is pierced but the dose

i's not inhal gdprfcOlbptRidi g%l DletiBlctAe/BENbvibiE Shling ivhll 98RaBe hibddd i ts
way between the useg portion 61 of the blister strip and the surface of the

spi ral woundinedreimbaler 6O withi ehwisheuty gspiral Woed ¢lpppefdedeseritad cti on bet ween
t hese conpongnts and [ used Refitden HlQf othgnblister
striptoja %%%ﬁ?ﬁ’?ﬂ%%ég?%ﬁ%%ggﬁﬁgggipgﬁ} to mhfch thjssna§ opggr depends
not only en b afledlit dofiding siat 98l and rugihluvowt G demnnt Heintoppbigdtiogragg it sel f
and the particle 30size. - 29 - thinner, ,nmore flexib] nd . S stiff
spiral wound™¥ léf?éarﬁnof‘g’eé‘ﬁfi‘lstgﬁ%cfo“\pﬁn?%ﬁéth? StHe" ﬁ‘g‘éangaigg%i%? g’iﬂ?g%%g%t -1ike
spiral woundagiedmitodase oW idoduekisidd. i ci ent to adequately coil used
blisters. The coils of this elenent are closely wound, preferably such that
adjacent coils lie in contact with each other and there is no space between

themin the gabsengenfirRedS8oMRIehi, e BfvidnPlvhB LR sEhFIY Pe 2ARId Blemspi I al
wound elenent is considerably nore flexible than the spiral wound el enents

of previgas whishds fimerd &t onerradfso; thet ip A2 PIVEF it ig Rewty ¥ naed: Horti on of
the blister stri | pal Lanenticaue, SRnS denrbkyqyeduced. 10
The coil of ganu%é;ﬂ%ggﬁlﬁi%%ﬁgg# Ht%hhé)\ﬁg#ggtogr stri |§ i gpfor din a.élli fferent
way with a neizeof thexinukel spl vl blistensktipls chfeweversint hprebpiedambiimentel ement

begi ns to nove, as ,soon it Is. contacted. by t l. eadi: qof e used
portion of tA& B ?hﬁtwé‘rmglf‘ﬂtﬁ? llq'ﬁoe?gtte%gl Vidie Wgn? 8rlsrr§ |l§)ﬁ% ag ggsﬂ%&t Frpof
blisters arepshenwhd mstdie aPdeped ikin@fabbr favddnig plat wibjure Hesap 7o 19() ).
15 of the device. It is also envisaged that a flexible dividing wall 90 may be
elastometic in nature so that it can expand and lengthen as pressure 1s applied to

it by an expanding spiral wound element 60 or used blister coil 61.

Although the flexibility of the dividing wall 90 may be such as to allow the

20  relative sizes of the unused and used blister strip compartments to change as the
device is used, the flexibility also improves or assists in the sealing of the edges
of the dividing wall 90 against the walls 2a,2b of the device housing 71 against
which they rub. The width of the dividing wall 90 may be greater than the width
of the space, defining the unused and used blister chamber, between the side

25 walls 2a,2b so that the dividing wall 90 is always held in compression between
the sidewalls 22,2b in a direction extending across its width so as to maintain the
edges of the dividing wall 90 in close contact with the sidewalls 2a,2b of the
housing, thereby minimising egtress of powder from the used blister strip
compartment into the unused blister compartment between the edges of the

30  dividing wall 90 and the sidewalls 2a,2b of the housing 71 against which they are
held in contact. Tt is also possible to provide the edges of the dividing wall 90

with sealing elements (not shown), such as plastic strips formed in a U-shape to



Figure 19(a) shows a spiral wound el enent 150 in a stable unstressed state
according to this enbodi nent of the invention which is forned froma fl at
el ongate sheet of thin, flexible foil-like material. The walls of the
spiral wound 20 elenent 150 may all lie in contact although there may al so
be a space between the walls, as shown '7n Figure 1(a). Figure 19(b) shows
t he sane spiral wound el enent 150 as thé 1eadi ng edge 151a of a used
portion of a blister strip 151 is received within the nmouth 152 of the 25
spiral wound el enent 150. At this point, the Ieadi({]g edge, 151 hfai‘ cone
into cont act St gte Hppas.dirthes os Biree SV hsEC 1158 Copiratdsahia ¢* 4950 but

there is gengrallying afséi%h!}gtaﬂﬁ%%&gﬁﬁﬁﬁwmr Afactalies begsk ROmithen of the
blister strip 15% or the spiral und el enent 150. 30 Figure 19(c) shows

the spiral vdistd cevigrewithibShe abtamindted cempatoert Grihohonnes Bl ster strip

151 has noved further towards the spiral wound el ement 150 and from which
it can be seen that the strip 151 begins to flex as the |eading edge - 30
- 151a startEighe t0ridvetatespant debaditoeedod thadnvenabh is whickceflofible vovebleer coi |

of the spiral. wound ment . 150, in the direction 0 b rrow "A" in the
Figure, and ¢ “’cﬁff’@f&gﬁ’ftF“‘%ﬁfm’t‘fﬁé}’%ﬁﬂlﬁa e ‘ﬁﬁlﬁmﬁ‘%ﬁ@ﬁwi@%mgees&fqﬁgséﬁo nove
away from i tsorddha¢thé PRREr 48 lfrod Ehed@BisEd bOrtiinl @laFhirR Raciibthetlhe0 t he

force of the | eading end 5151a of the relatively tiffec{h sed rtigon of the
blister stri@vEiyE % h?%tfvteﬁétmféﬁrm9&ﬂs"8bﬁa|thwaﬁfo° & HEViCe- THR1e Bl gur e

19(d) shows ﬂlﬂ&ra}&j{ rORREL SN SN iR AE hok thbeivuasdwRODdion of the

blister strip 151 has been noved further into or towards the spiral wound

10 el enent 166ilianly flexdpe wha dircitioncanotsdtssadh TRAarnd Hevidendianghedge 151a of

the blister rip dal vel | i BEaSW s - onfe s ace of
1 h 2,56 th

t he outer co‘?i%taﬁne J?hléagrl%fzés%%r&s?t%?iﬁlg%@%gglass e‘:T; ortrreg{of Gr ther p&slﬁrl{eng out

and further &iidéigghile? dglifhdy defoened aid hdddn ebhpotssve bytwmnitndiwy or

unrol l'ing the, spiral und,. el enent 150, ca seen frgqmf.he. position of
the traili ngs“é"r’(g‘iuigé’z fn ighrteﬁféo%f)‘itf)%ﬂ“ f‘i‘ 5%&@ ete(%gf)?g &?eg‘%‘rugmﬁ(e) shows
the spiral wgungo gé;ﬁﬁ@fﬁss&é%aﬁé 8led Al 2426dn Pt direioafindibeedbiy SFeEn Stri p
151 has been _nove

] further towards the spiral woupd_ele t 150.and from
whi ch it 7€anfigise ddenlthopgh fbﬁ@r%é%iaﬁah%g&hw@éwa Is Eeb gi?gg‘-tfé?l%g’cgri p 151
wall 90 needs to be sufficient to prevent escape of powder from the used blister
compartment to the unused blister compartment, it is important to ensute that
the pressure is not so great that the friction between the dividing wall 90 and the
side walls 22,2b is too great so as to distupt or prevent fluid movement of the

20 dividing wall 90 as the used blister strip 61 or spiral wound element 60 expands

and pushes against it.

Figures 12a to 12d show how the flexible dividing wall 90 is moved or resiliently
deformed by a strip of used blisters or, the expanding spiral wound element 60,

25 during the life of the device 70 and as the unused portion 61a of the blister strip
unwinds and the used portion 61 of the blister strip winds up within the spiral
wound element 60 ot is otherwise contained within the used blister

compartment.

30 In one embodiment, the flexible dividing wall 90 can be formed from a flexible
foam strip which is dimensioned so that it is lightly compressed between the

front and rear housing walls so that an effective powder seal is maintained even



20 has travelled yet further up the curved inner surface of the outer coil,
the blister strip 151 further deform ng and assum ng a curved shape cl ose
to its |leading edge 15l1a. Further unwi nding or unrolling of the spiral
wound el ement 150 is apparent due to the | oad applied to the spiral wound
el ement 150 by the | eading end 151a of %{%e stiffer blister strip 151. 25
Figure 19(f) shows the spiral wound el enent 150 after the used portion of
the blister strip 151 has been noved even further forward toward and into

t he spiral wound eI enment, 150 and from h it. can be seen that the |eading
edge 151a of 2% & ‘Eﬂ”iléftf@rlséliqve I?Ieﬁsgrerf’é’ﬁﬁﬁ‘”%’é Y "r%’fﬂaﬁ ESPYHe i nner wal
surface of t%uwa%e&ps(ﬁ%hmqﬁom@s 5 RbsEhanend el amentinbil§Aniish the | ower
surface 151b of the blister strip 151 generally in contact with the inner
wal | sur f acefrictiongxesistpacenk pmpearapppdieadeldontay Ai RVanBUardridlicoren from

t he position Ri force
applied to th gg%tja‘pﬂlv%ga B%SC ae%feﬁpat %@8}3@%} %}glgg‘%o:ﬁlgﬁé% gtisa&%ﬁ t he used
portion of the bllster strlp 151 changes In Fl gure 19(c), the direction in
whi ch the pr X" acts .5 agai pst {he .spiral wound
6l enont 150 et LS Bres 9/cg PARGE * SRTENAE AL T Ehg TR he |
surface of thgr&RiriRdn m%ﬂn%k@my 15165@xefdl’t6rﬂ1§ Peanpaiipttodhicremat act of the

| eadi ng edge 15l1a of the strip 151 w hhe spi.ral wound el%( t 150, which
tends to cautéinepe Apsrravelioy Hgipcosneh et ’Blﬂedt%g‘@lﬁ?%’iops 682 bR ?fﬁto wever ,

in Figure 191(1&91131%@&119?5&%{ ¥ CRIRPRS BovRlnchheld ARt @Gkl Ata@dmuch 10 snal | er
angle to a tangent ex ing along the wall surface of the spiral wound

el ement 160 ¢mbedipiet, plmdwldgfg wahPQery onclf he formedi fromaddeimsila of the strip
151 with the HgesStrip 151 tends to nore
closely foll 6‘%9" cLu% 1#{&”3@%8];&{!3)@&%&1@%&%#?3% V\(I%UFId el ement 150 and slide
along the wall surface so as to coil up V\Athl n the spiral wound el enent 150

ther th t 1 N Fi 19(. 9 h
he spi ral. v EenERe et msp OB aidos SaRYAPr b He G <) P07

151 has advan@est 4t lakNedrahlbr idddcol tht @uieh@uﬁ’mel’c&'hhwqufbd ueiuaﬂemnewmand from
which it can be seen_that the stngqlSl ener al Iéeassumeg a 20 carvature

whi ch i s75i nsIskevedn frre i Witk tot ephediasnt af Figgtmtt: F BAdRRC£86 %And t hat

the spiral waung;&heWRNlo113QReQIMRat0 BXRAND AR MRFige.0f the strip 151 is

fed into it. In Frgure 19(]), a conplete closed coil of a used portion of

the blister strip has 25 been fornmed. As further blisters are used up, the

spiral woundrgl eielon 3% HiAPIYE0E AARAPETRAARE TR ML LS uffiled:0 TOTM
to ensure that there is little or no expansion until a first closed coil of a used

20 portion of the blister strip is formed has proved to successfully control the
coiling and storage of the used portion of the blister strip within the device.
However, it has been found that in circumstances where a relatively large amount
of residual drug remains within the device, such as may occur when a blister 1s
pierced but the dose is not inhaled prior to indexing to the next blister, it can

25 find its way between the used portion 61 of the blister strip and the surface of
the spiral wound element 60 which can result in an increase in friction between
these components and ultimately cause the used portion 61 of the blister strip to
jam within the coil 60. The extent to which this may occur depends not only on
the amount of residual drug but also on the type of drug itself and the particle

30  size.

With the aim of minimising the occutrence of jamming, the use of a much



The sequence of Figure 19(a) to 190) denonstrates how deformati on occurs
with the spiral wound elenent 150 in isolation, i.e. without being acted on
by any 30 external forces resulting from for exanple, contact of the
spiral wound el ement against the walls of the housing of the device and/or
against a flexible dividing wall separg%&pg t he chanber into two regions
contai ning used and unused - 32 - portions of the blister strip,
respectively. Figures 20(a) to 20(f) show how deformati on occurs in
practice and when the spiral wound el enent 150 is constrai ned getmeen t he
housi ng wal | tBRFIh@REIEHRIC 514 5P feaf SIS GG T BIERCMBE 1oy 4889 éRiftfite

di vi di ng wal [, 9029461 (i SiRE §ikal WMAG £lQRRLs ARY Bhad kBRI di ng wal |
90 is present, the unused portion of the blister strip. Generally, the

spi ral vvounda@lqelml]’tCO.i_ISGeféigﬁmmTth@he)fsﬁbﬁ@thaﬁ%w@h“;‘mwacan be seen

from Figures_2 to .2 . I:f &l or

unwi nds al ongjm't2 %g?ﬂgr?g(:hvxgjl(aﬁ(gﬁ%e ggzl&ll%eginé}gg%ﬁﬁgwﬁgEg?g%th%ggn&lp?{egéris?@ to
expansi ons Thyece estiebn tigene i thefabsered of nowed pertivned apdistdr emripofAstthe bl i ster
strip is also.noticeab]y and usef ul smal | er, . than fhe .coil created by an
unconst r ai neEP‘?gi‘“’PHPS\ﬁif\é’r‘?Bt ﬁlcé’ﬁ‘é‘fjiffal)%ﬁn%’iﬁ etxfbé%alaf‘tti’ﬁa%mgé"é’ﬁmfjound t hat,
when the spi giaheRWIGh:&ieNRHbLEDReMaSthE Friexpanadadest b @xtueed shown in

Fi gures 20(d) and 20 e%,_ the coil formed fromthe used portion of the
blister stripoteanfele blistsr stepead duesnin! wrEnd clesest tecpryteeld spiral wound
el ement 150 whi,ely pl aces a load on the coil which is insufficient to keep

it close wound or tight. This problemcan be mtigated by using the
flexiblerdividing wall 90, the unused portion of the blister strip if no 20

diviaing valipl 3oP6PPE0p oS BTBALINGL: (el aBLEE & z?m%f&enttvpdﬁiﬂ?gy the

spiral wound”él enen used portion ster strip 151 as it
expands, t heimeby flpiisle epirilngouemMedlersarpan shospisheorad rleaient hepinetoanpye

ti ght ness between the wi ndings. shown .in Fj.gures 20(a) f),
expanst on of 1 HERGBITALoRGHH Paiaistogsget ot R FoPPR® Ll SAEN or a
| east steadi @dpby¥hé tepLRnhacbmmtion dthecoliboffBiRidrbhe sHowh di Ag: wahitnc@0. As
menti oned previously, the spiral wound el enent and flexible dividing wall
may be at” | eakeraginesicAligreat P@tietP@o each other so that the dividing wall
expands together with the spiral wound el ement, thereby providing
addi tional control of expansion of the spiral wound elenent. 50 Figures
21(a) to 21(EgushBa)tshews pispahl wennidelehemeld0 inastrbl wepttessedisiate enbodi nent
of the invention, Figyre 21 a (; - -he. spi u | ement in
its normal rc8RE %‘%@fse‘angécg%lgn??%%%ﬁﬁlecn%la?wf}}égglsgghégdeﬁ%g?aﬁet has a
elongate sheet of thin, flexible foil-like material. The walls of the spital wound
20  element 150 may all lie in contact although there may also be a space between

the walls, as shown in Figure 1(a).

Figure 19(b) shows the same spiral wound element 150 as the leading edge 151a
of a used portion of a blister strip 151 is received within the mouth 152 of the

25  spiral wound element 150. At this point, the leading edge 1512 has come iato
contact with the curved sutface of the spiral wound element 150 but thete is
generally no flexing or deformation of the used portion of the blister strip 151 or

the spiral wound element 150.

30  Figure 19(c) shows the spiral wound element 150 after the used portion of the
blister strip 151 has moved further towards the spiral wound element 150 and

from which it can be seen that the strip 151 begins to flex as the leading edge



- 33 - generally planar or uncoiled | eading edge portion 160 with slots 161
to facilitate its connection to corresponding lugs in the device housing.
Figure 21(b) shows a plan view of the spiral wound el enment after it has
been flattened out. Table 1 shows preferred di nensions of the spiral wound
el ement according to one 5 preferred enhodi nent of the invention. As the
dianeter of a coiled strip of a used portion of a blister strip may exceed
50nﬁL the diameter of the spiral wound elenment prior to receiving the strip
may be less than 25%of its xi mum di aneter, _i.e, when fill with a used
portion of alJerstsde tbﬁ"ielts‘ffégg cﬁ‘é‘(ﬁ@dﬁn%‘ ‘E’ﬁlg?’rﬁfaéF of Hre: ke 9 O%?fh‘f)f 50mm 10

Length (a) - dRAMPWAERR) 150l Tn BEAiF-APREREwA &) aBSt1eSiBaHe Fidrdnm Lengt h
(d) of initial portion -16nm Thickness (e) of naterial -0.0508mm
and the outer coil of the spiral wound element 150 begins to move away from its

adjacent inner coil and begin to straighten out due to the force of the leading end
5 151a of the relatively stiff used portion of the blister strip 151 against the flexible

spiral wound element 150.

Figure 19(d) shows the spiral wound element 150 after the used portion of the
blister sttip 151 has been moved further into or towatrds the spiral wound

70  element 150 and from which it can be seen that the leading edge 151a of the
blister strip 151 has travelled further up the curved inner surface of the outer
coil and the blistet strip 151 has deformed further pushing out and further
straightening the outer coil and effectively unwinding or unrolling the spiral
wound element 150, as can be seen from the position of the trailing end 153 of

15  the spiral wound element 150.

Figure 19(e) shows the spiral wound element 150 after the used pottion of the
blister strip 151 has been moved further towards the spiral wound element 150
and from which it can be scen that the leading edge 1512 of the blister strip 151

20  has travelled yet farther up the curved inner surface of the outer coil, the blister
steip 151 further deforming and assuming a curved shape close to its leading
edge 151a. Further unwinding or unrolling of the spiral wound element 150 is
apparent due to the load applied to the spiral wound element 150 by the leading
end 151a of the stiffer blister strip 151.

25
Figure 19(f) shows the spiral wound element 150 after the used pottion of the
blister strip 151 has been moved even further forward toward and into the spiral
wound element 150 and from which it can be seen that the leading edge 151a of
the blister sttip 151 is now almost parallel to the inner wall surface of the outer

30  coil of the spiral wound element 150 with the lower surface 151b of the blister

strip 151 generally in contact with the inner wall surface.



Tabl e I Al though enbodi nents of the invention have been described in which
a spiral wound elenent is provided only for coiling up a used portion of a
blister strip, it 15 is also envisaged that a second spiral wound el enent
could be provided to contain the unused blister strip. In this situation,
the unused blister strip may be wound |§ﬁo a coil within a spiral wound

el enment that is then located in the houSing of the device during assenbly.
As the device is used, the spiral wound el enent containing the coiled up
strip of unused Ilsters dual |y retracts as the 20 coil .upw nds whereas
the spiral wioHl IBRERERHRE" e FPRStion Eogy RSHanGTOgr 1t P RESEY p
expands as thgcuged( ﬂzoﬂh'fe'd%c@én b0 @e3bice RppBedL @ thedpih Whunkidlerhdnt 1500€ spiral
wound el ement's '130a, 130b ma formed integrally as a single unit and be
fixed to thebshﬁwdﬁaﬂglg@dtb‘getqﬁéhe uged PO O ﬂleliingFFétfHP?1a51 aggesi [9 ustrat es
a "twn coil hhg; 8 unused
blisters 25 rgcelégé ?ﬁgggfﬁbﬁﬁgakflgg$gggg mﬁ?mﬁkg ?ﬁs%ggggg&?ﬁggco

once | oaded igatr3t &t spiiiedadin Deledem 158 if @ SDarfde” 00 thar mhgnt exteedingl part of
the device. Since identical materials can be used for each sp |raI wound
el ement 130a2le3pHie vali wirage g dhe spal woumhclemgie]Sy) ﬁfo%d%aﬂ’é‘ﬁf’ EAIAEE and

Simplifies theaRIsalbl ogPSELsEme g1 whe APHIAFLALAE clihe fap aperture
(not shown) may need to~"be made in the twin spiral wound el ement 130 at the

bl i ster pierehnl tetdsttp oaust the szaralmupﬂeﬂqmeeutéﬁ@ng) ehollestunvgnd.o extend
through the ﬁB% Lar & Finﬁr‘% 13 t%sﬁlglli’l 2ty 0% E%%e?@@@t%&h‘o%dtactssat&r}n al ternative

arrangenent, 15> envP sage arate spir woun ments may be
used. Meams s:malfelr Anglbeo ﬁ\l\dﬂgeﬁb&rﬂter&lil@"rﬂnhg the wiikbswiene 0 tﬂmpsuahgommy take t he

sane formas .the s t 161 illustrated F is y be

ot Tor dgmens 150 o it buist BE PG o taf lsAiE fs palifng ehaaTay, O

101 f a spirakithebshiel @BRAL clesned s e5h §dthat bR sufip's 8l tddlds 36 aforsuroe@y t he

assenbly of the device is greatly sinplified because tﬂg coi l nused
&

blisters is @@@@Fa{allwﬁﬁ@r%ﬂ%dpléﬂdvmdopl%‘agﬁﬁ@ﬁn#ﬁ QO%PHC 1ror mat i on

by the spiral, weuad .elLomNp mﬁﬁythteggmgm&m é?&néﬂtlgotrﬁk%eﬁﬂl\éh(‘c%ngﬁﬁé ng
assenbly. Preferably, the splra wouhd el enent containing the unused

blister gfri wwolloadediddito t he housi ng of an 15 inhaler together with the
strip. However, it is envisaged that the coiled strip could be pressed out
of the spiral wound el enment containing it immediately prior to or during

i nsertion inF@uﬁhEK@auﬁmﬁgsb@wiﬂmmpﬁﬂammnmbadnsnﬁﬁpaﬁsrﬁ&hntépnsﬂmin inits

coiled state éﬂ belg% raiqg? q¥ %he h Sh&@ malhs 20 Blister
Strips are (SHMERRY: BRI BB PTELI RAERAREL HA'BR pr oduces
element 150 and from whmh it can be seen that the strip 151 generally assumes a
20 curvature which is similar to the curvature of the spiral wound element 150 and
that the spiral wound element 150 begins to expand as more of the strip 151 is

fed into it

In Figure 19(j), 2 complete closed coil of a used portion of the blister strip has
25  been formed. As further blisters are used up, the spiral wound element 150

expands to accommodate more blisters and to form further coils.

The sequence of Figure 19(a) to 19(j) demonstrates how deformation occurs with
the spiral wound element 150 in isclation, i.e. without being acted on by any

30 external forces resulting from, for example, contact of the spiral wound element
against the walls of the housing of the device and/or against a flexible dividing

wall separating the chamber into two regions containing used and unused



flat strips that nust be wound into a coil prior to insertion into the

devi ce housing. Conventionally, this is achieved by gripping the end of a
strip on a winding spindle and rotating the spindle until the coil is
formed. Although this procedure works satisfactorily, the step of gripping
the end of the strip is 25 intricate angzconplex to automate. Therefore, it
i s advantageous to avoid having to locate and grip the strip. This is
achieved with the spiral wound el enent of the present invention because the
end of the strip can be fed intp the nouth of the spiral wound

el enent. As Ryt gﬁéﬂgF¥Fﬁﬁ1§“?§ﬁﬁm to the coil, it is wound up wthin
it inthe sane way that the used blister stripis mnund up within 30 the

i nhal ati on device duringguse - 35 - A sequence, of draw ngs to, show how a

flat strip oFigurad8t b Fetleshowbov dpfasmatian acperit Rireiiced Ushihe a
formfill/ Se?ﬂmwoﬁh&aeﬁ%em Fsd‘@ %&%H&Cﬁaf@@er&&%ﬁm a1153) beRw @d i nto

and wound up within a spiral” wound el enent ready insertion into the
chamber of as;deﬂ/woend le!snshoww aml Fﬂg:ublesil\m@agmﬂﬁ@(ﬁbow tlw ipicabwpend

appreci ated that t str elt t 0 art of the
wi ndi ng procgggﬁnTﬂﬁ‘Hr rifrllﬁpéan %Mau FS@?B tﬁ§agdr|V|ng

wheel 121 aths@erFHt@MGM@ﬂ]y ﬂb%&ptr_al ngﬁi @aﬁeﬁdl\f;@c@fmqmstm théreansd wap to drive
it inthe direction of the arrow "D ? %g %@é¥ 0 As.nentioned
above, when PHWUghr3sFapdesesn fFomdiigeres FO@AM B g?r@ Yeu e AT the devi ce
by sliding i{s5@xdahd ¥r Sbin0f aloBE dsPédPivalNalinde abe BE He RiRingNt70 ;I:hbe devi ce
housi ng. Alternatively, the spiral wound el epent 123 (" forner can be

| oaded irifo thexpaesipre Thotshiigecagdeneid fipmrhe meedspttipn Phdhe Bh%s%fcone a

conmponent of EB% AEY hficealentiQREEHy SRLIG! thi PIHIELA &aﬁecpe}na@l so be used to
contain and 1 protect the strip 26 during assenbly or storage operations,

as in this fmmmxmtmnaiﬂnﬂéwwgnﬁabmuand nore robust than a flat |ength of
strip. Figure 22 illustrates a further enbodi nent of the invention which is
simlar to that shown and described in Figures 10 - 12d, and conprises an

i nhal ati on 2th glevii€githi® bhﬁyfdﬂgd&hhowﬁhmglﬁsﬂrahﬁrdumi éllemx;hblfé) Impvabl e

dividing wall 29 mhl h exte ver. a and
separ at ed’ a EERIGLY 065X EEY S ﬁbf%?F§?é¢ﬁ§?$?gpgﬁ ggwﬂ%rtion
26la from eagh &E@Sérmy‘tﬁf tH@\Sth@r &Wg HeB&h RSy Bdbsk ladé«‘)&b Elg:- mEeeRicgm 274
conprising an actuating | ever 275 ich unwi nds the coil one blister at a

ti me so that thelpyralprewmndosienent 150 whigk plagess lgpd on the coil which 15

insufficient to keep it close wound or tight. This problem can be mitigated by
using the flexible dividing wall 90, the unused portion of the blister strip if no

20 dividing wall is present, or some other dedicated element, to steady the spiral
wound element 150 and used portion of the blister strip 151 as it expands,
thereby preventing over expansion and maintaining relative tightness between
the windings. As shown in Figures 20(a) to 20(f), expansion of the spiral wound
element 150 is controlled, supported or at least steadied by its contact with the

25 flexible dividing wall 90. As mentioned previously, the spiral wound element and
flexible dividing wall may be at least partially attached to each other so that the
dividing wall expands together with the spiral wound element, thereby providing

additional control of expansion of the spiral wound element.

50 Figures 21(a) to 21(c) show the spiral wound element according to this
embodiment of the invention. Figure 21(a) and 21(c) show the spiral wound

element in its normal relaxed coiled state from which it can be seen that it has a



25 chassis 276 and successively through a blister piercing station 277,
when the actuator 275 is pivoted as described previously. Wen a user

i nhal es through a nout hpi ece 279, an airflowis generated within the
blister to entrain the dose contained therein and carry it out of the
blister via the nouthpiece 279 and into,{he user's airway 30 - 36 -
resiliently flexible in a direction across its wdth and wi der than the
di stance between the two facing sidewalls of the housing so that the

dividing wall 290 is slightly defaornmed and held in c ressi qn.bet ween the
two sidewal | §ene le’z@éF Pb%’&F%]regg‘?agH’@I 8¢ BOHHpR ]%Or"é’fh gg& ]fgdﬁ(%%cf‘htﬁﬁe
flexible dividisithtghd t@&ﬁrésﬁoﬁ@ﬂ%l@ it GheddeSHHRPOGEnS I @tgblﬁgrsﬁ'@(ils an the
housi ng 271 and extends between the side walls of the housing 271. Thereby,
the side wal Plenammy elige spiatliwqund elerpentafier tsfhairb@%%atmfépuf-rﬁb}?ohsi ng 271,
toget her wt r i , | - 10 which the
used porti onnf%%%gﬁ H’%ﬁg dET'iI':AsS?Oenr%%slftﬂrl?g&lk%ﬁoﬁgﬁ)?%%%ggg%gg?lggg&?ﬁee used
conpart ment prederrddnemhmiisent efohpantensot.. Aside chiatpated of a ¢diledistrip pla

appreci ated that the S e 292 is the |y path.throu which it may be
possi bl e forusregﬁodﬁ%ﬂ Bg%aﬁ%?f sttBPbléaéfsexf?eéiﬁ%b {& %g’géfl r%eit?rs‘?‘l;rh eé%lgr%artrrent to
the unused bibeh&Ele@oAPRidBRECHing fie: Nifip Shagde ldhehaf 25% oftilienairhodi nent of
the invention shown 15 in El@gurgg 22 giffers t{romtl} . of Fi gure 10 in that
it includes PRHSErdE yhen fi LAY POEULRt AP & I%{]/‘Stffsolé”é' &% passage
around the bhi,3leek i hifel RgibR oS se or substantially elimnate the
possibility of residual powder passing fromthe used blister conpartnent to
t he unusé@d blister conpartnent of the housing. Various configurations of
such neans & yisaged—wthirmthe scope of the L om, 20 5s9ne of
which wi || bie'g]n 'ﬁé@i bed hereafter. Figunes 22 and %%ow t he pagsage 292
of the hous|WidA7k)is provided with a first el enent7.288 projecting fromthe
support ri b}291 teowards—the-out-er—waH—of—theheusrpg—27+t—antd—ajsecond

el enent 294 Bremgigr GLEBEREA of the holsi ng 271 ?gi'/g‘ﬁﬁbsi te to and

proj ecting gg;@grtggdgtd;%iﬁhlr@mgherrent 293. The Tirsijsalsement 293 ijncl udes an
arcuate cuttout” 2 and it may be formed integrally with the support rib or
a separate fEmobmesate) pdortedrlt o t he support rib 289508m®e first and second
el enents 293; ’;"Z”'}farc spaced—fronreachother;—such—tiat—am aperture 296 is
formed therebt'ween in the shape of a rectangular slot 296a with a segnent
or 30 sem -circular portion 29613 with its flat edge agai nst one |ong side

of the sl ot 6a. . The resul ti aperture 294 is there shaped such t hat
the blister é?t}‘?‘f:ghc‘iiﬁb §ntﬁmgg%’ﬁ“’€ﬁté°‘hb%"rﬁt FR dﬁ%bﬁﬁwlhwﬁlﬁg 2’fﬁpélrf‘Fporti on
of the blistgpusd EleRehOst®Hded oy for ¥dilikl b h RCedSpAitiod WA Hidek: ki, Bl i ster
W thin the segnent portion 296b. This is shown nore cl earl_yeitl)gothe enl ar ged

partial ¢f osisakecriimsd Dpewsesprirpitrevored clmeng serldihedro96ed £ di nensi oned
such 11 1S Ofltai¥ thy uldedBfibes LALIRL kb BRaliBE, EOLAERRANAAG A ARJISEONS Of

the blister strip, so th Ister strip and blister )
wound into a coil within a spiral wound element that is then located in the

housing of the device during assembly. As the device is used, the spiral wound
element containing the coiled up strip of unused blisters gradually retracts as the

20  coil unwinds whereas the spiral wound element that receives the used portion of
the strip expands as the used pottion of the strip is coiled up within it. The
spiral wound elements 1302,130b may be formed integrally as a single unit and be
fixed to the housing 71 together, as shown in Figure 17a which illustrates a2 “twin
coil” spiral wound element 130 together with a strip 612 of unused blisters

25  received therein and, Figure 17b which illustrates the coil once loaded into an
inhalation device 70 so as to form an integral part of the device. Since identical

materials can be used for each spiral wound element 130a,130b, this teduces the



5 thereof forma close clearance through the aperture 296. Thereby, the
passage of powder fromthe used blister conpartnent into the unused blister
conpartment is mnimsed or substantially prevented. |l should be

appreci ated that the indexing nechanism 274 of the inhaler 270 only 10
causes the blister strip to be noved wh the user operated the actuating

| ever 275, and thus the blister strip remains in the same position during
pi erci ng and i nhalation, and thereafter the sanme storage position until the
actuating lever 275 is operated agaip, Furtherppre, the regyl ar spaci ng of
the blistersorfral KemBPREHEPURL 3 FImBARRS PR areR P8P af ks e
actuating | eygl 2ilRdrtBfUnlHethrel A6t Mdvil) @fay kel kb Be BRUBG HRGHATRNIRI | Y
noved such th next blister along in the blister strip is positioned in
the sane | ocatoued ckesnenh&3rtethi blisehpierting staip EUIRGT (e RipisIog; elespendnd
second el enegt ed 1 . | .such that a blister
of the bIistgfggggﬁgtggéggﬁﬁfg%ﬁghi%g%?génghﬂﬁﬂ%aggg%ﬁﬁ?é 296 in the

pi er ci ng/ Enhad ab isberhstor agagposiy itonewmfisaghd thak kwe espasdte sprawouhdt t he cl ose

fit of 20the erture 296 around t lister .and blister .stri,p is

mai nt ai ned af'® eP“ﬂFﬁ%‘3@??Q@?“E&PQ%H%G§QVVGB$$% mﬁﬁﬁéﬁ?dﬁ?aﬁgﬁ?gging t he
actuating | euRl t2eSht Garhdelax dshlie Blotst@rilaéwdigd Al Bigge 2A. Thedehddts wayi ati on

of the enbodi ment shown in Figures 22 and 23, is_shown jn 25 Fjgures 24 and
25. Like conpeheimesh fatapiplent s apirplerdadiiiensns herates ¢ AVl ption
thereof will not be repeated. The enbodi ment of Figures 24 and 25 differs

fromthat of Figures 22 and 23 in that the first elenent 293' is nade of a
resi | i ento malfes sritel woueh clsmepbiamset forbpapused blisses fisipe theapiernly 968 ed to

the support f%)‘g%@iggg tﬁanu@mﬁgtéé&s elepay 293 is

. t .
di mensi oned 5$ﬂiﬁgﬁ%%%@&%g%ﬂ%é@¥%§?? e sane size as or Slightly

smal | er t hanpreftvenay wsisheld apeibenal itdtoredSoongiaf bit the sbirhist@mdstlerngntand

blister, such %h?t Ihe.resiliﬁné naggghpl fOHHBI% &Qqhagﬁeghgdaggggagainst
and may def of I EFPGRITHO™ t0° ROFEVE AR 8- 2338 e FSct i Ve S Ea™ betieen t he
used and unugleshebt éSitAhing QAP ahlsdR lister Wriphs 1dade@ itho dharemisisghefvn i n Fi gur es

24 and 25, it is intended that alternative_conji%a&ﬁ%%ggioﬁiléggiIient

first el dieninkaleysogethegwithyghe syips Slqyeevient 1§ GRYSW
could be pressed out of the spiral wound element containing it immediately prior
to or during insertion into the housing so that the unused strip 1s maintained in

in its coiled state only by being constrained by the housing walls.

20  Blister strips are typically produced by a form/fill/seal machine which produces
flat strips that must be wound into a coil prior to insertion into the device
housing. Conventionally, this is achieved by gripping the end of a strip on a
winding spindle and rotating the spindle until the coil 1s formed. Although this
procedure works satisfactorily, the step of gripping the end of the strip is

25  intticate and complex to automate. Therefore, it 1s advantageous to avoid having
to locate and grip the strip. This is achieved with the spiral wound element of
the present invention because the end of the strip can simply be fed into the
mouth of the spiral wound element. As more of the sttip is fed into the coil, it is
wound up within it in the same way that the used blister strip is wound up within

30 the inhalation device during use.



5 the scope of the invention, and are shown in Figures 26A - 26C. Figure
26A shows a first alternative where there is no concave cut-out portion

295" and instead, the end is just flat. In this enbodinment, the resilient
menber 293" would sinply be deflected around the shape of the blisters as
the blister strip was indexed along. Figure 26B shows a second alternative
293" in which there is no 10cut-out porfion 295, but instead of having a
solid flat end as with the resilient elenment 293" of Figure 26A, the flat
end has a plurality of cuts 295" extendiing into the resilient el ement 293"
to forma coftFegirense @€ Hrastipgiciohey 3 ﬂ\ﬂgﬂPH Arapre ﬁﬁ?%f&‘f’gﬁc to deform

each 'fingerha&fbeteﬁ%r&dqmaél%iﬂé:afﬁﬁrﬁml/{%ﬁkﬁ%teﬂ@&@s@)%}ﬁg%a&m bister strip

i s advanced, thereby creating | ess resistance to 15 novenent of the blister

strip than tBeoven|dag bt [fed ingp ded werbddp merin eppitplguruadxémenieh seadg| so

mai nt ai ni ng | . ' [ - Fi: : e d. :
resilient eIgﬁéﬁ%xgggﬁhQ?&%ﬁgﬁgﬁggg%ggﬁfgé H&$Eﬁ$£§@%§¥§%%&bg%aﬁ§%ﬁg t he
arcuat e cat - beatpR8&ated 2Batithe altlp @h either bnbediurents cshovwari of fhegures 22 -
26C, the firs%fflenent 29@ 233@@93", 293" is either t@yq;d.as pant of the
support rib YHAmgProcess, The divs t thi SHIL A RUFCETS! T HTSIRHERT ri b 291.
However, it 31 gnvi pigkWiebiat22tBesifd fsttvel LipedttheBitip dsdba@de pahtor med as
part of the djvidin% wal | 290, Such an enbodinent is shown in Figures 27
and 28. Agai ACIHRSIEBHPERENLL PSPa YA 25 same reference numeral s and
description thereof will not be repeated. The flexible dividing wall 290
extends over the top of the support rib 291 and the end portion 290a

ext ends t/owaddsnafenebelong. whemietstopss fullhavospd ipgedegransfrarediioditfg wal |

290 s spaced,fiLd eél@?r&%ig?%g%{ g\% cIEAL _sﬁi?zﬁ SR aaRsd Mh o aR. angyat

e
cut-out as wmth t own in K gures 24 and 25, and so 30
perforns t hehowiee. f Alonhtivelpshdgsot woedd alboest 12 (‘fovaterdndaodiedended | n
addition, the end 290a.of the dividing,wall. alternative be shaped
with a fiat Bid el ioumgdnprhs uh He e ﬁ?@tgﬁé”%a“?m%%“e&teé%ri bed
above With the3®vices ahenedied spRalFogHERd 2264 alkd b2@Bed thhaseaiakhér nati ves are
shown in Figures 29A and 29B and have the sane function and advantages as
descri bed” pr BiAteRIShS st 1gl during essembis Of Herigh gPoasan b s iV Pdf ig wal | of

Fi gures 27 apgh:28smpactlahd Hort R RIBAAI MBAUS BhewWerpnd described in Figures
27 - 29C include the

Figure 22 illustrates a further embodiment of the invention which is similar to
that shown and described in Figures 10 — 12d, and comptises an inhalation

20 device 270 having a housing 271 and a flexible movable dividing wall 290 which
extends over a spiral wound element 260 and separates a used portion 261 of the
blister strip and an unused portion 2612 from each other. The device 270
includes an indexing mechanism 274 comprising an actuating lever 275 which
unwinds the coil one blister at a time so that they pass over a blister locator

25 chassis 276 and successively through a blister piercing station 277, when the
actuator 275 is pivoted as described previously. When 2 user inhales through a
mouthpiece 279, an aitflow is generated within the blister to entrain the dose
contained therein and catty it out of the blister via the mouthpiece 279 and into
the user’s airway

30
The dividing wall 290 is fixed at each end 2902,290b to the walls of the device.

As with the embodiment shown in Figure 10, the dividing wall 290 may be



second el enent 294 as a separate elenent to the dividing wall 290, forned
integrally with or nounted to the wall of the housing 271. However, an
alternative enbodinent is shown in Figures 30 and 31, in which no separate
second el enment is provided. Instead, the dividing wall 290 extends over the
top 10 of the support rib 291 and the e portion 290a all the way to the
wal | of the housing 271 where it is secured, for exanple, by being bonded
thereto. To allow the blister strip to pass through the passage 292 from

t he unused conpartnment. to the used conmpartnent, an apertuyre 297 is forned
n the di vi dSTeOBY o586 hariaros REOSURPBIHD Prh VT BHIPCRERASF I of the

housi ng 271, paRded theSHRAPEEinSiRwWIRs &f bk héddiag Wb thutdh S8BIRAY wahaged portion
297b, to accommodate the blister strip and blister as shown in Figure 31.

As above, thdighgedefprmedond bgld beogipresiondiredeqnghpéve slewale a5i ze or

slightly smajlerf &PﬁQkaﬁ cross-sectional dinmensions of the blister strip
and blister, sucR that theé resilient material forms a contact fit

t her eagai st and nmay deformslightly, to achieve an effective seal 20

bet ween t he ed and sed .blj ster .coppart s. The dividing wa]l al so

i ncl udes a sﬁﬁfgfﬁéﬂéépgha ﬂ§i¥3lﬁ?Pﬁgﬂﬁ%g?ﬂgg%miﬁ?u?%gf%%S@%%Et3% t he

di vi di ng wal p9Pff3med i shealtablgse7a daldiexteats btivepn tige Ki@e Waldetkhien the inhal er
270 and positioned in _the aperture 297 in the dividi | 290 by sliding
it though th8owRa 2 gdhesby aﬁliﬁam%ﬁ@ﬂf‘ sescel e 2%&5‘3’2%&}& 1% he

bl i ster stri ptRNER 27D eoerhRPich YhE sifspbrt LR z@1,fd¢mharpawa%é bduglongt ed
enbodi nent of the invention, the inhal'ér could be provided as shown in

Fi gures 30 afbichithe asadaprrtion 261 oh eheeblibtargomp shtglliagieyiigoribe weadl may not be
secured to t g@IL f i t; erture
297 forned tE(gnrl In. el%nfééigggggg@reg%&?n éjﬂ'etﬁgﬂgfp‘ V}?ﬁ}(_—aﬂ%%] i laﬁggﬁhrggg’g@mul d

i ncl ude an atleuateepassage @42 iathe dudy pohfthgugkdhid vy Hequasitle fohe wal | of

t he housing 271 awa romthe. support rib 291. In us he en f the
i vi i ng vl oSl B e dd phss A Bkl 12 Powpftaaftn BERERA Bhid"0r ¢ e
housi ng 271, covbpirtdber cirthelAbesifgl PR fo 0 i eOdriih ddiman oofnh etifhenbibh Shewn t o
effect the seal in thegpassage 292 between the used and unused bji ster

e

conpar t nént s ];ﬁlg‘s"ff, 224 ! BrigogrthatRf 1fat‘i‘\‘/‘iﬂolioﬁ’(j tWéIIT_ inglde,mepps AR d_Y or have
a conb/ brushpeapdd GUiBLh MBS SERE hRSEEAROWR! Wetlister strip to minimise or

substantially eliminate the possibility of residual powder passing from the used
blister compartment to the unused blister compartment of the housing. Various
configurations of such means are envisaged within the scope of the invention,

20 some of which will be described hereafter.

Figures 22 and 23 show the passage 292 of the housing 271 is provided with 2
first element 293 projecting from the suppott 1ib 291 towards the outer wall of
the housing 271, and a second element 294 on the outer wall of the housing 271
25  opposite to and projecting towards the first element 293. The first element 293
includes an arcuate cut-out 295 and it may be formed integrally with the support
rib or a separate component mounted to the support rib 291. The first and
second elements 293,294 are spaced from each other, such that an aperture 296
is formed thetebtween in the shape of a rectangular slot 296a with a segment or
30 semi-circular portion 296b with its flat edge against one long side of the slot
296a. The resulting aperture 296 is thereby shaped such that the blister strip can

pass through the aperture 296 with the flat portion of the blister strip located



5 reference to other enbodi nents, instead of having an arcuate cut-out
portion. It should be appreciated that in the above-descri bed enbodi nents
that include a second elenment 294, this may be nade froma resilient
material secured to the wall of the housing 271, to effect a snug fit
against the blister strip, as well as 1Q,being a solid el enent forned
integrally with or secured to the housi ng 271. A variety of medi caments may
be admi ni stered aI one by using inhalers of the invention. Such nedi canents
i ncl ude those e for the.treatnent of .as chronic
obstructive B’ % aﬁ‘g"e%@g e Egyspt %’b@ﬁl*@f’ﬁ’?@?ﬂ?’éép%@m %¥5rhinitis,

al lergic rhi mdwrsmoftaéedﬂyddystﬁe&ﬁmge@obadﬂxﬁQf&erssaucg@naaalof&r@xs ReCTHd C
conditions, and system ¢ diseases with the |ung nasal cavity as the site
of delivery. 2BSERKe Fu damereeradrivrlidds oplitvesr @gh&t' 13064 thagitheo,

f32- agoni st e84 gmlﬂghsﬁalsms%@%@mém sftgén ttﬁspdhe blheeé@wf#oa%odhm

pi rbuterol, repr tero nmet apr ot er enol terol but a sal neterol,

i ndacat er &l , theeqdf diow p abpsc 2lgapnce prrewgH the@petsherygt Ehereby,bherbtssegeait,

procaterol, 0 r ol ero nd. bi .er ol n: sel ective
p- sti mul ant sp%‘ﬁ% fgsmé}f)%gsﬁrgﬁagi&éﬁampg%ﬁ%gga%| lnéf ImuI%os odi eérfpatﬂénseélt( PDE)

i nhi bitors, Bgninkhissd xasnibstandsl)y pleeapkdl | i ne, am nophyl i ne, choline
t heophyl | i nate, and sel ective PDE i soenzyne inhibitors, PDE 3 inhibitors,
eg mlrinone and notapi zone; PDE 4 inhibitors, eg rolipram 25 ciloml| ast,

rof lum | ast, 11agbediHeaphrecanel @NOHR148exif, eamngnmlawbm;esnhﬂg Zrghayeri ne
and t ol af entr| ne; inducers of HDAC2 eg theophylline; anticholi nergl Cs

i ncl udi nd? nuSA&ss i tHE ClteEEEPIP b(EMEOVq@EW e psgt %F%?S‘E)H}esﬂc%“"é‘@g €bpi ne,

hyosci ne, gl WBOQX& B 3h & b1ideoF ati QQx'nk&% 1& Hﬁtsﬁ&l@'ﬂé@iu&ﬂu&fng 1&% Y4237,
pi renzepi ne, and tel enzepi ne; st cell stabilisers onog ycate and 30

ketotifen; bmbaehdmlandhereqinds] témanas@r@@wﬁoﬂe@ﬂhdmmwg levet @7%i ds, eg
becl omet asong, 0 ggl)é Floﬁ’glﬂﬁgﬂ{lér%t éh%%?guriar’ Sﬁe%{gg %?B%edﬁis dr.r L #h%%lhsg?

rof | eponi de, |anc| i Xbcor ci cl'esoni de;
di sease nodi itylp fgeans thhi eachagiedrtsossof the astuaBhh B eeX e esullshlthablistele,

teriflunom de, dhdrox | oro ; histami.ne type.l r tor

ant agoni i s, 58§ B ?ffinﬁﬁta T Giotdd ﬁethaaaatiﬂha‘teéafﬁg n f}&e@fsg‘?’ié&%@
acrivastine, péiidRaadl iMesanSoENM AL Che PERIABIHINR:. AQVREIARRSthe Tt and

chl or pheni ram ne, pronethazine, cyclizine, and 5 m zol as | ne; antibacteri al

agents and atfénnd CIF%‘Fn'éy?Q@i V% rplesgtet igribe Beusiuhdfctncshar 4 blssrminke eg

Pseudononas rygeML0), mannitol,
denuf osol , g?lg{t%%ﬁlﬁg%geh%@g %gggﬁgﬁgﬁug%@égtggdur anycin, gent arryci n,

tobranycin, perawgehaldian/abpiga positing iof K@m‘s‘lﬂhﬁr shiep ae it thkesit s of
Capr eONy G} N, ;Y ANCOMLCIOR o, FEILRE N Mer ThPLALLONAS i ena R RELAG i s AN
except for the very brief moment of operating the actuating lever 275 to index

the blister strip along.

A further variation of the embodiment shown in Figures 22 and 23, is shown in
25 Figures 24 and 25. Like components retain the same reference numerals and
description thereof will not be repeated. The embodiment of Figures 24 and 25
differs from that of Figures 22 and 23 in that the first element 293’ is made of a
resilient material, such as foam or rubber for example, and is secured to the
support rib 291. The arcuate cut out 295” and first element 293’ is dimensioned
30  so that the aperture 296 is the same size as or slightly smaller than, the cross-
sectional dimensions of the blister strip and blister, such that the resilient

material forms a contact fit thereagainst and may deform slightly, to achieve an



10 rifanpicin;, mucolytic agents for the treatnment of COPD and cystic
fibrosis, eg N-acetyl cystei ne, and anbroxol; histam ne type 2 receptor
ant agoni sts; tachyki nin neurokinin antagonists; triptans, eg al notri ptan,
rizatriptan, naratriptan, zolmtriptan, sumatritpan, eletriptan, and
frovatriptan; neurol ogical agents eg apgyorphine, dronabinol,

di hydr oer got am ne, and | oxapi ne; antiviral 15agents eg foscarnet,
acyclovir, fanticlovir, valacyclovir, ganciclovir ci dof ovi r; amant adi ne,
ri mant adi ne; FEI:rlbawra:,]g zanam Vi r, aad 0s IHanav Q Leconaril, pr ot ease
i nhi bitors (FEFUPFTAPFIRIER G Par RAT NP K IR &9TP2 BonaV|r and

saqui navir), nucl eoside reverse transcri ptase |nh|b|tors (eg dldanosine

| am vudi ne, stavudi ne, zal citabinpe, and 2|dovud|ne ng non- nucl eosi de

reverse 20 tVahs®tiepbadeansphove 8t Sispes %&?ﬁrzépitﬁ%ﬂé fagfiaftempfive
cc-1/a.-2 adé&rﬁ%ﬁ%bgg o@&@meﬁs Brst BRRHAMYINEXRAT [AE o156 RYdIERIAiRGn

phenyl propanol a ephedri ne, pseudoephedrlne naphazol i ne,
oxynet azof i née stepa efpdimestipnandart shevaroFighes 26AandtoHigise 26Ad

et hyl nor epi n%@slanf?fst BL&?‘B&%V% h%g(,gﬁﬁg%‘}as.;rn?oncdnramebéutt%r ?égmdn ngngtjlc?‘mmt ory

agents, eg bem parin n, anti-i1n tives
25cephal os lelhsﬂ&Sd tbe amd:isl ]hstrﬂsix I&xechrsamymddmem thmmmbd:ntde@pbﬂwé” aetdans,

Lobr anyci 1y, BB PeRE RN WP AEPRCDl PECTNGE AR, D S9¢ P@Bnam agent s

for sexual hlaabtela 2l GBX BalurdY6H um&g@EbdoaeIauehnu@vmmimmcmﬂamhma on; eg.
aponor phi ne, VR776, agents that acts via 51-1T- and_noradrenergic- nedlated
tl@bres&e

30pat hwayd i fitave PBF%ﬂ“nzgs W instsadet }%&ﬁﬂlgﬁ[ﬁhé fap pndypt BB Pdenafil,

tadal afil, a&%x&r@@f*%fflﬁ rl Qws%“f&@%namggibﬁ&ﬁnyagc@tklzesrt efendiggl eut on,
tepoxalln, nont el ukast, zaflr ukast ont azol ast, abl ukast, E@anll ast,

ver|ukast, amtp thasksilient clemap2 2937 rid efrhlaeombt o keugy stectespnT hiaseowld NOS)
| nhibitors; angifuagales OﬁS% Qac%“hﬁ%él @fth@%ﬂlWBhgh s?rﬂgmpé’%t atin,

anal gesi cs, &g codei ne hi'n er gotanmme, fentany cannab|n0|ds
and nor phi nex;ecamtrﬂsyche bhaaﬁ stdpps ed;.&nvei algaeﬂtysqreaglgﬂeﬂzmdstaz@mones and

benzodi azepi ne deriyv %t dlaze ﬁg 5 hI rdia OXIde,

| or azepafi d%&f@ﬁﬁﬁf’é#%gg§%h$nﬁF ?hgﬁﬁﬁ 878 &%ﬁ Ur4Zépam

zol azepam tzymtASRt A nRlASHhATER deahididsOtif blbﬁiraF@utel’E&{g{Hoﬂfs&Hé ageni sts;
adenosi ne receptor agoni sts or antagoni sts, eg adenosine 2ct agonlsts

cal ci um chanféelien| deReHLI3cof Yalemhipaiment of fagwry ¢4 é‘t‘i%? b ag thedrenats

anal ogues, eg,ilQpeost; endothelin-receptor antagonists, eg LU 135252;

cyt oki ne 10 antagoni sts, eg chenoki ne antagoni sts and inhibitors and

nodi fiers of cytokine synthesis including nodifiers and inhibitors of the

Pro- i | et 00y of G2IRRELRI A0 {R61 O o | et el nnang T nhi bi tors of

i nterl euki ns erapeuti c protelis and pepti des, eg
insulin, i ns:wa 293612%7 293°f mssuthen f@dmﬁd &i et of the whppotk kib@90, omeut r al |
regul ar and sol uble insulins, hane 1nsuling, . :
separate element mounted to the support 11 1. However, it is envisaged that
the fitrst element may instead be formed as part of the dividing wall 290. Such an
embodiment is shown in Figures 27 and 28. Again, like components retain the
25 same reference numerals and description thereof will not be repeated. The
flexible dividing wall 290 extends over the top of the support rib 291 and the
end portion 290a extends towatds the second element 294. The end 290a of the
dividing wali 290 is spaced from the second element 294 and shaped with an
arcuate cut-out as with the embodiment shown in Figures 24 and 25, and so
30  performs the same function as described above for that embodiment. In

addition, the end 290a of the dividing wall 290 may alternatively be shaped with

a flat end 2902’ or a comb/brush structure end 290a”, as described above with



15 insulin zinc, protam ne zinc insulin, insulin anal ogues, acyl ated
insulin, insulin glargine, insulin detemr, glucagon, glucagon-Ilike

pepti des, and exendins; enzynes, eg dornase alfa; systemically active

macr onol ecul es, eg human growth hornone, |euprolide, alpha-interferon,
growth factors (eg insulin-like growmh factor type 1), hornones, eg

epi nephrine, testosterone, and parathyroid hornone 20 and analogues (eg
Gst abolin-Q);; osteoporosis agents, eg bi sphosphonates; anticancer agents,

eg ant hracycl i nes, oru i n,  i.darubici i rubi ci hot r
Coxanes. oaciirrene SRk A0k rad PRl HREE ymaBet drk B Torhe AU AL | ne, and
5-fluorourachdd 29mhh £RAGUhEBLSe 18Q DA e@@l 282k Qs 28l chbQDgketiRa1Pr

constructs, eg FVIII-Fc and Fl X- Fc; FV111-Fc; i nmunonodul ators, eg
cycl ospor | nefigns 239G ghavride C&‘nawﬂa‘é{r%ﬁ iding arlligf Fagureses hrad 8-
I mmunosuppressants, eg azathi oprine, and nycophenol ate nofetil; cytokines

(eg interferons, interfaron p, interleukins, and interleukin antagonists
and i nhi b¥t oAd)f th@@fbbﬁd}ﬂaotswowa\@didqsmbeégnFllgltln*tSsT/ afft incbbleghty agents;

di agnosti cs angngeﬂmenp%@?sl aestseﬁarar%%nement 8 tﬁl %?Vldl w%uEg 2}8{0 &q |led in the

art that, whére appropriate, anments a 30 carrier
nmol ecul e or imbdgeailyl veith antionhtedsedhé wall bét}tmdnsm‘g aﬂnoﬂbwgssr salts, as

esters, solvates to o se t act nd/ stability of the
ol Canrent . MRS ChedTaRE DR RG Shand ADGROTOR HASRESD be used to
deliver conbiddahd eRent istphBviBEd. rmtteacpl it @ﬁrﬁﬂig R Ro@RERAd & oveP B o C

conbi nations of two nedi canents which may be nentioned include conbi nations

of steroi'dls @htrerapreigshidd end El%?a?ﬁﬂ %%m@fl 2(¢ B! EsnBinie the e llgidhe

becl onet hasonalsﬁ%dzvft%ﬁ@tﬁnptecuﬁedb?ala gttasg@a rb@naat HRE&AH Ot afidyit | casone
and fornot erol ticasone and sal nmeter on| de and fornoterol;

budesoni de athd bs},latene'tre)rtolpast ﬂunmgx)ﬂhledﬁesagj@ﬁ%)fmm@eoinusefdl WM peinh e and
sal meterol - @Ak gpanide, and. el reterol sopl.cbesenl.ds. A Lo mLao!

nonet asone an tA50n or not i cal | y
i nhal ers acclmaftdmgthtmupp@rt irib\ASn taind nh erel! @ sioe beusiseV 1t endl3 sﬁqbadvzara

combi nati ons .of three different di ca It wll r to.a person
skilled ih t¥& 23% thﬁé*tseg%%fr%aa g‘;@gﬁ tOr?éCﬂ‘BatOéat?éﬁt E??tﬁﬂl“f)lg |pl nked

to a carrier,dibiRedle sRswinl Bpgu{eeﬁt a\ﬁ%@{re usedpdriurk 2¢7 hakmeof prodrugs,
salts, as esters, or as solvates to optinise the activity 15 and/or

st abi | | ty of diptasipaer wabeiie. sape sizg ogls ightynndisg erntthacrséeqiiRarimceut i cal

conposi tion WRY,GORPLE $ b‘?@&r 9&1 ”&HdeehsPJre;t&mPLthhQ@&aheﬂt‘}da?é?ﬁt ERRG € 1,
optionally in conbination wt é’ pharmaceutical |y acceptabl e exciptent. 20

contact fit thereagainst and may deform slightly, to achieve an effective seal
20  between the used and unused blister compartments. The dividing wall also
includes a slit 298 extending from the aperture 297 to the edge of the dividing
wall 290. This enables a blister strip to be loaded in the inhaler 270 and
positioned in the aperture 297 in the dividing wall 290 by sliding it though the
slit 298, without having to feed one remote end of the blister strip though the

25 aperture 297.

In a further un-illustrated embodiment of the invention, the inhaler could be
provided as shown in Figures 30 and 31, except that the end 290a of the dividing
wall may not be secured to the wall of the housing 271, and would not have an

30  aperture 297 formed therein. Instead, a remote end of the dividing wall 290 would
include an arcuate cut out and be configured to bias towards the wall of the housing

271 away from the support rib 291. In use, the end of the dividing wall would bias



The anticholinergic 1 can be selected fromthe group consisting of a)
tiotropiumsalts la, 25 b) conpounds of formula Ic - 44 - wherein 5
Adenot es a doubl e-bonded group selected fromanong CQC=C and H2 H2FI H
Xdenotes an anion with a single negative charge, preferably an anion 10

sel ected fromthe group consisting of fjqoride, chloride, bromde, iodide,
sul phat e, phosphate, nethanesul phonate, nitrate, naleate, acetate, citrate,
fumarate, tartrate, oxal ate, succinate, benzoate and p t ol uenesul phonat e,

R and R2whi r fere rou sel ected 15from
anong et hylt% b?l‘%% st%n% %a?nstt l'lxe Wallgoftge Lousm r#?‘l qgtt aﬁﬁyteo‘fo °8hal | y be

conformmg around the blister, to effect the seal in the passage 292 between the
used and unused blister compartments. Also, the end of the dividing wall may be
flat ended or have a comb/brush configuration as described above with

5 reference to other embodiments, instead of having an arcuate cut-out pottion.

It should be appreciated that in the above-described embodiments that include a
second element 294, this may be made from a resilient material secured to the
wall of the housing 271, to effect a snug fit against the blister strip, as well as

10 being a solid element formed integrally with or secured to the housing 271.

A variety of medicaments may be administered zlone by using inhalers of the
invention. Such medicaments include those that ate suitable for the treatment of
asthma, chronic obstructive pulmonary diseases (COPD), respitatory infections,

75 rhinitis, allergic rhinitis, nasal diseases and disorders; general and specific
conditions, and systemic diseases with the lung or nasal cavity as the site of
delivery. Such medicaments include, but are not limited to, B2-agonists, eg
carmoterol, fenoterol, formoterol, levalbuterol, pirbuterol, reproterol,
metaproterenol, rimiterol, salbutamol, salmeterol, indacaterol, terbutaline,

20  orciprenaline, clenbuterol, bambuterol, procaterol, broxaterol, picumeterol, and
bitolterol; non-selective B-stimulants such as ephedrine and isoprenaline;
phosphodiesterase (PDE) inhibitors, eg methylxanthines, theophylline,
aminophylline, choline theophyllinate, and selective PDE isoenzyme inhibitots,
PDE 3 inhibitors, eg miltinone and motapizone; PDE 4 inhibitors, eg rolipram,

25 cilomilast, roflumilast, oglemilast, and ONO 6126; PDE 3/4 inhibitors, eg
zardaverine and tolafentrine; inducers of HDAC2 eg theophylline;
anticholinergics inchuding muscarinic receptor (M1, M2, and M3) antagonists eg
atropine, hyoscine, glycopyrrolate, ipratropium, tiotropium, oxitropium,
NVAZ237, pirenzepine, and telenzepine; mast cell stabilisers, eg cromoglycate and

30 ketotifen; bronchial anti-inflammatory agents, eg nedocromil; steroids, eg
beclometasone, dexamethasone, fluticasone, budesonide, flunisolide, rofleponide,

triamcinolone, butixocort, mometasone, and ciclesonide; disease modifying



substituted by hydroxy or fluorine, preferably unsubstituted nethyl;

R3, R4, R5 and R6, which may be identical or different, denote hydrogen,
nmet hyl , ethyl, nethyloxy, ethyloxy, hydroxy, fluorine, chlorine, brom ne,
CN, 20CF3 or NO2; R7denotes hydrogen, nethyl, ethyl, nethyloxy, ethyloxy,
-CH2-0-12-F, -0-012-F, -0-CH2-CH2-F, -CEl2-0H, -CH2-CF12-0H, CF3, - - 45 -
CH2- OMe, -CH2- CH2- OMe, -CH2-OEt, -CH2-CH2-OEt, -0-COwe, -0- CCEt, -Q COCF3,
-Q COCF3, fluorine, chlorine or brom ne; c¢) conpounds of fornmula id 5

TS e ENA I T RO R N
i denti cal orhydrbd;RRIBR quikke MOk AniAY FFRIERceprBE MytagoBEthYds, celBhiRY] OXY,
et hyl oxy, hydroxy, fluorine, chlorine, bromne, CN CF3 or NO2, with the
provi so t hatlogtadieasieslorsadine, ferofamgdinsupyivrytineRg:iegydingy agtenpadle.and R12 i s
not hydr Ogenazeﬂlﬂr&?@Q%@§ﬂt@, cﬁBEﬂﬁQnﬁaﬂnﬁleBMomethazine, cyclizine, and
5 mizolastine; antibacterial agents and agents for cystic fibrosis and/ox
tuberculosis treatment, eg Pseudomonas aeruginosa infection vaccines (eg
Aerugen®), mannitol, denufosol, glutathione, N-acetylcysteine, amikacin
duramycin, gentamycin, tobramycin, dornase alfa, alpha 1-antitrypsin, heparin,
dextran, capreomycin, vancomycin, meropenem, ciprofloxacin, piperacillin, and
70 rifampicin; mucolytic agents for the treatment of COPD and cystic fibrosis, eg
N-acetylcysteine, and ambroxol; histamine type 2 receptor antagonists;
tachykinin neurokinin antagonists; triptans, eg almotriptan, rizatriptan,
naratriptan, zolmitriptan, sumatritpan, eletriptan, and frovatriptan; neurological
agents eg apomotrphine, dronabinol, dihydroergotamine, and loxapine; antiviral
15 agents eg foscarnet, acyclovir, famciclovir, valacyclovir, ganciclovir, cidofovit;
amantadine, rimantadine; ribavirin; zanamivir and oseltamavir and pleconaril,
protease inhibitors (eg ruprintrivir, indinavir, nelfinavir, ritonavir, and
saquinavir), nucleoside reverse transctiptase inhibitors (eg didanosine,
lamivudine, stavudine, zalcitabine, and zidovudine), and non-nucleoside revesse
20 transcriptase inhibitors (eg nevirapine and efavirenz); «-1/a-2 adrenoceptor
agonists, eg propylhexedrine, phenylephrine, phenylpropanolamine, ephedrine,
pseudoephedrine, naphazoline, oxymetazoline, tetrahydrozoline, xylometazohne,
tramazoline, and ethylnorepinephrine; platelet aggregation inhibitors/anti-
inflammatory agents, eg bemiparin, enoxaparin, heparin; anti-infectives, eg
25 cephalosporins, penicillins, tetracyclines, macrolides, beta-lactams,
flouroquinolones, streptomycin, sulphonamides, aminoglycosides (eg
tobramycin), doripenem, pentamidine, colistimethate, and aztreonam; agents for
sexual health, sexual dysfunction including premature ejaculation; eg.
apomorphine, VR776, agents that acts via 5HT- and noradrenergic-mediated
30  pathways in the brain, leuprolide, and PDE 5 inhibitors eg, sildenafil, tadalafil,
and vardenafil; leukotriene modifiers, eg zileuton, fenleuton, tepoxalin,

montelukast, zafirlukast, ontazolast, ablukast, pranlikast, verlukast, and iralukast;



le - 46 - wherein A and X - may have the neani ngs as nenti oned

her ei nbef ore, and wherei n R15 denotes hydrogen, hydroxy, nethyl, ethyl,
-CF3, CHF2 or fluorine; 5Rv and Rr which may be identical or different
denote Ci -C3-al kyl which nay optionally be substituted by Cs-C6-cycl oal kyl,
hydroxy or hal ogen, or Rl' and R2' together denote a

- C3-Cs-al kyl ene-bridge; R13, Rl14, R13'" and 1114' which may be identical or
di fferent denote hydrogen, -Cl-04-alky!, -Cl-C4-alkyloxy, hydroxy, -CF3,

e O e 10 APl U o B er et

and B whi ch ARMmbein] ARiNtys6in, Okalgtsich eoaddldeinpl @hpirabloyplif€Rtdkahinedenote -0,

"S oNA- m%éntén%ﬁ%jiabg{oi&sl,\lg% -m%il;}?igé;yzln)xio;lytic /antidepressive agents, eg
benzodiazepines and benzodiazepine derivatives, diazepam, midazolam,

5 chlordiazepoxide, lotazepam, oxazepam, clobazam, alprazolam, clonazepam,
flurazepam, zolazepam; tryptase and elastase inhibitors; beta-2 integrin
antagonists; adenosine receptor agonists or antagonists, eg adenosine 2a
agonists; calcium channel blockers, eg gallopamil, and diltiazem; prostacyclin
analogues, eg iloprost; endothelin-receptor antagonists, eg LU-135252; cytokine

70 antagonists, eg chemokine antagonists and inhibitors and modifiers of cytokine
synthesis including modifiers and inhibitors of the pro-inflammatory
transcription factor, NFkB; intetleukins and inhibitors of interleukins, eg
aldesleukin; therapeutic proteins and peptides, eg insulin, insulin aspart, insulin
glulisine; insulin lispro, neutral, regular and soluble insulins, 1sophane insulins,

75 insulin zinc, protamine zinc insulin, insulin analogues, acylated msulin, insulin
glargine, insulin detemir, glucagon, glucagon-like peptides, and exendins;
enzymes, eg dornase alfa; systemically active macromolecules, eg human growth
hormone, leuprolide, alpha-interferon, growth factors (eg insulin-like growth |
factor type 1), hormones, eg epinephrine, testosterone, and parathyroid hormone

20 and analogues (eg Ostabolin-C);; osteoporosis agents, eg bisphosphonates;
anticancer agents, eg anthracyclines, doxorubicin, idarubicin, epirubicin,
methotrexate, taxanes, paclitaxel, docetaxel, ciplatin, vinca alkaloids, vincristine,
and 5-fluorouracil; anticoagulants, eg blood factors and blood factot constructs,
eg FVIII-Fc and FIX-Fc;, eg FV111-Fc; immunomodulators, eg cyclosporine,

25 sirolimus, and tacrolimus; antiproliferative immunosuppressants, eg azathioprine,
and mycophenolate mofetil; cytokines (eg interferons, interferon §, intetleukins,
and interleukin antagonists and inhibitors); nucleic acids; vaccines, eg flumist;
anti-obesity agents; diagnostics and gene therapies. It will be clear to a person
skilled in the art that, where appropriate, the medicaments may be linked to a

30  cartier molecule or molecules and/or used in the form of prodrugs, salts, as

esters, or as solvates to optimise the activity and/or stability of the medicament.



20RI Gdenot es hydrogen, hydroxy, -C-C4_alkyl, -Cl1 -C4 -al kyloxy, -C1 - (4 -
al kyl ene- Hal ogen, -0-Cl -C4 al kyl ene- hal ogen, -Cl1 -C4-al kyl eneOH, -CF3 ,
CHF2, -Cl -C4-al kylene-Cl -C4 al kyl oxy, -0- COC -C4-alkyl, -0- COQ -C4

- al kyl ene- hal ogen, -G -C4-al kyl ene- C3- C6- cycl oal kyl, -0-COCF3 or hal ogen;

- 47 - R1" and R2" which may be identigqg_or different, denote -Cl1

-Cs-al kyl, which may optionally be substituted by -C3-C6-cycl oal kyl,
hydroxy or hal ogen, or 111" and R2" together denote a -C3-05-al kyl ene

bridge; 5R17, .R185 Rir..an 18' . which e identjcal or .differept,
denote hydr o CAERIRE £ e ey enpn i o BE e apaieree Bmpddefi st oy oo
or hal ogen; Rvo anthok différedt mi@lcaeenkd eSiieciiil coatbithitiohe beBbo midiramenddydr ogen,
Cl- C4-al kyl, Cl1-C4-al kyl oxy, hydroxy, -CF3, -CHF2, CN, NO2 or hal ogen or 10
R and R’ t55&hHe beRsreonrddpayfecoshgabroschitsglisigd fraaprisdl ected from
among the brigdgasics 8¢ such confihatdasldre b&imfizZsone aM @efte@kyl ), -CH(O -
C4-al kyl)- and -C(Cl-4-al kyl)2, and 15f) conmpounds of fornmula Ig tr. X

wher ei n X5 mapedemethasrmernadinkmpseral fintiarsosn edd femeiteroltiitisasoandndher ei n 20A'
denotes a dob‘ﬁﬁm@fe?&[‘g@&sgﬁi%' Bnd ?Ar%?o%?r%l;fﬁu(a@}o%ﬁ‘&%d salmeterol; flunisolide

and formoterol; flunisolide and salmeterol; ciclesonide and salmeterol;

ciclesonide and formoterol; mometasone and salmeterol; and mometasone and

formoterol. Specifically inhalers according to the invention may also be used to

70 deliver combinations of three different medicaments.

It will be clear to a person skilled in the art that, where appropriate, the
medicaments may be linked to a carrier molecule or molecules and/or used in
the form of prodrugs, salts, as esters, or as solvates to optimise the activity

75 and/or stability of the medicament.

It is also envisaged that the pharmaceutical composition may comprise one or
more, preferably one, anticholinergic 1, optionally in combination with a
pharmaceutically acceptable excipient.

20

The anticholinergic 1 can be selected from the group consisting of
2) tiotropium salts 1a,

25 b) compounds of formula 1c



C=C and 11 1-1 - 48 - Rl- and R2- which may be identical or different
denote Cl-Cs-al kyl which nmay optionally be substituted by Cs-Ca-cycl oal kyl,
hydroxy or hal ogen, or Rl- and R2- together denote a

- C3-Cs-al kyl ene-bridge; 5R20, R21, R20' and R21' which may be identical or
different denote hydrogen, - Cl -Ca-alky], -G -Ca-alkyloxy, hydroxy, -CF3,
-CHF2, CN, NO2 or hal ogen. The conpounds of fornmula | e are known in the art
(WD 02/32899). 10ln a preferred enbodi nent of the invention the nethod
conprises adm ni strati on of conpounds of fornmula Ic, wherein X -denotes
brom de; 12.1 aﬁdﬁ?é?whic -may be identical or different denote a group

sel ected from net and hyl, preferably nethyl; 15 R 3, R4, R5 and R6,
whi ch nmay be identi di fferent, denote hydrogen, nethyl, nethyloxy,
chlorine or fluori Hlenot es hydrogen, nmethyl or fluorine, optionally
together with a ph#rnmaceuti caldy acceptable excipient. 20 O particul ar

i nportance are co f formula I c, wherein A denotes a

doubl e- bonded grou&s

R® 3
R e
wherein
5 A denotes a double-bonded group selected from among
N/ N/
c-¢ . C=C  and ;
H, H, H H H g °H
X denotes an anion with a single negative charge, preferably an anion

10 selected from the group consisting of fluoride, chloride, bromide, iodide,

sulphate, phosphate, methanesulphonate, nitrate, maleate, acetate, citrate,

fumarate, tartrate, oxalate, succinate, benzoate and p-toluenesulphonate,

R! and R2 which may be identical or different denote a group selected
15 from among methyl, ethyl, n-propyl and iso-propyl, which may optionally be

substituted by hydroxy or fluorine, preferably unsubstituted methyl;

R3, R4, R and RS, which may be identical or different, denote hydrogen,
methyl, ethyl, methyloxy, ethyloxy, hydroxy, fluorine, chlorine, bromine, CN,
20 CFs or NOgz;

R7 denotes hydrogen, methyl, ethyl, methyloxy, ethyloxy, -CH»-F,
-CH2-CH3z-F, -0-CH3-F, -0-CH»-CH>-F, -CH»-OH, -CH2-CH2-OH, CF3, -



er-teand HH The conpounds of forrmula Ic, nmay optionally be adm nistered
in the formof 25 the individual optical isonmers, mxtures of the

i ndi vi dual enantioners or racemates thereof O particular inmportance wthin
a met hod according to the invention are the follow ng compounds of formula
| e: 30tropenol 2, 2-di phenyl propionic apgg_ester nmet hobrom de, - 49 -
scopi ne 2, 2-di phenyl propi onic acid ester nethobrom de, scopine
2-fluoro-2, 2-di phenyl acetic acid ester nethobrom de and tropenol

2-fluoro-2, 2-di pheny| acet. i ci.d ester t r opi 5.T onpounds of
formula id ar e GHiobs %ﬁgﬁréﬁfv@’gaﬁsgﬁ%@ﬁ%@%r@f@&P@d' fbodi ment  of
the invention idusedehhodceo o). Cors:,; g DS tkidkihoBr Biorgi@ppounds of fornul a
1d, wherein Adenotes a doubl e-bonded group selected fromanong fi 10 X -

denotes brom de; R and R2 which may be identical or different denote

methyl or ethyly Qned &Rl Yo MRhNYE:

5

%
= '_R -

wherein

10
A, X-, R! and R? may have the meanings as mentioned hereinbefore and
whetein R7, R8, R?, R1%, R" and R'? , which may be identical or different,
denote hydrogen, methyl, ethyl, methyloxy, ethyloxy, hydtoxy, fluotine,
chlorine, bromine, CN, CFs or NO2, with the proviso that at least one of the

15 groups R7, R8, R?, R10, R and R'? is not hydrogen,
d) compounds of formula le

1(
+ R -

o
R ~~N X
: H
A O (&)
R'
R = R
R S R1 2



15R7, R8, R9, R10, Rii and R12, which nmay be identical or different, denote
hydr ogen, fluorine, chlorine or bromne, preferably fluorine with the

provi so that at |east one of the groups R7, R8, RO, R10, Rl11l and R12

not hydrogen, optionally together with a pharnaceutically acceptable
excipient. 200f particular inportance wihin the method according to the
invention are the followi ng conpounds of forrmula id: tropenol

3,3 ,4,4" -tetrafl uorobenzi 1lic acid ester nethobrom de, scopine

3,3 ,4,4" -tetrafl uorobenzilic acid ester nethobrom de, scopine

4,4" -di fluorobenzilic acid ester nethobrom de, 25tropenol

4, 4" -di f| uor obefzkdih & At X - esdyiaveRh@RIMAE R, m&aRPed Bereinbefore, and

3,3 -difluorobenzilic acid ester methobrom de, and tropenol

3,3 -di fluorob&H¥F4Pc acid ester methobromide. - 50 - isoners, mixtures of
the individual Enanidy d§%§é'h Eﬁﬁ@ﬁﬁh?éh}l,héﬁﬁpf(ﬁ;bél—ﬁg@%Bﬂﬁepf formula le
are known in the art ( 037064419)" 5In a preferred enbodi nent of the

i nventionst he AeétdnddRcwhshimsysbeaidmiiiab pr diffcomt gkneoripdemalylofhi¢tomayl a | e,

wherein Adenot %%tignggr%bel S%B?@tﬂge%%ygégepc?c%a?l%ztl,qgrdigx(%rgr%qﬁ)%gn, ot
R" and R2’ together denote a —C3-Cs-alkylene-bridge;
RI3, RM, R1* and R1¥ which may be identical or different denote hydrogen,
-C1-Cy-alkyl, -C1-Cy-alkyloxy, hydroxy, -CFs, -CHF2, CN, NO: or halogen,
70

¢) compounds of formula 1f

W
r _g..,R -
R"*\._N x

2] wherein X “may have the meanings as mentioned hereinbefore, and wherein

D and B which may be identical or different, preferably identical, denote -O,
-S, -NH, -CHa, ~-CH=CH, or -N(Cy-Cs-alkyl)-;

20 R16 denotes hydrogen, hydroxy, -Ci-Ca.alkyl, -Ci —Cs -alkyloxy,
-Ci~ C4 - alkylene-Halogen, -O-Ci —Cs alkylene-halogen, -Ci —Cy-alkylene-
OH, -CF3 , CHF,, -C1 —Ca-alkylene-Ci —Cq4 alkyloxy, -O- COCq —Cy-alkyl, -O-
COC; —Cq -alkylene-halogen, -Ci-Cq-alkylene-Cs-Cs-cycloalkyl, -O-COCF; ot
halogen;

25



/ OX denotes an anion sel ected from anong chloride, brom de and

nmet hanesul phonate, preferably brom de; R15 denotes hydroxy, nethyl or
fluorine, preferably nethyl or hydroxy; Rl' and R2' which nmay be identical
or different represent nethyl or ethyl, preferably methyl; 15R13, R1l, R13
and R14' which may be identical or diffgrent represent hydrogen, - CF3,
-CHF, or fluorine, preferably hydrogen or fluorine, optionally together

wi th a pharnaceutically acceptabl e excipient. I n anot her preferred
enbodi nent of the i ntign th t hod c ri ses 20adpi ni.strati on, of
conpounds of f 1dﬁﬁg¥f8@“&%%?%§%ﬂ§88ﬁ39égggﬂﬁgu%?%g%aﬁhé 5'Egljlg(%a)ltJ‘|E')’RI§:1é‘Iected

from anmong c=c nHdyldpXonalBeseaubstitifedBydeal;-Co Bk atigh tiy@toxhywd hakogedrormet hyl ,
preferably nmethyl; R and R2' which nay be identical or different represent
met hyl or ethyl, preferably methyl; R13, Rl14, Rir and Ri g which nay be

identical or dighfgiiefd (§RBLAeAL e dBOORAKkne bridge;
5 R17, R18, R17 gnd R'¥, which may be identical or different, denote hydrogen,

Ci-Cy-alkyl, Cy-Cy-alkyloxy, hydroxy, -CFs, -CHF2, CN, NO: or halogen;

R* and R¥" which may be identical or different, denote hydrogen, Ci-Cs-alkyl,
Ci-Cs-alkyloxy, hydroxy, -CF3, -CHFz, CN, NO:2 or halogen or

10
R* and R¥ together denote a single bond or a bridging group selected from
among the bridges -O, -S, -NH, -CHaj, -CH2-CHa-, -N(Ci-Cy-alkyl), -CH{C; ~
Cy-alkyl)- and -C(C1-Cs-alkyl)z, and

15 f) compounds of formula 1g
- N R.jm
R “\.N" x

wherein X ~may have the meanings as mentioned hereinbefore, and wherein

20 A" denotes a double-bonded group selected from among
N/
C=C and .
H H H g H

R denotes hydroxy, methyl, hydroxymethyl, ethyl, -CF3, CHF2 or fluorine;



- 51 - fluorine, optionally together with a pharmaceutically acceptabl e
excipient. O particular inportance within the nethod according to the
invention are the followi ng conpounds of fornula |e: 5tropenol

9- hydr oxy-fl uor ene- 9- car boxyl at e nmet hobrom de ; tropenol
9-fluoro-fluorene-9-carboxyl ate nmet hobr g de; scopi ne

9- hydr oxy-fl uorene-9-carboxyl ate nmet hobrom de; scopi ne

9-fl uoro-fluorene-9-carboxyl at e met hobrom de; tropenol

9-nmet hyl - f | uor gne- 9- carboxyl at t hobr om,de; 10scopine .
9- et hyl - f I uor éne 8¢ gar B’g’k I%?ngeglgfﬁ% St Fndlgg‘#eglth%nﬁ'%a@ﬁ%%ﬂélﬁli“6ha1fh

conposi ti ons aceRrddidogallyobd idsiifavealbi QRCorycloslkilahyrbfeoCiongeanes of
formula |l e optionally in the formof the individual optical 1soners,
m xtures of the individual enantioners or racenates thereof. 15 The

conpounds of farmyL@rit (Qletheck QONMYe aNLLNG - Akfled K43/ 064418) . | n anot her
preferred enbodi nent of the invention the nethod conprises adm nistration

of conpouhds ofR*,d¥hl*a 2nd Rihehishrmaoboddendenh or difesenraicnaie hydreaspde, or
met hanesul phongt e, &l eFakl, MBI s oxy, -CFs, -CHF,, CN, NO; or halogen.

The compounds of formula 1¢ are known in the art (WO 02/32899).

10 In a preferred embodiment of the invention the method comprises

administration of compounds of formula le, wherein

X- denotes bromide;
R! and R2 which may be identical or different denote a group selected from
methyl and ethyl, preferably methyl;
15 R3, R*, RS and RS, which may be identical or different, denote hydrogen, methyl,
methyloxy, chlotine or fluotine;
R7 denotes hydrogen, methyl or fluorine, optionally together with a

pharmaceutically acceptable excipient.

20 Of particular importance are compounds of general formula 1c, wherein A
denotes a double-bonded group selected from among

N/ : ;
g:ﬁ and

H o H

The compounds of formula 1c, may optionally be administered in the form of
25 the individual optical isomers, mixtures of the individual enantiomers or

racemates thereof.

Of particular importance within a method according to the invention are the
following compounds of formula 1c:

30  tropenol 2,2-diphenylpropionic acid ester methobromide,



D and B which may be identical or different, preferably identical, denote
-0, -S, -NH or -CH=CH; R16 denotes hydrogen, hydroxy, -G -C4-al kyl,
-Cl -C4 alLkyl oxy, -CF3, -CHF2, 25fluorine, chlorine or bromne; I1t1" and
R2" which may be identical or different, denote CI -C4-al ky, which may
optional ly be substituted by hydroxy, flgiorine, chlorine or brom ne, or Rl1"
and R2" together denote a -C3-C4al kyl ene-bri dge; Ki 73R183R 7 and R18',
whi ch nmay be identical or different, denote hydrogen, Cl-oC4 -al kyl,

Cl- C4- al kyl oxy, .hydro -CF3,. -CHF2, CN, fl.yorine, chlorine or
broni ne; R a%%?lﬁgg’z\?éi%lé‘ﬁ”’%?pl%mia&én‘fsfeéé?%rd’ﬂla%r ent, denote hydrogen,
C - CA-al kyl, scoph 2-flGdroCh2 alikich pxdetic Rydr @yt methkbidomidHmd, CN, NOZ,
fluorine, chlorine_ or broning,cr RN and R ' together denote a single bond
or a bridgi ngtrgP o 2dBcse LeddPheilasiBhacit KErehctidomEsle - S - NH and - CH2-
, optionally together with a 5S5pharmaceutically acceptable excipient. In
anot her preferred enbodi ment of the invention the nethod conprises
admi ni st r &t i dhegemporpduntiforaulas i srakaoh in Wireare (WOL03(388M0t es chl ori de,
brom de, or nethanesul phonate, preferably brom de; D and Bwhi ch nay be
identical or different, preferably identical, denote -S or -CH=CH;

In a preferred embodiment of the invention the method comprises

administration of compounds of formula 1d, wherein
A denotes a double-bonded group selected from among

o A

9]
10

X~ denotes bromide;
R' and R?  which may be identical or different denote methyl or ethyl,
preferably methyl;

75 R7,RE R RI1% R! and R'2, which may be identical or different, denote
hydrogen, fluorine, chlorine or bromine, preferably fluorine with the proviso
that at least one of the groups R7, R8, R?, R1Y, Rl! and R12not hydrogen,

optionally together with a pharmaceutically acceptable excipient.

20 Of particular importance within the method according to the invention are the
following compounds of formula 1d:
tropenol 3,3',4,4'-tetrafluorobenzilic acid ester methobromide,
scopine 3,3",4,4'-tetrafluorobenzilic acid ester methobromide,
scopine 4,4'-difluotrobenzilic acid ester methobromide,
25 tropenol 4,4'-difluorobenzilic acid ester methobromide,
scopine 3,3'-difluorobenzilic acid ester methobromide, and

tropenol 3,3'-difluorobenzilic acid ester methobromide.

The pharmaceutical compositions according to the invention may contain the

30  compounds of formula 1d optionally in the form of the individual optical



R16denot es hydrogen, hydroxy or nmethyl; Rl- and R2- which may be identi cal
or different, denote nethyl or ethyl; 15R17, RH, Rur and 1i183 , which may

be identical or different, denote hydrogen, - CF3 or fluorine, preferably
hydrogen; RN and R ' which may be identical or different, denote hydrogen,
-CF3 or fluorine, preferably hydrogen of,;_ R and R ' together denote a

single bond or the bridging group -0-, optionally 20together with a
pharmaceutically acceptabl e excipient. In another preferred enbodi nent of
t he invention the nethod Cfoﬁ?aﬁ %ajdrri nistration of conpounds of fornmula
| f wherein 25R™MGRTYEREH VIR TR BIRRTE 8* T RPN ! denot es

hydr ogen, hydroxy or nethyl; Rl- and R2- denote nethyl; R17, R18, gir
and R18" , which may be i dentical or different, denote ﬁ%/fgrogen or 30

fluorine, pr é%hércampyuﬁwfof@éwu ale azqlngwn e Rt (V89 BE0PHER i cal or
different, denote hydrogen or fluorine, - 53 - preferably hydrogen or
5 In a preferred embodiment of the invention the method comprises

administration of compounds of formula le, wherein

A denotes a double-bonded group seclected from among

N,/
g“““ﬁ and H ;

H o H

10 X" denotes an anion selected from among chioride, bromide and
methanesulphonate, preferably bromide;
R15 denotes hydroxy, methyl or fluorine, preferably methyl or hydroxy;
R and R? which may be identical or different represent methyl or ethyl,
preferably methyl;

75 R13, R4, R1¥ and R** which may be identical or different represent hydrogen, -
CFs, -CHF: or fluorine, preferably hydrogen or fluorine, optionally together

with a pharmaceutically acceptable excipient.

In another preferred embodiment of the invention the method comprises

20 administration of compounds of formula le, wherein

A denotes a double-bonded group selected from among
e S
= and i
H H H g H

X~ denotes bromide;

25 R denotes hydroxy or methyl, preferably methyl;
RY and R? which may be identical or different represent methyl or ethyl,
preferably methyl;

R13, R14, R1¥ and R'¥ which may be identical or different represent hydrogen or



Rx and Rx together denote a single bond or the bridging group -0-,
optionally together with a pharnmaceutically acceptable excipient. 5 O
particular inportance within the nmethod according to the invention are the
foll owi ng conpounds of fornula If: cycl opropyltropine benzilate

met hobr oni de; cycl opropyl tropi ne 2, 2-di phenyl propi onat e net hobroni de;

cycl opropyl tropi ne 9- hydr oxy-xant hene- 9-car boxyl at e net hobrom de; 10

cycl opropyl tropi ne 9-net hyl -fl uorene-9-car boxyl at e rret hobr om de;

cycl opropyl tropi ne 9-net hyl - xant hene ar box obr om de;

cycl opropyl t r%ﬁ% @WE%WC Mils(n g‘rf‘eE%?r%é?eBB af‘f"ec %B%Crlpolﬁﬁ”de;

cycl opropyltropi ne nethyl 4,4'-difluorobenzil ate nethobrom de. 15 The
pharmaceutical conpositions according to the invention nmay cont a| n the
conpounds of PbpiiFeas mpesErenithip ‘ihﬁ MeROG HICRTDBRE In@eIIREAPE 35 D6pt i cal
i soners, m xtyfiesin8fcolheuhfdbMidlial, gnanti omers or racenates thereof The

corrpounds of tormufFa I'g are known in the art (WO 03/064417). |In another
pr ef er r eds ensogtienreh?-hpdrokndupreaerd taohotytaee methvbdompri ses admi ni stration

of conpounds of fo la 1 wher i nLA o) | e- bonded group sel ected
from anong / tf?ﬂ—péngfn%%ﬁoﬁ'gu HOT AR ﬁgerégéogﬁggghgde or net hanesul phonat e,

preferably brsespide9- k@ﬂﬂdxgzgllﬂﬁﬂ&t@-saﬂbpdﬂmyncﬁhommm,,
scopine 9-fluoro-fluorene-9-carboxylate methobromide;
tropenol 9-methyl-fluotene-9-carboxylate methobromide;

10 scopine 9-methyl-fluorene-9-carboxylate methobromide.

The pharmaceutical compositions according to the invention may contain the
compounds of formula 1e optionally in the form of the individual optical
isomers, mixtures of the individual enantiomers or racemates thereof.

15
The compounds of formula If are known in the art (WO 03/064418).

In another preferred embodiment of the invention the method comprises
administration of compounds of formula 1f wherein
20
X" denotes chloride, bromide, or methanesulphonate, preferably bromide;
D and B which may be identical or different, preferably identical, denote -O, -§,
-NH or -CH=CH-;
R16 denotes hydrogen, hydroxy, -Ci1-Cs-alkyl, -Ci ~Ca alkyloxy, -CFs, -CHF,
25 fluorine, chlotrine or bromine;
R!" and R?” which may be identical ot different, denote C; —Cas-alky, which may
optionally be substituted by hydroxy, fluorine, chlorine or bromine, or
R!" and R?” together denote a —C3-Cs-alkylene-bridge;
R17, R18 RI7 and R1¥, which may be identical or different, denote hydrogen, Ci-
30 Cs4 -alkyl, Ci-Cy-alkyloxy, hydroxy, -CF3, -CHF2, CN, NOg, fluorine, chlorine or
bromine;

R* and R¥ which may be identical or different, denote hydrogen, Ci-Cq-alkyl,



- 54 - R and R2- which may be identical or different represent nethyl or
ethyl, preferably nethyl; R20, R 21, R20' and R21' which may be
identical or different represent hydrogen, - CF3, -CHF2 or fluorine,
preferably hydrogen or fluorine, optionally together with 5 a
pharmaceutical |y acceptabl e excipient. kn another preferred enbodi nent of
the invention the nmethod conprises adm nistration of conpounds of formula
| g wherein X "denotes bronmi de; 15 R19 denotes hydroxy or nethyl,

fer abl hyl : Ri- R2- whi i dentical ,or different
Fepr csent” motrr U BEh TRy e draBt g1 0% HoonEfart g quifofie oy,

whi ch may be drdentical or different represent hydrogen or 20 fluorine,
optionally pﬁgether with a pharmaceutically acceptable excipient. O

particul ar i fPACAHCESHNERAFHIAHA SPBRANIRICOPHERE £GUP RETRYEREY on are the

fol I owi ng CO’EBQ}H%CLEe Qiidéé%r-@l-@, g1 ddopeng! optionally together with a
9- hydr oxy- xant hene- 9- car boxyl at e met hobrom de; 25scopi ne
9- hydr oxy# x arpbitmeccoticadly Boseptaieeyripitrsbr oni de;

In another preferred embodiment of the invention the method comprises

administration of compounds of formula 1f, wherein

70 X~ denotes chloride, bromide, or methanesulphonate, preferably bromide;
Dand B which may be identical or different, preferably identical, denote -S
or -CH=CH-;

R16  denotes hydrogen, hydroxy or methyl;
R1” and R?” which may be identical or different, denote methyl or ethyl;

75 RV R RI7 and R'¥ | which may be identical or different, denote hydrogen, -
CF3 or fluorine, preferably hydrogen;

R~ and R¥ which may be identical or different, denote hydrogen, -CF3 or
fluorine, preferably hydrogen ox
Rx and R¥ together denote a single bond or the bridging group -O-, optionally

20 together with a pharmaceutically acceptable excipient.

In another preferred embodiment of the invention the method comprises

administration of compounds of formula If wherein

25 X denotes bromide;

D and B denote -CH=CH-;

R16 denotes hydrogen, hydroxy or methyl;

RY" and R?" denote methyl;

RY, R'8 R and R'¥® | which may be identical or different, denote hydrogen or
30  fluorine, preferably hydrogen;

Rx and R* which may be identical or different, denote hydrogen or fluorine,



tropenol 9-net hyl - xant hene- 9- car boxyl at e net hobr om de; scopi ne
9- net hyl - xant hene- 9- car boxyl at e net hobrom de; tropenol

9- et hyl - xant hene- 9- car boxyl at e net hobr om de; t r openol
9-di f | uor onet hyl - xant hene- 9- car boxyl at e net hobr om de; 30scopi ne
9- hydr oxynet hyl - xant hene- 9- car boxyl at e_ggt hobronmi de. - 55 - The

phar maceuti cal conpositions according to the invention nay contain the
conmpounds of fornmula | g optionally in the formof the individual optical
i somers, MXt}”fgerIOf ?hoe 1glndi vi dual enantioners or racemates thereof. 5 The
al kyl gr oupsPiégaPy (R8s SF her wi se stated, are branched and unbranched
al kyl I gr ouEsRhlaMi Rﬁ t&gdtlﬁkr&ieﬁafebﬁmgié %ﬁd FE&wmh@lsng gm{t;pld@i-, dgpeiohylly, et h?/: :
propyl or butyl. The groups nethyl, ethyl, propyl or butyl nmay optionally
al so be ref efdg&thet F1hy? Ii*ri’éméb%‘ﬁlé%}!Ya"thwébiﬁ/ﬁf‘aEF?t- Prop or Bu. Unless
otherwi se stated, the 10 definitions propyl and butyl also include all
possi bl e isoneric forms of the groups in question. Thus, for exanple,
propyl i n&l ubéparicubnr dpprtarg ng@ﬂ propptrodtrgegnding el the eyenden pgth¢ | sec.
butyl and teft; . - tG. .oal kyl groups used, unless otherw se
fﬁllowngg}l‘]%%il%o&dg of -E&?rﬁ.ﬁ%/ ﬂ't

stated, are alicy roups w o 15 6 carbon atons. These are the
cycl opropyl, cygichipaopiitromiye bepeatescduotireyidkohexyl groups. According to

the invention cyclopropyl .is.af .particular inportance.,within the scope of
the present invéﬁ[qu%ﬁ%oﬁﬁtézgfcﬂégﬁw I&P{S’f}ﬁrser%%téa?roﬁrﬁfi%ss ot herwi se st at ed,
are branched angclispbs@nesisde 2hydensyh-anthasdechrbddgipe hicttt@pesmidct h 1 to 5
carbon at ons. Exaglgl es i ncl ude: Eﬁf_ﬁﬂyl ene

et hyl ene, propyl.ene or butyl ene.
The al kyl@ne- haPGHRECRIFGRRIES deRefRy It AsRe-greadiaRyies @?@Pg&ml f*e branched and
unbr anched doum&r@moﬁhg_ﬁlm&hyldﬁ‘%%héﬂemjcéb&gr_lﬁe aREMoALRAE Whi ch nmay
be 25 nmono-, di- or trisubstituted, preferabl i substituted, by a hal ogen.
Accordi ngly, untvskprenieemips 8-hyderadiuarere-2-spiboarlkiplmerboyqmyfiesups denot es
branched and un P ed: ' | -3.to 4 carbon
at ons whi ch my%@%ﬁ%r&gg?hﬁéw?% gh é?{‘%ed’?g%fgg%?% eIE)al%Ey
nonosubstituted, by a hydroxy. 30 The al kyl oxy groups used, unless
ot herw se_st ranched and unbr anched, al I%I .grou %Ox\éath l1tob5

d b
car bon atjf)ns?é\gf’%ﬁ%%?%mﬁa T(Oé%mf‘ftéonaﬁc?&rylg%ntoat?%lﬁ e 161 <80 1r?gthrenay be

nmentioned, feimpXaidRlof fofRilhYf Oxdonaty by X rm P Ayindinidl optical

isomers, mixtures of the individual enantiomers or tacemates thereof.

The compounds of formula 1g are known in the art (WO 03/064417).
20
In another preferred embodiment of the invention the method comprises

administration of compounds of formula 1g whetein

Al denotes a double-bonded group selected from among
25
N/
C=C  and ;
H H H g H
X- denotes chloride, bromide or methanesulphonate, preferably
bromide;

30 R1? denotes hydroxy or methyl;



- 56 - butyloxy. The groups nethyl oxy, ethyloxy, propyloxy or butyl oxy may
optionally also be referred to by the abbreviations MO, EtO Prop or BuO
Unl ess otherw se stated, the definitions propyl oxy and butyl oxy al so

i nclude all possible isomeric fornms of the groups in question. Thus, for
exanpl e, propyl oxy includes 5 n-propyl oxy,and iso-propyl oxy, butyl oxy

i ncl udes iso-butyloxy, sec. butyloxy and ten. -butyloxy, etc. The word

al koxy may al so possibly be used within the scope of the present invention

instead of the word alkyl axy. Th 0 thyl o et hyl oxv., propyl oxy or
but yl oxy may op\t,\jfeonaé’%lﬂ;Z équéc/)h glé‘yg’gg‘ieern Elg% %q%l%éeiﬁé‘%ﬁﬁe@? né‘ftﬁ 53 opoxy or

but oxy. 10 The ahkiranematiey| oxy groups used, unless otherw se stated, are

branched and ynbranched doubl e-bonded al kyl bridges with 1 to 5 carbon
at ons whi cn i g0 g and R ik pey b Merdvel i g eranry bz,
nmonosubst i t ut gk, H R o AAMOHRX YreBirMIP hydrogdd1Br o152, dbkivhaly OIS USR,

unl ess otherwi se stated, are branched and unbranched al kyl "groups with 1 to
4 carbon ationg pharresrenrenlly operptrbld excimendst er group. The al kyl groups are
bonded directly to the carbonyl carbon of the ester group. The term

- 0- CO al kyl - hal ogen group shoul d be understood anal ogously. The group

- 0- CO- CF3 dendt esothet plefiorciaeb@tiven26 th irhientibhehsmepedabntphsepr esent

i nvention halogen.denote fluorine %plo brom ne or iodine. Unless

ot herwi se st afSR TGP HEOBRLUBILR émﬁkgﬂfﬁgﬂﬁpeferred hal ogens. The

group CO denotes a carbonyl group. 25 One aspect of the invention is
directed to an,inhalatiqgn device, in which the plural of doses are
cont ai ned ©n éhe reservéPF3e§ﬁd%ﬂﬂ?ﬁéPd%%$€BPSﬁf“?%%“?h@@ﬁ?$on, t he

i nhal ation devige conprises tkhe plural of doses in a multi-dose blister
pack. I n anot hergagpectgf thesdpyention the inhalation device conprises
the nulti-dose bHidter pack H{n ppof blister strip. 30 - 57 - forma
powder m xture. The followi ng phRarmaceutically acceptabl e excipients my be
used to prepare these inhal able powder m xtures according to the invention:
nonosacchari des (e.g. glucose or arabinose), disaccharides (e.g. |actose,
saccharose, naltose, trehal ose), oligo- and pol ysaccharides (e.g.

X "denotes bromide;
15
R1? denotes hydroxy or methyl, preferably methyl;
RY” and R?” which may be identical or different represent methyl or ethyl,
preferably methyl;
R3, R4, R* and R* which may be identical os different represent hydrogen or

20  fluosine, optionally together with a pharmaceutically acceptable excipient.

Of patticular importance within the method according to the invention are the
following compounds of formula 1g:
tropenol 9-hydroxy-xanthene-9-carboxylate methobromide;
25 scopine 9-hydroxy-xanthene-9-carboxylate methobromide;
tropenol 9-methyl-xanthene-9-carboxylate methobromide;
scopine 3-methyl-xanthene-9-carboxylate methobromide;
tropenol 9-ethyl-xanthene-9-carboxylate methobromide;
tropenol 9-diflnoromethyl-xanthene-9-carboxylate methobromide;

30 scopine 9-hydroxymethyl-xanthene-9-carboxylate methobromide.



5dextrane), polyal cohols (e.g. sorbitol, mannitol, xylitol), salts (e.g
sodi um chl ori de, cal cium carbonate) or m xtures of these excipients with
one anot her. Preferably, nono- or disaccharides are used, while the use of
| actose or glucose is preferred, particularly, but not exclusively, in the
formof their hydrates. For the purposesg. of the invention, |actose and
trehal ose are the particularly preferredsloeXC|p|ents mhlle | act ose,
preferably in formof its nonohydrate is nost particularly preferred. The
conpounds of formula 1 nay be used in the formof their racenates,
enantionmers or mxtures thereof. The separation of enantioners fromthe 15
racemat es MayhOghfhifabdRdaImptiitRehs fi@&dl@ﬁig thﬁﬁ)é/\lhvhzﬁhéd'I&a Ebnthi@.t@e DY
chromat ography on chiral phases, etc. tlonalty e i nhal ation

devi ce accor%ﬁ%oqﬂésPﬁéorrrn%m%w%m%uthfsf%mmféheeﬁ rHeed opofala nedi canent
| n pouder [ OkibRAkGont BF B% indRAAE CRGiGRIPOLAe AL thd Qrimul @ 1, anot her
active |ngred|ent Preferably the additional active ingredient is a beta2
agonists 2 which is selected fromthe group conS|st|ng of al buterol,

banbut erol, .bjtalt.erol xat,er ol 99 ntmol

f or mot er ol , ’}Eié‘%(%%?ﬂegﬁqusnuese i BUER S erw%g yatstoét dai?rlalrlle %I 6 urngﬁ%’lcg &8

| evosal but anmaikyl gmkpstlﬁﬁ—mg 1 toed batlon aemITEkapples efchund medtyd:,l qshs;&,r;&bpyie

pi rbuterol, gé %B reproﬁ t% 1rlm er ol 1rltodrln Ealneterol

sal mef anol , t SURP SHIRY T BT iR} Gl MEEPBURE ABO Yol ubut er ol
CHF- 1035, H%E&Bell to%égg&evﬁtlﬁﬂsfvﬁ B, 1Btdp 0% Bul Ulndess BUREOXY sited, the

hydr oxynet hyl - phenyl ) - ethylanlnol hexylox -butyl)- 30

benzenesd? f ofdiiiens prapylandHugyl also include all possible isomeric forms of the

Di et hyl-ind Y one ,

4- hydr oxy- Y?Qngyhﬁﬂkgﬁ%l%gn%ﬂgﬁéxztﬁﬁié&% dggmgéﬁﬁl%%ghgﬁhgﬁtgﬂ)?ranlno}
ethyl] -2(3Hputpeinglodés isx-bhoheec. Butyl(aadftbgobotyd-etc.- 58 -

hydr oxyphenyl)-2-[4-(1 -benzi m dazol y1) - 2- net hyl - 2- but yl am nc] ethanol , 1 -
[3 - (4-nmethoxybenzyl -am no) - 4- hydr oxyphenyl] -2- [4-( 1

- benzi m dazolyd yychnaitgl fyouds ubaid, yhired onbeatibaneted, ark alicyclic groups with 3 to

- [ 2H 5- hydr oxy- 3- oxo0- 4H: 4- benzoxazi n
di met hyl Y n%ﬁ?fgﬁ%m?ﬁwér}‘ﬁiﬂ ars the Péi?rli“ﬁ %fé]]ﬂl?aﬂ’ﬁy cyel few{f'é%t 5
hydr oxy- 3- oxgrcftthedyl 4 ImkltﬁnA@éﬁﬁéin%'tg"tﬂeunv@&@or( wﬁibpﬁy@bﬁgﬁ&u@r met hy1- 2-

propylanlnolethanol droxy-3 - H 1 ,4-benzoxazin-8-yl]
D2- 13 - (4- neMREAek yhl E)SC%%%élqhylpiQ?ﬁ“‘plﬁlé}W%n no] et hanol , 1 -

[ 2H 5- hydroxy-3 - oxo-4H 1 , 4-benzoxazin-8-yl] -2- {4- [3 -(4-
nethoxyphenyl)-1,2,4-triazol-3-y1]- 2- met hyl - 2- but yl am no} et hanol,

5- hydr oxy- 8- The alkyldrogpups uge@d, unless otherwise stated, ate branched and unbranched

| Sopr opylLa R NL 2Ly RERT QAR 1 3-LAM w08, ElafamARs onl oro-5-

trlfluornethy? eny uty ant no

-(4- ethoxycaﬂhﬂﬁyhamkmﬂaugpamgﬁmﬁuﬂnmwﬂapheny1) 2- (tert but yl am no) et hanol
optionally in the formof the racemates, the enantioners, the diastereoners
and optionally the pharnmacol ogically acceptable acid addition salts and the

hydrat es t heTR@fikylene-halogen groups used, unless otherwise stated, are branched and
unbranched double-bonded alkyl bridges with 1 to 4 carbon atoms which may be
25 mono-, di- ot trisubstituted, preferably disubstituted, by a halogen. Accordingly,
unless otherwise stated, the term alkylene-OH groups denotes branched and
unbranched double-bonded alkyl bridges with 1 to 4 carbon atoms which may be

mono-, di- or trisubstituted, preferably monosubstituted, by 2 hydroxy.

30  The alkyloxy groups used, unless otherwise stated, are branched and unbranched
alkyl groups with 1 to 5 carbon atoms which are linked via an oxygen atom. The

following may be mentioned, for example: methyloxy, ethyloxy, propyloxy or



15 According to the instant invention nore preferred beta2 agonists 2 are
sel ected fromthe group consisting of banmbuterol, bitolterol, carbuterol,
cl enbuterol, fenoterol, fornoterol, hexoprenaline, ibuterol, pixbuterol,
procaterol, reproterol, salneterol, sul phonterol, terbutaline, tolubuterol,
3-(4- {642-Hydroxy-2-(4- 20 hydroxy- 3- h%géj[ oxymet hyl - phenyl ) -

et hyl am nokhexyl oxyl -butyl)- benzenesultoneam de,

542- (5, 6-Di et hyl -i ndan- 2-yl am no) - 1-hydroxy-ethyl] - 8-

hydr oxy- 1H qui n one dr oxy-7-[ 2- 2- { -(2- .

oot b o By TR PR B GO SHHOHb FEORIPR: G obEss RS W one | 1-
(2-fluoro- 4:RYGeQx¥RBERYS) tAdbbldviatheR 20 dBa | BtdpO2ormidyInldss 25

but yl am no] et hanol , 1 43-(4-. methoxybenzyl -am no)-4- hydroxy Hhen yll -2-

[4-( 1 - benzPHicgasepiper. therdefiniions prongyyandiordpiate mciudea possible
1-[ 2H 5- hYdr %ﬁeﬁcqg&ﬁﬁ]‘tb@ p&g)%q ﬁa&s@loﬁ 'Yﬂ-lls 243xk IpN: yfopyloxy includes

di met hyl am nophenyl) - 2- net propyl am nol et hano
1-[2H 5- hydrowosylomndHSQPAOpybewzbmmxmn&lgdﬂs 4@4131t(f1¢xy, sec. butyloxy and

met hoxyphenyl 2 ne r.opylsa nc et h 0X0-
50 4H 1 e)tnzox ltox TIH)] “Q%t a{L“lg) 2/ ﬁl%d%osfb’lb eny%lthé- rretﬁéﬁéz-

propyl am nc] ef H&r‘plleshent mvEn{l&fhﬁteh&dfdmyw&&ﬂk)de)@Iﬂhi gmmplﬁeaimbyéaxj nI 8-yl ] I
-etzha{ngl- 3_ i eéﬁyggg?,tprﬁg p e??/%l?lféﬂ%xg I'Iﬁiyt()&)ltlgtzlgly-a§s-(y%(l Ee%f-:rrecf toyas met OX}y am no

hydroxy 2- |sgmogpyﬂr ,@th;tuy&,) 2H 1, 4- benzonzi n- 3- (4H) - one, 1-
(4-am no- 3-chl or o-5- trlfl uor net hyl phenyl) 2-tert-butyl am no)et hanol and 1

- (4- ethdfycarbonyl an no- 3- cyano-

5- 'l uor ophenyd) g~ fh€4iis ias&)ghﬂgs NRIELRARObheAPEL Qt'aﬁsldl Yeeithaddh@d hga m of the
racemates, the engntl onkrs di astereonmers and 5 optionally the

phar macol ogi uabﬂaydecdo@pb&bb@d&d|aHiYhuudquGntfshFQ 8 carb@ntaemhylicatresy kaer eof .
rovor B oot aBidbe-idl %L%&SU@EJ&H spzrleec edg‘f&ijl%Slmsw'{tg:1 Ebgﬁagtcaggl?@%or not er ol ,

according to't R HvEntTon "are rom anong
sal neterol, 3-(4- 10 {6- P—Hydroxy-

2- (4 hydroxy 2yt gropet I RSN ) SRR Belaah ot azatta Bty

benzenesuffo

512- (5, 6-Di ehHNﬂan&Hk@%ﬂky? wugmaa)r o nyaihex YedhythicB -y B fded-via an ester
1H qui nol i n- 2- one % met hoxybenzyl - am no) - 4- hydr oxE/Phen 1] - 244- (1

- benzi ni daz8f9pp) The pﬁgylhgjpu@s_ Habyrded Asqalyianes caxbonylcarbon of the ester

ge[nggia;llyﬁr géyo.,]@ 9%? %edfﬁ alk%ehalo%en rﬁg ﬁ]:é(l)qu)}%— )bf: élfxdirétood analogously.

met hyl - 2- pr ophk gmupoﬁbﬂﬁhﬁﬁb dendies tr[fBHrﬁaCIqufr oxy- 3- oxo- 4H 1, 4- benzoxazi n- 8-

y1l] - 213- (4- net hoxyphenyl) - 2- net hyl - 2- propyl am nol et hanol

112H 5- hf roxy3- oxo-414-1, 4- benzoxazi n- 8-y1] - 243- (4- n-

but yl oxyphenymlnﬁfmcbyaeﬂthemre@ﬁk mﬁenﬁ«]mhhlagﬁi denotes fluorine, chlorine,

142H- 5- hydro 0x0-4H 1, 4- benzoxazi n- -2- {4- [3

- (4- met hoxypﬁéﬁ’i}‘i‘f or jodiag. Mnless prhgrwise SWTd d?]-OFT‘BF ﬁﬂ}‘i{l piqxl‘lﬁlﬁtafﬁ %% nol et hanol
prefetred halogens. The group CO denotes a carbonyl group.

25 One aspect of the invention is directed to an inhalation device, in which the
plural of doses are contained in one reservoit. In anothet aspect of the invention,
the inhalation device comprises the plural of doses in a multi-dose blister pack.
In another aspect of the invention the inhalation device comprises the multi-
dose blister pack in form of blister strip.

30
The inhalation device according to the invention comprises the compounds of

formula 1 preferably in admixture with a pharmaceutically acceptable excipient to



20 optionally in the formof the racemates, the enantioners, the

di astereoners and optionally the pharnmacol ogi cally acceptable acid addition
salts thereof, and the hydrates thereof. O the betam netics nentioned
above the conpounds fornoterol, sal neterol,

3- (4-{642- Hydr oxy- 2- (4- hydr oxy- 3- hydr oxyset hyl phenyl) - et hyl am nop

hexyl oxy} - butyl) - benzenesul f oneam de, and 5-[2-(5,6- 25

Di et hyl -i ndan- 2-yl am no) - 1- hydroxy-et hyl ] - 8- hydroxy-1H qui nolin-2-one are

particularly_preferred, opti I in the formaof. the racemat.es, the
Bnant omer s “Pfen GPudrepBlise: Lo iafontha iRy R RemaTE By e
accept abl e agiagl had@éd tcOfreparetibesk icMle pandedhgudiydiabesing ketheof . O the
bet am neti cs. menti oned aboyve .t he conpounds fornoterol and . sal neterol are
parti cul arIylﬂaﬁ’éIﬂ@Frf%%P,osafﬁI{l?%ﬁlréI(ﬁﬁ- $HCo30 o READIRAISH) dts2Ehar i dat es, the

enant i omer s, j,kRRe 8BS0 OBl Sse 226h A}, UTBb! ¥nd P@yﬁ@éﬁ@i@@@{]e%g' cally
acceptable acid addition salts thereof, and the hydrates thereof. - 60 -
Exanpl es 6f pérdramas olobgicehpls ﬁe-s-cs@elptcébmemamldxmitsal@h(egF@@u@f t he

bet am netics . di i j : [ RCEUL | y

accept abl e s(élﬁ? ggﬁﬁaghﬂgF%Bgéﬁgc%@é’%ﬂggngg%%Lt 19%%“%@% JI{I;%/’g%!or'chl oric
aci d, hydr obPoafemblgcindnoser gikacchaides acd ehed plibdptherise oaticthse meghwanesul phoni ¢
acid, acetic, acip fumar.ilg %,Ci d succ'hlni C, aci %] | act i ?haci . Citric acid,
tartaric acid PPRyErRYCIahabht AT SNEeT Holy e EoHR P4 P BREHST &i%hnani ¢
acid, 5-(2. 4thedidrpois op eyl ¢8itlnl, Bitdse 288 k@haibsdike €h€ paticalarly predaséd ed,

m xtures of the a ovemfntioned acids may al so be used to prepare the salts
2. 10 Aclbr dFFPIERs FHs lavert ibssferapldn a1 of g monohgerias M cs 2 sel ected
from among t hadbvidnpehiratdde, hydrobrom de, sul phate, phosphate, fumarate,
met hanesul phonat e, 4- phenyl ci nnamate, 5-(2.4-difluorophenyl)salicylate,

mal eate and xinafoate are preferred. Particularly preferred are the salts
of 2 in the I I 0 : ochl ori de,

Ul phate, |4 ohocyner s Rk gk T el i WO AR ek bt

xi naf oat e, oénanlmoolers dremzkiypdee dradfnfibersdperaton( . ebadiidheanrfophemy| ) sal i cyl ate
and especially xinafoate are ,particul ar - inportant. Particularly

et or od ar IEHERE B LR sPS A e B eRiehdds kaelBhs B o €21 B v ed v om ¢ he
hydrochl or i déhrosiatdphaite anchifalprisat ecc.pf which the 20 hydrochl ori de and
fumarate are particularly preferred. O exceptional inportance according to
the invention is fornoterol fumarate. Salts of sal neterol, fornoterol,

3-(4-{6-[2- EQKMIny}(AﬁHMQﬁ&KMC-ngC Mg{cﬁ)[@ Pt Yhvention contains plural of

3

phenyl ) - et hyl am no]- hexyl oxy} -butyl)-benzenesul f oneani de,
doses of a medicament tn powder form that contains, beside one compound of

20 formula 1, another active ingredient.

- Preferably the additional active ingredient is a beta; agonists 2 which 1s selected
from the group consisting of albuterol, bambuterol, bitolterol, broxaterol,
carbuterol, clenbuterol, fenoterol, formoterol, hexoprenaline, ibuterol,

25 1soetharne, isoprenaline, levosalbutamol, mabuterol, meluadrine,
metaproterenol, orciprenaline, pirbuterol, procaterol, reproterol, rimiterol,
ritodrine, salmeterol, salmefamol, soterenot, sulphonterol, taramide, terbutaline,
tolubuterol, CHF-1035, HOKU-81, KUL-1248, 3-(4-{6-[2-Hydroxy-2-(4-
hydroxy-3- hydroxymethyl-phenyl)-ethylamino]-hexyloxy} -butyl)~

30  benzenesulfoneamide, 5-{2-(5,6- Diethyl-indan-2-ylamino)-1-hydroxy-ethyl]-8-
hydroxy-lH-quinolin-2-one , 4-hydroxy-7- [2- { [2- { {3 -(2-phenylethoxy)propyl]
sulphonyl} ethyl] -amino} ethyl] -2(3H)-benzothiazolone , 1 -(2-fluoro-4-



25 and 5-[2-(5, 6-Di et hyl -i ndan-

2-yl am no) - | - hydr oxy- et hyl ] - 8- hydr oxy- 1H qui nol i n2-one , are preferably
used as the betam netics 2 according to the invention. O particular

i nportance according to the invention are salnmeterol and fornoterol salts.
Any reference to the termbetam netics & also includes a reference to the
rel evant enantionmers or m xtures thereof In the pharmaceutical conpositions
30 according to the invention, the conpounds 2 nay be present in the form

of their racenates, enant]j rs.or, mxtures,thereof The. sepa i of the
enanti oners 1% 6?5?%“%51%«14?@?&“%&#6@' %’F‘F%‘éfh g’t‘i’tu%d%nlur? ]eir}éat%ﬁég{s'ﬁbm in
the art (e. §K4—Ih¥thoxylﬁﬁzyl—aﬁﬂﬁ@mh?@foﬁﬂﬂﬁnﬂm -zhr@l -bphasedazoBt)2-nettyl-t he
conpounds 2 are used in the formof their enantioners, it is rticularly
preferabl e to Wysdapinelahant s én%%ﬁfﬁdf%‘@%ﬁﬁ']gg&ﬁﬁ@ﬁz’&fg‘f %‘[éf- OH group.

5 Optional | yu fihe di LiQBpKIEV] SemRGGRE PrBg 1 RinbkendddY eNf2rnB. cont ai ns
pl ural of dogelg’h‘ﬁfdlgllaané’gﬂi%gaﬁ}ént\ﬁi)n_ poﬁv\ﬁerq{‘rggym %tﬂhg'?hcont alt ns besi de one
conmpound of lylkorst Roto-4Hslérlmindogzis8-al ot Be(d-metiovepheagh@drethyl-2- n such

medi cament conhinat i e,s [ ' L abl d 0 0 anon
pr edni sol one?rgg}r%%ﬁﬁog%ﬁ%&oﬁ ’BJE%'§6g¥%B%§SPg§Q%§ %&%ﬁ%@%&[}igfyg I_g]nn%sohde g
becl ormet has o n;butylbgyphicnd)-Gnaecthylidespyiidmo] ethind i, ¢ a§AHS-hydroxesd asone

ciclesonide , rofl ide , .ST- 6, , dex t hason - flugronet hyl

6a, 9a-di f | uo%’:%a?F‘?B?nﬁoﬁi?féﬁ;%ﬂéﬁ%béﬁy oi‘g‘f met fﬂ%&i’@éﬁy‘&%‘gfﬂ% y

16a- net hy1- 3-nMg1-2nditfisharo} 2thadoldi ERRirodyl8-(1-tgthayig-onate , (S)-(2-oxo- 15
tetrahydro-furan-3S-y1)6a,9a-difluoro-11 0O- hydrogy- 16a- mi hyl - 3 - oxo-

17a- profft oryPRsRYYiaRCGetA-2H-L dsbeareraein-314H]-carHdtiraratE M lofhd-

eti prednol di &it@iuemafﬁﬁgﬁ%@g(a@&_t;kﬁﬁzmidw&hmIalnu 1I“g4wrem%;§&ma@fa;ﬁm@

racemat es, enanti oner i astereonmers’thereof and optionally in the form
of the sal t s3-aymiodbrilupgepheash) 2hgsre dfutylehimosehennleeptinmallpin fpdpue €8 t her eof .

20 In particuyl eferred. i C s i j eroid 3is
selected fr otl%et% %Jé%ﬁg%u%l%ccgﬁg?ﬁ%ﬁ’gﬁ I %fe&%@!ﬁ%ﬁ %ggf%%ttﬁ%sone ,

tri anci nol ongharmberdes caliydieceptibleibdid addinen salnoaret ths dupératesahefkeesoni de

rof | eponide , ST- 126 , dexanethasone , (S)-fluoronethyl 6a,9a-difluoro- 1
| a- [(2-1’{Jranyl carbonyl)oxy] - 11 13-hydroxy- 2516a-nethyl-3 -oxo-androsta-

1, 4- di ene- 174&RahP e M ORahe: invéDdlod AofXPreferred betas agonists 2 are selected
tetrahydro-furan-3S5-yl)6a, 9cc-di fluoro-1113- hydroxy- 16a-nethyl-3 -oxo-
17a- propi onfPexye SHAPFOLastng ohbamlgerolbziodesely b irehatenbutehy

gtn ;g[ Iegxlr gi %?L&E&%%@%&o}, hORSPr AL L Yib b s1NEirb e B A rot 6o, 3ES1RLES »
salmeterol, sulphonterol, terbutaline, tolubuterol, 3-(4- {6-[2-Hydroxy-2-(4-

20 hydroxy-3-hydroxymethyl-phenyl)- ethylamino]-hexyloxy} -butyl)-
benzenesulfoneamide, 5-{2-(5,6-Diethyl-indan-2-ylamino)- 1-hydroxy-ethyl]-8-
hydroxy-lH-quinolin-2-one¢ , 4-hydroxy-7-{2-{[2-{[3-(2-
phenylethoxy)propyl}sulphonyl} ethyl}-amino} ethyl]-2(3H)-benzothiazolone , 1-
(2-fluoro- 4-hydroxyphenyl)-2-[4-(1 -benzimidazolyl)-2-methyl-2-

25  butylaminolethanol , 1 -[3-(4- methoxybenzyl-amino)-4-hydroxyphenyl] -2~ [4-( 1
-benzimidazolyl)-2-methyl-2- butylamino]ethanol , I-[2H-5-hydroxy-3-oxo-4H-
1,4-benzoxazin-8-yl]-2-[3-(4-N,N- dimethylaminophenyl)-2-methyl-2-
propylamino}ethanol , I-[2H-5-hydroxy-3-oxo-4H-1,4- benzoxazin-8-yl]-2-{3-(4-
methoxyphenyl)-2-methyl-2-propylamino]ethanol , 1 -[2H-5- hydroxy-3 -0X0-

30 4H- 1 4-benzoxazin-8-yl] -2- [3 -(4-n-butyloxyphenyl)-2-methyl-2-
propylaminolethanol , 1 ~ [2H-5-hydroxy-3 -oxo-4H- 1 ,4-benzoxazin-8-yl] -2-
{4- [3 -(4- methoxyphenyl)-1,2,4-triazol-3-yl]-2-methyl-2-butylamino} ethanol , 5-



di astereoners thereof and optionally in the formof the salts and
derivatives 30 thereof, the solvates and/or hydrates thereof - 62 - In
particularly preferred nedi canent conbinations the steroid 3 is selected
fromthe group conprising budesonide , fluticasone , nonetasone ,
ciclesonide , (S)- fluoronethyl 6ct,9a-gdjfluoro- 1 Ia-

[ (2-furanyl carbonyfl oxy] - 11 O- hydroxy 16a- net hyl-3 -oxo-androsta- 1 ,A-
di ene-170-carbothionate , and etiprednol- 5 dichloroacetate , optionally in

opt 1 onal 1y | FFPRSF47 S XL G P e i CHE| JAT PR C Bk L AR dol vat s

and/ or hydr aisesmiBey-&abso-NYiTuetaE® ﬁeﬁﬂl) sh@t Ghdfadidoiahudesna ir-ef-erence
to any salts or derivatives, 10 hyd?lgt es. or_sol vat es 0?}ﬁreof whi ch may

exi st . ExanptBsxwsarionsismne 3sarmas SatepraphsnyRes-(es -brylmindedeasrlas 3 may be:
al kal i netal @gdéaﬁ Pl CHoAs off ke SXANREE HOM MMM er DO AZiS AR fhd

sul phobenzoat phosp ates, isonicotinates, acetates, propionates,

di hydr ogen phpsphly g, plpazlnmqlegle@ly aptopadbae egd addifign saltseand thg hmare@mal ly,

t he inhal at :T%n d?w ce according to the invention contains plural of doses
of a nedi cantlit“°6n powder form that contains beside one conpound of
formula 1 additionally both, one of the betam netics 2 nentioned

her ei nbefore_and o st eroi.ds, 3 nti.gned herei nbefore. 20

AcCor i gy MOHE Brepieaitir hE SRRt kb B G BT raecios g

i nhal ation d@Vvihe @nve@nBA iafd mceedmla&gm@rreln@emlif@mmes&lr bdbmefeh®?, 3(4-i p bei ng
novabl e to sequentially align each blister with neans for _.Qpening a blister

to enabl é0a {G&-HydroxmhZi(Ehediody-ddyeranactyl-ohera)-chsimedisxBat to recei ve
and coil they é&%‘ Pen OSLELRE6380 b} zlgtﬁebmwlﬁam Bl RiAn BE Ak cal

conposi tion in’powder form 25 whHerein the pharnmaceuti cal corrp05| tion
conpri ses oneghyl- Sfi'(yldequpﬂéfq@ltraihhyZ QWE; 1 e[éffﬁﬂumhombeﬁ@}ﬁﬁmzzao)ﬁ— | n anot her

et e AR gy A s0RaLaL ap SRdseusamIain 2
each 5-hydroxy-3-oxo-4H-1,4- benzoxazm 8 yl]-2- [3 (4-N,N-dimethylaminophenyl)-2-

75 methyl-2-propylaminojethanol , 1 - [2H-5-hydroxy-3-0x0-4H-1,4-benzoxazin-8-
yl]-2-[3-(4-methoxyphenyl)-2-methyl-2- propylamino]ethanol , 1-[2H-5-hydroxy-
3-oxo-4H-1,4-benzoxazin-8-yl}-2-[3-(4-n- butyloxyphenyl)-2-methyl-2-
propylamino]ethanol , 1-{2H-5-hydroxy-3-oxo-4H-1,4- benzoxazin-8-yl] -2- {4- [3
-(4-methoxyphenyl)- 1 ,2,4-triazol-3 -yl] -2-methyl-2- butylamino}ethanol ,

20  optionally in the form of the racemates, the enantiomets, the diastereomers and
optionally the pharmacologically acceptable acid addition salts thereof, and the
hydrates thereof. Of the betamimetics mentioned above the compounds
formoterol, salmeterol, 3-(4-{6-[2-Hydroxy-2-(4-hydroxy-3-hydroxymethyl-
phenyl)-ethylamino]- hexyloxy}-butyl)-benzenesulfoneamide, and 5-[2-(5,6-

25 Diethyl-indan-2-ylamino)-1- hydroxy-ethyl}-8-hydroxy-1H-quinolin-2-one are
particulatly preferred, optionally in the form of the racemates, the enantiomers,
the diastereomers and optionally the pharmacologically acceptable acid addition
salts thereof, and the hydrates thereof. Of the betamimetics mentioned above the
compounds formoterol and salmeterol are particularly preferred, optionally in

30  the form of the racemates, the enantiomers, the diastereomers and optionally the
pharmacologically acceptable acid addition salts thereof, and the hydrates

thereof.



30 blister wwth neans for opening a blister to enable a user to inhale said
dose, the housing conprising a cormmon chanber to receive the blister strip
and a coil of - 63 - breached blisters of that strip, the chanber being
configured so that the coil of breached blisters occupies nore of the space
in the chanber initially occupied by thg blister strip as nore of the
blisters of the strip are breached, wherein each blister contains a
pharmaceutical conposition in powder formwherein the 5 pharnaceutica
conposition conprises one or nore, preferably one, conmpound of formula 1.
Wthin the scope of the inhal able powders according to the invention the

exci pi ents hpygn@edBXp R EME5BIR RAdrAIE €cidlad@itioh skl 4f0thd DRrapiiineficsef er abl y
10 between 10 and 150p, m nost preferably between 15 and 80pm. It nmay

sonetimes sekATRPEPHH thetiavensioncide fheriaragesnpraiiacespiehls ss Yithasn aver age
particle si Z&l&tedlfr&ﬂ a% EHE tsﬂtst&%ﬁrﬁﬁfc'hmrﬁnicﬁi EBALbARRY RROVEphddese finer

excipients are also sel ec fromthe group of possible eXC|p|ents listed
her ei nbef or e401d:|p|habpl5DIIC|ﬂqxdonctelnam:wlph@paﬁ@d,tmﬂq: miiad fablagic peiddsicsingc cor di ng

to the 15 lly 2
a(r)Id/ ore 3, IpII:] a\(élch?ér a%1C s fitr?c anga&aéc aC?d ﬁ#‘?@% %ﬂ%%@agﬁ%%?@%&,ﬁ%%mdym e

preferably f4—@htrﬂy1ct1@n£mmacudsSazidedifmordpmenﬁ)sahqyﬂlelatidrdrxma]«tie aciBrldcesses for
producing th lnhalable s according to the i vent on ndi ng and
m croni si ng ‘i‘ﬁﬁe i AP ﬁgﬁbo‘i’%ﬁ}%@%gfﬁﬁfﬂﬂﬁggg{e B Br%ﬁ%vﬁh fromthe

prior art. 281f&ar the methods of preparing the phar ITB.CEUtI cal conpositions

in powder formreference nmay be made to the disclosure of WO 02/30390, WO
03/01797%° or WO 03/017979 for exanple. The disclosure of WD 02/30390, WD

03/ 017970, aﬂgco\é\ﬁng% He/Rfndch, BES B 'o@wmm&@amw seﬁa%aemgﬁ 2inBhg the
instant patent 25application tnits entlrep%O A an exanple, the
SPRYE

phar maceut i ctile hydmsbiride oimsiralerooridé, glpbatet nfuinevatgay be obt ai ned by

the met hod des rahc?s%ﬂ)h%% %% phenylcinnamate, 5-(2.4-difluorophenyl)salicylate, maleate

and xinafoate are preferred. Particularly preferred are the salts of 2 in the case of
75 salmeterol selected from among the hydrochloride, sulphate, 4-phenylcinnamate,
5-(2.4-difluorophenyl)salicylate and xinafoate, of which the 4-phenylcinnamate,
5-(2.4-difluorophenyl)salicylate and especially xinafoate are particularly
important. Particulatly preferred are the salts of 2 in the case of formoterol
selected from the hydrochloride, sulphate and fumarate, of which the
20 hydrochloride and fumarate are patticularly preferred. Of exceptional importance

according to the invention is formoterol fumarate.

Salts of salmeterol, formoterol, 3-(4-{6-[2-Hydroxy-2-(4-hydroxy-3-
hydroxymethyl- phenyl)-ethylamino}-hexyloxy} -butyl)-benzenesulfoneamide,

25 and 5-[2-(5,6-Diethyl-indan- 2-ylamino)-l-hydroxy-ethyl}-8-hydroxy-1H-quinolin-
2-one , are preferably used as the betamimetics 2 according to the invention. Of
particular importance according to the invention are salmeterol and formoterol
salts. Any reference to the term betamimetics 2 also includes a reference to the
relevant enantiomers or mixtures thereof. In the pharmaceutical compositions

30 accotding to the invention, the compounds 2 may be present in the form of their
racemates, enantiomers or mixtures thereof. The separation of the enantiomers

from the racemates may be carried out using methods known in the art (e.g. by



- 64 - preferably 1 to 6 pm nost preferably 2 to 5 pm The excipient and
the active substance are preferably added using a sieve or a granulating
sieve with a nmesh size of 0.1 to 2 mm preferably 0.3 to 1 mm nost
preferably 0.3 to 0.6 mm Preferably, the excipient is put in first and
then the active substance is added to 5 the m xing container. During this
m Xi ng process the two conponents are preferably added in batches. It is
particularly preferred to sieve in the two conponents in alternate |ayers.

The m xi ng of the excipient with the active bst ance t ake, pl ace while
the two conponentBropaORERY) O’bél?lhgé Pgﬁ‘iﬂ’%tc‘ﬂf;ﬁ% fﬁ’ﬁ‘P?‘fé% gped gﬁ &‘F Eﬁ“ﬁ‘ s
only done once tRe 0. LAARARAN:Ss PAUCIRGEPrelloble Ve dsd thelca¥@iohdts iapRIR | f
after being chemically prepared the active substance used in the process

descri bed above icgniipratgy aaly Cobthgiesbi e in a crystalline formw th the
particle sizes nentioned earlier, it can be ground up into the particle
sizes which 15 conformto the above-nentioned paraneters (so-called

m croni si ng) . sMaptivndily, itlcanheinsoadavivazdcatdione die ittratonentainsrphial ¢4 ng
within the terns of the fol.lowing clainms will pe arent to those skilled
' the arc and tRBHFSr dgRig st PRPnaTo By fCuRRRE b Pt e
description of tlgmpnel esreesidsasiorrntstiafingfidiehe i nvention only.
Furthernore, reference to an aperture fornmed in the wall to all ow passage
of a blister strip fromthe unused side of the device to the used side in

the description apey@, mBBYakTRbHEnABnSPRS drétofl § & prect gy VeaRed hBmend of
the wall and the housing of the inhaler, as well as an aperture within the

wal | spaced fiPomeaongpedaiseiane; predeispne abiogerPiepionsts. SAE-dPe5tlat ended to
fall wthin 25t 46,36ERe RoldhinddBHe N KAL) BldWBo DBl SAlbEhone - 65 -

Cairns 1. An inhaler conprising a hbusing to receive a strip of blisters
each cont ai ni ng awesescst , neliscadentofpdaniealds- 136 séguertiaadty, pve each

Lo inhal o sai o aGGIR Aok RAReURE- O e BN ol Sy an

conti gur ed so- t nagea el ToherdaR S " HaReRr I TP RN BRI RS whi cn

have 15 tetrahydro-furan-3S-yl)6a,9c-difluoro-1 1 B-hydroxy- 160~ methyl-3 -oxo- 17a-
propionyloxy-androsta- 1 ,4-diene- 17B-carbothionate, and etiprednol-
dichloroacetate (BNP- 166), optionally in the form of the racemates, enantiomers
or diastereomets thereof and optionally in the form of the salts and derivatives
thereof, the solvates and/or hydrates thereof.

20
In particulatly preferred medicament combinations the steroid 3 is selected from
the group comprising flunisolide , beclomethasone , ttiamcinolone , budesonide ,
fluticasone , mometasone , ciclesonide , rofleponide , ST- 126 , dexamethasone ,
(S)-fluoromethyl 60,90 -difluoro- 1 Ia- [(2-furanylcarbonyl)oxy] - 11 B-hydroxy-

25 16a-methyl-3 -oxo-androsta- 1,4-diene-17P-carbothionate , (5)-(2-oxo-
tetrahydro-furan-3S-yl6a,9a-difluoro-1 If- hydroxy- 16a-methyl-3 -oxo- 170
ptopionyloxy-androsta- 1 ,4-diene- 17pB-carbothionate , and etiprednol-
dichloroacetate , optionally in the form of the racemates, enantiomers ot
diastereomers thereof and optionally in the form of the salts and derivatives

30  thereof, the solvates and/ot hydrates thereof.



10 been aligned with said neans for opening a blister, is gradually coiled
within the spiral wound elenent. 3. An inhaler according to claim1 or
claim2, wherein the spiral wound elenent is rigid. 15 4. An inhaler
according to claim1 or claim?2, wherein the spiral wound elenent is forned

froma flexible material. 5. An inhaler according to claim4, wherein
the spiral wound elenment is 20 formed from a deformabl e non-resilient
material. 6. An inhaler accordlng to claimb5, wherein the spiral wound

elenment is forned frgqma res ntI def qr.nmabl e nat er.i. I nhal er
Sccor i ng-t 0V PHFRHBED RS G e RBH Lt (oPOTEgest Enercy » i “hstid ehemant i s
selected in ﬂﬁpgqeﬁl@e@ﬁpgang Bedsbhidknersicbna, hldrr&ttﬁbn@tmes&ﬁdé hai. a first
cl osed coil of used portion of a bli ster strlp is formed in the spi ral

wound el enenﬂu@trourmthstléda%ydm -ahia- §(2- ednytarstanghoxy] - % Pamsiroxy-of t he
spiral wound, el enent 66 - I st er r|p COJ|ed w bin increases. 9. An
i nhal er acco?@?ﬁﬂ“gﬂ:%ﬁvoﬁﬁéﬁéﬂiﬂgAcﬁgPﬁl% thioppts » §B$FHP“€Bﬂhd el ement
has at | east di@ﬁﬁrwc@alt@goﬁtt&fau@mt @1@@&&?%@%@@@6{9&% %gmo'inerégr An i nhal er
according to any preceding claimwerein the stiffness of the spiral wound

el ement vari é@state@ngrather@égvd apponallydn thﬁ farmsof| thpgelks and derivatives

thereof, the solvates and/or hydrates thereof.

Any reference to steroids 3 includes a reference to any salts or detivatives,

70 hydrates or solvates thereof which may exist. Examples of possible salts and
derivatives of the steroids 3 may be: alkali metal salts, such as for example
sodium or potassium salts, sulphobenzoates, phosphates, isonicotinates, acetates,

propionates, dihydrogen phosphates, palmitates, pivalates or furcates.

15 Optionally, the inhalation device according to the invention contains plural of
doses of a medicament on powder form, that contains beside one compound of
formula 1 additionally both, one of the betamimetics 2 mentioned hereinbefore

and one of the steroids 3 mentioned hereinbefore.

20 Accordingly, in a preferred embodiment the invention relates to an inhalation
device comprising a housing and a blister strip, the strip being movable to
sequentially align each blister with means for opening a blister to enable a user to
inhale said dose and, a spiral wound element to receive and coil the strip,
wherein each blister contains a pharmaceutical composition in powder form

25 wherein the pharmaceutical composition comprises one or mote, preferably one,

compound of formula 1.

In another embodiment, the invention relates to an inhalation device comprising
a housing and a blister strip, the strip being movable to sequentially align each
30  blister with means for opening a blister to enable a user to inhale said dose, the

housing comprising a common chamber to receive the blister strip and a coil of



11. An inhaler according to claim 10, wherein the spiral wound el enent has
10 an outer end that is connected to the housing and an i nner end renote
fromthe outer end, the stiffness of the spiral wound el enment decreasing
towards at | east a portion of the inner end. 12. An inhal er according
to claim1l, wherein the thickness of the spiral 15 wound el ement gradually
reduces towards the inner end. 13. An inhaler according to claim11l1l or 12,
wherein the section of the spiral wound el ement gradually reduces towards

the inner end. 20 14. An inhal er. accordi to claim 11, erein holes are
formed in thBreapherlistsunathat S Bnire 2Bt g SRR e e cod o an

i nhal-er accopdhAgdtilisARY oRiug S Hdi8 of HRl dPaciMieheicRahhE isRiaNAbcipuathyel enent
is fornmed from phosphor bronze, stainless steel, nylon, acetal or 25

pol ypr opyl enée blis@s siajp srthatecaf the bbitelisof thostanprpbisaehfidnyheteld ¢acher ei n t he
spiral wound J ' i ih ] r rfLng to any of
clains 1 to %%t%g%aéﬂllia ? %%%E?J@?%g&%lg r?g%"i’ eHs1 %g“i‘d?ggc{r&c\gﬁn%g@t% nt to

cont ai n unuspglthrivaisttenlscoandsaiosavondisconpart merd, prtadermblyaingecampelndl i st er s,
the first and %Fg§gqlconpartnents being - 67 - separated by a flexible or
nmovabl e diviﬂf 3 7. 18. An inhaler according to claim217 conprising a
passage between the first and second conpartnents, and bl ocki ng neans in

sai d passage_t o prevent t 5 eqress of powdered di canent fromthe first
bl i ster conpgﬁﬁﬁ%ﬂFSFﬂE%OFﬁﬁ1%@%ﬁﬁﬂPﬁW¢§¥é?“%ﬁﬁﬁégﬁmkﬁfmFﬁwﬁ%ﬁh the
passage. 1gexcﬁ?rlt£' hales qg?rﬂ{]ng h@%ée%a%%&%@zg%f%‘% 950]4&!‘&?&:9&% ng neans

is shaped to ofmto the s ape l'1ster®strip.

70 between 10 and 150pm, most preferably between 15 and 80um. It may
sometimes seem approptiate to add finer excipient fractions with an average
patticle size of 1 to 9pum to the excipients mentioned above. These finet
excipients are also selected from the group of possible excipients listed
hereinbefore. Finally, in order to prepare the inhalable powders according to the

75  invention, micronised active substance I-, and optionally 2 and/or 3, preferably
with an average particle size of 0.5 to I0pm, more preferably from 1 to 6pm, is
added to the excipient mixture. Processes for producing the inhalable powders
accotding to the invention by grinding and micronising and finally mixing the
ingredients together are known from the prior art.

20

For the methods of preparing the pharmaceutical compositions in powder form
reference may be made to the disclosure of WO 02/30390, WO 03/017970, ot
WO 03/017979 for example. The disclosure of WO 02/30390, WO 03/017970,
and WO 03/017979 is hetby incorporated by reference into the instant patent

25  application in its entirety.

As 2n example, the pharmaceutical compositions according to the invention may

be obtained by the method described below.

30 First, the excipient and the active substance are placed in 2 suitable mixing

container. The active substance used has an average particle size of 0.5 to 10 um,



10 20. An inhaler according to claim 19 wherein said bl ocking neans
includes a resilient nmenber to effect a seal against the blister strip.

21. An inhaler according to claim 20 wherein the bl ocking neans is disposed
15such that it is aligned with a blister of the blister strip when anot her
blister is aligned with said nmeans for_gpening a blister. 22. An inhaler
according to any preceding claim including neans to crush and/or tear
opened blisters prior to entry into the spiral wound elenent. 20 23. An

i nhal er conprising a housing to receive a strLP of blisters each containing
a dose of neplebarEnt tahdimeans rrofesaddud e b alor vl hegrsipdend Bod thestdei nt o

alignnent with neans f openi bl i r i NS Lt Pdefihal e said
dose, the i n%lgfteafm q ipg%fe?ﬁgﬁs%ﬁg%%ﬁlgktafrsiaeﬁf O%g gg%ﬁlt@%@ﬁasbeﬁgselgl Zginiest ers and a
25 second cosipastirend 2 nom| peéiryidy 0Sew biniog tnesss prefhably .3 to Bhdnmecond

conpartment s_bei separated by a.flexib or . novabl e, di vi di n | 1. 24.
An inhal er :%%%’%%HQIEFSX%PlﬁPHS%t mn %ﬁﬁﬂ?# ?Teﬁgthgﬁc%vﬁesﬁl{) BPRS ' ag%%\iat&i vi di ng
wal I for ﬁheth@%%&ﬁ%@:oﬁfaiﬂe@.el)bﬁiégttﬁ§ mitihk Prdde@imheh@ofdonplonenepar t ment into
the 30 second compartnent, said _aperture including nmeans to prevent the

egress of pomgerely ﬁ‘é‘iﬁdciﬁr?éFﬂhe‘f-rIE)%ﬁRaﬁféC%éfoPrﬁqu’é“‘figP SESRPRFCR¥St i nto the
unused bl i St&{rﬁlﬁ&{éﬂé%%ﬁ%aié‘i&%g*‘rﬁeﬂﬁi S H4E @xcipfenB&ith tROacd@ | nhal er

according to claim?24 erein said neans to prevent .e%;_ess of powder ed
medi cament i fblstadesmay pdetplasa vdfiletthe the oeipenens els st bsingpddedo conformto

t he shape of,f li,ster str.ip. - AN | I L0G,.LoLedal m 24
wher ei n sai tr?gegﬁgsly’thowﬁirvgﬁi(éﬁftglgglsrsg%lgngfle%on\klxtgg%(;g;on% |g)r§g}é{r%t i %c%lj]des a
resil i ento nesibed ib tuyef bekyera seal against the blister strip.

If after being chemically prepated the active substance used in the process
described above is not already obtainable in a ctystalline form with the particle
sizes mentioned earlier, it can be ground up into the particle sizes which

15 conform to the above-mentioned parametess (so-called micronising).

Many modifications and variations of the invention falling within the terms of
the following claims will be apparent to those skilled in the art and the foregoing
description should be tegatded as a description of the preferred embodiments of
20 the invention only. Furthermore, reference to an aperture formed in the wall to
allow passage of a blister strip from the unused side of the device to the used
side in the description above, may comprise an aperture formed between the end
of the wall and the housing of the inhaler, as well as an aperture within the wall
spaced from a remote end thereof, and such vatiations ate intended to fall within

25 the scope of the invention and claims hereafter.
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Claims

1. An inhaler comprising a housing containing a strip of blisters each blister being
defined by a blister cavity containing a dose of medicament and a puncturable lid, the
inhaler including means to sequentially move each blister into alighment with means for
puncturing said puncturable lid of a blister to enable a user to inhale said dose through said
puncturable lid and, a spiral wound element in the said housing, the blister cavities,
together with their punctured lids, being received in said spiral wound element to coil the
sttip, wherein the housing includes a2 common chamber to receive an unused blister strip
and a used portion of that strip, wherein a flexible dividing wall separates the chamber into

a used and unused blister compartment, the flexible dividing wall comprising a foam strip.

2. An inhaler according to claim 1, whetein the flexible dividing wall is fixed to the

housing at both ends.

3. An inbaler according to claim 1, wherein the dividing wall is flexible and configured
so that it extends across said common chamber between sidewalls of the inhaler to prevent

passage of powdered dose between the unused and used blister compartments.

4. An inhaler according to claim 3, wherein the width of the flexible dividing wall is
greater than the distance between the sidewalls so that the flexible dividing wall is held in

compression between the sidewalls.

5. An inhaler according to claim 1, wherein the foam strip includes a stiffening
element.
6. An inhaler according to claim 1, comprising a second spiral wound element to

receive an unused blister strip for insertion into the housing during assembly, the
arrangement being such that the second spiral wound element retracts as the first spiral
wound element expands as the size of the coil formed from a used portion of the strip

incteases and the size of the coil formed from an unused portion of the strip decreases.
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7. An inhaler comprising a housing to receive a strip of blisters, and an actuator to
sequentially move each blistet into alignment with means for opening a blister to enable a
uset to inhale a dose, the housing including a chamber to receive used blisters and, the
inhaler further comprising an indexing wheel around which emptied blisters are fed and
which rotates in response to movement of said actuator to draw the blister strip through
the housing and sequentially align each blister with said means for opening a blister, the
indexing wheel being configured such that blister cavities are partially squashed between
the indexing wheel and a wall of the housing to compress said blister cavities as they pass

around the indexing wheel.

8. An inhaler according to claim 7, wherein the indexing wheel comprises a plurality
of spokes extending from a hub and the blister strip comprises a plurality of blister cavities
each containing a dose of medicament and a lid sealing the dose within said cavities prior
to inhalation, the blister cavities being entrained, together with their lids, between the
spokes of the indexing wheel such that the blister cavities ate sequentially moved into
alignment with means for opening a blister in response to rotation of the indexing wheel,
the indexing wheel being configured such that a distance between a surface of the hub and
a wall of the housing is less than a height of a blister cavity so that the blister cavities and
lids ate partially squashed between the hub and said wall of the housing as they pass around

the indexing wheel.

S An inhaler according to claim 8, whetein the lid is puncturable and the means for
opening the lid of a blister comprises means for puncturing said lid to enable a user to

inhale said dose through said punctured lid.

10. An inhaler comptising a housing containing a strip of blisters each having a blister
cavity containing a dose of medicament with a puncturable lid extending over and sealing
said dose within the blister cavity, and an actuator to sequentially move each blister into
alignment with means for puncturing the lid of an aligned blister to enable a user to inhale
said dose, the housing including a fitst compartment to contain unused blisters cavities
with their lids intact and a second compartment, separated from the first compartment by a

movable dividing wall, to teceive used blister cavities together with theit punctured lids, the
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inhaler further comprising an indexing wheel around which the used blister cavities and
their punctured lids are fed and which rotates in response to movement of said actuator to
draw the blister strip through the housing and sequentially align each unused blister cavity
with said means for puncturing a blister, the indexing wheel being configured such that
used blister cavities, together with their punctured lids, are partially squashed between the
indexing wheel and a wall of the housing to compress said blister cavities and punctured

lids as the strip passes around the indexing wheel.

11. An inhaler comptising a housing containing a sttip of blisters each having a blister
cavity containing a dose of medicament with a puncturable lid extending over and sealing
said dose within the blister cavity, and an actuator to sequentially move each blister into
alignment with means for puncturing the lid of an aligned blister to enable a user to inhale
said dose, the inhaler further comprising an indexing wheel around which the used blister
cavities and their punctured lids are fed and which rotates in response to movement of said
actuator to draw the blister strip through the housing and sequentially align each unused
blister cavity with said means for puncturing a blister, the indexing wheel being configured
such that used blistet cavities, together with their punctured lids, are partially squashed
between the indexing wheel and a wall of the housing to compress said blister cavities and
punctuted lids as the strip passes around the indexing wheel, a spiral wound element being
mounted in the housing such that the compressed blister cavities, together with their

punctured lids, ate received in the spiral wound element to coil the strip.

12. An inhaler comptising a device having a housing containing a strip of blisters each
having a blister cavity containing a dose of medicament with a puncturable lid extending
ovet and sealing said dose within the blister cavity, and an actuator to sequentially move
each blister into alignment with means for puncturing the lid of an aligned blister to enable
a user to inhale said dose, the housing including a first compartment to contain unused
blisters cavities with their lids intact and a second compartment, separated from the first
compartment by a movable dividing wall, to receive used blister cavities together with their
punctured lids, the inhaler further comprising an indexing wheel around which the used
blister cavities and theitr punctured lids are fed and which rotates in response to movement

of said actuator to draw the blister strip through the housing and sequentially align each
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unused blister cavity with said means for puncturing a blister, the indexing wheel being
configured such that used blister cavities, together with their punctured lids, are partially
squashed between the indexing wheel and a wall of the housing to compress said blister
cavities and punctured lids as the sttip passes around the indexing wheel, a spiral wound
element being mounted in the second compartment such that the compressed blister
cavities, together with their punctured lids, are received in the spiral wound element to coil

the strip.



