1 A SI MPLE CAPSULE- BASED | NHALER The present invention describes a
re-usabl e pul nonary or nasal inhaler enploying capsules of sinple

const r uctworroamgdsxaper ati on and | ow cost. | nhal er s usedtiamotinsosel i very
of pharmaceutical conmpounds are wi dely known and they are used for the
delivery of several types of nmedicines treating |lung di sease and as well as
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conprising a dosing valve and a pressurized canister invented by Charles
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category includes reservoir-based devices, containing a bul k container of
powder from which several, dp5p9 pTXpOGT fIISREABANFRIER Supply of unit-doses
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cut by the device and which deliver the dose of nedicinal powder under the
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under the suction of patient’s inspiratory effort. The present device is in this last

category.

Inhalation delivery presents several technical challenges in relation to oral delivery
for buccal, stomach or intestinal absorption, or injection delivery, for the simple reason
that the respiratory system is designed to prevent powders, dusts or particles from
reaching the lung. In addition, powders with optimal inhalation characteristics namely a
very small particle size in the range of 2 to 3 micron in diameter are subject to strong
cohesive and adhesive forces which prevent the dose from being adequately dispersed
and properly deposited in the bronchi, bronchioles and alveoli. In addition, patient
compliance is considerably influenced by the ease of use of the device.

In the field of dry powder inhalers, these challenges have been addressed by two
major inventive trends. One has favoured the development of sophisticated and
mechanically complex devices and the second prefers a minimalist approach, where
simple construction combined with advances in powder technology allows high
dispersion leading to high lung deposition and therefore good efficacy, as well as easy

use and low cost. We believe this option is the most useful.



The prior art includes many references to capsul e-based, re-usable,
devices. Indeed Allen & Hanbury's Rotahaler (US 4,889,114) is one early
enbodi renwpQ witti3settrenme sinplicity, but where the deliyemGRerifoomeance,
particularly the emtted dose, was | ow and highly variable. Qhers al so
described inhalers of the sanme type, such as (B 1,182,779, Spinhaler; US
4,889, 114, Inhalator; FR 75 21844, Cyclohaler; PT 101450; US 2003/131847;
WO 2004/ 082750; WD 2007/098870; WD 2007/ 144659; WD 2009/ 139732; US

2009/ 194105), but the addition of netal ,cutting means or the necessity to
add springs nade assenbly nore conpli ca?ed and increased cost. Mre
recently, Tsutsui (US 2007/0283955) has proposed very sinple inhaler where
both ends of 1ha@riehpd dndudes ananytreiencentd apsaie-tesed, pg-usable desicss-dnfesdoved.
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the patient operate the device trough two opening noves, a |oading nove, a
cl osing nove and a piercing nove (5 steps) before inhalation. The

Cycl ohal er inhaler (FR 75 21844) saves on one opening step. There is an

opportunity for a device which would only have three steps to inhalation:
open, |oad, close.




4 The engineering dilemma in such devices is that the inventor is
tenpted to address operational chall enges by increasing the nechanical
conpl exi twoabi1tti3ss2devi ce, detrinmental ly, increasing theprcorgB2exiisy76of
assenbly, manufacturing cost, long termreliability and efficacy of the
device. The device of the present invention achieves efficiency,
reliability, low manufacturing cost and ease of use, by addressing all of
the shortcom ngs identified above. To achieve such a result in a capsule
based device with two conponents only i3 novel inits own right. The
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In addition, the prior art infrequently refers to the manufacturing method of the
cutting means or materials, whereas they have one of the highest impacts on
manufacturing cost, on the one hand, and the quality of the cut on the capsule, on the
other. In addition, the geometry of the cutting edge is absent from the prior art of
inhalers. In this respect, there is the need to develop an inhaler where the cutting means
would be optimized for cutting, at the lowest possible cost.

In actuating the capsule, the inhalers of the prior art require a considerable number
of steps, due to their mechanical complexity (WO 2007/098,870). The Handihaler
inhaler (WO 2009/013218) makes the patient operate the device trough two opening
moves, a loading move, a closing move and a piercing move (5 steps) before inhalation.
The Cyclohaler inhaler (FR 75 21844) saves on one opening step. There is an
opportunity for a device which would only have three steps to inhalation: open, load,

close.



means to prevent the accunul ati on of powder, neans to limt the novenent of
t he second operating conponent, neans to give tactile feedback to the

pati ent, wotbimigsizeans and neans to allow the patient t@®CIaB20h@sempsul e
contained in the second operating conponent during actuation. The

i nhal er conprises a second operating conponent, a capsule tray, conposed of
a tray which slides within the inhaler body, neans to transport a capsule
and hold it in place for proper operation of the cutting nmeans and for

i nhal ation, means to linit its novement#insi de second conponent, means to
prevent the accunul ati on of powder and nmeans to give tactile feedback to

t he pati ent . The efifigedrigalimmoirpsuchatevices i that Hetiremstr is temppiréne adéresfust -
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the other end. Cutting means provided on the upper and lower walls, wherein the
capsule tray is moveable engageable in the opening through said open end between a
first position in which the capsule tray is withdrawn from the opening to enable a
capsule to be loaded into and unloaded from the capsule chamber and a second position
in which the capsule chamber is aligned with the inhalation passage in the upper wall
and the inlet on the lower wall of the body to enable inhalation of the medicament
contained in the capsule through the inhalation passage, the cutting means engaging the
top and bottom of the capsule as the capsule tray is moved from its first position to its
second position in order to cut openings in the top and bottom of the capsule
characterised in that the cutting means are integrated into the inhaler body such that the
inhaler is formed of only two operating components.
The dry-powder inhaler of the present invention is intended for pulmonary or nasal
delivery, and comprises a first operating component, an inhaler body composed of a
mouthpiece or nosepiece, an inhalation inlet, at least two air inlets, an opening for a

second component, sliding means to hold in place the second operating component,



6 any other shape, but its internal wall will preferably be snmooth, with
no features, cyclones, chanbers or corrugations where powder may becone
trapped. wo=oimtsssnal di anmeter may be of constant secti @QT/GB20i050BY vary
so that the speed at which air and powder travel through it nay be

accel erated or slowed down and thus enhance di spersion, entrainnent and

del i very. At the extremty of the tube which is away fromthe nouth, at
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The inventive elements of the present invention are directed to the inhaler body and
to the capsule tray and the fact that the several inventive features of the inhaler are
contained within two operating components only is an inventive step hereof.

An operating component is described in this specification as a component which is
integral and has no moving parts within it and is essential to the mechanical operation
of the inhaler. As the dust cover is not essential to the mechanical operation of the
device, being needed for hygiene reasons and regulatory requirements, the present
inhaler is said to have at least and no more than two operating components, the inhaler
body and the capsule tray.

The inhaler is comprised of a mouthpiece or nosepiece. This is a tube which-at one
extremity is shaped to enter the mouth or the nose and generally it will have a round or

slightly oval section. The internal section of the tube may be round or slightly oval, or



The inhal er body has cutting nmeans, conposed by two bl ades which are
anchored in the upper and |lower internal wall of the inhaler body opening.
The bl adesoanda/wdsxrposed so that their cutting edges arePp@gBeodiosoicar to

t he upper and |lower internal walls and aligned al ong the sane pl ane.
Therefore the edges of the blades are in alignment and this alignnment is
parallel to the |ongitudinal axis of the | oaded capsul e. The bl ades
protrude fromthe upper and |ower internal wall a small height, generally 2
nm or | ess when using nunber 3 conventlgnal pharmaceutical capsules, so
that the cutting action mnll be limtedto the extremties of the capsule
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bl ades use in an i er as cutting neans are an I nportant feature of the
i nvent i on.capsuld\hea fdtswhg:htthasmhaterbt; ddegnadr Ibtledese off at emlsarbecammuley il as

the inhaler h e .qr.ad stic used de5|r b be ver hard,
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body neans_that thi s | atter conponent is manufactured in a single or

uni tary st B3I ¥9e b ades as well, so that the inhaler body includes
blades as anrhdtghalwhRAHhe op@iifls lyShd Srodidl WilPimhll B aPral the
present application. dd ti ona inventive step Is that the bl ades are
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bl ade, in the opposite sid the first cutting edge. bl ade was not
provided with a cutting edge and was instead blunt, the extremtles of the
i nhal ed and enpty capsul e woul d be crushed by the m)verrent and it m ght

beconme difficult to renove. The second cutting edge provides for a snooth
novenent past the blades. In




9 anot her |less preferred enbodi nent, the capsul e renpval position occurs at
the opposite side of the initial |oading position. In this case, the
capsul e twayonmMerR7al ways in the same direction, as it PSTIGRdABEDSW6h a
capsule and is pushed to the inhalation position and then to the renoval
position, on the opposite side of the inhaler body. In this enbodi ment the
bl ades do not require a second edge as the capsul e does not travel back
across them An additional inventive step of the doubl ed edged bl ades
concerns their section. The bl ade secti®n can be a | ozenge, with a bl ade at
each of the apexes of the |lozenge and this type of blade section in a

capsul e- basedryeiRlI18  bddy 1§ Bher g)réxﬁaéa WS b08 airlifiRtshlvade &ealiye wih egposed
of four straight sides and the design is symetrical along any |ine drawn
t hrough t Hengienitinagd afis tofethbl mdethpiece i @nnoBVpiteea thy anhwlaivgi gretupeayiqusly

capsul e-based. i nhal ers i s new . For, mapuf act uri ng reasaons., ther.e nmay .he a
need to exPEHIPLEHEY AR aE ARIST Wpﬁ’g’ B’P%ﬁ'{e aps %Etl%itﬁ%mil&%fﬁb%’ Oflho?’a%dgfmgsas si x
si des, whefgitiwo sides are parallel and formthe mddle section of the

bl ade, and each edge extending fromthat middle section has a triangular
shape. Th&hbirkdier bedyt hasrcuttang mbas, panpasedby tg blades ahesh ase apghogedeingnd

the two bl ade edges.,are defined he .i nt ersecti on the. .two ar I n
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section. Such a bl ade desi'gn used in capsul e-based inhalers is new. The

two desi gridigned aloag dherbimedlansoThdrefore the asigasief theybladssearene abiggacrtorndosed
of two straight sides, and.the.other. of two.curye J [
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capsul e-based i nhalers iI's new. In a side view, the doubl e-edged b] ade is

squar e or wient wingirembershcartvantion phatmacestsslipasulsaciteat the Wit divge,
pr obabi 11 (gt reedieaBe PerGRRsRo b araanEl Tk S I EE ASEARR | 02
vi ew shaperipfinEaubhgy 86 ded PR vty 8iz8O¥EphaRMcaRIRSL tdpdtles,dn wiive bideve
step of the present application. )
the blade heights will have to be adjusted to provide for cuts of adequate size, as-
determined by experimentation. Generally, we prefer that the héight of the blade located
in the lower internal wall in the body opening be less than the blade located in the upper
internal wall, so as to produce a smaller cut in the capsule and prevent the powder from
spilling or leaking. In the case of a number 3 capsule, we prefer to dimension the height
of the lower wall blade between 1.0 and 1.6 mm and the height of the upper wall blade
between 1.4 and 2.0 mm. These slits will be very narrow, advantageously preventing
the powder from spilling out of the capsule after the capsule has been cut. Moreover,
since the material of the capsules is somewhat elastic, the slits tend to narrow again
after the blades have cut through the capsule.

These blades may be made of metal, such as stainless steel, the most appropriate
grades being of surgical purpose quality. When using an inhaler body made of plastic,
one of the adequate manufacturing techniques is insert-moulding during the injection-
moulding process, so that the blades and the inhaler become one integral component.

Alternatively, the blades may be made of the same plastic as the inhaler body, and be

formed in the same injection moulding cycle, again resulting in one integral component



10 The second operating conponent of the inhaler is the capsule tray,
which is intended to fit inside the inhaler body and slide within it

bet ween twe 20peérssand cl osed position. The capsul e tray eOR@B288#050®0r si des
di rensioned to fit closely in the inhal er body opening, nanely an upper
wall, a lower wall, a front wall and a back wall. The front wall conprises
a capsul e chanber and its function is to receive the capsule containing a
unit dose of pharmacol ogically active powder. The capsul e chanber nmay be a
cylinder, so that the capsule will be I qaded fromthe top, but preferably
it wll be a half-cylinder and in both cases it will be w der than the

capsul e so that the latter nay nove freely | engthw sg}él n the capsul e
chanber.  buf AT guhdapsnmasntactuig ¢oshshning asangedf Be somsy matsgialias Hhe
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capsule tray w pul'le t € open position to receive a capsule.
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of the i nhiagregh m"enlt"h order to prevent the accunul ati on of powder t he
upper wall a

accunul ati onl.'*\@}ll%ﬁegselJl tsg(\rl\lgisa'ldg?gylt)%? ggg)gﬁ% i éﬁgaf & Elr qﬁg‘ﬁ%la% e t ray,
but they nasadab$plakte wsed ndstibé desirablyedd mrylhmg smthaténeqhahity dafnheedpalmaypper
and | ower wal ]| s. Hovvever it is refer bleiﬁs dthemvvrththe sul e
tray. Thes%urﬁﬂﬁerrepéﬁ@ IGWéIng\AéF‘Il%“S\MW uFiEtRs BRIFTHREECE e fed,

cor u0at e SIS Al i E TSPl St ¥ﬁ§7u1d39ﬁ Rl bi g% and

t hey may be orma grid Icular or oblique l1nes, in
rel ati on t fortnatore dfyfisshoh mchﬂdmgpmpbtéedtmawheme a®@ mdfgiﬂardﬁnpaﬁ plastm meteritl re

Phal e Dot SRR a6 eregrq'r‘ervthmﬁaf B ol esbaRES kagey e
cont act be#n‘@@ﬁrﬁm?h@ M\’Iﬁldcﬁ hScoRBfn %'dcubﬁ'%ﬁ@@ﬁéﬁeofﬂn‘é I& @&n@&%ﬁ% t he
t he ere y | apsu

channel s o dges, nproving the sno ness of the
tray novi nghichsshdetot foemi thhahape diddhg. biSilechs plesticupdgmico ipingactatt, of lleey can

accunul ati n 0 0 are an adyant age | re-usabl e powder inhal ers and
constitut e L? ﬁ@gdﬁwhﬁnéﬁte Ytlh?@gs‘ﬁ@g?‘tt BOA R actiony These
conponent s Cafy RE HBGEL oP¥né %fét%thﬁféﬁtﬁp%dﬂnFQnﬁﬂgr %ayaf?y grrﬁg@ ﬂ?IE latter
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body, they be .made.of the same materi al a hard Iastr ial is
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to allow a comfortable movement of the capsule tray after inhalation, when the patient
brings the capsule tray to the open position to remove the used capsule. In the most
preferred embodiment, this movement necessarily brings the used capsule again in
contact with the blade, in the opposite side of the first cutting edge. If the blade was not
provided with a cutting edge and was instead blunt, the extremities of the inhaled and
empty capsule would be crushed by the movement and it might become difficult to

remove. The second cutting edge provides for a smooth movement past the blades. In



In use, the patient only requires three inhaler novenents to prepare the

i nhal er for inhalation, open, |oad and cl ose. Many inhalers of the prior
art requiwe 20oumsiznhal er novenents to prepare the inhal ecTiGB20imizeieat i on,
open, load, close and cut. Saving one step is a benefit for the patient,
makes for a sinpler inhaler during operation and |eads to better

conpl i ance. In use, the patient holds the inhaler body and slides the
capsule tray to expose a capsul e | oading chanber. This is the open position
of the inhaler. A capsule containing a gharnacol ogically active drug,
suitably fornulated for inhalation, is then |oaded into the chamber by the
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PP TR R R SR T L K L B
the upper gpd ok%fnlﬁﬂq@{dﬁé p&‘ﬁﬂl&ﬂ ah tfn@eca‘sé‘ h:ﬁé %ﬁpsjﬁfkdﬁfaf!"’ﬂﬁ‘fv%s BRYYs %Rﬁé’l e

extremties are cut, formng hinslit and substantially no capsule
material i &m@dmménj)nb% ithe loadbd Wlfthea papsu@nancbtsmushubtp the 1pha;1ht1¢mpos:‘aqmsul e
tray until sule is ned wt the uth van eous the
o nal v S0 e e aR ey e pposs RBURR R ot s

be provi degnbdifehithe biBELAE Roff @Gk §§ec‘6ﬂﬂ ‘éhg@é’#ﬂﬁg c@ﬁbu?é%e@ln%t ﬁeﬁ'\q‘:ltbﬁ&&' | e
click, indicating to the patient ™ 12 that the inhalation position has been

reached. Theossthether is now in the closed position and is ready for
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capsul e body at the inhalation position. After inhalation, any remaining

powder is thhse‘a/pbwf\hl@emeemanm i fcapsude-based tinlenlerais mewt fie tl[matdeelgn, theybladpeat

th hal at ] d ti li ed
LoCt he moutPe decanngied oAU Sk iR ot BESET svrmdlen MG AR B T
of which i gadnftHifihaRe eénttd 6l tRSPhdAEQENnEREE b HILREIAISC0uY lhhfaﬁ EJ ent
and by the resistance to the passage of air caused by the air pathway
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at | ow ai rarfl RWnE@bHYSthe intersection of the two arcs. In this design, the blade section is
composed of two curved sides and the design is symmetrical along any line drawn
through the centre of the blade section. Such a blade design used in capsule-based
inhalers is new.

The two designs may be combined, so that the blade may have one edge composed
of two straight sides, and the other of two curved sides and this combination may be
used to provide a better quality of initial cut and of exit cut or optimal slit width on the
capsule. Such a blade design used in capsule-based inhalers is new.

In a side view, the double-edged blade is square or rectangular, so that when the
capsule touches the blade edge, there is a reduced area of contact which promotes
cutting and reduces the probability of the capsule becoming crushed. A square or
rectangular side view shape of double-edged blades are novel and constitute an

inventive step of the present application.



When the inhaler is in the closed position, the cut capsule is aligned with
the nout hpiece. As an inspiratory effort is applied, the air flow and the
pressur e woaplicasRe t he capsule to nove forward i nside Ph&/dBhalsn7ébody
capsul e chanmber until it blocks the inhalation inlet at the bottom of

nout hpi ece tube. Since the internal diameter of inhalation inlet is |ess
than the dianmeter of the capsule, the done of the capsule which is slit
enters the inhalation inlet and effectively blocks it, so that air is
forced to enter the capsule through theiglit in the opposite capsule
extremty. The air entering the capsule through this lower slit is admtted
via an inlet i i; v,
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capsule tray. These upper and lower walls will be of an uneven surface textured,
corrugated or contoured with hemispheres, grooves, channels or ridges and they may be
disposed to form a grid of perpendicular or oblique lines, in relation to the edges of the
capsule tray, or a chevron pattern, or tire pattern or combinations thereof. In this manner
powder trapped between the inhaler body and the capsule tray will not accumulate at
the points of contact between the two components and will instead be diverted along the
channels of the ridges, thereby improving the smoothness of the capsule tray moving
inside the inhaler body. Such features to prevent the accumulation of powder are an
advantage in re-usable powder inhalers and constitute and inventive step in this

specification.



Figure 3 is a side view of the capsule tray of Figure 2 partially engaged
with the inhaler body of Figure 1 in a first, load position; Figure 4 is a
si de vi ewofotisseapsul e tray of Figure 2 fully engagedPairidB2otignspitehal er
body of Figure 1 in a second, closed position; Figure 5 is a side view of
t he inhal er body of Figure 1 show ng the inhaler body opening and the
cutting neans provided therein; Figures 6 and 7 are end and perspective
views of the capsule tray; 14 Figures 8a to 8c are partial top views of
the capsule tray of Figure 2 showi ng sufface finishing thereof according to
3 different enbodi nents; Flgure 9 is a perspective view of a second
embodi ment o hE:shee Cé)l’rlll\rl)gl’li]etnltso can be made by injection-moulding and use any grade of
pharmaceutically suitable grade such as PolyCarbonate (PC), Polypropilene Oxide
(PPO), Polybutylene Terephthalate (PBT) Polyethylene Terephthalate (PET), LCP
Liquid crystal polymer, Polyethyleneimine (PEIL), Polyphenylenesulphide (PPS)
Polyethylene (PE) Polypropylene (PP), Polysulfone (PSU), Acrylonitrile butadiene
styrene (ABS), polymethylmetacrilate (PMMA). The polymer can be natural or glass
filled. However, when the blades are injected-moulded together with the inhaler body,
they will be made of the same material and a hard plastic material is preferred. Grades
such as PC, PPO, PBT, PET glass filled, PPS, PSU, ABS are indicated.

Useful capsules for the inhaler of the present invention include conventional
pharmaceutical grade capsules, made of gelatine or cellulose/HPMC, of any size, such
as size number 3; or any other size. They can also include custom-designed capsules,
made of any other suitable material.

In use, the patient only requires three inhaler movements to prepare the inhaler for
inhalation, open, load and close. Many inhalers of the prior art require four inhaler
movements to prepare the inhaler for inhalation, open, load, close and cut. Saving one
step is a benefit for the patient, makes for a simpler inhaler during operation and leads
to better compliance.

In use, the patient holds the inhaler body and slides the capsule tray to expose a
capsule loading chamber. This is the open position of the inhaler. A capsule containing
a pharmacologically active drug, suitably formulated for inhalation, is then loaded into
the chamber by the patient.

The patient then slides the capsule tray in the opposite direction and this movement
takes the capsule past the blades anchored in the upper and lower internal wall of the
inhaler body where both capsule extremities are cut, forming a thin slit and substantially
no capsule material is removed by the cut. The patient continues to push the capsule
tray until the capsule is aligned with the mouthpiece. Advantageously the internal walls

of the inhaler body and the surface of the capsule tray may be provided with

interference features which sound an audible and tactile click, indicating to the patient



Figures 10a to 10c are the inhaler according to the first enbodi nrent of the
i nvention in 3 different operational positions; Figure 11 is a view of an

i nhal er bwoyonceesdi ng to a third enbodi nent of the i nveaTiGB1IRISgene 12 isS
a view of a capsule tray which engages with the inhaler body of figure 11,
Figures 13a to 13c are perspective and end views of the capsule tray.
Figures 14a to 14h illustrates the operational steps to open, |oad, inhale
and unl oad the inhaler; Figures 15a and 15b are top and perspective views
of one bl ade shape; Figures 16a and 16b;are top and perspective views of a
second bl ade shape; Figures 17a and 17b are top and perspective view of a

third bl adﬁm% ‘Hl%plghalation position has been reached. The inhaler is now in the closed position
and is ready for inhalation.

The patient exhales to empty the lungs of air, brings the inhaler to the lips.or nostril -
and inhales. The movement of the powder may be viewed if a transparent capsule is
used, through the window on the capsule body at the inhalation position. After
inhalation, any remaining powder is clearly visible and if that is the case, the patient
may repeat the inhalation until all powder has been delivered.

The suction applied to the mouthpiece causes a pressure drop across the inhaler, the
intensity of which is a function of the inspiratory effort generated by the patient and by
the resistance to. the passage of air caused by the air pathways inside the inhaler. This
resistance is primarily governed by the section of the air inlet or inlets on the inhaler
body and secondarily by the surface of the slits on the cut capsule. In the inhaler of the
present invention, when a cut capsule is in front of inhalation inlet so as to block it, the
nominal pressure drop is 4 kilopascal at an airflow rate of 35 litres of air per minute.
Pressure drops as low as 2 kilopascal may still deliver a full emitted dose under
compendial testing conditions, when using appropriate powder formulations, as the
inhaler is particularly efficient at low air flow rates.

When the inhaler is in the closed position, the cut capsule is aligned with the
mouthpiece. As an inspiratory effort is applied, the air flow and the pressure drop cause
the capsule to move forward inside the inhaler body capsule chamber until it blocks the
inhalation inlet at the bottom of mouthpiece tube. Since the internal diameter of
inhalation inlet is less than the diameter of the capsule, the dome of the capsule which is
slit enters the inhalation inlet and effectively blocks it, so that air is forced to enter the
capsule through the slit in the opposite capsule extremity. The air entering the capsule
through this lower slit is admitted via an inlet in the inhaler body lower internal wall, or
via air leak passageways between the capsule body and the capsule tray. The air surging
through this lower slit enters the capsule, aerosolizes the powder and entrains it through
the upper capsule slit, into the mouthpiece tube, out of the mouthpiece, into the patient’s

mouth or nose and then to the intended zone of deposition in the respiratory system.



Al'l of these enbodi nents conprise the inventive features detailed in the

present application and the person skilled in the art will be able to apply
t he sane weaochimngR7t 0 ot her inhalers so these descripti @03/GBRONADSKBY | i m t
the invention to the enbodi nents descri bed. Referring to the draw ngs,
nunbered sequentially after the word "Fig.", like nunerals indicate |ike

parts, and each of the three enbodinents is identified with series of
nunbers where the nunber of hundreds is the nunber of the enbodi nent (I xx
to 3xx) and the equivalent feature in egch of the enbodi ments has the sane
nunber xx. Referring first to Figure 1, there is show an inhal er body

100 which for e rt..of a two art i asse ccordin tothe
i nventi on. V{;ﬁﬂb{h nﬁgglg?orbmo%\g IECR u%fﬂieﬁ?ehé’ati%g SFISF fangglgl ne or
receiving t%w%?d%sﬂleeoﬁeha oskiiéh, adnddRSEde @He RREOWapdille DRE Watight bRburgs igaind at
the top and bottomb opp05|ng upper 108 and Iomer 109 walls. An inhal ation

passage 10&pewledrapido tlmcvms{eﬂeompp@ﬁnd/wplaciﬁ{)@le@ﬂlﬁm degedoiveilg t o a rout hpi ece

103 | ocat ed the to Q0 so WD 2011/1 327PCT/ 0 / 50760
15 as to prodtaeuiont B R A KA et vetA e e s TR

mout hpi eceyid @R nd8 ofille unﬁg 8 trdRGlidetsall Sk Rpderhitalii EUée@M&ﬁ’ugﬂré bd@9 whi ch
extends fromthe opening 102 to the bottom of the body 100 so as to pI’OVI de

fluid commagonisés(é. gnsetllbut@mgh Ievedbuterabrpivhaitérol amogaterel, tihemephi pigrmoterol,

(s by eoLEBlia nauRtlil o Lo Rallidr omd Mg siAe St ovahitel

mout hpi ecem3@Brinics, corticosteroids (e.g. fluticasone, beclomethasone, budesonide, ciclesonide,
mometasone, flunisolide, triamcinalone), cromoglycate and nedocromil, steroid
modulators, anti-infectives (e.g. tobramycin, fosfomycin, doxycycline, amikacin,
pentamidine, zanamivir, laninamivir, other neuraminidase inhibitors), analgesics (e.g.
fentanyl, ergotamine, sumatriptan), proteins / peptides (e.g. insulin, dornase alfa,
leukotriene inhibitors), SiRNA compounds, erectile dysfunction drugs (e.g.
apomorphine), anti-hypertensives (e.g. iloprost), smoking cessation agents (e.g.
nicotine), lung cancer drugs and compounds having both a broncho-dilating and an anti-
inflammatory activity.

In order that the invention may be well understood, there will now be described
some embodiments thereof, given by way of example, reference being made to the
accompanying drawings, in which:

Figure 1 is a side view of an inhaler body according to the invention;

Figure 2 is a side view of a capsule tray which engages with the inhaler body of

Figure 1;

Figure 3 is a side view of the capsule tray of Figure 2 partially engaged with the

inhaler body of Figure 1 in a first, load position;

Figure 4 is a side view of the capsule tray of Figure 2 fully engaged with the inhaler

body of Figure 1 in a second, closed position;

Figure 5 is a side view of the inhaler body of Figure 1 showing the inhaler body

opening and the cutting means provided therein;

Figures 6 and 7 are end and perspective views of the capsule tray;



The capsule tray 110, shown in Figure 2, is sized and shaped to be noveabl e
engageabl e in the opening 102 in the inhaler body 100 for enabling

i nhal ati omoabrizi3paxader contai ned in a capsul e nount ed t ireTaiB2011li3@76body 100
includes a rail 104 on the lower wall 109 which co-operates with a

conpl enmentary shaped rail stop 124 fornmed on the back of the capsule tray
110, as best shown in Figure 6, the rail stop 124 cooperating with the rai
104 so as to |limt the novenent of the capsule tray into the opening 102
and thereby ensure correct alignment of; the capsule with the inhalation
passage of the body 100 as descri bed be}OML An engagenent nechani sm may

I be utilized bet the rajl dt il. st i ch.ai th
oper at or an AAGBY B B DRl 1P A Gt FEIISTED WdeCABa eI 250 has
reached itS1ﬁﬂﬂ%méﬁ@ﬁ%fggﬁgﬁﬁé&jpgg&}&ﬁeg@§ﬁﬁﬂmﬁﬁd configuration of such a

mechanismis well within the khow edge of the skilled person and will not
be descri bed Hgure Siina gergpettivaiview of hsasdhdembadimentividhe iroentsen;i n t he end of

the capsule tray 1 tq.enabl e. ser easily. .to.engage..and w.t hdraw.t he
tray T rom ¢ nd igYay (e 10 BEg il ReadiiRle e sl FRPG B L ehE LR o
tray 110 ar e ipnefif@sah opetapishaliRditiofs;:as to prevent the build up of powder
t hereon which could inhibit the sliding novenent of the capsule tray 110

into and out FagureHd isrthalesr obedyinhateehodinygceprdiog be acthifd gmbediment phitks f ace
wi th the upper aﬁd.lomer wal | s 108, 109 of the inhaler body in a ratchet
fashion in a'WEAMMEY which is well known to the person skilied in the att.

A capsul e Cha«g@ﬁé 133da hiew Of AB&bsule hircH)énéa]%s WhitCieliShaddrandy afdigahaped
er

to hold a po cont ai ni ng capsul e 123. The chanber 121 is dihensioned to
receive a capdule 123 and its |ower end nay be narrower than the capsule

when the {r ay el rfEeARemRrRE BOA 10T B cBb e e nanber 121 15
si zed so thatpjdhes CAPSUUE ifiddrdiss tBe bp@aBordl ktepH €S Bpeh, load, inhale and unload

the inhaler;

Figures 15a and 15b are top and perspective views of one blade shape;

Figures 16a and 16b are top and perspective views of a second blade shape;

Figures 17a and 17b are top and perspective view of a third blade shape.

All of these embodiments comprise the inventive features detailed in the present
application and the person skilled in the art will be able to apply the same teachings to
other inhalers so these descriptions in no way limit the invention to the embodiments
described.

Referring to the drawings, numbered sequentially after the word “Fig.”, like
numerals indicate like parts, and each of the three embodiments is identified with series
of numbers where the number of hundreds is the number of the embodiment (1xx to
3xx) and the equivalent feature in each of the embodiments has the same number xx.

Referring first to Figure 1, there is shown an inhaler body 100 which forms one part
of a two part inhaler assembly according to the invention. |

The inhaler body 100 has an opening 102 formed therein for receiving a capsule
tray 110 as described below, the opening being bound at the top and bottom by
opposing upper 108 and lower 109 walls. An inhalation passage 105 extends from the
upper wall 108 of the opening to a mouthpiece 103 located at the top of the body 100 so



facilitating insertion and renoval of the capsule fromthe chanber and al so
enabling the capsule to nove within the chanber during use as descri bed

bel ow. | rwohws/Bst20di rent, the chanber 121 is further noPeT&IBtIENS0I6han t he
capsule 123 so that the top and bottom of the capsul e project above and

bel ow t he upper and |ower walls 160 of the capsule tray 110 as shown in
Figure 3. Furthernore, when closed by the inhaler body, the chanber 121 is
sized to provide lateral and |ongitudinal support to the capsule so that
when the tray is nmoved by the user towdPds the inhalation position, the
passage through the cutting or piercing nechanism (150, 151) causes cuts
that are pfasipsevideduicpmdunichien betweep et euningel 02panchheghothpiset &@3.of

| ateral novenent is permnissible, that shou e restrjcted, T psul e
chanber 124ngk IE’GEW‘%) Eradep %Hmlegén 8&3@&1@& “fahlg@ﬂ%wgﬁékenfiﬂ PR heenoqjt% ﬂ%@t ray
is fully insertedqi 50908 Q8 dso th6viBe @vidl Bfnitiuhitatibie tiireugdh gleop 124
engaged vm]t Ttoﬁggrbgl{{?ﬁl;bgiggﬁﬁeychanbers 121, and hence .an% capsul e 123

mount ed t higwei talli 199aintogthebpahiny 1(e thenthet estqbdishing 21 Gvidafiewinsalian By
passage 105 of the inhaler_body 100. The sule. 12 Lch j.s rted
into the capgds ef thedgwartplh §9, t]%rgugl&hee‘lfeﬁwg‘it%ﬁemﬁoo% @%ﬁﬂ%}h@r %sga ng’?’ovi ded
wth cutti n%tgﬁ?e'}ﬁoﬁiﬁ hecelpgg.fOr cutting or piercing both the top and the

bott om of The capsule in order to enable air to be drawn there through
duri ng oper atihencapéslestrwhl 0, rshbimguineFigure e ixc sized ngd rbapes! 1050¢ meveable

conprises a pair_ of blades, 150, 151, o 0 i Xt fir . wer
wal | 109 iomeageehle Bpkisi mgning2l (o ee‘PS‘f%ﬁ’gE?& 1@@#?5%5%?&1%%’3%%@&02%123,
and the ot IR SrePIBE byay I 00 88 1idet @ rithedbpettieng f or
pi ercing t%gx;dtegéo@%htgﬁlen %g su%éﬁﬁ@gg.dtt%s eshown PﬁyFi gure 5, éalch bl ade 150,

151 is orileweedalli 108 whish cotdperatesedite aeotobeheniary shepednrailaton 1b ferne) | y

f th [ 1 whi it t ds th i 1. thi

way " ao t b iheabeckior fhe tapEdegE AL dBehotg Hoe FERE BrgNoRiLspB A0 o,
slit acr OS?OO@E&%H'Z&? Qvifﬁntﬂﬁ l?%i#l@ﬁ“s@fas kD Sinfit R UhEvehicht o8 tieh adPseleargyamsage f or

air to be su hr oug e capsul e during use and the powder contai ned
therei n t copeameNEdinsptiesdy dnvsiedwrichealigmeant of tencarsuirewith\iy inhalation

2011/ 135327PCT/ GB2011/ 050760 17 apt. of. it ,and inhal
rout hpi eceserge EraRiPenoIg] 8y eohrsBriop AR S BIR et MaB kb B0 b e
ai r being &{1%\%@ bTﬁRf%gQﬂT theahd bRl Al 96p Wk, givss fHeeopRimbnan afidialer and/or

travel l'i ng oug slits on the capsule is reduced, due to their_small

si ze and t{aetile indicationethat the capshlertrayp 140 thas aeashedits fHby sertehposiion i e
confortably. Additional air mited via.air. inkets. 13 i 0.+ RCr ease
the turbul ‘Xf‘ﬁt% apd 9@1\3%%&0 e%HC{“sa PRENEAPR g & e«illng%é‘l}?t g}ewivgg&r%u%%glfeece
via the inhalation inlielinidbve @oqkibtdUbiend ahpakisAtiaaddadgds egatforaredof
powder agg%]((;ﬁlrlrél?rﬂae éebéle{ﬁ %lThe hgi ght1 of each b?ade 150, 151, that .is the

di st ance i the ehéof shebenpsuld tralyel Matiol enabliete wier ehsilyt toj engase aed Afibdraw the
greater than the cl eacgyalg)%e between the walls 108, 109 of the opening 102
and t he ca'@%ﬁ@mtth%@o 10Y-This is to ensure that a appropriate slit is cut
in the capsul é@ﬁb BRE 6209960 BF thb|apstanapel RekRipeyeeblihekrirédscasgh. | n
order, then, ’ﬁ‘b aegF[gil{ahe traay to nnvegilé%nto t}ﬁe openi ng.‘gast t he blgﬁc:]es, a
| ongi t udi n@l gryveex tensiiidgipséfgtowidss thesednowhist conld ittthe sk&pg MTeBERE Om of

the tray 110 in alignnent with the.pla uc at en.t i's
i nserted ihesapwee Bpehlhgito @HE OBt 8%@@ ]’%2%?&1@' iﬁ@é&n\gg’l Y ﬁegcér{fgc%ﬁr 1%@ and
are guided, | %@;ﬁsﬁ i Nolk/RE Wale @R 109tdfaRe ahhdliebedpaubeattBdt This
confi gur atlln%ér;:%a%eagﬁtqﬂg f teﬁ\grnhagvant a?ge that the capsule is supported on
ei t her si dagleibn ilhemauhériwigeh Borll lomwit toghe bgrsemikifes mitbe a1t t i ng operati on

more reliabl eA capsule chamber 121 is formed in the tray 110 which is sized and shaped to hold

a powder containing capsule 123. The chamber 121 is dimensioned to receive a capsule

123 and its lower end may be narrower than the capsule width to prevent the capsule



As shown in Figure 1, the inhaler body 100 preferably has a w ndow slit 135
formed inits side in aligment with the air inlet opening 106 and

i nhal at i onopasigiage7105. The tray 110 is al so preferabl ypPopaBatl/msososi de of
t he chanber 121 corresponding with the side in which the window slit 135 is
formed in the body 100 so that, when the capsule 123 is in its inhalation
position within the body 100, it is visible through the wi ndow 135. This
enabl es a patient or carer to check that the capsule is in its proper place
for inhalation and whether the entire cgptents of the capsule have been

i nhal ed. Figure 9 shows an alternative enbodi ment of the invention in

whi ch the nent, of. the capsul.e tra el.atiyve to.the.i.nhal gr d 00 is
i votal | af RudteEngePpingasy OF B il 2] BRIt nhY P e R et oY he
body 200 faqpgnovenent between an open position shown in Figure 9 for

| oadi ng and unl oadi ng of the capsule 123 fromthe chanber 221, 18 and a
cl osed positi &heicapsuisi tambse 124ps sizediss thotthei emewdefl@d isrthioae ifivthesting he
contents thereof. Cutt.in | ades, 2 251 . are ovi ded in si ti.ons

Cobr ot | at & Btiig el R AR AL G5 ER RO et 2BaBRE B e ¢, ay
210 is nmoveghsunite ndve valles 8’ dasbbl Al clhbasRBYeEbélow. Bl fhis dobdd@edtop and
bottom of the capsule. Like features of the first enbodi nent are identified

in this setsrhambbotd Inedurthymoreshoster thasfthe eanseleni?denodhati the fapaangcb diipmm 00.
Al t hough Figure 9 shows the axis.of rofation of.the capsule t at the end
of the i nnd e BBS Paedi et ReierelotrPrndd s SRR 6B o B¢ Bildl. oy
al ong the bagy18S:s! $BGnam Figuftoes FiiRhertdord) Nwhéd Blok&tE bl thelimdl@nbdiBs sege 205
and air inlet opening 206. Figures 11 to 14h show a third enbodi nent of

t he i nvent clamben 1@hiit biz¢d i prozxle latersd e dongitudinahsuriportsto therbensutrese that e
identified_usi the same.ref.erence nu al.s, ihncreased by 200. The

cont 1 gur at PORE Bidteds PRVEQ Y S SHiF Sl iR b SRR E e s tged Hipush
Figure 1 eygepittihfadr bhecifpentd@ni@? (150t 1s1) shakercudodyat30@ bfecBeind O
both sides of the body 300 so that the tray 310 can be engaged from either
si de of t htepbuliyibBoin repastadhiss. Allough adasmiecotilaiersd moyagent is pemhissbieothat he

tray 310 a ment. of. the tray in both directions can be effected by «
pushi ng th@j%r&faé@eﬁeﬁngﬁfiher direction fromeither side of the body as shown,

in particul arThd eupkile Eh@abdidiR 188 godifiened Hn tH GpQiTb ady TROtsuct hiat GARS e 1S
still inserted into and renoved fromthe tray 310 the sane position, but it

i s inst eadirpoissily énseried in the opening A3 b therhody 0 evidothsirall stop ¥2rasgaged he
OPEI! 19 =04 A8 ST TDh o R FOR°HLE 18 RRATITGENL 1SS ANBHI B0, IS, |
not il ust sigined withhRe BARDBEENE 16§ afid@InhBRL6R BhdseEl BT ke bk bodgl 00TOVenment
about an axi oIl apsute 25 HRGH 8 insertad into the capeute thy 130 will be sealed and the

body is therefore provided with cutting means 150, 151 for cutting or piercing both the

top and the bottom of the capsule in order to enable air to be drawn there through during

operation. As shown in Figure 1, the cutting means 150, 151 comprises a pair of blades

150, 151, one of which extends from the lower wall 109 into the opening 102 for

piercing the bottom of the capsule 123, and the other of which extends from the upper

wall 108 into the opening for piercing the top of the capsule 123. As shown in Figure 5,

each blade 150, 151 is oriented with its cutting edge extending substantially vertically

from the wall on which it is mounted towards the opposing wall. In this way, as the tray

110 is pressed into the body 100, the blades cut a narrow slit across the top and bottom

of the capsule 123 to enable a passage for air to be sucked through the capsule during

use and the powder contained therein to become dispersed inside the capsule, entrained



Fi gures 15a, 16a and 17a show a section view of three enbodi nents of novel
doubl e- edged bl ades of the present invention and figures 15b, 16b and 17b
show cor reepondi3sip7per specti ve vi ews of the sanme bl adesPCrGR2hBEISOTHO awW ngs,
the width of the blade is given by line aa', the length by line bb" and the
bl ade section is symmetrical along any |line drawn through the section
thereof, such a line cc'. The blade 350 has two cutting edges 352 and 353.
The bl ade enbodi ment of figure 17a is a hybrid of the 19 enbodi nents of
figures 15a and 16a. These bl ades 350 df7e shown anchored to the | ower wall
309 of the inhaler body and the manner in which they will be disposed in

the upper ggldr iPhnd Rhaieahiatsigh e nduhpibee $E8TERigure STABoIshbal €t inlstsi 130ended
to be re-usable. Inhalers enploying plastic or ceram c bl ades are novel .

Re- usabl e whikhladmi reegplobitienajr peing drawmthreeghathednimlaipnstube.cas by amountpf

i nhal er of .the present .invention.is intende r ST one,
A L L S e e

and up t0 ;90 hédeR. adiNRoRENIGE dliBwopR! pitRdt &s iftald eBfortablyT edditienal ak10 i s
w t hdrawn fromthe inhaler body 100 so as to expose the chanber 121 and a

new, seal edngtipd wiaeait 2aetssl30owdbalsp rinercassetheHarvnce 23 thepe™IpR §Xis) Hej s

then slided firnm ack into.the openin B i . unti |

the rail 1G854 ag%arﬁargghwntowhphege rai t?le g%)a%ﬁ%?iﬂle E‘@j{,g@ﬁﬁb%m%ﬁd\%&g&?ﬁ;{eo t he
openi ng 1Q%ag Sathadeswddlagelinderhtegvel al ong the slots 155 in the tray and
cut slits inthe top and bottom of the capsule. The useé t hen Igﬁes t he

mout hpi ece 10Fhei lreight loff sacky blade LARdUSH. that iinths diganceiil peieqthReymddhemdlair is
t hen i nhal ed through the. t.hpi 3. T i [ in the
nhal ot oo BiEH? R AR HIBE O BGRE ahitime A8 Wi R oE BRBLAGSAOORE 1 |

i nhal at i onhpap&ase 1 OPeN Me dapsuld@ay PP ITHELS to MaBure fthdt heapporyiatpeitingut102.
The inhal ati on passag; opening 105 is sized to be snmaller than the w dth of

the capsulie tHo®pard 12hendhensaizeod sirflow canybs pereyes) there dhngygle dn oglerhen,

i nhal ati o assa 05, The. t n f | : Wt h
the surr o[}ﬂ %pﬁ@e S%p%?y %ingggéﬁe ?%eglmc#pgaﬁsit ng ?g‘;e%’ W@%I{“ﬁ.{dgﬁz %gﬁ:ﬁ@ing
prevent i ng @i 155 fs06HEat Bf bWl thBeop afidbattb@nofths sagel 100 alignepmt twithothgh t he
capsule slits, the suction applied by the patient then Ci%rabv\% ai{ tgr?ugh
the inl et Wudesisugh 1166 Wwhentthe tragwdO iRdnserteddnisr therpeningal by >

t hrough the capsul e ns.: j : ' es
150, gSl aertféag%?qo&? ﬁéﬁ%ﬁéﬁ@?&oﬁ" lggéls%gcggﬁé &ew%tﬁgﬂ;ﬁ?n%@;bv@? tg{ltr%ough
the capsul@psilé 128rusotoARsrave 1k spefistsr biveantigsehaftheresisokene stppoteder i t
contains, entraining it out of the capsule, into the inhalationggassage,

and final lop eithe sife ofighe rPubiingn lnsatignr theseky| maling \fBe \CUng RBETGHER FBYC

| ocati on Orfeliébqg body of the user.

As shown in Figure 1, the inhaler body 100 preferably has a window slit 135
formed in its side in alignment with the air inlet opening 106 and inhalation passage
105. The tray 110 is also preferably open at one side of the chamber 121 corresponding
with the side in which the window slit 135 is formed in the body 100 so that, when the
capsule 123 is in its inhalation position within the body 100, it is visible through the
window 135. This enables a patient or carer to check that the capsule is inits proper
place for inhalation and whether the entire contents of the capsule have been inhaled.

Figure 9 shows an alternative embodiment of the invention in which the movement
of the capsule tray relative to the inhaler body 200 is pivotal rather than linear - the tray
210 being pivotally mounted to the body 200 for movement between an open position

shown in Figure 9 for loading and unloading of the capsule 123 from the chamber 221,



WO 2011/ 135327PCT/ GB2011/ 050760 20 The patient or carer can then check
whet her the full dose has been inhal ed by using the wi ndow 135 in the body
100 to chwokofiarsszany powder remaining in the capsul e. Orce/dB2oiigsembi sfied
that the full dose has been admi nistered, the tray 110 is withdrawn from
the body 100 and the enpty capsul e di sposed of, |eaving the inhaler ready
for re- use. When t he user reaches the unl oading position, a nechani sm
may be utilized which provides an audible or tactile warning, indicating
that the position has been reached, or ahternatively further notion is

bl ocked, by neans of nechanical el enents The operation procedures for

the third e od'nent of. the in er of .t he ese don descri bed
nCdetal | R TR SOTgh b ik (e capult RS b EETalie P oS b act
with the C@Hé?éﬁfectrt'hﬁg bldRE £56ulsardry kﬂfﬂé&lem%sﬂ%ﬁs aﬁﬁx@pﬁét@ft@ ifEYcel Wik ur ed
or have a configuratifon suitable to prevent or reduce powder accunul ation

in such ar twestopfand bnttemtof tl’rw:@snhyasube ten2¢Q ednioyedmtante ¢lsed positiow anth t he

i nhal er er and, lLo r w a sur Vi ded th.a
echant sm gl Dotk e wihand duler"Rhdnd cRebold TP b s iroddt,
a bl owi ng gMmsb@&MchP arcSiABVEIRAOMARTs JebOkD éﬁi@odhﬁieﬁr berensandaINRA: H@&l&raﬁnd
the novable tray; or a vacuum systemto draw the powder which is in the

space bet wesreas¢ebibbdyy and the novable tray;, or a gap between body and

ble t d vvd t bet th
any conbi nat 1 SorCH L Brtee i Chietear FeGuanBotihar BRHE S 1 ace
on one_conirGler Bb&A i 11(\9111 meeroddhﬁmu b, GO FACH SRR wad @rongmc?y AW 1bl one

of a wave pattern p eri cal pattern a squar e pattern a Crl SSCross
pattern, aaspradawrwlt ahgrnentbéhq ishalatien p@e@geo?rOSWrdtaerlnlet aanllrgeZQﬁat tern, .or any

geonetric pattern p nrzr . the bui

powder in ar e]in Clﬁntf’g]r‘tﬁa%lgwg%m g%t} {ng % n(%lgﬂﬁlr g%a%%ﬁ%\% in
Fi gures 8acdBmBs)with iR fiRNeRB6dimcht bRy ideAMEST uglﬁglrﬂyearh@ ré¥efnbY haherl t he
wal I's 108, 109 of the body, interfering with the snmooth novenent of the

tray into decbasast boR0§. hﬂlmmﬁgngatmmr?eadmp@vatmno@f s ehodimeriuisdderticnf ttes on
e copeul ol bR a1 Bl haele bRy kR atany b SRS e
si gni fi cangifiss /288 BbB@300 so that the tray 310 can be engaged from either side of the body
300. In this way, a handle is no longer required on the tray 310 as movement of the tray
in both directions can be effected by puéhing the tray in either direction from either side
of the body as shown, in particular, in Figures 14b and 14e. In this embodiment, the
capsule is still inserted into and removed from the tray 310 the same position, but it is
instead possible that the tray may be moveable completely through the opening so as to
enable the capsule to be inserted into the tray on one side and removed on the other.

In one other possible embodiment which is not illustrated, the capsule tray may be
configured for rotational movement about an axis which is perpendicular to the
mouthpiece tube.

Figures 15a, 16a and 17a show a section view of three embodiments of novel
double-edged blades of the present invention and figures 15b, 16b and 17b show
corresponding perspective views of the same blades. In these drawings, the width of the
blade is given by line aa’, the length by line bb’ and the blade section is symmetrical
along any line drawn through the section thereof, such a line cc’. The blade 350 has two
cutting edges 352 and 353. The blade embodiment of figure 17a is a hybrid of the



21 the build up of powder residue and hence reducing the instance of

jamm ng of the tray in the opening over prolonged use. Al t hough the
cutting evermenisssizave been descri bed above as bei ng bl a#te3/GERb11SOBDI Ve
nmeans are al so possible such as claws or needles. The cutting neans nay be
made of netal, plastic, ceramc or any other material which is conpatible
with a pharmaceutical function and the nechani cal requirenents of

i nhal ation. The cutting edge nay have a pointed or rounded tip, but the
design is configured to achieve a snootfy cut, w thout producing capsule
debris, that is wi t hout renpving any portion of the capsule 123 such as a

ai 11 or ont BraciEngRs s S dSEam TmhBleside 390 eftav il SRR BB ek nown

in -Figur eswmeo@ 8f hébnhaler bolly bhe tHrBheler atwRIXR AR RIL be &lbﬁos@mﬁ HReGpPer
pi erci ng nmechani sns are integrated into the body 100 of the inhaler. In

parti cul arwali hétheurhalerdody étbasama.50, 151 are preferably manufactured,

neorted dur iR MARGPaRaRE B % HEaRRRy P EER by FRBIRR B AR/ Co R

parti cul arare hbeclCREfbAME @hal@fs&aﬁlﬁplgﬁ %%&@ﬁ@bﬁc@é@d&ﬂ@de@@?@h&veﬁ OorHeaghdler t he
same manufacturing step as the bo using the sanme material for body

and cutti nef the pmsemtcnv@tlen éfrimtanged §Qr QH@&@O@b@HJSéJ Brene.swar @ threejoapaydesal

gg[ér?éltggf g- Qﬁdmﬁnfa%chﬁa%gp%gﬁﬁﬁﬁgug égﬁgglogrtgﬁffgggnt ones,

such as net alfgleqievgb@ﬁ@@géfgedhgfoqx@q,snater| al is nore appropriate for the
body function and another is nore approprlate to the cutting or piercing

function, butThengay Mdbistvartdravi ifr@m thetinbglen hpsly ]6)&3@ aseto rexpoOfesibe ghamberf or ned

or nDuIde e _sane ctuni. or,..Comon

manuf act ud]ijr} (P%Bew S %ﬁlcﬁ%séﬂ%ere dléd ng%él?ea a(%bef gfﬁléhetfilce |1r51g[|1 (lz?e t he
same ”BnUfﬁ@é&lrﬂrﬂlgy BELK R e, oﬁﬁﬂgngoz hﬁt&aﬂiﬁaleﬂﬁﬁﬂyatleo AU fraciailr {0Mgiscycl e.
This results in a | ower manufacturing unit cost. The cuttln? bl ades 150,

151 are t hrogages with thei ef stomdmeééélgeawrgfy woves intp theropgeiag 462+ thablades 150t her
f act {
Sreps. - suckdeeh Rl IhRIot ThoiiF (A0 RAT 0 by G The, 100 b FopPREGE 85T 11 M

chem cal tdagaflé.ng, abrading, eroding, corroding or coating, nmay also be

applied in order
The user then places the mouthpiece 103 into his or her mouth or in a nostril of the

nose and air is then inhaled through the mouthpiece 103. The resulting pressure drop in
the inhalation passage 105 firstly sucks the capsule into abutment against the inhalation
passage opening in the upper wall 108 of the body opening 102. The inhalation passage
opening 105 is sized to be smaller than the width of the capsule 123 and the capsule cut
is substantially exposed to the inhalation p.assage 105. The top end of the capsule also
forms a seal with the surrounding upper wall 108 of the opening 102. With this seal
preventing air from entering the inhalation passage 105 except through the capsule slits,
the suction applied by the patient then draws air through the inlet opening 106 in the
lower wall 109 of the inhaler body 100, through the capsule 123 by means of the slits
cut therein by the blades 150, 151 and into the inhalation passage 105. As the air travels
through the capsule, it aerosolizes and disperses the dose of medicament powder it
contains, entraining it out of the capsule, into the inhalation passage, and finally into the

mouth or nose for final delivery at the desired location of the body of the user.



22 to increase nmechanical integrity and fineness, sharpness, resilience and
resi stance of the piercing or cutting edge or of the elenent itself. The
i nhal er maQ 2al1gI6532ave a cover 320 (shown in figure l1l4a) PChAIB28EV05@B0t O

cl ose the nout hpi ece, thus preventing the accidental entry of dust and
particles during storage. The cover may be integrally formed with the body
300 so as to be noveable relative thereto or may be a separate elenent. In
the storage position, the cover cl oseso%(pe nout hpi ece and protects it. The
cover can be connected to anot her conpomnent of the inhaler, or have no tie.
The capsul es can be of any material, i.e. gelatjne, cellulose | astic or
any ot her t haFhe mtishtaemmeeswan g dheelompaihrhibe lgﬁsetlF?é BsFu g alﬁggvyclg&gm e
enpl oyed may be . of y. Size, .far.,ex 0 iniflo & cabdtdlel he

si ze of th@eivﬁlﬁg?‘@rl%%o‘ﬁ tbﬁi’ofiﬁﬂgpg@a%%gé@ f &o?n}{)g%‘;’%%gpgﬁﬁlen ]?gr grg%aegda%gf t he
capsul e chapghene Widilisfagl daf 4B Elli @sscdfastieen adpitittered) the trayHd OiimMathérawai | | be
sized to fit confortably inside a chanber, and_to fit convelni en((&glﬂo in one
hand. Thomrthebedys b thevesmain capsule ‘liiépQSP%)‘?ﬂlli@’%f}]erfﬁh? S50 "Bt he
spent capsule, the cutting bl ades are preferably double edged so that they
cut througf®he material of the capsule as it is withdrawn fromthe body.

Thi s prevent syiRg 1ROSRE Bidchdsythe fintoaéinpaokision] a trivehdxis esaydze whized vhch he
capsule as it is wthdrawn, which could caus J(%Smn ng. of tge mec%ﬁlai §Im
Al t er nat i vployidehemeudible artactite BEHPSHAGHIRE MOSOREES P SBERT Rapsul e

to travel on thro he openi BNt Y. kN which case a
second pai glt%?atggt%ﬁtéerblpgﬁ%%w%%ékg%’ ﬂéﬁgvé}%é)éfng%h%lﬁga\ﬁﬁ%erﬂtﬂi de of the

i nhal ation pa@ﬁ@gﬁa{&@& peRkdurto forhk thing entbodimentrif therimbaig of thetpsesessenbl y
during renoval . MPLE  An inhal er eﬁgodi nt of the present invention
has been t eweetibrt ave descsibad inedgtaibingléguses, clggr ofile as well as its powder

dose delivery, An experinental cto I I Shfigulbtiotin Qpé um at
a dose of 18 fif %B?s%ﬁbalb%?’ Sgﬁfﬁléeﬁlﬁel (%glg&?ﬁgﬁl Qgr Is%?g&%&fg deter?n' ne the

di sper si on,gRes the pestbiapiyniERfkecedf hewcy cohfigiretiom aitable to prexentepr BdEaeli ng
of the fornulation conponents to produce an _Pr.der edbm' .and ﬂet erunﬁ'e%lpg t he
bat ch honogewdsrt aecumblatipnrimueh aeap SRRtARR s S MREHPS AFYCRE PYeGsE

surface in the inhaler body upper and lower walls, or with a surface provided with a
mechanism to sweep or scrape the powder when the movable tray is moved; or a
blowing system to remove powder from the interference between body and the movable
tray; or a vacuum system to draw the powder which is in the space between the body
and the movable tray; or a gap between body and movable tray which avoids powder
retention between the two components; or any combination of such features. In the
preferred embodiment, the surface on one contact area (or both of them) is corrugated,
for example with one of a wave pattern, a spherical pattern, a square pattern, a criss-
cross pattern, a parallel line pattern, a chevron pattern, a tire pattern, or any geometric
pattern capable of preventing or minimizing the build-up of powder in areas of interface
between device components (examples shown in Figures 8a to 8c). The tendency is for
powder residue to accumulate on the walls 108, 109 of the body, interfering with the
smooth movement of the tray into and out of the opening. The provision of the textured
surfaces on the capsule tray has the effect of helping to dislodge any residue powder

from the confronting surfaces of the body by a scraping action, significantly reducing



23 HPMC capsul es, size 3 (Capsugel, USA) to be used in the device of this
specification. The inhaler was then tested at a flowrate of 35 litres per
m nut e aro20rBsyare drop of 4kPa on a Next Generati onPCEREB200r050760p| ey
Scientific, UK), actuated twice to allow a volume of 2 x 2 litres of air to
pass through the device and the mass of active drug deposited at each stage
of the cascade i npactor was quantified using high pressure liquid

chromat ography. Fromthese data, the enmtted dose and the fine particle
dose were cal cul ated, where the emtteddose was the sumof all drug nasses
coll ected fromeach of the inpactor stages, including the inductor t hr oat ,

and Lhe 1€ pRAl L ClrodRseraine LAE nARSS Aol 1 BAbhACLSInREhE WrerS,

mcron cut-o he ratio o he em tted
dose i s t hia thevepanarg ovek prdlomgediveer and is a rreasure of |nhal er efficiency..
The higher the fin article dose, the higher the I ung dose is expected to
be. The resuv‘%]éh%l.gﬁ nﬁwmgealeﬁnﬁnt@h%a\feoﬂvpﬁw%crt% abovise s 4198 pirdesr mance

Em tted dojefhRyvd 4eaAT S pREbId Gl a888% s 6F Reedies. The cutting means may be
made of metal, plastic, ceramic or any other material which is compatible with a
pharmaceutical function and the mechanical requirements of inhalation. The cutting
edge may have a pointed or rounded tip, but the design is configured to achieve a
smooth cut, without producing capsule debris, that is without removing any portion of
the capsule 123 such as a top portion thereof as is done in prior art systems.

Examples of different blade designs and configurations for the cutting means are
shown in Figures 15a to 17b.

In the preferred embodiment, the cutting or piercing mechanisms are integrated into
the body 100 of the inhaler. In particular, the cutting elements 150, 151 are preferably
manufactured, formed or moulded with the body in one piece, but can alternatively be
inserted during manufacture of the body, or after its manufacture. In particular, the
cutting or piercing elements are preferably formed in the same manufacturing step as
the body 100, using the same material for body and cutting or piercing elements, so that
such elements are an integral part of the body 100. The manufacturing process may
employ the same material for both body and piercing or cutting elements, or different
ones, such as metals or ceramics, if one material is more appropriate for the body
function and another is more appropriate to the cutting or piercing function, but the
important thing is that they both be manufactured, formed or moulded in the same
common manufacturing step. A same or common manufacturing step is defined here as
an operation taking place inside the same manufacturing equipment, during the same
complete manufacturing cycle. This results in a lower manufacturing unit cost.

The cutting blades 150, 151 are then formed with the necessary cutting surface so
that no further manufacturing or finishing step is necessary. However, further
manufacturing steps, such as sharpening, conditioning, heat treating, cold treating,

chemical treating, abrading, eroding, corroding or coating, may also be applied in order



5.1 ncg Fine particle fraction (ED FPD) 36. 0% These data indicate that
the inhaler of the present specification is capable of effectively

del i veri myoaodasss2ef an i nhal ati on drug, under inspirat @cy/GH2haraso760
conditions which are conpatible with the ability of patients. 24 CLAIM

22

to increase mechanical integrity and fineness, sharpness, resilience and resistance of the
piercing or cutting edge or of the element itself.

The inhaler may also have a cover 320 (shown in figure 14a) that serves to close the
mouthpiece, thus preventing the accidental entry of dust and particles during storage.
The cover may be integrally formed with the body 300 so as to be moveable relative
thereto or may be a separate element. In the storage position, the cover closes the
mouthpiece and protects it. The cover can be connected to another component of the
inhaler, or have no tie.

The capsules can be of any material, i.e. gelatine, cellulose, plastic or any other that
is pharmaceutically compatible with the drug. The capsule employed may be of any
size, for example 00, 0, 1, 2, 3, 4 and 5 and the size of the inhaler, of the inhaler body,
of the capsule tray and of the capsule chamber will be a function of the capsule size.
The inhaler will be sized to fit comfortably inside a chamber, and to fit conveniently in
one hand.

To ensure smooth movement of the tray 110 during removal of the spent capsule,
the cutting blades are preferably double edged so that they cut through the material of
the capsule as it is withdrawn from the body. This prevents the possibility of the backs
of the blades catching on the capsule as it is withdrawn, which could cause jamming of
the mechanism. Alternatively, however, the mechanism could be 'conﬁgured for spent
capsule to travel on through the opening in the body for removal, in which case a
second pair of cutting blades may be provided on the other side of the inhalation
passage 105 again for helping to prevent jamming of the assembly during removal.

EXAMPLE

An inhaler embodiment of the present invention has been tested to determine its
aerodynamic profile as well as its powder dose delivery. An experimental lactose based
blend comprising tiotropium at a -dose of 18 micrograms per capsule was then
formulated to determine the dispersion and the entrainment efficacy of the inhaler.

After blending of the formulation components to produce an ordered mix and

determining the batch homogeneity, the formulated powder was filled into cellulose



1. Adry powder inhaler suitable for pulnonary or nasal delivery,
conprising an inhaler body and a capsul e tray having a capsul e chanber
formed thwoebn/f38327carryi ng a nedi canent contai ni ng cap®airagB2hsbtehal er
body having an i nhaler body opening fornmed therein defined between opposing
upper wall and | ower wall, said opening having at |east one end open by
means of which the capsule tray may be engaged into the opening, an

i nhal ati on passage which extends through said upper wall and opens into the
opening in the inhalation body and an ipphal ati on tube at the other end, and
cutting neans provided on the upper and | ower walls; wherein the capsule
tray is moygap | @& | B9 udarigugh asakdopRRN RAth ARk een a
first positi oﬁ C%R%gﬁggh@a?gu%elﬁ}ﬁéggf?ygiglsléév%i ltghgramm f(r)om t%%eolpeni ng to
enabl e a cRpShhgertwadBed arddt bflow sincofidd timekeperfminniet dve apeswredopafber
and a second position in which the capsul e ch is aligned wwth the

i nhal at i orfkBagsad¥ext eanpration bapaciel 4?0&%‘6 Soigntitin @?()O?thfﬁ%g FEiGefS iy for ¢ ne
body to enghl.g bphal 8l difail REpRRALLATE the GORLELASH DBt GaRRllGe

t hrough t he i'nhal at'i on passage, Phe ‘cut I ng neans engagi ng the top and

bot t om of depexited s wach amge he thapasdade impyctos waswpednfifieahusing High gprespasi ti on
to its second position in grder to cut eni.ngs .in the top and bottom of

t he capsulliguidcehipmaiagrapbsdFTam these ‘faF?e tﬁ‘gle{qlﬁtﬁf fessnaidathe TG B@‘?lﬁt%e(ﬁfﬁ?nt 0
the inhal it L $hef QItTBHla1P i@ i ssbWEo 1IRRAIA G 1Y
conponentS%ﬂggg&ﬂa%ggw%%gégéQ@ﬁkgpg%gg@cg}d?hg t% claln1?, m%erein t he

cutting nmeagisofahd ihpectdrnbes rintiodingaeindfictanttireatyamcichs fine priticte doeagst o be

formed of th terjal. 3. A.d owd i I di laim1
or Cl ai m Ao FEs Of (reheoleHd hEomeiites AMaa G A PORFe R OF 1% F08mmon

manuf act “ﬁgiaﬂﬁ;le%%%‘%é ¥he emitted dose is the fine particle fraction and is a measure of inhaler
efficiency. The higher the fine particle dose, the higher the lung dose is expected to be.

The results are summarized in the following table

Delivery performance
Emitted dose ED 14.2mcg
Fine particle dose FPD 5.1 mcg
Fine particle fraction (ED/FPD) 36.0%

These data indicate that the inhaler of the present specification is capable of
effectively delivering a dose of an inhalation drug, under inspiratory effort conditions

which are compatible with the ability of patients.



25 4. A dry powder inhaler according to claim3, wherein the body and
cutting neans are fornmed by a unitary noul di ng operation. 5. A dry powder

i nhal er awoandimgs2ro any of the preceding clains, wherelPATIdB20CINSOTONg NMEANS
are blades. 6. A dry powder inhaler according to any of the preceding
clainms, wherein each cutting nmeans has two cutting parts, which are
substantially perpendicular to the direction of novenent of the capsule
tray between the first and second positions and which face in opposing
directions such that, in use, one of sai? cutting parts engages the capsule
as the capsule tray is noved fromits f £¥ st position to its second position
and the other of said cutting parts engages the capsule as the capsule tray
is moved fromits second position to its first position. 7. A dry powder

i nhal er aCﬁigggﬁg to claim6, wherein the cutting neans are bl ades and the
cutting pa cutting edges of the blades. 8. A dry powder inhaler
according to claim?7, wherein each blade has a | ozenge shaped
cross-section. 9. A dry powder inhaler according to claim?7, wherein each
bl ade has & dofibirg noyrdee dnlaleyssiteblet foppulmonary or nasal delivery, comprising an

inhaler body and a capsule tray having a capsule chamber formed therein for carrying a
medicament containing capsule; the inhaler body having
an inhaler body opening formed therein defined between opposing upper wall and
lower wall, said opening having at least one end open by means of which the
capsule tray may be engaged into the opening,
an inhalation passage which extends through said upper wall and opens into the
opening in the inhalation body and an inhalation tube at the other end, and
cutting means provided on the upper and lower walls;
wherein the capsule tray is moveable engageable in the opening through said open
end between a first position in which the capsule tray is withdrawn from the
opening to enable a capsule to be loaded into and unloaded from the capsule
chamber and a second position in which the capsule chamber is aligned with the
inhalation passage in the upper wall and the inlet on the lower wall of the body to
enable inhalation of the medicament contained in the capsule through the
inhalation passage, the cutting means engaging the top and bottom of the capsule
as the capsule tray is moved from its first position to its second position in order
to cut openings in the top and bottom of the capsule;
characterised in that the cutting means are integrated into the inhaler body such

that the inhaler is formed of only two operating components.

2. A dry powder inhaler according to claim 1, wherein the cutting means and the

inhaler body are of unitary construction so as to be formed of the same material.

3. A dry powder inhaler according to claim 1 or claim 2, wherein the cutting means

and the body are formed in a common manufacturing process.



10. A dry powder inhaler according to any of clains 7 to 9, wherein each

bl ade is symretrical about any axis crossing the centre of its section. 26
11. A drywpaederssiznhal er according to any of clains 6 t@CIEGB2ot1dseion each
cutting neans is configured with its cutting parts extending substantially
perpendicularly fromthe wall of the body with which it is associated
towards the other wall of the body. 12. A dry powder inhaler according to
any of the preceding clains, wherein the capsule tray has opposi ng upper
and | ower walls which adjoin respectively with the upper and | ower walls of
t he i nhal er body during insertion and r%%nval of the capsule tray fromthe
i nhal er body opening, the outer surface of at |east one of said walls
having a textured surface which operates to reduce the build up of powder

he wal l,s of, the inhaler. bod ing. 13 A.d i nhal
according £ ol mPPIaeariT ANREREd Car TR ‘e BRCEhFORE Pt o

surface of aRCbimdEhy §uﬁtar§%um9%gb&aﬁ5@y. 14. A dry powder -i nhal er
according to claim12 or claim 13, wherein the or each textured surface has

one of a pattern of ridges, channels or hem -spherical projections forned
t her eon. 5. A dry powder. i.nhal er ..accordin o claimil4, .wherein.t or
cach toxt ured S RSN Sl B PhuRE IR Bt Pt SR dtpifie plisthit 1he

cutting means are blades.

6. A dry powder inhaler according to any of the preceding claims, wherein each
cutting means has two cutting parts, which are substantially perpendicular to the
direction of movement of the capsule tray between the first and second positions and
which face in opposing directions such that, in use, one of said cutting parts engages the
capsule as the capsule tray is moved from its first position to its second position and the
other of said cutting parts engages the capsule as the capsule ‘ﬁray is moved from its

second position to its first position.

7. A dry powder inhaler according to claim 6, wherein the cutting means are blades

and the cutting parts are cutting edges of the blades.

8. A dry powder inhaler according to claim 7, wherein each blade has a lozenge

shaped cross-section.

9. A dry powder inhaler according to claim 7, wherein each blade has a double

curved cross-section.

10. A dry powder inhaler according to any of claims 7 to 9, wherein each blade is

symmetrical about any axis crossing the centre of its section.



16. A dry powder inhaler according to claim 14, wherein the or each
textured surface has a plurality of parallel ridges which are perpendicul ar
to the edwoexouf13sdze capsule tray. 17. A dry powder i nhaCeGRrotiasaiong t o
claim 14, wherein the or each textured surface has a plurality of parallel
ri dges which are obliquely inclined to the edges of the capsule tray.

26

11. A dry powder inhaler according to any of claims 6 to 10, wherein each cutting
means is configured with its cutting parts extending substantially perpendicularly from

the wall of the body with which it is associated towards the other wall of the body.

12. A dry powder inhaler according to any of the preceding claims, wherein the
capsule tray has opposing upper and lower walls which adjoin respectively with the
upper and lower walls of the inhaler body during insertion and removal of the capsule
tray from the inhaler body opening, the outer surface of at least one of said walls having

a textured surface which operates to reduce the build up of powder on the walls of the

inhaler body opening.

13. A dry powder inhaler according to claim 12, wherein the textured finish is present

on the outer surface of both walls of the capsule tray.

14. A dry powder inhaler according to claim 12 or claim 13, wherein the or each
textured surface has one of a pattern of ridges, channels or hemi-spherical projections

formed thereon.

15. A dry powder inhaler according to claim 14, wherein the or each textured surface

has a chevron shaped pattern formed thereon.

16. A dry powder inhaler according to claim 14, wherein the or each textured surface

has a plurality of parallel ridges which are perpendicular to the edges of the capsule

tray.

17. A dry powder inhaler according to claim 14, wherein the or each textured surface

has a plurality of parallel ridges which are obliquely inclined to the edges of the capsule

tray.



