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well as for systemic delivery. Several types of inhalers are known, from those

comprising a dosing valve and a pressurized canister invented by Charles Thiel in 1956,
to nebulizers and powder-based inhalers. This latter category includes reservoir-based
devices, containing a bulk container of powder from which several doses may be
dispensed, or a supply of unit-doses packaged in blisters, or simple capsules which are
loaded by the patient, cut by the device and which deliver the dose of medicinal powder
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
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is that under repeated use, powder will slowly accumulate in the valve mechanism and

interfere and ultimately prevent the normal operation of the valve, blocking the operation
of the inhaler. Beller (WO 2007/093149) proposes a very similar device. Ideally, inhalers
must be simple, deliver reproducible doses and solve the problem of powder interference

without resorting to valve mechanisms.

Such interaction between powder, which has a natural tendency to invade mechanical
components, and the normal operation of inhalers is impacted by the very fine particle
size and increasingly by the dose quantity itself. Whereas the medicines to be delivered
by inhalation were typically very potent asthma and emphysema drugs (anti-cholinergics,
anti-inflammatory corticosteroids and broncho-dilating beta2-agonists) dosed in the

range of micrograms and blended with excipients to achieve total powder doses
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doses, of 50 to 100 mg of pure drug, to which excipients may then be added. With such
high doses, the opportunity for device components to fail because of powder ingress is
thus much higher. This means that even if an inhaler has successfully addressed the issue
of spilling or leaking powder, it must still be designed to divert and channel out any

excess powder which may accumulate under repeated use. This would be benefit.

In terms of the cuiting means of the capsule, several designs have been proposed
(FR 75 21844, EP 1,245,243; US 6,470,884; US 2007/0283955; WO 2009/117112), but
they employ needles or blades which have shortcomings. Most cut the capsule to
produce a gaping hole, which allows very good air flow, but does not prevent the powder
from spilling out of the capsule immediately prior to use. In any case, air and powder
passage holes which are too large provide for a delivery that is too rapid and does not
allow the powder agglomerates from becoming successfully dispersed. Consequently,
there is the need for an inhaler where the geometry and size of the holes will be
sufficiently small to prevent powder spillage, conveniently restrict the passage of air to

allow a gradual delivery, effective dispersion and delivery.

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
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The engineering dilemma in such devices is that the inventor is tempted to address
operational challenges by increasing the mechanical complexity of the device,
detrimentally increasing the complexity of assembly, manufacturing cost, long term
reliability 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
shortcomings identified above. To achieve such a result in a capsule based device with

two components only is novel in its own right.

The present invention provides a dry powder inhaler suitable for pulmonary 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 has 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 and 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. 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
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The inhaler comprises a third optional component, a dust cover, which fits over the
inhaler body and is designed to prevent dust ingress during storage and transport.

In use, the patient slides the capsule tray in relation to the inhaler body to expose the
capsule loading chamber in the capsule tray, loads a capsule, slides the capsule tray so
that the capsule travels past the cutting means in the inhaler body, means which slit the
capsule extremities and the patient inhales. After inhalation, the patient slides the capsule

tray to the original capsule loading position, which is the same as the used capsule

removal position, and extracts it.

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
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The inhaler body is provided with an opening which receives a capsule tray. The
capsule tray is able to slide inside the opening. This opening is composed of an upper
wall and a lower wall, and a front wall and a back wall. Generally, the vertical distance
between the upper wall and the lower wall will be determined by the length of the

capsule size for which the inhaler is designed. In the case of a number 3 capsule, the
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out of the I nhal er body through excessive force or novenent. Such
interferences and nechanical blocks are conmon features of nechani cal
devi ces. The internal walls of the opening may be provided with small interferences on the
surface, placed in the path of the movement of the capsule tray, which will produce a
clicking sound or tactile feeling to the patient during the movement of the capsule tray,
to indicate that the inhalation position has been reached. The inhaler body opening is
provided with means to limit the travel of the capsule tray and prevent the patient from
pushing the capsule tray out of the inhaler body through excessive force or movement.

Such interferences and mechanical blocks are common features of mechanical devices.

The inhaler body is further provided with two air inlets, which are aligned with the
longitudinal axis of the mouthpiece or nosepiece: the inhalation inlet previously
mentioned and an air inlet which, when the capsule is in the inhalation position, admits

air to it.

The inhaler body has cutting means, composed by two blades which are anchored in
the upper and lower internal wall of the inhaler body opening. The blades are disposed so
that their cutting edges are perpendicular to the upper and lower internal walls and
aligned along the same plane. Therefore the edges of the blades are in alignment and this
alignment is parallel to the longitudinal axis of the loaded capsule. The blades protrude
from the upper and lower internal wall a small height, generally 2 mm or less when using
number 3 conventional pharmaceutical capsules, so that the cutting action will be limited

to the extremities of the capsule in use and both ends will be neatly slit. The inhaler may



The inhaler body is further provided withets, which are aligned with
the | ongi tudi nal axis of the nouthpi ece or nosepi ece: the inhalation
inlet previously nentioned and an air inlet which, when the capsul e
is in the inhalation position, admts air to it, The inhal er body has
cutting neans, conposed by two bl ades which are anchored in mat
wal | al er body opening. The bl ades are disposed so that-tiff edges are
perii,,ethe upper and |ower internal walls and aligned along the sane
pl ane. Therefore the edges of the blade$ are in alignment and this
alignment is parallel to the longitudi fromthe upper and | ower
number 3 coavderignasniar ofkr siges ¢lephaxmacshiieal eapsgtest inevivgh cassdbieblade heights

ggltoisg'ne L rpxﬁggf\ﬁ@lgﬁ]t%t g%%gj#%ﬁaio\ef P?onvg(f/emf&r hEST YNGR SENY ds! Blilifhined by
experimentation. Generally, we prefer that the height 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
but of much lower manufacturing cost. Cutting means of the same material as the inhaler
component into which they are anchored are novel and an inventive step in the present
invention. Plastic blades used in an inhaler as cutting means are an important feature of

the invention.

When using plastic blades or blades of the same material as the inhaler body, the
grade of plastic used must be desirably be very hard, so that the quality of the edge may
survive repeated cutting actions without loss of cutting performance. When
manufactured by injection moulding, the design of the mould must be such to avoid the
formation of flash, a moulding imperfection where an irregular film of plastic material

extends from the cutting edge thereby diminishing the quality of the cut, or altogether
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are novel and ganaddayent inventskerpliftHah@e PrRseRt donViertikQNin Rhaskb@s, each
bl ades used in an inhaler as cutting nmeans are an inportant feature

of the invehifor! this gk espmgepraseieeshbades oty blrades ot camelesameth
material asgfhe, hnhake 'Eheb&g}ﬁﬁe ttr}af 19{)@8@1%1 %mm’c?ﬁlts%(]ig tﬁjesﬁlgalr&]%dfﬁwards the
othat th ity of the ed urvive

desirably be very hard, s e qua edge nmay r
repeat ed cutnhehgoaebiions andtdoutaihosienohe capduingapeér fohadnc ectradirenn the

manuf act ured by. i njection .moul di.ng,. the design of.the.nmould nust, be
such to avoP@’%H%%‘Eﬁ%Wﬁt ?‘6‘?\ SEPIE Icgfs‘ﬁ ,“%“"r?@ﬁf? g‘ifﬁgﬁ I“ﬁ?%‘é??‘b@fi?%eﬂf‘“’(&]é?tem‘y
an irregul afo lidvia @bmphrastd Got@b&lt io@kheexdoendsral .08 tigla64K, tig Bdggient
thereby dimnishing the quality of the cut, or altogether d designs

can coi poseligfs e TRESIE HPOAR M ORI RISITERUOSIKERES dfC Bfe dPade lgsthe most
pl astic pol 14S o L 1 d,c0r t , ild. -

b Ehout a mou e et A O T D Mok SHROT iy
i nhal er bodyomaeansthtthablatihiis theatiperitcodponéntiritsumgufiae tiithedldda vers not

single or unitary step to mould the blades as |t, so.tha .

oty i ot udel VBt HER shRRdes ald PabuDiat i Fhicsri ik Bh theapalcd and
inventive st@pryofaphde prasent appkll ¢at theMmovemeAN adddi tii@n totade daficult to
this in entive step is that the bl ades are doubl e-edged. In other

wor ds, each™i%8esTneccatyesiing sdgnhatovidseyonayment: PREEapsu g hlagst i

another less preferred embodiment, the capsule removal position occurs at the opposite
side of the initial loading position. In this case, the capsule tray moves always in the
same direction, as it is loaded with a capsule and is pushed to the inhalation position and
then to the removal position, on the opposite side of the inhaler body. In this embodiment

the blades do not require a second edge as the capsule does not travel back across them.

An additional inventive step of the doubled edged blades concerns their section. The

blade section can be a lozenge, with a blade at each of the apexes of the lozenge and this



di rections when the capsule tray is pushed forward inside the inhaler
body towards the inhalation position, and cut again when the capsule
tray is pushed or retracted in the opposite direction. This second
cut is not needed for the inhalation manoeuvre, but only to allow a
confortabl e novenent of the capsule tray after inhalation, when the
patient brings the capsule tray to the open position to renove the
used capsule. In the nost preferred enbodi nent, this novenent
necessarily brines the used capsule agalh in contact with the bl ade,
in the opposite side of the first cutting edge. If the blade was not_
provi ded wit¥is of bladgsedtieg ied gepsalecbaggisinhalert is aewblinthis desigs tesblpdasertiensis
of the inh :ans u - G- t

't mght boonpell firel K ARRSHIE MU, B X hAholcal ARnF AT AR, 0 3R0
for a snootlronglv dreaintpast the hdadenedchen. Swdsa rlekedasen ewtodi capatle-baded

capsul e rengval position occurs .at the opposite side of the  .initial

ondi ng. podEsh S MR- FA Bapu et s orE Teape AobubioAagahs [rrehe!
same di r ecilicOhladedSo ithat iit§ st@RAQH it hhs dx GRS UlRr@ffo kideduts HachIEPartd@rm
r' hal afl on position and then to the renpval position" on the opposite

si de of théhq misicesectirugf the blads; andegenlp gdgrssitendig e diat dyddlsseqtiogias @
a second eq%%gQQrgQ,ecapsule does not travel back across them. 10
type of blade®section in a capsul e-based inhaler is new. En this
design, the blade section is conposed of four straight sides and the
design is sy trical alon ny. |l i.ne drawn throuygh the centre, of the
bl ade sect; on el Britd ARp Melid o s babudi hdp B s
new. For mapufiefdedr bynehe RS Gon tifQhe tWBYarke 1A thisedbsiod, e BRde tsb@ion is

|l ength of the blade, so that jts section.in fact has six sides, where
two si des &PBPRREH ATl @O avied sidps PR the defign desympairisel plag prydine dayn

each edge %B@g}fj'tﬂ’égcén'h‘élnaft ﬁﬁ@tbléﬂedgécﬁo%eﬁéhoé‘ iRk c?efsfgrni Qé%@%aéap%ﬁ-g%ed

The bl ade section can also be formed by two arcs of Tcircle and

two bl ade edgbss iamewdefined by the intersection of the two arcs. In
this design, the blade section is conposed of two curved sides and
the design is symmetrical along any |line drawn through the centre of

t he bl ade seﬁﬂieam d?algﬂss 1aaﬁbadﬁgmeed,ggtm$gﬂ Hldde@ﬁd}&lﬂvﬁﬂbﬁls@j donipasedrsd
IS new. The t esigns, may be conbi ned, so that the ade may
have one eag%steadé@égﬂé gﬂi‘w}{?torfé'f"@ FUTEY sides andhihis cARbiafies may D figed to
curved si dggadtth bdted AR LR AHitiARUBN dTRxHIBHL ShthD\iidRidh Bt apsule.
quality of ‘initial cut and of exit cut or optimal slit wdth on t he
capsul e. Stueh ablelladesigiatsedim epeule-basedapmldreisesed i nhal ers is new.

In a side view, the doubl e-edged bl ade is square or rectangular, so

t hat when the capsul e touches the bl ade edge, there is a reduced area
of contact wihchsige o, abe cotibleerdgainblade dugparet drereptaapabi, Isb tthatokhdnhthe

capsul e becom crushe uare or rectangul ar side view shape of
Goubl - edgbtibIRpedeSiE Hadh el irte Bvericen s e il B Beuve
present apphd e&fut&the probbBRity ¢ @Mdc ket oBing UFMBENA Qfiakehe reathadu@dr
is the capsule tray, which is intended to fit inside the inhaler body
and slide wideniaw shappef deubie-edasd bladgs arsdoyplowd sopaiiteiapnnvertiee gapeiihe
tray conprh&gén% Faﬁ&ges di rensioned to fit closely in the inhaler

g, n

body openi a y an upper wall, a lower wall, a front wall and a
back wall. The front wall ber and its function is to receivehe

capsul e curi a., oharmacol agi cai ly actjyve.powder. The capsul e.chanmber
oy be-a eyl | Hsaroorag rerane ERapeusRE it 68 IR B e St PRt syt P ced
but pref er abliyinstdewhé inhaRr dofiahid slydel WiHlkih iBBEwetn BRtdpeaanasidstd pMilion.

be wi der than the capsule so that the |atter may nove freely .
| engt hwi se Ihg opp,%llecg@é GPEPHEsneRY sides dimensioned to fit closely in the inhaler body

opening, namely an upper wall, a lower wall, a front wall and a back wall. The front wall



open position to receive a capsule. In another enbodi nent, the
capsule tray is intended to be pushed into the inhaler body" so that
the capsul e chanber is reveal ed on the opposite r body. der to

prevent the accum ,of powderwall and the |ower wall nay conprise
features to prevent such an aecumuia.tion, These features are
integrally nmoulded with thetray, but they may al so bided in the
adj oi ni ng i nhal er body internal upperHowerabe to nould themwth the
capsul e tray. These upper and uneven surlflace textured, corrugated or
contoured with hem spheres, grooves, channels or ridges and they may
be di sposedctoriisse meargitd ehasfoepardpiendineiinrars torecsbkitbuesrsilnesniainmg a unit

relation to,the 1 capsu r.a C n N,
tire patter ﬁé%r()f?%%ﬁﬁ%%gqgg%gytreeé®&ﬁr’n¥¥%?gsbsﬁiﬁncﬁg%g%om e%g t% r@%‘%@%’ %0
bet ween t hethantialcepsuodyil Bntbatidiefreapsuiloe, butayefadably inotil e e tntiHcalieieatnd

the points of contact.between the two conponents an [l instead be
diverted al BhBOPnesehinie] B¢ Gridehtiap; th Sabsuly ﬁ%rt%y‘gF Gvihg e freely

snoot hness  @hothligscGaRsWagsli& @antRYI Ng i nside the inhaler body. Such
features to prevent the accunul ati on of powder are an advantage in

re-usabl e powder inhalers and constitute and inventive step in this
speci fication. P e | (P

Pol yet hyl ene %%r(%‘%r?%ﬁ’é’@é‘%eé}ﬁ?}ﬁé%‘?%%e, {8% %‘%&3%36 @?‘95‘2 %i&p%g%n%% fo enable an
Pol yet hyl enefifetine gfiPHly) the Ratiyphedyih eine sudephic depsgRPPS)y Rdl yephiddne to the
(PE) Pol ypropyl ene. PP%§,Polysul 0 er%PSU), Acrylonitril e butadi ene
Stytene L ABSN Ot HFHEE LOPY |a e IR b En p BTy e i pattended t
natural or gt assel idid e inklOWeyRE, soMpeniht Repdlcad@mbar @ revealed on the opposite
i nj ect ed-noul ded together with the i nhal er body, they will be nmade of

the same matié? pathcandleabpdi-d plastic material is preferred. Gades
such as PC, PPO, PBT, PET glass filled, PPS, PSU, ABS are indicated.

In order to prevent the accumulation of powder the upper wall and the lower wall
may comprise features to prevent such an accumulation. These features are integrally
moulded with the capsule tray, but they may also be moulded in the adjoining inhaler
body internal upper and lower walls. However it is preferable to mould them with the
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.

These components can be made by injection-moulding and use any grade of

pharmaceutically suitable grade such as PolyCarbonate (PC), Polypropilene Oxide



Useful capsules for the inhaler of the present invention include
conventional pharmaceutical grade capsul es, nmade of gel atine or

cel lul ose/ HPMC, of any size, such as size nunber 3, or any other

si ze. They can al so i nclude cust om desi gned capsul es, nade of any
other suitable material. In use, the patient only requires three
i nhal er novenments to prepare the inhaler for inhalation, open, |oad
and close. Many inhalers of the prior art require four inhaler
movenents to prepare the inhaler for inkalation, open, |oad, close

and cut. Saving one step is a benefit for the patient, nmakes for a
si npl er i nkBF@L Belybuigeop ercaerihdralain dPBdadiolyadhena dierapbihplaiadBET), LCP

In use, the. i o] el ; Sly e
tray to ex%ﬁ@@ﬁa8§§62u#g§rggd$ﬂ§%®k%h8§§8yTﬁ?§Lig%ﬁﬁgmggﬁﬁgggﬁﬁ%iQ#S)
of the i nh&bbethykne a®E)| Rolg@opdeind PR hdipuifaco (B§ULalkyyl@dtriley ebuchdige
sui tably formnul at for inhalation, i oaded into the chanber
by the pat FEfine (A%%)Tﬂ%lyfi‘é{ﬁv’léﬂ?ta‘i"ﬂ%tﬁ @Mﬁgg J[‘}‘?ep‘gé‘ﬁ%w@ E)‘? Jgtural o pdass
opposi te diglegt HOReRRGAN e BRRIBA injRle@SméhgeLRARSMUECWRAShe IdMler body,
bl ades anchored in the upper and | ower internal wall of the inhaler

body wher e thsytwillckepuadaolethe samt tassiahped e ard plastivi meferaltipiprefered Gipdes
substanti all y, A¢cC gg@ybm Plo| R ﬁilidh??ﬁ%ﬁﬁe{ As L8, §ildteq The patient

continues to push e’ capsule-tray capsule s aligned with
t he nout hpi ece. Advantageously the internal walls of the inhaler
body and the suri.ac features which s d .y be.provided with .
nt er for ence VR pstiES e the rtyieh 87 ithi rsdert oAt ThRlle Comunio!
The i nhal ephirfab@Wichinerhdteca@ased maas bt gditinand ceRaes/ o, BhalyaditedBuch as
The patient exhales to enpty the Ithe inhaler to the |ips or nostri

i nhal es. THR&e rBWERFchtor 3Ry PHEr Handdey fayalprbyglude custonzlesisarderseapsiade
is used, tg;&ggﬁh&hﬁnmhéﬂﬁﬁﬁﬁﬂ the capsul e body at the inhalation
ter

posi tion.

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



i nhal ati on, any remaining powder is cieary visible and if that is the
case, the pati.ent may repeat the inhalation until all powc een

del i vered, The fiction applied to the nouthpi ece causes a
pressure drop across the inhaler, the intensity of which is a.
function of the inspiratory effort generated by the patient t the
resistance to the passage of air caused by the air pathways inside
the inhaler. This stance is primarily governed-ale) body and
secondarily by the surface present invention, when a cut capsule is
in nomnal pressure drop is 4 kilopascal at an airflow  rate of 35
litres of aimhajgerbofy @sd JE@ sdrfgpsofagic| ansas tmyl«hasopasm@ridwhwitbti‘ntekference

deliver a ful d e _unde t estina ¢ it
usi ng appro%?bhf%“%é%d%%g of nul a ]eé%gﬁaﬁget gﬂﬁ?lcéhg?s ff?%ﬁ%ﬂﬁ%?ﬁ&j

efficiit fl owaladbeposition 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



n the inhaler is irsition, the cut capsule is aligned with the
nout hpi ece. As an inspiratory effort is applied, the air flow and the
pressure drop capsule to nove forward inside the inhaler body
capsui . e chanber until it Hocks the - f
nmout hpi ece tube. Since the internal diameter of inhalatiore dianeter
of the capsule. the done of the capsule, which is slitenters the

i nhal ation inlet and effectively blocks it, so that air is forced to
enter the 14 through this lower slit it adnitted via an inlet in the
i nhal er body lower internal wall, or via air |eak passageways between
t he capsul ¢hrbuglythimidwehditdapduitted tviaaan infehén hierintslar diody lavmar ontgimat wiald, or

| oner slit ent.ers, the capsule, aer.osolize he wder dentrains it
through ¢ he bRk eapeRaSEiyeF RS ReHES ol onBE S bR o TR B sl
mout hpi ece thiotigiothidlewpatlitentcrsthaRdpdul) heddosizeamd dohelsr fal édvirsrit ensld
zone of deposition in the respiratory system When .t he inhal ation
manoeuvr e (ke WFREFPIRE St O Hit PRWEPETS BBS Ahel bapraipiticaliie BiRgrdent s
the open pogjud Ghos@Rsh MEARYES iftbRIcHSE5E SrARBMifon ihhife RASiEAY syREMT NS
the capsule tray to the closed position and repl aces the optional

dust cover. The purpose of this inhaler is the delivery of

phar maceuti c subst anc to. t vhath r.the.l.u

treat diseasZ@thcéiPgmgﬁogﬁg?g§¥§§ﬂgﬁyxﬁgg¥hﬁh%B%%??§Pg£5g§d%%mﬂéquw
agoni st s( e t@vardathewpampdsitidrevad buieeothe \ped bupswle Ol'he Ertiostateral the capsule
fornoterol, efornoterol, salneterol, terbutaline), anti-cholinergics
(e.qg. ipra@?ﬁﬁ?ﬁﬁthFgP?%HﬂqﬂﬁffqﬁﬂFﬁﬂﬁ§@&PP ﬁﬁgf%Eﬂ}ticosteroids
(e.g. fluticasonc, becl onethasone, budesoni de, ciclesonide,

nonet asone, flunisolide, triantinalonc), cronoglycate and nedocroml,

steroi d nodul Biearusposaef ithis phaler is/ids delivagy of plarmagciitinal spbsiansay & e body,

doxycycli ne; i kac] tan.di I VT I VAN o8 )
Soryxe! 15 AR RADNATAL NG, SR AR ATV A e
sumat r i pt amponifs©lgeisalbuampéplevalbstefod. pirbutersll procatetol, nfaseotetol.f efprmoterol,

| eukotriene inhihitors), . SiRNA ¢ ounds, erect.ile dysfunction drugs.
(g apomstBHISHE) | CAPRIH pePERET GEe e, G BPORLS SRuRPHG): -
ﬁ essat | gnt %%Eﬁgﬁxic(s,e ﬁ&tigj@s{t&@fd& nek. gbﬂiﬁ&gorfé,aﬂ&ﬁér%ql&hb@)ﬁe,Me&ﬁmw_kifMla%onide,
aving both a broncho-dilating and an anti-inflammtory activity. _

In order t HMaiaeng.nfBmisobde. ndsjampenglend), usigeestysse, aptepedagromil.ngigreid
descri bed sopm odi. e idhereot .« i Mehn PYro WM veh EXATRL &; ikaci

reference belngﬁggdghggﬁ%ﬁgkécgd%pé%y?ng a?aapﬁgg;lin ,?%ﬁ?engar%n%
is a side yesamafingrzahahizire darbhootyiviac otedinagammiddse inmbiors), amalgesics (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;



‘re 2 is a side viewapsul e tray which engages with the inhaler ny
of Figure 1; Fgure 3 is a side view of the capsule tray of Figure 2
par haLly engaged i nhal er bodyof Figure '"in a first, |oad position;
nbodi rnent of the invention; Figures 10a to 10c are the inhaler:ling
to the first- enbodiment of the inventio in 3 different operational

posi tions;

1is a view of an inhaler

15

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;

Figures 8a to 8c are partial top views of the capsule tray of Figure 2 showing surface

finishing thereof according to 3 different embodiments;

Figure 9 is a perspective view of a second embodiment of the invention;

Figures 10a to 10c are the inhaler according to the first embodiment of the invention

in 3 different operational positions;

Figure 11 is a view of an inhaler body according to a third embodiment of the

invention;

Figure 12 is a view of a capsule tray which engages with the inhaler body of figure

i1

Figures 13a to 13c are perspective and end views of the capsule tray.



invent of a capsule tray which enga "its 13a to | 3c. are perspec
bird enbodi mrent of the body of figure 16 Figures 14a to 1l4h
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 166 are top and perspective views of a
second bl ade shape; Figures 17a and 17b are top and perspective view

of a third bl ade shape. s

Figures 14a to 14h illustrates the operational steps to open, 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 as to
provide fluid communication between the opening 102 and the mouthpiece 103. An air
inlet 106 is also formed in the lower wall 109 which extends from the opening 102 to the

bottom of the body 100 so as to provide fluid communication through the lower wall 109



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 the sane teachings to other inhalers so these
descriptions in no way limt 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 enbodinments is identified with series of nunbers where the
nunber of hundreds is the nunber of the €nbodiment (lxx to 3xx) and

the equivalent feature in each of the enbodi nents has the same nunber
XX. Refrép tierngefing $02.tteerFigentadlishing hépal flev shibwrenarheionksalear! throldyver
100 which f of part, inhal er asse cording.to
the I nventi SAT109WRB bnedie Rk W bun LB BRSRTRLY 1B50RF RnbRee
therein forl@kceiving a capsule tray 110 as descri bed bel ow, the
openi ng bei ng bound at the top and bottom by opposi ng upper 108 and
lower 109 walls. An inhalation passage 105 extends from the upper

wal | 108 of the,opgRiiRdidP 120 Mk hPILe 03 fogatedyatshihe HoR afovthge
body 100 so as to provide fluid comunication between the opening 102
and the noutigpRede 10die @engigr [§hirethel 0bales badis 60§ dpmeehbiing tifeldtioner! a
wal | 109 whj f ' 2 e of b
100 so as. ¢ B naeraRnEd il STl ARG et Th O PR i 943G e
i nto the op&micr nglil02 viier ebypestablth skbmglemehtany chabbdwiipadhi F4r ormédhen

outside of the |lo wal | . 109, through the openin 02, into the )
"nhal ati on 6 FHEOTBGENBHSIEVIDS, éﬁrﬁ’%&%}wgﬂ%w gDl Sips _?%4 Foa° AR
shaped to beinpveahliesengagaap tel fodchRnOpaRE BGsdiOZal Mib AR dpahakan2 and
body 100 for enabling inhalation of a powder contained in a capsule

mount ed ei nitherrle chgdy ca0o-t iphetudd s e fapg0a vol thhénhalien parige aighe body
whi ch co-op I e i r

t he back ofﬁﬁﬁ%§§%%%%$%&?§ggg'f%gg%%&%gs a%ﬁgﬁ%ﬂ%k fbf?éﬁé?&gﬁgﬁggﬁﬁ:
stop 124 cooplemdtthagil stop which gives thespeasortao alidifictantive tavalseingingticof thithies

capsule tray into t eni 102. and t hereby.ensure correct .
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described here in any detail. A handle 112 is also forned in the and
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the capsul et frayenl 1Q @i W sbpdvaicpriRyeMtwitibe chul lighibip tef sipawdebvement of
t hereon which could inhibit the sliding the capsule tray 110 into and

out of the inAraP@Yfe by !0 THeyndayt af §6 iHeledodiedlay may also be configured to

interface with the upper and lower walls 108, 109 of the inhaler body in a ratchet fashion

in a manner which is well known to the person skilled in the art.

A 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 123

from dropping out of the chamber 121 when the tray is withdrawn from the body 100.



interface with the upper and lower walls | GS, 109 of the inhal er body
in a ratchet Fashion in a marinewell known to the nerson skilled in
the art. 18 The capsul e chanber 121 is sized so that the capsul e
123 is a loose fit therein, facilitating insertion and renoval of the
capsul e fromthe chanmber and also enabling the capsule to nove within
t he chanber during use as described below. In this enbodinent, the
chanber 121 is furthernore shorter than the capsule 123 so that the
top and bottom of the capsul e project alfove and bel ow t he upper and

| ower walls 160 of the capsule tray 110 as shown in Figure 3.
Furthernore, Whesagsulpsdunibgr tiRe is nirad s thadhe capalehhben 1ot fitstherein,
that when thd e MLy EL TR BT TR b SRS B e
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in the body1Qe9®shdwhin higureal. IFus%@tmlolimgdg@d by thi inhaker bagly. thmhamlh?é
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110 wil | be seal.ed and the y Ls therefore provided with cutting .
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operati on. shown in Figure % the cutting nmeans 150, 151 conpri ses

a pair of bisH#exl. 150, 151, one of which extends fromthe | ower wall
109 into the opening 102 for piercing the bottomof the capsule 123,
and the other of which extends fromthe upper wall 108 into the
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capsul e during use and the powder contained therein to becone
di spersed inside the capsule, entrained out of it and inhaled
t hrough ftc nb hfpiselcel 2308hichingms@t65 ia@nthe capste ofy imswai be b@lenigand the
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is a Additional air %dnlt
operation. As shown in Flgure 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 out



via air inlets 130 will a enters the nouthpi ece deaggregati on of
powder a crease the turbul ence as the powder exits the capsule and
ation inlet 105, The height of each -151, that wth which it is
associated, is greater than the clearance between the walls 108, 109
of the opening 102 and the capsule tray 110. This is to ensure that a
appropriate slit is cut in the capule.; 123 and hence good airfl ow
can be achieved there through( In order; then, to enable the tray to
nmove into the opening past the blades, &% ongitudinally extending

slot 135 is forned in both the top and bottomof the tray 10 in

al i gnment wpf h anfenlpllcaidésoughche tnlqa‘thpi@heﬁﬂi ﬁégmméyaimshdvsair nigetstlgdl which
into the Ope(glnl'i OS% ?t%l qr%semlsc? i} tilil" ng%ge LN %i m leOtas esat%gdﬂ‘i oteaw
gui ded engagenen and ‘bott om e cap ule” 1 F configuration
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t hereby meking the cuttin eration nore rel
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passage 105( The tray 110 is also preferably open at one sid P
chanmber 121leorsr dspondithgew tha t e sildéation whitc H 06 heconirhdong stqv\tar@SBhe
is formed '3 t he mnxxﬁiowde p[nea%Men the capsule 123 is in its

i nhal ati on poggﬁgon Wt T e bo & 100, it is visible t hrough t he

wi ndow 135. This enables a patient or carer to check that the capsule
isinits proper
P p?he geight of each blade 150, 151, that is the distance it projects beyond the wall

with which it is associated, is greater than the clearance between the walls 108, 109 of
the opening 102 and the capsule tray 110. This is to ensure that a appropriate slit is cut in
the capsule 123 and hence good airflow can be achieved there through. In order, then, to
enable the tray to move into the opening past the blades, a longitudinally extending slot
155 is formed in both the top and bottom of the tray 110 in alignment with the blades
such that when the tray 110 is inserted into the opening, the blades 150, 151 engage in
the slot 155 and are guided into engagement with the top and bottom of the capsule 123.
This configuration has the further advantage that the capsule is supported on either side

of the cutting location, thereby making the cutting operation more reliable.

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 in its 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



20 210 being pivotally nounted to the body 200 for novenent between
an open position shown in Figure 9 for |oading and unl oading of the
capsul e 123 fromthe chanber 221, and a closed position in which the
capsule is positioned for inhalation of the contents thereof Cutting
bl ades 250, 251 are provided in positions appropriate to interface
with the top and bottom of the capsule as the tray 210 is noved into
its closed position and thereby cut a slit in the top and bottom of
the capsule. Like features of the first2knbodi nent are identified in
this second enbodi nent by the sanme reference nuneral increased by
100. Al thoing piFitgliyr mogntséh swthet trely 2300sfoomovemerti tetwesh anh@eoapsinioa
tray at the end. n d

can, in faé}tmwrbmolf:'ﬁu'\r/?/gg h)élqong gc?ﬁn%d%ﬁol%af m§s°fl %ﬁﬁape?g{% ]?30‘%0 no‘f ber 221
with the i aBhahallésed posisisrge wdith @Bdagiule isrpositioape irnghadffon of the contents
Figures 11 to 14h show a third enbodi nent of the inventjon in whic
features i MEHHNMBRLIRE tbFﬁdﬁﬁéSQ 1294 t2re By HicHdR POsHRNS AWHNTRIE® lagerfﬁge Wﬁe
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operation of this enbodinent i's identical to that of Flgure except

that the ofenitngcB02 siin in Hee itothanérbopoelyoBUE Fapsuigehilco fdabtres of dl@@ ﬁ@ﬁt
the body 388\b§{ﬁme?ﬁ5re llagnt f[e%ylﬂ?ﬁjigl s%c%}ldbgmg&ﬁl%gﬁdb}f {h%ngaﬁleyg?ere eral

t he body 3 onger “requlre

310 as novenesakedby tde tray in both dlrectlons can be effected by
pushing the tray in either direction fromeither side of the body as
shown, in particular, in Figures 146 and 14e. In this enbodi nent, the

capsul e is st Ahthoﬁgﬁﬁﬁ@@b i@ @B dxTsegTayReof oM BYshiE Ay It |tlQa $MBOF the
sanme position, but is instead possible that the tray may

noveabl e cmleébeqiby ﬂt Wi beryindersiood gbaiihepns o @st. bo aeyved ééortgq@e évaéx as bng
to be inserteq,lntQ LQ?%E elgﬁ%l&&q h&ge%‘ﬁ’?ﬂﬁq’*ﬁ%‘? e Og‘chﬁteher

In one ot hér p055| S no ustr
capsul e tray may be conflgured for rotational nnvenent about an axis

shich 1. peropadiellar, 14 Lhe, ULIPLRCE LUbG . 2 i S TRUE
353. The bb&dﬁloﬁrﬁb{ﬂdmﬁ?ﬁﬁf |eﬂ1b@ﬂin{dﬂ€ afyTlIe Al RNt Sn®the same reference numerals
increased by 200. The configuration and operation of this embodiment is identical to that
of Figure 1 except that the opening 302 in the inhaler body 300 is open to both sides of
the body 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 pushing 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 i5a and 16a. These bl ades 350 are shown anchored to the | ower
wal | 309 of the inhaler body and the manner in which they wll be

di sposed in the upper wall of the inhaler body is the sane. The

i nhal ended to be re-usable. Inhalers enploying plastic or ceramc

bl ades are novel, Reruic inhalers enploying plastic or ceram c bl ades
are novel. The inhaler of the present invention is intended for one
month's use, for one, two or three capsul es per day.,tended to be
used 30, 60 and up to 90 tinmes. The devi‘de is operated as foll ows:

The tray 110 is withdrawmi fromthe inhalero as to expose the chamnber
12i., and a né"\isgurs@bﬂae&iézcaﬁslﬂlaehd\m stgiohoadeof thiaateoboHenapbarfberelkRible-

Th 110 back. into_.th
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As the traypseyesvé neostollehcopenringled02,thdsbelrdliage shel®ih d5ke blaaved given

al ong the slots [ 55 Itand cut aRts in the top and bottomol c
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The resulting pressure drop inthe in ation passage 105 firstly
sucks t he capsahe3bht thedbmdarenbodgaiinst figthe'l 7pass ageridpe therﬁgannhmms of

Il 10e b i i nhal at i
sppe vl 10 oy Bpen 10 305 T, I 0 bassag? GpeR 105 .
subst anti al inaexposednd ehet Mendenhalatiihomepassagedid@bed Theearppendadfof the

the ea
inhaler body is the same.

The inhaler is intended to be re-usable. Inhalers employing plastic or ceramic blades
are novel. Re-usable inhalers employing plastic or ceramic blades are novel. The inhaler
of the present invention is intended for one month’s use, for one, two or three capsules

per day. Therefore it is intended to be used 30, 60 and up to 90 times.

The device is operated as follows:

The tray 110 is withdrawn from the inhaler body 100 so as to expose the chamber
121, and a new, sealed capsule 123 is loaded into the chamber 121. The tray 110 is then
slided firmly back into the opening 102 in the inhaler body 100 until the rail 104 is
engaged with the rail stop 124. As the tray moves into the opening 102, the blades 150,
151 travel along the slots 155 in the tray and cut slits in the top and bottom of the

capsule.

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 passage 105. The top end of the capsule also



22 fornms a seal with the surroundi ng upper wall 108 of the opening
102. Wth this seal preventing air fromentering 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 | ower
wal I 109 of the inhaler body 100, through the capsule 123 by neans 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 di sperses the dose of nedi canent po¥der it contains, entraining
it out of the capsule, into the inhalation passage, and finally into
t he nout h dornsos ecall ovithf ihaadurrdemdin@mppatwalhéOSjeﬁ itheedpdnmgatOZ:)ﬁN oh tlhiheseal

body of the user. carer c t he k. .whet h .
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enbodi ment n@futh Hiendsé hitlteal @fliveiyent fHeaReindd lobat@Atolf ¢ ke oderaiseded in
detail in figures 14a to 14h. As di scussed above, surfaces in
contact with the capsule tray, particularly in the guides, are
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tray; or a vacuum systemto draw the powder which is in the space
bet ween the body and the novable tray; or a gap between body and

novabl e tray wmeﬁhh@uwr@&cﬁ&vmﬁmroﬁaﬁgtﬁo@aﬁon ZBrdebhan{sANBRAY e RHliz&Which
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with (11 invention are described in detail in figures 14a to 14h.

As discussed above, surfaces in contact with the capsule tray, particularly in the
guides, are preferably textured or have a configuration suitable to prevent or reduce
powder accumulation in such areas of contact. This may be achieved by an uneven
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



bet ween devi ce powder residue to snooth novenment of the tray into
and out of the opening. The provision of the textured surfaces on the
capsul e tray has the effect of helping to dislodge any residue powder
fromthe confronting surfaces of the body by a scraping action,
significantly reducing the build up of powder residue and hence
reduci ng the instance of jamm ng of the tray in the opening over

prol onged use. rutting el enments have been descri bed
above as being alternative nmeans are al 8 possible such as claws or
needl es. The cutting neans nmay be made of netal, plastic, ceramc or
any ot her natterealthavhie ioingorzotmpat iaby ecombitatian pﬁaaunlmf@ﬁmrﬁ@aim famcticond
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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 the build up of powder
residue and hence reducing the instance of jamming of the tray in the opening over

prolonged use.

Although the cutting elements have been described above as being blades,
alternative means are also possible such as claws or needles. 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 sanme material for body and cutting or piercing

el enents, so that such elenents are an integral part of the body 100.
The manufacturing process nay enploy the sane material for both body
and piercing or cutting elenents, or different ones, such as netals
or ceramcs, if one material is nore appropriate for the body
function and another is nore appropriate to the cutting or piercing
function, but the inportant thing is that they both be manufactured,
formed or noulded in the same common ne#uf acturing step. A sanme or
common manufacturing step is defined here as an operation taking
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moveabl e r 8YGEi V¥ EAUPAR 8 IQverdrapuRsing st catte el enent. In the
storage position, the cover closes the nouthpiece and protects it.

The cover can be connected to another conponent of the inhaler, or
have no tie. The coéngchigdesl ). dah apethen famedruttie theanecessay, cyjdng pyrfse so
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wi t hdrawn Piesting precuting sdgrev af theelemsat issnt so that they cut through
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hel ping to prevent janmm ng of the assenbly during renoval.
thereto or may be a Separate element. In thie 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



EXAMPLE enbodiitested to determ ne aerodynamc well as its powder
dose delivery.perinental |actose based blend conprising tiotropiu.m
at a dose of 18 mcrograns per capsule was then fornulated to
determ ne the dispersion and the entrainment efficacy of the inhaler.
riding of the fornrdation conponents to produce an ordered m x and
determ ning the batch Fonogenei.ty. the thrnul atcd powder was filled
into cellulose Il PMC capsules, size 3 (Capsuge USA) to be used in the
device of this. ca / . i nhal er was tXien tested, at a flow rate of
35 litres per mnute a.nd a pressure drop of dirPa on a Next

Gener ati on Inipactolt b¢ Gapl ey fiScireftibly opsidclk yhardet uated fttwbeenicotialit ow
a vol une of 2(¥ 2 litres of air to pass througn the device and the
mass ¢ drug d%p03|ted at each stage of the cascade inpactor Taas
gquantified using high pressure Ii qU| d mat ogr aphy. From t hese dat a,

the emtted dose and the fine p , Where the emtted dose wa

the sum of all Omw@ﬁwg@sm%ﬂﬂre@iﬂ OE @a tmym dadte Bmovalgighe %neﬁbcapsuie the

col I'ected below tR8eDa GLORLEULG O ¢ o%ga R thal PGy @k t@roQ% h & kiR of the
particle dose to the emtted dose is the fine particle fraction and

is a measur eapofileian Irtais @ﬁthérfawﬁcﬁmm&y boThelthi @h@emt& the pbisrelipan thiedlagks of the

garsnemr ;[ 22 dhbgg?shca 8% g}heggsp%%l %s§ %vggﬁra\gg g‘rdr};la- E}gidr cea%%s‘lel }a%‘nn%ng of the
mechanism. Altematweiy, 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
HPMC capsules, size 3 (Capsugel, USA) to be used in the device of this specification.
The inhaler was then tested at a flow rate of 35 litres per minute and a pressure drop of
4kPa on a Next Generation Impactor (Copley 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 impactor was quantified using high pressure liquid
chromatography. From these data, the emitted dose and the fine particle dose were
calculated, where the emitted dose was the sum of all drug masses collected from each of

the impactor stages, including the inductor throat, and the fine particle dose was the mass



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 conpatible with the ability of patients.

sui tabl e for pulnonarynasal delivery, conp inhalertray having a
capsul e chanberd therein for carrying a
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of drug collected below the 5 micron cut-off point. The ratio of the fine particle dose to
the 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 meg
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.



nt ai ni ng capsul e;i nhal er body ha an i nhai er body opening
formed therein defined between opposing upper wail and | ower waif,
sai d openi ng having at | east one end open by mms of which the
capsul e tray may be engaged into the opening, an inhal ati on passage,
whi ch extends throughpens into the opening in the inhal ation body and
an inhal ation tube at the other end; and cutting nmeans provi ded on

t he upper and | ower walls; apsule tray is noveably
engageabl e in the opening through said ofen end between a first
position in which the capsule tray is withdrawn fromthe opening to
enabl e a capsulLéAfliShe | oaded i nto and unl oaded fromthe capsul e
chanber and a second position in which the capsul e chanber is aligned
with the inhal ation passage in the upper wall and the inlet on the

| ower wal |l of theddoslyvdco ienad aibbbabathdfoRfy bhease dicar@ntomprising an
contained in the capsule t.hrough the inhal atjion passage, the cutting
means engagiigicf Kedx a aftPsBbtitMasmethe@PedpsebadoHe BHpeUPRcHPARE 2

i's nmoved fromuidisehidoshiROskdk@Op: i Sk ition in order to cut
openings in thg tgp gndlbﬁff§ﬁ1oﬁhtheﬁggggﬁﬂggﬁ%haracterised hi that
the cutting neans ahhler bnlyalpeninp detyned gt fio drBaedofetvira anengrater ivall and

o T e SR8 SR B Sl s
ai m L wher eimytbenpody iandid gansgare fornmed by a un!tary noul ning
operation, 28 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 moveably 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 and

formed of the same material and manufactured in the same unitary step such that the

inhaler is formed of only two operating components.

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

formed by a unitary moulding operation.

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

are blades.



4. A dry powder inhaler according to any of the preceding clains,
wherein each cutting nmeans has two cutting parts, which are
substantially perpendicular to the direction of novenent of the
capsul e tray between the first and second positions and which face in
opposi ng directions such that, in use, one of said cutting parts
engages the capsule as the capsule tray is noved fromits first
position to its second position and the other of said cutting parts
engages the capsule as the capsule tray2§s noved fromits second
position to its first position. 5. A dry powder inhaler according to
claim4, wHer ejAndrtyhmw,cimtihhvgermnsiirag & bhwnoéshapdcedieg mlftimis,nyhgam gach

are cuttin es of the blad al er a co di ng
fo Tl a m o uGRE Refs ol ot 2 s DL B SR alAlF S Al B0
7. A dry pawd@loni sthabesmdae oo i ag)sm@ tﬁdyalbemvéen b ered ihde@@bncbbasﬂt@od@aa‘hd
a doubl e curved cross-section. dry powder inhal er according t

any of cl aipchsfagqinoppgfiag élfFFt@aé ﬁuqbﬁhaelra use sQerRftsridCHItingsfe eagnges the
axis crossi g&%gfeha% tﬁ@{:"e;prs@ie(?[f X i ﬁlO%@(Ff"rbﬂrlts firdt pd%lt%%o %Wﬂd' §8bL4ind the

according t of clalns 8, wherein each cutting ns iIs .
conf i gur ed otiet wa iseid auting pﬁg“tSp%ngagesethe eaplutyg as ttsseapmle aialyyls moved from its

perpendicularly fromith | | f the body with which it is associated
t owar ds thgﬂgpﬁg9ﬂ§g}ﬁﬂ§%*%ﬁg lan 10. A dry powder i nhaler

according to any of the preceding clains, wherein the capsule tray

has opp03|ng upper and | onwer wall s which adjoin respectjvely with the
upper and Powef* 4IPogdgs infiplgr ot eg ey auwh?fami B cpiting ndapg e blades

renmoval of aﬁme%ﬁaglpﬁngmxeu&rngréagaeof&mg&e@ body opening, the outer
surface of at |east one of sai | s having a textured 12. A dry

powder inhaler accordin to claim1l0 or claiml1l t, wherein the or each

textured Sur f ak€y Jg'aéoc L i‘%afl%r%%é}dﬁ%n{o glg%? 15C %ﬂ@g\% Seaa{ bla V\'ge has a l'%)zenée

13m - spherical pr I ons ereon.

accordi ng queﬂakﬂ@s@ﬂom text, has a chevron shaped pattern forned
thereon, 14. A dry powder inhaler according to claim 12, wherein the
or each textured surface has a plurality of parallel ridges which are

per pendi cubar AQiry BeweH ISl @factdi8ing AP 8lding 5t WRein each blade has a double curved

cross-section.

8. A dry powder inhaler according to any of claims 5 to 7, wherein each blade is

symmetrical about any axis crossing the centre of its section.

9. A dry powder inhaler according to any of claims 4 to 8, 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.

10. 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



15. A dry powder inhaler accordingor each text.ured surface has a
plurality of parallel ridges which are obliquely inclined to the
edges of the capsule tray.
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surface which operates to reduce the build up of powder on the walls of the inhaler body

opening.

11. A dry powder inhaler according to claim 10, wherein the textured finish is present

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

12. A dry powder inhaler according to claim 10 or claim 11, wherein the or each
textured surface has one of a pattern of ridges, channels or hemi-spherical projections

formed thereon.

13. A dry powder inhaler according to claim 12, wherein the or each textured surface

has a chevron shaped pattern formed thereon.

14. A dry powder inhaler according to claim 12, wherein the or each textured surface

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

15. A dry powder inhaler according to claim 12, wherein the or each textured surface
has a plurality of parallel ridges which are obliquely inclined to the edges of the capsule

tray.



