1 A SI MPLE CAPSULE- BASED | NHALER The present invention describes a
re-usabl e pul nonary or nasal inhaler enploying capsules of sinple
construction and operation and | ow cost. I nhal ers used for the
delivery of pharnaceutical conpounds are wi dely known and they are
used for the delivery of several types of nedicines treating |ung

di sease and as -well as for systemc delivery. Several types of

i nhal ers are known, fromthose conprising a dosing valve and a
pressuri zed canister invented by Charlegs Thiel in 1956, to nebulizers
and. powder-based inhalers. This latter category includes
reservoir-based devices, coRhabnk g paubwlkasentAatmerrof powder from
whi ch several doses may be dispensed, or a supply of unit-doses
packaged in blisters, or sinple capsules which are | oaded by the
patient, cut th i,.ce ' del i f: i Ci :
powder under t éa%ﬁ%’?%¥&%?93§?¥@%f$Egﬁﬁé%ﬁég#gg?ggfﬁﬁgt. T%éﬁﬁréigﬁn
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several technical, challenges, j.n relation t ral del,i very. .for buccal,
o or i niBtR iR SORE Selilhd St S fishfod ktef oL ¥E Wiad? kp e oF
Si npl e reasqbythabsditie hesdivegldiyvesy Sipeivt Sedestgnadng Dnpréyestnd as

powders, dusts or particles fromreaching the lung: In_ addition,
powders w t Fedpes rf%l SYSHIES ety ¢ ﬁé‘feé?&ttéfP‘i’Sngé%h el kgovRy %;ogngppe

particle si ihhga s@%ﬂf‘ah@f & 2 LResriTb £ERRtdr I dh@INBY Ehaddserhdy B BBk,
to stone co%ggkegﬁgﬁdéa esi@g ?%rgeg'which érevent %héadgse from

bei ng adequét ethylidérs pet peelcaheseg ridpéar.  hirelgbei qategoryi nclpdrs BesivEhased
br onchi ol es al | j ddi t.ion, j 0 i i
considerablfgﬁg?rﬁéﬁ%@%gﬁiB?%égg%%%pOFQ%gg%gboﬁhgmlgsggg?lﬁmﬁ?gmyﬁg
field of dryispawd&roriashalleobynit-fiessepachedet émfigerhav einyde naradds weskdrdy

two maj or inventjve trends. as f red, t.h | t. of
sophi S![ i cat é‘?i‘%ﬁ‘%y %@(Pﬁ%%gfﬁtl W%E%g%?eggggvg{?ﬁ%cdg V% Y Qr%%g %g%ﬁ%%ﬁP &Fer s
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advances in powder technology allows high dispersion |eading to high
| ung deposi €#8%PT%nd t heref ore good efficacy, as well as easy use and

l'ow cost. V& heligng dehicdy BRbdn@kel Sall BEmIMRS Eha8@Jelin 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.



2 The prior art includes many references to capsul e-based,
re-usabl e, devices. Indeed Allen & Hanbury's Rotahaler (US 4,889, 114)
is one early enbodinent, with extrene sinplicity, but where the
delivery performance, particularly the emtted dose, was | ow and

hi ghly variable. O hers al so described inhalers of the same type,
such as GB 1,182,779, Spinhaler; US 4,889, 114, Inhalator; FR 75
21844, Cyclohal er; PT 101450; US 2003/131847; WD 20041082750; WD
2007/ 098870; WD 2007/ 144659; WD 2009/139732; US 2009/194105), but the
addition of netal cutting means or theZnecessity to add springs nade
assenbly nore conplicated and increased cost. Mre recently, Tsutsui
(US 2007/ 02838%83)iohas inslusisbmedy vasergnoss teptapsylerhaiedrrewatie dsvices. &iiged of
t he capsul : g V.
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proposes angasssity dp ifl apringsvinads . assedly Impre complicated and Jacrpaseds cogh| kore
deliver re i : inRQWderk
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i nt er act i onf thetcapsie povaiernd e ddmdsay the wapsuleaire remeledcowevearnirathes
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and bl ended with excipients to achieve total powder doses
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lung infection, are targeting rmuch higher doses, of ny
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powder, it st, still be designed to divert and channel out any
excess powdEFWff®h may accunul ate under repeated use. This would be
benefit. ket eftBmcth bl®e&ltdolwvaer, "RRIOE s b heat@ap Séddencys &Y ghidde

desi gns have been proposed (FR 75 21844;' EP 1, 245, 243; US 6, 470, 884;
US 2007/ 028sdssical\sormpowsy)sy 4nd the yormpah opeEgn ehigheeys hobenasied &y the ¥erys
whi ch. hav ' M £ BSseGRRSHY Rsdi VHAUY BR AedARiSNE
hol e, whic y gc\t}\(fga%/geér}%%%%odﬁglly%t}]ow, e‘éﬁt dgeg not epr event theS
powder fr da dgbivedetl iy iobelatioh wére tyragedlyl wery potedli zsthatayangl eraphysemaideigs| n
any case, air and powder .passage hol es. whi are. t.,0 rge.. pr gvi, de
for a del i@’ét}'ﬁh({?’ﬁlglp 16 Y SHAL, Eoé}nﬁg %Eééslér%giﬁ ar 0%8’%(1'%% dglgt\}\%erobet&e
aggl omer at#sniktpdosbemang nggssfatesgtas and dildpet wald excgaaseuehicly/total

there is the need for an jnhaler where the geanetry and size of the

ol €5 i | IPOBEOS 1T BIfer ShEnE SO Brievart gowger PopFied gses. drugs ™
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effective di spersion and deliver In addition, the prior art
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In actuating the capsule, the inhalers of the prior art require a
consi der abl e nunber of steps, due to their nechanical conplexity (WO
2007/ 098, 870). The Handi hal er inhaler (WO 2009/013218) makes the
patient operate the device trough two openi ng noves, a | oadi ng nove,
a closing 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

i nhal ation: open, |oad, close. 4 The engi neering dilema hi such
devices is that the inventor is tenpted to address operational

chal | enges bipei herédsi Wittt hehreghdmkegahe opmplueity tiyr dfvidehengendmteto fail
detrinmentall increasing the.c lexity. of assenbly, manufacturin
cost, |ong t%drc?ﬁsfﬁ &P %%??f?‘t‘%ﬁsﬁﬁ%&g? fﬂ“&%@(ﬂhﬁf T ﬁ@?ﬁ‘@%%@%@ve‘?ﬂ el liast
the present dunwxesfuilpnidaabidme ssef §fi GilRcor ledi@lg gidek, tiymudt @WI be designed .
manuf act ur i ngdcost gngad]g se of use, by addressing all_ of the
shor t comi ngsPiCHEHEf £ ‘gltﬂ’)‘\t/%‘?y SEBESE ATV &R RA PR Rte tnfergepaalpd ibe
based devi cerpu #bui won&Rmponents only is novel in its own right.

The present invention provides a dry powder inhaler suitable for

pul nonary or ndsEMmye] e sping cenant Pgihﬁgamtﬂei, ptvatad debgdyhaandeen papsutie
tray having c : f ' Iy

med cament contarn rg pasearas SRIRERTR DolhsER W BB g
openi ng for ed theloginseded bnbthdbe vk rhavp pbsicagnitgpétosnatd tanchphanes

wal |, said eni havi at_Jl.east one end open_.b aps of which the
capsul e tr a&g ?%g‘f}é]%’ega ‘r%l&;"g"é% ‘f’lﬁ‘f@lb aﬁ(ﬁ S 8?f§rﬁ°ﬁg nfo ﬂg‘}%n‘ﬂ’ﬁ &Pt grpvent the
passage Whi ghwet @6 spillingaugbf s@ictpsuppieimatieddly e @PBBSIni dﬂ};(bageb 8ir and
opening in the inhal at il}on body and an inhalation tube at the other

end. Cutti n@owgrﬁasﬁg% PledEh Ahiwodpise Tl Tobheieliveay it isdherenia ande
capsul e trayioks nfDYBAP| G eRERGLED I%m'eﬂﬁs] hg QPSR RS B&&H&%ﬁfﬁ%}?%}geﬁﬂ

end between a first position in ich e capsule tray iIs
from t he opénPifguendlyecthatsliethy neethdupe inhalebwhére Htkegboinatrp amheizaun] thatelds

fromthe ca ikion in which the capsul e
chanber i o ATt oneq o pRAe e REPRS RO SHLAT o oMb sl RRRMaRe
the inl et onfiihe dlowergrablal dedifery heffebigabyditpersemalt delivehal ati on of the
medi canent co i i,n the capsul e through the inhal ation passage,
the cutting rreri%raiag&glg%at P Rg°t A 1?%?9“8‘1‘?3’ ’E?getgf 6%&’5? mf‘ﬂ%“@gﬁ%inst%ai 0? e
capsul e trayuiiisg moaed drr omelitls, Wiheshs PRSI bi@N oh® dft SeSBERRE BOSIL i QN

in order to cut. openings in the top and bottom of the capsule
charact er i sS4 ACHE chh andbt ?I}@rﬁngeaéﬁ@%\ﬁ‘éﬂhﬁh?fe@? &tlerp thatcarsyiee on the

i nhal er bodyshstigh aﬁcﬂiﬁbn,tthﬁég?lﬂ&fﬁéf TS Ju@c[t{gﬁéhggfis QBN HUWR @Q%ﬁ&:agtgof

conponents. The dry-po i nhal er of e present Invention

i ntended f orhgaisrthis yesoectribeals eneadde Yovelnpoindoimparives: tae Littisg means

noscpi coo, - SanaE DB R RALEL LR RRREE B P ots, "an openi ng

for a second Eompomiegthe bk, tg inbdas of thehwlod ait Neqpliraceohigersige andber

operating cQmpONeRts i, Yheir 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, 2 closing move and a piercing move (5 steps) before inthalation.
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 ation of powder, neans to limt the
novenent of the - second operating conponent, neans to give tactile
feedback to the patient, cutting neans and neans to allow the patient
to see the capsule contained in the second operating conponent during
actuation. The inhal er conprises a second operating conponent, a
capsul e tray, conposed of a tray which slides within the inhaler
body, nmeans to transport a capsule and hold it in place for proper
operation of the cutting means and for 4 nhalation, neans to limt its
nmovenent inside second conponent, neans to prevent the accunul ation
of powder andTheemgneeungdienmnaot jucke dé‘ée&sﬁa&mt the inteatopas fempted to addthes

i nhal er co ses ,a t t| onal one dust , cqve i
fits over '[%é’mi lﬁﬂ%{l gaﬂﬁlgﬁfl dncrgasglgm gne n%’aomcﬁ} ecvoénr?%exgﬁs{;f |t}rllegr(%glsce
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capsule fr in.rel ntot elnha r body to osethe caps

| oadi ng cha’%{%@‘ “Vrfmgh"éf 1cagk o the dpvse: ﬁ‘ﬁ (gé’lcé O(fafB qgent Ry FhEEn ¢ féleves
capsul e frayrsend/natiabilke, RaPSHhSadniragelost 4@ Shsd d¥ause, Wyt ddagesTBa IS of the
the inhal er body, means which slit the capsule extrenities and the

pati ent i nhdPresmings identifithabaiei 5nachisys spel ¢ esslt &1 3 esule fased gggige with
fray to the,gr. Fﬂb&?elnts%?xﬁﬁ%gvél%@'% ition, which is the sane as

t he used capsul e‘renoval” position, and extracts it. The inventive
el ements of t Hee peestnventiog ervidssa driepatiderinheldr suitablhéoripyivadrary ¢royal
and to the sul e and. t i,

features ofcﬁ’Jl ﬁ r§/’ n%ntﬁr%%ga%eméglg g&ﬁ} %&(PQ F %J&?e %‘% é’aﬁ&hé ¥Hiamber
conponent s fotthed th&eﬁrfot twrgyintg a/medit:zezmenh esreafing capsuhnquz)eﬂlalﬁr brgiy has an

conponent i.s cribed.in_thi ci.fic |on as_a conponent

i ntegral adﬂhaﬂ% A% RFEN TS ‘ffl? flﬁfﬁ"ﬁg EIVERY OPROSEESRRES Pl £8 é?%er
mechani cal ppeEAd bpinfhat g at REBLES endAped Bem@uslof &ON@Ithe SapBlt tray may
essential to the nmechanica operatiaon of the device bel ng needed for

hygi ene r eé@oﬁ%aﬁﬁdnﬁoe@w‘)&?w& apd gty iiRhalation Paspe W dsexiends ipareh spid
said to haﬁp@ftw'(hﬁﬁﬁt fbothg‘af)&dghﬂ%é WBa1ofa BdynEdGa m&%ﬁ ubeldie

i nhal er and the capsule tray. he I nhaler is cgyr/{r}grlse of a
nmout hpi ece ti othes epd- dewtingl hiegns grogided) l@e thkivppat andnlewex taderi wherpig the
shaped to ent t |

round or sl |%S§{el t1ikayol\g?a O%%%é‘?s%é?gga? e,iﬁ%?ﬁ? gt )c%%lhc()) % ﬁ%d P%elﬁ%

be round Orﬁrslpogimbhyn ovtath, thercapsule tray is Wlthdrawn ﬂom 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 iﬁhalation 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 wll preferably be snooth,
with no features, cyclones, chanbers or corrugations where powder nmay
becone trapped. Its internal dianeter may be of constant section, or
it my vary so that the speed at which air and powder travel through
it may be accelerated or slowed down and thus enhance di spersi on,
entrai nment and delivery. At the extremty of the tube which is
away fromthe nouth, at least one air inlet is provided which admts
air to the tube, in sufficient quantity f§or the patient to have a
conf ortabl e inhalation experience. At this end of the nouthpiece, the
| nternal - di ajel it Ocichea Bl AILRR dhRlichlhanbS Lt 1RShcheor fre
di amet er of e inhalation In so that the capsule is prevent ed
from sur gi ngselcm%u}gﬂnatmecmwmm @@@Sd:grglmg tachleafeadtooh to the miisnt, rititingr
body is provi el ol-Tal My recei t.

capsul e tray Igangaabnfl a%s t? Ele{vl %g:'l%hgr{% s%g tlYee %ebp% %a&ﬁﬁ Ii%gnllflﬁtlﬁelsg&%d
conposed of @jeramgemlnpmethMgactbnmr waII and a front waII and a
back wal | . ]nhé‘e t he vertical, di st.ance bet tqe ugper wal.| ¢
and t ho | over  GBT Y fOTRESGRA Sr T EAHOE CHEPPEiigh RESYE (HE GHReaR et o
size for whigdy #heh khdhalvafhin Sedsilgnedy, thént tbetraagat @fcapsunwﬂaeﬁo@n in
capsul e, the speC|f| cation of which is 15.9 0.30 mm (Capsugel ,.  USA),
that verti catlawiisr areer wperatiopef e qutting fofane Had dersigh@tioon @egs fopimit ifs
i nhal er embag, BinGifie E%anpi’:&ﬁ%ﬂ%nt' ﬂXﬁQttd venﬂ}ﬁ de BRI d@%hl)vﬁeroahd
this opening wl |l genera ['at” and so as to allow the
capsul e try meanbé glm@pmledeedbacklto tham:wmb al I ow the patient to nove
the capsule tr c i

moti on of the ShseitE Bryistdh BT Shund PRt SN ek AL KL e
rail mechani ﬁ]ﬂﬂleﬂkﬂ@ﬂy? ndnss Idbmgmﬂ & metdat éuscmjgreescpmm@smgawlamﬂ traugpbihe

capsul e tray. I ntern, I1s of the openj e provi ded
o Th smal | o) e BrbrBneBbtdrnbe s TpERah e PRleORR S PupRete
novenent of dip@iCRRSHE BhdniiRY in 0B b&hRuMital, BERMESs e, le&kthé@ap‘éﬂwmdy@b
tactile feeling to the patient during die noverment of the ca

s
tray, to indhedbeceppde tfﬁ‘f?és pasHiar SttiphmsEsiie fsinlvag bpeeieaarREd. s ltI"#i@

i nhal er body,, R@é"leﬁﬂ%ﬁedow kdeghivhi RniBansad OnhdiMdn, HRE phtfay %hde@fthe
t he capsul e t ay and prevent the patient from pushing the capsul e

tray out of capeld nabaltoethebum}nai Iqansulgﬁoak@s@ntm, fadriabels ghe psve Aefite, used
Such interfer en eer%mgg nBg (nanl ext aﬁ{q%(:ks are common features of

mechani cal dé&% P TRE er body is further provided with
two air inlet sThaMﬂveﬂmvaelemhts gflé:d prdstrh itvenigorl e dirtaudi tnahe akils: tofdythé

mout hpi ece or osepi.ece: the inphalation inlet reV|o nt.i .oned
and an air il g? CWﬁ‘iﬂE I‘ifayﬁﬁg ibg %@t h‘ﬁbg’ﬁl sgverd iR nlnﬁ% f?aﬁﬁﬁg%{rﬁ%ﬂma}“ are
position, ad@hbhmedifithinQwbloperating 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 parté 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
openi ng The bl ades are di sposed so that their cutting edges are

per pendi cular to the upper and |lower internal walls and aligned al ong
the sane plane. Therefore the edges of the blades are in alignnent
and. this alignnment is parallel to the |ongitudinal axis of the

| oaded capsul e. The bl ades protrude fromthe upper and | ower internal
wal |l a small height, generally 2 nmor |ess when using nunber 3
conventional pharnaceutical capsules, so that the cutting action wll
be limted to the extremties of the capsule in use and both ends
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appl i cat i orovided 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.



An additional inventive step is that the bl ades are doubl e-edged. In
ot her words, each bl ade of this inhaler conprises two edges, so that
they may cut the capsule in both directions when the capsule tray is
pushed forward i nside 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

i nhal ati on manoeuvre, but only to allow a confortabl e novenent of the
capsul e tray after inhalation, when the7patient brings the capsule
tray to the open position to renove the used capsule. In the nost
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present. appI I C&I tlhe 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 between the open and cl osed position. The capsul e tray
conprises four sides dinensioned to fit closely in the inhaler body
openi ng, nanely an upper wall, a lower wall, a front wall and a back
wal | . The front wall conprises a capsule chanber and its function is
to receive the capsule containing a unit dose of pharnmacologically
active powder. The capsul e chanber may be a cylinder, so that the
capsule will be loaded fromthe top, buf¥ preferably it will be a
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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 inhaler for inhalation, open, |oad and close. Many inhal ers of
the prior art require four inhaler novenents to prepare the inhaler
for inhalation, 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 conpliance. In use, the patient holds the

i nhal er body and slides the capsule tray to expose a capsul e | oadi ng
chanber. This is the open position of tQ@ i nhal er. A capsul e
containing a pharnacologically active drug, suitably fornul ated for
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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 nouthpiece. As an inspiratory effort is applied, the
air flow and the pressure drop cause the capsule to nove forward

i nside the inhal er body capsul e chanber until it bl ocks the

inhal ation inlet at the bottom of nouthpiece tube. Since the internal
di ameter of inhalation inlet is less than the dianmeter of the
capsul e, the done of the capsule which is slit enters the inhalation
inlet and effectively blocks it, so thaf, air is forced to enter the
capsul e through the slit in the opposite capsule extremty. The air
entering the sul [ h this | [.Slit.d ' La - inl et
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Figure 1 i nca%leé {r%;, or 41 %gro%%ﬁﬁérh%} 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 4 is a side view of the capsule tray of Figure 2 fully engaged
with the haler body of Figure 1 in a second, closed position; Figure
5is a side view of the inhaler body of Figure show ng the inhaler
body opening and the cutting neans provided, therein; Figures 6 and?
are end and perspective views of the capsule 14 Figures 8a to 8c are
partial top views of the capsule tray of Figure 2 show ng surface
finishing thereof according to 3 different enbodinents; Figure 9 is a
perspective view of a second enbodi nent, of the invention; Figures 10a
to 10c are the inhaler according to the first enbodi nent of the

Lnvention in 3T @is];: fc%;n%gltzen?sp garnaﬁawia angie 5)39 Sltilj%ci:t%%%'houlding 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 inbaler 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



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

enbodi ment of the invention; Figure 12 is a view of a capsule tray
whi ch 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

t he i nhal er;
bl ade shape;

Figures 15a and 15b are top and perspective views of one
Figures 16a and 16b are top and perspective views of a

second bl ade shape; Figures 17a and 17h_are top and perspective view
of a third bl ade shape. Al of theséZenbodi ments conprise the
inventive features detailed in the present ag&%iqation and .t he person

skilled in thabthg/ihalgtipy ppsitionshas been tgaghed- thed
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i nhal ers somkngggdggﬁgﬂhgﬁbgns innoway limt the invention to the
enbodi nent s descri bed.

The patient exhales to empty the Iungs 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.



Referring to the drawi ngs, nunbered sequentially after the word "Fig
", like nunerals indicate |like parts, and each of the three

enbodi nents is identified with series of nunbers where the nunber of
hundreds is the nunber of the enbodiment On to 3xx) and the

equi val ent feature in each of the enbodi ments has the sane nunber xx.
Referring first to Figure 1, there is showm an inhaler body 100 which
forms one part of a two part inhaler assenbly according to the

i nvention. The inhal er body 100 has;an opening 102 fonned therein
for receiving a capsule tray 110 as descri bed bel ow, the opening
bei ng bound at 0 ot .0 L Ng I 9
wal 15, A 1 nnal BT ohe puEadal bR sRARARAO0 A Ry ANEHE, LBHEE 5p
t he openi ng beaas theohgl ecetid)3int ceabed tat sk cimpleoTht hetidho dyiutB0ths 0

15 as to provide fluid c ni cati on between the ening 102 and the
mout hpi eco. TR g BN PYUEH SO sBE5ST OF AP CEN S Fower. val | 109
whi ch ext ends fTroOMbRe 0@RENIALerliAetdalitdieo 4Be@ical H®sBAY 10100 bs®y),
as to provide fluid communi cation through the |Iower wall 109 into the

openi ng 102, Vit fePetsorda lgnt. i tirah giseases laradfyior siiegaeatlys Pl ckess gtr ke
of the | Omrag\g%ik%g.]g? %albﬁtglrngy 984 tﬁ%rﬁgﬁ%@&%%%caieml Osdh-R8tetoNNah At d: Q81

passage 105 e nout hpi ece 103. e papsu1e tray 110, shown
in Figure 2,sansetgpizettrandinshapet-chdinsgigsovieabl @rargageablogopinm) heanti-

openi ng 102 1’1’11?80%‘%‘1'61%81 Q@rﬁlcoes{er(%gs(jﬁygra‘%l gni?%c%gc{rﬁe@e%%nge@%ﬁ%n%g%kﬁts%%, glfd e?tala%eg

powder cont ai ne a capsu ereln. I'nc
a rail 104 anhorhdtesoh@weiuniaslide, 10@meiblohe)C ceropegiataes amdt medocromil, steroid

conpl enent ar aped rail. stop 124 fornmed on the back of the capsul e
Cray 10, acheBEBEn GHERD (P8 GOTAE hat RN 1 SO AT
Wi th the raidendf4iiSQ zasantifr) lafihkmivhe ofNBY ARGhinkhsd MBILEBRS Uhelgtfia@Y(e.g.

into the opening 102 and thereby ensure correct alignnent of the
capsul e wit Hettpli Alsaleaico Fupasioige HPteine Borfidps 106 avulibstaniseliz,
bel ow. An engagepgyt ; | SR ahsRuls, Ukl ot behuRan &g 1@ld
and the raipg%?ogﬁahfgﬁﬁ%?@és t he opé%gtor’an a&dib?e and/ or tacﬁ?@g
i ndi cati on tahamorphimel apgubywettermived 10.ghadprestic hthkings chyshiiop japewy tled
position. The design and confiayration Nk:-SM. i ..
N thin the RS Sunge SECeraoaa aht flo Sty bl PREIBABIN B
here in any igehahdtoryActivdndl e 1. 12 is also forned in the end of the

capsule tray 110 to enable a user easily to engage and.w t hdraw the

Cray Trom ¢ he Bouye 188, e Tl fgpens At ORaPgarre TR0t OF escribed
capsul e trayodd Quab&nRhefesatd )giv‘éﬁkg_bkﬁ@doﬁ BxAH1d, QeRfVEBEint Merdbub liEk
up of powder thereon which could inhibit the sliding novenent of the

capsul e tr apecPIRapyieIEREesUL "ot he inhal er body. They may al so be
The i nhal er badp e of Pt Rl ot PR oo G M T el T known
to the person Ekirk|2dd ai andet fiew axfta. 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;



A capsul e chanber 121 is fornmed in the tray 110 which is sized and
shaped to hold a powder containing capsule 123. The chanber 121 is

di nensi oned to receive a capsule 123 and its | ower end nay be
narrower than the capsule width to prevent the capsule 16 123 from
droppi ng out of the chanber 121 when the tray is withdrawn fromthe
body 100. 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 chanber and al so enabhhng the capsule to nove within
t he chanber during use as described bel'ow. In this enbodinment, the
chanmber 121 is.furtherpore shorter.than.the capsul e 123 t hat the
Cop and bot t ol BF-L A RAHEATBRHPE iste Ohb SR o Bl e A
| oner wal | s 16@isaingtiiteedt ansrdifs foradiffdrktt eabosiaamy; i n Figure 3.
Furthernore, when cl osed by the inhal er body, the chanber 121 is
sized to provitdBIre AiSEPaISPERiNe VW R Far R PIERHBSRE offly HRtieknsul e so
that when the gig2% 108 (TG MY ifhARr K&BFditeQWR st digbolaiHsal 8f the thvention
position, the passage through the cutting or piercing nmechani sm (150,
151) causes ci % diffeeant epeeatighedposiEonshd repr oduci bl e in repeated use.
Al t hough a degg . I ty, 1,551 bl 2. 4t ; e
restricted. g%ﬁﬁ%?ig%gbﬁéﬁgﬁgﬁéggﬁﬁéfh?ggg%g%g?%%égngﬁgﬁﬁgﬁggggﬁfe
tray 110 suchidveaioophen the tray is fully inserted in the opening 102

in the body 100 with the ral 124 d with the rail, 104 th
chamber 121, S hEped iy CLBNE 53 ae e terat fF b ied daye"®

with the inletiiopening 106 and inhal ati on passage 105 of the inhaler
body 100. The capsul e 123 which is inserted into the capsule tray
170 wi || be sEHVEd Shi Dha GPeTFRFEGRE GrbRaBEe AP - cut 1 ng

nmeans 150, 15%iduQk 184td 1400110draRs REChHIRetBRY RichH & &R, RAE At ARtidsRIOf
the capsule in order to enable air to be drawn there through during

operation. AsthgieM#erin Figure 1, the cutting neans 150, 151 conpri ses

apair of bl aiesd 30, oy (@1Eo o ik £¥1. 80 ofs o beplover val

109 into the opening or pierc ottom of the capsule 123,
and t he ot her Fhreafibzdnddb eredsp fndyparipheivapeass ofalséconddladestape;he

openi ng for piLercing t gp. .of the ca |l e . in Figure
5, each bl adehfgff,s 1?85%1%%% '8%%%?%41 Wt ﬁﬁflgf" }se“%%?attpﬁéb%ggggﬂgé{t endi ng
subst anti al | y AVledsft thesalempoliifitst dvenpniat kheoinvatdiive Heatdires Setaibedninetle pessedtds

the opposing wall. Ip this [ he tr O is pressed intqo the
body 100, R R ATALS S a1 Fféaﬂpgvb&ﬁﬁamwﬁ%%w
the capsul eyfle3nkPr&BRke: EsBAiRAYM hOWapiimnit Be BEeBlGKRALE RMBEdhehide
capsul e during use and the powder contained therein to becone

di spersed idps¢tthsdt he capsul e, entrai ned
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



out of it and inhaled through the nouthpiece 103. Figure 5 al so show
air inlets 130 which admt nost of the air being drawn through the
i nhal ati on tube, as the anount of air travelling though the is on the
capsule is reduced, due to their snall size and there is a need to
add nore air to allow the patient to inhale confortably. Additional
air admtted via air inlets 130 will also increase the turbul ence as
the powder exits. the capsule and enters the nouthpiece via the
inhal ation inlet 105, contributing towalds the deaggregati on of
powder aggl oner at es. The hei ght of each. blade 150, 151, that is
t he di st ancesits ppvajeeitis cheyorichtivhdetweleh tvi arsningil6h ahd tesnespedeatlad,
is greater than the clearance between the | 8 :
openi ng 102‘ﬁhﬁrPﬂﬁ}®§6§ﬂﬁé&WP3§HQ@6ﬂ“*ﬁﬁ?“ﬁgb38%§h%ﬁ%§géﬁg¥&§%pmnng
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be achieved there through. In ard hen, to.enable t tra 0 ve
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with the blg)es suéﬂﬁ$hat mhen’thégglayl%logis inserted into the
openi ng, thenbkeitiesotBiccd§B. engage in the slot 155 and are gui ded
into engagenent, with th oh_the, capsubigodld bd Ricveable
&bl Bt BB, R A3 Rl Pe

configuration er advan t the capsule is supported
on either sidgagefibit he ficudehing 100 datthomhaleh&edby00réki ergplingenbaiatianmy 2

operation nore a As .shown i.n _Fiqu 1, t '
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al so prefera open at one side of the chapber .121 correspondin
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in which thaifipadehentenathe tdilearclaps miestop agrichedivdsi the opasatohan pihip épd/or

body. 200 is piyotal rather than linear .- the tra . hej Vot y
mounted to tt?'f'él\{%@ak?a%b&?to © m&m%&hﬂ R losp%%&ﬂ)l%g%t%?%%k%ﬁb%é 4
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d a closed position i.n which, t e i
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251 are proy ‘i’lf‘edenidrbeRé%: QDS ARPY PEIa8Le: t:0r ElISHS BeRgvhidwitheat ahe
and bottom of the capsu as the tray 210 is noved into its cl osed

posi tion andrayfenefiybedit108. slit in the top and bottom of the capsule.
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to prevent the build up of powder thereon which could inhibit the sliding movement of
the capsule tray 110 into and out of the inhaler body. They 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



Al t hough Figure 9 shows the axis of rotation of the capsule tray at
the end of the inhaler body, it will be understood that it can, in
fact, be anyway al ong the body as long as it does not align with the
i nhal ati on passage 205 and air inlet opening 206. Figures 11 to
14h show a third enbodi nent of the invention in which features in
common with the first enbodinent are identified using the sanme
reference nuneral s increased by 200. The configuration and operation
of this enmbodinent is identical to tha%ﬁof Figure 1 except that the
opening 302 in the inhaler body 300 is 3pen to both sides of the body
300 so that the tr 310 can be enga fromeither side of th o]
300. In thi sl&@vgi?fn %XH’PA%P‘& 01? §1%®apgﬁ'gﬁ?ﬂ ‘P’éecﬁ{}}l? &ay &ﬁwwﬂfga‘i’? Lt 6%8@/
novenent of jphe tray in both directions can be effected by pushing
the tray in either direction fromeither side of the body as shown,
in particul ar, Ththeapsyechambend 24 Ag sizad so that thei @peHpdd? neatloose{e therein,
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position, but It I's instead possible that the tray may be noveak
conpl et el y tipsoleghmpyewiipe therragberaring ussrraldessribérebatep dullds erpbdskement,
inserted into the tragy.o n | r ve t . I

one. ot her piesT st o scfBfofEne ol BFRRRSIR W BAP UG mapd i
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per pendi cul ar to.the nout hpi ece, tube. Fi gure 5 16a, and, 17a
show a sect {8h lgﬁ) SBR[ g‘l’éen%o%i“ﬁ’é’ﬁ?%re’o’fvgﬂ’oﬁléfgadg’ﬁ ﬂ’leelflgga‘eho%l’ Hfes
of the presgRimben VEINsis@Rd &Nerotidg udtes] dbblondifldinanshpbdid 16 BeWapsule so that
con-espondi ng perspective views of the same bl ades. In these

drawi ngs, t FEewhafmy srmeved bithedscs owgrds & iplrlatoneosition, thaasragh Jrraiady
line bb" ang.t feudl 3H&iseh 'ﬁ&hbﬁsﬁypm,t ks PAlca@bORG MYt latd ris@Whd
through the section thereof, such a [ine cc'. The bl ade 350 has two
cutting edgespr@Boblgmirepsaed Fherlficadle a degyerioltetatel Bbvimept iscoenigsibls, that
hybrid of t i ments of figures 15a and .16a. These bl ades
350 are shoaﬁugﬁgﬁ%%gﬁ fo the lower wall 309 of the inhaler body and
t he manner. i Mhwhdapduld dhemnbei 121 ibpodiiaed 9e dhd captietranp pHY sush that ofhet e

i nhal er body is the sane. The i nhal i s, intended to be - usabl.e.
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the present invention.is intended for one nonth's use, for one,

! . ) t wo
or three capireyithir Rgherening! & gidenhaatios rasseamided’ ths BelGoety 8. 60
arid up to 90 fyeMBSsule 123 which is inserted into the capsule tray 110 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



The device is operated as foll ows: The tray 110 is .w thdrawn
fromthe inhaler body 100 so as to expose the chanber 121, and a new,
seal ed capsule 123 is | oaded into the chanber 121. The tray 110 is
then slided firmy back into the opening 102 in the inhaler body 100
until the rail 104 is engaged with the rail stop 124. As the tray
noves into the opening 102, the blades 150, 151 travel Song the slots
155 in the tray and cut slits in the top and bottom of the capsule.
The user then places the nout hpiece 1031 nto his or her nouth or in a
nostril of the nose and air is then inhaled through the nouthpiece
103. The respt b Rnprigssedr @rodE0phd Rotithictn hel. didon 5Spassage d0mlets 130
firstly sucks the capsule into abutnmen nst the in%alat

] ; t agai j on
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this seal preventing air fromentering the inhalation passage 105
except t hr ougpsulchedeapsuhemshhpisce tihéesuletliton igppl 05 eehnbybutinetqyardsehe

t hen draws aaiﬁr thro%xgrhthg inlgt opening 106 in the lower wall 109 of
the i nhal er U EEBY O tRY ST RS Hpsul e 123 by means of the slits
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105. As the air travels through the capsule, it aerosolize
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el ements . 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
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,



The operation procedures for the third enbodi mrent of the inhal er of
the present invention are described in detail in figures 14a to 14h.
As di scussed above, surfaces in contact with the capsul e tray,
particularly in the guides, are preferably textured or have a
configuration suitable to prevent or reduce powder accunulation in
such areas of contact. This may be achieved by an uneven surface in
t he i nhal er body upper and lower walls, or wwth a surface provided
with a mechanismto sweep or scrape the _powder when the novable tray
is noved; or a blowing systemto rennvégpomder fromthe interference
bet ween body and the nmpvabl e tray; or vacuyum systemto draw t he
powder whi ¢ find & clagec PRSIUORAR &vhichy e srptlees BeRIyonsAdoR hal5HRp e EPHgps
or a gap betyeer Gagy: Alks 7By a3l Qrd pAYidMNICIbsAOAE SshrERWESG ih@HER @D
bet ween the two conponents; or any conbination of such features. In
the preferré&$ tenﬁ@ggqf@m of the gapsulefas die 5 s aomecisto 4y dasedposition Andf - -

them is Coﬁ{e&"&?h&ﬂ a ;lgrin i Ca GndVpbiloR . Mk cg%éﬁl?e\./q,ﬂ&a?éa&lrr&’ ofthe Iihiste |
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| i ne patt er apbediglkevare meptfiddeinrthis se¢dnd enpatiimenh by the samg rglstamee ninperal
pattern capableé%ﬁ>@r§venting or mnimzing the build-up of powder in
areas of interface”] 8 ween devi ce conponents (exanples shown in
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on the walls_ 108 09 of.the body, interfering with the s t
ovenent o RS bodiy il b SO Bt e BB G TR GHEF S s dene
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to di sl odge any residue powder fromthe confronting surfaces of the

body by a scrafiBwgs dbtq b shepghridcamhoriment gfi Bierigvengan fmehishifpadurepinof
powder resi dyg,and,;Hans ﬁgﬁ"rﬂ g@gsaiﬁgné he JiDsHeNG8nRlnd Y ﬁ%rgce qlnﬁlelthaﬁsay

g il
in the opening over pro use. Alfhough the cutting el enents have
been descr i ectased dyel0fs The cordigbtatide snd opdratéanneit thiseerhodmeenh iseidgitivel to
possi bl e sugh cl s.. The t] e
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123 such as a top portion thereof as is done in_prior art systens.
Exanpl o5 of Ocfie Pedont StoMAGE PESTIATSTRREEOATh Gu MG Oh it sRbadiwent, ihe
cutting nmeansqat & slartbdinkd M fhotefibA e/Ray 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



In the preferred enbodi ment, the cutting or piercing nechanisns are
integrated into the body 100 of the inhaler In particular, the
cutting elenents 150, 151 are preferably manufactured, fornmed or

noul ded 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 elenents are preferably fornmed in
the same manufacturing step as the body 100, using the sanme materi al
for body and cutting or piercing el ements, so that such elements are
an integral part of the body 100. The nenufacturing process may
enploy the s t n

ol enent s, e%g%fiﬁg%ng{] c%fqigulfeQES é;%gﬁ 69 Oﬂ%se?ﬂ?de@ L6 gre@h(g»m? gncﬁgrfe& %0 @e lower
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mouth or nose for final delivery at the desired location of the body of the user.



EXAMPLE An i nhal er enbodi nent of the present invention has been
tested to determne its aerodynamc profile as well as its powder
dose delivery. An experinental |actose based bl end conprising
tiotropiumat a dose of 18 microgranms per capsule was then formul ated
to determ ne the dispersion and the entrainnent efficacy of the

i nhal er. After blending of the fornulation conponents to produce
an ordered m x and deteffidning the batch honogeneity, the fornul ated
powder was filled into cellulose 23 HRMC capsul es, size 3 (Capsugel,
USA) to be used in the device of this specification. The inhaler was
then tested atTim gati@wor adrer @h 185 chedkrwletiye thenful dpte hgp dea iphaeii Bing

drop of 4kPa on a Next .Generati | npagct : Mol shitk le.
actuated t vvfhéé”lfl@)o"glﬁﬁ%\}?cg’eajoq%ﬁ r}@aot? rcr;gec% : 1%5 aﬁﬁ&é’g&&?ﬁ allﬁr tgtlo. p%gifl& ©
t hrough t hepgdemicis sanded het M gsl ddsedas bae admigstdepdbe trax 1 B isedtrawn
stage of the cascade inpactor was quantifie ing high o
l'i quid chr ofaatthrybgshny 00mng e FeRte c%é? ,dlspﬂ%egéﬁiﬁﬁ’vgnog %‘ gél gﬁgag?jesd? % gorfrie ne
particle dogg were calcul ated, where the emtted dose was the sum of
all drug nasses collected from each of the inpactor sta

, es,... .
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mass of drug collect i Gl Qn & Ylat efpoBi@bM has Hae réaaliddpoof
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D oS iRt {0036 LALRHRABRIAMhE AthiRr o B present
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 befween the two components; or any combination of such ?features. In the
preferred embodiment, the surface on one contact area (or both of therﬁl) 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



effectively delivering a dose of an inhalation drug, under
inspiratory effort conditions which are conpatible with the ability
of patients. 24 CLAIMS |.A dry powder inhaler suitable for pul nonary
or nasal delivery, conprising an inhaler body and a capsule tray
havi ng a capsul e chanber forned therein for carrying a nedi canent
cont ai ni ng capsul e; the inhal er body having an inhal er body opening
formed therein defined between opposing upper wall and | ower wall,
sai d openi ng having at |east one end opgn by neans of which the
capsule tray may be engaged into the opening, an inhal ati on passage
whi ch ext end (gggﬁ° i | en) i
t he inhalatﬁ%%gggdy a%%ﬁgﬁr#ﬁﬁgfgﬁ?%ﬁmfﬁgg a ?ﬁgﬁ%? %?ﬁg%%@@%ﬂ%ehﬁy
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 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, éuch as sharpening, conditioning, heat treating, cold treating,

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



cutting neans provided on the upper and | ower walls; wherein the
capsule tray is noveabl e engageabl e in the opening through said open
end between a first position in which the capsule tray is w thdrawn
fromthe opening to enable a capsule to be | oaded into and unl oaded
fromthe capsul e chanber and a second position in which the capsule
chanber is aligned wth the inhal ati on passage in the upper wall and
the inlet on the |ower wall of the body to enable inhalation of the
medi cament contained in the capsule thrgugh the inhalation passage,
the cutting means engaging the top and bottom of the capsule as the

caps ule tr Yy in%reg&vrﬁ&hzlx{iafﬂﬁté%ﬁt;’ iaﬁc?ﬁneﬂgsgi §hia ests,o eisitiiﬁnc%%ﬁ&) %s&%gé 51} ety
in order to cut openings In the top and bot om bf -t he capsu}e;
char act er i setbréing dihattingldgcartdfitecelemmngselir e i ntegrated into the

i nhal er body ch that the inhaler is,fornmed on oper at.i n
conponent s. gfheAmFPeﬁ mﬁg\f?gg}la}'en%%(fvg? i&c@%orwd’r %g{g%e ic‘%%ﬁ%?? e\%ﬁoe(rﬂ%sle%he
t he cu:) ti pg n{mgipsefcartﬁust evdntihg ey adoideiytalagnBryodt dusi 4rdlr parGaessduring tsta@dies O
as to be formed of t sane terial.. . A dr owder_ i nhal X
accor ding t dPEFAYFnmEY _le*ie&iiaﬂ?imﬁﬁéwgﬁ f_ﬁe BASY ofR B9 Ay reeeveinl Teltve
body are forymRg ioh mhyCt AMeraBREReE UF 1RO sRFRE §%Sition 2hedoové 8b%s the
powder inhaler according to claim 3, wherein the body and cuttin

nmeans are f sronbgicsy asd pietectiriy Theulodergn g erargctsd. 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



5. A dry powder inhaler according to any of the preceding clains,
wherein the s are blades. 6. A dry powder inhaler according to any
of the preceding clains, wherein each cutting nmeans has two cutting
parts, which are substantially perpendioular to the direction of
nmovenent 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 noved from
its first position to its second positimgn and the other of said
cutting parts engages the capsule as the capsule tray is noved from
its second pASiti-ARuLS 4t Q(Oaf)@%elp@g'&) t®Be usell-in MreleyicP ONEIEY sgeRiRBAtRA.
according to claim6, wherein the cutting nmeans are bl ades and the
cutting par tide arheles wes thagtesiggesa 8pvirte 06%%1&@@%193? gunyse grd2 preweiesydrop of

_nhal eraccoipl (0 NaxGaMidn H}Q@%{o?&g%p?%?%%ﬁ@ﬁ IRA3cRAORA0OB allow o

shaped. cross-section. . ry po r i nhal er” according to claim7,

wher ei n eachobhmdd ’hag ldred adblretogasy thdovgh dbs deeet drdrihe 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 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.



10. A dry powder inhaler according to any of clainms 7 to 9 wherein
each bl ade is symetrical about any axis crossing the centre of its
section. 26 11. A dry powder inhaler according to any of clains 6
to 10, wherein 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 opposing upper and | ower walls which
adj oi n respectively with the upper andZ?fower walls of the inhaler
body during insertion and renoval of the capsule tray fromthe

i nhal er body opening, the outer surface of at |east one of said walls
having a textupgd surface which operates to reduce the build up of
powder on tgémma I s of the inhaler body opening. 13. A dry powder

i nhal er according to claim 12, wherein the textured finish is present
on the outer surf.ace of both wall f the capsule tray. 14. A dry
pouder §nhaler Tnbb ety i Bt Sror eGP DA ebeel B e FeRaPE e
t ext ured suinhaechddgandneamilearapantieg b cafsuleiclgsiss: fekraniedrsin @6r carrying a

herni -spherical projecti.ons forned thereon. .15. A dry powder inhaler
accor di ng t%‘e‘gFaé’iQW OptAIRRG Fapp e,gﬁ%mg? cbdp PWRE ur ed surface has a
chevron shaped ;pattaRf BodydpeBEl g it e1e8 Mbrein 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.



16. A dry powder inhaler according to claim 14, wherein the or each
textured surface has a plurality of parallel ridges which are
perpendi cul ar to the edges of the capsule tray. 17. A dry powder

i nhal er according to claim 14, wherein the or each textured surface
has a plurality of parallel ridges which are obliquely inclined to

t he edges of the capsule tray.
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4. A dry powder inhaler according to claim 3, wherein the body and cutting means

are formed by a unitary moulding operation.

5. A dry powder inhaler according to any of the preceding claims, wherein the

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 tray 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.
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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.



