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possi bl e | Bhetgadurmiofdtie ineggiohe fragnments. Mreover, for a nunber of
capsul e inhalers, inconplete expul sion has been reported (e.g. Nielsen et
al ., 1997). Sone capsul e inhal ers have a magazi ne from whi ch indi vi dual
capsul es cRi Pvdarinhidlserred to a receivi ng chanber, in which perforation
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30 inhaleris necessary for inserting and removing the capsule, which is an operation that
can be difficult and burdensome for some patients. Other drawbacks related to the use of
hard gelatin capsules for inhalation powders are (a) poor protection against moisture
uptake from the ambient air, (b) problems with opening or perforation after the capsules
have been exposed previously to extreme relative humidity, which causes fragmentation

35 orindenture, and (c) possible inhalation of capsule fragments. Moreover, for a number of
capsule inhalers, incomplete expulsion has been reported (e.g. Nielsen et al., 1997).

Some capsule inhalers have a magazine from which individual capsules can be
transferred to a receiving chamber, in which perforation and emptying takes place, as

40 described in WO 92/03175. Other capsule inhalers have revolving magazines with
capsule chambers that can be brought in line with the air conduit for dose discharge (e.g.
DE 3927170. They comprise the type of multiple unit dose inhalers together with blister
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Because the inspiratory air stream in multi-dose devices is often straight across the dose
35 measuring cavity, and because the massive and rigid dose measuring systems of multi
dose inhalers can not be agitated by this inspiratory air stream, the powder mass is
simply entrained from the cavity and little de-agglomeration is obtained during discharge.
Consequently, separate disintegration means are necessary. However in practice, they
are not always part of the inhaler design. Because of the high number of doses in muiti-
40 dose devices, powder adhesion onto the inner walls of the air conduits and the de-
agglomeration means must be minimized and/or regular cleaning of these parts must be
possible, without affecting the residual doses in the device. Some multi dose inhalers
have disposable drug containers that can be replaced after the prescribed number of
doses has been taken (e.g. US 5840279). For such semi-permanent multi dose inhalers



(Kirk, 1986). Particles larger than 7 pmare. deposited mainly in the
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Adhesive mixtures consist of relatively large crystals, generally alpha lactose
monohydrate, carrying the micronized drug particles on their surface. Standard mixing

40 techniques can be used to obtain the desired degree of homogeneity. Good homogeneity
and adequate flow properties are not the only prerequisites for good dose reproducibility.
However, during inhalation, the drug particles have to be detached from the carrier
crystals before they can enter the lower respiratory tract. It has been recognized, that the
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The use of granular carrier materials has also been described. Patent application
WO 87/05213 describes a ‘conglomerate’, consisting of a water-soluble vehicle (e.g.
lactose) or a mixture of such vehicles and a suitable lubricant (e.g. magnesium stearate)
40 in a size range between 30 and 150 pym as new carrier excipients for inhalation powders.
EP 0876814 A1 describes roller-dried beta-lactose in a size fraction of 50 to 250 ym
(preferably 100-160 pm) as a suitable excipient for dry powder inhalation. This type of
lactose has a granular appearance, and a rugosity between 1,9 and 2,4 is particularly
recommended. In the same patent, crystalline a-lactose monohydrate (with a rugosity of
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forces 35 dioxide, as fine particles to the carrier crystals for the occupation of the active sites.

An increase of the released fine particle fraction from adhesive mixtures during inhalation
has also be achieved by adding fine excipient (lactose) particles to these mixtures. Zeng -
et al. (1998) found that the addition of 1,5% of intermediate sized lactose (MMD = 15,9

40 pm) to an adhesive mixture with salbutamol sulfate and carrier fraction 63-90 um
increases the fine drug particle fraction from the Rotahaler in the twin impinger (60 I/min)
with more than 60%, compared to the mixture without the fine lactose fraction. A further
increase to 9 % (w/w) of the finer lactose in the blends increased the fine drug particle
fraction with another 50%. US 5478578 claims that the inhalable portion of the active
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direction of the original particle motion before collision. Fine particle momentum, and thus

removal efficiency in this direction, increases not only with increasing air velocity but also

with higher mass for the adhering particle, which may also be a small agglomerate of fine

particles. Therefore, incomplete break-up of fine drug particles during mixing seems to be
40 an advantage for this type of removal force.

Deceleration forces can only be effective in detaching drug particles, when there is a free
path for these particles to move away from the carrier crystal. When the inhaler wall with
which the carrier particle collides is obstructing, drug particles in between the carrier and
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t t
ar 1 cl & dahbregetay nsjoiosspaeind iy 85 SRIcableb Snipdd debBliag of s i »
i nhal at3%n SFE@'T'Q')E@@ tf@r-‘éf%%?’fat pse @er"etsr(@ova/rarﬂeﬁcgwmﬂ@ﬁ apleBoergfiieplalwor k has
shown, t hat19g®f Mahg differgpe tHeetaticamppradses hdve been Ipeaienmd tofreglich tesstagngthg 40

whi ch brea'sﬁgr%nerég h§ chfpAEt, s@mngﬁm Rlm ?—&%éi ar%@ﬁbr@qﬁ@@é Sinfreeliee the

necessar 'e con rant orous soft

ooyl yitpapirapghed, ARIgtiensi8 ATl Bbiest 0L HALFURA K HERRYS 0L,

represent i fgeraeign faEeRer sontagipoiti th size pEihgtregaat PHHCIRR the Retet apdfltcef i j n

et al. 7519@8¢ragboverdinatian ndrigerdiise aisegiptivnomadé fos diese tsquiteticatapproatiesse

pellets fOra tf‘éﬂlll Wbﬂ)fbr%ﬁ@fbﬁi%d\dnhalah&%r%@bla:'bﬂs@ffngt ??%ﬁho)@d)r(l&st y. They
> i

VO 03/ 0003% rf?@és v@ﬁ.%Rva@trﬁ aféi&wg& Og.z%aw? n?eq%ct% feHhQy age

condi ti ons contrast
with solid bﬁ%{te@f‘lﬂéﬁ particlgg grar il dne $Ape Qiar PféPa%tHP%?Ed e of g sliety |‘%gher
extent of laceak#ypebdriding dites betweagdieopmticiees (for pellets stored in a
desiccagpr at 5% relative humdity). They al so observed that pellets

exposed o A Eiygs DL didofeRands Ejﬁeypgn[ebé RSBl O RRkgRe  han

dry pell et ange i n nal | osses

fromdry i ﬁ%ﬁ%?@W’b‘émtﬁcﬁar@B@Pﬁé@ﬁ apnigctiared brieengwp Paficles. Ersheqosdination
primarily oftmbencarebgexprésseddn thegpoodeypaosityywhichlid @xtrepialshigh forebft pri nmary

particl es. gpherical inhalation pellets. Corresponding with a reported density (pp) of approx. 0,30 to
35 0,40 g/cm® (NL C1008019, 1999), porosity values (s = 1 - ps/po) may be between 0,69 to
0,77 (for a true particle density, po, of 1,3 g/cm®). Interaction forces between particles in
inhalation pellets are generally of the van der Waals type.

Recent work has shown, that defects in pellets may cause the nucleation of cracks along
40 which breakage occurs (Coury and Aguiar, 1995). Such defects reduce the necessary
energy for rupture considerably. The extremely porous soft spherical pellets for inhalation
exhibit a high degree of discontinuity, representing many defects from which
disintegration may start. Boerefijn et al. (1998) showed that the disintegration of soft
spherical lactose pellets for inhalation scales with the square of the impact velocity. They
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as small clusters. A disadvantage of this principle is that the van der Waals forces, and
possibly also Coulombic forces, cause these smaller entities to adhere to the inhaler wall

to quite large extent. Inhaler accumulations of 15 to 25% of the dose are quite usual.

40 Most effective for spherical pellets are also inertial forces however. Because of their
highly porous and rather anisotropic structure, pellets can be deformed quite easily on
impact. This deformation causes internal shear and disruption, resulting in the separation
of fragments, as observed by Boerefijn et al. (1998). When the pellets are circulating with
high velocity in an aerosilization chamber for a certain duration of time, repeated collision
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It has been recognized that simply conducting (part of) the inspiratory air stream through
or past the dose compartment does not yield the desired degree of break-up for the
powder agglomerates. Different solutions for improvement of the powder dispersion have
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Inspiratory effort depending dose discharge and powder de-agglomeration can also be

35 eliminated by utilizing pressurized air or mechanically generated underpressures.
Moreover, much higher pressure differences across the powder dispersion system can be
applied (> 100 kPa, equals 1 bar, for overpressures). The aerosol can be discharged from
the dose system into a spacer chamber before it is inhaled, and inhalation can be at
relatively low flow rates, thus to reduce throat deposition. An average flow rate (@) of 30

40 L/min is quite reasonable for a breath controlled inhaler with a moderate air flow
resistance (R) of 0,04 kPa®*.min.L". From this, an average pressure drop (dP) during
inhalation of 1,44 kPa (1,44 x 10*N.m™) can be calculated, using the simplified equation
for an orifice type of flow constriction: VdP = R.®. Also reasonable for this inhaler
resistancé, is a total inhaled volume (V) of 1,5 Liters (1,5 x 102 m?), corresponding with a



10 O her ways of applying auxiliary energy for discharge of the dose
conpartnment and powder de-aggloneration is (a) by neans of electrically
driven inpelodens2s as described in e.g. US 3948264, US 39PC3IP02/WSB1¢1147166
and WO 98/03217 or (b) with a battery powered piston, tapping drug
particles froma tape (W 90/13327). Syd@ens with 15 auxiliary energy are
of ten vol um nous and sensitive to substantial fine drug particle adhesion

onto their tdrarcprdy(Ber v 4R} b2, 1®NnhBaieg avisiabklienpolest dispersionsspacet ur e and
are VUl NSLAblBerk Ral e LN Una FbRFHEL 16 REdIHHE dirforRIE! RInchRuiey il Y
powder inhalers which are o1& or ess. ] hdependent o%?the 20 patient's

i nspi r at or FCeAPtNS iMits. %é‘&f)‘ée@tfob? SB?fseéwé'!Prﬁé’QF"B?‘F ool 'AR ay?rﬁge particle
out put is posaeteidrop efthdbyndrédthas@;Gdleta EP0dhas). watid be 0FOE8ary e ga0aaedbe and
V‘09|3{ 24]565ts_ar?€%ﬁéri Q8 Wds! ﬂﬁz{csaﬁfer @é@ré@ofﬁfom@épﬁieag-upfb&m‘ét ﬁ@dkh@grét@ﬁ?vef
sma uanti.ti.es powder .. f . ment o
the abraci pErife e AR s Bedin liiting BEASHacRY efithd o AHed =
rotation. PEn@RIeyRy basterenidowayer ExapPieaor 8w %Bvdsempﬁalgrsztgalpqqpﬂci ple with
a cycl one phastrized dinsystedsifort poveter deagoiningration afé diselogrerinily 24351186,

i nhal at i onysegubebso, UK SHBsBY ! DREDE7 IMedywbhgdehbadsis of the entrained
powder o that the dose of nedicanent is inhaled over a | onger period of

tinme. Tlhe scraper principles share the problemof tabletting of the

mi cr oni zed OYeRKAEYS ohArRYING awxiliasy gnerpy fos disshiaeecbing doss craprtmentaiact |

mai nt ai ni ngoadercdesaggidimdratiainie $a) hyrdeansdif festrisally drivien énpellesm dis desaribedin i s
rahhfrt,?’o la{)d?bﬁses‘ws_m,tu‘o; f@émw, b @146 Rd WOB/0822 7 ofl {1 iwith Lty le) o: f

i nhal ati on sgr api : C CRRP | Most o

t he preuvi oBS???fege"éS??'qu%‘%'”&e‘?@%B?,B"C %gt%ﬁ‘oepntag?i ngl%%? 23’53_%? :ngfsgeﬁﬁegw@gat A

di sadvai®t agexiliary eperapare effed WlRinaysRNdsTenslke poriPstantighiip® drygdaicdg i on

devi ce occuadsesisradrite theirdanga irarer ivalls, Bhbavess corepler desige and strunturp@ndare i n t he

de- aggl oneyghb@BIcNB ESof paddé ¢aRkey short, relative to the total period
during whi cﬂ' air is%(;lbr%gvm t hr orggh the inhaler device. Therefore, the

efficiency in utilizi ngqthe avai | abl e energy is quite | ow and st of 40
the air isAsPegiabeeyP p WPPHH%MB'FQ"*@MWW%M? gt legs dgeensiert o'dhes into the
r espi r &x0or patierd's inspirdtsryseffostsnirdspedtesf aigsg emissianiaceurety andfineonaiticle owppidsi al | y
th?t of daglasﬁétw&ecgrwmrseﬁapei Systdrh€EP 0407028 0P BD2 2308 aaadr_v@b@/zamwntooI 40,
rel eased dr article . e 2 . i , oto 0
(ol eaed Vil RELUEL Shrddd bt i MR bR, LR

. ; n rapeut |
of fect froffPR ABHE PEPABLYSHRLPRAMOVPReRLREG Shrasis pladss peanstihe gampact
di schar ged oV Dpkdewe8aibedaidlEPDAA06 1BP 04Q7 G28ciescriesiththedrabinatigintdisuch aegar d
t 3 theigs fsiﬁ)ﬁﬁci?IfEWith%OL?EIoﬂé ¥BSmbérMinsorddito b@leum\@sﬂwéaihérq?anhwmsmh@ﬁaﬁ@er i o:Js
adverse side e r | Fgﬂaét:g% ﬁ%ﬁ r exanpl e,
it has beer"ﬁmcrj gop%orrgge%cflftk@&%g'?@? ,(t:r%} tag{lhegrtgiﬂli S. I'i]tn | dt e (r)’efrlastg%gge E%re f
Candi di asi §"ediament §dpRad ¢¥6hailnaeh e A dime( ?é? FUgReTdYingples Sﬁé@z ® 5
De- aggl onepaibileyn optabletting lof theovininized pgwdeér, whisbinals te yieldd eampietelyisatopics
I r Omt whi ch copphét! ﬁntbmﬁairqﬁ@a RendlhRttaedr@es unasrlifgr e uatbiant Eeridiidneelt iseapier at ory

ract, Jmy : , : . : . rns

et de T preietigic§ S8 6in b 3ANAN B8 5Re oSERENA tof innalaiGh b3 corap il o ek
tangent i al of BY<ta €ABRATEI s that end at the cylindrical wall of the

Prior art

35 Most of the previously described de-agglomeration principles have one great
disadvantage in common: the discharge of the dose from the inhalation device occurs
rather momentarily. The residence time of the powder in the de-agglomeration means is
extremely short, relative to the total period during which air is drawn through the inhaler
device. Therefore, the efficiency in utilizing the available energy is quite low and most of

40 the air is used only for transport of the generated drug particles into the respiratory tract.
As a result, de-agglomeration of the powder, especially that of adhesive mixtures, is often
very incomplete and the amount of released drug particles in the desired size range is
quite low (20% to 40% of the nominal dose). In accordance with that, an optimal
therapeutic effect from a dose is not obtained. In addition, all particles are discharged
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smaller diameter than the container. The connection between both parts is through a
narrow tubular extension of the mouthpiece tube, protruding into the container. Also the
outlet of the mouthpiece is through a narrow tube, protruding into the mouthpiece
cylinder. Air enters the device through two sets of vents, creating a vortex motion inside
40 the container as well as in the mouthpiece cylinder. The powder, being placed inside the
container, is entrained in the circulating air stream. The centrifugal force causes the
heavier particles to fling outwards against the walls of the container, whereas the finer
particles will be drawn through the narrow tubes into the respiratory tract by the action of

the drag force.
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de- aggl one t [ 1
el evated bgfiéofﬁq%o%%“‘ﬁﬁ” St e R 8 ARG MBI P RIOR, Ve
that. WD 9
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chanber first air

second air ‘f‘f%@yo&ﬂr W?’&%&é?\mbﬁfsg‘#'r@‘ﬁ??&s“@ ﬁp% Wlﬁh gW Sﬁtgaﬂ)z% r]e' g{ér aver se
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unpubl i's é dISC ose different concepts each Tor a

di fferent &PpP° fMBesi cally the same type of circulation chanber.
In the basic principle described in EP 0547429 Al, the powder |aden air

fl ow A disk-shaped cavity with two opposing specially shaped inlet channels providing a

turbulent air stream inside the cavity, is mentioned in FR 2447725. In the patent, it is

35 described that de-aggregation does not take place in the cavity, but rather in a helical
insert region inside the central suction tube of the inhaler, being also the outlet channel of
the cavity. For the marketed concept of this invention, the Pulvonal high resistance dry
powder inhaler described by Meakin et al. (1998), the cavity is referred to as an
aerosolization chamber. It is now claimed that de-agglomeration takes place in a narrow

40 passage between the centrally elevated bottom of this aerosolization chamber and the
suction tube above that.

WO 92/04928 refers to a so-called wirl mixing chamber which has the shape of a disk
with a rounded cylindrical wall. Sucktion takes place through tangential air channels
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application, a 'third concept has been devel oped, as described in DE
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chamber. The formulation may be a physical mixture in which there is no noticeable

interaction between the sweeper crystals and the drug particles, as in adhesive mixtures.

This has the advantage that the carrier surface properties are irrelevant to the fine

particle fraction obtained during inhalation.

40
The specific design disclosed in unpublished PCT/NL0O1/00133 is not applicable for the
spherical pellet type of formulation without sweeper crystals, because of the severe fine
particle adhesion onto the inner walls of the circulation chamber. For this application, a

third concept has been developed, as described in DE 19522416 A1. The concept has
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35 DE 4239402 A1 describes a complex combination of a residence chamber with a delivery
chamber and a disintegration chamber for inhalation powders that may either consist of
spherical pellets or be an adhesive mixture. The residence chamber is a disk-shaped part
of the air passageway between the dose measuring system and the outlet of the
mouthpiece. Its longitudinal axis is perpendicular to the longitudinal axis of the

40 mouthpiece cylinder. The particle laden air passes through an acceleration channel,
ending along the periphery of the residence chamber, and is discharged tangentially into
this chamber. The air outlet channe!l of the residence chamber is at a cylindrical end, co-
axial with the cylindrical axis of the residence chamber. It ends in an adjacent delivery
chamber that is also disk-shaped and has the same longitudinal axis as the residence
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this housing along the bottom of the frustum. In this fiow region, where the drag force is
opposite to the centrifugal force, further classification takes place. Only fine particles are
next discharged through the outlet conduit which is co-axial with the axis of the frustum
through a narrow passage in a lid on the funnel-shaped housing. Large particles continue
40 to circulate during inhalation in a cyclone chamber adjacant to the circulatory section, or
accumulate at the base of this chamber, but detached fine particles during this circulation
are not discharged into the respiratory tract because there is no flow from this chamber to
the tract.



(swirl neans) traversing this chanber in an arcuate path. The wall is neant
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35 because the detachment of the fine particles from the carrier crystals still depends on the

size of the separation forces in this section.

A major concern is the fine particle adhesion onto the inner walls of circulation types of
de-agglomeration means, as described in unpublished PCT/NL0O1/00133. The total

40 surface area of inhaler parts making contact with fine drug particles is often quite large,
as for DE 4239402, WO 98/26827 and US 5829434. At regular time intervals, the de-
agglomeration means of this type must be disassembled for inspection and/or cleaning,
which does not always seem possible (e.g. DE 4004904). Disassembling must be simple
and may not be inconvenient for the patient. In addition, re-assembling after inspection
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the princi BY@92958#5.19522416, it is explained that the inspiratory air
streamcan be split into a partial flow through the disintegration chanber
and a part isahe drkiprB@slsly HehtisHzardeparation pririlies éh Phabiakielotcérteragamaagh 1 ow
ar ound 3t5he a?ﬂéstcﬁgeoagg éﬁmne means. This is incorrect, because they are not designed to

separate all solid material from the airstream, but to classify the airborne particles in two

size classes on the basis of their inertia, which means that they are basically air

classifiers, as referred to in GB 1478138. However, in none of the patents the cut-off

diameters of the classifiers have been mentioned, except for WO 92/05825, providing

40 formulas with experimental constants for the different types of impaction jets. in this
patent application it is also explained that the cut-off diameter can be adjusted to suit a
particular drug and a particular application.
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Description of the invention The concepts described in EP 0547429, DE
19522416 and unpublished PCT/NLO1/00133 conprise a famly of

de-aggl oneration principles for different 35 applications, all being

di f ferent rBehnhargaf thersveafiot he sanme basic design. For all concepts, part
of the inspiratory air flowis conducted through the dose conpartment to
entrain the powder. The downstream section of the powder channel,
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The concepts described in EP 0547429, DE 19522416 and unpublished
PCT/NLO1/00133 comprise a family of de-agglomeration principles for different

35 applications, all being different modifications of the same basic design. For all concepts,
part of the inspiratory air flow is conducted through the dose compartment to entrain the
powder. The downstream section of the powder channel, connecting the dose
compartment and the de-agglomeration chamber, is tangential to the cylindrical wall of
the de-agglomeration chamber. The de-agglomeration chamber has the shape of a disk,

40 sharing its cylindrical axis with the mouthpiece cylinder. A tubular discharge channel, also
with the same longitudinal axis, and a much smaller diameter than the de-agglomeration
chamber, starts from the center of the cylindrical end of this chamber which is closest to
the mouthpiece. Another part of the inspiratory air flow enters the de-agglomeration
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for adhesive mixtures in applications for which carrier retainment is desired. The reasons

for carrier retainment may be different. The possible adverse side effects from substantial
drug deposition in the patient's throat have already been mentioned. Released carrier
particles do deposit in the throat as a consequence of their large inertia, even a lower

40 flow rates, when they are discharged from the inhaler, and they still carry drug particles
on their surface on release. By withdrawing the carrier particles from the inspiratory air
stream, throat deposition can be reduced considerably. But also for formulation studies
with adhesive mixtures, carrier withdrawal can be valuable. Retained carrier particles can
be analyzed upon residual drug content, thus to obtain information about the drug-to-



dragged by the air streamtowards the di scharge channel. Because of this
fine particle adhesion onto particularly the cylindrical wall of the
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PCT/ NLO1/00133. Wt hout these sweeper crystals, de-aggloneration of ,
spheri cal e&ﬂrlbeﬁwﬁeraﬁuobmard)ugcmmﬁ@taﬁﬁrﬁjmaalam ahis infeshatiendembieme in t he

de- aggl oneral | OR ,nG a[ggfertpﬁpwat Eﬁ! JofEMEd flr@‘pﬂ{ldé ﬂgct%'ﬁ‘s‘iﬂ Eﬁi nigdafor Rakit ¢! e

dose as a consequenc e | nhal.er 50% or
even nor e, AEFPEYRICRE P bHre(pﬁ%d“ﬂP%‘eoﬁ?esch%"baé'bes'oﬂé’rﬁt% §I'Wr%5 Pft'h?l'{g'%f:éncept
di scl osed inetDibel@Eimpastor stageshambiocoropletsyqeiieation hythrelinal Bggebeen i ncreased
to severs in order to reduce the surface area of the cylindrical wall by a

parge MUTREL g [rdfneh%ercHBAﬁﬂQ%or ése@ftfﬁ' |£foh§3#eaéas%||paﬁf&rﬂemfom@ de

ections
e e Bh L e s oo of o Be PR B
bet ween t wsoft ephighicalrpetets seltalpramtheslylindiica! wiall af a damgé,cmeréﬁon ¢f@mhengh%y ong a
Cont | NUOUS we¥} iy BatickidnaDBRche@fihe pdri@eéd dnediiscidsters ob pemanytpaytidesasities ed

theg a'a&h%@ 5{h%rwaub<§‘u¥§&{érﬁ&?bg%ﬁ ﬁéﬁwéglg é&r'@oJ &mFﬂbfbgs Qﬁé They

th Ki |
? 2du§redsc'oﬁfa@e?d b s it Heso Bivarine PIoe A a R gl B e 1 e s Hﬂ%@'@g? el |
i s m ni m zadhedde Gyg borticulaty the dyndraalnyall df yhesdr-agalemengtion pendpigdie 1 ows.

As pel | et s caRipPdishloddEin EPXd54782% Earnétibetdsed ¢t sondpherial pdilrtshathouvidel , t hey
enter the r‘é&ﬁ&?oﬁ(&r&!} ﬁgk&aﬁ‘eﬂ/\ﬁ% r}.lygﬁngtﬁ&ﬁé%&lﬁtué¢%kﬁe&6r ggiory at an

angl e of air OCI rou h .t he
bypass ’éhaHﬂ%‘F@'Sh%P@WNLQVOQﬂ)ﬁ (W'“??éﬂf g]e e i\ﬁg‘?ﬁe’é CQ'tSt ‘DH‘teéa 5’8 %0 I/min
t hr ough t heplherical pailetstis énead] catriplate 9ftem¢@rtapsenelsldsac0atﬂ‘ée m tbe dptagdlomeration
smal | er fragsmpérsb@nife RAGRBldHfItye binkRlfiHe pamcn@rdoaaay ap@htédilease 3Gher smal |

clusters, t ggs,@r{gntg bsin ﬁé}é’Hﬂé\ls iQ Pgo%ro@%%ﬁ’m'o@ ?le;%1 ﬁ!j&ﬂi‘.@rtg% cl?fri%ﬁ:@ 'n

contrast, carrrer n ad esive m xtures that circula

concept di SeIifEss- | n unpublished PCT/NLO1/ 00133, bounce off the
cylindriccal wall after collision against it as a result of their irregular
shape, whi ghthercemedpt sisciesd inDE ab5222meothé nymbeke byphsar dhaahelpahs been 40

There traj it st (R L RASH o.l%%r{%%euéﬁbmg saﬁaéé 484 bY@y @h@ﬂ%%u%%@ég

par abol as,

cylindri caI””EB?F%Ofyd‘Fte&H%t'oﬂé ag z‘? eﬁ?'E?H g 8’?\8?:‘8% Pns{ffttﬁ Pﬁ%?t?er thy 30"&?? ected

to the centhe PQﬂEtStthlcguldﬁWﬁlbgTe remfatrefig gnstions quhwﬂm@mr@l wah Bt anglesdhalarei cl es

aL e forped rﬁlﬁt@kab&@&\/ﬂfa@h&hé Begle Beivwelafyo Atight@indscatpls aftriawald mstedbotber by

the action, r

col i sion. ?‘Eﬁgg é@tln&%@i@é /%g%%jé:% W@Etgﬁ&ﬁﬁ?igﬁ'ﬁ &I%taf“mﬁé\;ersetdr?vel

in tangent |'3aﬁ af F"E@f GHVqaR 8o GRSt H RN G ARRR NS TS '%&ﬁ ‘Eﬁnﬁé

particles atréiedmsacslee@rfsrmﬁ amreﬁakpw\es@mp@vaﬁ@ce@wéﬁ%haﬁga theofinet he angl e

and vel oc! EabtlcléfathQiOﬁthol tRé oylinafita wiah & miirhized. Det-du|drasratiorcie ey by

di scl Osﬁf g’%ﬂ%y ﬁ&@% A% H&E 'aPBr%?ctP Y H@kpgécﬁmgﬁthetcﬁ%ﬁcé}rcﬁaﬂ%ry tWO
i one i T

interru

a consequer‘i‘@"l,l th?ﬁ@?t@q "PQ"P‘P Ir\eW pgggmadqs?ééwdrpteﬁ%ts %;'[??J‘g?tgryt %J;SESISH es
and parti cl4éslegtrescAs Agespiitof tefhigh @!mlwtmlﬂrotl@fe“@lm@ﬁsﬁ Hppnelatwiich B ow

rate are r%bptdambwvymb nls ot & fibw gite of 60 UinertarougfTttes itlagier, tfe eheveipmablol as ar e

only at a %gﬁétgr isiy @G‘?ntgrsﬁ{ﬂlér}}%gﬂyén'téwd &htudly bre8k-ub e pfhayPRHicidecause

the anggl)se or small cllugtlePs tha? al%uflne enough to be dragged into the discharge channel.

In contrast, carrier particles in adhesive mixtures that circulate in the concept disclosed in
unpublished PCT/NL01/00133, bounce off the cylindrical wall after collision against it as a
result of their irregular shape, which prevents them to roll smoothly like spherical pellets.
40 There trajectory can best be described as a pathway along neighboring parabolas, all
lying in the same plane being perpendicular to the cylindrical axis of the de-agglomeration
chamber, with their tops directed to the center of this chamber. After bouncing off the
wall, the p'articles are forced back towards the periphery of the de-agglomeration
chamber by the action of the centrifugal force, in order to encounter a next collision.
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35 circulation. But the flow rate dependence decreases with increasing mean carrier size, for
carrier particles with a mass median diameter above 150 pym, the flow rate effect is
subordinate within the range between 30 and 90 I/min. Residence time decreases with
increasing mean carrier diameter, because the variation in particle bounce trajectories
becomes greater with increasing particle inertia and shape deviation. Larger lactose

40 carrier particles tend to have a much more irregular shape than finer crystals, even if they
are from the same batch of lactose, and the correcting effect of the drag force exercised
by the tangential air flow inside the circulation chamber diminishes with increasing
particle inertia. As a consequence of the gradual carrier particle release, the average
residence time of these particles in concept DE 19522416 is generally lower than the total
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For the control of the residence time, another concept with improved de-agglomeration

efficiency for adhesive mixtures has been developed, as will be described hereafter as

another new aspect of the invention. A further aspect disclosed hereafter, is the modular

construction of the de-agglomeration means which enables the exchange of different

35 concepts within the same dry powder inhaler, dependent on the type of formulation to be
used and/or special requirements, such as a specific air flow resistance for a particular

group of patients or complete carrier retainment.

In its various aspects the invention provides:

40
A disintegration means for dry powder inhalers, comprising a substantially cylindrical air
circulation chamber with a height being smaller than its diameter, and at least two air
supply channels which enter the chamber as tangents to its cylindrical wall at generally
opposite sides of this wall, suitable for creating a circular air flow pattern inside the
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circul ati oﬁeeqﬁ%[mofftm m&y}ﬁnpap ampertfrpsn which they can enter the discharge channel,
which results in a gradual release of carrier particles from the circulation chamber through
said discharge channel; a disintegration means for dry powder inhalers wherein a top end
of the circulation chamber on its discharge channel side forms a top plate of said

40 chamber, which has a larger diameter than the external diameter of the chamber itself,

thereby creating a circular flange that stands out from the external cyclone wall and
blocks a passageway for air through an annular channel between the cylindrical
circulation chamber and the co-axial tubular mouthpiece cylinder with larger diameter by
making contact with the interior wall of said mouthpiece cylinder, except for some small
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rectangular cross sections; a disintegration means for dry powder inhalers having
essential dimensions adapted to an inhaler system so that various embodiments of the
40 disintegration means are easily interchangeable within the same dry powder inhaler
system, thus to comprise a modular system that can be adapted to the specific
requirements of the powder formulation used in the inhaler; and a disintegration means
for dry powder inhalers comprising mechanical coding means interacting with
corresponding mechanical coding means in the sense of an antagonist-receptor function
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reduction of drug deposition in the nouth and throat from drug not being
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particles, rrer particles that are unable to reach the target
area in the lungs, to fling sideways by centrifugal action imrediately
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and the smaller particles subjected to predominant drag force being released with the-

inspiratory air, as a result of which the circulation chamber acts not solely as a break-up

chamber for the drug agglomerates but also as an air classifier, to provide substantial

35 reduction of drug deposition in the mouth and throat from drug not being detached from
the carrier crystals or being disintegrated insufficiently as well as the advantage of-
reduced powder administration to the patient which minimizes irritant mouthfeel and chest-

tightness.

40 In another aspect of the invention the method comprises that the inhaler discharge cloud
has a strong tangential flow component, which causes larger particles, such as carrier
particles that are unable to reach the target area in the lungs, to fling sideways by
centrifugal action immediately after discharge from the mouthpiece of the inhaler, thereby
causing these particles to deposit in the front of the mouth of a patient instead of in the
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35 detachment: the effect of 0,5 s circulation time after 10 minutes mixing equals that of a
circulation time of nearly 3 seconds after 120 minutes mixing time. These results are in
agreement with the total mixing concept introduced by Staniforth (1987), meaning that .
there is an ongoing drug agglomerate break-up during mixing which results in a gradual
change from predominant cohesion between drug particles towards predominant
40 adhesion between primary drug and carrier particles with increasing mixing time. This, in
combination with another theory, stating that removal forces during inhalation can get
better hold of larger drug agglomerates than of primary drug entities (Aulton and Clarke,
1996), explains the decrease in rate of fine drug particle detachment caused by an
increased mixing time for the powder.
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manoeuvre for a certaln dur tion.

Recent regulatory directives prescribe that the complete dose can be inhaled within 2
liters. This demand confines the residence time for the dose in the de-agglomeration

40 chamber to 2 seconds at an average flow rate of 60 I/min. Considering furthermore the
need for a certain volume of air to transport the detached fine drug particles to the site of
action in the respiratory tract, drug particle detachment should preferably be ‘completed’
within the first 1 to 1,5 s from the start of the inhalation manoeuvre at this flow rate. These
limitations for an air classifier as disclosed in unpublished PCT/NL01/00133 include that
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di stribution. tter control of the residence tine can be obtained by
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only exanples.that elucidate (a) the many podssibilities for control of .the
resi dence tdisﬁ'gyultn?ln. this type of de-aggl oneration chanber and (b) the range
of times within which the particle <circulation inside this chanber can be
vari ed. A better control of the residence time can be obtained by varying the diameter of the

35 discharge channel of the circulation chamber. This is shown in Figure 6 for the same
concept as used for the experiments in Figure 5, with two different diameters: 7 and 8
mm. The open symbols in this figure represent marketed lactose products with a relatively
wide size distribution, whereas the closed symbols are for narrow fractions derived from
Pharmatose 110M. The average reduction in residence time for products with a mean

40 diameter of 150 um (or more) from increasing the diameter of the discharge channel from
7 to 8 mm is nearly by 50% for this type of circulation chamber (at 60 I/min). These are
only examples that elucidate (a) the many possibilities for control of the residence time in
this type of de-agglomeration chamber and (b) the range of times within which the particle
circulation inside this chamber can be varied.
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inhalation, the average residence time in the circulation chamber is much shorter. If ‘

inhalation of the total dose should be within 2 liters, total carrier passage should

preferably be completed within 1,5 liter in order to have some volume (0,5 liter) left for

fine particle transport to the site of action. Accordingly, the average residence time in the

40 de-agglomeration chamber is much shorter than 1,5 s at 60 I/min (in case of a perfectly
constant discharge rate about 0,75 s).

From Figure 3, it can be concluded that fine particle detachment after 0,75 s is only
approximately 60% of the dose (for the already highly efficient basic air classifier in
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and high number of collisions compensate for the rather obtuse angle of impaction. And

because there is no carrier passage, energy consumption for fine particle detachment is

for the whole duration of the inhalation and this makes the de-agglomeration principle

highly effective. By definition, the obtained fine particle fraction with this type of principle

40 is highly flow rate dependent.

For the concept disclosed in DE 19522416, the angle of impact against residual sections
of the inner wall of the circulation chamber is 45 degrees, which is optimal in the balance
between angle of impact and residual particle velocity, but the distance between the
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(with a few exceptions) unable to enter this channel because of its extension protruding
35 from the top wall of the classifier.

The average particle velocity with which particles circulate inside the newly developed
concept is between those of the concepts disclosed in DE 19522416 and unpublished
PCT/NLO1/00133 at the same inspiratory flow rate. The reason for this is, that the

40 distance between the impact sites in this new concept is shorter than the distance
required to accelerate the particles towards the air velocity inside the chamber. This has
the advantage that the fine particle fraction (FPF) is less dependent on the inspiratory
flow rate than that of unpublished PCT/NL01/00133. ‘
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g b

one third flgKing Rl thrsgidiffesences %‘if%@%ﬁ@ﬁ? §°%\C ugeddiam cHPPIRAN ShHPYESt i on
of sheat h f3Boand,8, thes thir difieréactaipiefisancywbetiesn g nevdy devaiered eonaert Bnd Miggher

in thi s3eworRe prisentBy irf ewbubumdtﬁter/&h@aomn Fiouiteasubstantian Tied dbtaineacy

'n{';;]teafrg - Tine BARIeRlR 0Pl HidEprirEd dohBlht .mﬁ.ggr%%.fs'n@amﬁmt@ﬂ%ﬁdtofse s oW

at |
the resi derfd@sigengs tiree of 1asqopg ’B?a']"égsé‘ %{?ﬁa% ‘i'rﬁmf?@‘ 88‘%& Yor even
short er f orappfaxiovatelsitOgss. Hihighe aboutdine s0ne percantage asrfound fer the diuggpartistendat or y

consi der i ngetdeBmeAEiAMHigure 3B after 0,5 s. So, after correction for (a) the losses in FPF due to
35 adhesion in the inhaler and inlet tube and (b) the difference in flow rate through the de-
agglomeration chamber (reduced by one third for the newly developed concept as a
result of the application of sheath flow), the drug detachment within half a second is much
higher in this new concept. By reducing the sheath flow, a further efficiency increase is
possible, but the resulting increase in resistance to air flow might make use of the inhaler
40 less agreeable for the patient.

Reducing the residence time to a period of less than 1 to 1.5 seconds, or even shorter for
flow rates higher than 60 I/min, seems more or less mandatory considering the recent
regulatory directives, which demand that the complete dose can be inhaled within 2 liters.
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30 carrier deposition in the mouth. The mouthpiece can be designed as a double (co-axial)
cylinder, in such a way that an annular chamber is created between both cylinders for
storage of the retained carrier particles. Before inhalation, the outer mouthpiece is
displaced against the inner cyclinder (by rotation, using a screw thread, or by pulling) in
longitudinal direction in order to create a passageway for the carrier particles. After

35 inhalation, the annular chamber is closed again.
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Figure 3B is a diagram showing drug release rate for mixtures with 0,4% budesonide

at 60 I/min for an air classifier similar to the concept disclosed in
30 unpublished PCT/NLO1/00133. The curves have been calculated as 100
minus the values in figure 3A;

Figure 4 is a diagram showing fine particle fractions for some marketed dpi's and
‘ two different concepts of the invention, all with adhesive mixtures, obtained
35 a 4 kPa across the inhalers. Glaxo Diskus and Diskhaler both with Flixotide
and Serevent formulations; ISF inhaler with budesonide (Cyclocaps,
Pharbita) and Foradil (Ciba Geigy). Air classifier ClI, similar to the concept
in unpublished PCT/NL.01/00133, with 0,4% budesonide mixtures for the
indicated Pharmatose carriers; Novolizer (with the concept of
40 DE 19522416) with mixtures of 1% budesonide resp. 1% salbutamol on
Capsulac 60 (left beams per drug) and a mixture of Capsulac 60 and 5%
Pharmatose 450M (right beams per drug),
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30 Figure 9A is a cross-sectional view of the assembled basic air classifier concept of
figure 9;
Figure 10 is a diagram which shows the main flow components of the stream lines of
the air and particle trajectories inside the circulation chamber of the basic
35 air classifier in relation to the forces acting on these particles;
Figure 11 is an exploded perspective view of the concept with air barrier inside the

circulation chamber which prevents substantial fine particle adhesion onto
the interior chamber wall, especially during break-up of soft spherical
40 pellets;

Figure 12 is an exploded view of the concept with separate acceleration sides and
impact sides and a controlled release rate for the carrier crystals; and
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diameter as that for thinner section 10B and over the 'same height as the depth of the

final section of the bypass flow channel 9A.

‘ The cylindrical wall 10 of the circulation chamber 3 has two thinner sections 10B

and two thicker sections 10A through which the air passageways 2 and 9 have been

40 constructed, all four sections extending over equal parts of the circumference of this wall,

corresponding to angles of about 90 degrees. In the top plate 7 of the central inhaler

housing 1, at the positions corresponding with the thinner sections of wall 10, there are

openings 11 that serve as passageways for the partial bypass flow and sheath flow. Air

coming through these passageways 11 enters an annular chamber 12, as shown in figure
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the dr a% ? (‘:anag'mgp 19 pro%ges throLgh E top plate 20 of the mouthpiece cylinder 13. The outer
diameter of the discharge channel 19 is slightly smaller than the diameter of the circular
hole 28 (figure 11) in the top plate 20, thus, to create a narrow annular passageway 21
for the sheath flow. This narrow passageway 21 also contributes to the total air flow
resistance for the sheath flow. Mentioned resistances for the sheath flow are carefully

40 balanced in relation to the air flow resistance of the circulation chamber 3 in order to

control the partial flow rates through the inhaler. The annular slit 21 between the
discharge channel 19 and the top plate 20 of the mouthpiece cylinder 13 has no
interruptions, in order to create an unbroken co-axial sheath of particle free air around the
aerosol cloud from the discharge channel 19.
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The concept in figure 11 has seven identical channels 9 for the bypass flow of
which each has a generally rectangular shape in cross section and about the same depth
as the circulation chamber. The channels 9 provide the circulation chamber 3 in top view

40 largely with the shape of an octagon with eight identical open_angles of 135 degrees
between the remaining sections 22 of the interior wall 5 of the circulation chamber 3. The
powder flow channel 2 is the same as that for the concept in figure 9, except for the depth
of the final section 2A of the channel 9 which is the same as that for the circulation
chamber 3. Air flows from the bypass 9 and powder 2 channels skim over these
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over the circumference 14 of the top plate 8 with angles of 60 degrees between them.
The total air flow resistance of these nicks 26 in conjunction with the air flow resistance of
the annular channel 21 between the discharge channel 19 and top plate 20 of the
mouthpiece cylinder 13 determines the rate of sheath flow in relation to the partial bypass
40 and powder flow rate through the inhaler.
Not particularly relevant to the scope of the invention is the shape of the
mouthpiece cylinder 13, which is circular with a gradually decreasing diameter from
bottom rim 29 to top rim 27 for the concept in figure 9, but rather changing from circular to
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discharge channel 19 has two different sections, one upper section 23A having a
constant inner diameter and a lower section 23B having an increasing diameter towards
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40 the channel 19. The lower part of this channel 19 has the shape of a frustum. For control

of the carrier residence time inside the circulation chamber 3, the width of the base of this
frustum may be varied. This has the advantage that no adaptation of the mouthpiece
channel 13 is necessary and that different discharge channels 19, providing different
residence times, can be used in combination with the same mouthpiece cylinder 13.
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4. A disintegration means for dry powder inhalers according to any preceding claim,
characterized by more than one, preferably seven, air supply channels (9) for the bypass
flow, all being substantially symmetrically distributed over the circumference of the
cylindrical wall (5) of the circulation chamber (3), in addition to the channel (2) traversing

40 a dosing compartment of the inhaler, when in use, providing a so-called air barrier
between the circulating particles and the interior wall of the chamber created by air flows
through the bypass channels (9) that are closely adjacent to each other, as well as a
reduced surface area of said wall (5), providing in combination a strongly reduced fine
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(2) traversmg the dosang means of the inhaler, and the shape of the circulation chamber
(3) is cornered, preferably eight-cornered, having sections (22, 32) of the wall (5) of the
chamber (3) of different lengths, wherein longer sides (32) and adjacent shorter sides

35 (22) alternate, the longer sides (32) serving as acceleration sides along which particles
gain rate of movement to increase the impact velocity, and the shorter sides (22) having
preferably obtuse angles of about 135 degrees with the longer sides (32), being suitable
as impact sites.

40 8. A disintegration means for dry powder inhalers according to any preceding claim,
characterized in that a tubular discharge channel (19) has different inner diameters over
its length to control the area inside the circulation chamber (3) from which carrier particles
may enter this channel (19) and such to control the discharge rate of a carrier dose with
defined size distribution from the circulation chamber (3), and more particularly, to control
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30 characterized by essential dimensions adapted to an inhaler system so that various
embodiments of the disintegration means are easily interchangeable within the same dry
powder inhaler system, thus to comprise a modular system that can be adapted to the
specific requirements of the powder formulation used in the inhaler.

35 13. A disintegration means for dry powder inhalers according to any preceding claim,
characterized by mechanical coding means interacting with corresponding mechanical
coding means in the sense of an antagonist-receptor function between the dose system
and the disintegration chamber, to allow attaching of the disintegrating means only to
predetermined dosing systems or inhalers to ensure correct combinations between the

40 disintegration means and a predetermined medical powder formulation.

14.  An inhaler characterized by a disintegration means according to any preceding
claim.
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15. A multifarious and multi purpose disintegration method for dry powder inhalers, for
breaking up powdered, binderless drug formulations during inhalation by the patient
through the inhaler after previous activation of a single dose, in a weight range between
approximately 2 and 25 mg, thus, to release a substantial amount of fine drug particles
for deep lung deposition from these formulations, which contain the drug in micronized
form, preferably in the size range between 1 and 5 pm, and mostly, but not necessarily, a
filling or carrier excipient, having either approximately the same size distribution as the
drug in so-called soft spherical pellets, also referred to as soft spherical agglomerates, or
comprising much larger crystals that carry the drug particles as primary entities or as
small clusters in homogeneous distribution on their surface, attached by mild interaction
forces such as van der Waals forces, in so-called adhesive, interactive or ordered
mixtures, in which each carrier particle with adhering drug particles can be considered as
an agglomerate too.

16. The method of claim 15 further characterized in that the agglomerates collide
repeatedly with the cylindrical wall (5) of the circulation chamber (3) and/or with each
other while they circulate inside the chamber (3), so that drug particles are detached from
these agglomerates by impact and shear forces.

17.  The method of any of claims 15 or 16, characterized in that separation of particles
upon their difference in inertia takes place by the action of drag and centrifugal forées, the
larger particles subjected to predominant centrifugal force being retained in the chamber '
(3) and the smaller particles subjected to predominant drag force being released with the
inspiratory air, as a result of which the circulation chamber (3) acts not solely as a break-
up chamber for the drug agglomerates but also as an air classifier, to provide substantial
reduction of drug deposition in the mouth and throat from drug not being detached from
the carrier crystals or being disintegrated insufficiently as well as the advantage of
reduced powder administration to the patient which minimizes irritant mouthfeel and chest
tightness.

18.  The method of any of claims 15 to 17, characterized in that the inhaler discharge
cloud has a strong tangential flow component, which causes larger particles, such as
carrier particles that are unable to reach the target area in the lungs, to fling sideways by
centrifugal action immediately after discharge from the mouthpiece of the inhaler, thereby
causing these particles to deposit in the front of the mouth of a patient instead of in the
throat, thereby reducing adverse local side effects in the throat, like hoarseness or
Candidiasis connected to the use of cortico steroids, from drug deposition of particles that
have not been detached from the carrier particles, and providing for facilitated removal of
these carrier particles by mouth rinsing.



