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nmet hod. f or ﬁ; RoVEeT i nhalers 5 Description Technical field of the
invention T ‘P of the invention is related to dry powder inhalers for
delivery of a nedicanment, or 10 a m xture of nedicanents, to the
respiratory tract. Dry povvder I nhal ers are designed to store and provide a
powder fornulation, containing the drug in the correct particle size for
effective deep lung deposition, conprising a dosing systemfor the
reproduci ble adm nistration of the required quantity of- powder to the
patient, a disintegration system for releasing drug particles fromthe -
powder f or nuPawrerformafation disnlesrplingsystensamhmktiod fordinpopowdes inhaleent i on Dry -

-powder inhalers 20 It is historical tradition to divide dry powder inhalers

iinto (a) _S,I ngl ?‘W{aﬁ € (b) multiple unit dose and (c) multi dose devi ces.
For- i nhal érs 15 flrst type, single doses have been weighed by the
manuf acturer into small containers, which are nostly hard gelatin
capsules. A Teq:tmidaéﬁdkaeftheimnﬁoﬁken froma separate box. or container and
lnserted into a.25 : receptacle area of the inhaler. Next, the capsule has
to be opened.mrS &{@rated W th ns ,or cutting blades in order to allow
part of the tE)Eﬁ ok 1Bp Jnveptionds ﬁﬂ%%@gwd?w fendeliverspfamedicaperiider
ent r ai nn8ft , amixteredf melisagentshie thewdpiratbrydract. iDey papdarlirhatens a‘egies:ghéte&e
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I nhal ati on, er again.
Mostly, di saésf%%hn%i | n% IS’% (?Eﬂ:%@b?lcﬁﬁ'gpéﬁg ?é’°ﬁ'§§§%§%ﬂ‘ for ?relph%ié'f; an and
bgrmw ng t he® edRavited-ayaptify oheewder tthe Patt%!'ﬁ peisigtepration systemd
rdensone ffgrremmg@m patticles fainh éhve phvaleb foelalatier, ahd d mautipieceuse of  hard

gelatin ggmpsules for inhalation powlers are (a) poor protection against
noi sture uptake fromthe anbient air, (b) problens with opening or
perforation after the capsules have been exposed previously to extrene
relative hu dgly |ch causes fragnmentation 35 or indenture, and (c) -
possi bl e i niEACkIPHAA gfthe lyeqticp fragments. Moreover, for a nunber of .
gapsul e i nhal ers, inconplete expul sion has been reported (e.g; N elsen et
al ., 1997). D?gggw ﬁ% gl nhal ers have a magazine from which individual
capsul es,can transterred to a receivi ng chamber, in which perforation
and enpt 8@ t akes place, as 40 described in WO 92/ 03175. O her capsul e

i nhal ers ha Sh@t&ﬁbalitr@itinagmdiuidedmmdvlrderuﬂuam intoq(lapsibgle sosd) &) naiipldenit

brought in Idoseand (oyntdnpdc%brdewe@éi%F inhSlersg 4% fsagpe fsi}@le(d‘bses havdbesR2/170.

They conpr e ase hglers t r th blister
25 hecanber %@sﬁﬁs"@%@ﬁ%@%ﬁ sl g, Wi alengedY gt 0 L'
linited nun5aRSURS. fiepsule bastohe takanfrom arseparaledioxir contalnesand ipsertedjinte ger

i nhal er 25pr trdeptaclsstre®of theinhialer.Next, dhecapsale hafs t6 be oparstidaaperioratddavithqiss ul e

or cutting blades in order to allow part of the inspiratory air stream fo pass through the

» capsule for powder entrainment-or to discharge the powder from the capsule through

~ these perforations by means of centrifugal force during inhalation. After inhalation, the
. emptied capsule has to be removed from the inhaler again. Mostly, disassembling of the
30 inhaler is 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 afler the capsules
have been exposed previously to extreme relative humidity, which causes fragmentation
I 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'



i nhal ers. Access to the powder is obtained by perforatipgfddhenpayveiosas wel |
as the bli foil, or by peeling off the cover foil. Wen a blister

er i
stripis u@éﬁ"g’/"rqg:’tzéad of a disk, the 5 nunber of doses canFPH&EPRYPEHS ey,

but it is inconvenient for the patient to,replace an enpty strip. .
Therefore, such devices are often di sposa%l e wth the incorporated dose

system inclyding the techni used tp transport the strip and gpen the
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manuf actlr e’ ) e inhalers on the other hand, can contain a nuch
hi gher nunber of doses, whereas the nunber of handlings to prime a dose is
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PCT/ EPO2/ 06610 3
Because the inspiratory air stream in multi-dose devices is often straight across the dose
35 measuring cavity, and because the massive and igid dose measuring systems of multi
dose inhalers can not be agitated by this inspiratory air stream, the powder mass is
;;imply entrained from the cavity and little de-agglomeration is obtainecl 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 multi-
40  dose devices, powder adhesion onto thé 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




wi th di sposabl e drug containers, the requirenents to pre2d&riceshbyg2005
accunul at i opv @Z even nore strict. Powder fornulations 5 Many size ranges
have been p o(g W23s optimal for inhalation drugs, includi MgIERGAEH (WO
95/ 11666), 0.1=5 pm (WD 97/03649), 0.5-7 pg1 (Davies et al., 1976) and 2-7
pm .(Kirk, 1986). Particles |arger than 7¥pm are deposited mainly in the
aropharynx by _jnertia | npacti.on; st particles between 0,1 and 1 mcron
are exhaled agyl ﬁis%ossat)lﬁé‘ 06‘%?\%%1}5%5%" m?'ﬂ%qurﬁwtggfﬁﬁqcf"mﬁ'ﬁ“@??fﬁévmcy
in the whol e P&t ory tract (Martonen and Katz, 1993). Different
t echni ques are available for the production of such small particles, e.qg.
M croni zat i onp@fddr fr@@iatishystal s with a jet mill or other conm nution
“equi prent , 5preci pitation from (super)saturated solution, spray drying or
supercritical fluid nmethods. Products obtained with different techniques
. may di ffer irManesize @pgeshave beenpmpesed asoptimal foninhektiorednigs, indintng 1-&ness
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appr oxi.mat el gehimewsenecs8ang rebraddibillipin thé\adiinitetich 16 Avepdteab TueRfbre,but t he
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cohesr_._v__‘enessl;l cgg&g%%dr%é 3 ?l et§ or ‘gn a |or|I gre Ver, Wegk and
Jexhibit yery G‘B&W AR (6t yPegoLpRItepfommUIgliar are el FeRsEE o,
1999) . AdResnlers sphgrieal peliats ard adiiesive aixtuies| Adhesivganisturestae glso amedal | y
al pha | act oserdened miktytis ftiersey, o7 §) orgntileetive mixtunez(@deanart, 1983)i & bpsciadtypehei r
sur face. f SL aT&AnEEIVE ixtilosBle RS AMHIAIES) Ryglofibrdles, C}ei:eﬂjfl% as Budeh@udlaiyr ed
egree of X . nei nd_adequate {|ow.pr r are
an]t t he onl ﬁ%gﬁﬁ‘?‘?ﬁ@@‘%'g@%ﬁaoﬁg@f grpqu)%m&?gp?q 57, (WC&&%% 2gagéuri ng
“inhal ati on, the drug particles have to be detached fromthe carrier
cryst al s3@eflosphericalypetiats, thahsitrohized HayerarticRe Piviiératitholt Ridreniddd (ReBsé)een
recogni zed, _éx@@fenﬁ, hsv@Beéﬂ%"giﬁhﬁ‘érat%Q%ﬁd%&%M%ﬁﬁe@%%ﬁégﬁé }(Q’m mifch
o larger, spherical and thus, free flowing pelfets. The size range of such peliets is
- - approximately between 100 and 2000 um. No binders have been used, but the amount of
water of absorption may have been controlled to increase cohesiveness. Generally,
35 pellets for inhalation are very weak and exhibit very low densities between 0,28 and
0,38 g/cm® (NL C1008019, 1999).

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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carrier surface properties play an inportant role in the2dedember e i er

i nteraction and thus, on the extent of detachnment during inhalation. There
are sever alWo 89S why either of the two types of powder fREFEPRIOIGAS  can
be 5 inconpatible with a certain inhaler design. Because of their high
sensitivity to inpact forces, spherical pél lets should preferably not be
used in inhalers having a bul k container for the powder in conbination -
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less than 355 pm (26 to 250 pm) and even more preferably between 90 and 250 ym to
35 bave best flow properties.

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 inasize range between 30 and 150 pmas new carrier excipients for inhalation powders.
' EP 0876814 A1 describes roller-dried beta-lactose in a size fraction of 50 to 250 pm
(preferably 100-160 pm) as a suitable excipient for dry powder inhalation. This type of
lactose has a granular appearance, and a fugosity between 1,2 and 2,4 is particularly
recommerided. In the same patent, crystalline a-lactose monohydrate (with a rugosity of
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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 satbutamot sulfate and carrier fraction 63-90 pm
increases the fine drug particle fraction from the Rotahalef in the twin impinger (60 Imin)
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 postion of the active
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for this typgrief parteeydtth highéSsurface rugosities, also friction forces are quite unable to
shear off adhering drug particles, simply because these fine particles make no contact
with the inhaler walls along which the carrier particles rattle, roll or slide. Inertial forces on

35 the other hand, such as deceleration forces on impact, can be highly effective in the
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 particlie, 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 parﬁcles when there is a free
' path for these particles to move away from the carrier crystal. When the inhaler wall with
whlch the carrier particle collides is obstructing, drug particles in between the carrier and
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number can be expressed in the powder porosity, which is extremely high for soft
spherical inhalation pellets. Corresponding with a reported density (pp) of approx. 0,30 to

35 0,40 g/cm® (NL C1008019, 1999), porosity values (& = 1 - ps/py) 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 aleng
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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35 penphery of the pellet which separate them from the mother pellet as primary entities or

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

1o quite large extent. Inhaler accumulations of 15 10.25% 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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(spinning or vibrating) motion by which dose discharge and de-aggregation is promoted.
These are particularly mechanisms used for capsule inhalers, as described for example in
35 US 3507277, US 3669113; US 3635219, US 3891761; FR 2352566; US 4353365 and
US 4889144. A major disadvantage of capsule inhalers is that the spinning, oscillating or
vibrating motion of the capsules during inhalation causes intensive contact between the
powder and the inner capsule walls, and the frinction and shear of powder along these
walls often results in substantial drug accumulation. In contrast with capsules, blisters can
40 not easily be subjected to vibratory or spinning motion.

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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concentrate on the outside of the helical passageway. In this outer peripheral region, the
more or fess spherical pellet type of agglomerates rofl along the cylindrical wall of the
35 discharge channel. The friction and shear forces involved, cause primary particles or
) small clusters to be separated from the outer shell of the pellets. The much more iregular
carrier particles in adhesive mixtures rattle, rather than roll, along the channel wall and
the repeated collisions may lead to detachment of adhering drug particles. Examples of
mouthpiece channels with helical insert bodies are given in e.g. US 4907538,
40 EP 0424790 and EP 0592601. An inhaler with a so-called fiuted chimney, having d
. hexagonal cross section, is described in US 5829434, Particles, entering the chimneyina’
spiral path motion, collide repeatedly with the inner walls of the chimney, thus to transfer
- their kinetic energy into fine particle detachment or agglomerate break-up.
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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
resistance, is a total inhaled volume (V) of 1,5 Liters (1,5 x 10° m?), corresponding with a
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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 fow and most of

40 the air is used only for transport of the generated drug parficles 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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dispersion of the powder in the air stream,

A basically similar concept is disclosed in GB 1478138, The inhaler consists of a

35 cylindrical container with a mouthpiece tube, having the same longitudinal axis, but a
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 cylindér. 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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- A disk-shaped cavity with two opposing specialfy shaped inlet channels providing a

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

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 fakes place through tangential air channels
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t he separation. Consequently, powder deposition in the respiratory tract can be confin

~ the active ingredient only. The excipient particles in the formulation for this type of de-
agglomeration principle do not act as carrier or as diluent, but as a sweeper, removing
35 adhering fines of the active substance from the internal surface of the disintegration
' ‘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 mixiures.
This has the advantage that the carrier surface properties are irrelevant to the fine
- particle fraction obtained during inhalation.

- 40 - 3 _
The specific design disclosed in unpublished PCT/NL.01/00133 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




pafient’'s mouth to reduce particle velocity at entrance

respiratory tract and to 20 prevent sustained cyclone actz:’%e%eﬁﬁgfzeosthl
channel . AYE@R¥POOR t of the inspiratory air flowis used YoUVEPRAsH0,
particl e- free co-axial sheath flow around the aerosol cloud of fine drug -
parrticles. The central inlet conduit for 1€he inspiratory air can have a
speci al valve, openi Irst after sufficient pressure drop is generated
by the pati ethe sameg:yhmtguwb@agd@das thehasissopesnt it 08 (39w dut the mixing of

de- aggl oner apar@tle |dd@nm“e(bb\eﬂératowymtda$agmeﬁmucnmmlra:_w.usndem:e chambber has

a rounded b%g@ga yﬂ e &,%g\eﬁ Rﬂ%ﬁ‘d}} ﬁhﬁeﬁmﬁar&a%@ si1awm th@ﬁumber of
. i nd |

appl i cat | on S8 ﬁﬁyyea%a hange) fqﬁh&a&é’ WSO s 9 e, "
cofi stin §ul weill as fesenohanrietsa In Mmsmemeana@enpd\mmm s der t@P@‘Nﬂ?ﬂ?ﬁe hi gh
colistin d0SﬁlsbﬁhrégfrbﬁﬁhéE&d@@l&nﬁ%@n%ﬁélﬁﬁé\' i§ rolidlea Bdrinenstartindn et the BestRs
ormilat POED%QL ﬁﬂwﬁrﬁﬂ%’"@ 8b§'ﬁt°ﬁ’%k§ﬁ“tas%£°ﬂa?f§b§e§a {g@ ic @"3“ F‘%"Z’l‘"‘? .’1‘5"g a%ﬂet he

t jsoambgh Ip hemadificatign descrippdi Sﬁl

(r:»e( 2 P:mr 2n? r );;amtlpubm into théde-aoglomesation chenbrert This cﬂsglme)phai@el hasg '@lﬂ!ﬁ%{t i on
gg' 23 'h2|r I‘igd Oleﬁ%’th andla %n@@rré&ﬁed%an?&eﬂb lnﬁ‘iiﬁigze fbiétpaaﬁciéilosymea"rdhesamg?uo?ﬁe
di si nt egr a'?l E)sn ﬁ%r%% fﬁ %ifﬁpﬁlﬁbﬁ@g %ﬁ Q@uﬁéuﬁw@{esﬁlﬂ rﬁ@tﬁ?el n which
there i s no #tughtie de-aggleneration efﬁc@m@m@w@a "@'F&/@f §F§°5‘Fﬁ? tt he

drug parti cl disclostdl in anpebliebed PCTINLOW00$33. Thi s has t he advantage that the
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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 outiet 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 aleng the periphery of the residence chamber, and is discharged tangentially into
this chamber. The air outlet channel of the residence chamber is ata 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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a spiral path with smaller radius than the larger particles.

Downstream of the circulatory section of this invention, the air is conducted from the

35 passageways near the inner wall of the funnel-shaped housing towards the central axis of
this housing along the bottom of the frustum. In this flow 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
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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 seclion.

- A major concern is the fine particle adhesion onto the inner walls of circulation types of
de-agglomeration means, as described in unpublished PCT/NL01/00133. The tota
- 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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Some of the previously mentioned separation principles on the basis of centrifugal flung

35 are described as cyclone 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 fo suita
particular drug and a particular application. . ‘
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P crystals are retained by the disperser. Modification of the basic design enables time controlled

release of carrier crystals in these mixtures. In ahother modification, the concept has
optimized performance as disperser in combination with spherical pellets, containing no
carrier crystals. Further re-design of the dispersion principle is possibie to control the total
inhaler resistance and the powder deposition in the upper respiratory tract by means of the
addition of a so-called sheath flow of clean air. Modifications also enable carrier retainment in

the mouthpiece and elimination of the tangential flow component of the discharge cloud.
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Modi fication of the basic design enables time controlled release of
carrier crystals in these mxtures. In another nodification, the concept

- has optimzed performance as di sperser in conbination with spheri cal

pellets, containing no carrier crystals. Further re-design of the

di spersion principle is possible to control the total inhaler resistance’
and the powder deposition in the upper respiratory tract by means of the
addition of a so-called sheath flow of clean air. Mdifications also enable
carrier retainment in the nouthpiece and elinination of the tangenti al
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a multiple single dose inhaler for which the individual doses have been weighed into
~ cavities in rotatable disks. The concept in DE 19522416 has been optimized for the de-
agglomeration of soft spherical pellets, but this concept serves very well for adhesive
35 mixtures too. The concept described in unpublished PCT/NL01/00133 has been designed
for adhesive mixtures in applications for which carrier retainment is desired. The reasons
for carvier 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 pariicles
" 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-
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45 degrees As a resuit of the high air velocity through the bypass channels, which is
' approximately 10 m/s at a flow rate of 60 Vmin through the inhaler, the relatively weak
pellets are disnipted into smaller fragments and eventually break-up in primary particles
35 or small clusters, that are fine enough to be dragged into the discharge channel.

In contrast, carrier particles in adhesive mixtures that circulate in the concept disclosed in
unpublished PCT/NLO1/00133, bounce off the cylindricat wall after collision againstitas 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 particles are forced back towards the periphery of the de-agglomeration

* chamber by the action of the centrifugal force, in order to encounter a next coflision.
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The angl es 8hd f grrsivel empetyisp iofjthelcjrculation chamber is obtained. As may be expected, the
: " average carrier residence time increases with increasing flow rate for a certain carrier
size fraction, because of increasing centrifugal forces, which keep the parlicles in ’
35 circulation. But the flow rate dependence decreases with increasing mean carrier size; for
' carrier particles with a mass median diameter above 150 pm, the flow rate effect is
subordinate within the range between 30 and 90 I/min. Residence time decreases with
increasing mean carier 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



nore acute, the flow pattern inside the de-aggl onerati oze DbgdHussr 2085 Mor e
turbulent and 30 the cross section of the passage between the circul ation
chanber andVOHW&O33khar ge channel is increased. As a resul t PCHEPI¥S610
particles are able to enter the discharge channel and a gradual enptying .
of the circulation chanber is obtained. A§4may be expected, the average
carrier residence time increases with increasing flowrate for a certain

carrier sizishaiaten free, Arskasaaurssulb of that ifedinerpariicledetachment for thecsame whi ch

keep the paradidsre mnﬂuﬁs%s@@uﬁ@w@manw dddiee bf eovaltobtaimesitethe eoncept

decreases wi BARplBIsPEA BTG 60 b AR vidgftho pEAUE bfifeaPBphbelesantit N 2

oW r ordi nate

nmass medi an dj a ove
‘within the rﬂ\‘l‘@fge tvveen 30 and 90 I/m n. Residence tinme decreases with

I ncr easi né mean carrier dianeter, because the variation in particle bounce
traj ector i esmobRHARREEICR Bie iidntioh BRY @ spiitihgraitiid insiratong air skeam mtchﬁ@@

devi at i on. L&ﬁg,gwaqﬁ%maﬁsﬂa% sph{agres%ﬁaé bffa B3k G Rolidith chafftRR iRIE

i rregul ar sh are

of |actose, ﬂ@“(P&?‘f‘@e&q“ﬁ ) "@Leﬁ ¥t the drag force exercised by the
tangenti al atreatingansticath ofpartivle frée ain heouind thecarerossd cloud to netegeanovinideposition
increasi ng {psH sbierRal pllelsl 2. As a consequence of the gradual carrier

P 10825416 SOUGNRE P W?@%ﬁ?@ﬁ%ﬁ%ﬁ?@%ﬁ%&% chIBRR b6 bEfed Bad o0 cSs
24 5 PCT/ EPCfaverabledn raspielchdiugrieppsition inbe uppeas respiralory HaCtt hat, the fine
particle detaestingrdn diosartidrdnsidenhe decigtomerationx¢hamber whicbdsmmshq:ﬂ firtecpartichn

the degree of F;{(@ﬁﬁ‘bﬁ{otﬂéfrﬁwﬁgllﬂf%ﬁsgﬁﬁmﬁmﬁ@%e RAECRgfiniaiich df3pheticaph ed b

PCT/ NLO aving t nefit near conplete Carrier hdr awal
Mbst chafact t§t|c for the invention are (a) splitting of*the inspiratory
ai rstream iimposing asertainiresidensatimscon large carigRsTystaluindhy de-Agalpmemligte of a
di sk-shaped dhafribel ®timprovehfiiifion ofdheivailabTénargy fop ineparicie dstathment,

possi bi-liti agsmnééﬁtﬂ% Qﬂlcﬁs?ﬁ]ggﬁgé&%ﬂm&t lfaﬂroféb?@fo?fi%p&ftﬁHme ger osol

Gloud to re osItion tica l'i ng
tthe inhal er TPENFAlGMY fagt '?91'7 aged) Al fracipn %la? 6’?55%5% '?S%rr'ﬁ Bat i ent
and faval alrodion (fo beseteinedpandr ug dep05| tion in the upper respiratory

tract, creatddp@sifich af largedaFfticRss ih B fibint bihe PaLiEES NIt Mbiead of inah troathbyc h
di m ni shes fth@?an?,g a{l it o coﬁﬂ&‘?%% in Cal’&s%géﬂés oﬂﬂ%ni"@:b'.rﬁ\aiéfr dd% Eor%'éa@é}%

case of de-a

osLng. a ce
resi dence ti large “l?!%sﬁr%l‘“'ﬁ‘??gtﬁglfgmgﬁ' Wéy%l%ﬁeg&ﬂ W&%moﬁkp'e&ﬁam%r
to inprove anablezdis paticof totringe theanbatblakerinbalglorfand tbiaveidisystemia er local side

det achmept , efféh@sfmﬁwsrmﬁfﬂﬁé\@oggartlcl es in a size fraction that is

“favorable for deposition in the lower respiratory tract (to be rel eased)

e arnes b tlRerAspetR SRS afe he Hebreh RraiBng ttoa i ke e
mout h' i nst eade dé—agglomlaﬁatlph mezng, and the pessikility tncandrol the sesidanep dimaip thade-he . -
di schar ge C|dg@$nfdrﬁmntdﬁﬁnib@|*'@éc3fdmgﬁﬁ a consequence : )
30
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 . . _ _ :
" Adisintegration means for dry powd'er inhalers, comprising a substantially cylindrical air
circulation chamber with & 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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Two further aspects of the invention are the desired duration of the
carrier residence in the de- aggloneratlo@ means, and the possibility to
control the residence tinme in the de- aloneratlon chanmber accordingly. 30
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remaining sections of the cylindrical wall are provided by the air supply channels entering
the circulation chamber, which in use provide an increase of the angle of impact and
cause particles to bounce off these wall sections of the chamber towards the center of
35 this chamber over a larger distance allowing carrier particles fo approach or cross the
central area of the circulation chamber from 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 extemal 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
circutation chamber and the co-axial tubular mouthpiece cylinder with larger diameter by
Ama.king contact with the interior wall of said mouthpiece cylinder, except for some small
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35 combination with concepts of the disintegration means that have not been designed for
carrier retainment themselves; a disintegration means for dry powder inhalers wherein the
entries of the supply channels into the circulation chamber each having substantialty
rectangular cross sections; a disintegration means for dry powder inhalers having
essential dimensions adapted to an inhaler system so that vatious 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
'correspon'ding mechanical coding means in the sense of an antagonist-receptor function
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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.

The method may comprise that the inhaler discharge cloud has a strong tangential flow
component, which causes larger particles, such as carrier partic!es' that are unable to reach
the target area in the lungs, to fling sideways by centrifugal
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wi th adhering drug particles can be considered as an aggl onerate too. The
met hod may conprise that the aggl onerates collide repeatedly with the
cylindrical wall of the circulation chanber and/or with each other while
they circul ate inside the chanber, so that drug partigles are detached

- fromthese aggl onerates by inpact and shear forces. The nethod may conprise

that separation of particles upon their difference in inertia takes place
by the action of drag and centrifugal forces, the larger particles
subjected to predom nant centrifugal force being retained in the chanber
and the smal |l er particles subjected to predom nant drag force being
released with the. inspiratory air, as a result of which the circulation
chanber acts not solely as a break-up chanber for the drug aggl onerates
but also as an air classifier, to provide substantial reduction of drug
deposition in the nmouth and throat fromdrug not being detached fromthe
carrier crystals or being disintegrated insufficiently as well as the
advant age of reduced powder adm nistration to the patient which mnimzes
irritant nouthfeel and chest tightness. The nethod nay conprise that the

i nhal er discharge cloud has a strong tangential flow conponent, which

- causes larger particles, such as carrier particles that are unable to reach
tthe target area in the lungs, to fling sideways by centrifugal 22 Decenber
2005 27a action inmediately after discharge from the nout hpi ece of the

i nhal er, thereby causing these particles to deposit in the front of the
nmouth of a patient instead of in the WD 03/000325 28 22 Decenber 2005
PCT/ EPO2/ 06610 t hroat, thereby reduci ng adverse |ocal side effects in the
throat, |ike hoarseness or Candidiasis connected to the use of cortico
steroids, fromdrug deposition of particles that have not been detached
fromthe carrier particles, and providing for facilitated renoval of these
carrier particles by nouth rinsing. 5 The desired duration of the carrier
circulation in a de-aggl oneration chanber depends on the rate with which
the drug particles can be detached fromthe carrier crystals in this
chanber. The basic air cIaSS|f|er di scl osed in unpublished PCT/ M1/ 00133
provi des the
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to nost. rketed dry powder inhalers, and so are the concepts described in-

DE 19522416 and EP 0547429. This is shovvn in Fi 3ure
' ' Figure 3A also shows that an increase in mixing time decreases the rate of drug particle

‘detachment. For example, the mean carrier residue (for all three carrier fractions), after
one second of circulation in the classifier, increases from 42% to 70% as a consequence
_ of an increase in mixing time from 10 to 120 minutes. And in terms of the same degree of
35 detachment: the effect of O, 5 s circulation time after 10 minutes mixing equais that of a
' circulation time of nearly 3 seconds after 120 mlnutes 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 cafrier 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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Decenber 20fiom tRCHrERGRYA86.110on the other hand, the energy dissipation rate can be
- increased, the residence time may be reduced, which reduces the hazard of incomplete
35 dose inhalation for patients that are unable to sustain the necessary inhalation
manoeuvre.for a certain duration.

Recent regulatory directives prescribe that the complete dose can be inhaled within.2
fiters, 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 /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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: 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 pm (or more) from increasing the diameter of the discharge channe! 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. '




this type of de- aggl oneration chamber and (b) the range2?be£érﬁ@§§%%h' n
which.the particle «circulation inside this chanber can be varie

Decenber 20¥8 %HP%% 000325 PCT/ EP02/ 06610 31 In addition t ECEEPOIREEN ousl y
menti oned effects, there may be an effect%c;f drug load on the «carrier

resi dence time inside the circulation ch as shown (as an exanple) for
three different carrier materials and two dlfferent drug loads in Figure
7, for the same concept 5 as used for Figures 5 and 6, with 7 and 8 mm
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35 Because the passage of the carrier particles is more or less gradual from the start of the
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 min (in case of a perfectly
constant discharge rate about 0,75 s).
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' - momentum on impact is not extreme and as a result, the residual velocity is quite high.
Particles circulate within this chamber with high velocity when the air velocity is high and
35 inaddition to that, the number of collisionis per unit time is quite high too. High velocity
' 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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' discharge tube projecting into the circulation chamber. Most particles in this concept are
not scattered in the direction of the discharge channel, and the few ones that are, are
{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/NLD1/00133 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 accelerale 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/NLO1/00133. o
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fine particle fraction for the optimized concept in Figure 8 is nearly 45% of the dose after
~ aresidence time of 1 second, meaning that average circulation time was only

approximately 0,5 s. This is about the same percentage as found for the drug pasticle

_ detachment in Figure 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 fiow 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
requlatory directives, which demand that the complete dose can be inhaled within 2 liters.
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cylinder, in such a way that an annular ber is created between bo cylinders for
- storage of the retained carrier particles. Before mhalatnon 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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agai nst the inner cyclinder (by rotation, using 'a screw thread, or by
pulling) in Bhefmgstnpﬂomafthéldmmhgs)n in order to create a passageway for the
carrier particles.. After 35 inhalation, the annular chanber is closed
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the invention, all w Chrriedlheidriats dresiave action84ale3a6m and 150-200 pm derived
25 from Pharmatose 150M and size fraction 150-200 pm from Capsulac 60.
Dose weight is 25 mg;

Figure 3B s a diagram showing drug release rate for mixtures with 0,4% budesonide ) g

at 60 I/min for an air classifier similar to the concept disclosed in

30 unpublished PCT/NL01/00133. The curves have been calculated as 100
' ’ minus the values in figure 3A;

I;'igure 4 is a diagram showing fine particle fractions for some marketed dpi's and
o 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/NL01/00133, 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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material s, fligurepdAmediB,  darediagrams sbaviagresidange timespfaghesiye mpdyres with
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(83- 100 d 150-200 f . . b -,200 X 8
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di fferent concepts of weight isapptoxd 4 mgobauictacigns banerheenderiyadffam pl es for

adhesi ve m xtures neaRhagfateés MM G306 ) e50-200zprhipdrel Capsplac 6O (150F 200e

Fi sons type at approx.,,4. kPa across the devices. Mxture: Capsulac 60 with
2% budesoni de. Resi dedCE times for Fi gures 5, 6, 7 and 8 have been 25

. @btai ned from dP-suppressi on neasurenent; Figure 9 is an expl oded

per spect 20e RigwSof t liea Hiagiam showing finearticls fracina ap funstion ¢fdesidanse §imedR at i on
means with carrier reidifersitobricep of tigiiewiPdevetopad deagglomerdtion prnciplesior of
the assenbl ed basi ¢ aigediiSibdurés mEMUrEPNitPh fouk sQYE Befz Ldtlos iMigacld? of fed
di agram whi ch shows t ge makyn ow corz]t:i%pent S 3,}; Lhe st %mld%sa ﬁé"gﬁ e
air and particle traj SCPBF YR8 3t ARRrYE 4HEE 39 T vieSe T I Sic
_ o 2% budesonide. Residence times for Figures 5, 6, 7 and 8 have been
25 obt_ained from dP-suppression measurement;

Figure 9 is an exploded perspective view of the basic air classifier concept of the
: ) - disintegration means with carrier retainment;

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 - alr classifier in relation to the forces acting on these particles;

Figure 11 is an exploded perspective view of the concept with air barier inside the
' circulation chamber which prevents substantial fine particle adhesion onto
the interior chamber wall, especially during break-up of soft spherical
. 40 peliets;

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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Figure 11 is an exploded perspective view of the concept with air barrier

“inside theW0Qoynodas ati on chanber which prevents substanti abcfEPR/®apt i cl e

adhesion onto the interior chanber wall, especially during break-up of- .
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of its finalbypssdlowathahdelBaFhib#iRAl sechdi SN obiie beputsifio® dhapnélid islasess of the 3
outer cylindphGrlcte¥ls'a tangent to the cylindrical wall 5 of the circulation chamber 3inorderto .}
30 support the basically circular air flow inside this chamber 3, as shown in figure 10. The
depths of the final sections 2A and 9A of the powder flow channel 2 and bypass channel
9, which have rectangular cross sections, are approximately half the depth of the
circutation chamber 3 of the classifier. The bypass flow channel 9 upstream of its final
_ section 9A has been created by reducing the thickness of the outer_cylindrical wall
- 35 section 10A of the circulation chamber 3, adjacent to the channel section 9A, 1o the same
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, ali four sections extending over equai 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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of the totaloRassaoiays thethddtl 19 is projecting into the circulation chamber 3 over a
distance being slightly longer than half the depth of the chamber 3. The other part 19B of
35 the channel 19 protrudes through a top plate 20 of the mouthpiece cylinder 13. The outer
diameter of the discharge channel 19 is slightly smatler than the diameter of the circular
hole 28 (figure 11) in the fop plate 20, thus, to create a narrow annular passageway 21
for the sheath flow. This narrow passageway 21 also conftributes 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. o
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_the circulation chamber and the discharge channel 19 for the circulation chamber
connected thereto, as well as the air passageway towards the bypass channels 9. In
35 addition fo that, some constructional differences between the concepts in the figures 9
and 11 are shown that are not essential for the scope of the invention. .
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~ 20 of the mouthpiece cylinder 13 is through a number of nicks 26 along the circumference
14 of the top plate 8, which have carefully controlled shape and dimensions. For the
35 conceptin figure 11, the number of nicks 26 is six and they are symmetrically distributed
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 channe! 21 between the discharge channel 19 and top plate 20 of the
- mouthpiece cylinder 13 determines the rate of sheath fiow in relation to the pariial 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 diametey from
bottom rim 29 to top rim 27 for the concept in figure 9, but rather ch_anging from circular to
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for the 26 for the sheath flow along the circumference 14 of the top plate 8 for the circulation
" chamber 3 may be varied (figure 13B1) in order to fine tune the air flow resistance of the
, total passage way for sheath flow, relative to the air flow resistance of the circulation
35 chamber 3. '
in another embodiment of the top plate 8 for the circulation chamber 3, the
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
the circulation chamber (figure 13B4). The transition is approximately at the midpoint of
40 the channe! 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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figure 11. The cross section of these channels is generally rectangul ar,
and the cr 8835 onal area per channel 9 is slightly hi PO2f4610 t hat
- for the bypass channels 9 in the concept 4i%,hown in figure 11. In spite of
that, the sumof cross sectional areas for all channels 9 is Iower 15 than

that of the concept | igure 11. sult, fhe ai Cl,. |nS|de t he
channel's 9 for ﬁﬁ@’rﬁaﬁééoﬁ 6&99 Fsdé%ia&ﬂ'e@? CF‘EwatPH&hE'Bh%re%W%? Bre 12,
wher eas t he ehanagls 49 havinglengituginatidgess 1at equdl dispasesiom@ich theltcmdhdaypass
flow is slighidrwals. Eiueh lorighadinAAsidhes 31, estening 6iir thie ot tet@th csftﬁaaﬂsmargbl ‘the

di schar ge C%ﬁﬂﬁél 1&%n§?yﬁollr§éﬁn§ﬂ’&§1 r%%ﬁlerWaﬁJZS%"i dhgﬁ%lr‘la%g&‘ I%'ihg

.chanber 3
GoaToe, 3 Mk han e yanes et o fhe chagtel 19, 41 Sbi8.0 AR Ewefar ¢ Me¥eBS b er
3. By varyi ngpldehlhs chiaamed t18substantially frommelicad inttelongitudinabditastion Thisreducehi ch

the carrier tRauéposition irthe frofdfehd Mo éémfﬁgmmggaam@mwmrmwyol |l ed,

as has been %@ {ﬂd;'ﬁu&rpég(?an%rc\gﬂ%l%\]mh?&h@nIgéwﬁa\éﬁ%? éiiﬁg g:ﬁ‘t 2 ters for

‘residence ti € sane conce owWeve
channel s

t he di schar g& E?Pa?ﬂ?éfeaf‘gg e greylad %Eh%“%ﬁnpéf guees hedepdh
19 havi n#0 diudreases thectheoab tlepasition drorimaost am)ilsamas; adesigy yitheubthese idges s, as

fslhown I( n II @Wllﬂ‘ueﬂe'fﬁébB%ref@?ébl%pThé fiig etsra jecido fai iﬁkﬁmaaustmgé Jmnﬁaeat h
ow 0 |
cyli nderg 18'%a‘Pay eﬁh&acﬁ%‘éd{;:&ﬁgu r se Wd H%'gpg 80 are

adj usted t o theghapeobacmssditiziers of the channel 19 |n such a way t hat
5 Ee cross- sect i ofmallyirefiguré 08 (Ereedasdigris shovwrhbattoghug inaviich theopplate & bitheel s

bet wepf tctiamw%am%ms% iftbgtaSart bf thid lcREMPS! S8cid comitrubddf naxtiRr i or,

wal | s 24 of mat
nunber of ni g}@n %&Pgﬁ'%%sﬁ §tﬁe %&)‘@"@ﬁgﬂgﬁ@eﬁﬁgéﬁﬁaﬁggﬁiﬂ‘gﬁ he
top plate 8 Seelion2hewhichdgp fanosnf to tesitsuiation ehanbes 3pad inwhich theflew dvegion
order to fi iepdrperaliduas tathat hlsewomlcahbacmsnﬁcbbawthta}temﬂalrpamw@SMycﬁ or
sheath 71 owa béidid Bvikies b Bbstidtal leaiit bﬁ%r&hgeweepécchma%ﬁ RUhigHibpn 35
¢hanber%) na{?ot er enbodi nent e top plate 8 for the circulation
chanber ?@ﬁarge channel 19 has two different sections, one upper
section 23A haV| ng a constant inner dianeter and a | ower section 23B :
havi ng an increasing dianeter towards the circulation chanber (figure
13B4). The_ transition is approximately at the m dpoint of 40 the channel
19. The | ower part of this channel 19 has the shape of a frustum For
control = of the carrier residence time inside the circulation chanber .3,
the width of the base of this frustumnmay be varied. This has the
advant age that no adaptation of the nouthpiece channel 13 is necessary and
that different discharge channels 19, providing different residence tines,
can be used in conbination with the sane nout hpi ece cylinder 13. 22 :
cenber 2005 WO 031000325 PCT/ EP02/ 06610 43 Figure 13C shows a top plate
for the circulation chanber 3 with discharge channels 19 having
| ongi tudi nal ridges 31 at equal distances fromeach other on their inner
wal I s. Such | ongitudinal ridges 31, extending over the total |ength of the
"~ discharge channel ;19 and projecting fromits inner wall 23 into the
channel 19 over a di stance- being 5 less than the inner dlaneter of t he
channel 19, are able to transform particle novenent




|

inside this channel 19 substantially from helical into b@'ﬂﬁb&:‘dgé

direction. This reduces the deposition in the front of the nouth rom
centrifugalVARFPY3EY particles with relatively |arge inertPCI/ERBRO6IHS
carrier crystals, which still bear part of the drug dose on their surface:
after leaving the circulation chamber 3. 4his reduces the nouth feel, but

- 10 increases the throat deposition. .For nost applications, a design wthout

t hese ri dgesPal.ﬁ_CulaVﬁIOanmEafeﬂﬁﬂ@ableept@fleﬂuﬁbamllcaﬁv@ ri dges 31 may pr-oj ect so
far into the discharge channel 19, that they reach each other and conprijse
a solid framework. 34 which in top view has the shape of a cross.(fig

plate o of thonM. CHaTke A hones Rasrielony and PRROPT R slbn Inpd Hoviger © °7

chanber. $uch a dohalationdlystemsdis Rhiasmaceutical AetpsolstandtDry RowderSystemon of t he
| ongi :udl nalt par tPrﬁéeédh@sRﬁPﬁéﬂEurCOéﬁtﬁﬁin %dlﬂéﬁbntd:kﬂ:ebe Ndindors, NovemBerfBoenhi ch
is a tangen on
5 per pond: PG S 4L ﬁ @5 %'m%@gec%ﬁ@ﬂ 0 ik bRt Phasy] ©
roundi ng 33. SuciflevigerbRRaMAgSH A4 8d8€#anti al' reduction of the
powder accuriig BoempA.H. Balhiiis, @me;;amema a)mnd iHagedanms, P. ihldiod @Da2bterddtics

Parti cul f nmb
286;' CII;CSI"{?EPSZI 85 ﬁf#eciéérﬁ/lﬁ'n%dg kghéﬁlérjﬁ’o fyspa%%\'irﬁﬁfel’sopaﬁé fprcenver

Tech
Char acteri zati on§ dlﬂfy ‘ﬁd‘i}&i%"ilse rgtel |Ogtlﬁ% &‘i‘#ﬁgg?%%‘ﬁﬂ#?@ﬂ@ﬁ?ﬁg
Aerosol s and Dry 208vigdiuhglestiatrd. PiRrec $231(1988) &4-7{.he Eur. Conti nui ng

Educati on CEdeadfin, R ANH6,Z. dNe\@ma&r Mlm:tegraﬁ&zﬂ of wedH lactdir ddgiyner&teSforand

Cox, J.S.G Dry gg gna g%ﬁ%g%qgﬁzagl on device. J. )
Ph 0 i G K | t D.
angr %geﬁ%oﬁ%%&%&e %é ‘!I.?@ and ;“h; r effec?jsaonelmral1

vitro drug d&siurydR: ahd deuiaryMiboRdpiure ofidey agalomermtas. Bowderd echngl b (1885) | ow
i ncrease rate (FBRM4son the in vitro drug rel ease fromthe Pul mi cort 200

Turbuhal er. da%eshlt; J ﬂ%ﬁfa’ﬁ‘ G]@Saﬁdll@g& 7\7J7An%%'h§ﬁ theNe %:% ofa”d

Ghadl ri, ac ose

: ‘appl i cati ons | ninh a% tiogRgHosP! TIHF "’_’EW ‘gg’g%ng’ 'GH'éﬁ qﬁe&

Eng. Sd.2(23 (1968)PHatos Phamaac. 23(“%7,6)903?911and Agui ar, M L Rupt ure of- dry
aggl onerate eRﬁéﬂﬁ?H Oradrag ixtéfes i@ elive Riktfes. mabﬁedﬁoﬂ%(ma) o7- G W
and Mol yneux An invenstigation into the deposition of i nhal ation
aer osol pa.rtlcles %safunctlon of air flowrate in a %Ifle Iy Kk Hng
20 J. Phar mFapnBdndang.oigT( arstigsnyondl.gipplicatips b spmputer m@ g dythe design an

m Xt ures- | nter actievmomnemlofﬂm neMowdmetatexhiucdate 84 pobheesinhaler (MPL-Ep) Aoazle.

B.J., Yang, T.T. Rasgl m\,e VIIWU ¢gtisgp. of conputer nodeling in the

desi gn and I new m)rret r er

20 G B i S Al o 2
Hovione, FlowCaps Infon_natloq Pack, Ref. no. DY002-rev.4 (1995). : ~)-.

Kawashima, Y., Serigano, T., Hino, T., Yamamoto, H. and Takeuchi, H. Effect of surface -

30 morphology of carrier lactose on dry powder inhalation property of praniukast
hydrate. Int. J. Pharm. 172 (1998) 179-188.
Kirk, W.F. Aerosols for inhalation therapy. Pharm. International (1986) 150-154.
De Koning, J.P. Dry powder inhalation; technical and physiologicai aspects, prescribing
and use. Thesis, University of Groningen, 2001. ISBN 90-367-1393-5.
35 Martonen, T.B. and Katz, |.M. Deposition pattems of aerosolized drugs within human
lungs: effects of ventilatory parameters. Pharm. Res. 10 (1993) 871-878.
Meakin, B.J., Ganderton, D., Panza, I. and Ventura, P. The effect of flow rate on drug
delivery from Pulvinal, a high-resistance dry powder inhaler. J. Aerosol Med. 11
(1998) 143-152.
40 Nielsen, K.G., Skov, M., Klug, B, ifversen, M. and Bisgaard, H. Flow-dependent effect of
formoterol dry-powder inhaled from the Aerolizer®, Eur. Resp. J. 10 (1997) 2105-
2109.




Hersey, J. A Ordered m Xxing: a new concept in powder m ybRe-RNLBEE IS Powd.
Technol . &1975 41- 44. Hovione, FlowCaps Information Pack, Ref. no.
DY0O02- r ev AW Q948325 Kawashima, Y., Serigano, T., Hino, T.,PYEERIMSE H and
Takeuchi, H. Effect of surface 30 nor phol ogy of carrier Iact ose on dry
powder inhal ati on property of pranl ukast45hydrate Int. J. Pharm 172
(1998) 179-188. Kirk, WF. Aerosols for-inhalation therapy. Pharm

| nt ér nat'i on&Rany-Biims, Ms@oyes) R.We Olishy, hd!.. Braithwaiiey P p ¥ikiamsam Sasnd Hamer,
techni cal and phps. @esigncddvepaent and Wrbﬁﬁancbloﬁe muitiidserds: pondesinkaler.

Uni versrty of G pPRAMYGRehrd EhropeFEb 5 35 Nﬁrtoaen T.B. and
Kat z, 0S| attern aer o svmt in

effeots of oLk %grﬂ?*m'?e?’smw o BopoHi pHiguse Bendifite ok o
B.J., Gardert on, the aerqdynamic behaviour Of/aﬁlna:e@dmapamcesdnt écIPhasm 1‘$Q)W99%)t e on
drug delivery frmm.l?srjpvr nal, a high-resistance dry powder inhaler.

Aer osol Med ¢ 5 ngee.gq V)

| f ver sen, I\/lR J"kd |sg§%ﬁpé WIA écgéﬁd%ﬂ en K‘“& c?éﬂég N?orrn)n{tl:y@%)359

dry- powder |nhal‘% ‘fromthe Aerolizer(r), Eur. Resp. J. 10 (1997) 2105-
2109. 22 DeSehmist, P2008d BankeJ(.080p5atGRAEPRIRICII B X Dres H thabasis of sarbiiohs, M,
Boyes, RON., Ciphigs rhaddlin GBﬁﬁaﬁ}tm-iggs .55 Wl lianmson, S. and Har per

A E. Desi INge e 0 n fhal er.
Pharm Techno \gEtu)r %%ia—ﬁbr'uar yé'gég@)'?@%ﬁ%ﬁ‘ E[;Lilgc eéﬂi‘ﬁngﬁﬁ rer at | onshr p
bet ween physi cal Cpatbiiska, &k Legal FE&E@‘&@S%Mmaaﬂsam’tthéeaer odynani ¢
be havr our of ad I“mrmbstﬂrm@s -parcbn'phmm Hehnreenb:ed%hazem météed(dose gihalets &rdl 30. -

R? H in Knape ? dgahoneration. Interscience, New Yor k

( 962) at ur ,

(1962) 38 s, d‘i%h éﬂsfr quaFamer&B* apdre, &R ARl £ Eadidatol
49-55. Sel roos, pvelmy ﬂ?ﬁ&rpo“ﬁer inhaleEe Romparispn with metpsed dasegnhalel. OS5, M
Pietinal ho A, Abslay@2(1906)B53863. H. Local side-effects during 4-year
;;teat mé”fj V‘Siahrférﬂh@'l\?@)rdé‘r% bl"&%&?rﬁpﬁém Pﬁarﬁ%ﬁé ?fyﬁegé‘ 98%q) pr essur5| zed

‘ er ed- dos ler’ O,

! Silvasti t %@‘%]ﬂirr?é‘i’ hﬁ(ﬂ‘gr BL%E" ﬁ‘éﬂ%“a“Pd‘ #L%Hgﬁ e” %J#‘%fd ngirtrlo'}
Easyhal & ePo, a er\‘FET“"?ﬁﬂlytqsﬂﬁgé‘"MrJ iPhaem- 464 (198 #8PPson with meter ed
dose i nhal eBvariengmge, K5 Lindesiad, RA., G188 igraDn Bl HﬁﬂrpsﬁnaﬁrByij ard Gam@rder out
gf V\(/:hftos 3 Phas M ddRA@KEREPlesiskhck KL 3R8nFHgeal é‘épeﬁiﬁsh andﬁncﬁ!&ged\/lzly er

nvitro e i o
comonl y used d\e@l'igéﬂogﬂﬁl?& %rxfgﬁgvﬁglléikﬁg& ﬁ"?gvgg&g%ﬁn%érrgﬁned K,
Li ndest ad, *P - A 15241899 88%"en, M, Philipson, K, Bylin, G and Camer, P.
Added eg2f er'ﬁmlsmraeMIB;I Mardia, @M,Mmomrmpﬁamwtga,d]). aihelr)r{iﬂrirleskia, Mrigrugdelivens es
to the respiratory tract using dry powder inhalers. Int. J. Pharm. 101 (1984) 1-13.
Wetterdin, K. Turbuhaler: a new powder inhaler for administration of drugs to the airways.
) ‘ Pharm. Research § (1988) 506-508.
; Zeng, X.M., Martin, G.P., Tee, $-K. and Marriott, C. The role of fine particle lactose on the
30 dispersion and deaggregation of satbutamo! sulphate in an air stream in vitro, Int.
J. Pharm. 176 (1998) 93-110.




| ung deposition of aerosol particles in asthmatics. Am 23 peRasBéd2006 1 L
Care Med. 152 (1995) 32-37. 25 -Tinmsina, MP., Martin, GP., Marriott, D.,
Ganderton, D. and Yianneskis, M Drug dellvery to the respiratory tract
using dry powder inhalers. Int. J. “Bharr. 101 (1994)1-13. Wetterlin, K
Tur buhal erClaimsnew powder inhaler for adm nistration of drugs to the

ai rways. Pharm Research 5 (1988) . 506-508. Zeng, X.M, Martin, GP Tee,
S-K. and rri e particle |actose

i sper ot onand_AdEGEPRERAEB SroPiaamitinhBe. COPHiaEs I AER Mbam i n

vi tro. | nteircuigion gigmpenwitn 7 geight berg) smatier thpQ its Pamelis aofbldeasHPo 8 4pelfl ai ns 1. A
di si nt egr aghakreisWRRRSntérGie cHibepavERnts B b@ikdical GAINRI dehérBly oBpdsidsdeabt i al | y

‘cylindri Cathls g%,:f smt%t!ﬂé FéPénf?atuhé)ch%E\Qr%?‘ﬁ% M\Aﬁ%m Ir%ld(t.lﬁ'lle% V\%}mbt%ﬁ'bg'tg ?ns%He‘Fsr than its

di anet er, he chanber as
tangents t%‘h?fwg‘f"wﬂfiewafr"i“@w E\Hﬁrﬂért'\'%hf S'\jmﬁ'eaﬁamy inigh e ie eplikyrdesasdg have hi s wal |,
sui t abl e foe pessegiviyn fpr Biavetsing tHeabseanaasdrih@w dosd duppiying r@@@rd&trtehaalehanber bot h
air chan neén%bhn&'ihfe B&rﬂdeﬁ%‘éhﬂ%gof Q'SI%I@ H@s@tdra'g%d%&ht@ EircBibicfi" F@ﬁﬂey Ey ir ﬁ‘bmf’ﬁé ing the

sane inlet, which I's SO as ave one passal or traversing
Che. dose. RS RPoREoNYs VLB AN PRIPPLE! BT 2 HPPREATES PEFOS habl | ng

t he powdercirguiRdint $hembesf suiiabls forgleesleghtinethel patiptpe dnd gieaing fmore isyrordtiedal fomw chanber
by air fl omtsginsitdéRLBhmidni S passageway , and the other passageway to serve
as a bypass channel towards the circulation chanber suitable for
accelerating the particles and creating a nore symmetrical flow pattern

i nsi de said chahdwpteoration meatis & 4y eevder iNeateraecgerding @clatm | chasagtrszedibiiaal er s
accor di ng thsula€ bigdhaigd chafiRhiabl afprakethtdith@sanie Uddgituainal ks 6dwhe gRugivANNel havi ng

appr oxi matc‘ﬁgr}{b tr mﬁt asrf?lﬂﬁ s%%@%lérﬁ@ér Qﬁtj anae)ﬂeﬁsflﬁsﬂ‘tﬂhsech%ﬁrrepg o%dlngnnto §; mber but a

much smal l er di aneter and an ext Ing into said
chanber ovEfmker Ioé“rﬁﬁﬂe}ﬁ'gtﬂef"ﬂfb“"’%ﬂa@rthettﬂ%h'i'e'ﬂ'ﬁéft{"?)'f"él"atf‘?éic'@ambebf t he

circulation chanber. 3. A disintegration neans for dry powder inhalers
according 40 aWdlsﬁm@@aﬁgﬁ Mekne #@H%owd&hﬁﬁaﬁ’&é &E&ralﬁ&ogxy ﬁeéehlhé daifti T passageway

HY addltlont nel s’ for the
circul ati onaréﬁ?{ &Y, a%'idtaﬁg?s RY él’aé'g g?%th PrﬁY"g'{g V%ﬁatf?ﬁacrawp%{% a branching
of the cychamesbygmsicustiamshenber, entmrw@nsamna@mmtmenael or 4 agwanchied gighepar t _of
the total dyeisRibyrbOE¥ndel AMoughShics Bk M, BdihgehaR Wt t%ﬁ&ﬁln@frat&? v, s f1 ow

constricti cgrqrolla ?elfbg m\@hrkshor\a alp g}ls fﬁ)%%g V@%tto%”%é hlch%ass ner\}v%% aé'r‘xds m E 2L Imr}lgr between the

di scharge chann Ircul nDuthplece

cyl i nder ViPETHY REMRSP fﬁeﬁﬁ@har%cawe'eqf theﬁawlaf'whm%eé I8¢ g eo- %Wﬁ@hp'ecef or

cont r ol | i rglintidvewithddrger madzrrdiaﬁietemlharftﬁsmsdha‘gé:ehaﬁrfel tiecontroiliag @e tothesit & and f or

creating gesshfed &t tt@ﬂnhﬁfl‘e%@m@érrd & f%'éﬂﬁ h&t@cﬁ'&lgé'pélr a?c!uﬁ&lﬁjle ag\‘gslo?aoneduces the

~nouth depoiI hl({)jn OL‘ ﬂd? &gﬂclgs ré g fromspherical pellets which is
a conseqUBIfe BT FEMEMR PR & r(‘:’@lP?r}'%ﬁ FEHE® ?rﬁa'(ﬂ’ﬁlﬁsﬁﬁ‘af‘ﬁﬁ‘?al ation

t hr ough artoisatghesrof ighurrhflows génuiring in theumdethi detra indwlafiondiereugh ppinbalérivithhavi ng a

snal | er  dinaii @sutdpRadicytintr NSt iaving a Wnallbhdidetdr (Han t@REbR oERYh biine 4. A
di si nt egr%hgrg?ﬂ?ans for dry powder inhalers according to any preceding

claim charac i zed by nore than one, preferably seven, air supply
channel s for the bypass flow, all being substantially symetrically
di stributed overdisintegration eeHis ®F @i pavdef infidees aydriingto atyedredsdihg cigih, t he

circulati Qﬂar%%ymokeﬂvlqa%ddilnlatdré?é?aﬁlﬁse@é?zealpﬁﬁﬂ N&andeis2b P bpdsshodG! NI

corrpar tment of the'in
being substantially symmetrically distributed over the circumference of the cylindrical wall of the

circulation chamber, in addition to the channel traversing 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 hypass channels that are closely adjacent to each
other, as well as a reduced surface



when in use, providing a so-called air barrier between thengdehibial 86d$9
particles and the interior wall of the chanber created by air flows
through the bypass channels that arg closely adjacent to each other, as
wel |l as a reduced surface 22 Decenber 2005 47 | area of said wall,

providing in conmbination a strongly reduced fine particle adhe5|on onto

sai d wal | , arezes paitwall, prgvidiayin tdebinetmmiaishiaigly Gsiuvddtife sapicte :apds@h beabaiedi| ets. 5.
A disint egésﬁédla‘l?ﬁopfﬁ@-%bfng{onq}'tﬂs g@‘%al J‘IQ@' ers according to claim4,
wherein obtuse " angl es of about 1 degrees between the-remaining sections
of the cylindrical wall are provided by the air supply channels entering
the circulati on disieipdsation magrisddr diymowdseinpaiey daerdiagtoictaor ¢ aberciobbtusehe angl e of
i mpact andingRsisiepanis cﬁb@& HeBveBPMB Ehaing sédﬂ&ﬁeofmlcbnnsrﬁ:atwaw Q:?e &Jv.dwe chanber
Wi ng carrier

;g\r/\/?lr gls es t t{}gheaa?r%% d’ccﬁann?e 8 cerntoeg@atgb%rgm%grﬁfhra "gi' "blf'setpﬁ’é]a% 'l 'E%Taﬁ? Pon chanmber
f r om whi cHn® #¢ %l&ﬁafé ARceuseHRartigpste h%tmg%ofﬁh@ﬁ well sectiongief thgichembey| tewargsn g
gradual reheas®Rr @ithicaainbe roverarirys degndera®dirgharie ;famula@folamoeﬁﬂnarmsé t hr ough

said di Sctn@éegﬁal SBQBﬂﬁé c;rc@aﬂoﬁ‘cl%'m%érnf‘ Wl’@gh'tlpe c %&Ethe%&cﬂ%& Pagu ' nhal ers

according to any precedin aim Paract of the

circul ati d’H"Ct'S'ﬁ‘?f'Hjﬁ?é?agrﬁd?af @'eﬁﬁeé’é??&fe{;%a”{ﬂ?aﬁ%Fhe§|r‘iﬂ‘l§‘t“?ﬂrﬁhé'ﬁbsf gregh&id t op pl ate
of sai d chiashaege chatrieth has a | arger dianeter than the external dianeter of
the chanber. itself, thereby creating a circular flange that stands out
fromthe ter ne wall and bl ocks a passageway for air through an
annul ar - crnmel BTREAN PR P RIS eoPal oD AAABRIand  f he

co- axi al tahyattefizetipna thipéndéthe gifculalipe chanibeh on iterdipeharghi chanmelesiddwhidrédiinng  cont act
with the itﬁﬁ @té @F saidéhbmbedfwhA hah d‘lﬁl’g‘érh@h@féﬂhﬁy’thé él&i#rﬁal dlﬁﬁféi@l@fthé S=mb&re snal |

i nterrupt 'ltgélfs E&;E@Ffu%agngj <J;| é}r@ggr éltarbg%ttha? nglnf&lg ?ut fromm e%;emFl cHé?one W, SJ B;Tlocge of this

passageway, tFcul ation
chanber f d’tasﬁ?é?‘(faﬂ & pi W@?Uﬂrh@ Feavaricaanna hehiern e exfindripg! é'ﬂgﬁt'qnﬁéa"&"ﬁh @rar openi ng
bet ween ttimecoesiabitiutar mnmbitidep c@itder oth larvdediantata bglimsiilyadogrect altatndiederi@f t he

s, cireul atigpy Gmmuthﬁiﬂrfetc@%erdgwaﬁtf& Ghe Qrtallgnlfgrrﬁpt oh?lngﬁd flahge ‘fhafjt!oﬁl’rdqt egration

means for dr ers accor rece

characteri 'ieeqvf r‘gﬂ F%Sﬁgpce[% g“sr’l’ﬁ??ﬁgerwa&fadﬂ%é% S pr@%ﬁﬁ@%m\akmgﬂ?’\ﬁ%@ﬁh% ne and

ei ght, pr efrailaipn shamperder, contpitiag e pdolia) sHeeth figy hwbgt taméringlhl ypesipgrpatweencal | y

di stri but agk @\l hdihplebd GHHTEEIE BEEhaRE chdhBel WML ciRliatidh@haridef CUl ati on chanber,
in additi Qhn %o o QS regrﬁgn bantgaverm ng the dosing neans of the inhaler, and
the shape 0 C{H'e Cl rcu N chanber is cornered, preferably

ei ght-cornered, having sections of the wall of the chanber of different

| engt hs, wher eiAvidirasgRion Seghe Sor am govald] iAIGMN acsirGing ®lanppréRsing diher nat e, the

| onger si das.36%Yd iR thafife %ﬁ@!& faéscaﬂarﬁabg%éb&we%ng dmﬁ%lah PREbAaby fﬁ?egga' h rate

of novenent to Increase vel ocity, orter havi ng
pr ef er abl PEBINSENG Fepsigatialnyymal Eﬂ“y i'StBbLEﬁ?g’?’%’é'? W%”ﬁer?ff’f@ of t%‘@%r"f&edes bei ng
sui t abl e asculatiprecbambsartiradditign tofedhainglt tegersing ha dosrgmeahsaf thdinpalgrosvddire | nhal er s

SCCOL di ng shé?)e%f‘tﬁe arcmaﬁ@llcmnb@} RicBhered B%F@&ty%ﬁdh?&%elféa ﬂatxﬁg seenany Redhar
I scharge ¢ a

R

‘enter thi @Itefm Hellonggfisifies seriing 25 aserifration siddsalony whitioragicles gairalgfof a carri er

dose Wit h ndbedmeneld irkicase tk Bivkdt eKcitg Bnd thd$hokdrRide€ hévinglpairdrably Bliaddigles and more
part i cul ar I‘é‘uouttTQS Séapéeg %th I%g IoP&e? gg&etgetr%(gggble as impact sites.

8. A disintegration means for dry powder inhalers according to any preceding claim,
characterized in that a tubular discharge channel has different inner diameters over its length to
control the area inside the circulation chamber from which carrier particies may enter this channel

~ and such to control the discharge rate of a carrier dose with defined size distribution from the
circulation chamber, and more particularly, to control
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13. A di sightRgration means for dry powder inhalers according to any
preceding claim characterized by nechanical coding neans interacting with
correspondi ng mechani cal coding neans in the sense of an
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bet ween t Ré on nmeans and a predeterm ned nedi cal powder
formul ati on. 14. An inhal er characterized by a disintegration nmeans
accordi ng12.0 anydigfiteg@aidh Agarli@idfpowder inhalers according to any preceding claim,

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.

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 disintegration means and
a predetermined medicai powder formulation.

14. An inhaler characterized by a disintegration means according to any preceding claim.





