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(57) Abstract: For improving efficiency of the application of medical powder
formulations a disintegration means for dry powder inhalers is proposed, com-
piising a substantially cylindrical air circulation chamber (3) with 2 height being
- smaller than its diameter, and at least two air supply channels (2, 9) which enter
the chamber (3) as tangents to its cylindrical wall (5) at generally opposite sides
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/" ing the dose measuring or dose supplying region of the inhaler for enabling the
powder quantity of a single dose dragged into the circulation chamber (3) by air
flowing through this passageway (2), and the other passageway 1o serve as a by-

7" s . pass channel (9) towards the circulation chamber (3) suitable for acccleraéing the
. particles and creafing a more symmetrical flow pattern inside said chamber (3),
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rel easing drug particles fromthe powder formulation, and a nout hpiece. 15
Background of the invention Dry powder inhalers 20 It is historical
tradition to divide dry powder inhalers into (a) single dose, (b) multiple
unit dose and (c) nulti dose devices. For inhalers of the first type,
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a nunber of capsule inhalers, inconplete expulsion has been reported (e.g;
Ni el sen et al., 1997). Sonme capsul e inhal ers have a magazi ne from whi ch
i ndi vi dual (@ggl es cfan be transferred to a receiving chanber, in which
per f oration reHRd Of the INvaRéan pl ace, as 40 described in WD 92/03175. O her
gapsul e i nhal ers have revol ving nagazines with capsul e chanbers that can
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. 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
_ transfened to a receiving chamber, in which perforation and emplying 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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handlings to prime a dose is generally lower.

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 muiti
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 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 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
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35 pellets for inhalation are very weak and exhibit very low densities between 0,28 and
0,38 g/cm® (NL C1008019, 1999).

Nl zecf drug

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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Podczeck physiologically inert. Nearly the same fractions of 30 to 80 pm, respectively 50 to 90 pm

are mentioned in US-]S'atent 5478578 and by Timsina et al. (1994). In W0.95/11666 it is
" claimed that carrier parlicles are advantageously between 50 and 1000 um, preferably
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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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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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 periphery 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
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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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report DY002-rev.4, 1995), or the air flow may cause the dose container to start a certain
(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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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 particles into the respiratory tract.
As aresult, 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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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 fubular 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 specially 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 arounded cylindrical wall. Suckiion fakes place through tangential air channels -
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separation. Consequently, powder deposmon in the resplratory tract can be confined to
- the active ingredient only. The excipient particles in the formulation for this type of de- B
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 - § _
The specific design disclosed in unpublished PCT/NL01/00133 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 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

i
z



sheath fl ow l"ﬁ‘ Oiﬁ’fsl‘??é'ﬁ ‘tig‘

whi ch corresponds with an inhalation tinme of 2 seconds 3} R, rggg,r fl ow

rate of 60 I/mn. 25 The type of de-aggl oneration principle described in

EP 0547429 P 9393269520416 Al and unpubl i shed PCT/ NLo/ooIQ?;/EP%m |
particle-free sheath flow that can reduce the deposition of fine particles
in the patient's mouth fromreturn flows.1#The sheath flow .is particularly
effective for spherical pellets, because the emtted aerosol cloud
generated fehamheniGonneged & the gelinenaehasibesisastanasntisbautlal chanagl geferred to as

aggl onmer at esdisintlgratibg bharniear! The édﬂ:aterélﬂn ehanndl owatds théireidghicd dvambbi, thesheat h

of clean ai rmﬂ a’fanhéleof'tﬁgééﬁ Eé%d?l%‘h&b&?i‘ééé cyli Qér‘h%w?e é}aﬁéie Sp' ral

pat h di schar esl ve ange t he
é? ‘?f]ﬂﬁe PN i&fr @P"km%r B‘W%}a@gﬁe& ance
wi thin aécelptf%ibe@fa usl ard ﬂesth@mamﬂmfdne dosede sot yed exleased baforecpeakdawi nat i on

of a resi denge: IdteEea achieldd sy 16 phticht YAs fﬁM@‘pﬁdv«m@ﬂr deselibed phegpiéithon
chamber f or éd&%e%&ii&'e&%"é%& m&é‘@ﬁ!%ﬁﬁ’aﬁ rFe?Q&?fo OﬁurméP&.%r i cal
C

|| et b k shaped
part  of t helgmesaien akes ok fedisinaralion hambis) 9%@ oot iR
out| et of tr@cehmmfmre@@Inle!meqll@tﬁgiebwelmmwu&tmp@@nfﬁeem thglar to the

| ongi-t udiioal dnﬁmegraﬂén timndOvitdeny in prdee o Syl dowe bir ahl paficletvelotity. TThid esduaes

passes thro ﬁ,wdgt channel, ending along the periphery of the
resi dence cﬁg |sa&ds I schar ged tangentlally into this chanber. The

air outlet channel of the residence chanber is at a cylindrical end, co-
axial wth tm@rewmalmentwnedmrwlaﬁonmhmbm|adaa|nte@rajmaapgmculartlnfai&isieﬁlln an

adj acent del |y ¢@htrast, WomBEIBEL N Alfers $o 8 %ﬁi@d@@@ mduowuﬁdfpamcrefmssm

PCT o) @f@é't’%éﬁ%éé ATl R RRAgE

|v ry cﬁ%@ﬁmgfgrﬁg‘g gtnptal

out | et chanrfPlicatign esfers do eapiigidry ppwderinhales devalormentpBrwh '%C‘SE%E'I‘
channel t owdrase betreuseddodi@hthe pu;tpnsb@f effetdtmg deagglemerstiomamd/onb) sdparatiog | ver y

chamber and oo SANHIREHIRE Bodvit iaRd SEhtEDHRiIdRATIR bh BirpoWaBdhikidfd. Bath axesof It s

S o ot U b e g o g

flow raf® repligiens igdeicopivgd by therowes of Wt"mAQa*f patiepds sarabeRfapp! ymg
descri bed prio thei pbhpiedes Fosthstimientizh disdosad e WOraS/26827¢ heyrimaryAandtion oba t he

g: :Pﬁ[ Z I ggtf élﬁng‘échdﬁkﬂe‘i' RefeitHer to effeStetitR foﬂ{ekéli&ngﬁ#&ﬁs cphiEp arﬁué on s(.)zr<;,=1 e
i nter megl at ?jgg m@&aﬁ °E¢\%gw'%wgesgﬁ%ﬂ§ﬁ é&gﬁ(g&ﬁpﬁﬁf%ﬁa I SlI n e rat i on
channel wi ddiabter pariglesshy a sirgylgiaryrestions testesam ¢fdhe pygapechpmber [p

reduces 25 exampledthishuircalatodepartion is@rfrustd-tonirabbodyUftling clesety maémrlel-ﬂwmt i on'
chanber s ar gioji$lh& Iha flow@ist lﬁﬂfﬂ'aé%“h%f onBlBpmBre .s!@s%agé\fvays loPhélieAtdoARtmatiéh
98/26821 T LY théiaBeRl Eim AR RE AITHEL BicAN lﬁ%&éﬁhfs'b%agaﬁameg 15

prlnC|pIeth 'S 1

| ece 0
dzhal er. Théunnghshaped hawg 8' he |%VW%$@W@6'EEQW?TC§FPWﬂ%ﬁPé‘P ep
vel opnent sgainsithe o of thel forsto-cirdeabbody. Phidicles hexebeing detagagiomératedtipen pur pose

of ef fecjg n%ﬁ&u@ﬂ%ﬁwm& bQfacRNK {sHainBa et PRkl At lafgePpart@sssapahas td he
-heavier and Iarg >td8nt n? fw tﬁe?éaef%assaggwafs' tg)/ (pe?th?gal g&%&“&@“ﬁn%ﬁ:cﬂes%lﬁﬂg .

a spiral path with smaller radius than the larger pamcles

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
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- 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 fiung

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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mixtures. Only fine drug particles are emitted whereas the larger agglomerates and carrier
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.



dry powder inhalers, conprising a substantially cylindrigghehibefbhgd!l ation
chamber with a hei ght being smaller than its dianmeter, and at |east two
air supply channels which enter the chanber as tangents toits cylindrical
wal | at generally opposite sides of this wall, suitable for <creating a
circular air flow pattern inside thggschanber, both air channels either
having different inlets or alternatively sharing the sane inlet which is
split up, so as to have one passageway for traversing the dose neasuring.
or dose sulpgHcyptiog oftbgineentiod t he i nhal er for enabling the: powder quantity
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spherical qeld.Rheratigpntaining no carrier crystals. Further re-design of
t he dlsper5|on principle is possible to.control the total inhaler
resi stance and the powder deposition in the upper respiratory tract by
means of the addition of a so-called sheath flow of clean air..
Modi fications al so enable carrier retainnent in the nouthpiece and

- ekimnation of the tangential flow conponent of the discharge cloud. 22
. Decenber 2005 20a Description of the invention The concepts described in EP

0547429, DE 19522416 and unpubli shed PCT/NLO1/ 00133 conprise a famly of -
de-aggl oneration principles for different applications, all being different
nodi fications of the sane basic design. For all concepts, part of the
inspiratory air flowis conducted through the dose conpartnent to entrain
t he powder. The downstream section of the powder channel, connecting the
dose conpartnent and the de-aggl oneration chanber, is tangential to the
cylindrical wall of the de-aggloneration chanber. The de-aggl oneration
chanber has the shape of a disk, sharing its cylindrical axis with the
nout hpi ece cylinder. A tubular discharge channel, also with the sane

| ongi tudi nal axis, and a nuch smaller dianeter than the de-aggl oneration
chanber, starts fromthe center of the cylindrical end of this chanber
which is closest to the nouthpiece. Another part of the inspiratory air
flow enters the de-aggloneration 22 Decenber 2005 WO 031000325

PCT/ EPO2/ 06610 21 |i chanber through tangential slits in its cylindrical

wall. The nunber of these bypass
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mixtures to he concep (Pescnbed in unptﬂyhshed HﬁLBB
for adheswe 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 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-




22 22 Decenmber 2005 PCT/EP02/ 06610 carrier interacti on2zapgcaiiseg 2de$ achnent
during inhalation. This information is nore accurate and reliable than
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par abol as, 4% Hegrees. As a result 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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and a gradual emptying of the circulation 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 irregutar 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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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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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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the 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 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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net hod may conprise that the agglonerates collide repeatedly with the
cylindrical wall of the circulation chanber and/or with each other while
they circulate inside the chanber, so that drug particles 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 smaller 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 from drug 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 nmout hfeel and chest tightness. The nethod may conprise that the

i nhal er discharge cloud has a strong tangential flow conponent, which
causes |l arger particles, such as carrier particles that are unable to reach
the target area in the lungs, to fling sideways by centrifugal 22 Decenber
2005 27a action imedi ately after discharge fromthe nout hpi ece of the

i nhal er, thereby causing these particles to deposit in the front of the
mouth of a patient instead of in the WD 03/000325 28 22 Decenber 2005

- PCT/ EP02/ 06610 throat, thereby reducing adverse |local side effects in the

tthroat, |ike hoarseness or Candidiasis connected to the use of cortico
ster0|ds, fromdrug deposition of particles that have not been detached
fromthe carrier particles, and providing for facilitated renoval of these
carrier particles by mouth rinsing. 5 The desired duration of the carrier
circulation in a de-aggl onerati on chanber depends on the rate with which
the drug particles can be detached fromthe carrier crystals in this _
chanber.. The basic air classifier disclosed in unpublished PCT/MZ1/00133
provides the possibility to study this detachnment rate. Carrier crystals
that are retained by this classifier 10 can be anal ysed upon residual drug
(CR carder residue) after inhalation as function of the inhalation
(circulation) tine. Carrier residues (as percent of initial drug Ioad) for
m xtures of 0, 4% budesoni de mnth three different carrier fractions in this
air classifier
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material,, C | represents a basic classifier of the type disclosed in -

unpubl i HMed PCTI NLO1/ 00133 (the_same as used for .
' 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 0,5 s circulation time after 10 minutes mixing equais that of a
' circulation time of nearly 3 seconds after 120 l_'ninutés 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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"residence time will be necessary to obtain the same degree of f ne partlc e detachment
- from the carrier crystals. If on 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. '
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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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baI. ance35 in addition 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 obtalned fine particle fraction with this type of principle

40 is highly flow rate dependent.

For the concept disciosed 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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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 Insplratory
flow rate than that of unpublished PCT/NLO1/00133.
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“thr oug h t hefiggeparticle fraction for the optimized concept in F:gure 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 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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60 (left beans per drwify insereepiediinas.arefopmixtaes @ftac 12Dminytes3niding time.
' _ Carrier materials are sieve fractions 45-63 um 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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two different discharfes Phafigiss AN Akiin oheasiadtoniaRinietel e 1 ow
sieve fractions eriv r '
mar ket ed | actose 10 pr o u%é@%'?%ggﬁ ?‘?Z‘?‘gﬁﬂd e%%?,&ﬁ%cg%e%@?%@émﬁ?ght
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adhesive i xtures with two different drug | oads (0,4 and 4, 0% budesoni de),
I'n comparl Soﬁ?Wetd"' t hgs a@ih?\ﬁfﬁ@h&;ﬁﬁg teRideRBd fhéPbitfer it tfpae ofeaier riteiioped
concept with 7 (Fi I ﬁ%.@yﬁ{ﬁﬁ@%%ﬁ’&kmﬁ dHBsAE! ﬁh&J@w&é‘ git9¢e
channel at 601/ m n. > e | appr o i ng. carrier frac |'pn . _have
been derived from Ph#%@%&gﬁﬁﬂ?'%‘(ﬁg‘élf@@@%ﬁ? syEiols e PATFOYY SIaYR ”@B@%I. ac
60 (150- 200 pn); 20 deriged feor8 PharmaateleatiOMnopérosymizpls anedonraarketed acfosact i on
as functiggn of resi de']ﬁ@ddctd@tﬂdiﬁer@htfrﬁ&ﬁém&ialﬁéﬁ%?ﬂo§e%ighﬁ@ apgrok y110ayel oped

de-aggl oneration principles for adhesive mxtures neasured wth a four
stage Lenz Labor inpactor of the Fisons type at approx. 4 kPa across the
devi ces. M xkigwres 788568 ac aspdiagrams showinasesiange timee of adhesive mbxiwes wih
Figures 5, 6, 7 and 8 thediffelenedrugXiadefd,diandd,0% budedBrisicl presparison with the
measurement ;. Figure 9 unfibRR BHRE RRMRSIR BRGlenPdduefiied boldeBt WiEPT fridirs
c aSSIfIi‘I‘S concept of e di |rllt€a’r a#lé.on gggns w th.car i ?é?pne‘t aQnrrent; 30
Figure 9% s a cross- S8 EERREivalY EijmFigure 7BLdiacharge Fhagas! ATER Vmin Besg ¢ o
concept of figure 9; weightisappmx 34 mgdCagientrastionehaveHnes defeedfeam f 1 ow
components of the str ¢h@whatoss1 10 M (6he0@and PSUR00IM) AidCapsalae 60¢1502200 nsi de
the circul ation charrbg;mof the basic 35 air classifier inrelation to the
~ f:orces acting on thes B'articl es; Figure 11 is an expl oded perspective view
. of the concept.with air barrier inside the 40 circul ation chanber which
prevent s28utfdgwai al fis adiapmm shominadinedsitéole feantion as fimclion ¢fresidenchiimsdn
wal |, especidl |y duri wiffefsrt abndepis@f tiRaidwipéveldped He-apglometation Brineiples b i s
an expl oded view of t R@hLaRARRtuY hBastFltPhi & 1f SRLE L 8h2 DaboF infiittoR BFthe

o Fisons type at approx. 4 kPa across the devices. Mixture: Capsulac 60 with

2% budesonide. Residence times for Figures 5, 6, 7 and 8 have been

25 obtained 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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appr oach&3 t® r%ceﬁslupueaﬁﬁwmmendmo&themgemn toits cylindrical wall 5.
On the opposite side of the circulation chanber 3 is the entrance for the
bypass flow to | Lﬁegfﬁﬁﬂnﬁf‘fhe %i&‘ﬂr%aéﬁﬁe? riteld t@BnHF%Iér%EH%tHBM flow,
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o 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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t hrough a- t ogxipwith theircolitisrhehambet B butits cyhalleddiambier tinthe ghamber 3. A
~lower part 19A of the channel 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 top 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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released  ne channels for the bypass flow 9, the shape of the powder channel 2, the top plate 8 of

_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.
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 circutation 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 wali 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 dapth
of the final section 2A of the channel 9 which is the same as that for the circutation
chamber 3. Air flows from the bypass 9 and powder 2 channels skim over these
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chamber 12 (f gure 9A) to cavity 25 (figure 9) between this top plate 3 and the top plate

~ 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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‘ walls 24 of the dlscharge channels 19 are approximately the same. le nuniber of nicks
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 channet 19. The lower part of this channel 18 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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| ongi tudi-nal ridges 31, extending over the total |ength of the discharge
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Decenber 2005 4disintegration means for dry powder inhalers according to any preceding claim,

characterized by more than ane, preferably seven, air supply channels for the bypass flow, all
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
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area of said wall, providing in conbination a strongly reduwsatier B8y
particle adhesion onto said wall, especially for the conbination vm t h soft
spherical pellets. 5. A disint egrat417on means for dry powder inhalers
according to claim4, wherein obtuse angles of about 135 degrees between
t he remai ning sections of the cylindrical wall are provided by the air
suppl y chamesedt saiéwsleprovidingd if eontinatonlaatrorgy reesuliied partittel safesion ol &idwany i de an
i ncrease ogspecqmoptﬂg$&1b9,gtldnlm@ggﬂSg,x;chaq:?ﬁg@ particles to bounce off these
wal | sections of the chanber towards e center of this-chanber over a

| arger distance allowi ng carrier particles to approach or cross the
central ar®ea ofA ditigegration meartsifgnryohadebihaldrs anwering ivlatnhé ywherain ogtuteer  t he.

di schar ge ghresrabout 139/»!@@@& Heﬁ»&uh ths rénra.na.g gécashdads tffe%{rl%&%@l v&aﬁ afeprdvided
particles J echtannel 6.

CLIcu ar ge
A di-si nt egr’ é'?ergc')rr?ng e FS 5% en(? Iy b ik ?Aﬁue?%on ﬁ%gﬁgr%'%c%ﬁsF&roﬁé °' '""g #V° Pr ecedi ng
claim chB?®#@wtesf mpad awaasetr@&déﬁe beynce 9fithese wellgeglione of ohehenber tBFaTds s
di schar ge isd@nteedf tigd chamidii wbr o 1@rgdrais@ncetadqvidl cairier pafticieeto Apsttanbreross Whi ch has

a lar ger qh@é@ﬁﬂﬁ%reg Qﬁﬂe &ljaﬁatﬁﬁ FI%%@ fr q‘l mttl%k a‘s enttép %F%EEHEEE channélt Sel f,

thereby creatin circular at sta e ext ernal
cycl one \/\/a"V"l’Ché‘?f‘g”S‘dT Bgrl?guaére'eﬁs&"é%?&w ceg fromfhe CFWFB‘EP@HG’HW’ &1oHah 839 channel
bet ween t hiscbargd ahemriecal circul ati on chanber and the co-axial tubular
nout hpi ece cyI inder with |arger di arret er by making contact with the
interior rmuthi t for sone small

exce
i nterrupti Ons |Phé'§'§ ety Qﬁﬂ'él?ot'ﬁ%po‘ﬁ agelrs écl‘:?fg'” O PRRIPEETEt ance of this
passagewaycharaeleljgedly & top endiof el eitcalption ﬁwbt%bplails dischArgst chere! side whivh form$ a cul at i on

gharrber f Qép w48 of @Ad dhirgodr Mich Asd d 1abersiRMaiehthdd tﬂé/\éﬁéﬂrﬁdpwﬁhbtérhﬁh@ﬁﬂhkb&r Openi ng
et ween - . n n

circul ati Olﬁg%ﬁgrﬁgx r%lrﬁﬁ}cmgﬂésg tffa¥8tanra98¥t fr? %e f‘t%%hl on$ wa &Fbsl?cg? egr at ion
means. f or RAFSPOPENRE A thrneh Byasndg cbanes! hgiween t&ﬁyy"mﬂé@é'm“ﬁ@j’“@h@"hﬂ and

char act er itzeegb-sxial tthuter mbiitepiste sytieder ofith Rygeasantd By meatirgy dostadd @ttvdeinteidie and

. et ght, preraﬁBiasQ'dYnoLmEn@r%cyh n%retefc'éﬁ%rlé?nbee%]n%g -nﬁal#aaiog&h 4 ha)ﬁ? g@@gﬁ&ama' l'y

di stributed over the circunférence o t1on chanber,

in additid¥ EE'r31°‘f"ﬁee°"sE?H%?rﬂing‘l's PRFSR0RA% IR e B’Gg?t‘?@'“ﬁ%'ﬁﬁbreﬂ?taqcﬁ%ftlenhal er, and

t he shapeirafatiorhehamber ol cattioding b pariieb sheath flonthreegreitls apolef eweainy hetween

ei ght - cor Ny RuiaRIHR@cS&iddeOana d8énalgh Bhani@l df the tirduBfonGhandeer of different

| engt hs, \é\m% edmr,lmsltggrge{tms des and adjacent shorter sides alternate, the

| onger sides serving as accéareration sides al ong which particles gain rate

of novenent to increase the inpact velocity, and the shorter sides, having
pref erabl yr. obt usdsirasgtiesmedis fod B9 dbwdkBibhaAlegice@8ingotahy ﬁr&%dlh@cﬂ@ﬁl‘ Si des, bei ng

sui t agl e Qﬁarbn{@é&)t in %{tﬁénun%er d?‘bﬂ)'a% éﬂ%lr%glEQ% ﬁe%eﬁgﬁé]a?)d eﬁﬁt ;QEeran i nhal ers
G Sonar 6o PATSIHAT Y SESMAE DR ol P St e BT & Pt 70 cont ol
t-he area icineiatien dhhmberiin gdditiat iothe cotraetiteaverbingihe dbsingimeaaw af the inhgerr éridéhees may

enter thi %héb'@%ﬂtﬂ@l:lrculﬂﬁ]ﬂ ﬁé.m‘bla onrﬁ@r@é rfékeratb%gm &%%%whgl&e%ndai ofkhgarrier
dose with d t? qqs ze

particul ar y, EORET %fd’ t@]@}g ?re'ﬂgﬁ'gerﬁgest H%J%ﬂf’é‘?’gﬂ'é’n%’ég?ﬁ er residence

‘tinme insi gienate "@l'qﬂéﬁﬂstﬁ‘ﬁ @ﬂwemmeeﬁerﬂm gfes@isnevhitiregicehgaintrelgobe of fine

particl e aeiasdhmicrehsaxna impect Gadclty, @hid thidsholtdrdies hiving@rardriBbblubdmgar ticl e
dose at a £afLahh yed; g%ﬁ f’ﬁ&%ﬁ or i@ %ﬁ’tabl% 25 alpgétiﬁéat egration neans for dry

powder inhalers according t ny pfrecéding ¢ characterized by
| ongi tudi nal ridges or strlps on the inner tubular wall of the discharge
channel omB. 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 controf the discharge rate of a carrier dose with defined size distribution from the

circulation chamber, and more particularly, to control

anber, and nore -
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formul ation. 14. An inhaler characterized by a disintegration neans

according to any preceding claim
11. A disintegration means for dry powder inhalers according to any preceding claim,

characterized in that the entries of the supply channels into the circulation chamber each having
substantially rectangular cross sections.

12. A disintegration means for dry powder 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.



