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15 A dry powder inhaler, DPI, represents a device intended for administration of
doses of powder into the deep and/or upper lung airways by oral inhalation.
However, deep lung deposition of medicament is a more difficult proposition
and has only recently come into focus. Most inhalers on the market today
are designed for treatment of ailments in the airways or local lung, like

20 asthma, where the objective often is local, not deep hung, deposition. When
the objective is a systemic delivery of the medication] then a deep lung
deposition of the powder is preferred and usually necessary for maximum
efficiency. The deep lung is defined as the peripheral lung and alveoli, where
direct transport of a substance to the blood can take place. If a particle is to

25 reach into the deep lung the aerodynamic particle size should typically be
less than 3 pm, and for a local lung deposition, typically about 5 pm. Larger
particle sizes will easily stick in the mouth and throat. Thus, regardiess of
whether the objective is a local or systemic delivery of a drug, it is important
to keep the particle size distribution of the dose within tight limits to ensure

30 that a high percentage of the dose is actually deposited where it will be most

eifective.
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tant for a successful delivery to the deep lung upon inhalathi'on.
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aggregating is defined as breaking up aggregated powder by introducing
energy; e.g. electrical, mechanical, pneumatic or aerodynamic energy. To
succeed with systemic delivery of medication powders by inhalation to the
deep lung, it is important to achieve a high degree of de-aggregation of the
medication powder in the inhaled air. In most cases, treatment of a patient is
not a single occurrence, but has to be repeated and in some chronic cases,
treatment has to be on a continuous basis. In all cases: de-aggregation must
be very repeatable and dosing must be kept within tight tolerances from one

administration to the next.

A majority of dry powder inhalers of today presents rather moderate
deaggregation capacity. Current inhalation devices intended for asthma and
other lung diseases normally deliver the dispensed drug particles in a larger
size range than optimal for deep lung deposition. This is often caused by
inadequate de-aggregation of powder particle aggregates with a primary
particle size in the range 2-3 pm. Thus, the inhaled dose consists of

aggregates of smaller particles. This entails several disadvantages:
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particle size, which influences the deposition pattern in the lungs, can
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medicament. This is especially true for systemically acting drugs, where .a

15 deep lung deposition is normally required. In addition, for locally acting
medicaments, where usually a local lung deposition is preferred, a high
degree of de-aggregation of the medication powder is an advantage.
Preferably, the de-aggregating method ought to be insensitive as far as
possible to the inhalation effort produced by the user, such that the

20 delivered aerodynainic particle size distribution in the inhaled air is
independent of the inhalation effort. The average acrodynamic particle size,
which influences the deposition pattern in the hungs, can be controlled by
controlling the primary particle size distribution of the particles constituting
the powder,

25 |
Introducing special devices as for example spacers and/or external sources
of energy to amplifly the inhalation energy provided by the user during the
act of inhalation are common methods in prior art inhalers for improving the
performance in terms of de-aggregation and dosing predictability and

30 repeatability. The addition of external sources of energy leads to more
complex and expensive inhalers than necessary, besides increasing the

demands put on the user in maintaining the inhaler.
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Ml N BUGRRE %Sl ANE da8te ¥ferd T el PR B2UHSlts e.g. U.S. Patent Nos.
3,388,572; 5,388,573; 5,460,173; 5,647,347; 5,823,182; 6,245,339 Bl and
WIPO publication Nos. W094/20164; WO098/04308. The carriers and
methods, taught in the referred documents, are characterized in that the

20 powdered medicament is impregnated or embedded in and across interstices
at spaced locations in the carrier, thus forming one or more doses of

medicament. A dose is then put in a flow channel connected to a

R

mouthpiece. As the user inhales through the mouthpiece the created air
stream forces the aggregated dry powder particles of the dose loaded onto or
25 into the carrier to be released into air and de-aggregated by the shearing
force of the air as it passes through the interstices and past the aggregated
powder particles. Thus, a main purpose of the net or screen type of carrier
presented in the referred documents is to facilitate de-aggregation of the
dose. However, examples in some of the documents show pressure chambers
30 or similar means for creating a high-pressure air pulse, 70 psig (=490 kPa) in
one case, necessary to blow the dose off the carrier. A pressure of 70 psig is
about 100 times higher than the pressure drop produced by the inhalation

of a user. A normal inspiration by an adult produces about 5 kPa and an
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it is necessary to provide external power in electro-mechanical form to

achieve de-aggregation, which still seems to be only partially successful.

20 Prior art methods and devices leave much to be desired when it comes to
dose conformity, particle de-aggregation and efficient administration of the
medication substance. Furthermore, prior art methods of de-aggregating and
dispersing into air a dose seem to require high levels of de-aggregating
energy, which lead to more or less complicated inhaler designs.

25 Furthermore, achieving an objective of efficient de-aggregation in terms of
percentage mass of particles less than 5 pm dispersed into air relative to
available powder mass seems to be a far way off. Till the present day 00
little has been done to develop user friendly, highly efficient methods and
devices for de-aggregating and dispersing into air a gquantity of medication

30 powder , especially when using the effort of the user's inhalation as the

single source of energy.
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powd €/1SPETFUFHLP ALHObAIYYaPQWHSE ARSS:  the accunul ated powder occupying a

| arger area than the area of the nozzle inlet. The nozzle is preferably
positi oned outside the powler area, not accessing the powder by the

r 8l atA vpomatdaromitnTaizbr t reethiod dsr edselosed), thevedingozid-aggeiesiond 4wt he
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dose. In a preferred embodiment, the powder is deposited onto a substrate,
the accumulated powder occupying a larger area than the area of the nozzle
inlet. The nozzle is preferably positioned outside the powder area, not
accessing the powder by the relative motion until the air stream into the
20 nozzle, created by the suction, has passed a threshold flow velocity.
~ Coincidental with the application of the suction, or shortly afterwards the
relative motion will begin such that the nozzle traverses the powder dose P
gradually. The high velocity air going into the nozzle inlet provides plenty of
shearing stress and inertia energy as the flowing air hits the leading point of
25  the border of the dose contour. This powder Air-razor method, created by the
shearing stress and inertia of the air stream, is so powerful that the particles
in the particle aggregates in the powder adjacent to the inlet of the moving
nozzle are released, de-aggregated to a very high degree as well as dispersed
and subsequently entrained in the created air stream going through the

30 nozzle.

A powder Air-razor method for de-aggregating and dispersing a metered dose

~ according to the present invention is set forth by the independent claim 1,
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FIG. 2 iltustrates in top and side views a first embodiment of a
perforated substrate member;
15
FIG. 3 illustrates in top and side views a first embodiment of a porous

substrate member;

FIG. 4 illustrates in top and side views a metered dose formed as a strip
20 on a target area of a non-perforated substrate member;
FIG. 5 illustrates in top and side views another metered dose formed as a

strip on a target area of a non-perforated substrate member;

25 FIG. 6 illustrates in top and side views a metered dose formed as a strip

on a target area of a perforated substrate member;

FIG. 7  illustrates in top and side views another metered dose formed as a
strip on a target area of a perforated substrate member;
30
FIG. 8 illustrates in top and side views another metered dose formed as a

string of dots onto a target area of a perforated substrate member;
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before the dosetripson o eagedarad oFkGerduikll 4l giAl£S N g sect i onal view

an exanpl e of a dose on the surface " of a non-perfora tstrate menber
and adjacent to the same 5 OCT 2006 WO 03/086517 PCT/ SE03/00541 9 side as

t d NoVi l. ucking up the powder particles dispersed into
t Eg a?ﬁi@}ét%am\ﬂlﬂgtrﬁ%g ifi fof5 HneP side views a mneterad dose formedpas two
part-doses on a target area, one on each side of a perforated Sy

substrate member;

FIG. 13  illustrates a dosing member in the. shape of a cylinder with
15 longitudinally arranged multiple dose bed elements;

FIG. 14  illustrates a dosing member in the shape of a cylinder with

circularly arranged multiple dose bed elements;

20 FIG. 15 illustrates a dosing member in the shape of a disc with radially

arranged multiple dose bed elements:

o+

FIG. 16. illustrates a dosing member in the shape of a sheet with circular

multiple dose bed elements;

25
FIG. 17a illustrates in a sectional view an exainple of a dose on the surface
of a non-perforated substrate member and adjacent to the same
side as the dose, a nozzle in the starting position before the dose
is released,;
30

FIG. 17b illustrates in a sectional view an example of a dose on the surface

of a non-perforated substrate member and adjacent to the same




FIG 18a illustrates in a sectional view an exanple of a dose on ;f[ﬁg 7008

surface 5 of a perforated substrate nenber and on the sane side &s the

dose, a nozzle in a starting position before the dose is released; FIG 18b

~ i1l ust rwews/Bé1a sectional view an exanpl e of a dose on RS MWHEe of a

perforated substrate nenber and adjgcent to the sane side 10 as the dose,
a novi ng nozzle sucking up the powder particles dispersed into the air

- stream FIG 499§ ag ﬂ@%%ao&?e@ WRVIRG Berrlsrmcking R thexeeper prrticlsse on

t he surface f £ .e nenber and a nozzle adjacent to the
SR LG b

15 other side 0 e su in a starting position before the
dose is released; FIG |9b illustrates in a sectional view an exanple of a
dose _on the surface of a perforated substrate nenber, show ng the dose as

it i §lbeilhy Bodtrtesdrr 2 sertinasd fiTuas skartde Qi tpae ohEhdSrcea movi ng
nozzle adj acegt ol Bet{aP. AP QREr AL Bt 8t B AL SAREDGaCAT, dlie dose:

FFG 20a illud sectional " Vi éw an exanp netere 25

forned as twodpsd,ta deser, irp@%tﬁftiﬁ%(}‘i@sﬁi@i@ tefor: (tes Hosatedeloanba) rate
menber and a nozzle adjacent to a first side of the substrate nmenber in a

starting position before the dose is released; 30 FIG 20b illustrates in

a segkio view.an exanpl e of a. netered f d.as t - doses,
one. B1c0aNy REERE AR GNP ol e sttt A BRae o e ROtaE ST e
adj acent to aof br géridiiedofubSh20 Hhem¥erO3n 8885 LcRETE SBER3LARRAEIdD the

substrate menber sucking up the powder particles off both_ sides dispersed
ilAito the air 8%ridwmdaseGa moving sozatee sugking- por Bis pPawAepadréiciesd
substrate nenher vvit(l_kln.a ahgovujeé_ dose onto it and a nozzle with an

el liptical infBPAPEP BRI AE REES ™0 the sane side of the substrate as
the dose; FIG 22 illustrates a perforated substrate nenber with a powder
dose : ‘
FIG. 19a illustrates in a sectional view an example of a dose on the surface

of a perforated substrate member and a nozzle adjacent to.the
15 other side of the substrate member 1n a starting position before

the dose is released;

FIG. 19b 1lustrates in a sectional view an example of a dose on the surface

of a perforated substrate member, showing the dose as it is being

20 sucked from the surface of the substrate member by a moving
nozzle adjacent to the opposite side of the syubstrate member as

the dose;

FIG. 20a illustrates in a sectional view an example of a metered dose

25 formed as two part-doses, one on each side of a perforated
substrate member and a nozzle adjacent to a first side of the

substrate member in a starting position before the dose is

released;

30 FIG. 20b illustrates in a sectional view an example of a metered dose
formed as two part-doses, one on each side of a perforated

substrate member and a moving nozzle adjacent to a first side of




onto it . and a nozzle with an elliptical inlet aperture adjacent to 10 t%
other side of the substrate as the dose; FIG 23 illustrates an emb&ditie

of a nozzlg ,and.a dosing menber in a |oaded state before rel ease; 15 FIG
24 illustrates an enbodi nent of a powder Air-razor nethod "SEGRPHYH nozzle.
and a dosing nenber in relative notigpn to each other in the process of

rel easi ng the L. dose; Fl 25 il,l.ustratgs an_epbodi nent of..an j nhal er
designed to apﬁﬁ%ﬁglbsgﬁg%oﬁﬂ%%bgﬂﬁlﬁ%?gg W8t ﬁbed;pogf L E%rﬁl&fiﬁs(ffif 3}05 t he

di fferent forceRleacdispgresd antd ahé andsireRaticle situated in a stream of

air; 25 FIG 27 illustrates fluid velocity as a function of distance to an
object for lamnar and turbulent flows; FIG 28 illustrates an enbodi nent

of a zZl.a in j the air. s d ttern _devel oping dyring an
oppri SSEE A | OBl PRAN A rBGs" ko, BPETARY HEb R i P dRbRS it ha
rekeased into powdes doddineltbar 0fd at hoBsle ApRhSaPCTBARA] iVIE: CHEPRABLT
PCT/ SE03/ 00541 11 FIG 30 illustrates in a flow chart diagramthe main

steps of the neflifsgntdechaisage sidery theesahstrate aatherdosBESCRI PTION 5 The
present invention discloses a powder Air-razor nethod of de-aggregating
and dispersing into air a netered dose of dry nedication powder being

deposiFied 2ot oilastedtdy af ©dreiieed Yhbsitats Pamibal witlos pewaBNMRIse.
supporting at | east one dose. The invention teaches that a dose of finely

di vi ded dry ne@inEaiét enpaviezzitayide adelelliptieal ineh apesrung edjanengxor emel y
i Q,hi gh degree - e ion of . the powder,. An inportant el ement of the
Alg(r)-razor nmet hggé Pg’s?%ragg#eagf@ée |quﬁgﬁlxﬁg%dgse’nozzl e and a powder dose.

In the docunent the term"relative notion" refers to the non-airborne

‘powder_in nore or |ess aggregated form which My
F1G. 23 illustrates an embodiment of a nozzle and a dosing member in a e

loaded state before release;

15 FIG. 24 illustrates an embodiment of a powder Air-razor method showing a
nozzle and a dosing member in relative motion to each other in the

process of releasing the powder dose;

FIG. 25 illustrates an embodiment of an inhaler designed to apply a

20 powder air-razor method;

-

FIG. 26 illustrates the different forces acting on a stationary particlé

N i

situated in a stream of air;

25  FIG. 27 illustrates fluid velocity as a function of distance to an object for

laminar and turbulent flows;

FIG. 28 illustrates an embodiment of a nozzle inlet opening and the air
speed pattern developing during an applied suction effort;
30

FIG. 29 illustrates the number of particles released into air as a function of

time, and




15 constitutes a dose, being gradually noved, relatively speaking ﬁgzﬁﬁpe

nmotion into close proximty to said nozzle, where de- aggregationﬁg

di spersal into air of individual powder particles may take place. Said

. term do¥® Ke8cTdfer to airborne powder particles al r eadRC¥ Qpﬁ‘éd inair.

Therefore t he rrentioni ng of "motipn" or "noving” in relation to "powder”
%owder dose" or "dose" 7?0 referg to the, contour of the dose g{ofore t he

: powd 1GpaPt i cllestaries B eallew ehert diagpersheithed: steps wicthremt

powder conprlggéorgﬁn%egs&m @H@r[q?épgt ically active substance and

opt| onal Iy one or e excipients € docunment the terns 25 "powder"
or "nmedication powder" are used to signify the substance in the formof dry
powder, which is the subject of de-aqgre atl on and di spersal into air by
the disclosed invention and iPden p05| tion at a selected target

25°° 7l Bresant jyonton] dissier & SREINE I JRZOE Pt Ah e g deﬁa“fr?g;e%ﬁt?he
30 d%&{@f&g@]&ﬂ@ %\eﬂe it B0 &8R! Gos é’"bfoéﬁif lg,ga wﬁa&aep&; RERE! BEf,

exci pi ent aracteri ze by artl cl es consi ar ger of t he

phar riegpokigd cahty @Cémkl@tratﬁ)&haﬂﬂ&r Swhidh TQO@art/\(bfoal @&&ﬁig 1&6‘1‘3/118&63/ 00541
12 Referring to Figures 1 - 30 of f he drawi ngs wherein |ike nugerals
i ndi c%wortmgea@le%ﬁweet HPBtig &Gt nws?éltméeaphvﬁ evpat andage fif ipebht

embogl i @Eisd rr%dlééﬂﬁéé @&déﬁ%ﬁ @rc?eltx}ergﬁttﬁaé e i, Gk tfeme 3 her e
offere as e ure ustrates a non-porous, non-perforated
slubsmlgheiegeemefd@é@ggﬁzgﬂklbheoﬂl@up@waerI | ustrat es a perforated substrate
menber 140 and Figure 3 illustrates a porous substrate nenber, also
designated 140. The characteristic difference between a perforated or

por o nggb 40 (o]

non- 3% ?I% %é%{a%l Fﬁlg Af?{ 8f€}t’ 4o r%%ﬁ‘ %ﬁggéhatgg %1& ‘}oérlr%leoﬁg) e'?) ‘s%hgfg?nt%rough
the subsld ahg d @elwtm:{r@oéélelrf f15e Hvetnidh idase téangetlaalwamdfon "Weikes t he

| atter does not let air through. Different ph ' al configurations of a

depodpt ébedoon- ahﬂwreﬁamﬂve@erofins Ubete abe leasntaggregatedaniorim] which
|IIustra d in

cbr 1 BT sl BRid e efou Do el iPhinenly ¥ W Eh 0o

into close proximity to said nozzle, where de-aggregation and dispersal into
air of individual powder particles may take place. Said term does not refer to
airborne powder particles already entrained in air. Therefore, the mentioning
of "motion" or "moving" in relation to "powder" or "powder dose" or "dose”
20 refers to the contour of the dose before the powder particles are released and

dispersed into air. s

The medication powder comprises at least one pharmacologically active
substance and optionally one or more excipients. In the document the terms
25  "powder" or "medication powder" are used to signify the substance in the
form of dry powder, which is the subject of de-aggregation and dispersal into
air by the disclosed invention and intended for deposition at a selected target
area of a user's airways. Optional excipients may or may not de-aggregate in
a similar way as the active pharmacological substance, depending on the
30 design of the powder. For example, an ordered mixture comprises an
excipient characterized by particles considerably larger than those of the

pharmacologically active substance.



series of consecutive spots of equal or varying sizes. The dose, T@T 0
el emrent 15 140, 141 may be folded if necessary e.g. in order to p %“ﬁge
dose are OiuQ}UQ(a% smal | allotted space of the dosing nenber. Different
types of dosing  menbers 10 are disclosed in Figures 13 - PEB/SERASE or r ed
enbodi nent of the invention is illustgated in Figure 17a, showing 20 in a

ti | wvi = A f di ti 180 d i t,ed t
the. sBETEEiE o FIRBREHa Torralothen dRE T Gu S EHuBgt Kce SHEREERS J95R18  on
the sape 3eaRnes thPeusHESE tALSTRINSHicRS, theeQWlSEnt & IBEdiScrtd & &

starting position before the powder is released. Figure 17b illustrates the
powdesupstratazoenristrhac: Biustiratdch i igunsy 11-e 3nbeiagfiened elsa¢xamplss.t he 25

- substrat .. and showi ng how the powder 180 is bei | eased, de-
agor oBEEH dndN AR SaOR BORS 280N B PO AP HBEEF PRENSToAn) o
megbeky il e StTRATAEs%: pdidratdd SUlRstPAIRIenIBEOIAG e B Masle §am goes

into the inlet aperture of the noving nozzle. 30 Another enbodinent is
i | | ustiltestedtdan Bi gpowusa sudidmieg memberct alsnal desigwated A H0.exBhpl e of a

bR BT ol -SRI GEeR PriEubt b2 rShenauPSb®t RhSubier 21
nozzl q4b bl fhé et hagdraakt aggrrg?&bﬁst&en%- @fforétlea 6t 14996 e

03/ 086517 PCT/ SEC3/ 00541 13 sed. Figure 18b illustrates the powder
Al r - r atler, ietthetl thy fehmer tetst aier thmovghdhewostiibsiratd midluding thaeeserdysdr at e,

"0 o> Rt DRl Arie o DU TR 5 IRBeE Sy T FEARCLEESE Dol or ™
air, gfg&shﬁa’aﬂ cgﬁgghg%goﬁéraf G0 EFerbditi Pk d RetReELEAlIEONST fd%b?ﬁ{at%hen

through”the po into the nmoving nozzle. Yet another e ment of 7
t he pongimbess 14hzaad ddihme ilkistratedtinaFegiven 4 Fl2uak of Sehsbhnillustrate Figure”

18a but wth the powder, dose . depaosited. o o the dersi de of the
subst fa Homgatelt dbss sitip e%%ﬁ}%]ﬁlsw  oHelcp s taisses cos6igamed 1ne
subst rai; ggnp&; élcd[&% ' i L =T _powder
S reﬁ%f;gg . K g?Jr e ‘gflsnsﬁjpﬁsug)t?r a edél%Iﬁg%g&geérlg%a?ﬂl%z&;é]sgr‘)rg’%ﬁoﬁgﬂtégﬁs how ng
t he pdWer14d iray bebielded i reassshrvde.cadgr eghiretb gt alilapssr slede area

into a small allotted space of the dosing member. Different types of dosing

members 10 are disclosed in Figures 13 - 16.

A preferred embodiment of the invention is illustrated in Figure 17a, showing

20 in a sectional view A-A an example of a medication powder 180 deposited
onto the surface of a non-perforated, non-porous substrate member 141 and
on the same side of the substrate member as the powder, a nozzle 1 in a R
starting position before the powder is released. Figure 17b illustrates the
powder Air-razor method by showing the nozzle moving in relation to the

25 -substrate member, and showing how the powder 180 is being released, de-
aggregated and dispersed into air 20 from the surface of the substrate
member 141 by a' stream of air hitting the powder before the air stream goes

into the inlet aperture of the moving nozzle.

30 Another embodiment is illustrated in Figure 18a, showing in a sectional view
A-A an example of a medication powder 180 deposited onto the surface of a
perforated substrate member 140 and on the same side of the substrate

member as the powder, a nozzle 1 in a starting position before the powder 1s




fromthe surface of the substrate nenber 140 by a streamof air, n?hgwﬂgﬁ

goi ng through the powder then the perforations and into the noving z?e

on the opposite side of the substrate nenber as the dose. Yet another

enmbodi nBigk 03@B6Ithe powder Air-razor method is illustratedGWERE e 20a

simlar to Figure 18a and 19a show medi cati on powder 20 deposited as
two part-doses 180A and 180E onto blo h sides of a perforated substrate

- nenbépleaawl. Rignse-l &b illustmstge themewder Air-razramathgdpes ishosrngdéor e t he

powder i | eased., Figure 20b_i]] ustrat I f air _accessing the
powdglP z%% he%’%gg dreelﬁéﬁ% tc} ﬁ%‘ﬁ 5%!?%%‘%%% Sglg%h%p E’%"l%g%%Wa?bSnEOW@ﬁg Bccessi ng
the peimie ?el@asé@,edéiij;%régﬁ&cb@h@r &isgRir8ad iifte® alin 20 0Z%hethd BudfacéSof €l ative
notion. Figures 21 and 22 illustrate in a top and a side view a substrate

nenbéRe stbBteaie muanbes JetQi e by sieam ©f| aigd vatichoatdeagisdn grrd gaesand a
Wit h | 1iptigal, i.nlet 3 i ; i | Wi A-A

(Re Brhath Al B aroPs fEsdRef sbiBERL itk Pfnidhd RS e Brube s

begumoiz¢le. rel ative notion in the direction of the powder 180. 5 O Cl 7006

WO 03/086517 PCT/ SEQ3l 00541 14 Figure 23 illustrates an enbodi nent of a
powder Air-razor method in an inhaler context, show ng a dosing nenber 10

dose 5T Hikilisl SBBDRRs,OF dhe Sadler ghiridof abrtn s d0ustiated ddei ng
e @i 104 RidiRr0b kiR SBRIHAIRLTEIOB0HA Ule 18D dbfositded | on for

rel easing an anmount of . en a spring 9 rel eases (rel ease nechani sm
nét Fhowmderpislehol thesubstiradateed] amdEizpde agliycaritetadtise mppeerdpgrosi® it is

put in, notion bringing the sybstrat nmber . 140 or 141 and,i n¢l ydi ng the
o€ 8 LA RS enmeTber 140 25 5 BREC2 SoRATSHAS PRSI GFINE ¢ he
‘dosi ] e i 3 44 whi ch
i's g?g?:l ally rsﬁéggglde%lﬁ%& Egg%iﬁé I;?Pr g%@%gﬁi:éz%tlg%@é"%ﬁ (%\I?Iteﬁgger‘]\%%?e 1 because
of syt stoowappthe pavwddihes KusthaingtrebenR3l, de-bgpregatetiesnd dispyragnt i onal |y

be pasitioned ipn fropnt, of the nozzle, such that if the dose is protected
by D g the RRstage! ot Hacrswbstreth %Pera%ﬂofﬁvofwt%ry pb agi-vE AR nozzl e

Tyl I BELEBrdith REcARWEEL then the perforations and into the moving nozzle,

on the opposite side of the substrate member as the dose.

Yet another embodiment of the powder Air-razor method is illustrated in
Figure 20a similar to Figure 18a and 19a showing medication powder
20 deposited as two part-doses 180A and 180B onto both sides of a perforated
substrate member 140. A nozzle 1 at side 180A is in, a starting position
before the powder is released. Figure 20b illustrates a stream of air
accessing the powder on the side 180B, then going through the perforations
and accessing the powder on the side 180A before going into the nozzle, in a

25 relative motion.

Figures 21 and 22 illustrate in a top and a side view a substrate member
141 and 140 respectively with a load of powder 180 onto it and a nozzle 1
with an elliptical inlet aperture 3 and in a sectional view A-A the substrate
30 member, powder dose and nozzle before the nozzle 1 has begun its relative

motion in the direction of the powder 180.




15 Figure 24 illustrates the powder Air-razor nmethod in action, i'GSE_PEP‘mﬁ
the powder 180, deposited onto one of the substrate nenbers 140 or 1, is
gr adual | by the nozzle 1 and, the air streamas the dosing nmenber
and the &@@?@ﬁﬁsﬁ?ﬁbe 33 are put in a relative notion to eZEWSEEHWF41 20 )
Figure 25 illustrates an enbodi ment aofy a powder Air-razor nethod applied in

monbor oG 27 Hhtedls AR R O R b b R SvBOUTBD S be -
adni ni isheded cedtertt ishlohink0 22 ds8ls AcRisal TG HUA Hhoeghao, s 10 | ets
E Rerber (T HES 85|

25 air_in and rgl eases a catch 12 hol ding the dosin ng
and tREMLRFS L0 ek 1L iasghbcorded meithr @ metersdodnge Wi grovdye $80¢ ion

appl i a t bl : in fl4yid.conpection with the suction tube 33,
is sﬁjﬁ%?éﬁt%s%%%&%% Buﬁ%é”{#anﬁe 1§ meyhss 1R evithams of Hemy

di f¥ ersarisstwates nhemdaeirs 140 berepi, ty itibAhale Wy er . nmay
carry one,or re doses on substrat gé??edr%%&r)g %ﬁo?aiﬂﬁn%g%egﬁ%dofn our
Swedi &PP%‘?%A%&& aSPryea 9 vggags (naktask inechenéhy hockhore Byrewt of

refer Al k- e Suitabl.e 5 OCT, 20 MO 03/ 056517 PCT/ SE03/ 00541
15 sﬁggﬁa& 2 1?rlteh? TS %’ﬁ@eﬁ g%?l&gt WErbem Il e tisi mat 1y meHanchiinging

di ssi ghei sebstyate naetridrny40Rberial SRl iSORNI;Rst I {47808 guch
materials . tq give _optinmuminhalation perfor ﬁgﬁcﬂé&géogdﬁgt ieé@cp%? s@‘el80 of

a par t1%i%rl - dfify airbmakes @2 crangrolst the sspeablof Subsdasthg MRmIGS: BRE | al
sulset 1 S e BRE bl e I P IARE TR 480, SRR ioBthdusy bosked ban 2
dose |1 arange 6o - Tooonme, e dora TrRRRel v ddidh bRl (TR nlne
e e o opsut o ldotug) optionatipchppedidundcdn desg ot gtred 7
is pr Z’;O%r%{fb{%%skggﬁ‘%g?ﬁsve SOPE 18 diFoksidet P ¥rgu faik @igt‘ﬂ%iupb@fﬁrstrop@eI ween
0.5 amtdfolded vty 86 @ivdth¥erRRzik MY {fiJowlide. €l ative. notion,
[ lil‘SUSt rated in Figures 13 -
Figure 24 illustrates the powder Air-razor method in action, ie. ﬁow the
powder 180, deposited onto one of the substrate members 140 or 141, is
gradually accessed by the nozzle 1 and the air stream as the dosing member
and the suction tube 33 are put in a relative motion to each other.
20
Figure 25 illustrates an embodiment of a powder Air-razor method applied in
an inhaler 8 with a dosing member 10 comprising one or more substrate
members 140 or 141 each provided with a metered dose of powder 180 to be
administered sequentially to a user. A breath-actuation mechanism 16, lets
25 air in and releases a catch 12 holding the dosing member (the loading and
the complete releasing mechanisms are not shown) when the suction applied

to a mouthpiece 19, in fluid connection with the suction fube 33, is
sufficiently strong.

30 A dosing member 10 may be executed in many different ways to suit
different types of inhalers. A dosing member may carry one or more doses on .
substrate members 140, 141 as described in our Swedish Patent No. SE 504
458 C2, which is hereby included by way of reference. In all cases, suitable




24, between the extended dose 180, i.e. the relevant substrate nmenbg(] 1049
or 141, and the nozzle 1 nust be arranged to follow the |ayout of the 15
substrate on the dosing nenber. The contour of the extended dose is in turn
def i nedwWs0308&5 17 ype of inhal er fromwhich the dose is sUffpfdsEd/¥etlbe

adm ni stered. Consequently, the copgour of the dose may be e.g. linear,
circular, spiral forned, a series 0Of individual

spot s ,or sqQne.conbination
© t heradfstraie MdEOREE CALY BAGKEFRIENDTTD Tlgct SPTGCUNBCHRP AT EE RAZOR

METHOD, Adhesi on of Particles 25 Parti.c -%gy's QnakdgsiPas tdigkes or to
a substi @Uﬁ‘@n%@‘teﬂaﬁ? Hahe l{l%ﬁo}égc le?i% er?ﬁelvé&%\%/ﬁdi fferent t t:|f)1es of

adheé;&tpﬁxﬂﬁr'ﬁﬁﬁld%ﬁ S BASHES of B fnbecredt dbse AdiGeof uepdindapsinigen a
parti‘cle ané the environnment, whether another _gi\r_ti Ie,d an _aggr.egate of
par tTleé eslecticsubs tr suabbrsobstiate WeRRHaMAATIA A3 Fed? LR T HeS  of
adhesi ve, forces actjng.on a. particle.c e 1FHeR S

capi mﬁ‘aﬁ}oﬁﬂé’é%t?l @gfllﬁpeg‘ﬂtﬁ*%?crg ,alceq ec ?g}s{)? g’t gcélfl%%%gg?%é%c. The

rel apive 1507 2nghhs #dshasges Aim! hese thenc@s nvar yhiuk, hwitty anrereei al |,
envi fonnent; size’ and shape of the particle. The sum of all th%? forces

act i petvereraSpatd 16109 ms? hedchavinges tasgeirared 105 19087 1AdhERTSe Fdrce. 5
OCT 2006 WD 03/086517 PCT/SE03/,00541 16 _ . i tyrghnnent of
par t 10PBSTIR AreiORCo8  BETRIEL b R RS ru gt Bof RAE @Bl gres HeD,

razor et ho e- aggregate and

ent ' 3R {i1CacfIRROSHLORBIE 185 thi! dodd)etepirieds dosanarcEhenzy tecless may be
| oadedont o a Substrate nenber in many |ayers in such g way thagi sone
Rar t keA6S100 €% bf ¢bet dose viarget hecsufiber dose bBBels BEeicsabbt Fdae in

eparatandid apdopERd 65 sk orip GihRIEAL PRETET (S A ara h s A8 ¢ o
Fri BT o Ao B Lo T 26, || st Tt o ] or ces
act i mg QetwvebAl tHeCkgientivel tlose d 80yusedttyy relevant epbstrate member 140
or 141, and the nozzle 1 must be arranged to follow the layout of the
5 substrate on the dosing member. The contour of the extended dose is in turn
defined by the type of inhaler from which the dose is supposed to be
administered. Consequently, the contour of the dose may be e.g. linear,
circular, spiral formed, a series of individual spots or some combination

thereof.

20
THEORETICAL BACKGROUND TO THE CONCEPT OF

A POWDER AIR-RAZOR METHOD

Adhesion of Particles

25 Particles adjacent to other particles or to a substrate member will adhere to
each other. Many different types of adhesive forces will play roles in the total
adhesive force between a particle and the environment, whether another
particle, an aggregaté of pafticles, a substrate member or a combination
thereof. The types of adhesive forces acting on a particle can be van der Waal

30 forces, capillary forces, electrical forces, electrostatic forces, etc. The relative
strengths and ranges of these forces vary with e.g. material, environment,
size and shape of the particle. The sum of all these forces acting on a particle

is hereinafter referred to as an adhesive force.




303 acting on a particle 101 can be divided into two parts, drag fgrfd 1865
acting parallel to the air-flow, and lift force 304 acting perpendicular to
the 15 aigofsR¥ks;7he condition for freeing the particle is in the static
case that lift “and drag forces exceed adhesion 301 and f riC{IF4H0SAL

forces. In order to conpletely, or al@ost conpletely , de-aggregate
particles it is not sufficient to let a force act on.the particles with
enough strength for release 20 and entrainnent. If a strong force acts on

an agmleggho@aahdtﬁrﬁﬁmr&ﬁehtblﬁ@rtmreg or less the sane force acts on
al | Ltlcles t he _aggregate wll be entrained into the air-flow w thout

de- aggRegaRihgbieptivecehthe iNdrrrrept mthaddpdgals-ggeregaterand sairgintbs as:

The d ;1. for.ce Ie t ercone
the adredHins partiched ST nb PSS A Moo SRS B BTl o 06"
di § f esabewaite rthenderf romany-lhyers msurh doway igldti soBt barthyes beatihng
shear forces, .and hence the Air-razor nethod nmakes _use of high shear

f or ceSORtRGthwithy dhe ﬁUbﬁ@aﬁ%m@mhpépwmséoo&f&rm R AR ROTHALD oréy Sutibt r at e
mbey, d t | bi
el pRleRlel PACEmER. RS HiaaRRRls 13 SE I MR LR 0 0

shear fiohh esach notahéﬂ uiTe, @p&ﬁtﬂ@@aﬁ&l@%ﬂﬁﬁﬁt& Eﬁﬁ@ﬁﬁéﬂﬂ%&oﬂ%s z = tt
d (y) ; where (11__% Dynam ¢ VISCOSI%}I{J/ L_AII’ speed Uis a function of
y y SVENCOIREEe @o@ﬁlhﬁ wesipreaces svell/as thegigion yosemnaetipgron e
d|§ta@rci§t£@ devel op high shear stress and thereby high shear forces on the
parti the main principles used by the Air-razor nethod are: Hi gh
velocity of the air stream9.0 . Use of flow streaniines close to a wall

Use of turbulent flow (side effect from hi glh vel ocity) gh vel OCI ty fl oW :g
Figure 26 illustrates forces acting on a particle. The force caused by air-flow

303 acting on a particle 101 can be divided into two parts, drag force 305
acting parallel to the air-flow, and lift force 304 acting perpendicular to the
15 air-flow. The condition for freeing the particle is in the static case that lift

and drag forces exceed adhesion 301 and friction 302 forces.

In order to completely, or almost completely , de-aggregate particles it is not
sufficient to let a force act on the particles with enough strength for release
20 and entrainment. If a strong force acts on an aggregate of particles, such
that more or less the same force acts on all particles, :che aggregate will be

entrained into the air-flow without de-aggregating. The condition for de-

K

aggregation may thus be stated as: The difference in external forces acting
on two particles must overcome the adhesion and friction forces holding
25 therﬁ together. Attaining a difference in force from air-flow may be done
efficiently by creating shear forces, and hence the Air-razor method makes
use of high shear forces in the area of the powder deposited for instance onto

a substrate member.

30  Shear forces
| Creating high shear forces implies creating a big velocity gradient in the flow,

which is illustrated by the equation for shear stress in a fluid;




High velocity flowis the basis for high shear forces (close to a %ﬁﬁoms
drag 15 forces, |lift forces and turbul ence. For a given pressure

driving air-flow, the objective should be to reach maxi numvel ocity. The

t heor et Weai3/08é/Xi mum vel ocity froma certain static predlr&%P6Eican be
derived from Bernoulli's streani theorem In reality, there will always
be dissipation of energy and the Velocity will not reach the |levels stated
by the equation, but it 20 cgndié(ms%@l%a limt value. p + 1 pit- = H;
where p = Static pressure Tp'”*‘z‘ Dgnsity of fluid u = Velocity 25 H =
Constant The equation is called Bernoulli's streamine theorem His a
constant along a strq_ammyﬁalfr@ds vidrosiigeal ' fluid. Hydrostatic pressure is
here excluded from the equation. 30 The effjciency of the Air-razor nethod
may be optimized by cddbhm Atespeps Hfis 4 RaDgEEH r32// of involved flow
elements with the aimto fteach ' 2006 WD 03/086517

PCT/ SE03/ 00541 18- ve%é’i@ff% C%zrsors}%l%lpaeﬂisglrt e de-aggregation area, but at
the sane tine a snvot&ruyﬁ?nsn*@m@tj ehanfe ger umitadisemar eas. This wil |

m nimse the dissipative Iosses where not wanted and so preserve energy
for use in the area adjacent to the powder. Wen suction is applied to a

nozzl e, a Jow 5 pressure devel gps that ;acce i I t he
nozzfe d&M?]iO&?ghihgl'k REFET ’é?qsoﬂnge%F _gg% %gfeiaﬁé% %t§8%%g)r€g P{l? ynér?lg _g%r}bé ached.
I ni tﬂ%'h%éin%ﬁﬁ&%léﬁﬁéﬁ%ﬁ théRiResr®omaghbiea@tr pi cks up inertia, the
vel oCity 1s not high enough to generate the necessary shear forces.

Pref erabl ys» datdingelority ofittd air giecamd the air-flowis allowed to build up

before the powder onto a subs,tratgq menber ‘Jéﬁ 10 brought adjacent to the
nbzzl e. Thies dae@f dOW rhcarnined ARG Wha WY an  efficient de-aggregation

: _'Qf t he pomerﬂgéﬁﬁw@ﬁ@%ﬁaﬁﬁ%ﬁ%ﬁ Qﬂeéthﬁoﬁp\[;\lgﬁ vefocife powder contour is

attacked by t 0sée’to a

High velocity flow A

High velocity flow is the basis for high shear forces (close to a wall), drag

15 forces, lift forces and turbulence. For a given pressure drop driving air-flow,
the objective should be to reach maximum velocity. The theoretical

| maximum velocity from a certain static pressure drop can be derived from
Bernoulli’s streamline theorem. In reality, there will always be dissipation of
energy and the velocity will not reach the levels stated by the equation, but it

70 can be used as a limit value. ;
p+ «;—pu2 = H ; where

p = Static pressure
p = Density of fluid
u = Velocity

25 H = Constant

The equation is called Bernoulli’s streamline theorem. H is a constant along

o streamline for an ‘deal’ fluid. Hydrostatic pressure is here excluded from

the equation.

39 The efficiency of the Air-razor method may be optimized by careful design of

the geometry of involved flow elements with the aim to reach as high a




15 A high velocity flowclose to a wall will create high shear
and this is wused in the present invention. The flow at zero distance from
a wal | i%g{i‘lo%?/(s zero. This is known as the No slip' condition and is
true for I dds. Ina thin layer close to the wall tREUBE&NFEI ocity
will increase rapidly with the distgnhce fromthe wall, and the shear
stress.in, this boundary layer will be 20 correspondin hi gh. .Thi s
boundiH9SIEyRs BRI lamiHar AGEEarBHiah o b oty ST HIEE dh
gr adi gfboth f &I YEIMEEBN! WOWieNt, 2REHEATAARS, b%\&@a&ﬁu L3¢ ehsc WigL € the
hi gher gradi ents "and thus shear stress exist in the turbulent layer. The
Al r - régissipativne hsses wdlers ook vaintedeandnsenireatoe éhemgy tdwowectio the nozzle

i nside wall,.as |1 as the I1,.0f the subsirate., er, 25 and especially

e e adtid s b de bRVl (IRErARFOR thBDRUSG) B o gerionmy loRe

supst QTR &S ' ' | b I y smal |
s A RRUEE Ao Thal GRCRIPRIGIR ik M AT iR duling 0 LY

not i opetbed viesfore lrestemiy etatdOcamntitiomeip ovwtdred. dnitiaitpddoethg e stattk ows t he
concentrated ., smal |, area af, hi gh shear stress to traverse. the entire anount

of povBePSHBH ARSI A dHPKS JUP ISR OenERIGEIY ¥ 89 868D 63/ 086517
PCT/ M 8936 ket ol 1Y, Preferd by | dishbates ibltifl PRES g di agram
typicC ve og:tlhty %%arSac gSIrP]}estics for Fea%?) ar 311éan tlu{rtt)ulcﬁent 310
boundairyfldeyeralowéd todhaitdd tup befutiedite powdes onttbe stibatrast mesmbics is ar ger
in the turbulent layer. A turbylent .flow, either in 5 a houndary |ayer or
i /0 a fProxsit ecliariy ftpo&ﬁei%o Gr 1%r?12%élr9§yg%ﬂ‘ &Ber spnaficRs WPF b ddi os
i N vaLds HZE req ' 9 t ' time
and SAEs ¢S RaORHE PRL Powdtk Bl Rrbelok¥ poHEt B fl: HoPableh | ™
seen #mpsorder domtoleds dthatkdd b thbedr sstgzass exi sts in the turbul ent
flow away fromwall surfaces. This neans that particle aggregates can be de
1o aggregated within a turbulent air streameven after the entrai nnent into
air S49 _ of particles. Another advantage of turbul ence depends
on thpfo el {&Q%&ni n the turbulent flowwth tinme, which will affect the
pas ti Allessh velocity flow close to a wall will create high shear forces and this is

£

used in the present invention. The flow at zero distance from a wall is always.
zero. This is known as the No slip’ condition and is true for all fluids. In a
thin layer close to the wall the flow velocity will increase rapidly with the
distance from the wall, and the shear stress in this boundary layer will be
20 correspondingly high. This boundary layer can be laminar dr turbulent. The
velocity profile and gradient differ between turbulent apd laminar boundary

layers, where the higher gradients and thus shear stress exist in the

L
&, 7
Ny

turbulent layer. The Air-razor invention makes use of the concentrated flow
close to the nozzle inside wall as well as the wall of the substrate member,
25 and especially the small gap between the aperture wall on the nozzle inlet

and the substrate member.

The area experiencing high shear stress is normally small in relation to the
area occupied by the powder. Therefore, a relative motion between the nozzle
30 and the powder is introduced. This allows the concentrated small area of
high shear stress to traverse the entire amount of powder for instance onto a

substrate member.




with a force varying in tinme. In fully devel oped turbul ence, the frequency
of the fluctuations will cover a large span, i.e. fromlowto hi gIS [}[}I 2006
frequencies. 15 Should the frequency of the varying force cone to a

r esonan¥® 83f8@&&liency of a particle-particle system or apﬁgﬁq"&“'@”\]/val I
system the anplitude will grow stleonger and separation may occur even

t hough t he tatic force is too weak for separation. 20 The criteria
: deteﬁ&ﬁ%&-@@&her the flowis turbulent or not are Reynolds nunber
t og 0 d glistiE absol ute
iiRlreldt Bl 86880 HR Y0k hNBab il sigaP DELLIYScishaAelisti Faefor

| ev eyno ere trafisiti romlanmnar to turbulent flow
Wi | Il_atmkmrpﬂsim:eaﬂ@pmrﬁmlm 81O bunhdeey rlaygtmeblse amtbaity gradeorteanst.

K tant, th I f R | d I term th
nat u¥e Lo SPRGr SRS Adaseinh B SRRy RGBS orbdR r AT AT pﬂﬁﬁﬁﬁﬁl o
I h R
P ap R Sl deol Tl e Mieenlle T, ML URRRSERCL By BRI (-

Typi flatv {tihgtddies=irkKivaeionisi siaks \drst dguerfri€s. Clirl2akat MEwOBLOBLIES
PCT/ SE03/ 00541 20 .{ Air-razor I\/bverrent The inportance,of shear, forces for

an eI‘ff ﬁtmﬁ@%fbﬁpéﬁﬁi Iy gt PaEreular egomety. epegigrtscal V%lézélég'r ound as

l.at
|ntr uced &?v%é{eangﬁﬁgsiﬁ%z% e andh?%ﬁ%oadl ess §t§ lﬁ. JcP(@tﬁPIB strate

menbicwnaweR fymswaili ig-faces AMik@heahs thamqjetrumaggregatamc@mbe g:l@cnd
mai ntai ning the desired conditions stated for de-aggregating. all of a
pOwWdage et &) wrbubent abt SIr@arnrﬁée%ﬁfTvpramﬁaﬁﬂgrg@@rm%m afhe

g‘lof/: Ogaglraeggregate N HR8: A0S Rhbhdl: A5FSLEIR SPRANARRCL Mg LEL Gk UP
fluctuations in the turbulent flow with time, which will affect the particles
with a force varying in time. In fully developed turbulence, the frequency of
the fluctuations will cover a large span, i.e. from low to high frequencies.

15  Should the frequency of the varying force come close to a resonance
frequency of a particle-particle system or a particle-wall system, the
amplitude will grow stronger and separation may occur even though the

static force is too weak for separation.

20 The criteria determining whether the flow is turbulent or not are Reynolds
number together with the geometry of the fluid transpgrting channel. The
absolute level of Reynolds number where transition from laminar to
turbulent flow will take place depends on the surface roughness and said
geometry. Keeping these constant, the value of Reynolds number will

25 determine the nature of the flow. As seen below Reynolds number is

proportional to velocity, hence the velocity has a direct influence on the

turbulence.
U
R. = #"’i; where
v
Re = Reynolds number
30 U, = The free stream velocity

L = Typical length

v = Kinematical viscosity




hi gh velocity air-flow Shear forces close to a wall are spread &V!ﬂjllh@%
| arge area over tine Efficient use of energy 15 Inertia build up

| ow pres 2at ed by the suction through the nozzle drives air to flow
in the dis‘?gg?iﬁ)g‘%?f)f the | ow pressure. Building up inertia Ffgafgs/00s41
accelerating the mass in a system 20e. the nmass of the air itself, hence
giving the desired high velocity air-flow after the accel erati on peri od.
The velocity of the flow 20 increases to a point where the fl ow resistance
mak esAfrurdzdverMonensage | nmpossi bl e, unless the level of |owpressure is

decre,gged, i.e. the grgzsure drcip is ingreased, or the _ flow resjistance is
decr eHd@ dMRAEANCEoPL 8hEaF REFeR) 191 apetheionts ge-argragyiey At sATVFIER hi gh
shear,f,qr ¢gs tﬁe&%@fé@@tﬁﬁgfgrcﬁiﬁéeagoto txﬁﬁy"‘@ﬂs Yechh€1i804& & hNithe
concentrated area is sma onpared to theYdose area onto a substrate
menbeforegsipey: ITdld yelativehmodioseirmttoopticsd hdtweeny thil nodeld apdwbierioad dii gh
porosit% The.rel ative tion introduced between the nozzle and the dose
wi || PRafgetnel-gmalthe oy et FITBEChr 9Tgrally gBCEHBEr &% r 635180 tlBaver se

over cAN]oTPT~Ya t i i

G ot TErRaRAAr SR Ao 416 (RS aRREN the Hieirdd BofiliRle 3RAEHor

per pedetapgragatingtdicoflarestidendose tamel not jwst battvwekin, t he powder and the

: nozzl,$ inlet aperture, it ré%%/ occur that the nozzle nakes contact with sone
5 0CTIDHE3 FantReTR ZvPRTPGENS/ O &XE: of the powder. In such cases

t efficiency -1 he A= r i £ - i I .f.ect ed
b(ll;tgause of '? he™ I‘(l)IIl)gear.lfd1@%‘?%@%05%%&@1@}109%60}9% argﬁmtﬁlf I%?N% ot be
af fected by theiglvtReigfairiowozzle in relation to the powder dose,
because the speed of the relative notion is very nmuch |ower than the 5
vel ocity of et hehgar forees gobadoianwell dne spreddeover aflargdowmeeoyernt imenot i on -~
of the nozzle gﬁr.ci I sr}ifts the position of the driving | ow pressure
relative the EOHiGH ME'dEde in the direction of the notion. Thus, the
area of high shear forces noves along a path, controlled by the relative
notion of the nozzle, such that the high shear forces gradually disperse
poswd elnerdiat bulldsup '

The low-pressure created by the suction through the nozzle drives air to flow

e

in the direction of the low-pressure. Building up inertia means accelerating
the mass in a system, i.e. the mass of the air itself, hence giving the desired
high velocity air-flow after the acceleration period. The velocity of the flow
20 increases to a point where the flow resistance makes further increase
impossible, unless the level of low-pressure is decreased, i.e. the pressure

drop is increased, or the flow resistance is decreased.

Shear force spreading

25 The area for de-aggregation with high shear forces is concentrated close to
the wall of the nozzle. This concentrated area is small compared to the dose
area onto a substrate member, especially if the dose comprises finely divided
powder of high porosity. The relative motion introduced between the nozzle
and the dose will make the small and concentrated area of high shear stress

30  traverse over the area occupied by the dose. Depending on the actual spatial
distribution of the powder in the extended dose and the distance
perpendicular to the direction of the motion between the powder and the

nozzle inlet aperture, it may occur that the nozzle makes contact with some




tointo air. Preferably, the path begins just outside a point of gQQT 2088
between the high shear force area of flowing air and the border of the

powder dose contour and follows the contour outline fr {,nni ng
until t R & 17 Thys, the gradual de-aggregation and di :I?e"};/gg?ﬁ@?lla

medi cati on powder is an inherent %sential characteristic of an Air-razor
nmet had. 15 The area of, hi gh shear , hAE et t20f MREBLE i not
i1 @tihg 89 rFiIBu?léC]QS(?gS% u?ee@é{eﬁ%sugf}gt es graphically the resulting

ai r RREf elfxfaﬂg? arfsbieli BBc#hEOdf thapdmert effehe Toe sledowdy Iadt thes adr-f unct i on
of coordi nates |

In a plane perpendicular to substlrate rn::{gr'%%3 | ane

t hr ditgh willenbobgiafiatited by the saeten iqidher newde 48 relation Lo Rg’ Alf of a
cross secgtion view of the zzl . Al E | liowdr tgd# athed by a
mul 495 Q?@%%ﬁ?z%%‘d?&tqu ?ﬁ&ﬁ%’e %%%e% FoRe f%tlﬁghflﬁg}véﬂ‘the | ength’ of
the ansoNs drRAkCAlMREy tg%fhg eh@s ke neekhcidiyt. Wowaver,athe teotpon mf the
guestion,” thus showi ng how the air velocjty va{i es with th? OSit&l on
r el ahbaale tioecibiy zsleftspene upesitipme of e drsAngs IAHPTEEFPALS V& Z‘h’gY' onm25
bet ween the pozzl e and wder | oad i.g.{.nd] h FEAVM 'of 'kicBt i 11 air
21 ‘F%anﬂgFﬁ9 i%?%&%?ealﬁeﬁ%%naﬂfébgdéﬂ%gfh '%u%f %18% 1/'m r?jf ksntgfltady
st at &S?Ig%lt}g%i MR eshgidinz al pathd coamialidd & biye t fedadue tinotiorTiod esul ting
- shear orces reach a maxi numin the area desig_nat ed 25. ;[he illustration

i n Fhoutle, sP8hi thantlex digheshiamforend credilyofisperss AQVATHLUAHELDE t he

le 3 h | ff h ' 2) f
Q01 1 Erientic. RploraRbnane PBOR DeREy JUPLPUBRIE FipTrE CraiatRe el 1O

Li keyi s, £ h r fRraknessaaadtieUbvader of Zhenpywikergiosn
 di ff‘éﬁéeﬁllg%‘o%n%ﬁg%&%ﬁzéggéf WO 1?3/ 086517 PCT/ SEQ3/ 00541 22 depgbadi ng on
“the apptdwabingh foliows ehicheohitour badlinegirem thaf beginpangipks the §hcpat t ern

for the air being sucked into, the nozzle. Efficient. 0 The
dosi Agus, rhe; STediizd (dordEeTREAAEY %Batcilﬁﬁeﬁ Q}JI £ ﬁ?@lgﬁ%ﬁ ' Egﬁge?qéy%n
Air-tazor Iet ' f afleRBDEiAG @BtHd® application, within a

ti rrela]iz}%t]f%{{g ﬁgﬁﬁ%g%g??géﬁgﬁggt prior art inhalers wll use the

ijghal ation power fromthe user during a short period only. This means that

the tT(i'IeaLrea of high shear stress adjacent to a nozzle is illustrated in Figure 28.
Figure 28 illustrates graphically the resulting air speed from a suction effort
applied to the nozzle outlet as a function of coordinates in a plane
perpendicular to a substrate member plane through the longitudinal

50 centerline of the same, thus showing half of a cross section view of the nozzle
1. The air velocity is illustrated by a multitude of arrows pointing in the
direction of the flow, the length of the arrows indicating the relative velocity
of air at the point in question, thus showing how the air velocity varies with
the position relative the nozzle aperture. The direction of the relative motion

25 between the nozzle and powder load is indicated by the arrow "v". Still air 21
is gradually accelerated into an air stream 20 of 60 l/min, steady state,
going into the nozzle and controlled by the suction. The resulting shear
forces reach a maximum in the area designated 25. The illustration in Figure
28 is an example of an embodiment of a nozzle. The area of the nozzle

30 aperture may have different shapes 3 (sce Figures 21 and 22) for different
appliéations, but a circular or elliptic shape is preferred. Likewise, the

aperture wall thickness and curvature 26 may be given different forms



energy used for de-aggregation is correspondingly lowin these i ncgbﬁ @mﬁto
unl ess external de-aggregation energy is supplied. The tinme inter an

A r-razorywgebhygfy My e.g. be set to 1 second, which nea %Bg}t{ the
i nhal ati on power during this full second is used for de- aBéF ‘]"ﬁﬂ .

particle aggregates. T E= JP(t).dt 22D 15 The total energy E equals the

time depeeimg oh the a&ﬁﬂfd’atﬁrﬂvﬁhc%h&ee%ﬂrﬁ%aQ%I 'I%?Qafr infudncd oh gigEONd.
Shoul d the sél ected dési ng time interval be too short, full entrainment of
par t i b @spaiitein fort thake béingesudkhed éhfoedie onzeesyst em using an Air-razor
20 nethod will be large-scale retention of powder onto the substrate
menber. A nodel is therefore needed for assessing the nunber of particles

di speggrdent M@ &ié’né/ii:gsfh time. One such nodel assunes that a fluctuating
turbul'én ow 1S acting on the particles. Sone of the eddies will be

st onbhendesjhgt Gmes éptaraak fpads-aigsgatioanaadgdegsrsabpf fponder byrdmce. The
successful eddi 5 wll occur wth typical ti intervals based on

ot ol T BRERoBamENnG SSECted FPREbBiE on fhe ARLAS o POTHS Free. |1
al | pahid ghate PSR! BIMGRatiDA, 3965 Pfﬂ)@e@t%ﬁegéﬁewiﬂh&s@&ﬂe'in@l%hgﬁoﬁr ue and

the entrainment rate would typically follow an exponential curve. However,
t he apdwst dnofotie wemi duridg anshartt petiedtanlyarRliis| meand toatethd tdtadt i ck

harder_than others will and the 30 fraction of _hard-sticking particles wll
e CRE wfpet e SRS R COTRSPPBATREIS I ol kg, TG 1 e

el d i I r i.cleslel.ease as
B AR ARShBEre T erRERT b SPGL 766, Pipgl Bk e

PCT/ SE3t@45- ideli28ry anthys ®.ghébd adedil tmubbeecaid parvitictl encansdi gper ghd in t he

air-flqwwill typically fqllow.jts integral, loge (t)-curve, illustrated™
'n FigAaasen ey %@%%&W%&éﬁtlﬂ%ﬁdﬁ%tdeo%gregat%naaw%. A
si gni % tgf:;r'acti on of the powder will also be released within a short

CJ? %pigca

time y 10 nms). The graph 5 underlines the inportance of using a
- noderate speed v between the nozial er

= [P@y-at
|1 2
15 The total energy E equals the time integral of the power P over the entire
period T, e.g. T=1 second.

Should the sclected dosing time interval be too short, full entrainment of
particles will not take place. The effect on a system using an Air-razor

20 method will be large-scale retention of powder onto the substrate member. A
model is therefore needed for assessing the number of particles dispersed BN
into air with time. One such model assumes that a fluctuating turbulent flow |
is acting on the particles. Some of the eddies will be strong enough to
separate particles in an aggregate or from a surface. The successful eddies

25  will occur with typical time intervals based on probability. Each eddy will set
a fraction of the total particles free. If all particles experience the same
adhesion force, the model holds true and the entrainment rate would
typically follow an exponential curve. However, the adhesion force varies
from particle to particle and some will stick harder than others will and the

30 fraction of hard-sticking particles will increase with time. This slows down
the release rate. Hence, a modified model has been suggested, which

describes the rate of particle release as a 1/t-curve, where t represents time




and the powder envel ope. Too high speed will give insufficient tig M0
“each spot' and thus |eave a significant amount of powder undisp % d,
still onto the substrate nenber. Too |ow speed will je %cijéze t he

obj ect i V& B5{'864é| i vering the | oad of powder within a sp%c% i ng time
interval. 10 The preferred enbodi mex¥ s use substrate nenbers to serve as

' t which .. ' t d I ted.i t ended
str uebtrsetie ol el S Boar i Ssen f e IO S oL b PR A a,
po"\dﬁillcﬁ@rﬁtt;é’ufnte%ﬁﬁrtécic%e (FourfBs siiliRerasht Yn  pihesl OB etfhd Gurve

de- aggregation a éli_spersal 15 into air by applying the powder Air-razor
et hddscr8ues tthat entremeresitapeer eoflongi gme’ mdassgdificanppirgtvignt he thier - r azor

t hod to . d , t. th i st, ,whigch ld b bvi
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particle fraction and dispersal i'nto air of 2 e powder as it is forcibly
ent r abrdethe powider anvaloms uT'to diiglha speedawdl] mivr sssufficEmietinaion dadh

medi cat j,on ers with primary particle size_ below.,10 sm,are.rarely free
T owsgt e o Fave g el poatt Cangrs P BOT SRR 05 Sk B8 SRy,

fi nebye diwhdedDORASE Bel NP 1Bw SSSedll ARAI LiBobaFdi-BY tREJLEIALSR. Gnd/ or
requiring [ ess energy to break up forned ag&re ates are preferred in 25

Al r - dabeeringphiedabd afpowder exidninl 2 spocifiededosingttimesinreywle used to
facilitate de-aggregation and dispersion into air of the active substances,
whi ch optionally may include pharmacol ogi cal |y acceptabl e exci pi ents, used

a) : ! ; " : .
quai TR et E A AEDBAERYRS R SIS Ale mlBHBEE 1o R R P s i (et i
30 pmdpehnt nesdicAmenxampivedefs amsyi theb| depositiet  fror cxiendiad rstzoctamgy i cati on

Is an el ectro- powder. Electro- powderpgeg_ defined as a preﬁg‘ged dry powder
medi PAEFEHIBE GWEAP0 0BrORADLIES/ BB ESTTSPRIT /OSEURITD S Ea POVEISHS COREEUHi t h or

G5 TRAS, DSBS el Sl e b PR o
see owto SietiyshpPBlisntthNopolidd@0Qd82%dy, mdthel. iISutharety members are
convenient means for applying the Air-razor method onto powder doses, but
other means exist, which should be obvious to a person skilled in the art.
The degree of particle aggregation and dose porosity play an important role
in achieving the best possible fine particle fraction and dispersal into air of
20 the powder as it is forcibly entrained in air as a result of a release process.
Finely divided medication powders with primary particle size below 10 pm
are rarely free flowing, but to the contrary quite given to forming aggregates.
Thus, finely divided powders that are less prone to forming aggregates
and/or requiring less energy to break up formed aggregates are preferred in
25 Air-razor applications. For example, ordered mixtures may be used to
facilitate de-aggregation and dispersion into air of the active substances,
which optionally may include pharmacologically acceptable excipients, used
e.g. to dilute the active substance or, indeed, to improve one or more
qualities of the active substance, such as biocavailability or electrostatic

30  properties.

An example of a suitable powder for an Air-razor application is an electro-

powder. Electro-powder is defined as a prepared dry powder medication




I ncorporated herein by reference. 5 An exanple of a suitable dose @%szﬁ
nmedi cati on powder, fornmed onto a substrate nenber to be used in

A r-razorygRBhi&at i on, is an electro-dose. The term el ectro-dose,
presented 1 n our Swedi sh Patent No. SE 0003082-5, which iéénﬁ@PzB?”

I ncorporated herein by reference, repers to a dose of pre-netered 1o
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form mg@pmﬁ@é@gleggﬁebytéigfééﬁgegn el ectrostatic or electro-dynamc field

deposition process or conbinations thereof for depositing electrically
charged particles of a nedication powder onto a substrate nenber, such as
menber. The so fornmed el ectro-dose
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Air-razor, applicatiagn, 9 ng}(&hani cal, pneumatic or 25 chem cal nethods.
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An example of a preferred method of forming a metered dose utilizes an
electrostatic or electro-dynamic field deposition process or combinations
thereof for depositing electrically charged particles of a medication powder
onto a gubstrate member, such as an electrostatic chuck or a dosing
20 member. The so formed electro-dose presents suitable properties in terms of
occupied area, powder contour, particle size, mass, porosity, adhesion etc for
casy de-aggregation and dispersal into air by the powder Air-razor method. £y
However, in prior art other methods of forming a powder dose exist, which
are suitable for an Air-razor application, e.g. mechanical, pneumatic or
25 chemical methods. For example, doses may be produced by conventional
~ volumetric or gravimetric metering methods, optionally followed by exposing
the doses to a supply of energy. The purpose of supplying energy, e.g. by
vibrating or giving the dose an energy impulse, would be to give the cioée

optimal spatial and porous qualities to be suitable for a powder Air-razor

30 application.

In a preferred embodiment, exemplified in Figure 17a and 17b, the powder

Air-razor method involves the introduction of a controlled relative motion
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menber 141 and a suitably arranged nozzle 1, which collects and djgechgs a
| ocal high velocity streamof air 20. By pointing the nozzle inlet towards
the powder contour onto the substrate el enment, the po t.he_gir
stream Y 38861{i ng fromthe suction effort, de-aggr eggte%%ﬁ%%égg‘?gper ses

into air the particles 101 of theggccessed powder on the substrate nenber.
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es and particle aggregates

are oeadual {yyaacessediantly Hhasd s Lherisiepacolgsist andsiiseatsdal ner tf a

powe air streamgoing 1o into the nozzle inlet aperturg. Thus, the
powdetaPhigh eelcityestream séqie 0. 9By podetinggiteyaresle wdeelRwardyitifer ses
and entrains individual, particles into the ai | L nt; zzle. In
ot hePOWHBHEIOMEAYE FFLor Hae palrirals re-h‘?lg?]&f;’ ﬁ%‘? hé%‘?fgf\&wgﬁ gl ?a%tgéai%fs) nenber
y ke rnepl oL el HeMkSRS -agbFangesemds diepersgy mentainghet he
ece’gességﬁﬁg(aﬁgﬁf \%em@?%?\ﬂo i1f(gﬁ’medd%lr ggément owder i npr elation to the
nozzpgrtidles 101 of thastesssedpesidel on thasubstrata WEGRAT AP BILREAECor a

gravitation feeder, or crew feeder or_a veyar. ! umati c
t ubemavesdarthgndirectipp é’% tg@\ﬁ’%@ggf’g I‘COFPE%J‘E Q%EE\%%“?I{ o %%EPW?CF ?33? %@% powder
store 20 to._a Lt og%q Bee desdly hycédwedabndst ream
goi néoﬁ??t 8r1@%59§8%§?l§§%§§p%12 IlEVI gegﬁ?éAi r- g?or effect. The nozzle may
r eMakfibjedcad ito ey siacartingi stgesselsatnd ntotistprevee PEFBAtAT FEPACEPERE ng i n

the process of de-aggregation and_di spersal of powder. i ai still
tihe imtoul theof nppde pngztes%p%ﬁ.tﬁéﬁds'f H% hdBe o RATET n&‘?’é%%t %%%%%Mer
and nozzl e,. 25 co e hj  Ci Y. ihe pedreduAl r-razor
ot naganeinly A APEREHEaRC PloslsRs, ither s C HRR YRty n

oportion of | e powder presented in advance

of  ani-pRalahiethi Sir dewaagriagatid mndldi spersed into air, regardless of

how the powder is presented i.e. if a substrate nenber serves as carrier
for the powder or if powder is nade avail able by other neans. The

e powder or If powder is made available by o |
i <paPs GILPH( SEPAFHTREEDn 0L 1y PP RACt ARPPPELT LR OAT G50 CoubataRt

Al'r-razor , may be
dg- aggreaa-edal batepiaast Hoothdd devipes irclreafipantdrs fof BRA)lCyenteRg based

on the availl ag?e act’ive medication particles in tae .%SOV\UFI’ . do;g.
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03/ 08r(15(?zlz e.Pgr/igE o?i*/ qggfalr%ce possible to arrange a vibrating element or a

gravitation feeder, or a screw feeder or a conveyor feeder or a pneumatic tube
feeder and similar devices for moving powder gradually from a powder store
20 to a position where the powder may be accessed by the air stream going into
the nozzle, thus achieving the Air-razor effect. The nozzle may remain
stationary or moving relative to other elements, participating in the process
of de-aggregation and dispersal of powder into air, but still the result of the
process depends on the relative motion between powder and nozzle. A
25 consequence of the high efficiency of the powder Air-razor method is that a
high proportion of available powder presented in advance of an inhalation is
.de—aggregated- and dispersed into air, regardless of how the powder is
presented i.e. if a substrate member serves as carrier for the powder or if
powder is made available by other means. The accumulated mass of active
30 medication particles in a dose that are dispersed into inhalation air by the
Air-razor method, may be de-aggregated to at least 40 % fine particle fraction
(FPF) by mass based on the available active medication particles in the

powder dose. Preferably, the Air-razor method may be capable of de-




26 aggregating said powder nass to at |east 50 % FPF and nore préf @iy
to at |least 60 % FPF. The definition of FPF in this context is the

fraction W os@8dsiyered active nedication particles by nas?)c\ﬁ LG RXT mum
aerodynam c particle size of 5 m 5 The first objective for the A'r-razor
method is to rel ease individual fine26particles into air i.e. to overcone
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maansgg% a s%??tgg@ﬁggr anged fluid channel. To fulfill the objectives a

sosirce of energy is required. Surprisingly, it has been found that the

avai l apbl e, drive ,15 power fromthe suction effort by the inhalation of a
user ?)@mfaé& qhipridve doar ghet Br-TaeTp sdRidodails - Yoa Z6leasst h%‘éll"“ﬁ-‘%ﬁﬁ&l
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usabl eledthestptef eraedy, éribtidhneel hiding ar pagecié to diikdPaphaticlease thle use by
nost people. 20 Experinents have shown that the limted | owpressure, or

dri ve2BRESEUFEE, of tthes RAWdEt AndgT o thedsvesirate seriasel yIhe evtgentng
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t he powder Air-razor e rks ‘equalTy we Xternal  power

sour ceiozuly sftipas féwl loyt partichhphstrispitiopPhieqsarsittdd entqromethe awzekt ernal
power source does not offer 25 any benefits and is therefore superfluous. 7%
Howev&hotlflethest dig feanepedad patidend ponder tanthhsirways melcasyasy o nake

use o | fe- I | e y 010 e | tion
ef f or %?g%iélﬁgfg%aﬁépg \%\gg%ag%%%de{ﬁt %k?éerﬁgélpg‘é sf‘gﬁg\.lﬁ{eng?@aégmgéegér;%%t ive
not i of EMerhe igreqiied. iISuriingty f it eienbesv@suntinglatdihrgaeaithbloRthani sms
conprising spring elements with a 30 capacity for storing potential_ energy
gilfen BOWeh&ram etnd sueaiedl iefprt Hey thenhihalabien et a THercbrevides ¢aspior an

AT-T %ﬁ%&gﬂ;@op Ot%eafogx:vder Air-razor method. A normal inspiration effort by an

adult user can be shown to produce a low-pressure approximately in a range
1 — 8 kPa. While a low-pressure in this range is usable, the preferred
embodiment uses é. range 1 — 4 kPa for eése of use by most people.

20 Experiments have shown that the limited low-pressure, or drive pressure,
thus produced may be used very efficiently, rendering external sources of
power unnecessary-in the inhalation process. Although the powder Air-razor
method works equally well with an external power source, which partially or
completely supplies suction power, an external power source does not offer

25 any benefits and is therefore superfluous. However, the relative motion
between powder and nozzle, necessary to make use of an Air-razor method, -
is preferably not powered by the inhalation effort, although this would be
entirely possible. Instead, the relative motion may be arranged in many
different ways, including e.g. mechanisms comprising spring elements with a

30 capacity for storing potential energy given by the user in handling the

inhaler device.

The conclusions for an Air-razor method are;
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i nhal ati on pressure drop as possible is lost. Instead, _th ressure drop
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the interconnecting flow channels up to and.including a r'-QQ'! ece with the
singl e t askatife speadpeheiiil bhChassho ASPEPARS P2 st gﬁéser ’V\ng%h a

mni mum of particle retentjon. JSlngath | hididatemehandmalkehgnt i on in
the 20 dd&ﬁ’ﬁﬂt e g?%%vsb%ﬁ’hﬁ%ayoﬁﬁg%g?%&b%g?ng(gubsﬁ antially red_%ced,
thus presenting &N (RRERISSIST the bonildeld pewidey arevenicrith ie AHER ¥F the
avai |l abl e powder dose to the user, and with an excellent FPF value. In the
¢ont ext oﬁpeddes,d@mhﬁémt,rﬂth@tlpérlﬁlk@ﬁl%‘ént to" is often used to 25

descri be the distance between the plane of a nozzle inlet opening and the
pl ane of a surface of a substrate nmenber or the top plane of the contour of

S pgwqgﬁ des QI Girde WHAGSIAL, e isbent dnmention, nidkermithy uhesef pl anes
are paraliel For maximim Ai r-razor effect, it ;{_@jadvanﬁa eous if. the
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dispersal is concentrated to areas around the nozzle inlet opening, leaving
the interconnecting flow channels up to and including a mouthpiece with the
single task of transporting the airborne particles to the user with a minimum
of particle retention. By using the Air-razor method, retention in the
20 downstream flow path may therefore become substantially reduced, thus
presenting an opportunity for delivering a very high share of the available

powder dose to the user and with an excellent FPF value.

In the context of the document, the term "adjacent to" is often used to
25 describe the distance between the plane of a nozzle inlet opening and the
plane of a surface of a substrate member or the top plane of the contour of a
powder dose onto a surface of a substrate member. Normally these planes
are parallel. For maximum Air-razor effect, it is advantageous if the distance
from the nozzle inlet plane to the dose, which is going to be sucked up by the
30 air stream into the nozzle, is shorter than a millimeter. The design objective
of the inhaler where the Air-razor method is implemented, manufacturing
télerances and other factors will influence the decision where the nozzle

should be positioned relative to the substrate member or the dose.
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the power and shearing stress of the powder Air-razor method is established

before it approaches the border of the dose contour and begins to attack
particle aggregates of the powder. A further improvement of the powder Air-
20 razor method is the introduction of a suction related triggering of the flow
into the nozzle, such that the resulting air speed is sufficiently high to

generate the necessary powder Air-razor effect. In a preferred embodiment,

e

the aperture of the nozzle is brought in close proximity to the substrate
member and may even contact it, although not generally contact the load of
25  powder onto the substrate member. Depending on the dose contour, e.g. if
the dose is disturbed prior to the inhalation cycle, the nozzle may contact
some of the powder in the dose during the delivery without any significant
degradation of the Air-razor performance regarding de-aggregation and
dispersal efficacy. In other embodiments, the relative motion between
30 substrate member and nozzle may comprise more steps than one, which
may be arranged in a discontinuous pattern. E.g. a pattern may be devised
to let a nozzle with a smaller aperture cover the occupied area of the powder

by traversing more than once across different parts of the powder area,




may be arranged in a discontinuous pattern. E.g. a pattern may be ﬂﬁzﬂ‘ﬁﬁed
to let a nozzle wwth a smaller aperture cover the occupied area o#

powder by traversing nore than once across different parts of the powder
~area, SWOMBRME0G5 WO 03/ 086517 PCT/ SE03/ 00541 29 cover ifdFSHRY area of
the total aggregated area of the pegeder each tine. The particles 101 thus
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i s tﬁ%%agc%#%%swwmﬁéwl@%%uon effort, normally provided by a user,
~sonetinmes boosted by added external energy, e.g. by vibrating the

nmedi canent powder or giving it an extra puff of pressurized air. Al of

t he powdetrass, mhjeprad dd inhisdert devicoetiegiatthehpowdre mimmsetcydswti ng in
unsat i sfgct_ory de- aggregation of the total _powder nmass entrajned ipn the

ai r. IMFOCHEINE théDOWRSHE Fae chepnel sopnepting the air spletand dheiirabowder

IS subj -Lh egefs ﬂ;@%r'- gnﬁé e | f P gation to
r eal ?@éﬁg}ppg‘gcné %r?ﬁgrgg because t eké;pee éoﬁ%ﬁoﬁ%udrr n%ﬁl(gﬁ?{%g (glf)wder i's
zer o sidtinmdnye airel Baie cpneitkgabbe gohsmes offeaiofist ieen pacddletagedoyegat es in

the powder will be torn loose during the acceleration phase when_ the
dAeastront e, grompally; pravided i Y Foiusery sgneHBih bogstrd 2y asisteshat e t he
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publi's speci Prtatfon’limts, present 1Tnvention o

- AT - earer pdifsefl psssurbetl airl AMf of tte: povwhi, isWBiBledisd a6Cieds eftdtynéhe
novi % nozzle, i1s indeed subjected to the necessary sheari n? stress to be

de- &§dhegeams. mpsnent seaklting iy unsalisfariow sieonggregationhef dharwtab
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15 because not all of the powder is subjected to the necessary shearing stress
level for de-aggregation to really happen. Further, because the speed of air
surrounding the powder is zero when the release process begins, some of the
particle aggregates in the powder will be torn loose during the acceleration
phase when the shearing stress of the air-flow is not strong enough to de-
20 aggregate the aggregates and accordingly they are delivered as intact
aggregates. Within published specification limits, the present invention of a
powder Air-razor discloses that ail of the powder, which is accessed by the
moving nozzle, is indeed subjected to the necessary shearing stress to be de-

aggregated.

Interestingly, tests have shown that there are no distinct performance
differences between a perforated substrate member 140 and a non-
perforated substrate member 141 when used in an Air-razor application. In
the case of a non-perforated substrate member,. the nozzle must be
30 positioned adjacent to the powder and at the same side of the substrate
member as the powder, illustrated in Figures 17a and 17b. The air stream
20 enters into the nozzle from the sides, to thereby cut particies 101 loose

from the load of powder 180 in the process. On the other hand, if a




perforated substrate nenber 141 when used in an Air-razor appli Ca%gﬁﬁ'lﬂdﬁn
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perforated substrate member. On average, a higher proportion of the powder

is thus subjected to strong shearing forces, if the substrate member is
perforated. In practice, however, what type of substrate member o use
20 depends on the application, since the difference in performance for the Air-

razor method applied to a non-perforated or perforated substrate member
has been seen to be quite small. o

Yet other embodiments of a perforated substrate member may position the
25 nozzle on the same side of the substrate member as the medicament powder.,
Positioning the nozzle so that it may move close to the powder but preferably
not in contact with it offers a possibility of forming e.g. a part-dose on both
sides of the substrate member, as illustrated in Figure 20a and 20b. In such
a case the two part-doses 180A and 180B will preferably be delivered in the
30  same way as described above, only that the part-dose on . the substréte
member side opposite to the nozzle, termed 1808, .will be sucked through
the perforations to become mixed with the other dose, termed 180A. A

possible application for forming part-doses on both sides of the substrate
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s member was then positioned adjacent to a nozzle with its inlet at the
opposite side of the substrate meraber to that of the dose. The area of the
nozzle opening was somewhat larger than the dose. The nozzle outlet was
connected to an Anderson impactor. The suction was then as quickly as
possible brought up to a pressure drop of 2 kPa resulting in air speed 33.4

20 liters per minute. The dose was dispersed in the air stream going inio the
nozzle and delivered into the impactor. The release progedure was repeated
for all 30 doses, total mass approximately 2 mg. The powder of the doses
settled in the steps of the impactor. The particle distribution of the delivered

mass in the various steps of the impactor is shown in Table 1. Retention in

o8]
L

the nozzle connected to the impactor was determined to 54 pg. All masses

were determined by a HPLC method.

" The fine particle fraction, smaller than 5 upm, was determined by
interpolation between steps 2 and 3 to 17.1 % of the delivered mass and

30 16.7 % of total determined mass.



mass in the various steps of the inpactor is shown in Table 1. Rﬁﬁzmg I n
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wer e det a HPLC nmethod. The fine particle fractio smal | er than
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t he delivered mass and 30 16. 7 %of Aot al determned mass. 5 OCT 2006 WO
03/ 086517 BCT/ SEQ3T fersom—corrected .v’basuﬁed——etmul ative

| mpact or par nin each disgtri n jcut-of f
size = HPI C{m 'Lseo .mstr-pm,gfq;@gacfreld% BVém'L&ﬂ 66.9 100
Ste 0 9.20 \ A4 &e;ﬂoﬁﬁnpacﬁbe 2- 5. %a&%? 119 Ste 3
4.33 132 6.6—13i! - Ste 31,193 10 0.5 4 5 : Ste 6 1.01 4
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were forned aSied8 nm | 5A4, B nmewi del stripgqon theg sane 14 ype ag in A of
150 mesh (150Stsp Bt ches4.per | nchpanethl w rgsnet serving ap Subgtrate
menbers. The $tep4wab thea ppsitioned adjacgpt To (e sanmg nozzts

Step 5 1.93 10 0.5 4.5
Step 6 1.01 4 0.2 4
Step 7 0.64 4 0.2 4
Filter 0.37 71 3.6 3.6
Total 2000

Table 1

5 B. Air-razor method applied to a perforated substrate member

The arrangement was prepared such that 10 doses from the same batch of
lactose as in A were formed as 15 mm long, 3 mm wide strips on the same
type as in A of 150 mesh (150 stitches per inch) metal wire net serving as
substrate members. The net was then positioned adjacent to the same nozzle
10 as before with its inlet at the opposite side of the net to that of the dose, but
some distance sideways removed from the area occupied by the dose. The

diameter of the nozzle opening was somewhat larger than the dose width.

The nozzle was a part of the same measuring arrangement as before. The
15 same Anderson impactor was used as before. The difference now was that
the suction, 2 kPa, was applied first and the air-flow was allowed to stabilize,
before the net (in this case) was moved bast the nozzle parallel to the dose
strip, such that the dose was gradually sucked up by the ﬂowmg air going
into the nozzle and delivered into the impactor. The release procedure was
20 repeated for all 10 doses, -total mass approximately 2.6 mg. The particle
distribution of the delivered mass in the: various steps of the impactor is
shown in Table 2. Retention in the nozzle connected to the impactor was

determined to 256 pg. The masses were determined by a HPLC method as

before

5]




10 as before with its inlet at the opposite side of the net to thgb f&ﬂ@ he
dose, but sone distance sideways renoved fromthe ar ea occupi ed ¢

dose. The dianeter of the nozzle opening was sonmewhat |arger than the dose
wi dt h. WEHB/86Y7] e was a part of the sane measuring arradr A% pefore.
The 15 sanme Anderson inpactor was uggd as before. The difference now was
that the suction, 2 kPa, was applied first and the air-flow was allowed to
stabilize, before the net (in this case) was noved past the nozzle
parallel to the dose strip, such that the dose was gradually sucked up by
the flowi pg-air going intao the nozzle and deljyvered into the inpactor. The
rel ease procedure Wals Zﬂo‘t"e elat ed for jal | 10+dosgs, -total mmgs
appr oxi maf elaynddrsbn ng. SFHECY rtP‘“@Pﬂ"e‘H s‘?'?‘i"’ﬂﬁft'?'b‘ﬂ of QUABURNE| yered mass in
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3 4.32 95238 H1 8 sfig?g 3 . St ep 1803 151 5.8 7.2
Ste 6 1.0014%P% 1 5 0180 Fillter ®%7 10 0.4 0.4

Step 5 5.8 7.2

Step 6 0.6 1.4

Step 7 0.5 0.9
; Filter 0.4 0.4
: Total

The fine particl_e fraction, smaller than 5 pm, was determined by
interpolation between steps 2 and 3 to 70.1 % of the delivered mass and
63.8 % of total determined mass.

10 C. Air-razor method applied to a non-perforated substrate member

A sample was taken from a series of doses of lactose, of the same batch of
lactose as in the earlier experiments A and B. Each dose was formed onto a
non-perforated substrate member, the dose approximately a- 15 mm long, 3
mm wide strip of powder. The selected sample dose was then positioned
15 adjacent to the same nozzle with its inlet at the same side of the substrate

member as the dose, but some distance sideways removed from the area

occupied by the dose. The diameter of the nozzle opening was somewhat

larger than the dose width.

20 The nozzle was a part of the same measuring arrangement as before. The
same Anderson impactor was used as before. The suction, in this case 4
kPa, was applied first and the air-flow was allowed to stabilize, before the

substrate member (in this case) was moved past the nozzle parallel to the




Total 2602 Table 2 5 The fine particle fraction, smaller than 5 mgﬂ%?ﬂﬂﬁ
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Step 2 483 72 15.7 83.1

Step 3 3.91 136 296 67.4

Step 4 2.75 78 17.0 37.8

Siep 5 1.75 28 6.2 20.8

Step 6 0.92 10 2.3 14.6

Step 7 0.58 9 2.0 12.3

Filter 0.33 47 10.3 10.3

Total 459

Table 3

10 The fine particle fraction, smaller than or equal to 5 ym, was determined by
interpolation between steps 1 and 2 to 83.7 % of thé delivered mass and
72.0 % of total determined mass. It is to be noted that the pressure in this
case was 4 kPa compared to 2 kPa in the two earlier experiments. The
results are therefore not directly comparable, but the test pressures are

15 within the preferred range of 1 — 4 kPa.

The evidence of the experiments supports the claimed benefits for the
inventive step of gradual de-aggregation and dispersal into air by introducing

a relative motion between a nozzle and a dose of medication powder. Using

20 the shearing stress near the nozzle inlet periphery and the impact of the
streaming air to full potential onto a boundary part of the medication powder
contour, achieve a very high degree of de- -aggregation and high fine particle

fraction in the particles dispersed into air. The relative motion between
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In a preferred embodiment the speed “v” of the relative displacement powder
- dose-nozzle in Figures 17b, 18b, 19b, 20b is controllied by suitable meéns,
15 an element of which may be an air inlet valve, which opens when the
pressure differential from the suction is suitably strong. Then, the resulﬁng
air-flow quickly reaches the speed necessary for the powder Air-razor method
to efficiently de-aggregate and disperse into air the particles of the dose. To
minimize flow losses as much as possible the nozzle and the downstream
20 connecting channel may be given a conical shape such that the outlet area is
larger than the inlet area. Controlling "v' implicates that a most suitable
dosing time interval may be defined during which delivery of a dose should
take place. The dosing time interval depends on several factors, e.g. targeted
area of the airways, nominal powder dose mass and type of user for the
25 medication. From a starting point to an ending point the relative motion of
dose versus nozzle must embrace the defined time interval, which normally
is in a range of 0,01 to 5 seconds. The timing should be suitably selected for
the application i.e. the points in time where the motion begins and ends
within a time frame of a suction of air that is taking place.
30
itis .therefore important to optimize the delivery of the dose by means of a
" new type of inhaler device, which takes full advantage of the powder Air-

razor method. An embodiment of such a new inhaler device is disclosed in




5 applied to powder onto a perforated substrate nenber. By optinizkg% he
adhesi on force between particles and between particles and subst N B ¢ he
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is controlled by suitable nmeans, 15 an elenent of which nmay be an air

i nl etqwalities ofianctxtepded dessn the pressure differential fromthe suction is
suitably strong. Then, the resulting air-flow quickly reaches the speed
necessary for the powder Air-razor nmethod to efficiently de-aggregate and
di sperse into air the particles of the dose. To mnimze flow | osses as
much as possi ble the nozzle and the downstream 20 connecting channel may be
gi ven a coni cal shape such that the outlet area is |larger than the inlet
area. Controlling "v" inplicates that a nost suitable dosing tine interval
may be defined during which delivery of a dose should take place. The
dosing time interval depends on several factors, e.g. targeted area of the
ai rways, nom nal powder dose mass and type of user for the 25 nedication.

- Froma starting point to an ending point the relative notion of dose
versus nozzl e nust enbrace the defined tinme interval, which normally is in
a range of 0,01 to 5 seconds. The tim ng should be suitably selected for
the application i.e. the points in tine where the notion begins and ends
within a tine frane of a suction of air that is taking place. 30 It is ;
therefore inportant to optimze the delivery of the dose by neans of a new”
type of inhaler device, which takes full advantage of the powder Air- razor
met hod. An enbodi mrent of such a new inhaler device is disclosed in 5 OCT
2006 WD 03/086517 PCT/ SE03/00541 36 Figure 25. Thus, the present nethod
optim zes the delivery of the dose by taking full advantage of the

descri bed new powder Air-razor nethod and the




gqualities of an extended dose. 5 OCT 2006 37 CLAIMS A nethod of :
de-aggregating and dispersing into air a dose of finely divided nedication
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38 providing a nozzle conprising an inlet and an outlet and positioning a
nozzle inlet aperture adjacent to or in contact with the substrate)de ;
applying a suction effort to the nozzle outlet, thus creating a |ocal . high
- velocity air-streamflowing into the nozzle inlet aperture and out through
the outlet; introducing a relative notion between the nozzle (1) and the
substrate nmenber (140, 141) and aB®anging the relative nDtiﬁnbsucg t hat

the nozzle inlet and the | ocal LoRiyel aei tivilai reast ream@oiify #Rto the
nozzl e inleﬁﬂﬁﬁéﬁ@%r% P4 régﬂ?he do%e (180) of f%gﬁ%gqu%j eqhgedication
powder,. . thereb Upidig spepontieradiacenhzior oaf fldc | i ng and
dispB?%Fﬂﬁnﬁ%éi%g%%ﬁ%r dose%}nto air; delivering the dose of nedication .
pomd?ﬁbéﬁagﬁﬁ@ggﬁggated formby wutilizing the shearing stresses and

i ner

fa and turbul ence of, air_in.t e outldh tivel agebyite a-letaleam goi ng
into the nozzmplymege? SHﬁElPPu‘?fé?gvﬁ?gﬁleébggt SO particle aggr egat(gs of the '
dose are gradyal I.%/_S%feﬁ%ggﬂg‘g,%gdiﬁadtﬂbsnezsledmlieht%P@H@Tﬁnﬁaé’r PEir as
avai Ihag? eve}%% er*ih e dose IS gradually accessed by the air-streamat a
bord%r%}pt setlaf.ea as the nozzle and dose are noved in relation to each
ot her, reby a delivered dose is conp R eMpjoerld (1) aydndss, of
fine particl emtrociaAClmEeanﬁ‘%lﬁ@Heag&%tll%ﬁlnégﬁ’g&ﬁ al r% 1 or t'Z?( chacégﬁ]eri zed by
the further step of sitjianLpg LheMeag! thd ndletive Mo tEIargl on
outsiﬂ@%H%e@%@%eér@%,%’t]h%@ %ggventi ng gi‘stur bance. and initHe O%?r

de- agtgﬁ[“;?atziloﬁlg{ ﬁﬂﬂv‘ﬁﬁ' locfl, bheh dedecity 80)-sBErs? €OH S ARABIE APT-T1 ow i nto
t he ®4%let has had time to bec rﬁ els'fgﬁﬁ&é{‘%ﬂe&fbéﬁ&@tﬁﬁﬁﬁﬁ,pomer
;tﬁi r-ragQr  géfasd trafeesargbhodose d bRHI r?g Be¥lam 1 or 2, charact e&ihged by
ghe 4. further step of attainin Heastn 40leYsnig bhel deshomringriibsowder
hass theremprd@Wé@ﬂ&n%d’ot‘ﬁ‘éersﬁffs %ﬁt e“menber (140, 141) to be dispersed as
fine particles 'itB aIl-l_gle inhaled air stream | eaving the nozzle (1), said fine

par t | BPEECHAOPRY B aer odynani ¢ di anet er equal. t @ or ol esstdd B vH

delivering the dose of medication powter mn

i 1 T ] local,
utilizing the shearing stresses and inertia and turbulence of air in the loc

high velocity air-stream going into the nozzle inlet aperture, whereby the
g

the dose are gradually ‘
the dose is gradually accessed by

ticle aggregates of de-aggregated and dispersed
parti

into the inhaled air as available powder in -
border of a dose area as the nozzle and dose are
a majority,

moved in
the air-stream at a

relation to each other, whereby a delivered dose is cornposed of

by mass, of fine particles.

3‘ The method according to claim 1 or 2, characterized by the

of positioning the nozzle inlet in a start position outside the dose

e gregation of powder

reventing disturbance and initial poor de-ag

e T e inlet has had time

(180) before a snitable air-flow into the noz

of the dose o
' ir- ct.

o become established to create the powder Air-razor €iic

4, The method according 1o claim 1 or 2, Chargcterized by the

r

in the inhaled air stream leaving the nozzle (1), said fine particles having an
in the

aerodynarmic diameter ecual to or less than 5 pm.




50C12006 39 5. The nethod according to claimfor 2, characterized by the

further step of adjusting timng of the relative notion of the nozzle (1)
within a time frame of the suction of air taking place. 6. The ne

- according to claim1 or 2, characterized by the further step of s Bﬁﬂlﬂﬂ%g
atine interval in arange 0,01 to 5 s for the relative notion of the
.nozzle froma start position to af%end position within a tinme frane of the

_suction of air taking place. The nethod according to claim1 or 2,
characterized by the 7. further steps of arra

| he, mber t
o eect | ooty shargaabbeoifing taucrren. ) Gororah ot eFpEedr byoy e TaPer O

t and
capabl e of retaining such acquired charge after conpleting a charging

pr ocrgtiie dtoplé suitable for electrostatic or elect rogg??i Qﬁl{ij elag '
deposition of finely.divi Rdigativenmpewdes! ine aoza BYIR Y “pr ocess;
thus form ng aéljﬂ%r}d?%m%ﬂrg%gmg%r dose, which, in connection wth an

i nha -er%rgﬁlet&@ﬁ desragbeeat ekinpgldispersed into air by nmeans of the
powd P F-razor effect. 8. The nethod accordi ng to claim1l1 or 2,

characterized by the. further steps of arranging the substr;tg rrﬁ;rcper (140,
141), whet her porous or erfor d.0fNei thep, dimraeterimtd ikl neutral ,
i .e. tnot affetdd ﬁﬁeé’%ﬂdt iﬂa%Qfd%@gi %%Ef orces electrically, by selecting the

substfra e*_/g%n?rpgir material or naterials to be electrically isolating,
di ssi'p conducting or conbinations thereof reby.fagidiyéating
de- aggr egat i ogelafgngizs pensiimgeivalon & FaREC ph ﬁ'lté)' gsggﬁjramrr%dﬁgatli on powder
dose in connection wth an inhaler ol Lhstpewderhah ra taaor

ef f eahotibn GIGHE 2oEE fHyD 2 AR Bositton TR <0 b

{ frame of the suction of air taking place.

7 The method according to claim 1 or 2, characterized by the
further steps of |

| arranging the substrate member to be electrically chargeable by

induction, corona or tribo effect and capable of retaining such acquired

charge after completing a charging procedure 10 be suitable for electrostatic

or electrodynamic field deposition of finely divided medication powder n a

dose forming process;

thus forming a medication powder dose, which, in connection
Ny : i ¢
é\ with an inhaler; is to be de-aggregated and dispersed into air by means oL

the powder Alr-razor effect.

8. The method éocording to claim 1 or 2, characterized by the
o Stepasr:ingmg the substrate member (140, 141), whethelj porous. or
perforated or neither, to be electrically neuiral, i.e. not affecting palrttcle
adhesion {orces electrically, by selecting the substrate member matc‘enal or
materials to be e‘lectrically isolating, dissipative oT co.nduct-mg. or
cornbinations thereof, theréby facilitating de-aggregatio.n a_nd dlspe‘rsn;;g m;o |
air of particles of a medication powder dose in connection Wlth an inhaler by

means of the powder Alr-razor effect. |




9. The nethod according to claim1l or 2, characterized by the further step

of depositing at | east one finely divided nedication powder onto %1 Et@m
ar a second side or onto both sides of the substrate nmenber. 10. ! od

caccording to claim9, characterized by the further step of depositing

finely divided nedication powder ofo a first and second side of the
Substrate nenber, said powder conprising optionally different nmedi canent
. powders, a first nedication powder (181) onto the first side of the

substrate nenber and a second. nedi cation.p r dpk@dktepized the $econd side
of tise subst rEie meHs .acfﬂ??‘g}ﬂge%ﬂe‘falﬁbrgl écggtrj%i ng to claim9, characterized

by the further _step of selecting a porous or perforated substrate nenber
' (140)f1;1ft§165ﬁteﬁ?lfat the nozzle, if positioned at the .first_sj

de suck
powder , i f prg@ﬁdgimgfit dhe fhe Sinedy dvides pederlons PR 6e?rnf)?%‘%r%the
second side off  the second side .thr orgﬁ?po%%f_ta% Rerfipiations of the

substgrat 6r wesrbend ssdehr PHAS DSBRAHSS P the tirst and the second side, if
avai l abl e on either or both sides, will get sucked into the nozzle by the

suction of air. 12. The nethod according to claim]l 041 2, characterized by
2ath 5% dhe 7

t he ¢th her %P@%e%od‘%cﬂgdﬁlgmz:ﬂam ), echaraetedtzg r
h

as or
smal | € t han e dose area, and arranging the relative notion of the

nozzl g.gygh that the nozzle inlet covers at |east the dose area in one or

more traversing steps within.a..ti f i ubbdiewhbehot he fisgtt and of air
i's taking pl a(ﬁép%ﬁﬁwﬁﬁgﬁ dgidgd déé%%?ﬁog according to claimi or 2,

characteri_zed, byt af fprdvi dﬁrdgracmrslézblsénﬁr@?sl@ﬁ@léfrop by

-he sﬁ“éﬁqnélnsﬁjfe ﬁfutg%r SHH%E%%%% alﬁlggp%f 1 - SPkPa aad ir? i g}r eEfe,E %b}» N a

a_hgegijffe-rﬁét kRau: o fenT pewtkirbpd fact ondingtos BPYCHT % ) on 8hg’r acterized by
urt

t he er step of defining a threshol VackHatfmem thetssuct i on
" &de of the substrate member and a secon YAl 4. Q5n VESwWHEY f(nem)

the second side of the.substrate member.

1‘1 The method according to claim 9, characterized by the further

step of

selecting a porous Or perforated substrate member (140), such

that the nozzle, if positioned at the first side, can suck powder, if present, off

ihe first side and powder, if present, on the second side off the second side

through pores Of perforations of the substrate member, such that powder

g; frbm the first and the second side, if available on either or both sides, will get

sucked into the nozze by the sliction of air.

12 The method according to claim 1 or 2, charactgrized by the

further steps of

making a nozzle inlet area of the same order as or smaller than

the dose area, and

arranging the relative motion of the nozzle such that the nozzle

i i s withm a
inlet covers at least the dose area it one or more traversing sieps w

time frame during which the suction of air is taking place.



necessary to trigger the flowof air into the nozzle ( i
ry _ he _ 1), thereby ens
that air-flowis sufficiently high to generate the necZassary po%fxdgrgcl;rzbﬂrﬁlg

‘air-razor effect.

v 41
13. The method according to claim 1 or 2, characterized by the
farther step of providing a usable pressure drop by the suction of a user ina

range of 1 — 8 kPa and more preferably in a range 1 - 4 kPa.

14. The method according to claim 1 or 2, characterized by the
further step of defining 2 threshold value of vacuum from the suction
necessary to trigger the flow of air info the nozzle (1]., thereby ensuring that

air-flow is sufficiently high to generate the necessary powder air-razor effect.




