WO 03/ 086515 PCT/ SE03/00539 1 A device constituting a powder Air-razor
TECHNI CAL FI ELD The present invention relates to a device and an
arrangenewpD 0083t uting a powder Air-razor for de-aggre®amwiSEg3/eénssh i nt o
air dispersing finely divided dry 5 nedication powder, made avail able for
a rel ease and intended for inhal atiort t hrough a dry powder inhal er devi ce.
BACKGHDdEVicq iconititulingfa growder Aivgazord out in a nunber of different

ways in the 10 nedical servjce .-W.thin health-care, there is a
rapidly growing interest in Jgg}ﬁfﬁﬁ\fféﬁlx?&%| ly or systemically acting
medi catjon in prescribed doses of .powder directly to the air s and | ungs
of a ptd Breotal TRERUOG roftST Tnd PR Hndian S ntPaRORIYBLENEE qui ok
and usgswdér Aﬁdfazz@dfr@rruearaggfégmm Bn%luﬁﬁpde[iwﬁs?éi%iﬁ%(ﬁdééﬁmﬁféd' | er,
DPI, represents a device intended Tor admi nistration of oses of powder

i ntSo trRedigesivranamsieruppade evajablea feyas releasearnilinddradeddor itloakeen deep
| ung osition _of nedica t i,s..a nore difficult proposition and has only
recenﬁﬁgo%%ﬁrea aﬁfé’o%”ocg sl.nﬁ%ﬁd%‘ﬁs: ers on the market today 20 are desi gned
for treatnment of ailnments in the airways or local lung, Iike asthm, where
t he objective often is local, not deep lung, deposition. Wen the
objective is a systenmic del i vdBAGKGROUNIDcati on, then a deep | ung
deposition of the powder is preferred and usually necessary for maxi mum

ef fi cildefosme afedpugsing rarrked il insatmenpar pfetifferdningvassd ial theol i |
i . : t the bl take.p) ace. |f
paldt  cficaftel BEhvibIORRY, wihyf nBdRE PRES el I8 Aty Ppuies abisteRe. |

shoul dnt ydincialisterfie lbealyt bansydtoiniealy f actidg | alichtisd ﬁ@pgxsegdr%d
typically about 5 m Larger particle sizes wll easily stick in the nouth
and t ilasgs ofpayedern diygetly dostherairwaasand luegs bf ecpatient by ancaealof em

o st iBaRRE s e fatlitim el Ry ricls fad deseitrety s fibelin ° °©
per cerffagehofirigle dose is actually deposited where it will be nost
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 Iung deposition of medicament is a more difficult proposition
and has only recently come into focus. Most inhalers on the market today
20 are designed for treatment of ailments in the airways or local lung, like
asthma, where the objective often is local, not deep lung, 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
25  direct transport of a substance to the blood can take place. If a particle is to
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, regardless of
whether the objective is a local or systemic delivery of a drug, it is important
30 to keep the particle size distribution of the dose within tight limits to ensure
that a high percentage of the dose is actually deposited where it will be most

effective.
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aggregat ed before the particles enter into the t he user.
aggr egteng rics JBf9NRU0&S -B(BER i Oy 342 3@ gt By atleidhpimntieretyy incdrpodatidg

ener gy _e. el ectrical chani cal ,,. pneunmatic or aerodyna energy. To
succe rﬂrgﬁ)ysg; é?ﬁl%e’dgf inSeFthS‘Ft.y '%éﬁr{gﬂt AUGaERES E?V‘Fl???éfeé’tl‘i:%?% t he
deep ldffgient (disfribUBBH! SNhbPnBcRLENSI go%g&iﬁ%%eﬁl ﬁfnedga\%aef §gaL gp of
the 20 nedi cation powder Tn the inhaled alr. I'n nost cases, treatnent of a

palli erfheiigspimstion simgvidhout unsiegosthebsourasstal dreerpgpeatredhambvar sHme
chroni¢ cases,. treatnent h to be on a continuous basis. In all cases,
de- agg}f‘ggﬂdf i‘%r‘ihﬁl}ésterso’é{}&%l Ofepeat abl e and dosi ng must be kept within
tight tolerances fromone admnistration to the next. 25 A mgjority of dry
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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
20 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.
25
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
30 inadequate de-aggregation of powder particle aggregates with a primary
particle size in the range 2-3 pum. Thus, the inhaled dose consists of

aggregates of smaller particles. This entails several disadvantages:
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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 system ought to be insensitive as far as
possible to the inhalation effort produced by the user, such that the
20 delivered aerodynamic particle size distribution in the inhaled air is
independent of the inhalation effort. The average aerodynamic particle size,
which influences the deposition pattern in the lungs, 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 amplify 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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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
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 achieving a high de-aggregation and dispersal into air of a
dry medication powder seem to require high levels of de-aggregating power,

which lead to more or less complicated inhaler designs.

SUMMARY

25  The present invention discloses a device and an arrangement for efficient de-
aggregation and dispersal into air of a finely divided medication powder. In
contrast to prior art the present invention does not require other sources of
energy besides the power of the inhalation effort by the user to produce a
very high degree of de-aggregation and efficient dispersal into air of a dry

30  powder.

A device and an arrangement are disclosed, which provide a powder Air-

razor for de-aggregating and into air dispersing a finely divided medication
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aggregated to a very high degree as well as dispersed and subsequently
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20
A powder Air-razor device for de-aggregating and dispersing a metered dose
according to the present invention is set forth by the independent claims 1,
13, and 24 and further embodiments are defined by the dependent claims 2
to 12, 14 to 23 and 25 to 33.

25
SHORT DESCRIPTION OF THE DRAWINGS

The invention, together with further objects and advantages thereof, may
best be understood by referring to the following detailed description taken
together with the accompanying drawings, in which:

30
FIG. la illustrates an embodiment of the powder Air-razor device in a start

position;



25 SHORT DESCRI PTI ON OF THE DRAW NGS The invention, together with further
obj ects and advantages thereof, may best be understood by referring to the
f ol | ow ngwoaBasdsetl description taken together with the a®COrspaiyissy
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10 FIG. 3a illustrates yet another embodiment of the powder Air-razor device

in a start position;

FIG. 3b illustrates yet another embodiment of the powder Air-razor device

in a powder releasing phase;

15
FIG. 4a illustrates yet another embodiment of the powder Air-razor device
in a start position;
FIG. 4b illustrates yet another embodiment of the powder Air-razor device
20 in a powder releasing phase;

FIG. 5 illustrates a medication powder being released, de-aggregated,

dispersed and entrained in air by a powder Air-razor device;

25 FIG.6 illustrates a substrate member with a load of powder onto it and a

nozzle with an elliptical inlet aperture;

FIG. 7 illustrates an embodiment of a powder Air-razor device and a
dosing member in a loaded state before release;
30
FIG. 8 illustrates an embodiment of a powder Air-razor device and a

dosing member just after starting of a release of the powder dose;



FIG 8 illustrates an enbodi nent of a powder Air-razor device and a dosing
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rel eased and di spersed into air, WO 03/086515 PCT/ SE03/ 00539 9

FIG. 13 illustrates the number of particles released into air as a function of

time.
15 DESCRIPTION

The present invention discloses a powder Air-razor device for de-aggregating
and dispersing into air a dry medication powder. The invention teaches that
finely divided dry medication powder may be delivered to a user with an
extremely high degree of de-aggregation of the powder. The invention
20 presents a powder Air-razor device and an arrangement to achieve the stated

objective.

An important element of the Air-razor device is a relative motion between a
nozzle and a powder. In the document the term "relative motion" refers to the
25 non-airborne powder in more or less aggregated form being gradually moved,
relatively speaking, by the motion into close proximity to said nozzle, where
de-aggregation and dispersal into air of individual powder particles may take
place, provided by the Air-razor. The term does not refer to airborne powder
particles already entrained in air. Therefore, the mentioning of "motion" or
30 "moving" in relation to "powder" refers to the contour of powder before the

powder particles are released and dispersed into air.



The nedi cati on powder conprises one or nore pharmacol ogically active

subst ances and optionally one or nore excipients. In the docunent the

terns " powoas/0seis " nedi cati on powder" are used to signifyPCASESHU@SsANCcCe in

the formof dry powder, which is the subject of de-aggregation and

di spersal 5 into air by the di scl osed invention and intended for deposition
at a S¥leechedicatisnggioveden cinprisserose cor wapse harmaadlogicli entivenay or

may not de- aggregate in a.simlar way as the actiyve pharpacol ogi cal

Subst SHESTANCED G RPUFNERE QRS |G TO9Te: KECHIGAES . [Eothedassiacib ths: der ed
m Xt up OB Mo { (.ac [ el Lder.ably
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pr ef etthedoembafidne povaier, vehichvienttieosubgect |df ukd-ngpeskadtioaadr @ispaersalhow ng

in_a sectional view A-A an, exanple of a nedication powder 180 deposited
onfo tRE &Hr gﬁég‘eo‘%\isgl%'i?ggm‘?tng})%ﬁﬁ@r1&@@%‘#%@??@@9#@%?0@5%@6@% 15
subst NRPdET, . om% a s i.n Lt fore
t he Sgﬁér IS roef?%a{slggljg I gurgsl t??ﬁ?%%t geé{!?g)slg?ﬁéeqhggzﬁreprﬁ% i {r%gpi(%q

rel at iaggreégatehen subsimidde weapbess, thieowiciiyehghataapologerall8dbssabed,ng

rel eased, de- aggregated and_djspersed into air 20 fromthe surface of the
subst ,dg,pgng t gléﬁﬁz‘%‘ ef rd@ﬁnp%‘f"dﬁr-r FRr 1 4%a1Plt e oWifr e @ edK 81160 ng

At SOmiet e’ GRERRRAE Belact Ao Ky HRMRAE Sror GRS P0ed RAMECL, g
i noa skose ofithe phewmdadedlogicatlyamilve sdibstamdi cati on powder 180 deposited

onto the surface of a perforated substrate nenber 140 and on the sane side
of the substrate 25 nmenber as the powder, a nozzle 1 in a starting position

bef or [-S1: e . F - . S zzLke noving

rol at v ERES PR B Rin  FLCOPA B, R ol Rle W blfe 4% St BalBY

de- aggn egatetionnt! vikwpkiAeth ierimplai 6f 20nfedicatibe sowfecd 80 deppsselstrate

menber by t%gSt ream of air first goin t hrough the perforations, then via
r

the ponderthensuriacs ehe sabsiratpénemherol413andnhen ity sgmmosideof the

SRl OTLEAG0 0NN 4 ok BRI S YoL st PR RS L PO

the ppotieferli8Qeliepaesi. tRiguv® 103108854 fesPEld AB8ZI0RRIhg 19 relation to the
substrate member, 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 going into the inlet

20 aperture of the moving nozzle, epitomizing a powder Air-razor device.

Another embodiment is illustrated in Figure 2a, 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
25 member as the powder, a nozzle 1 in a starting position before the powder is
released. Figure 2b illustrates the nozzle moving relative to the substrate,
showing how the powder is being released, de-aggregated and dispersed into
air 20 from the surface of the substrate member by a stream of air first going
through the perforations, then via the powder and into the inlet aperture of

30 the moving nozzle, epitomizing a powder Air-razor device.

Yet another embodiment of the powder Air-razor device is illustrated in

Figure 3a similar to Figure 2a but with the powder 180 deposited



underneath the substrate and a nozzle 1, adjacent to the upper opposite
side of the substrate nenber 140, in a starting position before the powder
is releawods3nsisgure 3b illustrates the powder as it is beCmgErBbsased, de-
aggregat ed and dispersed fromthe s ace of the substrate nenber by a 5
stream of air going through the perforations and into the inlet aperture of
t he nowmidegnaatiz tlee sruﬁjsaraheemd speediled,, ashacdmt tp pos ivppesiapasite side

Subet P, TEBREONC AR 18T Lol MBS Bl ARGl

T usteRhgey! rF1§L1 &l 8p 4ﬁu§tr@té@rtﬁe0 e;%v@&%xe o igngh 3@e1ﬁgo%l@asé'd”% -cation
powder deposited onto 10 both surfac 180A and 180B, of a perforated

subst aggmg%a@eand@spﬁrsenbzﬁzcbm ﬂhatsm{f@@s p80vhd substeatet srember fﬂxysat i on
before,the pogwder i.s rel eas re . 4b illustrat tream,of ai

b sos St i e el ARt the R Angb ind B Sl EREMDER R ati ons
and a@ﬁ@%ﬁbﬂﬁlgt h8zReVgelatiRl Qgeékfhag &Nfie Q%&ﬁt@@iwof RhO s&ﬂ%tféﬂeet
aperture of the nozzlie, in a relati vé notion, = 15 epitom zing a powder

Air-r alzfmlbdevtl@@ m@wglg pogzle| thasst ﬁpttemlzmgaspcwdonaﬁlrmmr Meice. dbttai | ed

exanple of a cation vvder e ited onfo.the s f. a_substrate

renboPRaNIeS TGS PRE BF O RG ot RERver Misviom (s iPeBated g Betder

AT - T a208indient 68 Fisurd 2bhen@BIgholinb &l ﬁgedleaﬁaﬁ%wé@f a&gbgﬂéa%to

di spersed and entrained in air. Figufe 6 illustrates in a top view a

subst Ithle srurfees, 11804 vinch 1808 of a ponideaterBGudistratiet memiber Ikl 4 1 with
onal., view A-A the substrate

| |.et t 3.,and
menerogs et GG HOB i Treparing PO BAERS the PR Teasidy | ve
not i OFigiird 4B 1ﬂhrs@1€étb§rh Qtrebie omw atcdSiAngHRUpBwahel Idrhé alES 180B,
enbodi ment of a powder Air-razor device in an inhaler context, showing a

dosi nghemrgningathyomgh thegerforagions: aadeasessséng theopowder4in dhehsigieovi ded
with r d dose of noz 30 sucti,on tube 33
and aal(g(@%% HeEnB &t ﬁ!‘joﬁbleglapfa%"r?u%}sﬁ?%ﬁjé’p {?erjrﬁe?? FeoMotPar e in
pasi tb@&%nil@fng glfRsd e AR raBUdvieé, powder. \Wen a spring 9 rel eases

(rel ease nmechani sm not shown here but is indicated in Figure 9) the dosing

menber 4, it is put in notion bringing the WO 03/086515 PCT/ SE03/ 00539 11

Figure 5 illustrates in a sectional view A-A a detailed example of a
medication powder deposited onto the surface of a substrate member and a
nozzle performing a relative motion, epitomizing a powder Air-razor device as

20 the powder is being released, de-aggregated, dispersed and entrained in air.

Figure 6 illustrates in a top view a substrate member 141 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 member, powder and nozzle before the

25 nozzle 1 has begun its relative motion in the direction of the powder 180.

Figure 7 illustrates an embodiment of a powder Air-razor device in an inhaler
context, showing a dosing member 4 comprising six substrate members 140
or 141 each provided with a metered dose of powder 180. A nozzle 1, part of
30 a suction tube 33 and a dosing member 4 with one of the substrate
members 140 or 141 are in positions for releasing an amount of powder.
When a spring 9 releases (release mechanism not shown here but is

indicated in Figure 9) the dosing member 4, it is put in motion bringing the



substrate nenber 140 (141) and including the powder 180 past the nozzle 1.
An airbrake 22 controls the speed of the dosing nenber and thereby the

rel ease iwoDes®sds1Hf t he powder 180, which is gradual ly su®KE@$ENR0U5$ an air
stream 20 (not illustrated) going in]%g the nozzl e 1 because of suction
applied 5 to the suction tube 33. Afoil cutter 11 nmay optionally be

posi t 'Subetreita msmher 30 (et Hoazd eénchudimgt thet pbﬁvddlrelaesmsbtstl‘pfr vbezleed by a

foil I d h full
ocesd: A aibraitaR? bl BRred i Ahe et R hmPeriinS, WiSeBPARe | on
& BoatbanBoudeior R podlletensel LdoAnkopaRualy S0 tsﬁekéabélsn@i anMBiFber s

140 or 141, is gradually accessed’ by the nozzle d the air stream (not
il ustst@a@d)zmémﬂqléhmisatagi) gmm@emtcaﬁde mazlsul:tbe@mmamf mtmre appliedn a

relLatiyv re 9 illustr S f an
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CoNpr b$ tRE 01 sUBH ehat ISt 8sEedThe 6€ectéde)3Pé féﬂltﬁﬁcaﬂp beviiedt W th a
nmet er ed dose of pomder 180 to be adm nistered sequentially to a user. A

br eat Rpattard feldedeawalitorgive the eragzleafull pacessita Bhegewslea. cat ch 12 hol di ng
t he dosi ng nenber (the | oading and the conplete rel easing nechanisns are
not shown) when the suction applied 20 to a nouthpiece 19, in fluid
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BACK ND TO THE CONCEPT OF A POADER Al R- RAZOR DEVI CE 25 Adhesi on of

Pdpt i epositadt Potesoneljeicéhe swbsirhats pambarised 48 aro 14 kubstgradealiynber
w ||l adhere ach ot he dlffeentt S,,0f, a sive.forces wll
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substrate nenber or a conbination ereof . The types of adhesive forces

acting on a particle can be van der Waal forces, capillary forces,
oL otk A0SR B PN S Tru s o b SR o RS
PGCI/ SERZ4:1086:8e, A 2osing member 4 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
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
20 to a mouthpiece 19, in fluid connection with the suction tube 33, is

sufficiently strong.

THEORETICAL BACKGROUND TO THE CONCEPT OF
A POWDER AIR-RAZOR DEVICE
25
Adhesion of Particles
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
30 particle, an aggregate of particles, a substrate member or a combination
thereof. The types of adhesive forces acting on a particle can be van der Waal
forces, capillary forces, electrical forces, electrostatic forces, etc. The relative

strengths and ranges of these forces vary with e.g. material, environment,



si ze and shape of the particle. The sumof all these forces acting on a
particle is hereinafter referred to as an adhesive force. De-aggregation
and entr awormseses particles 5 The main objective of the ARCTASEaZ@S39S to
de- aggregate and entrain the deposiﬁfd particles into the air stream The
particles may be |oaded onto a substtate nenber in many layers in such a
way t bire amdshpgpet ofcthesparticlenThesnimof all theschEorsad sictimgeonenperticlfi | st

others are .in.contact ly with ,other_.particles. A conplete de-aggregation
i's to155gﬁﬁ?lgﬁgteﬁlrfe??rﬁggggﬁﬁ 2 SANESIYG fFCEach ot her. To separate a particle
fromits environnment involves overcom ng the adhesive force as well as the

friction force, acting on the particle. Figure 12 illustrates forces
act i nPeoaggregation and wntrainmentsof partigles rf| ow 15 303 acting on a

partighe 101 can.be .divi into tw parts, .drag force 3 ct.in aral |l el
Pobt ndl'E: PHRiat, OBIRGHiTY 1 of Fhiec AU3aatit BRnt i GRBEreiEarrD SEEAITn tPF o
The cdegbsited pitidiesehtd thbaibaftkéshne Tiee pbartibRsStaty beCldafelihehtd bft and
drag forces exceed adhesion 301 and friction 302 forces. 20 In order to

conpl eubpiratermgme i sapnedayersdin syghegavay ghetissires particlesere in

ici . h i i £ h. h h, f
"ol eallRPet MUY 1B, FERSEARF metyd wRRsH BhEls sl i Ee C I e
parti etlesr peid€ibled. hAt comipteter deassyrebatisAN®s ftor sehaeke AN tdle! pRafitles! es,

the aggregate will be entrained into the airflow w thout de-aggregating.
The ¢ t peehf othele 9 sgpregiet icorpamdicle hironbeitst gneroasnemhdnypiviesr ence

tri ot PakRopirl 48, ShES%e Bot o PRO} uFBe MR T et BN e

from @iaﬁibmw may be done efficiently by creating shear forces, and hence
the Air-razor invention makes wuse of high shear forces in the area of the
powder deposited for instance onto 30 a substrate nenmber. WD 03/086515

PCT/ SEQ3/ 00539 eatin iah~shear forces Jnpli.es creating
o bi g Rraer oy IR T AT = RArire 41y Rrst e b iPiaiEieflat i on
fas sBOB astihgsénid particld 401 can be divided into two parts, drag force 305

acting parallel to the airflow, and lift force 304 acting perpendicular to the

airflow. The condition for freeing the particle is in the static case that lift and

drag forces exceed adhesion 301 and friction 302 forces.

20 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
and entrainment. If a strong force acts on an aggregate of particles, such
that more or less the same force acts on all particles, the aggregate will be
entrained into the airflow without de-aggregating. The condition for de-

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

30 a substrate member.



z=pda(Y);where y 5 = Dynamc viscosity Uy) = Air speed Uis a function
of y y = D stance fromwall surface dU dy = Velocity change per unit

di st ance WO 0308acdevel op hi gh shear stress and thereby hi ghPEh&SED3/6038Ces on
the particles, the main principles f%ed in the Air-razor are: High
velocity of the air stream Use of ftow streamlines close to a wall Use of
t ur bulSdrearf fogwessi de effect from high velocity) 15 High velocity flow Hi gh

vel oci lowis the basis for . high shear forces (close,.to a | dr ag
{or coSrénting high wicar iees KOt Ee 5% Ghgs Sttt B thr g

ai rf | eyhichtiBqobieaeasy hoeldation Bri@Rel stPeddim \RkiASi ty. The

theoretical 20 maxi mum'vel ocity froma certain static pressure drop can be
derived from Bernoul li's strean id{é(;\{)he@rlg In reality, there will always
be di ssipation of energy and the€ Vgj oéi y"wWwill not reach the levels stated
by the equation, but it can be used as a limt value. p+(err)pu(err)=H
where 25 p = Static pressDenamicvidosityy of fluid u = Velocity H =
Constant The equation is_called Bernoulli's streanline theorem His a
constant along 30 a st d¥hfiME sRaeddd isjadBaprction ¢fd. Hydrostatic pressure

is here excluded from Is i / 5 PCT/ SE03/ 00539 14 The
efficiency of the A r-ryzfr[ﬁge %egﬂﬁay %F(S)p?fa%‘%sed by careful design of

the geometry of invol vediy]dw=eVelseityschwirige pbeuaiitiiistaneach as high a

10 To develop high shear stress and thereby high shear forces on the particles,
the main principles used in the Air-razor are:
e High velocity of the air stream
e Use of flow streamlines close to a wall

e Use of turbulent flow (side effect from high velocity)
15

High velocity flow

High velocity flow is the basis for high shear forces (close to a wall), drag
forces, lift forces and turbulence. For a given pressure drop driving airflow,
the objective should be to reach maximum velocity. The theoretical
20 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

can be used as a limit value.

p+%,ou2 = H ; where

25 p = Static pressure
p = Density of fluid
u = Velocity
H = Constant

The equation is called Bernoulli’s streamline theorem. H is a constant along
30 a streamline for an ‘deal’ fluid. Hydrostatic pressure is here excluded from

the equation.



velocity as possible in the de-aggregation area, but at the same tine a 5
snooth transportation of air in other areas. This will mnimse the

di ssi pat iwe iBosses where not wanted and so preserve ener gPCTGEIN&S39 n t he
area adjacent to the powder. Wen sqﬁtion is applied to a nozzle, a | ow
pressure devel ops that accelerates t air through the nozzle during a
short period before a steady state condition is reached. Initially, during

the start 10.u eri,od,as the air,pi,cks inertia,, the velogcity is not

i gh” SRS Citerbe e AR e BB oy Be otk bRrarerdiiétshint ng
this kRétdImeRs 6f ihb8ilvedl FlokR2WmRAYS 8FithetRE Gaihh P ousleh ANUGeh a
substrate nenbelf is brought adjacent to the nozzle. This ensures that the
condi veloeityf es passiti¢ cinethedde-aggyeggtionoared, bug pbvitker sexisttilmef are a

t at t bord f.th wder, 1 t i tt d by. th i
PoS oanttiodthy, BRhEEor ool HF iin,, Fhfbcprers s J00° tinia, e

cr eat gidyiphtit0885séPRAGScaNdt tStd® andS8d presbhRe Bh%?gsn?foi* RYNih Qe The
flow at zero distance froma wall is always 20 zero. This is known as the

"No skrga ashjadént éa thal posvdenieWhem suictibhuisisipplieda to e mdzaleradiovee to

o e e e T
corr eppeidd Pefore H beadihissateotbs@ition ?é’@éaél@éﬂ.b&i’ciaﬁﬁr[‘@h&ﬁ% tHedthent . The
velocity profile and gradient differ between turbulent and Tam nar boundary

250 | ayér Perigdeps the dit grisksgundinartia, die vhalesighémmadt higls endughite t he
turbulent l.ayer. The Air-razor.invention kes use qf. t.he.concentrated fl ow
ol ose 8P BeTHE (i mr eSsoRtY SbR Pr G ef s Ty ruthans e ipReACHgSPR e
menbepir-rast @aRRekabbbrtNens wdSaRMRE! ¥esnbihat@nekhnbe Y&l brorfiHihe
nozzle inlet "and the substrate nmenber. 30 The area experiencing high shear

st r esgdjacendrieathy ravald. Thisr ehstiremnthat the comdétionsclopi an dfficiehe dowder .
Therefore .relative notion be n the nozzl e, and the er is

e r oaBeLEetid ot HEoRERHRE iRt St e SR 2 thE PR SR peser
P&/ SEQﬁ{&QFSngattaékgagjy gheair siregas to traverse the entire amount of
powder for instance onto a

Flow close to a wall

A high 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

20 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
correspondingly high. This boundary layer can be laminar or turbulent. The
velocity profile and gradient differ between turbulent and laminar boundary

25 layers, where the higher gradients and thus shear stress exist in the
turbulent layer. The Air—raéor invention makes use of the concentrated flow
close to the nozzle inside wall as well as the wall of the substrate member,
and especially the small gap between the aperture wall on the nozzle inlet
and the substrate member.

30
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

and the powder is introduced. This allows the concentrated small area of



substrate nenber. Turbulent flow 5 Figure 13 illustrates in formof a
diagram typical velocity characteristics for |amnar 311 and turbul ent 310
boundary wayeansss1sThe vel ocity gradient and so the shear PCTSES3/008534 ar ger
in the turbulent |ayer. A turbul ent L%ow, either in a boundary layer or in
a free streaming flow, is characterized by irregular flowwth eddies in
var i oldgls ishear avite s equrenei s thd entirk entobihd wi fdowederaforsinsgatice bothat i me
and ngg)e [N ané_1 articular nonent, high gradients of velocity can be
seen E’@t f Tear that high shear stress exists in the turbul ent
flow away fromwall surfaces. This neans that particle aggregates can be
de- aggregated within a turbulent air streameven after the entrainnent
into MMgregate of particles. Another advantage of turbul ence

de en 5f|uctua ions Jdn the turbul ent tht ch will
FoEe 3 bttt S o g dioga iy vttty netpbleTitied Bed
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i.e. fromlowto high frequencies. Should frequency”of the varying

f or ce sodine Shemestrossis bangennndhef ttudmuém'ylacyferaAﬁanﬂmﬂent flamt, mﬂlfmrswlst em or
a particle-wall stem. the.20 anplit.ude.wi|I. owb| nd.s atlon
oy o8 AP SRR (RYSHT b S fise, SHCRGiOE FIS% g5 MR aiost JN AT The
crit eflody GaHIRIIINEDNIN WIRIAGE SAR Eh@l“frbéu&ﬂéféﬁ' qmrb@ﬂeﬂphow ﬂuBeuaﬂ:lsds
nunber together with the geonmetry of the fluid transporting channel. The

2530 absnlhath timeeandfsReendhoeny mmar:u\lmerrmmelat;smghogra‘dlonts afmabmmyo
turbul ent. f1ow w || ep nd n the surface rou d sald
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det er floReatvds fi@h&‘fzv%lpéu%f&%eé' PMis ﬁ%a’ifsefhaqeﬂ)é&%&ﬂ %aﬂ%%rﬂ?ﬁ{ Sde-
proportional "to velocity, hence the velocity has a dire i nfluence on the

30 t upggregaded Withds/208681HcRCHISEIR/200538n dbeRthe dptChinmentimto girRe =

Reynol 9%nnggné)r%rgate of particles. Another advantage of turbulence depends on the

15 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.
Should the frequency of the varying force come close to a resonance
frequency of a particle-particle system or a particle-wall system, the

20 amplitude will grow bigger and separation may occur even though the static

force is too weak for separation.

The criteria determining whether the flow is turbulent or not are Reynolds
number together with the geometry of the fluid transporting channel. The
25 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
determine the nature of the flow. As seen below Reynolds number is
proportional to velocity, hence the velocity has a direct influence on the

30 turbulence.



U = The free streamvelocity L = Typical length 5 v = Kinemati cal
viscosity Air-razor Myvenent The inportance of shear forces for an

ef fi ci entwoe3agrgnegati on of particles and the theoreticalPChseEksossnd as to
why has been discussed in the 1o faoregoing. The relative notion introduced
bet ween the nozzle and the | oad of er, i.e. the substrate nenber

normal Iy serving as carrier, ié i g4It unental in attaining and maintaining
the desired conditions stated fer —q;?agfg}e@ati ng all of a powder |oad and
not just part of it. The main advantages given by the notion are: 15
During an initial acceleratiomRphdReyrigidstriwambei| ds up giving a high
velocity air flow Shear forces clgse to a wall are spread over a | arge
area Efficient use of energyeqF Th@ﬁrq%stgeﬁnhvaecwe | ow- pressure created
by the suction through the nozlgl= iic?!xF’Pe if, to flow in the direction of
the | ow pressure. Building up Tnertia nearns accelerating the mass in a
system i.e. the mass of the ai ke Kireghhtichlevie€ogitywi ng the desired high
velocity air flow after the acceleration period. The velocity of the flow
25 increases to a point where the flow resistance nakes further increase

i nposﬂig_ll_gﬁ?gg)l?‘zgﬁeg}et | evel of |ow pressure is decreased, i.e. the

pr essur eased, or the flow resistance is decreased. Shear

for ceTspr RAgbAGRE dhehebeaforees dor apy et slendnd Malodrédsion hefapatticiees i s
concentrated close to the wall of the nozzle. This concentrated area is

smal | asenpheetheoratival dbaekgrnunad ons ot Whshest deganséscussgsedialthy i f t he

doge. amblipenid ety M, 19,88 B854 RO RO Rt

ween the nozzZl'e an ose “will
make pbedernl i.eandheontiiratee dnasrabepf ﬂdirﬁ‘ihll%heéér\ﬁh%esés t caméeise igver

the area occupi ed by the dose. Depending on the actual spatial distribution
instrumental in attaining and maintaining the desired conditions stated for
de-aggregating all of a powder load and not just part of it.
The main advantages given by the motion are:
15 e During an initial acceleration phase inertia builds up giving a
high velocity air flow
e Shear forces close to a wall are spread over a large area

e Efficient use of energy

20 Inertia build up

The low-pressure created by the suction through the nozzle drives air to flow
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
25 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

30 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
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contour outline from the beginning until the end. Thus, the gradual de-
aggregation and dispersal of a medication powder is an inherent essential

20 characteristic of an Air-razor method.

The area of high shear stress adjacent to a nozzle is illustrated in Figure 10.
Figure 10 illustrates graphically the resulting air speed from a suction effort
applied to the nozzle outlet as a function of coordinates in a plane
25 perpendicular to a substrate member plane through the longitudinal
centerline of the same, thus showing 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
30 the position relative the nozzle aperture. The direction of the relative motion
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 1/min, steady state,

going into the nozzle and controlled by the suction. The resulting shear



10 is an exanple of an enbodi nent of a nozzle. The area of the nozzle
aperture may have different form3 (see Figure 6) for different

appl i catiwp3/08dsut a circular or elliptic shape is prefer PeW/SELI/60S3% se, the
aperture wall 5 thickness and curvateluée 26 may be given different forns
depending on the application, sinc he form has a great influence on the
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equal i heing smcket syoatheofhiozdle. power P over the entire 20 period T, e.g.
T=1 second. Should the selected dosing tine interval be too short, full
entrai nnent of particles will not take place. The effect on a system
CoONpr igFHfnAN R br &%y W Il be large-scale retention of powder onto the
substirate nmenber. A nmodel 25 is therefore needed for assessing the nunber
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0916 086 lapdtctABER3AA939%s supplied. The time interval for an Air-razor delivery

may e.g. be set to 1 second, which means that the inhalation power during

this full second is used for de-aggregating particle aggregates.
T
E= [P()-dt
0

The total energy E equals the time integral of the power P over the entire

20 period T, e.g. T=1 second.

Should the selected dosing time interval be too short, full entrainment of
particles will not take place. The effect on a system comprising an Air-razor
will be large-scale retention of powder onto the substrate member. A model
25 is therefore needed for assessing the number of particles dispersed 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 will occur
with typical time intervals based on probability. Each eddy will set a fraction
30 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
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air of the powder as it 1s forcibly 'entrained in aitr as a result of

r el eageithimeegwcifiichdbging Vindednteedakat i on powders with primary partlcle
size below 10 mare rarely free flowing, but to the contrary quite given to
form ng aggregates. Thus, finely divided powders that are |ess prone to
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aggregates are preferred in Air-razor applications. For exanple, ordered
m xt urvgsiclmymbdiasseent opbwdlielrs t atay dbe adgpesided omn arattatidqbr str@ntumso air
of  the aHiNg SHPSPRAGESpertie h WBHRE WelBled BoE4IS0owla" TRsdLp8! cal 1Y
particle size, mass, porosity, adhesion etc for de-aggregation and dispersal
into air by the powder Air-razor device. The load of powder may or may not
20 constitute a metered dose of the medicament in question. Substrate
members are convenient means for making powders accessible to an Air-
razor device, but other means exist, which should be obvious to a person
skilled in the art. The degree of particle aggregation and powder porosity play
an important role in achieving the best possible fine particle fraction and
25  dispersal into air of 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 um 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
30 aggregates are preferred in 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



acceptabl e excipients, used e.g. to dilute the active substance or, indeed,
to WD 03/086515 PCT/ SE03/ 00539 20 inprove one or nore qualities of the
active suwetoanses1s such as bioavailability or el ectrostat PCTSEOp@ssd es. An
exanpl e of a suitable powder for ansﬁ;r-razor application is an electro- n
powder. El ectro-powder is defined a prepared dry powder nedication
subst ampeové bhe@r miorhamaliies of thoretiss siufistanee nsech ig bioswailability
electrical , s e%.ificati ns for optinmmelectrostatic dose formng

pr opePFiez%"‘.tr‘?%ﬁ LRI et ai | s, see our Swedish Patent No. SE 0002822-5,
which is hereby incorporated herein by reference. 10 An exanple of a

sui tabl e dose of nedication powder, fornmed onto a substrate nenber to be
used Am eraniple rafzarsuippblecpoivder fos am Adr-eeren agplicatiDme is @ennelectro-

| ectro- dose, ted in. Swedi sh_Patent No.. SE_0003082-5.. which i
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dose is formed froman electro-powder conprising an active powder
subst speeifivatiangr fprpepiderumedicctroshati¢ slosal farindngwndpestieai Faoduridres or

nor e Ipients, the el ectro-gdose beingfor o~a substrate nenber,
whi ch%l?égalgsdr {564 Oéﬂrdof‘i"ﬁéls:ﬁ’en‘g%freng‘}"/xn S@i’aﬁﬁﬂégééﬁ, p‘fygf‘é? rbsdﬁ?ﬁarfﬁ%d of
for m pec@rpRh&IEH AR bldréR8ean el ectrostatic or electro-dynamc field
deposition process or conbinations thereof for depositing electrically

chfirged particles of a nedication powder onto a substrate nenber, such as
o 2 5L LSRR S Pl Bt R bR R S SoP RO RahRooe
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15 medicament powder intended for use in a dry powder inhaler. The electro-
dose is formed from an electro-powder comprising an active powder
substance or a dry powder medicament formulation with or without one or
more excipients, the electro-dose being formed onto a substrate member,
which is part of a dosing member.
20
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 substrate member, such as an electrostatic chuck or a dosing
25 member. The so formed electro-dose presents suitable properties in terms of
occupied area, powder contour, particle size, mass, porosity, adhesion etc for
easy de-aggregation and dispersal into air by the powder Air-razor device.
However, in prior art, other methods of forming a load of powder exist, which
are suitable for an Air-razor application e.g. mechanical, pneumatic or
30 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 dose



volumetric or gravinetric netering nethods, optionally followed by exposing
the doses to a supply of energy. The purpose of supplying energy, e.g. by
vi br at i ngworo3gsesifhig t he dose an energy inpul se, would be POTEHEIHOUSEE dose
WO 03/ 086515 PCT/ SE03/ 00539 21 optigmpl spatial and porous qualities to be
suitable for a power Air-razor applfcation. In a preferred enbodi nent,
exenploptired! ispatinyard | pormis thialities povieke rsudtablesiarazo poseri Ae-Tasos] ves
the introduction of a controlled relative notion between a |oad of powder
180 déﬁ@@F? Nonto a substrate nenber 141 and a suitably arranged nozzle
1, which collects and directs a |local high velocity streamof air 20. By
pointing the nozzle inlet towards the contour of the powder |oad on the

subst data pe¢ientect embuslipamns; exemplified in Figwreml ararsdi|1h, rigpef powdehdito
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powder into air, but sti the result o e process depends on the
r el at iraeompeqaen hetlnstamraggmiateantelnased, glisperses and entrains individual

particles into the air flowing into the nozzle.

In other embodiments of the powder Air-razor device the substrate member
20 may be replaced by other devices or arrangements for implementing the
necessary relative motion of a medicament powder in relation to the nozzle.
It is for instance 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 to a
25  position where the powder may be accessed by the air stream going into the
nozzle, thus achieving the powder 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
30 consequence of the high efficiency of the powder Air-razor 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



30 consequence of the high efficiency of the powder Air-razor is that a
hi gh proportion of avail abl e powder presented in advance of an inhal ation
is de- agypegas@ads and di spersed into air, regardl ess of heeTiSEe3/ssder i s
presented i.e. if a substrate nenb serves as carrier for the powder or
I f powder is WD 03/086515 PCT/ SE03/ 39 22 made avail abl e by ot her neans.
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parti s into the nozzle with as few lost particles as possible. The
particles entering the nozzle should then be transported entrained in air
taot he airways of a user by neans of a suitably arranged fluid channel,
whi ch y.not he part. of the Air-razor. Jo fulJfjl]| the., objectjves the
Air-r iﬁgrflﬁ%éﬁgeaﬂ%éﬂe EheAEHEZgY 19 %rrﬁil_q%ﬁen’d’rci)}’queﬂ © 55%90%@_ f¥Gnd t hat
the ayal|8ble odeidinBAUR adREENENE- ML IhRM 85TeL] dBF WheL BelrBbia, Of 2
user provides anple energy for the opération of a powder 'Air-razor 'device.
A nor geavity)spiotidri etc,ebimtihghy protisltutd otlser paatickks shohe degregaidsod a

i o ARG GBI e 16 et sibidrt € Bbe Thmooaend ebipatbe ar the; APa, 1 o
9S04, AP An IR o aNe SOOI hE gl e, o
particles as possible. The particles entering the nozzle should then be
transported entrained in air to the airways of a user by means of a suitably
arranged fluid channel, which may not be part of the Air-razor. To fulfill the
objectives the Air-razor needs a source of energy. Surprisingly, it has been
20 found that the available drive power from the suction effort by the inhalation
of a user provides ample energy for the operation of a powder Air-razor
device. 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 a range 1 — 4 kPa for
25 ease of use by most people. 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 a powder Air-razor works equally well with an external power
source, which partially or completely supplies suction power, an external
30 power source does not offer any benefits and is therefore superfluous, if the
Air-razor is properly designed. However, the relative motion between powder
and nozzle, necessary for the operation of an Air-razor, is preferably not

powered by the inhalation effort, although this would be entirely possible.



renderi ng external sources of power unnecessary in the inhalation process.
Al t hough a powder Air-razor works equally well with an external power
source, VWpDob/ogsniially or conpletely supplies suction poReEmT/SEa30083¢ er nal
30 power source does not offer any bé,geflts and is therefore superfluous,
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all particles of the available powder are subj ected to high air speeds,
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In line with the first conclusion, the present invention makes the use of
baffles or other restrictions in the downstream flow path for creating
turbulence, impaction and thereby de-aggregation superfluous, contrary to
20 common solutions in prior art. The available energy for de-aggregation and
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 wusing the Air-razor device retention in the
25 downstream flow path may therefore become substantially reduced, thus
presenting an opportunity for delivering a very high share of the available

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

In the context of the document, the term "adjacent to" is often used to
30 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
load of powder onto a surface of a substrate member. Normally these planes

are parallel. For maximum Air-razor effect, it is advantageous if the distance
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t he occupl ed area of the powder in one stroke. Advantageously, the start

posi t isedofint heonebrzkd ¢mbogtinicdd, she lﬁgul)@(ﬁ;pﬂ'mjealtm@apemmtaaad s" (s
e sucti.on:

o5 OuTRLATTE £33, Pk, 3 SRS, OUE Loy e gl gyl 1
nazzl epaghaeeny §L€ff1blh@1tﬂ59VWRIe thNcSKeN tife PRIt LedtheHed BERipiclih@yPower
and shéaring stress of the powder Air-razor is established before | t
appr ogenaiert A8Govdethe ostibatrage d180gi Relatively t sppdaking, in a preferred
embodiment the nozzle describes a motion from a start position to an end
position, traversing across all of the occupied area of the powder in one
stroke. Advantageously, the start position of the nozzle is outside the
20 occupied area by a distance "s" (s = 0 + size of aperture) to allow the suction-
initiated airflow to build up through the nozzle to a point before the relative
motion brings the nozzle adjacent to the powder. In such a preferred
embodiment, the power and shearing stress of the powder Air-razor is
established before it approaches the powder contour and begins to attack
25  particle aggregates of the powder. A further improvement of the powder Air-
razor device 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, the
aperture of the nozzle is brought in close proximity to the substrate member
30 and may even contact it, although generally not contact the load of 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 delivery without any significant degradation of the



25 particle aggregates of the powder. A further inprovenent of the powder
Air- razor device is the introduction of a suction related triggering of

t he fl ow wptod/os¢she nozzl e, such that the resulting air Sp®€w/SES3/00539
sufficiently high to generate the %essary powder Air-razor effect. In a
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the air streamgoing into the® 10 nozzle. In contrast, many prior art

i nhal eozdevi ces begin the powder rel ease cycle by |ntrodu0| ng the powder
in the channel connecting the air inlet and the final nouthpiece air
outlet. The powder is thus surrounded by a volune of 15 stationary air.
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normal |y provided by a user, sonetines boosted by added external energy,
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because not all of the powder is subjected to the necessary shedring stress

| evel sﬂotlodeefigagr, agatrmelyt prowded ybhappeser, Romvezmesbboastel hiyeaddedd of

air . . . .. .
external energy, e.g. by vibrating the medicament powder or giving it an
extra puff of pressurized air. All of the powder is subjected to this treatment
at the same moment resulting in unsatisfactory de-aggregation of the total

20 powder mass entrained in the air. In short, this means poor efficacy,
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
25 phase when the shearing stress of the airflow is not strong enough to de-

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 all of the powder, which is accessed by the
moving nozzle, is indeed subjected to the necessary shearing stress to be de-

30 aggregated.

Interestingly, tests have shown that there are no distinct performance

differences between a perforated substrate member 140 and a non-



surroundi ng the powder is zero when the rel ease process begins, sonme of the
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goes straight through the powder via the perforations or
compared to a non-perforated substrate member, all other parameters being
equal, because the shearing forces experienced by the powder on the
perforated substrate member may be better distributed in the part of the
powder where the air flow attacks at any given moment of the suction. The
20 predominant airflow goes straight through the powder via the perforations or
vice versa and into the nozzle rather than making a 90° - 180° turn round
the nozzle inlet periphery as in the case of the non-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,
25 however, what type of substrate member to use depends on the application,

since the difference in performance for the Air-razor applied to a non-

perforated or perforated substrate member has been seen to be quite small.

Yet other embodiments of a perforated substrate member may position the
30 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 4a and 4b. In such a
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A. Stationary nozzle

A number of 30 spot-like doses of lactose, about 3 mm in diameter, with
mass approximately 70 nug each were formed on a 150 mesh (150 stitches
per inch) metal wire net serving as a substrate member. The substrate
20 member was then positioned adjacent to a nozzle with its inlet at the
opposite side of the substrate member 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
25 liters per minute. The dose was dispersed in the air stream going into the
nozzle and delivered into the impactor. The release procedure was repeated
for all 30 doses, total mass approximately 2 mg. The particles of the
delivered mass (2000 pg) in the various steps of the impactor and resulted in
a distribution presented in Table 1. Retention in the nozzle connected to the
30 impactor, but not a part of the impactor, was determined to 54 ug. All

masses were determined by a HPLC method.
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5 Total 2000
Table 1

B. Air-razor applied to a perforated substrate member

The arrangement was prepared such that 10 doses from the same batch of

10

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

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

15

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

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,

20

before the net (in this case) was moved past the nozzle parallel to the dose

strip, such that the dose was gradually sucked up by the flowing air going

into the nozzle and delivered into the impactor. The release procedure was

repeated for all 10 doses, total mass approximately 2,6 mg. The total,

delivered mass recuperated from all parts of the impactor amounted to 2602
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The total fine particle fraction, smaller than 5 um, then by using a linear

interpolation between steps 2 and 3 was determined to be just over 70 % of

the delivered mass and nearly 64 % of total determined mass (2858 pg).

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

15

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

adjacent to the same nozzle with its inlet at the same side of the substrate

20

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.



Step 0 9.19 67 2.6 83.4 Step 1 8.27 184 7.1 80.8 Step 2 5.33 311 11.9
73.8 Step 3 4.32 952 36.6 61.8 Step 4 3.03 468 18.0 25.2 Step 5 1.93 151
5.8 7.2 Wo®388¢101 14 0.6 1.4 Step 7 0.64 13 0.5 0.9 FiPcorsEHIBT 10 0. 4
0.4 Total 2602 Table 2 1o The total éine particle fraction, smaller than 5
gm then by using a l|inear interpol%\ Il on between steps 2 and 3 was

det er Ahgedozde beap B tpariecof the wasfe mbhesdhhgvereagraseniand befareyTsé % of

t ot al terim ned mass (2858 ...C Ar~razor lied.to a non-perforated
subot PATE MBEFoHE RPbE whauSed et HAGHT. o TBE 7Eioh, Foolls BRsatt oe.
of thkmﬁ%@@gfﬁli&f firkBGin@S eh@ it Tldw SvaadliRe £ 1B St S Hefdbé tBe Each
dose was fornmed onto a non-perforated substrate nenber, the dose

appr oRPhatrety mensenm(inotiyis Gasainwas daovedi pastf thowierzle Taealel tottbd sanpl e
dose t hen positi.on adj acent to the.sanme .nogzle with ifs.nlet at the
sare SP5e DR RRRLBAR dhs"d05% e ePalUANE 0B Fir niee lSrinkedt

si dewaying eHRY eHef hoMmIENEn AT @dlivePEq URItE tHY ifdpacdos eThEngtdl agBletreaf the
nozzl e openi ng was sonmewhat |arger than the dose wi dth. WD 03/086515

PCT/ SESBYSOUS3perated ieomozlk partsasf theampagtot mss4d® pgedthe pagtialesasfgenent

as before, .The .sane Ander san j npact.or s used . as, before. The suction, in
T o hBCaavered s STFA SR 410 E6tiths SRet MR P b

st abi Higei RePr$hdRa isUbaticabe Pﬁ@d@ﬁ%for{]'iﬁ e &) cftedtBy e Ras! the
nozzl e parallel to the 5 dose strip, such that the dose was gradually
suckednppchyr, thet hoowi pgrabf thgdimeadtot owklsedatezmiacdnid ddld ygr athudgit o t he
i mpactor. The total, delivered mass recuperated fromall parts of the

i np act¥al wetcumned mags past 9233 Sspgf All masses were determined by a HPLC

method as before.
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.- corrected |- v " ' | Distribution in | Cumulative.
o7 | particle . IMeasured mass| each step of [distribution in
. Anderson . | cut-offsize,) = byHPLC | impactor . | impactor
oo dmpactor .} - pm | oepg v ko L %
Neck - 23 5.0 100.0
Preimpactor - 12 2.6 95.0
Step 0 8.33 12 2.5 92.4
Step 1 7.50 31 8.7 89.9
Step 2 4.83 72 15.7 83.1
Step 3 3.91 136 29.6 67.4
Step 4 2.75 78 17.0 37.8
Step 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
Fitter 0.33 47 10.3 10.3
Total 459
15 Table 3

The fine particle fraction, smaller than or equal to 5 um, was determined by
means of a linear interpolation between steps 1 and 2 to almost 84 % of the
delivered mass and 72 % of total determined mass (533.3 pg). It is to be
20 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 within the preferred range of 1 - 4 kPa.



this delivered mass settled in the various steps of the inpactor resulted
ina distribution shown in Table 3. Retention in the nozzle connected to
t he 10 i nweeBosesihut not a part of the inpactor, was det ePgilrs&€d3/05394. 3 g.
Thus, total determ ned mass was 533 ﬁ g. All masses were determ ned by a
HPLC nmethod as before. Flow correc% d Distribution in Cumul ative
particle Measured nmass each step of distribution. in Anderson cut-off size
by HPIbei epiitroe iafpiloe oexpémprriter syppdrtsa thieckaimaB Beefit80fér the

Prei mpactor - 12 2.6 95.0 .Step 0 8.33 12 2,5 92.4, Step.1 7.50 31 6.7 89.9
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10 forces making release of a considerable load of powder possible. The
experiments show that the Air-razor applied to a load of powder onto a non-
perforated substrate member may give a very good performance, as does the
Air-razor applied to powder onto a perforated substrate member. By
optimizing the adhesion force between particles and between particles and
15 substrate in the deposited powder, by optimizing the powder area, by
optimizing the nozzle geometry and by optimizing the speed of the relative
motion between nozzle and powder, de-aggregation and fine particle fraction,
smaller than or equal to 5 um, is pushed very close to 100 % of the mass of
the available medication powder.
20
In a preferred embodiment the speed “v” of the relative displacement powder
load - nozzle in Figures 1b, 2b, 3b, 4b and 5 is controlled by suitable means,
an element of which may be an air inlet valve, which opens when the
pressure differential from the suction is suitably strong. Then, the resulting
25 airflow quickly reaches the speed necessary for the powder Air-razor to
efficiently de-aggregate and disperse into air the particles of the powder. To
minimize flow losses as much as possible the nozzle and the downstream
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
30 dosing time interval may be defined during which delivery of a load of
powder should take place. The dosing time interval depends on several

factors, e.g. targeted area of the airways, nominal powder load mass and

type of user for the medication. From a starting point to an ending point the



inventive step of gradual de-aggregation and dispersal into air by
introducing a relative notion between a nozzle and a nedi cati on powder.
Usi ng t hewb oslg@n3 ng stress near the nozzle inlet periphePgTSREN3/0058 | npact
of the streaming air to full potentéﬁl onto a boundary part of the

medi catj on powder contour, achieve @ very high degree of de-aggregation
and hirglativienangtaeni ef eowdercviessus nnozme payustc Eabrdics pthhe edefimed time. The

rel ati [ . het ozzl.e and powder ans r adual rpach to the
povde i e VS HEERRIDT B 4B Aoty Fep T o0P SetHEr o 2PBLAE Pend of
powdeshpoddity euithily sekpesd rfeﬁtthes@p;?{iéméntiree e phbRAQr irfPiphd Qhdre a | oad
of powder onto a non- perforated substrate nenber nay give a very good

per f othariBetionsbggits and emgls widhin aapiphe drame ploadsictaen ofaaipeitadrist ed
su?stg&%ﬁ%£§ﬂﬁir. By optimzing the adhesion force between particles and
bet ween p Icl"és and 15 substrate in the deposited powder, by optim zing
the powder area, by optimzing the nozzle geonetry and by optim zing the
speed of the relative notion between nozzle and powder, de-aggregation and
fine paittepecipredminoitants feandimizeathe dediyary of dhs dose hy pusimsdofer y

cl ose % of .t avai l e dicati owder, 2Q.In a
pref eft %:g\a %gﬁ%ogcfio Ir%'leljéélgf % s%ee’egm{:}g t8¥{6§ hﬁm &(&E?ng%icggﬂg% epr?émerpg\}ﬁer
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means an el ement of which may be an air inlet valve, which opens when the

pﬂ%ssﬁ?@uﬁi9ferential fromthe suction is suitably strong. Then, the
resulting 25 airflow quickly reaches the speed necessary for the powder
Air-razor to efficiently de-aggregate and disperse into air the particles
of the powder. To mnimze flow | osses as nuch as possible the nozzle and
t he downstream connecting channel may be given a conical shape such that
the outlet area is larger than the inlet area. Controlling "v" inplicates
that a nost suitable 30 dosing tinme interval nmay be defined during which
delivery of a |oad of powder should take place. The dosing time interval
depends on several factors, e.g. targeted area of the airways, nom nal
powder | oad mass and type of user for the nedication. Froma starting
point to an ending point the WO 03/086515 PCT/ SE03/ 00539



32 relative notion of powder versus nozzle nust enbrace the defined tine
interval, which normally is in a range of 0.01 to 5 seconds. The tim ng
shoul d beweuwBwsdshy sel ected for the application i.e. the [POITISES3/0033% i ne
where the notion begins and ends mﬁ#%in atinme franme of a suction of air
that is 5 taking place. It is therefore inportant to optim ze the delivery
of the dose by neans of a new tyQLAIMShal er device, which takes full
advant age of the powder Air- razor device. An enbodi nent of such a new

i nhal dr devi ce A slediosciogséeraggregating and into Wy diywses1S reetickE0af @0539

33 CLA . ' or - aggr egat i nd. i nt g ai | spersin articles
of a %Id&/‘”&é \‘/i:j gﬁégﬁfeémﬁégﬁ%ggﬁ(ﬁ&pgﬁ@%ﬁ PBB%@dSHﬁ’FE)r%CS%&@?‘?ge nber ;
the powrthir fedtte availadd dof ohHalkabat bpnmiekn¥eana fryapdindepOmtadiet,nhal er,
5 characterized in that the device, referred to as a powder Air-razor, has

a hozshargeterigedigy that outl et and a nozzle inlet and a nozzle inlet

aperture posit ed .adj t .t he avai] able powder: a suctjon.qf air,
when applied tgﬁgh&elevrlfgézj’z gg%ﬁfil Qot ,%lscar ggyvgterd&llrbrp%op hf@ %ingﬂ?z el @f ?y air

st r eamozaleo dufttetnezidl & indRle apget Wkl addnestile t Hlet Hpdiare NEadkdnedt | et a
relative notion, when_ introduced between the nozzle and powder onto the

subst Pdjaceninioethe peailablge@@detich that the nozzle inlet, and the |ocal,

hi gh velocity ai : [ I.n 1. l.e inlet erture, 1b traverses
t hg avai | abl e %e%?%%élﬁgjnmagg\/\ﬂ% h %ﬁ%l%%gf}ggﬁéur%ﬂzlz ego%fjl > BEHE? & Pﬁﬁc 1 azor
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finely divided nedication powder are de-aggregated by being subjected to
shear M95zlet9@deks, inertia and turbulence of air in the local, high

velocL Lt o AR ol M 2 G bHEShotier SR e

powder onto the substrate member, is arranged such that the nozzle inlet,

and the local, high velocity air stream going into the nozzle inlet aperture,

15 traverses the available medication powder, thereby amounting to a powder
Air-razor in releasing and dispersing the powder;

particle aggregates within the finely divided medication powder

are de-aggregated by being subjected to shearing stresses, inertia and

turbulence of air in the local, high velocity air stream going into the nozzle

20 inletbaperture, whereby the particles of the finely divided medication powder

are gradually dispersed into the air as available powder is gradually accessed

by the local, high velocity air stream of the powder Air-razor when the nozzle

and the powder are moved in relation to each other.

25 2. The device according to claim 1, characterized in that at least 40
% of the medication powder mass loaded onto the substrate member is
dispersed as fine particles in the inhaled air stream leaving the nozzle, said

fine particles having an aerodynamic diameter equal to or less than 5 pm.

30 3. The device according to claim 1, characterized in that
an area of the nozzle inlet is of the same order as, or smaller than
an aggregate area occupied by the finely divided dry medication powder onto

the substrate member;



are gradual ly dispersed into the air as avail able powder is gradually
accessed by the local, high velocity air streamof the powder Air-razor
when t he woazlgss1and t he powder are noved in relation to ®aTISEVéEs2 25 2.
The device according to claim1, ch cterized in that at |east 40 % of

t he nedi cati on powder mass | oaded o the substrate nmenber is dispersed
as fine parti clthe relativeenmaticn of therncizle asnareavged) suich thoxizthes noazld fine

parti ¢ havi ng_an aerodynam c di anet t han,.5 30 3.
The oBEE SOKD Paf ReRrett afetoc iRt e FE ety kel Miciugatione

nozzl 9owaie@t1n|&1@6rfxﬂ6re$&@e%1ﬁ§fst% s. 0Or smaller than an aggregate area
occupied by the finely divided dry nedicati on powder onto the substrate

menber; WO 03/ 086515 PCT/ SE03/ 00539 34 the relative notion of the nozzle

is arranged sugh that .the nozzle nl t covers the e ate occupi ed
by’ thd finely 3{}]\? et 9?@5@ |JE91 iR CchAFAS %’r% 6%@Lgr 8flng
steps apérﬁ;treT&Qr\ﬁEt\éké%fa&feoh@kﬂg e €lidigReh acé‘éftﬁﬁlee rs!h%t?)@ gfb\haﬁ{ g an

aperture curvature of the nozzle inlet i's given a suitab hape provi di ng
a bebesppossibile ceempmmseebmm anacpbjeb]:wctqf \a@mevm@mmmmglmeshearm shear

stres n_the.airflowing e nozzl e.i.n an .obj.ectiye .of m.ni m zing
part i %]:rgseog)s ﬁﬁea{r OWet"élﬁq 55 %% W%ngarfé‘?? \fgﬂe h’é%to of MENBYFE&t i on

10 depardert 155 aae@ efss .rebentibB @&@vm@ BEEAE dlgmeﬁ 0n k@i Mflapphighacher i zed
inthat the finely divided dry medication powder |oaded onto the substrate

méfrbedepandedbparameters.el eased constitutes a netered dose. 15 6. The
devi ce according to claim1l, characterized in that a timng for the
relative notion of the nozzle is adjustable within a tine frame of the

suctign of air Thakigdcelresrdi#y Yo cliigh qe\ﬁlfﬁa%%éﬂz@dqﬂnttﬁaﬁ lt@kMfidel
characterized in that atine interval in a range of 0.01 to 5 s fo?f t he

r el at diddeddrynmetlicatéom pomder loaged-ontef thresubstate ne¢matter posindesriot o an

end p%%'rte ease\gI ct:ohrltls 1t%1ttels rerlerrfertgl% 8I)sé.he

15
0. The device according to claim 1, characterized in that a timing
for the relative motion of the nozzle is adjustable within a time frame of the

suction of air taking place.

20 7. The device according to claim 1, characterized in that a time
interval in a range of 0.01 to 5 s for the relative motion of the nozzle is pre-
defined from a start position to an end position within a time frame of the

suction of air taking place.

25 8. The device according to claim 1, characterized in that a usable
pressure drop by the suction of air is in a range of 1 - 8 kPa and more

preferably in a range of 1 — 4 kPa.

9. The device according to claim 1, characterized in that at least
30 one finely divided medication powder is loaded onto a first or a second side

or onto both sides of the substrate member.



suction of air taking place. 25 8. The device according to claim1,
characterized in that a usable pressure drop by the suction of air is in a
range of WO0-0388dsiPh and nore preferably in a range of 1 - PETKRA3/00839 The
devi ce according to claim1, char actgﬁl zed in that at least 30 one finely

di vi ded nedi cati on powder is | oaded to a first or a second side or onto

bot h diCdes of fml'E davist ratcordimd ¢o clm@a/mmzﬂcsmmm f113613f10 The
devi cg.a rdi ng. clalm har,acterized .n that,the fi divi,ded
ool cainaRe shidebfomdrtiier, TAAHRT. Brid o BEwh A eeomd Faitle B et o
”E”bersu(Eﬁ'BMtleS ?@erﬁBbf otk st Bﬁh%wausve Qi feSrERAt nfé@ﬂ@&ﬁl%ntagowdre% a
medi cation powder onto the first side of the substrate menber and
s ec ondirge anedicasionp pvm@ero@mtp the Setosidesofdthofsubisdratehatamber mtb@r 11.

devi ce acc rdin charaq%ﬁerj e |ntht the substrate

e
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f| rst side, can suck povvder |f present, off the first side and powder, if
10 present on the second side off the second side through pores or
perforddti ons dthe ntevs%sawlrdlmgmrclamw tnharpgtm“dr ém that fthest and

th f | abl id ked
nto CRoStesSemper Rty B BRrfErpid S that B el dbeditionsa o
cl ai mat, thehfafscdige, &8d sutld patvarrdaf pﬂ;%‘éntl 88 &heOfirdtQWIRTHR$ wo%v&éro'i@ t he
suction is reqwred to trmgger an air-flowinto the nozzle, “thereby

ed8ur Prgsematon Hee seeeind isige aiff tf@@@@bmd side thoowgh ippres g pm"ﬁargiemmt e a

necessary powde razor eff 0 13 AdeV| e for de regat i and
di spei)zl%a ?%8{%@ IBSH Cr G tgagfl?%‘fl ﬁé'{ﬂa gﬂ %r‘? Hgk/\d
deposisidyd] if mvahledlle W el 6r Potk! Saks OWMygfem&cﬁécﬁ I1Ht<¢%ﬁesracsiz@@ rlTagf ocess,
or combi nations ther eof, onto a substrate nber, an individual amunt of

povvdeﬁ Qéluﬁélql’h@%ﬂﬂed for i nhal ati on by rreans of a dry powder inhaler,
characterized in that 25 the device, referred to as a powder Air-razor, has
a nozzle with a nozzle outlet and a nozzle inlet and a nozzle inlet

apertupe posifthengévice according to claim 1, characterized in that a defined
level of low-pressure from the suction is required to trigger an air-flow into
the nozzle, thereby ensuring that the resulting air speed is sufficiently high

to generate a necessary powder Air-razor effect.

20 13. A device for de-aggregating and dispersing into air particles of a
finely divided dry medication powder deposited in an electrostatic or electro-
dynamic field deposition process, or combinations thereof, onto a substrate
member, an individual amount of powder being intended for inhalation by
means of a dry powder inhaler, characterized in that

25 the device, referred to as a powder Air-razor, has a nozzle with a
nozzle outlet and a nozzle inlet and a nozzle inlet aperture positioned
adjacent to the individual amount of powder;

a suction of air, when applied to the nozzle outlet, creates a local,
high velocity air stream into the nozzle inlet aperture and out through the

30 nozzle outlet;

a relative motion introduced between the nozzle and powder onto
the substrate member, is arranged such that the nozzle inlet and the local,

high velocity air stream going into the nozzle inlet aperture, traverse the



adj acent to the individual amount of powder; a suction of air, when applied
to the nozzle outlet, creates a local, high velocity air streaminto the
nozzl e i mveto3ap@nt ure and out through the 30 nozzle outl @CI/SE0I/@iSat i ve
notion introduced between the nozzl e,and powder onto the substrate nenber,
i s arranged such that the nozzle ml%g and the local, high velocity air
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de- aggregated by bein subj ected to sheari ng stresses, inertia and
t ur buiddRc deorggiesated thie poisg suhjgetedeltocshyasing ﬁtrmgommgtmnmdt he
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stream of the povvder Air- razor when the no e and the powder "are noved in
rel at i?dR gredawdly disparsedontq. thmelrdeelth@ uuhmdimigamumaofnpquer is

chara of ITBdI ation l.oaded
ont o %g{&{éléggtérl%t tgg%%r@éthgal% Atb]bglﬂs %105 RS PEHH 8?3@0 %rlAﬁlﬁaI ed
ai r stragamwieavilgnbbgengid the pﬁﬁv&ler étdﬂﬁld%atmclteqaiubﬁvﬂon@a&ﬁoa%rodynam c
di aneter equal to or less than 5 gm 15 15. The de-aggregating and

dil8persing device according to cl a| m 13, charact erl zed in that an area of
r as snal

ar ca Qebupi ed Byt RSV ISECA FOTE Jouder il pebARRetepd iR (B0 AEIEAT [ he

rel at iage %aft tign médlbaaoﬁopémebeimsarda@wednwGchet babstrhee tﬂ@ﬁ@ﬂe‘% jsnl et
wi || cover t he a?gregate area occupied by the finely divided dry

medi c 8A5RArSgewtie finienParfécles inpthe inhaledsaimgstseapsleaving the nozzle, said
fine particles having an aerodynamic diameter equal to or less than 5 pm.
15
15. The de-aggregating and dispersing device according to claim 13,
characterized in that
an area of the nozzle inlet is of the same order as, or smaller than
an aggregate area occupied by the medication powder onto the substrate
20 member;
the relative motion of the nozzle being arranged such that the
nozzle inlet will cover the aggregate area occupied by the finely divided dry

medication powder in one or more traversing steps.

25 16. The device according to claim 13, characterized in that the finely
divided dry medication powder loaded onto the substrate member in: order to

be released constitutes a metered dose.

17. The device according to claim 13, characterized in that a timing
30 for the relative motion of the nozzle is adjustable within a time frame of the

suction of air taking place.



25 16. The device according to claim 13, characterized in that the finely
di vided dry nedication powder | oaded onto the substrate nenber in. order to
be rel easwo 060815t ut es a netered dose. 17. The devi ce ac®Om@ENOUS cl ai m
13, characterized in that a timng %2 for the relative notion of the
nozzle is adjustable within a time frame of the suction of air taking

pl ace.180 03/ 08851 slepTE SEOGTdOE3tD cByin 4.3, Ttharkntierizext dor thaigat tinsd ai m

13, ¢ rized Ip t i interval in a range 0.01.top 5 s for
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19. The device according to claim 13, characterized in that a usable

pr essICtibpf By tefdng @lacen of air is in a range of 1 - 8 kPa and nore
prgferably in a range of 1 - 4 kPa. 10 20. The device according to claim
13, characterized in that at |east one finely divided nedication powder is

deposit®d ont o Fhd dediceticcdbra@s®nd clgil e Nrcpivaeteeized ifahfa 1hsble
substrate nmenber. 21. The device according to claim?20, characterized in

that tA¥&€spUFeIdrop1By dihg geetisediof air os owdsangepafsilt ed® diR= aandt imete and

secon i .t he._ _sub at nber conprises optionally different
medi c}n%ﬁ%%gmgsfangé ?fit?stgr%‘cati on powder onto the first side of the
substrate nenber and a second nedi cati on powder onto the second side of

the substrate nmenber. 20 22. The device according to claim 20,
cHar acdQri zed e Hgvicenaccasdiag rtat daimnbds charactenigedrimpehabveatleast such

that t . df pQSi 4. d_at .the first.side, .can_suck powder, Jf
preser??l,% @?’% E‘tl ﬁ%ﬂfi Fflsﬁlesdltlé%tqgﬂdp %‘8&5{3?? 4efposbtre£8m? aorflrlsﬁé)rs%&ﬁ?&néi de of f
the setd@drrde Bdthasidbs pAnBe Abdteafoneihigas of the substrate member such
that powder fromthe first and the second 25 side, if available on either

or both sides, will get sucked into the nozzle by the suction of air. 23.
The dey ce acchrh%i 88yit2 acclc%irg}nlgsto (C:Paa}rrnaﬁb?éhgggc.é]ritzgatinatl'(lje?tf éhnee inely
15 divided medication powder deposited onto a first and second side of the
substrate member comprises optionally different medicament powders, a
first medication powder onto the first side of the substrate member and a

second medication powder onto the second side of the substrate member.

20 22, The device according to claim 20, characterized in that the
substrate member is porous or perforated, such that the nozzle, if positioned
at the first side, can suck powder, if present, off the first side and powder, if
present, on the second side off the second side through pores or perforations
of the substrate member such that powder from the first and the second

25  side, if available on either or both sides, will get sucked into the nozzle by

the suction of air.

23. The device according to claim 13, characterized in that a defined
amount of low-pressure from the suction is required to trigger an air-flow
30 into the nozzle, thereby ensuring that the resulting air speed is sufficiently

high to generate a necessary powder Air-razor effect.



amount of | ow pressure fromthe suction is required to trigger an air-flow
30 into the nozzle, thereby ensuring that the resulting air speed is

suf fici erwwbDy3/08d5gh t o generate a necessary powder Air-raz@CTSEbES39 WO

03/ 086515 PCT/ SE03/00539 38 24. An B angenent for de-aggregating and into
air dispersing particles of a fi nelg di vided dry nedi cati on powder,
conpri4tng a nd¥¥| &rraRgemgnt fow zde-dggregatimg andozizite @it| disperdiregg fi nel y

di vid i . | Q r de ayail.able for a rel ease, the powder
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char adis@fihgednopzlehialleaftch iftkzS oatlet ahPRHAEY dRidde d}g%kaic%vdfdrﬁt )
thus creating a _ | ocal high velocity air streaminto a nozzle iInlet

aper t (RS wadet mvailgble t fer naz releaset |the, powdent bemgiritendedh éor

i nt.ro e h zzd e and., 10.powder.. is . arranged such that the
po&degﬂﬁg?#gge@vrgﬁe%ggl @Oaagjr%éaecmd?r& kf?ger’n‘&%aé’tle_?ﬂ’é’tcgb?&gﬁgl ly, while
suction is stild sappbinedf difus appiied tohehd Atizle ety &R tyedtide St ream
rel ease and di sperse the powder gradually; particle aggregates w t%l n the
fi nel yogrlyihigh valaridgutaisrstpeamie intonpenokzladytagapedury ded mptsthrjoeghed t o
sheari S inertia and 15 turbulence of air in the local, high
vel ocit?‘g Izclg%Z?es§§§§Fﬁ going into the nozzle inlet aperture, whereby the

particles of the felaigby fotisled wRehCaiiroAupeMdetwaes ghaduabiy dingper sed
into the air as avail able powder is gradually accessed by the local, high

vePociRAVEET; 18 tarsangom svathéhabhe oawderais arasimavailablsoadiceart doniheed i n

relatig 0. at;her.. 20, 25. The ar.ra nent.. accqrdin 0 claim?24,
char ac de%rz ?ezéd%? %r?hgfa"ll.y t h‘@hﬁFr%ﬁ_ R AP src}gﬁﬁrﬁéggﬁaﬁ“ﬁ F‘q?‘gﬂﬁ tﬁ%\TPE%l. 26.
The amighgeiity aicstréhndréleass aind af _e?é@fﬁ@?%wc?&dgﬂamda{l% at 25 | east
40 % of the avail abl e powder mass is dispersed as fine particles in the
i nhal ed air st Peahcleaggnggates wothinethe dinklyi diviged tinetesthmy ipugvder
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15 turbulence of air in the local, high velocity air stream going into the nozzle
inlet aperture, whereby the particles of the finely divided medication powder
are gradually dispersed into the air as available powder is gradually accessed
by the local, high velocity air stream when the nozzle and an amount of
powder are moved in relation to each other.
20
25. The arrangement according to claim 24, characterized in that

the arrangement comprises an Air-razor device.

26. The arrangement according to claim 24, characterized in that at
25  least 40 % of the available powder mass is dispersed as fine particles in the
inhaled air stream leaving the nozzle, said fine particles having an

aerodynamic diameter equal to or less than 5 pm.

27. The arrangement according to claim 24, characterized in that
30 the finely divided dry medication powder made available for a release

constitutes a metered dose.
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di vided dry nedi cati on powder is madgpavai | able for a rel ease by neans of

a rmvisfgg substrate nenber or a vibrating el enent or a gravitation feeder,
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characterized in that a tinme interval in a range of 0.01 to' 5 s for the
r el at ifpedemiarehserew Heedrizer & ¢anveype ferddamena forsmmaticantbepfesder.on to an
end position within a time frame of the suction of air taking place. 15
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ensuring e resu I, high velocity air speed is sufficiently
hi gh to generate a necessary powder Air- razor effect.

10 30. The arrangement according to claim 24, characterized in that a
time interval in a range of 0.01 to 5 s for the relative motion of the nozzle is
pre-defined from a start position to an end position within a time frame of

the suction of air taking place.

15 31. The arrangement according to claim 24, characterized in that a
usable pressure drop by the suction effort is set in a range of 1 - 8 kPa and

more preferably in a range of 1 - 4 kPa.

32. The arrangement according to claim 24, characterized in that a
20  defined amount of low-pressure from the suction is required to trigger an
air-flow into the nozzle, thereby ensuring that the resulting local, high
velocity air speed is sufficiently high to generate a necessary powder Air-

razor effect.



