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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 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
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 um. 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
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

effective.
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adm nistration to the next. 25 A majority of dry powder inhalers of today
presents rather noderate deaggregation capacity. Current inhalation
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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 pm. Thus, the inhaled dose consists of

aggregates of smaller particles. This entails several disadvantages:
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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 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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5,388,572; 5,388,573; 5,460,173; 5,647,347; 5,823,182; 6,245,339 Bl and
WIPO publication Nos. WO094/20164; W098/04308. 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 fbrming 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 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 too
little has been done to develop user friendly, highly efficient methods and
devices for de-aggregating and dispersing into air a quantity of medication

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

single source of energy.
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nmet hod for de-aggregating and dispersing into air a dose of finely divided
medi cati on powder and nore specifically a nethod of adm nistering the dose
5 to a user are disclosed. In c@UMMARY prior art, the present invention
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posi tioned qutside the powdler . area,. npt .ac | t he .
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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
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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dose forned as a I'p on zfjt arget area of a perforated substrate nenber;
30 FIG 8 |Ilupbr@tue,snon -pepforatddssulsstvatewneanioeer net ered dose fornmed as
a string of dots onto a target area of a perforated substrate nenber;

FIG. 2 illustrates 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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| ongi tlF{di nally arranged nmultiple dose bed elements; FIG 14 illustrates a
dosi ngtHenb@r ~ iiHuskeaten dneopr aad ejde miksys anptherinatatad Hysarfoangddsmal ti pl e

dose bed el enengs; G..15 il lustrates a .dosi nber in the shape of a
di sf’g with radi ar%t?? glgrarF g%ﬁf&% ""ﬁﬁ?t‘#& B® 8§%t661e%}15té$}g?rgff§mb?a 16
illustrates a dosing nenber in the shape of a sheet with circular nultiple

dose bed el enments; 25 FIG 17a illustrates in a sectional view an exanple
of a d6¥& bh tHHusiratgsdn tep andsidpeidws anetheubsterd dosefermeaddsadj acent
to the sane side _as the dose, a nozzle in the stariin sition before the
dose is rel easstcalgl,p (316 F %ﬁgef[%e?lq?@sP?lg?]é%engléb%E{q Hgféﬁgﬁ;ew an exanpl e
of a dose on the surface of a non-perforated substrate nenber and adj acent
to the_sanme WO 03/086517 PCT/ SE03/00541 9 side as the dose, a noving

noz| eFirck? ng ilipstusdep dndter pnd iddesviews spemsteredntiose Hermied asrieom Fl G
18a illustrat e%dl@-fos%%CBhoraltaltaf/ée%walaeré, CSRN cl)r(1a ge];cl‘? sd1 geop 21 tphe(1a~fos-‘rlaﬁ:<§c(ii ce

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;

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 example 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



5 of a perforated substrate nenber and on the sane side as the dose, a
nozzle in a starting position before the dose is released; FIG 18b

il lustratwe oBns@isecti onal view an exanple of a dose on tireTsEPI/G@SE1 of a
perforated substrate nenber and adj acgnt to the sane side 10 as the dose,
a noving nozzl e sucking up the powder“particles dispersed into the air
stream FI G 194d¢asuthe dpss, amavisgrnozaialsudkéng arp eéhamuivedaf partidsse on
the surface of,.a perfor te‘g} subst.rat e menber and a nozzl e adjacent to the
15 ot her si de OC}ISPﬁléseéﬁH%atPr TS ™ n a starting position before the
dose is released; FIG 19b illustrates in a sectional view an exanple of a
dose on the surface of a perforated substrate nenber, showi ng the dose as
it i s BEkniBa20dllugtiedas finarsesidonal vmveanfexampbubt ardese oaniher simfaae novi ng

nozzl e adj acent_t he onppgsit ide of the suhlstrate nmenber .as the dose;
FI éz 20a ill ustofagé%er?(ﬁrdgtggeﬁltl§8ﬁ?ige VHERE 8% npReth Samesifedsibae 25
formed as two pRIde; d0862ale ARG SthrR AN PEsERObePrEehtUN LS reidhsid. ate

menber and a nozzle adjacent to a first side of the substrate nmefdber in a

starting position before the dose is released; 30 FIG 20b illustrates in
t [ I f,. t d d d t t-d ,

one. o Sharel; JHBHEEIR 8 i L BN o eRbor | BribS ARG H2sT o

adj acent to a fofrstpesfciated MPABARSERIMbECHNFAZAWALt, e tﬁgéé uhgdrate

menber sucking up the powder particles off both $ides dispers into the
ai 10 stream FI@s 2hejdossst pamevingnoazgor suskingompp¢he opaweldr spaostales e

menber with a wder. dose onto it and a nozzle with an elliptical inlet
aperture adj a((:igﬁﬁg]fsg%tﬁgostzﬁeagi%’éew’the substrate as the dose; FIG 22
illustrates a perforated substrate nmenber with a powder dose onto it and a

nozzle with an elliptical inlet aperture adjacent to
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 in a starting position before

the dose is released,;

FIG. 19b illustrates 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 substrate 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



10 the other side of the substrate as the dose; FIG 23 illustrates an
enbodi nent of a nozzle and a dosing nenber in a |oaded state before

rel ease; Wb 0Bog5124 illustrates an enbodi ment of a powder PATISEnH@S#1 net hod
showing a nozzle and a dosing rrerrbei inrelative notion to each other in
the process of releasing the powder gose; FIG 25 illustrates an

enbodi ment of e isnitsdteataeseopbed swckipgl ywpathe Povalate pastieles aefdrbatbt hod:;
FIG 26 illustrates.the di%f.e ent forces acting on a stationary particle
situated in a SIS HSHCrss ,m%?i?@?élr S Mustrates fluid velocity as a
function of distance to an object for |amnar and turbulent flows; FIG 28

illTustrates an enbodi nent of a nozzle inlet opening and the air speed
pat t erfiGd&e| oflustrdtes agham-Epplise dosupeiforateds swbstrate Brenbeo with @st r at es

t he nunber of partjcles released into air as.a fungtion of inme,.and WO
03P086517 PCT/ BEFB0SASS Oﬁ%@ng& Pp?ﬂgt‘?’]&?‘e%ni%{lﬁaf:fgwlghfrptﬂmrfgr am
the main stepsgfaddift PR danfte sRledNhel Qubdt@alt 88QRE ddlegnti on.

DESCRI PTION s The present invention discloses a powder Air-razor nethod of

de-aggregating and dispersing into air a nmetered dose of dry nedication
powder i posited onto.a suhstrate nenber,. which is part, of ,a dosing
npnberFﬁggé;_%orgﬁﬂﬁtr €% e%s??réﬂr@%ﬂasﬁygﬁét? n‘?}]@ml?egn “flglacﬂe OVHst %??fose of
finely dividegdhyi; gl cRtd RIP WS aRYliPEcaeth ke rfstritre adgdenti t an
extrenely 10 high degree of de-aggregation of the powder. An inportant

el mment of t hetherothar mideref ibd subsiratelast theedosei on between a nozzle and

a powder dose. In the docunent the term"relative notion" refers to the
non- ai rborne powder in nore or |ess aggregated form which 15 constitutes a

dose, PRl NSk 9LRdEahkkYs Y ethbo&iratht 8k 882k A8d RYddiAgBlen®er in a

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

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



into close proximty to said nozzle, where de-aggregation and di spersal
into air of individual powder particles may take place. Said term does not
refer to waimshseisme powder particles already entrained i n ®CT/SEdH@sef or e,
the nentioning of "notion" or "novi ag inrelation to "powder™ or "powder
dose" or "dose" 20 refers to the contour of the dose before the powder
parti cFKs. 3Pe rBustraddsdnda fihwpdratdliagtamaihe nThie st af ithe motinsd
conprises at | east ane Phﬁﬁmacol %g{]calﬁlﬂ% active substance and optionally
one or nore exd PR ' AT AECHOCUHETEYNRE terns 25 "powder” or

"medi cati on powder" are used to signify the substance in the formof dry
powder, which is the subject of de-aggregation and dispersal into air by
t he di sclosed invention and i ntleEBSORIPTI@Nosi tion at a sel ected target
area of a user's airways. Optional excipients may or may not de-aggregate
in S a Eheinresenfainvention disclpses prpewdeoAdyrezor meathodnefede-degeegiiting on t he

30 desj § .F le, der ed_ i, i ses,
oxci o1 2 SorbRSpBTYOR, 43t 5 AR doBR Pl PSP ER HRE ORIl ( he
phar medepagicehldritoant isvdsttdret aneabeOwRcABES IaRC SEAR QRS 4tnentBer

Referring to Figures 1 - 30 of the draw ngs wherein |ike nunerals 1ndicate
li ke ePepRertEng [Bitolegisbuene KiossevBhelinveetion tdachesdilisie cedosentbfinelnt s of

a sub e . N rated i n . .F.qur 1 - 3 here offered a

excanpl SR EAET PREk iAo bR ES d gEl BT 1A ey 1 B0 StBSmeD o
nmerberhiphldedresttifl de-Epgtegation bf Usé HaweRera perforated substrate menber 140
and Figure 3 illustrates a porous substrate nenber, also designated 140.

The. characteristic difference between a perforated or porous substrate

b . : . . perfor at ed 141
the - oRatb ARt BETHE o SoRO RS isch e BB S BerRErad ng t he
reser veozzl® addse gavdet desealrd ¢Re ddiurBehPEhé ab#Ar "'dRRSv Hotidt" Alfbrs

through. Different physical configurations of a deposited dose onto
exanpl &s tbe qupseitharnengpmEder 14D mode 101 dess | aggregateddfdrm, Fiwghicks 4

-12, chyillystrate .an.elongated.dase strip .except Figure 8,
V\:hll?SC haél(hsgistppgét ésdéased gaseéng(gr Fally rgoggci,r Y%@%ﬁ&%ﬁ’é@i‘ﬁg \?P @EI g tom equal
or variyitdg¢ledeZ poxibhty 40SSaideAoglleMyHere 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.

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.



15 140, 141 may be folded if necessary e.g. in order to put a | arge dose
area into a small allotted space of the dosing nenber. Different types of
dosi ng rmwoiwawsss1D are disclosed in Figures 13 - 16. A preCesEesiossbodi nent
of the invention is illustrated in Figure 17a, showing 20 in a sectional
view A-A an exanple of a nedication ‘powder 180 deposited onto the surface
of a meferpeid & atigdre$AN-pBO wisttrubisawigs wamrein 1like andnersds tindicatee si de

of the substrate nmenber as fhe powder, a nﬁzzl f% in, a tgrtin B sition
bef or &kﬁrﬁelﬁﬁméﬂhr@ug]ép‘éééﬁbé.Seﬁpé\ﬁr‘@eﬁ@bt W%gf e etrp,’éo 16’69\?1& ﬁf‘r- razor
met ho show e_no | B tian u _menber,
and SRR e g e O e e

di spersggrd Nt Ah@étradds far aion-percus,f aoa-pérfotatedubabstitade mentlesr 14kl ,by a

streamof air hitting the powder before . the air strea es ,ihto the inlet
apér t WhiloFiguie RoNiuRiraissa derira twt@ﬁ%’a’r%ﬁf’r {]]S&PIQ%W%freedgi n
Fi gur howi ng..j %e(ﬂg' I e%\i\t? - ARB edasRhated a4edi qalkl on
pomde?lhiggagzspoéﬂi tgafét}rll%o t eétis)%%f aiéie 0 erg‘ perforated substrate nenber 140
and orhbhgcieaiseics differehcehbetwdat maperfonztecke pr georos puhstnate amapyxre 1 in

a starting position_before the powder is WD 03/086517 PCT/ /00541 13
rel eadétP omi the enesband aady at%%ntﬂ%oﬁévﬂépoﬁ'?qtgf%ﬁﬁ‘{:@flﬁ?gg iym%ﬁtg\ﬁi ng the

nozz| %tgg%iiQQBg%gﬁgifMFm%g 1EACaRUBRSLBhGhARLSRaY Re1ing Re ReEIicd S

being r ase e-aggrega persed into air 20 fromthe surface of
the sufsterairecteirear 160) hik the damteof daés nathiethait theaagh.i Pifferentgoes 5

t hrough the perforatiaons first, then t&;r ugh thEe powder1 and. i ntott héa novi ng
nozz| edhysicalapenfisrratinsai REM BFPAHEE ORP. FXIHIPIRSL RbpYRStrate

il lustr | i 9 i ' aibu | dreilnewdgre dose
180" adpebien 149 <Pl Bl Ao s P21 2 B Rl TRange

adj acef elondalied Rperstepestest Bigteed, whiclsilhsstrates awliserforn®dagstehe
dose, in a starting position before the powder is,el ase&la& Figure t19b

i || ustseaiessoft penpemididye ANoLs &Io@q%t%aafﬂ?gs%ﬁﬁna‘hﬁhgoﬁ% Qrelgén‘?’% i's

bej_ng eaged, deqag t. ' ed .
oo, LR TN SRR T hadgheRe Spondeo i et ucat iha
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
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 av 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 is



15 going through the powder then the perforations and into the noving

nozzl e, on the opposite side of the substrate nenber as the dose. Yet

anot her ewbwdiosesmt of the powder Air-razor nethod is ill u®CrsEesiodssm Fi gure
20a simlar to Figure 18a and 19a shqw ng nedi cati on powder 20 deposited
as two part-doses 180A and 180B onto ot h sides of a perforated substrate
nenber relereda Rigure € 8b dfusirdeest 80 posvder Airstesmotimgtipoditty stiowhef ohe t he
powder_is.rel eased. Fi uretﬁzg}tg illustrates 3 streamof air., accessing the

C t'HeY

powder MeFlE oY F &%Wﬁ%u@ﬁ t RROWERE oW e Padcadeessi ng
the popgigh @ledfi&l S&éi-eag%%géaﬂéﬁf 2h& &gpggsaéwm& Qg gegfﬂggn thB dhrfade ! ative

nmotion. Frgures 21 and 22 tllustrate top an view a substrate
menber thel gubatrate 4nenslsgre ddir dyyavitream bbadr,ofvhichuder 188 ianpari oasd a

nozzl e,1 ith an elliptical inlet erture. 3 and_.in a sectional view A-A
thegsuggp}l\g%letq%p 8 PnﬁgJ‘&ﬁfér ld%ﬁ}% Zﬁléwagul‘hg?g@o%g%,a@dt HEon&e, moving as
begun h¢szjgel ative notion in the direction of the powder 180. WO 03/086517

PCT/ SE03/ 00541 14 Figure 23 illustrates an enbodi nent of a powder
Air-razor nethod in an inhaler context, showi ng a dosing nmenber 10

conprigi,ng. si.x subsirate rs 140 .or 141 each provided wth a netered
dose o?etpg‘ﬂﬂ erlwﬁﬁgnﬁéaﬁ‘gﬁgb 1€ powdegt Adrgazer spethesd 183illisiratedodi ng

nmenberpik@raiiidy engilak ftB hﬁg%g ;1@%{ bt Svifle rm@rﬁgové&?r ﬁbs&%? Ifa3sRRJ! §4 On for

rel easi ng an anmount o p . When a spri el eases (release nmechani sm
not0 shiderundersidatofithe substrateandrm Aobgzieel 2adjachat doshegipperbeppdsite i t i s

put in_.noti brinpgjn t he .sub ate er 140 or 141 and . i.ncluding the
pOV\/derSlg{‘%)(S’f S't‘ﬁgjcr aﬂ%ﬁ?@}fr i\%fba"ﬁ 5@@)9@2 1Boatstarang osdeB doefpre he
dosin } ﬁﬁ@e F j h r whi ch
is gr gﬁmﬂgﬁggeﬂﬁ %%é&wﬁ ai %ggt@g%?nrdfgé gi&?é?\%mu%ﬁte% @ﬁg%\%ggzméﬁ%%ecause
of suchy showppgithe powtlee asitcts bairtgibeled8ed Adtaidgregatert ahdl dRypedPid onal |y

be positioned in_front. of th nozzl e, such that if the dose s protected
by a ffIS?‘in, ﬁﬂ%isélr\ﬁ??? Oéet%ﬁ pEPsERte Jpembemd 4 byed siagm 6f fivemaialnozz| e

fuld aghssIhtOubAeROPER/der ithen 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.



Figure 24 illustrates the powder Air-razor method in action, i.e. how the
powder 180, deposited onto one of the substrate nenbers 140 or 141, is

gr adual | yweoseseset by the nozzle 1 and the air stream as Pha/Stozoosgl menber
and the suction tube 33 are put in a_relative notion to each other. 20
Figure 25 illustrates an enbodi nent d* a powder Air-razor nethod applied in
an i nhBigareg2i thigiratesi ag serbetinimhtc ofi ipewdero Aér-oazom meethidos in a4

mb 41, eagh i ded with t dose of powder 180 to b
i i SVEHgr Cori Rk PR R, o dosie THEBHOR (0, AURPF IR eBaRHBRTEES | ot s
25 ai r niemiBae mqbeaﬁmn_éé&qpbréx%d!aa'&itﬂgatﬁét&%ﬁv asfgm‘gﬁdﬂéﬁ‘is'd?%' ng

and the conplete rel easing nechani sns are not shown e Suction
appl i eBozale la PRyt ¢iph sdwwtion tithe 33 addcantvsing onemitidr 10evishairicoof thbe 33,

i i G i . be ¢ d i
SR g8 1 B TS SO
carry powder. Wiieey dﬁsiﬂg%gfg £§1§a§é§ flefedRMBRE aﬁ‘i"%x; %ﬁ%ﬁﬁé‘é’g‘e@%@wﬁg‘g 6% nour

Swedi sh Patent No. C2, which is here
r ef er eliicicatied il IFigase25) et dbsingWbaasbesds), 7it RETHGEGR/ D0%iéh biimgnpst r at e

hout s epafialf afehiier: a8 Rh k58 e RRBREAN Bow e, £BPapaSk 89 ve
opt i MundiAdal atrd mipef{les BB CeorRioR mﬁéeégée’ecﬂﬁftﬂéoﬁl&éliggaﬁg%ﬁgw'ﬁ drug.

The sel ectjon of a suitable substrate menber eria ependent on
5 ithe essly thetelapsst indepedi ofi thy powddr d8@nwhitisis gadudlét satkedriper is
pr ef erabl . thin, flat sheet or. film.less than 2 nm¢thick, wth an area
bet vveel?;pg}lla g S?B%%mn#rg SHHSHIY ﬁ]@eélqzé}eggfb%ﬁaé%?ef%fﬁ%c@%@ﬂmm&l taHgR 0.5 -
1000 nadctich ¢GBe 33. ANoeneigdet a 10 ik i i 160,
but the a::t ual area occupi edeil;gltﬁﬂea{%)ggggn}gg&n%egpgggé&gﬁé%%ﬁ%@ %@Elfégss lo

t han 100z2s,03ughdhabdt thadpse isrpmtedivel DpsefdiBOtlis wilkberfabt vigpasdmal | y
er between 0.5 and 25 mm wi de and

bt vecn d MRS A8HR APkl The bl B GECemn 1o mhe POPGSEr ated i n Fi gur es 13 -
2415 bet ween the extended dose 180, i.e. the relevant substrate nenber 140
Figure 24 illustrates the powder Air-razor method in action, i.e. how 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 tube 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



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
defi ned byotobesdasype of inhaler fromwhich the dose is suppesstod/asipe

adm ni stered. Consequently, the contoE}.Jr of the dose may be e.g. linear,
circular, spiral formed, a series of13 ndi vi dual spots or sone conblnatlon

t her e@ﬁbsﬂ&tél' hEMr@Aha@AﬁK@Eﬁdmﬁﬂ Tmmmemmc@ﬁdmtmmmvwm

METHOD Adhesi on of Partjcles 25 Particle [ s or to
a sub§f rigssl %ﬁeﬂgéﬁa\ﬁwﬁiwﬁe@%ﬂpwaté%%o t%gﬂﬁ h'i‘? tt)E?p é’%of

adhes b Ok fth Madd orpgéyfoﬁrﬁla‘?ﬁze' & & Ii’ﬁ‘eﬁe?é@'dos%dilse'dfeh bt teubataren a

particre an envi ronment, whether another particle, an aggregate of
parti dheSselactsubSdfr atsnitableesulostrate ondrnbeat imateridieisealso depengereis onf

dh f t ticl b d 0 f
capi | e PhRsrBamebpac Gua I RoR L e Hr ARSI ¢ PR S dpEnTiTis
relatigy %%ar?ﬁfye D04 Hf, aggtréi{&%s?loffﬂfrhe%sf HLHE2 ALY tMitlh Svith dmtefeaal ,

envi r ShRSA si zé dnd shape o e particle. The sumof all these forces
act i ndetweean Rahicl @00 irmnifeared meivieg artafrget adeat fpraa dmea@h@sange bPce. WO

03/ 086517 PCT/ SE03/ 00541 . 1 f |
The. nehODGoBITBRL Adoss 1% HRtcRtied s B TRBPROCMIIE SIS gkt Brah i@y o n
the %‘?ﬂoﬁ{é %%tﬂﬁ{ treh n@ cdulbied! yﬁ?{er deké e@é?méf@&i&s?é bir6h esnafp b dedsoaded

onto a 5 substrate ne I n e ayers in such a way that sone particles
ar® i nhaantaot %\ndfhth&eiosebsangat encantithe \doises186 e mrefarablh spaitedbt onl y

par t1 creanded ginchiRmen Kera STHPSOHTEIET BRAPFR-S FROAT POTCHIAS GRifont
ot T S 300 B O0HES e Aghcty ol ey i angon aoce
parti d4a. bheehotioe exeersdet] laly)sallsm bw thO3ckvanhgubsteateamenaber 190 can be
divi ded Ilréll:[lo ;rvilc)i ?ﬁétgozzq{ea% In?,{s(%;ebe grranged to follow the layout of the
15 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 aggregate of parﬁcles, 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.



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 t hatwbioBwsesand drag forces exceed adhesi on 301 and f PCTISE030B0OR
forces. In order to conpletely, or alnost conpletely , de-aggregate
particles it is not sufficient to Ia]éma force act on the particles with
enough strength for release 20 and entrainnment. If a strong force acts on
an agregt o];, particles,. such that nore or less the sane force acts on

A AFTLEE ' o ye——eftrai ned into the air-flow wi thout
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Ej h fef adbpessited Epfui‘tfdléS: it theraie sthedmdi A2 patrtielest opot herloadedpmiong a
ifference in force fromair-flow nay be done fficiently.by creatin
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nmenber. Shear forces Creating high shear forces inplies creating a big
vel ocbtlyelgipadtiels. i A tomietewle-agaregation I det sepasatoyali H@ee@@atip%ﬁ f or
shear stress in fluid;, WO 03/086517 PCSF/ E03/%0541 .17 7z = 65 ﬂ}é(sy) ;
\/\/.nerefm}'rl el n Qe -v 19 SEPRYANS\A RAAIGIE sFoBy 15Si SRYTPIMRET L 1IgPIYs y =
Of St aBoerdddmatht SURESER fordlld welVAOehe MrkhRIIToRS, ddtidg dirstibece To
devel op high shear stress and thereby high shear forces on the particles,
t he mpiamtiplel. nci pl es used by the Air-razor nethod are: H gh velocity of the
air stream10 Use of flow streanlines close to a wall Use of turbul ent
flow (side effect fromhigh velocity) Hi gh velocity w Hi gh velocity flow

I's theshasd s6f @i ARsSagaEs hetifgSod @ pafidle. Fhedlorde cAi@8d by air-flow
803 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, the aggregate will be
entrained into the air-flow without de-aggregating. The condition for de-
aggregation may thus be stated as: The difference in external forces acting
on two particles must overcome the adhesion and friction forces holding
25 them 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;



15 forces, lift forces and turbul ence. For a given pressure drop driving
air-flow, the objective should be to reach maxi numvel ocity. The

t heor et i c&b 03f086sium vel ocity froma certain static presseca/Stnamsean be
derived from Bernoulli's streani ng1 heorem In reality, there will always
be dissipation of energy and the vel‘ocity will not reach the |evels stated
by the equation, but it 20 can bedli{ged _gs a limt value. p + 1 pu2 = H;
where p = Static pressure p?=#He tyW C¥luid u = Vel ocity 25 H =
Constant The equation is called Bernoulli's streamine theorem His a
constant along a stream; mg,r{dqhicaﬁis‘cbgﬁyl' fluid. Hydrostatic pressure is
here excluded from the equation. 30 The efficiency of the Air-razor nethod
may be optinized by car &(y) =désispeedfU is @ellgrdian pY Yof i nvol ved fl ow
elements with the aimto reach as high 1086517 PCT/ SEO3/ 00541 18
vel ocity as possible inytﬁi)alﬁggrécgegG8§éFv%g¥%%§§g but at the same tine a
smpot h transportation oy dy EnvabbRYy Heake pdhunitistanicei m se the

di Ssi pative | osses where not” wanted and so preserve energy for use in the
area adjacent to the powder. Wen suction is applied to a nozzle, a low 5

Chor t Toguriebop hebrdhentragy “Aarecwonanigbreer febelR A8 ey furi ng

the StREtha#PrReIIEsassdd Bydhe RirGiSodRnét®yd hoe: the velocity is not high
enough to geﬁerate t he neceéssary shear forces. Preferably, during this

initial perioodHigh vedocity lobthe sinbtreasd to build up before the powder onto

a substrate nenber is 1o brought gg'gac nt tolt he nozzle. This ensures that

tHé conditi dns%rOfaﬂowe?tF?%lF’g‘ﬁ]les 05¢,6? 8g%AHon of the powder exist before

a point on the hor [ tifSkied by the air stream
. ég\%a‘?f{‘i@%eﬁ?gﬁ% Gt .e?t%e# m A %q

Fl ow cl ose to ocity ow cl0se to a'wall will create
hi gh shear forces and this is

High velocity flow

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

20 can be used as a limit value.
p+-;—,ou2 = 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
a streamline for an 4deal’ fluid. Hydrostatic pressure is here excluded from

the equation.

30 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



used in the present invention. The flow at zero distance froma wall is
al ways zero. This is known as the "No slip' condition and is true for all
fluids. Iwoa3/08dsin | ayer close to the vvaI | the flow vel ociPCY/SEDI/H0SENCT ease
rapidly with the distance fromthe v& and the shear stress in this
boundary |ayer will be 20 correspond]1 eg hi gh. This boundary | ayer can be
| ami nagloettyt bsbpbssible Tine theetlecigeyegatddn | aremdbyt aali dhe appieetinhet deen
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hi gh ear s ress raverse the entire anmount of povvd for instance onto
a suhgt up@mmasbme éﬂepmsﬁplmaﬁa SEE3MeUEAlY 1aguthbgh1e¢nougfovtom gur e

27 illustrates in form of ad cal Ioct for
| ami nSﬁ1181_'L51tea1ﬁ{1al PG?%‘éﬁaéWtS}?ﬁf al%‘ilf‘%rfj)éyvg I lﬁg é?” and
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ei the ary layer r In a e stream n& ow, is characterized
byioi r egukht adjeeenti t thddheszlen Thisi ensusésy ehadnthd r@(mbﬁ@ﬂés Ol‘l'émbul ent

fl fl uctuat both t nd t. I
ar adh GHRGCDE roPEBTASANGEn  FRCSBRN BRGNS PEIIHE & HEPCHL AT G el
St esgpex| st s 0ohd 4 BULERL] thl @4 aelxLam val | surfaces. This means

that p e aggregates can lo aggregated within a turbulent air
stream even after the entrainnent into air of an aggregate of particles.
Anot her advlant age of 1turbul ence depends on the fluctuations in the

How glose,toia wall

t ur bul me, which will affect the particles wth a force
a]lgy' ). hlgh ?i]‘df Qlévlz"dléfscfj eyel qpaf vJ1Hré¥éla€é‘ @ﬁghtér?ea{rr RAVEIBNDTthid he
fluctuati®dns cover a large span, i.e. fromlow to high frequencies.

used in the present 1nvent10n 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 or turbulent. The
velocity profile and gradient differ between turbulent and laminar boundary
layers, where the higher gradients and thus shear stress exist in the
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.



15 Shoul d the frequency of the varying force cone close to a resonance
frequency of a particle-particle systemor a particle-wall system the

anpl i t udewaiolosggaow stronger and separation nmay occur evemrcCrlssoyénsshe
static force is too weak for separatign. 20 The criteria determ ning
whether the flowis turbulent or not ldre Reynol ds nunber together with the
geonet¥yrtlenhdlo ui d transporting channel . The absolute |evel of Reynolds

. ition.f | ani bul ent fl i 11 take pl
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const daminbRe3 VRl died alirBaya! d10N88ARH 1hyd%, dBlE LRI ent gﬁadiéhtl raﬁ'xcpf the

flow. As seen bel ow Reynol ds nunber is “proportional to velocity, ence t he
vel ocisoythmsheadstress sdargamisetton tattailent laydre de turtRdent flow, eitieerein V Re =

R | d Q U =.The { t | ocit L = Typi.cal length v =
i ot RIS BeE, ot o (GG S T e, o5 harasg e RAR % ol Riren
The i s teitheeddicghieavatiBlis asizé P ardn iblchlcsY. HerRAShEIRS ?ﬁl‘? al @%t icles

and the theoretical background as to why has been discusse .
f or egdPnigptiTHEne aingt spacerdin anyipantivtlee thdeentehigh eradienits ofnveldadigy | oad

i e, b . | ] ' ier, i
nst r GRghPs SR BRALSRIRGS BiRmai i ROCERSUS, FHats dhdPel BHOUUERE ed f or
de- aggiRgalva0 rainh vALl JURAINGER! THES enadids BQAt bbl?ﬁicl@_aé%%r?gﬁtés c%lkf H@en

advant ages given by the notion are: 10 Durinhg an in I accel erat |_bn
phdse dggsegatedowithds apugbuleny air diregmvestasc after dhe-dntrainiBenarintondes f
t Efficient use o
glngfgftfoanaa\g'\g}elga% or ;Pe{r%%?esqVfrgot%érae{cﬂr%n%ggg o?\@%gﬂbuienr?ce depeﬁ s on the
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 transporting 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.
R, = Usl ; where
14
Re = Reynolds number
30 Us = The free stream velocity

L = Typical length

v = Kinematical viscosity



15 Inertia build up The | ow pressure created by the suction through the
nozzle drives air to flow in the direction of the | ow pressure. Building
up i nertiwomaassiaccel erating the mass in a system i.e. PCASEns@S40f t he
air itself, hence giving the desi re& hi gh velocity air-flow after the
accel eration period. The velocity o 0[he flow 20 increases to a point where
the fl ow resi stance nakes further increase inpossible, unless the |evel of
| ow- pressure is decreased, i.e. the pressure drop is increased, or the

f1 ow AHsyagoxMevemeddcr eased. Shear force spreading 25 The area for

de- a08heoRhpaRaRckNofistlias BREed 96F G Ietrisiont i bageepatias o parficiesval | of
the nozzl e. I'S concentrated area is snmall conpared to the dose rea onto
a subshdatke mendmretiond pbaclkgtonnd asetadosbycbasr bses mdis@ngsedt viddle powder

of high porosity. The relative. notion introduced b and

t he dggsgwna- ﬁ%@(‘ée]laﬁﬁfesl??é’honamr%ﬂg‘éiheéwggﬁat%aﬁéwﬁ%r%@gﬂggééét%rfess 30
trave er; kheg éeaslfc?«ﬁyﬂeedn@fnb&e d@etallfepeasiing o t bardet, uails

spati g?%dgl ’st%'lgbutlﬁon of the powder in the ex?gnded dose_ and t he dij stance
per pengtcuhsenthd ihhettdiningt and roRintaéning the dssirsdepondidionmetatednter: he
nozzle inlet aperture, it ccur _that, the nozzle nmakes contact with sone
WO 03HgeHRERI?E gé@@féd%%ggg% Ogf nBBQ/H%rPaliztnOt‘sal&ch cases the efficiency
of th (RN [raiBLBOd oive theehbtipBH@: | y affected because of the

" hoovg‘%]'élﬁellaﬁlgcéta a‘?’ﬁegvefgocintn%of the air- flowwl| not be affected by the
mabi on of the Domihg an imtiat iaaceloration pheser inattive buildmite FW@S Feed of
the relative nption is very Huch | ower than the 5 velocity of the air-flow
going i nto thehigh ¥etoGity air-1l9¥wever, the notion of the nozzle forcibly
shifts the posigi Iyl ﬁ]h%%HGV 1€h ahtotCatdiPov&onhur of
the dose in th &]@%?efg{-?%sgag Ettﬁea{‘grzoa{llf%‘ﬁ]e% us, the ar egseof hi gh shear
forces noves, aEgngichtRadof €08kl | ed by the relative notion of the

nozzl e, such that the high shear forces gradually di sperse powder particles
lo into air. Preferably, the path begins just outside a point of contact

betwein th% hi gh shear force area of flowng air and the border of the
pdide ngHia PULCELR r and fol | ows the contour outline from the beginning

until el Rndressure 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

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



Thus, the gradual de-aggregation and dispersal of a nedication powder is an
I nherent essential characteristic of an Air-razor nethod. 15 The area of

hi gh sheawOIB/&s$7 adj acent to a nozzle is illustrated in PCHSER/@B41 Fi gure
28 illustrates graphically the resulfing air speed froma suction effort
applied to the nozzle outlet as a f tion of coordinates in a plane
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the relative velocity air at the point in question, thus show ng how
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contro suction. The resulti 2&1 shear forces reach a maxjimumin
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enbodi ment of a nozzle. . The areag,of the pozzl e Lur
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a Cireiyafe %r&l&i ki Bt ithe SHRPE sheaPT6f Rk Shdudlke disssrsehsowdpe rartielosal |

t hi ckness and curvature 26 nay be given different forns WO 03/086517

PQT/ SEAR af5Pref@hipptnaipaghobeging jasl detsidor, peinice! cartad etResm gr eat

i nfluence on the flow pattern . for the air, hei uck in | e.
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t he appl thin a tinme frane of an inhalation. Mst prior art
i nhal attausyithle greeludiedé-nhgtegdtion apdwdispersmh ofhe medicagipn pgwaesHd@n peri od

only. This means that .the total nergy used for. de-aggregation is

corr eéﬁhﬁﬁ@%%ﬁqrmﬁi @%%i@lﬁﬁﬁgfﬁg%l@@ﬁl@gb%% ernal de-aggregation
ener gy I's supplied. The time interval for an Air-razor delivery may e.g.
be“set to 1 second, which neans that the

The area 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
20 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 1/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 (see Figures 21 and 22) for different
applications, but a circular or elliptic shape is preferred. Likewise, the

aperture wall thickness and curvature 26 may be given different forms



I nhal ati on power during this full second is used for de-aggregating
particle aggregates. T E=1f P(t) dt O 15 The total energy E equals the
ti me int eyoaB/oed51t he power P over the entire period T, ePCg/SEMHd5second.
Shoul d the sel ected dosing tine intg¥¥al be too short, full entrainment of
particles will not take place. The ect on a systemuysing an Air-razor

20 metlbpendirg ome therapplumdian,r sinest thon fermpbasie gspeb IpHECEGH QN 4be
menber.. A npdel .is therefore needed.for,.as ing the nunber of particles
di speﬁ@@’dpg&ﬁ% foF Fhepfh PEERSY %géﬁg%t%ﬁgﬁag’o‘sunes that a fluctuating
turbulent flow is acting on the particles. Sone of the eddies will be

strong enough to separate particles in an aggregate or froma surface. The
succegfficienéddicesf @dengyl | occur with typical tine intervals based on
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f abl owriless iextegradl de-mgovegation -anargy, isi suppliedt dhei Hopg dgokesvab OTRA cur ve
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nozzl éﬁhglr‘\%ﬁ{rt pom%grﬁrg{ng\;el ope. Tooohi gh 1s%pged Wil | glgve [ nns{gu ficient time

on " eaggreggies. and thus | eave a significant ambunt of powder undi spersed,
still onto the substrate nmenber. Tgo |ow speed will jeopardize the

obj ective of E= IP(t)-dt
0

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 selected 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
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



delivering the | oad of powder within a specified dosing tinme interval. 10
The preferred enbodi nents use substrate nenbers to serve as carriers onto
whi ch nedwoaaesisipowder s may be deposited in extended str RCTISESB00541
presenting suitable properties in te?§s of occupi ed area, powder contour,
particle size, mass, porosity, adheston etc for de-aggregation and
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onko dnsdikEE M5t @pplying the powder Air-razor method. Substrate 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 pym
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 bioavailability 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



menber to be used in an Air-razor application, is an electro-dose. The term
el ectro-dose, presented in our Swedi sh Patent No. SE 0003082-5, which is
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dose is formed froman el ectro-powde 4corrpri sing an active powder

subst entdestanca with gowiidroutedie aremore exvipiehi® meetihg ar sei vheldctriceal or

nore exci pients he el.ectro-dose hei.ng,.forped onto a substrate_ nenber,
whi ch ﬁpsecﬁlé“r%n“%tis % B%“Hi};‘_l% ﬁf?é‘ilfos?ghﬁrfi% P0G PEORFTSS: ) ﬂ%ﬁﬁgﬁ of
f or m ngetailgPt 8L ddioSewitkidh ZPatdit 15 Sk OBfrig 0. ehAftho1dY Rapdy, fiel d
deposi tion process or conbi nations 'thereof for depoditing elecirically
char gdtcprpaliatte heptimbyedfamnicon powder onto a substrate nenber, such as

an _electrostatic chuck or a dosing 20 nenber. The so forned el ectro-dose
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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 substrate member, such as an electrostatic chuck or a dosing
20 member.ﬂThe 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 method.
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 dose
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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di spersed into inhalation air by the Air-razor nethod, may be

de-aggregated to at_least 40 % fine particle fracti (FRF) by, mass based
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cont exrgoziz?e.t ?te i]:sr ?0(31:[ iiggtgrflce 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-



delivered active nmedication particles by mass w th a naxinum aerodynam c
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drive 15 power fromthe suction effort by the inhalation of a user provides
anple energy for the powder Air-razor nethod. A normal inspiration effort
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A 5" apzo%ern?ltor}fidt}% SuctRLUf36 51337 thETIPEARH0A°8E a ser provides ample
energy for the powder 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 a range 1 - 4 kPa for ease 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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capt ext of speeddpsuckrhattretentéomis kepadewt to" is often used to 25
descri be the di stance between the plane of a nozzle inlet opening and the
pl ane of a surface of a substrate nenber or the top plane of the contour of
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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
tolerances and other factors will influence the decision where the nozzle

should be positioned relative to the substrate member or the dose.



28 The teaching of the invention is unaffected by which nmechani sns are
depl oyed to bring about the relative notion between the nenbers invol ved.
Thus, it weowms@terial for the present invention if the neczISEod/esshe
noving 5 part and the substrate ne Is stationary or vice versa or if a
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of thehsdepiger and shearing stress of the p
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,
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, €.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,



by traversing nore than once across different parts of the powder area, WO
03/ 086517 PCT/ SE03/ 00541 29 covering a snmall area of the total aggregated
area of tweoposader each tinme. The particles 101 thus cut PCrSEIZeFuent i al |
and de-aggregated fromthe particle R99r egates by the powder Air-razor

met hod, are rapidly entrained in thé%air stream going inmto the nozzle. 5
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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 all of the powder, which is accessed by the
moving nozzle, is indeed subjected to the necessary shearing stress to be de-
aggregated.
25
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 particles 101 loose

from the load of powder 180 in the process. On the other hand, if a
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15 perforations or vice versa and 1nto the nozzle er t a 90 -
180 t uplier betiar FIRF nesulte domhparqbté pheoy-perforatetdesulasteatf ntdmbegnall

perforated substrate nber . verage,. a hi gher proportion of the powder
is t hu@thfﬁbﬁj%r(?t@ﬁgecrﬁ g%%ﬁqé‘%aﬁ??@dg%rtéés&%rmg OF e CKREEICRERBERY i s
per f or g | f e 20
depends eggm{vﬁgr ?ﬁﬁ% g)t%r%dr%a@%gg s}ﬁ%@é J{] ?’?goregn%’leyﬁé %%trn%g [Hirragﬁgéuéeor he
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nenber as n seen to b uite small. Yet other enbodi ments of a
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By B 2R oL i PRPEY ot ot P47 21
of f er s1&0passnbrbiihy ohef AbsZlBYiEed. péripRety dRS8nORLEOtAse 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, however, what type of substrate member to 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.

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 substrate
member side opposite to the nozzle, termed 180B, 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



sides of the substrate menber, as illustrated in Figure 20a and 20b. In
such a case the two part-doses 180A and 180B will preferably be delivered
in the 30weanmsasay as descri bed above, only that the part Pdoseosonsshe
substrate nenber side opposite to the nozzle, ternmed 180B, will be sucked
through the perforations to becone™ixed with the other dose, terned 180A
A possirhber apgy ilmain waskerwhereritwy prdicaivsass arebisroengpaidleoto AL,
substrate W) 03/ 086517 ,PCT/ SEQ3/ 00541 31 nber. may be in cases where two
medi c BHEResddpebe ﬁé‘%’é?’?%?g q&hﬁl "?&mek}mqegg’e%ut%rbe adni ni stered at the
same time to a user. TEST EXAMPLES 5 In order to study the differences in
fine particle fraction in the delivered dose to a user between a

st at i OEXTYEXOMPEESd a noving one relative a dose during release of the

dose, _the following  in yitro experi.ment was perfornmed,. usin finely

di §i d&d order & styender %&ff?ﬁ?%‘?ﬁ{jﬁ é?e%%vmﬁrﬁg’éa%‘orbé’iltt}’&% e ﬁ"ggpr i mary
partigle, g t 9025 YrRIZE Cordd deRetive aldete
subst?%t%%n%e%bgrgaieéﬂu%e%aoo Sgyﬁlagf%-lléi %12 doses of%l act osee, about 3 mMmin
di anetderringvr¢leaserasdsttapdose; tet ENowihgyire yetrovasperfoend vah peripsmgsbsh (150

subst Histeg Belipelbaividad PR BOTCeE RAmBHS B RE U6 W RUSH O RATHIES il e
at th%vit}(h)ggrg]ﬁ{eﬁ%gs &'Ietiéié Sti&ele%g\t}%tgtha]’gguﬁenber to that of the dose. The area

of the ing was somne rger than the dose. The nozzle outl et
wag connected to an Anderson inpactor. The suction was then as quickly as

possi bl e brought up to a pressure drqp of 2 kPa.bresuIti ng in air speed 33.4
20 | i tarSfationagy nozzle FRd Wf@ﬁ&é@ﬂﬂk%%e@—eﬁﬂhe air streamgoing into
the nozzl e, and .dghi efi. LN her 1ARRSEObholRe3 ! RIrR 3% dMReesrwithas
repea?\aalur}“g?r aqfl §§0¥}§%tsgls{% cg(gsfetasl 8frrgtss %%brag?i mately 2 ng. The powder of
the doggss apfirbkBfatdlythe |5t @@showeiddormpdconra IBE mesh (@60 sfitthdsbut i on
of the delivered masS in the various steps of the irﬁpac%@{ IS sgovvn in
Tabl e ger Retfgnmiaial | Wire5 neheserying e cnriddsdirtico MERRHpibrsupErate

deltser rPnQr%%e&*OWSa% g1!he1r'61‘| lpog?t?gr?ésd 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
20 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 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
25  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 & 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.



were determ ned by a HPLC nethod. The fine particle fraction,

5 m was determ ned by interpolation between steps 2 and 3 to 17.1 % of

t he del i woad/iosasts and 30 16.7 % of total

smal | er than

det ermi ned NMmasPCTHEDBSOB6517

PCT/ SE03/ 00541 32 Fl ow Anderson cor, r2ect ed Measured Cunul ative | npactor
particle ss-hby Distribution in eac:? distribution in cut-off size HPLC
step of im;actor i mpadtiew-m| % Pre rrpactor 1337 66.9 100 Stel0 9.20 139
6.9 33 StﬁpAﬂdero?B f&ife‘#re 4,123 6.1 1§umgfative 3. 4 33 132 6.6
13 Step 4 3lmcw:,: cest ef! y9 Pr% o1 ip each gy é‘ff“@bui"’ei" 410.2 4 Step
70.64 40/24 Fil s&% ft., F’“’“z‘ﬁbo Tabf"'tlli’af“:,r 3. |Ai r-razor
met hod applfi f ate-n X ’L Ti‘. T”?‘ CT"TEH{-*V\B.S
pr epar ed SUTGLAGL f qu: he| same—harch—of —aetgye—as n ?ﬁge
formed as I5 LT ot 4T TpS e The-same—type as—in \ O
mesh (150 stigs g ' e menbers.
The net was -pO$t i 2lentl toth8lsame fore with
its inlet at 'i’?c3op' —the—net P8 that lof theldose Hut sone
di st ance side%&é FeR f1o he al the dose THe dianeter
of the noz-”eSED\ i }g_\lé_é_&mmﬂ\QIL | rger £8an ThP dose M_h..__:lhe nozzl e
was a part Qf§‘i§2\ 'm:ejﬂﬂmcurl nr;l arr. nan’Pa-ﬂ as before. Phe

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

5

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 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

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.



15 sanme Anderson inpactor was used as before.
t he suction,
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nozzl e connected to the iRmyact or was. “d¢term ned (9 256 §. ThHe masses were
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5 The fine |parBiepl?e fract$h, snald3¥r than 319m was detrasni ned by
i nt er pol atilan_BtePdeen [st ep® 2 and B2t o ¥0. 1 38wof t he debiger ed jnass and

Step 4 3.03 468 18.0 25.2

Step 5 1.93 151 5.8 7.2

Step 6 1.01 14 0.6 1.4

Step 7 0.64 13 0.5 0.9

Filter 0.37 10 0.4 0.4

Total 2602

Table 2

10

15

20

The fine particle fraction, smaller than 5 um, was determined by
interpolation between steps 2 and 3 to 70.1 % of the delivered mass and

63.8 % of total determined mass.

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
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.

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



63.8 % of total determned mass. 10 C. Air-razor nethod applied to a

non- perforated substrate nenber A sanple was taken froma series of doses
of | act oswp 00f08dshe sane batch of |actose as in the earli @CTSEpHoGSHENTS A
and B. Each dose was fornmed onto a non-perforated substrate nenber, the
dose approximately a 15 mmlong, 3 wi de strip of powder. The sel ected
sanpl edalss stips stibhntipasithe alet $asagdiadenty tsuidkee spnby ndez flewing hajirt s
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applied first and the air-flow was allowed to stabilize, before_the
sgg’str tSrWé%‘ZrtO( #-3 migs T Paees Weve detesnined o2 HELLamsthad 88 t he
WO 03/%&@1‘5&1‘7 PCT/ SEO3/ 00541 34 dose strip, such that the dose was
gradual Iy sucked up by the flowing air going into the nozzle and delivered
into the ifpactor. The phiow-cl g distribufion of the delivered mass in the
various sté¢ps of the impueeted s i hDistbubosin IRGumwlative i n t he nozzl e
connected {0 the inpagtdertiges BN FU disiutiondties wer e
det er mi ned}phy N &el o e Lt rli bution in
Cunul ati ve =g g Lo ed-Fass—-eReh—sf< : Str-butfga-idn Ander son
cut-of f sirze hieePl C {npactor |npac?hr | hpact®® m % Y% 100eck - 23 5.0
100. 0 Prei ppBinogactor 12 2. 6 95, Stéb 0 8/ 33 P62.5 192 A5.06teg 1 7.50 31
6.7 89.9 §PptepStgpd. 83|7283.7 B3.1 12 2.5 92.4

Step 1 7.50 31 6.7 89.9

Step 2 4.83 72 15.7 83.1

Step 3 3.91 136 29.6 67.4

Step 4 2.78 78 17.0 37.8

Siep 5 1.76 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 um, was determined by
interpolation between steps 1 and 2 to 83.7 % of the 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



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 Filter 0.33 47 10.3
10. 3 Totwb 0dhsTabl e 3 1o The fine particle fraction, snmRCITSE/bMEM Or
equal to 5 gm was determ ned by in%@r pol ation between steps 1 and 2 to
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de-aggregation and high fine particle fraction in the particles dispersed
into &9POSHeEl peruiary dheptisnizing Wherpowder/«0885 by POENESEIR 006 410zZB5

nozzl . Q. | _approagh to, the powder by the shearing

f or cegge?@@ﬂ?ﬁg@gcﬁ etg;sE QBﬁﬁlg%ﬁﬁ%ge%& %fagtbes SCIREE; Piogony ﬂi’@){\é’?%ﬂ‘?ﬁ? s show
that tdred Aowdez ete-apgRathtRRPhhadfihe FardRIe (Mt Nl PehbatatRdnsypst rat e
menber nmay give a very good performance, as does the Air-razor nethod 5
apll | U Porder, dst Bushpdr ey atlede siob$00 ke ofishbanasByolbthé mvailald he
adhesi n IC%&% ?8%?” particles and between particles and substrate in the
deposirpeg powdef,” "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-aggregat_i on and fine particle fraction mass, smaller than or
In a preferred embodiment the speed “v” of the relative displacement powder

dose-nozzle in Figures 17b, 18b, 19b, 20b is controlled by suitable means,
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 resulting
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
It is 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



1o equal to 5 gm is pushed very close to 100 % of the nmass of the
avai l able nedication powder. In a preferred enbodi nent the speed "v" of

t he rel atwoasdsespt acenent powder dose-nozzle in Figures PTHSELBW54119b, 20b
is controlled by suitable nmeans, 1 n el ement of which may be an air

inlet valve, which opens when the preSsure differential fromthe suction is
sui t apiguret2®rphushtine présemtesethod gptimnizes| the delivsityyfirtbgchese Phe speed
necessary for the powder_  Air-razaqr thod to efficientl - regat e and
di spetakangfiudl %Ya@%ed%frtthec@%%crﬁ?e REWHBewWdes 1r—m?mé'ethgﬁ0€1v9@ (g'glges as
much aﬁaﬂﬂé§kﬁkﬁlh§ﬁﬂﬂﬂ%F §s@&nd the downstream 20 connecting channel nay be
gi ven*a coni cal shape such that the outlet area is l|arger than the inlet
area. Controlling "v" inplicates that a nost suitable dosing tinme interva
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 nmass and type of user for the 25 nedication.
Froma starting point to an ending point the relative notion of dose
versus nozzle nust enbrace the defined time interval, which normally is in
a range of 0,01 to 5 seconds. The timng should be suitably selected for
the application i.e. the points in tinme 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 optim ze the delivery of the dose by nmeans of a new
type of inhaler device, which takes full advantage of the powder Air- razor
met hod. An enbodi ment of such a new inhaler device is disclosed in WO

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 described new
powder Air-razor nethod and the qualities of an extended dose. WO

03/ 086517 PCT/ SE03/00541 37 CLAIMS 1. A nethod of de-aggregating and

di spersing into air a dose of




finely divided nedication powlder, releasably retained onto a substrate
menber, the dose intended for inhalation, characterized by the steps of 5
provi di ngwea mogesie conpri sing an inlet and an outlet and PpOSEDI/@FENg a

nozzle inlet aperture adjacent to Or@jn contact with the substrate nmenber;
applying a suction of air to the nozzle outlet, thus creating a | ocal high
velocity air-streamflow ng i nto Che\lM&zl e inlet aperture and out 1o

t hrough the outlet; introducing a relative notion between the nozzle and
the %ubstrateAmentdwodand dereggyegatingeand| dispessing iiBEP SAUER2t AR tHe

nozzl [nlet.and the.l acal, hi vel oci t ir_st m.geing i nozzl e
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ther efye lBe Pl @RUGHED ikt epRIkiEorAnhl@%6h, Shhesétdrizé Bathastepwlofli sper sing
the powder ‘dose; de-aggregating parti c_1 e aggregiat es within the dose of
fimely divi dedprowidicgt romaguraiglecomprisingi Aimginlete andadthgoytlebsagd and
inertia and ., turbulence of air in the local i gh. vel ocj i r-str.eam goi ng
i nt o PREUHIYZRe %@?#%tlnéﬁ%r%mrégr%%ﬁi@ﬁﬁnit hgo dglz alglg rce%gr}a 8@ %%.I’ itg%es of

t he dgﬁ%sﬂfatéirﬁﬁfrﬁ)lergi vi ded nedi cati on powder are gradually dispersed into

a

the air as avai e powder in the dose is gradually accessed bé t he
ai r-stream at apipdyitera stictiondoSeiraicetheagogrle qplel, d wesmgRdogded in

relation to each other. 25 2. A nethod pf adpini i S {f finely

di vi db&gnkﬁreﬁ?leﬁ%tﬁ’oﬁlr”ﬁm, ﬁP@’F%%sgb ytﬁgt Qopd (%)ltrll]fér(% %ggu L%t ra grgeﬁ er, to
a1b'se'i:h1rcﬂ§?ﬁitﬁg Jigtough a dry powder inhaler, characterized by the steps
of sel'écting a dr ¢

y powder fornulation of the medication powder in which at
| east one phar imtrodegingl by mdaiive sudidoandetyeeni dbs anearle aprd

aerodynam c particl]e si di str.i butjon . an_intend j.C f.cation
a0 s SEbssratomambeyETSS AshRBE s delatitoanafoSae ik e Bhe WELT S

gg.mf” iiﬁ{ 9280 Rk efocdNd HaBhOYtIRityaRsr 18sdrl @RIl idtdoZEe endletirdperture
jacent to or in contact-with the
aperture traverses the dose of finely divided medication powder, thereby
15 producing a powder Air-razor effect in releasing and dispersing the powder
dose;
de-aggregating particle aggregates within the dose of finely divided
medication powder by utilizing the shearing stresses and inertia and
turbulence of air in the local, high velocity air-stream going into the nozzle
20 inlet aperture, whereby the de-aggregated particles of the dose of finely
divided medication powder are gradually dispersed into the air as available

powder in the dose is gradually accessed by the air-stream at a border of a

dose area as the nozzle and dose are moved in relation to each other.

25 2. A method of administering a dose of finely divided medication
powder, releasably retained onto a substrate member, to a user inhaling
through a dry powder inhaler, characterized by the steps of

selecting a dry powder formulation of the medication powder in
which at least one pharmacologically active substance provides a suitable

30 aerodynamic particle size distribution for an intended medical application

and site of action;



substrate nenber; applying a suction effort by a user to the nozzle outlet,
thus 5 creating a local high velocity air-streamflowing into the nozzle

i nl et apewows®sesand out through the outlet into the airwapsTSEYoBS4USeEr ;
introducing a relative notion betwee, the nozzle and the substrate nenber
and arranging the relative notion s that the nozzle inlet and the
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inertia and t uaipplginge aokuation kifohe U @aluser 18 Hihgh nearisc ouledi thaxsr eam
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15 high velocity air-stream going into the nozzle inlet aperture, whereby the

particle aggregates of the dose are gradually de-aggregated and dispersed
into the inhaled air as available powder in the dose is gradually accessed by
the air-stream at a border of a dose area as the nozzle and dose are moved in
relation to each other, whereby a delivered dose is composed of a majority,

20 by mass, of fine particles.

3. The method according to claim 1 or 2, characterized by the
further step of positioning the nozzle inlet in a start position outside the dose
area, thus preventing disturbance and initial poor de-aggregation of powder
25 of the dose before a suitable air-flow into the nozzle inlet has had time to

become established to create the powder Air-razor effect.

4. The method according to claim 1 or 2, characterized by the
further step of attaining at least 40 % of the medication powder mass in the
30 dose onto the substrate member to be 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 um.



adjusting timng of the relative notion of the nozzle within a tinme frane
of the suction of air taking place. 5 6. The nethod according to claim1l or
2, characweripsediby the further step of selecting a tinePCatSEpyais4i n a
range 0,01 to 5 s for the relative tion of the nozzle froma start
position to an end position within ime 1o franme of the suction of air
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di vi déchmedif thtisarctipowd€rin takingddseef or mi ng process; thus forning a
medi cati on powder dose, which, in connection 20 with an inhalation, is to
be’de- aggregat ed and di spersed into air by neans of the powder Air-razor

effec, 8. TheriRt hociiRer Y Porgided t6! diafiinl 100r22, Witdnmiterizsll By thee
further steps of 25 arranging the substrate nmenber, whether porous or
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particle adhesion forces, . electrically, by se i t hes su I . yenber
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and dispersing into air of particles of a 30 nedication powder dose in
cannedtame ofithle suctiorhaf aiy takimg plesds of the powder Air-razor effect. WO

03/ 086517 PCT/ SE03/00541 40 9. The nethod according to claim1l or 2,
characterized by the further step of depositing at |east one finely

di vi ded nedi catjhpn REVASY LHRdehg to claim 1 or 2, characterized by the
further steps of
arranging the substrate member to be electrically chargeable by
15 induction, corona or tribo effect and capable of retaining such acquired
charge after completing a charging procedure to be suitable for electrostatic
or electrodynamic field depositioﬁ of finely divided medication powder in a
dose forming process;
thus forming a medication powder dose, which, in connection
20 with an inhalation, is to be de-aggregated and dispersed into air by means of

the powder Air-razor effect.

8. The method according to claim 1 or 2, characterized by the
further steps of

25 arranging the substrate member, whether porous or perforated or
neither, to be electrically neutral, i.e. not affecting particle adhesion forces
electrically, by selecting the substrate member material or materials to be
electrically isolating, dissipative or conducting or combinations thereof,
thereby facilitating de-aggregation and dispersing into air of particles of a

30 medication powder dose in connection with an inhalation by means of the

powder Air-razor effect.



first or a second side or onto both sides of the substrate nenber. 5 10.
The nmet hod according to claim9, characterized by the further step of
deposi ti ryofossedsy? di vi ded medi cati on powder onto a first @oW/SEs®esud side
of the substrate nenber, said powder éﬁorrprl sing optionally 1o different
medi cament powders, a first medicati owder onto the first side of the
subst@at e menb®heanttthodeacndrdingi t@ttrlannpévxﬁérQoml‘tﬁrﬁl‘r‘ée sizegh by §ﬁ8e of
the s bs rate nmepber. 11. The method according to claim9, characterized by
the fiH4REF SOkt ep of selecting a porous or perforated substrate menber,
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present, off t Irst” side and powder, if present, on_the second side off

the sfiesinar aisteontrsidgor quoteboth spdas of thd sabsaRte HCHWSEt rat e menber
such that powder fromthe 20 first and the second side, if avail able on
either or both sides, will get sucked into the nozzle by the suction of
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by the er step of providing a usabl e pressure drop by the suction of
a 1osedifferent medimmeént povédédRa eafidshoreslipadenrpewder @@Or%’ﬁggri’c sidg kpa.

WO 03/ Q86517 PCT/ SE03/ 0 54 1 14, d ,
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11. The method according to claim 9, characterized by the further

15 step of
selecting a porous or perforated substrate member, 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
20 first and the second side, if available on either or both sides, will get sucked

into the nozzle by the suction of air.

12. The method according .to claim 1 or 2, characterized by the
further steps of
25 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
inlet covers at least the dose area in one or more traversing steps within a
time frame during which the suction of air is taking place.

30
13. The method according to claim 1 or 2, characterized by the

further 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.



necessary to trigger the flow of air into the nozzle, thereby ensuring that
air- flowis sufficiently high to generate the necessary powder air-razor
effect. WO 03/086517 PCT/SE03/00541

41

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

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



