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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 ‘Iung
deposition of the powder is preferred and usually necessary for maximum
efficiency. The deep lung is defined as the.peripheral hung 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 aecrodynamic particle size should typically be
less than 3 pym, and for a local lung deposition, typically about S 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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15 aggregated before the particles enter into the mouth of the user. De-
aggregating is defined as breaking up aggregated powder by introducing
energy; e.g. clectrical, mechanical, pneumatic or aerodynémic 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.
123
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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comon thods in prior art, m%al ers for T aproving the
medicament. This 1s especially true for systemically acting drugs, where a

15 deep lung deposition is normally reqguired. 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 lhungs, cJan 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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through the interstices and past the_aggregated
powder dose are dealt with in several later documents e.g. U.3. Patent Nos.

5,388,572; 5,388,573; 5,460,173; 5,647,347; 3,823,182; 6,245,339 Bl and
WIPO publication Nos. WQ094/20164; 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 forming ong 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 preésure chambers

30 or similar means for creating a high-pressure air pulse, 70 psig (=490 kPa) in
one case, necessary 1o 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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cgrrpl i.caﬁ_ed i nhal er designs. SUMMARY 25 The present invention scl oses a
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al 1 Qhredch] PREYp 1Y 08D IBHGAHLAL RIEL -1udd] by the air stream. Clearly,
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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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 nozzle. .

A powder Air-razor device for de-aggregating and dispersing a metered dose
3 Eicc_ording to the present invention is set forth by the independent claims 1°
and 15 and further embodiments are defined by the dependent claims 2 to

12, and 16 to 23.

SHORT DESCRIPTION OF THE DRAWINGS

The invention, fogether 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:

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

position;
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IS e i Sitates ARLIALE Sol GO AN LR R Al YRR e
erj‘bodl ment ofstdtteppsividey; Air-razor deV| ce 20in a povvder rel easi ng phase;
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di spersed and entrained in air by a powder Air-razor device; 25 FIG 6
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powder Ai r-r@mvdeiemle@sm@dplaasejom ng nenber in a | oaded state before
rel ease; 30 FIG 8 illustrates an enbodi ment of a powder Air-razor device
and a dosing nenber just after starting of a release of the powder dose; 5

Gl 1406 34 11@[%%@5’&?7&? G B3diment 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;
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di scl oses a powder Air-razor device for de-aggregating and dispersing into

air a dry nedication powder. The invention teaches that finely divided dry
medi i pomder. _nmay be delivered tg. a user, with an extrenely high degree.
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nozzl e, wher i fi82398" £9atd-9R 2Rg--di spersal into air of individual powder
particles may take place, providéd by the Air-razor. The term does not

refer to airborne powder particles already entrained in air. Therefore,
t he ioning of "notjan" aqr 30 "noving" .in relation to "powder" refers to
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di spersed i ntI%ghgm =2 P ap2dP 8w, 93/ 086515 PCT/ SE03/ 00539 9 The
medi cati on powder conprises one Or nbre pharnacol ogically active }

substances and optionally one or. nore excipients. In the docunent the

terns '&}po er” or "nedjcation powder" are used to signify the substance in
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 inveﬁtion

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 formof dry powder, which is the subject of de-aggregation angom 7008
dispersal 5 into air by the disclosed invention and_lntFnded_fpr tep03|t|on
t el ect Jdarget area of a user's airways. Optional excipients may or
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rel eased, de- aggregated and dispersed into air romthe surtace of the

substRiges rajysely aireaysa@piionat elm'cipiéjliga trh@ytmvwlﬂay h&iioﬂg\«l\gglr ng
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f h owder is released. Figure 2b illustrates the nozzle noving

?glg |?/§ee 6%8?%8 Bﬁ%?@?aﬁgﬁ&ﬂvﬁgswaﬂ@@- powder is being rel eased,

de-aggregated and dispersed into air 20 fromthe surface of the substrate

. nenber by a streamof air first going through the perforations, then via

t he Poviederreddeivitoditienti ofl e apetitiore i9illuSQatdie inwy _ mQ,Zéhéwin%

epitom zing.a powder Air-razor d(ivi ce. Yet another enbodi ment of the powder

Air- Fh?o?e‘g%%gg viegv i‘[ﬂ%é‘t“r skERla ofrpgmediction maveden éSDi/ ggpgsa?% but with
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[ . Figure 3b illustrates the powder as It is being rel eased, de-
'S ﬁgxlv%%ls" Ei‘g released. P%gure 1% ﬂlrustratcs thepnozzle moving in 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




aggregat ed and dispersed fromthe surface of the substrate nenber b m@
stream of air going through the perforations and into the inlet aéeﬁ/[g of
t he novi n% nozzle, relatively speaking, on the opposite side of the
subst r at WO 08458} ; t he novi ng nozzl e thus epitonm zing a POARERP2r azor
device. Yet another enbodiment of {fe powder Air-razor device is
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pom&nc%é@sgrh o SRSt asw%%és,a%ewam rt]l}%éﬁ{?%f@@?%%fﬁf 8@1& ed

subs ggﬁ_r 1.a i Jgﬁ,gﬁj' j | osd tion
bef o%g t%eggo grtéﬁgleggtf%f;gé J aniagEquée[lt%ggi |1 usétnﬁa?éérg%asgs}ﬁ gg%mo‘a? gﬁ' r
accesgsleagetl héigowd e 8bhoalltiberased etHBGRywdeheas givi g bdingughleplsedpedé-or at i ons
and accessi na t he powder or} t he side 180A(ybcﬂore going into ,the inlet
aper FERECSERenRNd odnsTSed o e i i fRet iinthe ﬁfl@ﬁﬁt@ﬁf@eﬁe}ﬁbv&ier
Aicr -, I L ce. :E Sl . i AL = detail ed
eStamr Sop 8 b e e o, AL B thL A, e B e
menbehe andving nozzike rpkitfvelyrispgakinigl ahithe oppocite sés bbrthezi swbstrptsvder
Air-razor device as, 20 the powder is being rel eased,. de-aggregat ed,

di spéPe®Peandhe ARPRINEROEACIS EpYeraizeng | B@We@l&%rtf@ﬁwweﬂv{%

b - ] fas : ' . le 1
w ¢ See el RISt e R bBRACT A OREidd s Ml Rule N, Tiplee ©
subs#ratenit@re Fignowder aadBashokwinped enedicheion?powdez |depbshesl dagun its

relative notion in_the direction of the powder 180. Figure 7 illustrates
af erdli ferfeces. A80wdard ABABapba peviatedh tbsirdle aiembsht B40; Ahowi ng

dosi . St o _ 4 _
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140 or 141 are in pgositions for_releasing an anount of powder. \Wen a
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i el wghiftgnieg Qop@l@ﬂeigﬁr_ﬁgﬁér adbeiceozzle 1. An airbrake 22 controls the
speed of the dosing member and thereby the release interval of the powder

180, which is gradually sucked up by an air

e

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 2
powder 180 onto it and a nozzle 1 with an elliptical inlet aperture 3 and in a
sectional vie{;v 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.




stream 20 (not illustrated) going into the nozzle 1 because of s C@tfﬂl
applied 5 to the suction tube 33. Afoil cutter 11 may optionaII;5 06
positioned in front of the nozzle, such that if the dose is protected by a
foil, thMO®W%the first cut open and fol ded away to gi PETESEE/MWS®zI e ful
access to the powder. Figure 8 iIIu?irates the powder Air-razor in action,
ed onto one of the substrate menbers
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connecti o ith the suctian be 33, | sufficiently strong. THEORETI CAL
BAG(M&A@%QQ WIWEQWAWW@WP@@QS Adhesi on of
Particles Particles adjacent to other particles or to a substrate nenber

wi || adhere to each other. Many different types of adhesive forces wll
 pl ay Figies 8 lustentest die paetHesifie-rigor én kettiwgi.a hewtthel powder 180,

Vir t,. whether a er 30 particle, an regate of particles, a
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WO 03/ 086515 PCT/ SE03/ 00539 12 size and shape of the particle. The sum of
all these forces acting on a particle is hereinafter referred to as an

adhegigerd orif@stided 3 AR LEM (ARG HnpALilEhSSowder Air-
15 razor device, a dosing member 4 comprising one or more substrate members
140 or 141 cach provided with a metered dose of powder 180 to be
administered sequentially to a user. A breath-actuation mechanism 186, 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

cach 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,




5 The main objective of the Air-razor is to de-aggregate and entrmlh@e
deposited particles into the air stream The particles nay be | 0d to a
substrate nenber in many |ayers in such a way that sone particles are in
cont act WOadsmBéas substrate nenber whilst others are in cdHiBEBEO3EHFIY with
ot her particles. A conplete de-aggrggati on is to separate all the particles
io fromeach other. To separate a particle fromits environnent involves
over ¢o#i agdimpadabthe paridelce The wan ohslltthesedpragsariing 68 aRattiede on t he

parti.cle. Figure 12 il.lustrates;for. cting on a particle. The force
causéﬁhﬁe]ﬁ’laﬁjﬁr %qudfﬁ’ﬁsa%%li%%hgsn&g%gg? “icle 101 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

par t iR¢-aggsegatiomeandentraiament of pamticlgsd drag forces exceed adhesion

30 dfriction 302 f . 20 | d t | I t
C oslrrpl %l rijllaicu%l %&F g’é’&t gf S*i}set i‘B?Z:lF_é'?%P ? r }Sg rtﬁot%egggﬁegé?ee%%m? Leﬁé@% F %(F ce act
on t hediitdc hbastidtekhingh at@hairstfrenal NTherpdeicas enapist epided wrEsdta If a

strong force acts on an aggregate of particles, such that nore or |ess the
sanme frgeatgcmemhenlin panyi l@yess inhsuelydgr dgat éhal pomsePaskitlesi atdMint o t he

irfl ith - ing. Th i tion for de 25 i
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together. ‘Attaining a difference i orce fromairflow my be done
eff i diremt |aadhy athent i Ty sipeants oacpeytialed themcdts mnvArenmgrdr ifnl@asi on

makes use of high shear fgrces in_the ar,&% %f_ ghe Povvder ’g%si t%ﬁ for
i nst SNCEOMTBE 8K FCHHES NEnBRLEF" 850 12468 "WeFo pg the 7y
PCT/ S50319539 13 Shear forces Creating high shear forces inplies creati ng~

a big velocity gradient in the flow, which is illustrated by the equation
for shear stress in a fluid;, =k d a(Y) ; where Y 5 .t = Dynamc viscosity

Figure 12 illustrates forces acting on a particle. The force caused by airflow
15 303 acting on a particle 101 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 siatic 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 1s 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.




Uy) = Air speed Uis a function of y y = Distance from wall surfaﬁe du/ dy
= Vel ocity change per unit distance 1o To devel op hi gh shear st r es06hdls

t hereby hi gh shear forces on the particles, the main principles used in
the Air-V8B#08&1%: H gh velocity of the air stream UsePGF/SEQ3@RF39

stream ines close to a wall Use ofj4urbulent flow (side effect from high
velogt%%‘_ 15 H gh velocity flow H gh velocity flowis the basis for high
shea l} cf&m@ﬁl ose to awall), drag forces, lift forces and turbul ence.

For i i L EE | oW | I: to
Fenc e e P e i A e T BoR i
st at mdhighdssilinstuitog hyathdeqdetipneibr fahemanr Beegsoinl 4 flvgdst ream i ne t heorem
In reality, there will always be di %i pation of energy and the velocity
will not reach the |evels stateg heygeuation, but it can be used as a
limt value. P+ _ pu2 = H; where d25 p = Static pressure p = Density of
fluid u = Velocity H = Constant The equation is called Bernoulli's
streanl i ne theorem H its=dHoHBIANISCYSENg 30 a streanline for an ideal’

fluid. Hydrostatic pre e s her xcluded from. the equation. 5 OCT
2006 WD 03/ 086515 PCTﬁ%IEJ 3/%165%&6 46 ‘?r?eﬁé‘-’r‘?til%“r &Xy of the Air-razor

met hod may be optim seq dDiged@dd!frod@ WD sOkfackhe geonetry of invol ved flow
elements with the aimto reach as high a velocity as possible in the

de- aggregati on area, b@tUAly Fhéelogity aliangeaper snijodistanemsportation of air
in other areas. This will mnimse the dissipative |osses where not wanted
and so preserve energy for use in the

10 To develop high shear stress and thereby high shear forces on the particles,
" the main principles used in the Air-razor are:
s High velocity of the air stream
e Use of flow streamlines close to a wall
| » 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+—;—pu2 = 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 fdeal’ fluid. Hydrostatic pressure is here excluded from

the equation.




area adjacent to the powder. \Wen suction is applied to a nozzle, a | ow
pressure devel ops that accelerates the air through the nozzle duyD&G206
short period before a steady state condition is reached. Initially, during
t he starWO43/M8@1peri od as the air picks up inertia, the PEIGHIBHPIN3S not
hi gh enough to generate the necessagyy shear forces. Preferably, during
this initial period the Air-razor uses before the powder onto a,
substrate nenber is brought adjacent to the nozzle. This ensures that the
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Figure 13 illustrates in formo di agr typi cal, ve] oci characteristics
f 0? aggregation of fhe pow@ier eszt tbe?ore agp&rrqt XP tﬁe border oit ¥he powder

15 contour is attacked by the air stream.

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 incregse 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 profﬂé 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




| am nar 311 and turbul ent 310 boundary | ayers. The velocity gradi ent and
so the shear stress is larger in the turbulent |ayer. A turbul ent 500OMWJ06
ei t her B¢} &&?Hgdary | ayer or in a free streamng flow, is characterized
by irregular Tiow wth eddies in various sizes and freqUPSH6ESHI0STUr bul ent
flow fluctuates to in both tinme andjigpace. In any particular nmonment, high
gr adi Vv | n.be,seen.and so it jis clear that high shear
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t hat spdrdiraicenmgeih@gat es can be de- aggregated withi-n a turbulent air
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Anot her advant age of turbul ence depends on the 15 fluctuations in the

- turbyh gaEhPWow th time, which will affect the particles wth a force
varying in trme. - In fully devel oped turbul ence, the frequency of the
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of an aggregate 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, ie. 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.




Air-razor Mywvenent The inportance of shear forces for an effici e:}t 0

de- aggregation of particles and the theoretical background as t %Iy P]Eas
been discussed in the io foregoing. The relative notion introduced between
t he nozzW@ Gfdéiihe | oad of powder, i.e. the substrate nedS8SEIYIEP|y
serving as carrier, is f instrune | in attaining and maintaining the
desired conditions stated for de-zr;% regating all of a powder |oad and not
just part of it. The nmmin adv&ntg@gi%@&eby the notion are: 15 During an
initial acceleration phase iné€ftiapu’l’dS"up giving a high velocity air
flow Shear forces close to a wall are spread over a |large area Efficient
use of energy 20 Inertia builBe epRayeoldempméssure created by the suction

t hrough the nozzle drives air to_Irhg\g in the di{ection of the

| owpressure. Building up inerria REC SECERVEOHY the mass in a system
i.e. the mass of the air itsejf, Lvithg the desired high velocity
air flow after the accel erat?ién ’52??%%.1&1 ﬂ(]afpvel ocity of the flow 25

i 3creases to a point where the=f Kiwemesical aiscesitpkes further increase

i npossi ble, unless the level of |lowpressure is decreased, i.e. the
pressure drop is increased, or the flow resistance is decreased. Shear
force,: i The area for de-aggregation with high shear forces is
concg}l'?%aggg@ gggnefxg@ the wall of the nozzle. This concentrated area is
smal ITIeomppcethiice biiestdeseforaegalopnha effidst datazdreghton eSpeaitrldy if the
dose conprises finely divided 5 OCT 2006 WO 03/086515 PCT/ SE03/ 00539 17
powdeéncithg dhepoeiéedlt packgeonatlagsy do nBttvo hasetheseh digeunsed| 1 alE t he

dgse - wi | I the .small .and. tra e Lgh r. 8tr
QO e S e g T A T R
spat idwdkist riidutihen swhsiirte peMeibern hdenelty erdedngosas andrtiee, dist ance *-~
perpendicular to the 5 direction of the notion between the powder and the
nozz|igsimiraentgeint aiteining apdymedatainingtherdesisnd congaiiess contedton t h

Some c?g-a:[ggreeé%t%mrggeéﬂ olf 2 I%c%:vﬁe? load and not just part of it.

The main advantages given by the motion are:

\xﬂ,h,of

15 e During an initial acceleration phase inertia builds up giving a
high velocity air flow
» Shear forces close to a wall are spread over a large area

s 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




case the efficiency of the Air-razor nethod is not detrinentally ﬂﬁﬁ@@ﬁw
because of the "hoover" effect. The velocity of the airflow will

af fected ba/ the notion of the nozzle in relation to the powder dose,
because PHRU¥F8IF to of the relative motion is very nuch HCOvEe3/edssn t he
velocity of the air flow going i nt 9.t he nozzle inlet. However, the notion

of the n ZZ'@IQ {E(i}mi bly shifts the position of the driving | ow pressure
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. poi nt_.of contact .be};ween th i gh shear force area o flowing air and the
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il ustrat&cli io#lf.Fi ure %0 Figure 10 illustrates graphically the resulting
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sect iynthd swtiin vhcheorzkke ih relibienaio theehosidey dosel bboahEsatBE shked
qﬁlti&%g\%sofl rrows pointing in the direction of the flow, the’length of
t'he & r'OWsTTAUVE HONG™ e VEEY dnigd laweicithgn dre splociy ohdhpotintflow

guesty : 0 ' iy _varj,es with 30 e position
rel attgflc@zgg tntl]{e]_y?l%‘gzl e %aﬁ%lellril tg E\'Irféﬁa%ﬁ%eegﬁ?{ﬁ%gﬁ){oléno&ﬂﬁeenroéﬂgt&V‘éﬁgﬁ $ bet ween
t he bezpesitiod pbublerddiviag lev-iprdssatedehyiventha bWy of Bkl fbsdiihy 21 s
gradual | y accel era%ed I nto aR}alr stream 20 of 60 1/mn, steady state,

goi nsﬁFr‘?%Be(ftW Q538¢ dnghgne divys| thedamsp ohdigy shicen fofktes newektdloggshear 5
ON 30 5 0 1 qQrces ,reach, a_maxj,num,i n the

ar eahdgg%’x\g?gﬁlog%a %ﬁeﬂﬂgﬁ?g?f?/ at %g)ﬁ%nn%f:it (022 F?‘d&nt@aﬁb‘? ggl%h an

afibosheenfontesazmdzellly. difperss pawelerthie a7 irfo APEPLAELAIGY tl'i'@g)%tﬂi fferent
form 3 %ﬂsee Fi gure 6) for different applications, but a circular or
el | i PE8 Heet

S HaPle VPSsIgE et diill of |Gardart detwren dfer highe shehr force area of

flowing air and the border of the powder dose contour and follows the
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




5 thickness and curvature 26 nmay be given different forns dependifg ﬁ{h{ﬂf{)he
application, since the formhas a great influence on the flow pat b r
the air being sucked into the nozzle. Efficient use of energy to The

dosi ng twossiopdsey val for de-aggregation and di spersal of PEGEESH 03 an
Air-razor may be sel ected, dependi %on the application within a tinme frane
of an inhalation. Mst prior art i lers will use the inhalation power
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menbetir bAinweatkabinis thenekegee needed for assessing the nunber of
particles dispersed into air wth tine. One such nodel assunes that a
fluctuating turbulent flowis acting on the particles. Sonme of the eddies

wil | E@Iﬁc?% Ftoﬂ& &n&gg? 1to separate particles in an aggregate or froma
surf ; eddies will occur wth typical tine intervals
bias e dl'ton dpkstialtiché tiviterdvad Hoe diy-apkdgattdin aufd adtparsadoiopotrdert by edn

particles free. If all particles _experience the sanme adhesion fgrce, the
model AlFBREST tRe barrelediede ananshagto dhe amlication Ve af dmoiraanc S
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increase with tine. This sl ows down the rel ease rate.

for de-aggregation is correspondingly low in these inhalers, unless external
15 de-aggregation energy is 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(t)-di
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 enﬁrainment rate would typically follow an

exponential curve. However, the adhesion force varies from particle to




Hence, a nodified nodel has been suggested, which describes the rﬁhﬂ ols
particle release as a 1/t-curve, where t represents tinme and so the total 5

nunber ofydP@ldskfkes n dispersed in the airfloww |l typically followits
integral, a loge (t)-curve, illustrated in Figure 13. TI‘i’gT&é}W@f’éPescri bes
the entrainment over a "long tine' J9A significant fraction of the powder
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aggregates are preferred in Air-razor applications. For exanple, ordered
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presenting suitable properties in terms of occupied area, powder envelope,
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 c;bvious 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




i nprove one or nore qualities of the active substance, such as

bi oavail ability or electrostatic properties. An exanple of a sud DhbIME
powder for an Air-razor application is an electro- 5 powder. El ectro-powder
i s defi veoloasssssprepared dry powder nedi cation substancBCWSE®R/@E34M t hout
one or nore excipients neeting a sgb of electrical specifications for

opti mum el ectrostatic dose form ng=properties. For further detajls, see
our SuptiwhoRabe moMoqusktiessa2e sctivhsehsiangtesigh as dusppatabddyher ei n
by reference. 10 An exaqyle of a suitable dose of nedication rnwder, forned
ont 0CReEEHAS S PTARATETSt 0 be used in an Air-razor application, is an

el ectro-dose. The term electro-dose, presented in our Swedi sh Patent No.
SE 0003082-5, which is hereby incorporated herein by reference, refers to

a dose efapipée oétesedtalie moivdamiot apohderajon enghidation issen alegtery powder

i nhal er. The el ectro- dose is.fornmed froman el ectro- er_c ising an
adti pé“mdé?rlecgﬂﬂ%?‘é{%%_ﬁr dgfigeg ASwaeP RAIE aﬁﬁtpf)%%\r%%l gﬁ%ﬁg\{&o h or
W t hgﬂbs&ﬂffce it"BF SyieHGhPIER! oy b ekapldisdosetibel AkdisnE’conta a
substrat e nenber, ich is part of a dosing menber. 20 An_exanple of a
pr ef gpeedicativhs donforftimmim glactrestrtie ddes douminhg swopanticel Bet fosthar ¢ or

el ectro-dynamc field deposition proce o) Lnations . thereof .for

depo8etaityy SFecPErca™ %ﬁarpgﬁﬁnbai\%'cégs %Qégggg"ﬁca qup pbsimlg?rebgnto a

subsrhjigé o’iff‘?t{?el er%“@?éfe%hgé ectrostatic chuck or a dosing 25 nmenber. The
elec 0s

so forne tro- presents suitable properties in terns of occupied
apea, powder contour, particle size, mass, porosity, adhesion etc for easy

de- aggregati on and dispersal into air by the,powder Air-yazor .device.
oot Sominit b SHEAble date RBEISICAHRn TGy o mSAO Bl BoISel ot
whi ch [ l.esfar .ans Al -1 az ' I 9 Qe8trobBsBANRAl terRNEUMAL I C
or 3?%%@%?%6%8%%&3. ol?ﬁleiaazrr?gl ,p_lg%%gds&’anfaéygﬁe tE)r(%“(czl)uced by cor?venti onal
vol urdit6e-doke g haysariictl in reireSivegliste thudst Napt BEn@DDBORA-Boweldichy isexposi ng
the doses to a supplé of energy. The purpose of supplyi ener

h

3 In , _€,0. by
vi br &warARY oncgrpemsget hbease bin relsErRye:i RPGISde Rotod b@gtlﬁfeg' S¥HE dose 5
CET %gggicament powder intended for use in a dry powder inhaler. The electro-
dose is formed from an eleciro-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
clectrostatic 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
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suitable for a power Air-razor application. I'n a preferred enbodi r? A
exenpl i f| Oit/& Figure la and I b, the powder Air- s razor device involves
the introdueti’on of a controlled relative notion between PCI/SBO36)Sa powder
180 deposited onto a substrate nmenber 141 and a suitably arranged nozzle

1, ']&lﬂu I nd directs a J.acal high velocity streamof air 20. By
poi \rll\ﬁ ng %ﬁeépﬁag{za% %nlgn Pt O'tl%m%?@]léaf’ﬁetoc bgt %‘d’rtagfe fhe HRAFET PHAERZWBN t he
substagtlécegiegnent, the power of the air stream resulting fromthe 1o

suction effort, acts as a powder Air-razor on the powder, de-aggregating
and dispersing into air the particles 101 of the accessed powder on the
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ele , r.il cipat i {n the process,. pf de-aggregation and di spersal of
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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 prneumatic 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 clements, 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
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t hough a powder Air-razor works equally well with an external power
sour dke pivadr pady oaltd yherswostpiia ssfasappheasccong: PRICCHEREPT the A%t er nal
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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 fulfili the
objectives the Air-razor necds a source of energy. Surprisingly, it has been

2 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.




Air-razor is properly designed. However, the relative notion between powder
and nozzle, necessary for the operation of an Air-razor, is preferaBly 2t
power ed 5 e inhalation effort, although this would be entirely possible.
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- airflow of highest possible speed into the nozzle, thereby optim zing the
shear stress and 10 turbulence acting on the particles. 2. Introduce a

' 8l atihosMeLREINean ARG RRpR @ dhe nozzl e The relative speed
- shoul d be chosen depending on the application, e.g. nedication target

area, dbsdMsgkeshetypezlofinfrit openingt Howastliciott, fsarthe that harnitfgkdmegyur e t hat
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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 minimuin
of particle retention. By using the Air-razor device retention in the
25 downstream flow path may therefore become substantially reduced, thus
presenting an opportunity for deliveriﬁg 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




pl ane of a surface of a substrate nenber or the top plane of the ciggpmﬁ of
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not i gRsmLet atitke pekdantdher fixed or noving elenent is used. In a
preferred enbodi nent, see Figure 6, the entrance aperture 3 of the nozzle
1 is shaped in an elliptical or slit-like fashion, such that: the 15

apertuyre is sufficiently wide to._covers,t el t : up.ed by
R R
e”b()dd%ag ed RS 11972 B AifiSEd PemitiveBiotion beowten thar ingrbets dnvéloedn end
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preferre ment , power and shearing stress of the powder
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begins to attack 25 part,cle aggr.egates of.. er. ot
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r?sul%&r%&gefﬁgg%%@ég%ﬂgﬁ?%iﬂgn?m high to generate thae necgsaryypOMer
Ai T -1 pawicef 180t onl the pudiserated 1dfboRetmtivelyt bpeaking, 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
rﬁotion brings the nozzle adjacent to the powder. In such a preferred Y
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 cffect. 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
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enou .0_de; regate the aggregates and accordingly they aré delivered
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external energy, e.g. by vibrating the medicament powder or giving it an
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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

differennces betweenn a perforated substrate member 140 and a non-
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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 pg 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 dase. 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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Cunul at i ie—-rpacter iﬂ&{ti ete—fassyhy-bBstributi-gn—n—each-dirs{ri bution in
cut-off gize HPLCisteR B | RAGEQ{ |i mpactor .'m % 10 cﬂtgitmgact_'gr 1337 66.9
100 Ste d Bnagsasg G ic%i.. %%@,“b -~ 8pRRikidn T fach®  dRtAButorbin34) 123 6.1 19
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Table 1 Pr&ipadi@dor  applifed fpg7a [ forated substrateioenber
' Step 0 9.20 139 : 6.9 33
Step 1 8.28 144 7.2 26
Step 2 5.34 123 6.1 19
Step 3 4.33 132 6.6 13
Step 4 3.04 37 1.8 6 7y
Step b 1.83 10 0.5 45 L
Step 6 1.01 4 0.2 4
Step 7 0.64 4 0.2 4
Filter 0.37 71 3.6 3.6
Total 2000
5
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 adjacerit 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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each step| of ditgi 11 buti ogopn. [CUT g T3 ze Z}ELC pact af 'Bi Apaet or Preim
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25.2 Step 4 3.03 468 18.0 25.2
Step 5 1.93 151 5.8 7.2
Step 6 1.01 14 : 06 14
Step 7 0.64 13 05 0.9
Filter 0.37 10 0.4 0.4
Total 2602 -
Table 2

10 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. |
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determ ned mass_was 533.3 g. All masses were determned by a HPLC et hod *~
as b&tgihed as before.

fiow 00 | Distribution in | Cumulative:
S e = {Measured mass| each step of ldistribution. in]
. Anderson:*{ cut- T by HPLC 1 - limpactor - |:; impattor . .
- Impactor 5 > | RS Rk Y SR SR

Nack - 23 5.0 100.0

Preimpacior - 12 26 95.0

Step 0 8.33 12 2.5 92.4

Step 1 7.50 31 6.7 89.9

Step 2 4.83 72 16.7 83.1

Step 3 3.91 136 28.6 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 (.58 9 2.0 12.3

Filter 0.33 47 10.3 10.3

Total 459
13 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
carlier experiments. The results are therefore not directly comparable, but

the test pressures are within the preferred range of 1 -4 kPa.
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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 pum, is pushed very close to 100 % of the mass of

the available medication powder.

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




fraction in the particles dispersed into air. The relative notion ggﬁ n
nozzl e and powder neans a gradual approach to the powder by the sﬁ ﬁﬁ@ 1o
forces making rel ease of a considerable | oad of powder possible. The
experi nent /086w that the Air-razor applied to a | oad off(FA#8(00BAt 0 a non-
perforated substrate nenber may glg a very good performance, as does the
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t he s ed v"' of the relative displacenent powder 1|oad - nozzle in Figures

1D, %% and 5 is controlled by suitable neans, an elenent of which

may be’ an alr inlet valve, which opens when the pressure differential from

the suction is suitably strong. Then, the resulting 25 airflow quickly
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$M|tﬁgﬁne3n dosing time interval may be deflned during which delivery of a

| oad of powder shoul d take place. The dosing tinme 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 o

endi ng point the 5 OCT 2006 WD 031086513 PCT/ SE03/ 00539 32 relative

notion of powder versus nozzle nust enbrace the defined tinme 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 tinme frame of a suction of air that is




5 taking place. It is therefore inportant to optim ze the delivery of the
dose by nmeans of a new type of jnhaler device, which takes full advantage
__of t_he powder_ Air- razor deviceSAn enbodi ment of such a new inhal er. ice
is disclosed in io Figure 9. 33 5 O CT 2006 CLAIMB 1. A device faﬁﬁ%bﬁ

de-aggregating and into air disp ing particles of a finely divided dr
~medi cati on powder | oaded ont o@@@agr ate nenber, the . povvde?/ (180) madey

-avai | abl e i dry i nhal er, ' i - '
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cl gse-proximty-to the ava | abl e powder (180); a suction of air, when
applowelds { D8 0)headezaladlabid ireb, digr pawdsr nhaleal chamagteriseddm (hafi 1 stream

into the nozzle inlet aperture and out through the nozz| | et ;
(r) ﬁltlgt ![ \ée mﬁ?ﬁ?ﬁlﬁheﬁfﬁﬁﬁﬁ?%éﬁcﬁ E’@P"(ﬁiﬁ‘én&rh@%}%z%@ %Bozgﬁ%% \?ﬁjéra( 180)
( e _substrate 41) 1.4 S ran u h nozzl
i nI"REEET Y %eoﬁl%?:talq:%m;%% %é?%%l ?y]}ﬂe{ﬁ %@e%mgg%iz%gqﬂétoa%phegﬁizl e ienl et
apgjo\tﬁ&[cﬁled_ti&@&%&éﬁpﬁﬁﬁtﬁ%@'ﬂ@@ﬁﬂm gatider (18®er, thereby anounting to
a powder Air-razof in releasing and dispersing the powder; rticle
Sgg regat est w;;ujgltm? dleaifj Wﬁleﬁ ﬂpgh@l@ dortbei 2eEale » ki 6FC at@fS%?‘)%ﬁle

- aggr egat e y bei ng. subj,ecte 0. shear i t ' i
LR SLSI 5T 28 FUTRY HES! Ao GG IR FY T o R S it o ¢ he
ggé}zc;zaad‘m%t aperture, whereby the particles of the finely divided

. cation pbmde{ 'are_gradually di spersed into the air as avail abl e powder
i s gradual | y aseessedotiby, twiech doatqdiniarh bediveent fheainozae ddmakdt he powder

"~ Air-razor when the nozzle 1) and t 0 r. (180) are.moy in.relation
It 0 M@Elﬁfo(tloﬁ@b orgo thges\gRvE: é’é‘?‘&gﬁr Hgdfgovﬁdﬁﬁi Sﬁ ff}%ﬂg?%g%é&?}é Yn that at
Sa%e n%ﬂg@ 9L, Lt FROUGALI AReRMstinRes shieaded ik anbbersubsiat e menber

(1407 I'Spersed-as ne particles in the arr streamleaving the

nozgh& a(rpa‘t!ﬂfe tiheridthel eavaisabld rhedeain poleerhavirpyaarresinidngam c

di amet et equal to or

to a powder Air-razor in releasing and dispersing the powder; :
particie aggregates within the finely divided medication powder

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

rurbulence 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 of the powder Air-razor when the nozzle

(1) and the powder (180) are moved in relation to each other.

2. The device according to claim 1, characterized in that at least 40
9 of the medication powder mass loaded onto the substrate member {140,
141) is dispersed as fine particles in the air stream leaving the nozzle (1) of

the inhaler, said fine particles having an aerodynamic diameter equal to or

less than 5 pm.

-3. | The device according to claim 1, characterized in that

an area of the inlet of the nozzle (1} is of the same order as, or
smaller than an aggregate area occupied by the fin}ely divided _dry medication
powder (180} onto the substrate member (140, 14 ll);




| ess than 5m 3. The device according to claim1, characterized in that an
area of the inlet of the nozzleg(b ) is of the sane order as, or snaller
than an aggregate area occupi ed Aé the finely divided dry medicati o 0CT 2008
powder (180). onto the substrate nenmber (140, 141); 34 5 0 CT 2006 the

relative .ggcg_li o%rj%givet pfotgo%ékghgtsrh%gzgg@g%gr that dthe nezabezlenl et covers

»the aggre a occupi'e y inely divided dry nedication- powder in
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characterized inthat the inlet of the nozzle (1) has an elliptic or

r epbardguiapneammeand tevsriagaiapsed to the contour of a selected |oad of
powder (180), whereby the thickness and curvature of the opening wall are
adapted to the selected |l oad of powder for the purpose to offer a best

Pogsi bl e COpE olRe hetueen Aciabiee! tuaradteribd enlhihebkdatbiol povder to
enough shear stress for de-aggregation in the airflowinto the inlet of

t henaewztle (1})handnasilipbicent rawtanfrutanifoimi aigd pastdechdaplest dodiie t o
retention in the nozzle,, given set. of application ndent raneters.
5. cThiowledf c@ slededi Mpd SfcPavRer, E]dsfé\)p a@g@r“? e 'engﬁﬁcg@et eafﬁel y
divided dry di cat j. I &r mmber (140,
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acqnE a&btﬂ?)ofs(é & ¥ 1a 15har peddbla edmprithiate hetwetmepn fobjechzertd ative
notion o

~the nozzle (1) i's adjustable within a_tinme franme aof _the suction
of saibject akienigag! acpowder Therngaiste shass drmssgiarode 8RR g2 1R dPa%r i zed in

that a tine _.interval n a ran of ,0.01, t0,: fOF.. 1 -rel.atd not i on of
t__héﬂ‘ﬂ_ff@?é lfét_o(tf)e rglet B# Eh%lé’ﬂzﬁlgd&? radjrﬁ1 gns?g]ret% “g%;?ftr?‘%%l {Oug% Ieng\égeosi tion
Wi {RLD @ et L IE b LA, Of thbeSMEL eRrelf Aistt taikippliphron. d8pefitientlevi ce
according to claim1, characterized in that a usable pressure drop by the
sugidrethetdrsair is in a range of 1 - 8 kPa and nore preferably in a range

of ' 1 - 4 kPa. 35 50 CT 2006 9. The device according to claim1,
characterized in that at |east

5. The device according to claim 1, characterized in that the finely
divided dry medication powder (180) loaded onto the substrate member {140,

' 141) in order to be-released constitutes a metered dose.

6. The device according to claim 1, characterized in that a timigg
for the relative motion of the nozzle (1) is adjustable within a time frame of -

the suction of air taking place.

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 {1) is
pre-defined from a start position to an end position within a time frame of

the suction of air taking place.

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.




one finely divided nedication powler is | oaded onto a first (180A) or a
second (180B) side or onto bot %§ides of the substrate nenber (140%‘. 10.
.The device according to claim9,”characterized in that the finely 0T W8
medi cati on powders (180) |oaded onto a first (180A) and second (180B) side
"of _the substrat.e nenber . I.L.SQs: apti I b r gt i gament powders,
a ?i rst medi aFFgﬁep%ng?rggtt% @%‘éﬂfﬁfg}%r%gg%&éiadgpo%aﬁ?ﬁﬂe substrate
”Egif%@fmé dﬁi@&?ﬁ%i@@%ﬁ%ﬁdﬁbrﬁ@%ﬁﬁed@ﬁotdﬁrﬂe{d@%} qri8GByosilde of the
substrate nenber (140). 11. The device accordi ng Qo claim9, characterized
i n(1908) sifeor substhosh sidenbeths sUpskGEs BFMREE b dted, such that the nozzle
(1), if positioned at the first (180A) side, can suck powder, if present,
off the first side and powder, if present, on the second (180B) side off

the,second i rougQ OfiPer fialacBsizeld tmehsulisicr Ahelymenber ,
su@R'that prgﬂ\/\%gfev{cgr%&r%%?ﬁg% i%?s?t and 't he second side, if avail able on

ei Hhgie@rmbotdatsindeswdbrk! (180) ledekdedritnt 8 it fb¥hk ag ¥FEOPKe suction
of air through '

ough it. 12. The device according.to claim 1. ch ized in
t h4180B)desidnedl ItheelSWIStraiG presRkFe F?’&rﬂ%ﬁ?é s a‘ﬂ?%ﬁﬂ}’s Cﬁ{é%ﬁ%ﬁd to
tri r an air-flow int - NO; r - 2LS Ura tlart of he
T eé’i?lffgcﬁ??f&eﬁfrpo o F?@&f%?g}ce%gfoﬁyﬁo(ﬁ%ﬁ c}trg%g%%t;lﬁteaagwcessar powder
Al rtPé stefibeslemBd: athe -devieed agedictition tpowder mrito cﬂmarmd zed in
that the finely divided dry nedicati on powder (180) is |oaded onto the
suljsg0B} sidpeftibe sitbtOrateabprpyerd 14@) el ectrostatic or el ectrodynanic field
deposition process, or conbinations thereof; a powder |oad thereby being
produced represents a dose intended for use with a dry powder inhaler. 14.

s SR (BB b o scmbtoi e mechant, o
MerfResstiatd Omebdidr By posmiunet peciamntet.asaebt that ndicemergle p@ldcég s, or
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through pores or perforations of the substrate member, such that powder

from the first and the second side, if available on either or both sides, will get

sucked into the nozzle {1) by the suction of air through it.

12. The device 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 (1), thereby ensuting that the resulting air speed is sufficiently -

high to generate a necessary powder Air-razor effect.

13. The device according to claim 1, characterized in that
the finely divided dry medication powder (180) is loaded onto the
substrate member (140, 141) by a an electrostatic or electrodynamic field

deposition process, or combinations thereof;

a powder load thereby being produced represents a dose intended

for use with a dry powder inhaler.

14. The device according to claim 1, characterized in that




particles of a finely divided dry nedication powder (180), conprising a
nozzle (1) having a nozzle inlefgand a nozzle outlet and a finely dﬁ ¥ ee
,dry medication powder nmade available for a gradual release, the powder
being intended for delivery by a use of a powder inhaler, characterized in

- that a suctirang ol Aibidey APPlh&schBiotheonds?|(P80LId Rladai arforisk step, thus
“creating.a lTocal, "high velocity air streaminto a nozzle inlet aperture and

oukubthatugheriternoze e bil)l &y, = valaéivie rast igsAVINALEGJREETHE ween t he
nozzle (1) and powder é180)_, IS g&ragg%gr in a s%%o.nd step such that the
pomdesesssonaaE vaiieap tReresd] aBEhiR¢ & BBI9FEECH et gradual Iy, while
suction is still.applli j I Yele@@edyf@d r stream
rel ease andad?os%%?rggjatdﬁgh%%% epré%?%%ar%gi%éeg%fgt% Eil%}éaggr egaet es within the

i ngleYorih W gﬂgpmgggﬁlﬁg@rpOMer are de-aggregated by being subjected to
shearing strésses, inertia and turbulence of air in the local, high
velocity air streamgoing into the nozzle inlet aperture, whereby the

particles of the finel i vi ded nedi cat.io are. g di sper sed
i ntl®-t he ai Anasaré?r%gq’lgépg }pl%u‘g‘?'aiggr%gaé[&i |5§&g§%8%se gy 1t ﬁéir%lgocal, hi gh
vel oci. I %ﬁ‘ﬁ%&w D922 Henapskviibe (18D ebnasesinpps atbaze r el ati on
topé%‘él% 8'[6cﬁear.ﬁ£% . e ag{rqg%enent gccordi ngg to clgﬁﬁm 1§g?char acterized in
that) Hevengra angeseninleonprd sesnbzalst bytlah 2id - aafoeldesivéiéed sétbndly a
high velocity air streamin he nozzle ,and thirdly a rel ati noti on
betmedisating PHGLST %Vﬁéa% a Sﬁacssl%éﬁq%% 871% .Poﬂ‘iﬁrgt”reglﬁ enent
according to chaim 15, gharacterized infhathafadtdasted@n%ieft the available
povﬁgqnd%gséoricgellgfa%é§sae§§§§?%I%Sedv%gfriﬁc 1;ees’a{;n tahe in?lal ed air stream

* lieavi ng t he gngzaidh ofaidid Apglipdtdittleesotdy onglearin adirot\siap thds anet er
equal to or less than 5m 18. The arrangenen %?rdi ng to claim 15,
chamraeting iz Etal nhighateloeie afif FRIOPIRY I} dnef R f%@%&@P“{lso)

| oaded ontp the substrate nenber (140, 141) for a rel ease constitutes a
met reueiyd8e nogsle Gy r angenent according to claim 15, characterized in

B?Zéuaf he finglyidi vhegndiyrbBdieat borvaewdes riczzte(l and pabiderfor a
(180), is arranged in a second step such that the powder is made available
adjacent to the nozzle inlet gradually, while suction is still applied, thus
making the local high velocity air stream release and disperse the powder
gradually;

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;,]
inlet aperture, whereby the particles of the finely divided medication powder
are gradually dispersed into the air as available powder is gradually acce:ssed

by the local, high velocity air stream when the nozzle and the powdevr are

moved in relation to each other.

16. The arrangement according to claim 15, characterized in that
the arrangement comprises firstly an Air-razor device, secondly a high

velocity air stream into the nozzle and thirdly a relative motion between the

| nozzle and the powder.




rel ease by neans of a noving substrate nenber or a vibrating element or a

gravitation feeder, or a screw fggder or a conveyor feeder or a pne 18

JSube feeder. 20. The arrangenent according to claim15, characteriZzed ingﬁ
,that a timng for the relative nmotion of the nozzle (1) is adjustable
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pre-defined froma start position to an.end. position W thin tiyme frane of
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ch | zed.in at_a drop by the suction effort is set,
|na§rc?éyﬁtfém(§fdlfﬂ-mt§r ﬁﬁgagﬁ%%p?r(?;?%{lgﬁger&gbl y in a range of 1 - 4 kPa. 23. -
The arrangenent according to claim15, characterized in that a defined

anount of |owpressure fromthe suction is required to trigger an air- fl
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member (140, 141) for a release constitutes a metered dose.

19. The arrangement according to claim 15, characterized in that
the finely divided dry medication powder is made available for a gradual
release by means of a moving substrate member or a vibrating element or a
gravitation feeder, or a screw feeder or a conveyor feeder or a pneumatic tube

feeder.

20. The arrangement according to claim 15, characterized in that a
timing for the relative motion of the nozzle (1) is adjustable within a time

frame of the suction of air taking place.

21. The arrangement according to claim 15, characterized in that a -
fime 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.

22. The arrangement according to claim 15, 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.

23. The arrangement according to claim 15, characterized in that a
defined amount of low-pressure from the suction is required to trigger an air-
flow into the nozzle (1), thereby ensuring that the resulting local, high
velocity air speed is sufficiently high to generate a necessary powder Air-

razor effect.



