1 A Simple Inhaler The present invention describes a pulmonary or nasal
inhaler of simple construction and operation. Throughout this
specification, the word "comprise"”, or variations thereof such as
"comprises” or "comprising”, will be understood to imply the inclusion of a
stated element, integer or step, or groups of elements integers or steps,
but not the exclusion of any other element, integer or step, or groups of
elements, integers, or steps. ArSiisleustialepf documents, acts, material,
devices, articles or the like which has been included in this specification is
solely for the purpose of providing a context for the present invention. It is
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Inhalers used for the delivery of pharmaceutical compounds are widely known,
becoming widespread after the development of the dosing valve and pressurized
metered dose inhaler by Charles Thiel in 1956, and the introduction of several dry

powder inhalers, which started in the 1960s and continues to this day.

These inhalers have been used chiefly in the treatment of diseases such as asthma and
chronic obstructive pulmonary disease, but recently applications have been developed

to deliver drugs systemically via the lung or nose.

The quest to combine efficacy, ease of use, convenience and small size have dominated
these efforts. Early devices made use of capsules (GB 1,182,779, Spinhaler; GB 2 064
336, Rotahaler; US 4,889,114, Inhalator; and FR 75 21844, Cyclohaler), but capsules
require dexterity in handling, which is a matter of inconvenience, and adds to the cost.
Many also possess a cutting or piercing or opening mechanism, in most cases
necessitating the use of metal needles or blades (PT 101.450 FlowCaps), yet another

source of cost. Ways of avoiding capsule handling can be found in US 5,595,175 and



2 US 5,651,359, but the method by which this has been achieved has
brought more mechanical complexity and therefore higher cost. In
situations where an infectious agent is being treated or is simply present
in the mouth and airways, there is the need to eliminate the possibility of
inhaler contamination and to this enad it is highly advantageous to have a
sufficiently economic device so that it may be used once and disposed of.
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meﬁﬂﬂl}%% %%IBPA%WF?@% e 185t fl‘frtﬁgsfive-day treatment, being
repeatedly contaminated with the virus. Moreover, the great majority of
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same patent, the very fine and freely flowing powder does not appear to
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disperse.agglomerates of drug particles and excipients down to_their..,.
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priosgswe. In one design, no less than six patents (US 5,533,505, US 5,660,169, US
5,918,594, US 6,102,035, US 6,105,574 and US 6,286,507) have been granted for the
same device, describing various mechanisms by which the powder dose might be
packaged inside the device. This is not difficult in itself, but is a source of cost and

industrial or operational complexity, all factors to be avoided.

US 7,032,593 describes also a simple device containing a dose of powder, which is
protected against leakage by means of a tether or film strip which is removed
immediately prior to use; but in this and in another embodiment in the same patent, the
very fine and freely flowing powder does not appear to be prevented from flowing out

through the ventilation holes of the device, immediately prior to inhalation.

Moreover, disposable devices have often failed to address the inhaler’s most important
function, which is to disperse agglomerates of drug particles and excipients down to
their original, inhalable size of less than 5 um. One of the simplest designs of all uses a

simple straw (US 5,797,392, DirectHaler), but the fact that the dispersion and



simple straw (US 5,797,392, DirectHaler), but the fact that the dispersion
and 3 entrainment of the dose occur simultaneously in a very short period
of time - a fraction of one second - may reduce the efficiency of the
device and result in a lower dose being deposited in the lung. Other very
simple devices without apparent powsler dispersion features include US
5,042,472, US 5,239,991 and US 6,098,619. A lower efficiency may
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and transport a dose from a bulk powder reservoir to the mouthplece
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powder reservoir to the mouthplece channel.

There is therefore a need for an inhaler that is pre-filled with unit doses of powder, for
patient convenience; disposable, for reasons of safety and hygiene; simple, for
economic reasons and ease of use; and with a high dispersive and entrainment efficacy,

for therapeutic benefit.

A preferred embodiment of the present invention is directed to a dry powder inhaler

which seeks to combine all of these characteristics and advantages.

It is an aim of at least some aspects of the invention to ameliorate one or more

problems of the prior art to provide a useful alternative.

According to the present invention there is provided a dry powder inhaler suitable for
pulmonary or nasal delivery, comprising: an inhaler body having a mouthpiece, an

opening in the body, and a body front inlet extending from the mouthpiece to the



opening in the body, and a body front inlet extending from the mouthpiece

to the 4 opening in the body for providing fluid communication

therebetween; and a cartridge movably mounted in the opening in the

body and having at least at least one powder compartment formed

therein which includes a compartment front inlet; the cartridge being

movable relative to the inhaler body between at least a first position in
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so as to create an air flow path through the compartment to the mouthpiece, such that
the compartment forms a dispersion chamber for delivering the contents of the

compartment to the mouthpiece.

The following comments that precede the detailed description relate to some features

and advantages that may be present in at least some embodiments of the invention.

The construction of some embodiments of the present invention results in considerable
economic savings, as there is no need to employ storage chambers which are distinct
from dispersion chambers. The combination of two components forming a dispersion
chamber is an inventive feature of an embodiment of the present invention. Avoiding
the storage of powder in one chamber and its dispersion in another, has other technical
advantages, namely that losses in transferring the powder from one chamber to another

are also avoided, and that the surface area where the powder might adhere and fail to be



chamber is an inventive feature of an embodiment of the present
invention. Avoiding the storage of powder in one chamber and its
dispersion in another, has other technical advantages, namely that losses
in transferring the powder from one chamber to another are also avoided,
and that the surface area where the powder might adhere and fail to be 5
properly dispersed and entrained, is reduced. Another advantage is that
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This inhaler does not use conventional pharmaceutical capsules, such as
gelatine or
When a powder compartment is in the second position as described above, air is able to

travel through the body rear inlet, into the compartment rear inlet, through the
compartment, out of it through the compartment front inlet, past the body front inlet,
into the mouthpiece channel and finally out of the inhaler. When this flow is
established as a result of suction on the mouthpiece and a dose of a pharmaceutical
powder is contained inside the compartment, the flow of air will induce turbulence
leading to a break up of powder agglomerates and to a dispersion of the particles, for
entrainment and final deposition in the intended site, in lung or in the nasal cavity,

depending on the application.

This inhaler does not use conventional pharmaceutical capsules, such as gelatine or
cellulose/HPMC capsules. Rather, the powder doses are contained inside compartments
which are shaped like a capsule. Although other shapes are possible, the rounded
extremities of a capsule and its cylindrical, constant section make this shape highly

suited to minimize powder retention during and after inhalation. In fact any shape with



cellulose/HPMC capsules. Rather, the powder doses are contained inside
compartments which are shaped like a capsule. Although other shapes
are possible, the rounded extremities of a capsule and its cylindrical,
constant section make this shape highly suited to minimize powder
retention during and after inhalation. én fact any shape with 6 an absence
of sharp angles, such as spherical, oval, frusto-conical, bi-conical and the
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feadegreithtigmesétihépenticbar by chemical reaction and to reduce powder
retention during storage and delivery. To this end several plastics have
been tested, namely polypropylene, Nylon, transparent Nylon, amorphous
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trade-off must be made between transparency and powder adhesion
Whnieverizb¢iomaterial chosen, both the inhaler body and the powder cartridge should

be compatible with the powder intended to be contained and delivered, so as to
minimize degradation of the powder by chemical reaction and to reduce powder
retention during storage and delivery. To this end several plastics have been tested,
namely polypropylene, Nylon, transparent Nylon, amorphous Nylon, Acetyl (POMP):
Ultra form N2320, Polyester (PET), K-resin, Polyethylene (LDPE): Riblene MV 10,
Acetal and others. Results show the plastic grade must be carefully adjusted to the
powder used and no material can be identified as being universally appropriate.
Moreover, these materials have varying degrees of transparency, and sometimes a

trade-off must be made between transparency and powder adhesion minimization.

The powder cartridge has inlets to allow air to travel into a powder compartment,
disperse the powder, entrain it into the mouthpiece and out into the patient’s mouth.
However, the compartment rear inlet, located on the distal air admission side of a
powder compartment needs to be very small, so that immediately after filling with

powder and before the cartridge unit is inserted into the inhaler body, the powder does



The powder cartridge has inlets to allow air to travel into a powder

compartment, disperse the powder, entrain it into the mouthpiece and out

into the patient's mouth. However, the compartment rear inlet, located on

the distal air admission side of a powder compartment needs to be very

small, so that immediately after fillingzwith powder and before the

cartridge unit is inserted into the inhaler body, the powder does 7 not flow
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Immediately after filling a powder compartment or compartments with a
COHOetréje }S/,e tRI: compartment front inlet, situated at the proximal end of the powder
compartment needs to be sufficiently wide to allow normal filling and high-speed
filling of the powder. Usually, this compartment front inlet will be of the same diameter
as the powder compartment itself. This means that during filling the powder cartridge is
desirably held in the same orientation, compartment rear inlets pointing down to the

ground, and compartment front inlets pointing up.

Immediately after filling a powder compartment or compartments with a unit dose of
powder, desirably in a factory automated environment, the powder cartridge must be
inserted into the inhaler body, which is preferably built so that the compartment front
and rear inlets are in contact with a continuous, smooth surface on the inhaler body and
the contact is a close tolerance fit with the front wall and the rear wall of the inhaler
body where that contact takes place. In the storage position, when the powder
compartment is offset from the body front and rear inlets air inlets and from the

mouthpiece channel, the powder unit dose is effectively sealed inside its compartment,



powder, desirably in a factory automated environment, the powder

cartridge must be inserted into the inhaler body, which is preferably built

so that the compartment front and rear inlets are in contact with a

continuous, smooth surface on the inhaler body and the contact is a close

tolerance fit with the front wall and the rear wall of the inhaler body where
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powder does not leak out of the powder compartments during storage or
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A R STRAET oo DB e G50 st e der
colasencontahinmy tierbgtvee emitiputitooais nonsoaf tilnetpbwvpewder cartridge with

ompartments and the inhal rﬁ?dy. This is to be preferred, as the conjact, .
pe R Vo L 50 et < el e TR bR et i

cocartkidge, athd thiwsnhabdaradzodyitare ebetwbenclbsecitraiainiine po€vibeispowder

cogﬁtruc ionﬂé) tvvit?la t ca s(ijr\}v%such a.level ffri&tion that Wou{d reﬂuire

CORBRATLLTE S DU e Dowdar CaltritgR Tnts Boattion for IAnalation.

be Mhdneoizey tinel pbusdene caitniaige cantlne ffohstwete dhizoraraideétanddieriahaler

body i SOMALESRIRIE than that ot the, nhalsr hodi 0 tﬁ%‘twtf%ﬁgc"%uhasﬁ MSch a
of the powder compar'flments, WwWhen coming Into co’nlf’act Wit the Narder

levelaiéfintodtherantvalelbodyinilhtresigdoted to ausbntiprgssickifemcaidge into

postﬁig)qlefgrl%slﬁ Eit .and slightly change shape, becoming wider as they are
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Moreover, the powder cartridge can be constructed from a softer material, more
compressible than that of the inhaler body, so that the circular rims of the powder
compartments, when coming into contact with the harder material of the inhaler body
will be subjected to a compression force due to the close fit, and slightly change shape,
becoming wider as they are compressed, thus offering a greater contact surface area and

better protection against powder leakage.

Finally, powder leakage can be further ensured by blocking the powder cartridge inside
the inhaler body, so that even if the inhaler is subjected to strong vibration during
transport, no powder will be lost. This can be achieved in several ways: either shrink-
wrapping the packaging pouch around the inhaler, or inserting the inhaler into a rigid
packaging shell, or using an adhesive tape around the inhaler body and powder
cartridge or using a locking feature moulded into inhaler body and/or the powder

cartridge. The pouch or the adhesive tape methods have the added benefit of being



better protection against powder leakage. Finally, powder leakage can be
further ensured by blocking the powder cartridge inside the inhaler body,
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has been a major goal in inhalation technology.

When a powder compartment is in fluid communication with various inhaler inlets, i.e.
when it is the inhalation position, air and powder are able to mix and flow out of the
inhaler. The function of the body side inlet or inlets is very important here,
supplementing the small amount of whatever air is able to penetrate the powder
compartment through the narrow slits or small holes of the compartment rear inlet.
These body side inlets allow for the inhalation to be comfortable and for the powder/air
ratio to be desirably lean in powder and rich in air, thus maximizing the entrainment

capability of the air.

With the provision of the body side inlet, the user can comfortably generate a pressure
drop of 4 kPa, which is recognized in the pharmacopoeias as a suitable pressure drop
from a user point of view, as this is half of the maximum pressure drop that the
intercostal muscles and the diaphragm can generate. In the case of the nose, the

pressure drop that can be generated is lower (because the resistance to the passage of



supplementing the small amount of whatever air is able to penetrate the
powder compartment through the narrow slits or small holes of the
compartment rear inlet. These body side inlets allow for the inhalation to
be comfortable and for the powder/air ratio to be desirably lean in powder
and rich in air, thus maximizing the ertrainment capability of the air. With
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regulate the flow of air which enters and leaves the inhaler. So, in addition
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duration of 2 seconds will result in an inhalation volume of 1.2 litres of air. Since a
person inhaling through an inhaler uses about 2 litres of air for a complete inhalation (it
can be more), this means that there is still about 0.8 litre of air to chase the powder dose

deep into the lung. For nasal applications, it is desirable to have a shorter delivery

duration.

The size and configuration of the body front inlet also have a regulating effect on
airflow. In their absence, powder delivery out of the compartment front inlet, which is
very wide, would be far too rapid and result in perhaps insufficient dispersion. Thus the
body front inlet acts as further barrier to the path of the powder and is therefore
advantageously provided, as it slows down the delivery and offers a final obstacle to
the particles, assisting in their dispersion. This barrier is preferably provided in the
form of several small perforations right at the entrance of the mouthpiece channel,

though other shapes can be used as well. The powder storage chamber is now fully



can be more), this means that there is still about 0.8 litre of air to chase

the powder dose deep into the lung. For nasal applications, it is desirable

to have a shorter delivery duration. The size and configuration of the body

front inlet also have a regulating effect on airflow. In their absence,
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Ny bl T BB STAEE e AlmBErtE h I . macsiial
consadistoione chinto dedispexksionr achanidieg ioSickecthe sameéobginphnthalits in the
) Whicgpié n Wtfac}intg IhetFp rforated barrieriof the froilt ?o yinlet..l to that of
nhIShAISR AR RS Prfated  on B Gt STl AT PEHbPLEINEl that o
theincllgplalpadnsidetations may determine the moulding of one or two

longitudinal slits in the inhaler body front inlets instead, but with a surface

area identical or similar to that of the multiple perforations. The

Theembinadioom affa restrictad filow «f airaatibaiaidaudississicidsidethé thenpartment

and THeAGS menand ﬁ@eer‘?ﬁ%%cﬁé’é‘%j“tﬁé s &b '?glé?e Inhaler BodY 1ation
inlet, causes the inhalation flow to’'be more pro onée andin-a delivery
flodesirdlelynmer pgriadgad, reduning tld veppwidarytihouibhtfeeffectiahdreducing the

. improvin Imanary deposition. This combination of. small.holes in the.
P et L i i Qli S Soiiion of
smeHahob@r havkebdapaesaribkanhd? Tadd Iad 581anchsak inleorgovateccheraifi the

disggfm%}leég% e}’Y{EQé'HéeangJé’sd i RPIIG) Y49 SQmRArtment. s a0 herein by
icient dispersion chamber. Particles may become further disperse
refel@wrethe mouthpiece inhalation channel, but the highly turbulent and
gradual dispersion of the powder is actually observable inside
With this aerodynamic profile, the compartment is an efficient dispersion chamber.
Particles may become further dispersed down the mouthpiece inhalation channel, but
the highly turbulent and gradual dispersion of the powder is actually observable inside
the compartment, when this is manufactured of a transparent material. A storage
chamber which becomes a dispersion chamber, the dispersion chamber being defined

by elements situated on different mechanical components which are combined at the

time of inhalation, is a further inventive feature of the present invention.

The holes that admit air into the inhaler body from the atmosphere, such as the body
rear inlet and body side inlet should preferably be protected against inadvertent
blocking, as could easily happen if covered with the patient’s finger. We prefer to
construct these holes with means to prevent such blockage. For instance, the perimeter
of the holes can have crenellations, so that even if covered by a finger, air will be able
to flow through the gaps. Other constructions are possible, such as features in the
inhaler components which result in air gaps that are narrower than a finger but longer

than one fingerprint, so that blocking of air is impossible. Means to prevent the



the compartment, when this is manufactured of a transparent material. A

storage chamber which becomes a dispersion chamber, the dispersion
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embodiment, the powder cartridge is a tray which is inserted sideways into
the inhaler body and is pushed transversally, so that a powder

In gdmypanimehtieecahegsowder cartridge is a tray which is inserted sideways into the

inhaler body and is pushed transversally, so that a powder compartment becomes
aligned with the mouthpiece channel and inhalation may take place (the Tray model). If
the powder cartridge includes a second powder compartment, the patient continues to
advance the cartridge in the same direction until the second compartment is also
aligned for inhalation to take place. The direction of the movement of the cartridge can
be perpendicular to the longitudinal axis of the inhaler body and of the mouthpiece
channel, but it could be at another angle, different from a right angle, provided the
longitudinal axis of the powder compartment in movement is substantially parallel to

that of the mouthpiece channel.

In another embodiment which is a variation of the first, the powder cartridge is
composed of not one, but two separate trays, each tray containing one powder
compartment (the Split Tray model). Here, one cartridge can be pushed from one side
towards the central inhalation position where it can be inhaled, and then the second

cartridge can be pushed from the other side, in a contrary direction, displacing the first
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cartridge is substantially perpendlcular to the longitudinal axis of the inhaler body and

mouthpiece channel.

In a fifth embodiment of the present invention, the powder cartridge is a disk which
comprises one, two or more powder compartments radially extending from the centre
of the disk and in this case a powder compartment is brought into alignment with the
mouthpiece channel by turning the disk-shaped powder cartridge (the Disk model). In
this case the plane of rotation of the powder cartridge is substantially parallel to the

longitudinal axis of the inhaler body and mouthpiece channel.

In all embodiments, in the initial storage position, the powder unit dose is contained in
each of the compartment or compartments and in this position the powder is sealed by
the contact with the inhaler body walls. When a cartridge is moved and a powder
compartment is in the inhalation position, all inlets of the several embodiments are in
fluid communication and the suction applied to the mouthpiece causes the powder to

become aerosolized and to become entrained into the mouth or nose. In the case of a
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Split Tray model requires at least three components. Inhalers using two components
only where a factory metered dose powder is included and held in place without
leaking by the disposition of the two components, which can be altered at the time of
inhalation to allow fluid communication and inhalation to take place, while still
preventing unwanted powder leaking, is a further inventive feature of the present
invention.

All five embodiments are easy to use, as a single movement of a powder cartridge is
sufficient to bring a powder compartment in alignment with the mouthpiece channel
and this is an important advantage for the inhalers of this invention. Achieving

operation with a single movement of inhaler parts when it consist of at least two

components is an inventive feature of the present application.

All of these five embodiments comprise the inventive features detailed in the present
application and the person skilled in the art will be able to apply the same teachings to
other inhalers so these descriptions in no way limit the invention to the embodiments

described.



Tray, Shuttle, Cylinder and Disk models require at least two components,
while the Split Tray model requires at least three components. Inhalers
using two components only where a factory metered dose powder is
included and held in place without leaking by the disposition of the two
components, which can be altered at she time of inhalation to allow fluid
communication and inhalation to take place, while still preventing
unwanted powder leaking, is a further inventive feature of the present

invention. All five embodiments gre easy to use, as a.single moyement of
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invention to the embodiments described. 15 In order that the invention
may be well understood, there will now be described some embodiments
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accompanying drawings, in which: Figures 1 and 2 are longitudinal
sections of a first embodiment of the invention in the form of a Tray
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Tra el: Figures 4 and 5 are front and rear elevations, respectively, of
usea(li f)%\t/gézﬂr%r rfgt%’g as used in the Tray model; Figures 6, 7 and 8 are

plans views of the Tray model in operation; Figures 9, 10 and 11 are

Fig SR G ROl RSO IS, PIADG 2P Ih LY G noperation;

Figures 9, 10 and 11 are perspectives of section views of the Split Tray model in

operation;

Figures 12 is a longitudinal section of a third embodiment of the invention in the form

of a Shuttle model;

Figure 13 is a transversal section of the Shuttle model;

Figures 14 and 15 are front and rear elevations, respectively, of the Shuttle model;
Figures 16, 17 and 18 are plan views of the Shuttle model in operation;

Figures 19 and 20 are perspective views of an inhaler body and a powder cartridge

respectively, according to a further embodiment known as a Cylinder model;

Figure 21 is a longitudinal section of a still further embodiment of the invention

referred to as a Disk model;



Figures 12 is a longitudinal section of a third embodiment of the invention
in the form of a Shuttle model; Figure 13 is a transversal section of the
Shuttle model; Figures 14 and 15 are front and rear elevations,
respectively, of the Shuttle model; Figures 16, 17 and 18 are plan views
of the Shuttle model in operation; Figéres 19 and 20 are perspective views
of an inhaler body and a powder cartridge respectively, according to a
further embodiment known as a Cylinder model; Figure 21 is a longitudinal
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sequentially after the word "Fig.", like numerals indicate like parts, and
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As all the other illustrated embodiments are in many ways similar in construction and
operation to the first embodiment, for the sake of clarity not all features are repeated in
the drawings, and the expert will have no difficulty in determining where they are

required.

As shown in Figure 1, the inhaler body 100 has a rail 104 which guides and holds in
place a powder cartridge 110, shown in more detail in Figure 3, in the manner shown in
Figure 2. As can be seen from Figures 2 and 3, the powder cartridge 110 has a rail
guide 124 formed on its back surface which is of complementary size and shape to the
rail 104, the interface between the rail and guide restricting the cartridge to a transverse

sliding movement across the body opening 102.

As shown in Figure 3, the powder cartridge 110, used in a Tray model, includes two
identical powder compartments 121. The compartments 121 are shown only partially
filled with powder 122, but they can be filled to full capacity if required, depending

upon the characteristics of the powder. Powders with poor flow properties will require



guide 124 formed on its back surface which is of complementary size and

shape to the rail 104, the interface between the rail and guide restricting

the cartridge to a transverse sliding movement across the body opening

102. As shown in Figure 3, the powder cartridge 110, used in a Tray

model, includes two identical powdercompartments 121. The

compartments 121 are shown only partially filled with powder 122, but
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powder cartridge 110. The front elevation in Figure 4 (from section AA in
figure 3) displays a front inlet 120 of a compartment, which will adjoin
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contained therein, each compartment rear inlet 123 being shaped as a very narrow slit,
to prevent powder from leaking during powder filling. The rail guide 124 is
characteristic of the powder cartridge 110 used in a Tray model, and is absent in the
powder compartment of Shuttle or Split Tray model embodiments described
hereinafter, where the walls of the powder cartridge 110 can be smooth. A detent is
provided on one of the walls of the powder cartridge 110 and on the adjoining area of
one of the walls of the opening 102 (neither shown) in the Tray model, giving an
audible or tactile sign to the user of the inhaler at the precise positions of inhalation.
Moreover, models Shuttle, Split-Tray, Cylinder and Disk can be provided with means

to prevent the user from overshooting the inhalation position.

Figure 23 is a detailed section view of a powder cartridge 110 which can be used in the
Tray model, but in all other embodiments as well. The walls of compartment rear inlet

123 are parallel at first, but then begin to taper out, to form a funnel 150, the objective



powder compartment of Shuttle or Split Tray model embodiments

described hereinafter, where the walls of the powder cartridge 110 can be

smooth. A detent is provided on one of the walls of the powder cartridge

110 and on the adjoining area of one of the walls of the opening 102

(neither shown) in the Tray model, gidng an audible or tactile sign to the

user of the inhaler at the precise positions of inhalation. Moreover,
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compartment rear inlet 123 are parallel at first, but then begin to taper

out, to form a funnel 150, the objective 18 of which is to promote the
Retuitlgingeat toeRaweke6,12 2mby ehithe ifusinal i 50 alrie abdel ihalpewdidferent

122 to enter the funnel and.to plug it,.In both cases th ob#' 8tive.is to
oPGAAAL A0 REHNE VY JBweel BuPor KBRS PRdRS T b i 16 storage
pofRederni nexttonpigtunestdranandds, 2@ ke isshpowdbecbrayanodet 121 offset

three different operatiopal configurations..In Figure 6, the ppwder
rrogh TR 10 I TEG LSS0 bR Mo A AR i smooth
wall( @8 aadh pPwilembatapbotinel®0l 21 thfsdic fpomdérel2@dy thrkinldhdidb the

and of the mouthpiece 103 and closed off by t ooth walls 108 and
co R BT Hhch 06 Lo DAt OHe Sotaer s DN ReLah Averfeg om the
stocgrapadinenti@dn lim Higune 6, the fiowadse gaditidged ithivhsdneert the powder

advanced frgm.the stqrage,position shown in Figure a first use . .
co BB whtth dhe SHTE o Tl ERess AR bt nuic
comoutigiece 108cesthblighirag fiied 166mnduricgtivmisetvi@éncbablynearhalation

of | (Iaetoly‘(]) eangln gme%at%rgé:l%f%%{ eqabllng inhalation of the powder

cortained therain to ace. Contiriued advancement of the cartridge
110 from the first use position shown in Figure 7 brings the cartridge onto
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rougnht into alignment with mo piece (]. SO as 1o a% e Innalation o
7 thengowbier contdgredihereintodadkeystageosition in which the other powder
compartment 121 is brought into alignment with mouthpiece 103, so as to enable

inhalation of the powder contained therein to take place.

Referring next to Figures 9, 10 and 11, these show a perspective of a longitudinal
section of the inhaler body in operation, according to a second embodiment of the
invention hereinafter referred to as a Split Tray model. As with the first embodiment,
the Split Tray model has an inhaler body 200, a mouthpiece 203 which extends to body
front inlet 205 and which is in communication with body side inlets 230 and 231. For
clarity purposes, the body side inlets have been drawn farther from body front inlet 205
than is desirable. A rear body inlet 206 is again provided at the bottom of the inhaler
body 200, aligned with the longitudinal axis of the mouthpiece 203 and body front inlet
205.

The Split Tray model, unlike the other embodiments, has two powder cartridges 210a,

210b, which are separately formed from each other, each including just a single



Referring next to Figures 9, 10 and 11, these show a perspective of a
longitudinal section of the inhaler body in operation, according to a
second embodiment of the invention hereinafter referred to as a Split
Tray model. As with the first embodiment, the Split Tray model has an
inhaler body 200, a mouthpiece 203 which extends to body front inlet 205
and which is in communication with body side inlets 230 and 231. For
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the other cartridge in turn in alignment with the mouthpiece 203.
Inhalation of the powder in the other cartridge can then take place.
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Sheﬁmﬂammd@ntasm’etﬁhhetlprﬂvwsl aabahrrngdethe Shuttle model has an inhaler
body 300, a mouthpiece 303 which extends to body front inlet 305, body side inlets
330, 331, a front wall 308 and a rear wall 309. A body rear inlet 306 is again provided a
the bottom of the inhaler body 300, aligned with the longitudinal axis of the

mouthpiece 303.

Figure 13 is a transversal section of the Shuttle (or Split Tray) model, which shows
more clearly the opening 302 which is designed to hold a powder cartridge. Figure 14
is a front elevation of the inhaler body 300 (200) used in a Shuttle (or Split Tray)
model, showing a mouthpiece 303, and inside it, a view of the body front inlet 305
which admits air and powder to the mouthpiece 303. Figure 15 is a rear elevation of
the inhaler body 300 (200), used in the same models, showing here a single body rear
inlet 306 to admit air to a powder compartment. As can be seen from these views, the
Shuttle model does no include a rail on the body or a rail guide on the cartridge in

difference to the first embodiment.



body 300, a mouthpiece 303 which extends to body front inlet 305, body

side inlets 330, 331, a front wall 308 and a rear wall 309. A body rear inlet

306 is again provided a the bottom of the inhaler body 300, aligned with

the longitudinal axis of the mouthpiece 303. Figure 13 is a transversal
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case of the Shuttle model the user does not have to take particular care at
stopping a powder compartment 321 at a precise inhalation position, and
A fniyneabsdorposhstiigown in Figures 19 and 20. Figure 19 is a perspective view

of a rotary actuated inhaler body which operates in conjunction with a cylinder powder
cartridge 410, which will hereinafter be referred to as the Cylinder model. The
difference in relation to the previous embodiments is that the powder cartridge 410 is
provided with an opening 441 by means of which it is journal mounted on an inhaler
body axle 440 which extends perpendicularly to the longitudinal axis of the mouthpiece
so as to enable the cartridge 410 to be rotated relative to the inhaler body 400 in order
to bring the powder compartments 420 into inhalation alignment with the mouthpiece
403. The spindle 440 is hollow and is provided with an inlet (not shown), so that as in
all other models, air can flow through each powder compartment 421 and into the
mouthpiece 403. The passage of air through the inhaler is established in substantially
the same way as with the Tray, Shuttle and Split Tray models, aligning the
compartment front inlet 420 with the mouthpiece channel 403 so as to allow an air
flow path through each compartment 421, and the user turns the powder cartridge 410

first to one side, as far as it will go, to bring one of the compartments into alignment



powder cartridge 310 as far as it will go for proper alignment to be

achieved. A fourth embodiment is shown in Figures 19 and 20. Figure 19

is a perspective view of a rotary actuated inhaler body which operates in

conjunction with a cylinder powder cartridge 410, which will hereinafter be

referred to as the Cylinder model. Tig difference in relation to the

previous embodiments is that the powder cartridge 410 is provided with
widhnlepeoingpidd dpmedrstefisyhichdids jopenadhanactide dnohasppbiadedirection

bod le 443 Wa?iCh extends perpendicularly to the longitudinal axis of the
to W?b/‘ﬁl‘fh?gf’e%w SR g;‘?asﬁféoﬂ%ecgg}lfﬁﬂgée 210 to be rotated relative to the
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. inhalation alignment with the mouthpiece 403. The spindle 440 is hollow.
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cartridge 510 according to a fifth embodiment of the invention, hereinafter
referred to as the Disk model and fig 22 shows a corresponding
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Figure 23 shows a detail of a powder compartment 121, which can be incorporated into
the cartridge 110 of all the above described embodiments. The compartment rear inlet
123 takes the shape of a funnel 150 which helps to promote the bridging of the powder
122 and reduce the probability of leakage during filling.

An inhaler embodiment of the present invention has been tested to determine its
aerodynamic profile as well as its powder dose delivery characteristics compared to
another marketed dry-powder inhaler, FlowCaps® (Hovione SA, Lisbon, Portugal).

The procedure to measure the pressure drop across the inhaler at a given airflow is
described in the European Pharmacopoeia. A Shuttle model prototype was used for this
test and the pressure drop across the device was found to be identical to that of

FlowCaps, 4.0 kPa when a flow of 35 L/min” was applied.



the user rotating the powder cartridge 410; 510 in one direction and then
the other, to bring each powder compartment 410; 510 in alignment with
mouthpiece 403; 503. In storage, the powder compartment 421; 521 is
prevented from spilling by a close contact with the smooth front and rear
walls, of which can be seen rear walp209 in Figure 19 and front wall 509
in Figure 22. Figure 23 shows a detail of a powder compartment 121,
which can be incorporated into the cartridge 110 of aII the above

descrlbed embodlm ts. The comparfme trea 3 takes the Q
AT AN REIHE SR BTUNY &8 SERape L D3pocion

anamhbreduamﬂmlpﬁfhamlytwﬁfﬁe%aga@snﬁgléllhngvé\mgtbaiaﬁtewd@oﬁtm@msly
.of the %resent |nvent|on ha beenégﬁt\;d to d termlne its a(??h g r‘g

IS S W LSS g J&éé%l eP%ﬁ% fraleehisies & fe more

thaan@mﬁerdm&rkqiadidas-rbﬂw%dmhatar dﬁl@l/l&ﬁahs(lr)s(lplﬁw@ser&ésdaﬁbbp, laser
ortuga to measure the ess ro sst

it S Ot B SRS E S e PR RS ot 75

mg&isﬁjﬂieg;]mddjomgotyp?mgagamfi fngeﬂdi,s\wﬂeatahd mﬁqweassumﬂr%@ilé up by
cross the device was fo to be ident 0

R Y S S e e VR S b R 8 ana

thmmamdm\as‘tﬁeef’fhmmlatdﬂ)tb fieteddMN€é (Hieldiaderbioreadnd tieose, other
entrain %nfla fflchce{1 of.both deV|c s. The acilve mll%redlen} wa%ﬁozwo

Chow?:sro%(?zed using a co%\}lgﬁ%nﬁ jet- mlTFa aa 68??0 %Ill?étg W(Sé(r)tre ac égl or

dewlaaremdmehﬂdgn 60% ofdindipatioele svhadh aaciakmeten stoadber dtheemGgaous in
m red k% Iasci:r diffraction (Malvern, UK). The active drug was
po%r?nuﬁla?e A batches cﬂ‘nf 5 and 7.5 mg of drug per 25 mg of drug
powder blend, where the difference was made up by addlng lactose. Two

o O R S AT o o
baﬁa‘chmapg@henychmmmlﬂntﬁmbelew@mb&é 13@0chﬂaum mpdtds:e, size 4,
SR I AP0 A SO D
the Shuttle prototype. The 1nha1ers were then tested at a flow rate of 35 L/mm on an
Andersen cascade impactor (Graseby Andersen, Smyrna, GA), actuated twice to allow
a volume of 2 x 2 litres of air to pass through the device, and the mass of active drug
deposited at each stage of the cascade impactor was quantified using high pressure
liquid chromatography. From these data, the emitted dose and the fine particle dose
were calculated, where the emitted dose was the sum of all drug masses collected from
each of the impactor stages, including the inductor throat, and the fine particle dose was
the mass of drug collected below the 5 pm cutoff point. The ratio of the fine particle
dose to the emitted dose is the fine particle fraction and is a measure of inhaler

efficiency. The higher the fine particle dose, the higher the lung dose is expected to be.

The results are summarized in the following table:



After blending of the blend components to produce an ordered mix and
determining the batch homogeneity, the formulated powder was filled into
cellulose capsules, size 4, (Shionogi, Japan) for use with FlowCaps, and
into powder compartments, for use with the Shuttle prototype. The
inhalers were then tested at a flow rate of 35 L/min 1 on an Andersen
cascade impactor (Graseby Andersen, Smyrna, GA), actuated twice to
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5 fallowing tabley BregariifiadassE R fowcaps shuttle! Bhf&d dose ERY8. 712

mé 0.63 mg Hipgyparticle,sese-FPD G:£8i589/0.34 mgong Hine parigia v,
fraction 38.9% 54.3%43[)n /FPD) Emitted dose ED 3.64 mg 3|18 mg Fine
particle dose FPEP(I8PMhg 1.92 mg 5 mg Fine particle fraction 50.6%

— 00.27% (ED/IFRR] EMIEN oSS ED 22247 Mg 9.27 RTINS PaTicie QOB o
FPD 2.30 mg 2.38 mg ' '

o Fine particle dose FPD 2.30 mg 2.38 mg
.5 mg
Fine particle fraction 54.2% 43.8%
(ED/FPD)

The data indicate that both inhalers have a comparable performance in terms of fine
particle dose, correlating well with the particle size of the micronized active drug, and
demonstrate that inhalers of the present invention are suitable for the delivery of large
doses of pharmaceutical active ingredients, pre-metered directly into the inhaler,
without a primary container such as a capsule or a blister. This results in an inhaler

which is more economical and simpler to use, without sacrificing performance.

The person skilled in the art will recognize in this performance an ability of the present
inhaler to deliver other types of drugs, namely beta2-agonists, anti-cholinergics,
corticosteroids, analgesics, antibiotics, vaccins, proteins, peptides and insulin and other

drugs deliverable by inhalation.



7. 5 mg Fine particle fraction 54.2% 43.8% (ED/FPD) The data indicate
that both inhalers have a comparable performance in terms of fine
particle dose, correlating well with the particle size of the micronized
active drug, and demonstrate that inhalers of the present invention are
suitable for the delivery of large dosgs of pharmaceutical active
ingredients, pre-metered directly into the inhaler, without a primary
Clsmmainer such as a capsule or a blister. This results in an inhaler which is
more economical and simpler to use, without sacrificing performance. The
person skilled in the art will recognize in this performance an ability of the
1. presandrynsieetontielresuaties fypeslafuiutgrnanelcheta?-egapisimg:
anti-cholinergics, corticosteroids, analgesics, antibiotics, vaccins,
proteins, peptides and insulin and other drugs deliverable by inhalation.
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body and the cartridge being of unitary construction such that the inhaler is formed of
only two separate parts which are moveable relative to each other; and the cartridge
being a close tolerance fit in the opening in the body such that in the first relative
position of the cartridge, the front inlet is closed by the body so as to prevent the
contents escaping therefrom; the inhaler body further includes a body rear inlet
extending therethrough to the opening in the inhaler body and the or each powder
compartment further includes a compartment rear inlet, wherein, in the first position of
the cartridge relative to the body, the compartment rear inlet is closed by the body so
as, in use, to prevent the contents of the compartment from escaping therefrom, and in
the second position of the cartridge relative to the body, the compartment rear inlet
aligns with the body rear inlet so as to create an air flow path through the compartment
to the mouthpiece, such that the compartment forms a dispersion chamber for

delivering the contents of the compartment to the mouthpiece.

2. A dry powder inhaler according to claim 1, wherein the compartment rear inlet

of the or each powder compartment is sized so as substantially to prevent the powder



being a close tolerance fit in the opening in the body such that in the first
relative position of the cartridge, the front inlet is closed by the body so as
to prevent the contents escaping therefrom; the inhaler body further
includes a body rear inlet extending therethrough to the opening in the
inhaler body and the or each powdepsompartment further includes a
compartment rear inlet, wherein, in the first position of the cartridge
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compartment front and rear inlets of the at least one powder compartment are offset
from the body front and rear inlets, the inhaler body substantially sealingly engages the
front and rear compartment inlets so as to prevent powder leaking from said

compartment.

7. A dry powder inhaler according to any of the preceding claims, wherein a body
front inlet is provided at the distal end of the mouthpiece (or nosepiece), which body
front inlet in combination with a powder compartment defines a powder dispersion area
and reduces the flow of air leaving said powder compartment and entering said

mouthpiece.

8. A dry powder inhaler according to any of the preceding claims, wherein the
opening in the inhaler body extends transversally of the inhaler body and the cartridge

is slidably moveable along the opening transverse to the inhaler body , the longitudinal



from the body front and rear inlets, the inhaler body substantially sealingly

engages the front and rear compartment inlets so as to prevent powder

leaking from said compartment. 7. A dry powder inhaler according to any

of the preceding claims, wherein a body front inlet is provided at the distal

end of the mouthpiece (or nosepiece)6 which body front inlet in

combination with a powder compartment defines a powder dispersion
axigrethanet redt cesipa- s tafaild eading & aid privdetheompatiidiant atid of the

entering said mouthpiece. 8. A dry powder inhaler according to any of the
moﬁ%@@&%g claims, wherein the opening in the inhaler body extends

transversally of the inhaler body and the cartridge is slidably moveable
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12. A dry powder inhaler according to any of the preceding claims, wherein, in use,
the cartridge is advanced to bring a compartment front inlet into alignment with the

body front inlet with a single movement of the cartridge.

13. A dry powder inhaler according to any of the preceding claims, wherein the
cartridge includes at least two powder compartments which are isolated from each

other.

14. A dry powder inhaler according to claim 13, wherein it further includes
blocking means operable to prevent movement of the cartridge in a first direction
beyond the precise point where the first compartment front inlet is in alignment with
the body front inlet, and similar blocking operable to prevent movement of said
cartridge in a direction contrary to the first direction beyond the precise point where the

second compartment front inlet is in alignment with said body front inlet.

15. A dry powder inhaler according to any of the preceding claims, wherein it
includes just a single cartridge, where each of the inhaler body and said cartridge are

formed as a unitary part, such that the inhaler is composed of just two parts.



14. A dry powder inhaler according to claim 13, wherein it further includes
blocking means operable to prevent movement of the cartridge in a first
direction beyond the precise point where the first compartment front inlet
is in alignment with the body front inlet, and similar blocking operable to
prevent movement of said cartridgean a direction contrary to the first
direction beyond the precise point where the second compartment front
inletisin alignment with said body front inlet. 15. A dry powder inhaler
¢ acco to a edln Ialm wh re n it nclu es just a single
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16. A dry powder inhaler substantially as hereinbefore described with
reference to any one or more of the examples and/or the accompanying
drawings.



