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INHALATOR

Field of the Tnvention

The present invention relates to inhalators for the inhalation of solid medicaments in powder

form, particularly medicament powders provided in capsules for use with the inhalator.

Backeround of the Invention

WO0-A-94/28938, the disclosure of which is incorporated herein by reference, describes a
powder inhaler (inhalator) for the inhalation of powdered drug preparations from capsules
which contain the powdered preparations. The inhalator comprises an assembly of a capsule
holder comprising a capsule chamber for receiving a capsule containing the powdered
preparation, the capsule chamber having an air inlet opening and an air outlet opening, a
capsule opening device associated with the capsule chamber for opening a capsule within the
chamber, and a finger-operable actuaior for the capsule opening device. In the prior art
inhalator, the capsule opening device comprises pins which can be reciprocally moved into
and out of the chamber to pierce the capsule. The inhalator further comprises a mouthpiece
which is arranged downstream from the air outlet opening. After the capsule has been
received in the chamber and opened using the capsule opening device, the user sucks air
through the capsule chamber, entraining the powder from the capsule in the airflow out of the
chamber, through the mouthpiece and thence into the user’s lungs. The spent capsule is

discarded after use.

Figure 1 of the accompanying drawings reproduces Figure 6 of the prior art, and illustrates an
exploded view of such an inhalator in which an assembly of the capsule bolder, the capsule
opening device and the actuator for the capsule opening device (1, 8, 9, 10) is directly hinged
to the mouthpiece (12, 13). The mouthpiece is thereby pivotable towards and away from the

air outlet of the capsule chamber for charging and cleaning out the chamber.

The hinge means 1s a pin hinge system which serves as a common hinge pin (direct mutual
kinging) for the assembly and the mouthpiece and serves also to hinge together the two halves
of a hinged rigid outer shell comprising a lower shell part (6} and an upper shell part (15).
The lower shell part serves to house and protect the assembly of the capsule holder, the
capsule opening device and the finger-operable actuator for the capsule opening device, and

the upper shell part serves to cover the mouthpiece when the inhalator is not in use.
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The assembly of the capsule chamber, the capsule opening device and the finger-operahle
actuator for the capsule opening device can be pivoted away from the lower shell part (6), and
for this purpese the rim of the lower shell part is cut away at A so that a finger button (10) of
the finger-operable actuator for the capsule opening device protrudes through the lower shell

part yet can still be pivoted up and away from the shell part.

This construction is complex and contains many mechanical parts. Dismantling or partially
dismantling the prior art inhalators, for example for cleaning, is generally difficult or
impossible for the average user. Cleaning around the hinge is especially difficult. Moreover,

breakage of the hinge makes the whole device unusable.

It would be desirable to simplify the construction of such inhalators, and in particular to

provide an inhalator that can more easily be cleaned.

Furthermore, it is inconvenient for a user to personalize their inhalator as the whole inhalator
must be discarded after ifs useful life. It would be desirable to have an inhalator where an

external part could be reused.
An inhalator having a rcusable part would also enable treatment regimen recorders,
prompters, calculators or other assisting devices, for example electronic devices, to be
associated with the inkalator,

The present invention as described below provides an alternative and/or improved inhalator.

Brief Descrintion of the Invention

In 2 first aspect of the present invention there is provided an inhalator for the inhalation of
powdered drug preparations from capsules which contain the powdered preparations, the

inhalator comprising:

{a) an assembly comprising:
a capsule holder comprising a capsule chamber for receiving a capsule
containing the powdered preparation, the capsule chamber having an air inlet
opening and an air outiet opening;

a capsule opening device associated with the capsule chamber for opening a
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capsule within the chamber;

a {inger-operable actuator for the capsule opening device; and
() a mouthpiece or nosepiece;

whereby the user can suck air through the air iniet opening, into the capsule chamber to
entrain powder from the opened capsule, and then out of the chamber through the air outlet

opening and the mouthpiece or noscpicce, and thence into the user’s lungs;

wherein the assembly (&) and the mouthpiece or nosepiece (b) are mutually hinged so that the
mouthpiece or nosepicce can pivot between an open condition in which the mouthpiece or
nosepiece is spaced apart from the air outlet opening of the capsule chamber for loading the
capsule into the capsule chamber and a closed condition in which the mouthpiece or
nosepiece is disposed in airflow communication with the air outlet opening of the capsule

chamber for use;
and wherein the inhalator further comprises:

{c) a rigid outer shell comprising a lower shell part hinged to an upper shell part
so that the shell is openable and ciosable;

characterized in that

the assembly (a) and the mouthpiece or noscpiece (b) define & first hinged unit and the outer
shell (c) defines a second hinged unit, the first hinged unit being disposed within the second
hinged unit for use such that the first hinged unit can be removed as such from the second

hinged unit as such.

The arrangement is particularly characterized in that the hinges of the two units are separate
from one another. In particular, the hinge of the first umit is separate and operates
independently of the hinge of the second unit, The first uni{ can be removed from the second

unit without affecting the construction or operation of either hinge.

1t is preferred that, when the first hinged unit is received in the second hinged unit, the
assembly (2) portion of the first hinged unit is received substantially completely within the
lower shell part of the cuter shell. In this way the upper shell part can serve as a cover for the
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mouthpiece or nosepiece (b) when the inhalator is not in use.

It is also preferred that the inhalator has a single capsule chamber, preferably generally
centrally disposed on a central longitudinal axds of the inhalator. This single chamber must

be emptied and reloaded with a capsule between each use.

In particular, it is preferred that the inhalator does not comprise a revolver-type magazine of
the type described in WO-A-81/02558, wherein two or more — for example 6 ~ chambers can
be loaded with up to that number of capsules in advance and each one aligned with the
capsule opening device Tor each successive inhalation procedure up to the maximum of the

number of capsules in the inbalator.

The capsule is prefersbly a conventional pharmaceutical capsuie contalning powdered
medicament. Capsules of any suitable physiclogically acceptable capsule material may be
used, for example capsules derived from animal proteins {e.g. gelatine] or plant
polysaccharides (e.g. gums, starch and cellulose). Suitable capsules include those formed
from gelatin, hydroxypropylmethyl celiulose or hydroxypropy!l celluiose. The expression
“capsule” used herein shall be understood broadly, to refer to all ciosed containers holding the
powdered medicament or drug preparation to be inhated, and openable for sad inhaiation

using the inhalator of the present invention.

The parts of the rigid outer shell of the inhatator are holiow and each has a clrcumferential
rim defining an open mouth of the part. It is preferred that the outer shell of the inhalator is
arranged so that the contours of the tim of one shell part match the contours of the fim of the
other completely or at least substantially circumferentially around the rims when the shell is
in the closed condition. The expression “match the comtours™ used herein in relation to the
rms of the outer shell parts means particularly that the rims in the closed condition of the
shell are eather touching or are within ebout 10mm, for example within about Smm, of each
other over all of the circumfersnial portion of the rims not occupied by the hinge between the
shell parts. In ons embodiment, the rima of each shell part matches the rim of the other shell

completely and one is not cuf away, e.g. in the manner of the prior art discussed ahove.

In the first aspect of the invention, therefore, the lower shell part of the outer shell is
tapered inwerdly in the downward direction away from 2 top opening defined by its rim, the
assembly (a) of the first hinged unit comespondingly tepers inwardly in the downward

direction so that it can be received in the Jower shell part, and the finger-operable actuator for
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the capsule opening device protrudes through an opening in the lower shell part below the rim

of the lower sheli part, whereby the rim of the lower shell part is complete. The first hinged unit may be

removed from the lower shell part by passing up and through the top opening
defined by the rim of the lower shell part.

This arrangement bas the technical advantage that the two shell parts are more rigid and
robust than the arrangement of the prior art, in which the rim of the lower shell part was cut

away.

in 2 second aspect of the present invention there is provided an inhalator for the inhalation of
powdered drug preparations from capsoles which contain the powdered preparations, the

izhalator comprising:

{a) an assembly comprising:
a capsule holder comprising & capsule chamber for receiving a capsule
containing the powdered preparation, the capsule chamber having an alr inlet
opening and an air outlel opening;
a capsule operning device associated with the capsule chamber for opening a
capsule within the chamber;

& Dinger-operable actuator for the capsule opening device, and
(b} & mouthpiece or nosepiecs;

whereby the user can suck air through the air inlet opening, into the capsule chamber to
entrain powder fom the opened capsuie, and then out of the chamber throngh the air cutlet

opening and the mouthpiece or nosepiecs, and thence into the user’s lungs;

wherein the assembly (a) and the mouthpiece or nosepizce (b) are mutuaily hinged so that the
meathpiece or nosspiece can pivol between an open condition in which the mouthpiece or
rasepiece is spaced apart from the air outlet opening of the capsule chamber for loading the
capsule into the capsule chamber and 2 closed condition in which the mouthpiece or
nosspiace is disposed in airflow commumnication with the air outiet opening of the capsule

chamber for uss;

and wherein the mhalator further comprises:
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{c) & rigid outer shell comprising a lower shell part hinged to an upper shell part

50 that the shell is opensbie and closable;

characterized in that

the assembly (&) and the mouthpiece or nosepisce (b) are disposed within the outer shell, each
of the uppar and lower shell parts has 2 circumferential rim defining 2 mouth of the part and
the contonrs of the rim of each shell part mateh the coniocurs of the rim of the other

substantially completely around the rims when the shell is in the closed condition.

The expression “match the contours” used in relation to the second aspect of the present
invantion 1s to be understood in the same sense as defined above in relation to the first aspect

of the present invention.

Further, in the second aspect of the present invention, the lower shell part

of the outer shell 15 tapered inwardly in the downward direction away from a top opening
defined by itz rim, the assembly {2} (e.r. the assembly (a) of the first hinged umit)
correspondingty tapers inwardly in the downward direction so that it can be received in the
Jower shell part, and the fmger-operable actuator for the capsule opening device protrudes
through an opening in the lowsr shell part below the rim of the lower shell part, wherehy the
rim of the lower shell part is complete. The assembly (a) (e.g. the first hinged unit) may be
removed from the lower shell part by passing up and through the top opening defined by the

it of the lower shell part.

This arrangement has the technical advantape that the two shell parts are more fgid and
robust than the arrangement of the prior art, in which the rim of the lower shall part was cut

away.

It is preferred that the assembly (2) and the mouthpizce or nosepiece () define a first hinged
unit and the outer shell (o) defines a second hinged unit, the first hinged unit being received in
the second hinged urit for use such that the first hinged wnit can be removed as such from the
second hinged upit as such. The amangement is particularly characterized in that the hinges
of fhe two units are separate from one ancther. In particular, the hinge of the frst unit is
separate and operaies independently of the hinge of the second unit. The first umit can be

removed from the second urdi without affecting the consiruction or operation of sither hings.



10

15

20

25

30

35

WO 2012/076479 PCT/EP2011/671775
7

It is preferred that, when the first hinged unit is received in the second hinged unit, the
assembly (a) portion of the first hinged unit is received substantially completely within the
lower shell part of the outer shell. In this way the upper shell part can serve as a cover for the

mouthpiece or nosepiece (b} when the inhalator is not in use.

The invention provides the further fechnical advantage that means can be provided for
releasably securing the upper shell part to the mouthpiece or nosepiece (b), whereby both
hinged units can be manuvally opened simultaneously in one manual action. This has the
effect that the upper sheli part and the mouthpiece or noscpicce housed within it can be
hinged as a unit away from the lower shell part and the asserably (a) housed within it. This
enables the capsule chamber to be exposed for loading a capsule into the chamber or for
cmpiying or cleaning the chamber, without the user needing to touch the mouthpiece or
nosepiece, The upper shell part and the mouthpiece or nosepiece can then be closed as a unit
onto the lower shell part and the assembly (&) housed within it. After manually releasing the
securement between the upper shell part and the mouthpicce or nosepicce, the upper shell part
can then be opened on its hinge again, but this time independently of the mouthpiece or
nosepiece which sfays in position adjacent the assembly {a). Iu this open condition the

inhalator, containing a capsule in the capsule chamber, is now ready for use.

It is also preferred that the inhalator of the second aspect of the present invention has a single
ceapsule chamber, preferably generally centrally disposed on a central longitudinal axis of the
inkalator. This single chamber must be emptied and reloaded with a capsule between each

use.

In particular, it is preferred that the inhalator of the second aspect of the present invention
does not comprise a revolvertype magazine of the type described in WO-A-91/02558,
wherein two or more — for example 6 — chambers can be loaded with up to that number of
capsules . advance and each one aligned with the cuiting device for each successive

inhalation procedure up 10 the maximum of the number of capsules in the inhalator.

We have further found thai the mannfacture of inhalators can be significantly simplified if the
assembly () is retained in the lower shell part and is not moveable in normal use with respect
to the lower shell part. This has the advantage, for exampie, that the hinging between the
mouthpiece or nosepiece (b) and the assembly (2} can be made indirect, particularly by
providing a hinge between the lower shell part and the mouthpiece or nosepiece (b). Such a

hinge serves also 1o hinge the mouthpiece or nosepiece (b) to the assembly (a), by virtue of
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the retention of the assembly (a) in the lower shell part.

In a third aspect of the present invention there is thus provided an inhalator for the inhalation
of powdered drug preparations from capsules which contzin the powdered preparations, the

inhalator comprising:

(a) an assembly comprising:
a capsuie holder comprising a capsule chamber for receiving a cepsule
containing the powdered preparation, the capsuie chamber having an air inlet
opening and an air outlet opening;
a capsule opening device associaied with the capsule chamber for opening a
capsule within the chamber;

a finger-operable actuaior for the capsule opening device; and
{b) a mouthpiece or nosepicce;

whereby the user can suck air through the air inlet opening, into the capsule chamber to
entrain powder from the opened capsule, and then out of the chamber through the air outlet

opening and the mouthpiece or nosepiece, and thence into the user’s hungs;

wherein the assembly (&) and the mouthpiece or nosepiece (h) are mutvally hinged so that the
mouthpiece or nosepiece can pivot between an open condition in which the mouthpiece or
nosepiece iy spaced apart from the air outlet opening of the capsule chamber for loading the
capsule into the capsule chamber and a closed condision in which the mouthpiece or
nosepiece is disposed in airflow communication with the air outlet opening of the capsule

chamber for use;
and wherein the inhalator further comprises:

(c) a rigid outer shell comprising a lower shell part hinged 10 an upper shell part
so that the shell is openable and closable;

characterized in that

the assembly (a) is retained in the lower shell part and is not moveable in normal use with

respect to the iower shell part.
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In a preferred embodiment of the third aspect of the present invenfion, the mouthpiece or
nosepiece (b) is disposed within the upper part of the outer shell, each of the upper and lower
shell parts has a cireumferential rim defining & mouth of the part and the comtours of the rim
of each shell part match the contours of the rim of the other substantially completely around

the nims when the shell is in fhe closed condition,

The expression “match the confours” used in reiation to the third aspect of the present
Invention 15 to be understood in the same sense as defined above in relation to the first aspect

of the present invention.

Further, in the third aspect of the present invention, the lower shell part of

the outer shell is tapered inwardly in the downward direction awsy from z top opening
defined by its rim, the assembly (a) correspondingly tepers inwardly in the downward
direction so that 1t can be received in the lower sbell part to be retained therein, and the
finger-operable actuator for the capsule opening device protrudes through an opening in the
lower shell part below the rim of the lower shell part, whereby the rim of the lower ghell part

is complete.

This arrangement has the technical advantage that the two shell paris are more rigd and
robust than the arrangement of the prior art, in which the rim of the lower shell part was cut
away. The refention of the assembly (a) in the lower shell part has the advantage that the
hinge system and its manufacture can be simplified, in that only the upper shell part and the

mouthmece or nosepiece need to be made pivotable with respect to the lower shel] part.

Means car be provided for releasably securing the upper shell part to the mouthpiece or
nosepiece {b), whereby both the upper shell part and the mouthpiece or nosepiece can be
masually opeped simulfaneousiy in one manual action. This bas the effect that the upper
shell part and the mouthpizsce or nosepizce housed within it can be hinged as & vnit away from
the lower shell part and the assexably {a) boused within it. This enables the capsule chamber
1o be exposed for loading a capsule nto the chamber or for emptyng or cleaning the chamber,
without the user needing to touch the mouthpiecs or nosepiece, The upper shell part and the
mouthpiece or nosepicce can then be closed ag a unit onto the lower shell part and the
asserubly (a) housed within it. Aftsr manually releasing the secursment between the upper
shell part and the mouthpiece or nosepiece, the upper shell part can then be opened on its

hinge again, but this time independently of the mouthpicce or nosepisce which stays in
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position adjacent the assembly {g). In this open condition the inhalator, confaining a capsule

in the capsnle chamber, is now ready for use.

It is also preferred that the inhalator of the third aspect of the present invention has a single
capsule chamber, preferably generally centrally disposed on a central longitudinal axis of the
inhalator. This single chamber must be emptied and reloaded with a capsule between each

RS,

In particular, it is preferred that the inhalator of the third aspect of the present invention does
not comprise a revolver-type magazine of the type described in WO-A-91/02558, wherein
two or more - for example 6 — chambers can be loaded with up to that member of capsitles in
advance and cach one aligned with the cufting device for each suecessive irhalation

procedure up to the maximum of the number of capsules in the inhalator,

The expression “mutually hinged” used in relation to the relative movement of the assembly
fa) and the mouthpicce or nosepicce (b) mcludes all embodiments of mutual hinging,
mcluding direet and indivect, provided that the mouthpiece or nosepiece can pivot as required

between the open and closed conditions relative to the assembly.

“Direct” mutual hinging is typically achieved by use of a common hinge pin or other hinge
means serving the assembly (2) and the mouthpicce or nosepicee (b)), “Indirect” mutual
hinging is typically achieved, for example in relation to the third aspect of the present
invention but also in embodiments of the first and second aspects of the present invention,
using one or two intermediary members to which respectively one or both of the assembly (a)
and the mouthpiece or nosepiece {b) is/are connected, the intermediary member(s) being
served by the hinge pin or other hinge means. In one preferred embodiment of the third
aspect of the present invention, the lower shell part serves as an intermediary member for the
assembly (a), whereby the asserbly (a) and the mouthpiece or nosepiece (b) are indirectly

mutually hinged.

The preferences and embodiments described herein in relation 1o any aspect of the present
invention apply to any other aspect or aspecis unless specifically stated otherwise. Moreaver,
two or more aspects of the present invention may be present simultaneously in an inhalator if
desired. The following discussion applies to all aspects of the present invention, whether

embodied simultaneousty or independently in an inhalator.
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The expression “mouthpiece” used in the following discussion shall be understood as

referring squally to pieces for use with the mouth and the nose.

The assembly (z) and the lower shell part are preferably adapted so that the former is snug-fit
or push-fit into the latter for locating the assembly (a) in the lower shell part. In relation to
the third aspect of the present invention, it is preferred that the asscmbly (a) is retained in the
tower shell part by cooperating formations which prevent the zssembly (a) from being
removed from the lower shell part by the user in normal use. Such cooperating formations
may, for example, provide for snap-fit engagement to retain the assembly (&) in the lower

ghell part.

In one possible arrengement, not applicable 1o the third aspect of the present invention, the
mouthpiece (b} of the inhalator comprises a projection extending away from the pivot ling of
the hings between the mouthpiece (b) and the assembly (&) on the opposite side of the pivol
line from the mouthpiece and the assembly (a) comprises a stop surface arranged so that the
said projection will bear against the stop surface after the mouthpiece (b) has been rotated
more than a ceriain angle (e.g. more than about 90°, more than about 100°, more than about
110° or more than about 120°) out of a closed condition in which the mouthpiece is adjacent
the air outlet opening of the capsule chamber, In this way, afier the cerfain angle of rotation
has been reached, further gentle pressure on the mouthpiece will lift the assembly (&) cut of

its fii in the lower shell part, which assists to remaove the assembly from the shell.

1t is preferred that the hinge conmecting the mouthpiece to the remainder of the inhalator, for
example the hinge between assembly (a} and mouthpiece (b}, is a separable hinge, so that if
too much pressure is exerted on the mouthpiece when pivoting it away from the assembly, for
example when opening the chamber for loading or emptying the chamber, or when seeking to
remove the assembly (a) and mouthpiese {(b) from the shell as described in the preceding
paragraph, the hinge will separate before bresking. The construction is preferably a simple
snap-fit or push-fit engagement sysiem of cooperating formations on the two parts of the

hinge, so that the user in the case of separation of the parts can easily reassemble the hinge,

It is preferred that the mounthpiece (b) fits securely, but manually releasably, to the assembly
{a) in a closed condition in which the mouthpiece {s disposed adjacent the air outlet opening
of the capsule chamber. For this purpose, cooperating formations may suitably be provided
on meeting parts of the assembly (2) and the mouthpiece (b) to provide for push-fit or snap-fit

engagement that is secure, but releasable with finger pressure by a normal user,
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It is also preferred that the two parts of the shell fit securely, but manuaily releasably, to each
other in the closed‘condiﬁon of the shell. For this purpose, cooperating formations may
suitably be provided on the two parts of the shell, particularly associated with the rims of the
shell parts, to provide for push-fit or snap-fit engagement that is secure, but refeasable with

finger pressure by a normal user.

Still fwther, it is preferred that the upper part of the outer shell fits securely, but manually
releasably, to the mouthpiece () in the closed condition of the shel}, so that opening of the
shell by a user in preparation for use correspondingly pivots the mouthpiece (b) away from
the assembly {a) to expose the capsule chamber for loading of a capsule, After loading of the
capsule the mouthpiece (b) can then be released from iis engagement with the upper part of
the outer shell, so that the mouthpiece can be brought adjacent to the air outlet opening of the

capsule chamber for use.

One or more dimension(s) of one of the upper and lower shell parts may be preferably
substantially the same as the corresponding dimension(s) of the other, that is: any one or more
dimension(s) of one shell part may preferably differ from the corresponding dimension(s) of
the other shell part by no more than about 20%, preferably no more than 10%. All the length,
width and height dimensions of one part may be substantially the same as the corresponding
dimensions of the other part. The oulward appearance of the two shell parts may also be
substantially the same. In reckoning the relative dimensions and appearance of the two shell
parts, any protruding parts of other components, for example the finger-operable actuator for
the capsule opening device, shall be disregarded, namely: a comparison between the shell

parts shall not be made in respect of portions of the shell parts that do not exist in both parts.

According to a further aspect of the present invention, the hinged units may be provided
separately. In particular, the internal unit comprising the assembly {a) and the mouthpiece (b)
may be replaceable affer it has been used a number of times, This could, for example, be
related to safety considerations, for example to avoid a risk of the cutiing device failing or of
debris clogging the chamber or other working parts. A hinged unit consisting of the upper
and lower shell parts and the mouthpicce can be provided separately for use in manufacturing
the inhalator according to the third aspect of the present invention. The assembly (a) can then
readily be introduced and retained in the lower shell part to prepare the inhalator for use. By
providing, for example, that the retenﬁon of the assembly {a) in the lower shell part is

releasable and by providing means for preventing unintentional release (for example, by
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selecting the strength of the snap-fit retention to be such that a release ool must be used to
effect release), the assembly (a) can be replaced as required. The ability to replace the
assembly (&) aliows the life of the inhalator to be extended.

The inhalator may include treatment regimen recorders, prompters, calculators or other
assisting devices, for cxample elecironic devices. Such devices may, for example, be

associated with the rigid outer shell,

In the description of the present invention herein, the term “comprising” shall be taken to
mean that the inhalator may include, or may consist essentially of, or may consist only of, the
stated features. In all cases, the presence of any additional features must not frustrate the
explicit requirements of the definition. The expression “consist essentially of the stated
features” means that other features that may be present must not substantially adversely affect

the operation of the inhalator as defined.

Brief Description of the Drawines

For further illustration of the present invention, an embodiment will now be described further,
without limitation and purely by way of example, with reference to the accompanying

drawings, in whick;
Figure 1 reproduces Figure 6 of WO-A-94/28958 (prior art),

Figure 2 shows a top perspective view from front and side of an inhalator embodying the

present invention with the upper part of the outer shell open, showing the mouthpiece;

Figure 3(1), (2y, (3), (&), (5) and (6) shows the process of opening the inhalator from the
closed condition {1} fo the loading condition with the upper part of the outer shell in the open
condition retaining the mouthpiece for loading the chamber (3) to the condition for use (4} io

the emptying condition (6) for emptying the chamber;

Figure 4(1), {2}, (3} and (4) shows the process of removing the assembly and the mouthpiece

as & hinged unit from the open shell as a hinged unit without dismantling either unit;

Figure 5 shows detzil of the hinge system between the assembly and the mouthpiece;
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Figure 6 shows a perspective view of the inhalator with a vertical cut-away in the vertical

plane containing the long axis of the inhalator;

Figare 7 shows a perspective view of the inhalator with a vertical cut-away in the vertical

plane P shown in Figure 2;

Figure 8(1) shows a perspective view from below and the side of the mouthpiece, and Figure
8(2) shows a perspective view from below and the side of the chamber moulding of the inner
part of the inhalator with the mouthpiece snap fifted to the top of the moulding, showing the

cooperating flanges for the snap fitting;

Figure 9(1) and (2) shows detail (1 = cross-section; 2 = perspective) of the snap closure
between the upper and lower parts of the outer shell;

Figure 10 shows a perspective view from below and the side of the assembly and the

mouthpiece in the ciosed condition;

Figure 11 shows z perspective view of an alternative inhalator embodying the present

invention in a closed condition;

Figure 12(1) shows a perspective view of the inhalator of Figure 11 with the upper part of the
outer shell in the open condition with the mouthpiece in the upper part of the outer ghell for
loading the chamber, and Figure 12(2) shows the same perspective view with the mouthpiece

not in the upper part of the outer shell; and

Figure 13(1) shows a perspective view from below and the side of the mouthpiece of the
inbalator of Figure 11, and Figure 13{2) shows a perspective view from above and the side of
the lower part of the outer shell containing the assembly (a) as present in the inhalator of

Figure 11.

Detailed Description of the Drawings

Referring to Figures 2 to 10, there is shown an inhalator for the inhalation of powdered drug

preparations from capsules which. contain the powdered preparations.

The inhalator generally comprises inner 20 and owter 22 parts (see particularly Figure 4(4)).
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The inner part 20 is constructed in three major moulded parts, namely a mouthpiece 60, a
chamber moulding 120 and an actuator moulding 130 (see Figures 8§ and 10 in particular). In
addition, pins 36, 37 are mounted to the outer moulding 130, as described in more detail
below, and a spring 40 is provided between the chamber (inner) 120 and actuator (outer) 130

mouldings, as also described in more detail below.
The outer part 22 is constructed in a single moulding, as described in more detail below.

The chamber moulding 120 defines a capsule holder 30, comprising a capsule chamber 31 for
receiving a capsule 32 containing the powdered preparation, the capsule chamber 31 having

an air inlet opening 33 and an air outlet opening 34 (see Figure 6).

Still with reference primarily to Figure 6, and also to Figures 7 and 10, the inner part 20 of the
inhalator has a capsule opening device 35 associated with the capsule chamber 31 for opening
the capsule 32 within the chamber. The capsule opening device 35 in the illustrated
embodiment comprises a pair of sharp ping 36, 37 mounted io one side of the chamber 31 and
moveable into and out of the chamber 31 through respective guide channels 38, 39 against the
restoring force of a spriﬁg 40. However, any suitable capsule opening device may be used.
For example, one or more blade or drill may be used in place of or as well as pins. Although
the illustrated capsule opening device uses two pins 36, 37, one pin or more than two may

alternatively be used.

The pins 36, 37 of the capsule opening device pierce the wall of the capsule 32, which is
typically constructed of a conventional pharmaceutical capsule material such as gelatine or a
physiclogically compatible plastic, and cause the powder formulation within the capsule to be
drawn out of the capsule into an airflow generated by the user, by virtue of the Bernoulli

effect as described in the prior art acknowledged above.

The capsule opening device is mounted to the actuator moulding 130, which defines a finger-
operable actuator 41 for the capsule opening device. In the illusirated cmbodiment the
actuator 41 comprises an external finger-operabie button 42 mounted on the capsule holder 30
and capsule opening device 35 to provide an assembly A of the chamber and actuator
mouldings 120, 130, comprising particularly the capsule holder 30, capsule opening device 35
and actuator 41. The actnator is arranged to actuate the capsule opening device 35 by finger

pressure applied to the button 42. The button slides along guide rails 43, 44 (corresponding
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parts (not shown) are behind as viewed on Figure 10) arranged in two pairs on opposite sides
of the assembly and pushes the pins 36, 37 into the chamber 31 as described above. A pair of
stops 47, 48 is provided, one stop on each side of the assembly, to limit the forward extent of

movement of the finger button 42 (see particularty Figure 10).

Any suitable actuator for the capsule opening device may be used. For example, the capsule
opening device may be fixed with respect to the remainder of the inhalator, and the capsule
holder 30 may be arranged to move with respect to the capsule opening device. In that
alternative arrangement the actuator may sunitably be arranged to actuate the capsule opening
device by finger pressure applied to the butfon. The button may slide along guide rails and
the capsule holder may be mounted on a carriage carried by the rails, so that finger pressure
applied to the button will push the capsule holder onto the pins {which may pass through
guide channels provided through the wall of the chamber).

Multiple actuators for the capsule opening device may be used, and in this case they may act
on the capsule from the same or different directions. For example, a pair of opposed actuators
may be manually squeezed io cause one or more snitably arranged capsule opening devices to

open the capsule in the chamber.

The capsule opening device may act on the capsule in a single action, as in the illustrated
embodiment, or in multiple actions. Multiple actions may be simultaneous, sequential or a

combination of both.

Hinged to the assembly of the capsuie holder 30, capsule opening device 35 and actuator 41 is
a mouthpiece 60. Referring particularly to Figures 2 and 3, the mouthpiece 60 can pivot
between an open condition in which the mouthpiece is spaced apart from the air outlet
opening 34 of the capsule chamber 31 for loading the capsule into the capsule chamber (sce
Figure 3(3})) and a closed condition in which the mouthpiece is disposed in alrflow
communication with the air outlet opening 34 of the capsule chamber 31 for use (see Figure
3(4) and Figure 2},

In the said closed condition (Figure 3(4) and Figure 2), the user can suck air through the air
inlet opening 33, into the capsule chamber 31 to entrain powder from the opened capsule 32,
and then out of the chamber through the air outlet opening 34 and the mouthpiece 60, and

thence into the user’s lungs.
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Referring particularly to Figures 2 to 4 and 6, the inhalator further comprises the outer part 22
mentioned generaily above. The outer part 22 is a rigid outer shell comprising a lower shell
part 71 hinged to an upper sheil part 72 via a web 73 of flexible maferial so that the shell is
openable and closable.  The outer part 22 as illustrated is constructed as a one-piece
moulding, suitably in a2 mouldable plastic, whereby the lower shell part 71, the upper shell
part 72 and the web 73 forming the hinge are formed simultaneously together from the same
material. Alternatively, portions of the outer part 22 may be formed separately and

subsequently assembled and bonded together in conventional manner.

A grille 80 is provided on the underside of the mouthpicce 60, as shown particularly in
Figures 4 to 6. The grille 80 serves to prevent any possible broken pieces of the wall material

of the capsule 32 from being sucked into the user’s lungs.

Referring particularly to Figures 4 to 8, the arrangement by which the mouthpiece 60 is
hinged to the assembly of the capsule hoider 30, capsule opening device 35 and actuator 41

wiil now be described.

The mouthpiece 60 is hinged to the assembly of the capsule holder 30, capsule opening
device 35 and actuator 41, this assembly being generally denoted A in Figures 4 and 5. It is
preferred that the hinge system comprises projections and recessed on the respective parts that
engage with each other to provide a hinge, with no additional parts such as pins being
required. It is preferred that the hinge between assembly A and mouthpiece 60 is a separable
hinge, so that if too much pressure is exerted on the mouthpiece 60 when pivoting it away
from the assembly A, for example when opening the chamber 31 for loading or emptying the
chamber 31, or when seeking to remove the assembly A and mouthpiece 60 from the shell as
described in the following paragraph, the hinge will separate before breaking. The
construction is preferably a simple snap-fit or push-fit engagement system of cooperaiing
formations on the two parts of the hinge, so that the user in the case of separation of the parts

can easily reassemble the hinge.

As shown in more detail in Figures 4, 5, 6 and &, the mouthpiece 60 comprises & pair of
projections 9C extending away from the pivot line 91 of the hinge (shown as a dotted line) on
the opposite side of the pivot line 91 from the mouthpiece 60, and the assembly A comprises
a corresponding pair of stop surfaces (not shown) arranged so that the said projections 90 will
bear against the stop surfaces after (he mouthpiece 60 has been rotated more than a certain

angle (¢.g. more than about 90°, more than about 100°, more than about 114° or more than
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about 120°) out of the closed condition in which the mouthpiece 60 is adjacent the air outlet
opening 34 of the capsule chamber 31 (this closed condition is illustrated in Figure 6). Figure
4(1) shows the situation at the point that this critical angle (as illustrated: 110°) is reached.
The arrow B shows the 110° extent of opening that the mouthpiece 60 has travelled through,
Figure 4(2) and (3) show the situation if, after the certain angle of rotation has been reached,
further gentle pressure is applied to rotate the mouthpiece 60 further in the direction of arrow
B, i.e. beyond 110°. The interaction between the projections 90 and the stop surfaces causes
the hinge o lock, and further pressure on the mouthpiece will lift the assembly A out of its fit
in the lower shell part 71, which assists to remove the assembly from the shell in the direction

of arrows C in Figures 4(3) and (4).

The mouthpiece 60 and the assembly A are provided with cooperating surfaces that engage
with each other to lock the mouthpiece 60 1o the assembly A in the closed condition, when the
mouthpiece 60 is rotated to lie adjacent the air outlet opening 34 of the capsule chamber 31
{as shown in Figure 6). It is preferred that the cooperating surfaces secure the mouthpiece 60
to the assembly A in a smap-fitting manner. Figure 8(1) and (2) illustrates the surfaces in
more detail. Downward arms 110 extending from the mouthpiece 60 (also visible in Figures
3 and 4, for example) carry mutually outwardly directed flanges 111 which engage in & snap-
fit manner with the surfaces defined by slots (not shown) in the upper part of the chamber
moulding 120. The engagement between the mouthpiece 60 and the assembly A is weak
enough that the mouthpiece can be maunually hinged away from the assembly, as described in

more detail below.

The parts of the rigid outer shell of the inhalator are hollow and each has a circumferential
rim defining an open mouth of the part. The rim of the lower shell part 71 is denoted 100 in
Figares 3 and 4. The rim of the upper shell part 72 is denoted 101 in Figures 3 and 4. The
ouler shell of the inhalator is arranged so that the rim contour of one shell parl maiches the
rim contour of the other completely circumferentiaity around the rims when the shel] is in the
closed condition (see Figure 3(1)). The rms arc configured to lie parallel to each other
around their whole circumference in the closed condition of the shell. This matching of the
rim contours takes place even though the rims may not be in contact — for example, in the
illustrated arrangement, a portion 60a of the mouthpiece 60 is interposed between the rims

100, 101 in the closed condition {see Figure 9)

The lower shell part 71 of the outer shell is tapered inwardly in the downward direction away

from a top opening defined by its rim 100, and the assembly A of the chamber 120 and
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actuator 130 mouldings correspondingly tapers inwardly in the downward direction so that it
can be received in the lower shell part 71, the finger-operable actuator 42 for the capsule
opening device protruding through an opening in the lower shell part 71 below the rim 100, as
shown for example in Figure 4(1), whereby the rim 100 of the lower shell part is complete
and the hinged unit of the assembly A and the mouthpiece 60 can be removed from the lower
shell part 71 by passing up and through the top opening defined by the rim 100 of the lower
shell part 71, as shown in Figures 4(3) and (4).

This arrangement has the technical advantage that the two shell parts 71 and 72 are more rigid
and robust that the arrangement of the prior art, in which the rim of the lower sheil part was

cut away.

The two pérts 71, 72 of the shell fit securely, but manually releasably, to each other in the
closed condition of the shell (Figure 3(1)). This is illustrated in more detail in Figure 9.
Cooperating formations 140, 141 provided on the rims 100, 101, are provided on matching
parts of the two parts of the shell, associated with the rims of the shell parts, to provide for
push-fit or snap-fit engagement that is secure, but releasable with finger pressure by a normal
user. The formation 140 provided on the upper shell part 72 passes through an aperture 143
in the part 60a of the mouthpiece 60 that lies between the two matching rims 100, 101 of the
shel parts.

The assembly A of the capsule holder 30, capsule opening device 35 and actuator 41, together
with the mouthpiece 60, define a first hinged unit 20,

The outer shell 71, 72 defines a second hinged unit 22,

The first hinged unit 20 is disposed within the second hinged unit 22 for use such that the first
hinged unit 20 can be removed as such from the second hinged unit 22 as such. The
arrangement is particularly characterized in that the hinges of the two units 20, 22 are separate
from one another. In particular, the hinge of the first unit 20 is separate and operates
independently of the hinge of the second umit 22, The first unit can be removed from the

second umnit without affecting the construction or operatior: of either hinge (see Figure 4).

The inhalator may include treatment regimen recorders, prompters, calculators or other
assisting devices, for example elecironic devices. Such devices may, for example, be

associated with the rigid outer shell 71, 72.
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The parts of the inhalator of the present invention may be conveniently manufactured in

plastics materials, e.g. by injection moulding or other suitable moulding.

The operation of the inhalator is illustrated generzlly in the parts of Figure 3. Starting from
the completely closed condition iHustrated in Figure 3(1) (first and second hinged units both
closed, first inside the second}, the user manually opens the upper part 72 of the outer shell
(Figure 3(2)), disconnecting the cooperating formations 140, 141 that secure the upper shell
part io the lower shell pait in the closed condition of the outer shell. Simulianeously, the user
disconnects the cooperating formations 110 from the slots in the upper part of the chamber
moulding 120, so that the mouthpiece 60 pivots away from the chamber moulding 120 and
reveals the capsule chamber 31 (Figure 3(3)). The user then inserts a capsule 32 into the
chamber 31 and snap closes the mouthpiece 60 onto the chamber moulding 120 (Figure 3(4)).
The inhalator is then ready for use. The user depresses the actuator button 42 for the capsule
opening device, so opening the capsule in the chamber 31. The user then sucks air through
the chamber, entraining the powder from the capsule, and thence draws the air and the powder

into his fungs.

After completion of the powder inhalation, the user again disconnects the cooperating
formations 110 from the slots in the upper part of the chamber moulding 120, so that the
mouthpiece 60 pivots away from the chamber moulding 120 and reveals the capsule chamber
31 (Figure 3(5)). The capsule debrs can then be emptied out of the chamber 31, After
cleaning of the chamber, the user closes the upper shell part 72 back onto the lower shell part
71 so that the cooperating formations 140, 141 of the shell parts are snap engaged (Figure
3(5) shows the upper shell part half closed). This closure returmns the inbalator to the resting
(fully closed) condition of Figure 3{1}, ready for the next use.

Referring to Figures 11 to 13, there is shown an alternative inhalator for the inhalation of
powdered drag preparations from capsules which contain the powdered preparations. Parts in
common with the inhalator described above are provided with the same reference numerals,

while new paris are provided with new reference numerals.

The form, and mode of operation, of this particular embodiment corresponds broadly to that

described above, with the differences discussed below.,
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Figures 11 to 13 show generally an inhalator comprising a lower outer shell part 71 and an
upper outer shell part 72, The lower outer shell part 71 is provided with a hinge pin 152
having terminal enlarged stops 150 (shown in more detail in Figure 13(2)) to retain pivotable

parts that are sleeved around the hinge pin 152, as described below.

Figures 12(1) and (2) show the inhalator in an open condition. Assembly A, comprising the
capsule holder, capsule opening device and actuator (analogously to the description of the
carresponding parts of the inhalator shown in Figures 2 to 10}, is snap-fitted within the lower
outer shell part 71 and is not directly hinged to the mouthpiece 60. Instead, the mouthpiece
60 is provided with a C-shaped formation 90" (shown in more detail in Figure 13(1)) which
clips onto the hinge pin 152 and is rotatably sleeved around the hinge pin to provide for
pivoting movement of the mouthpiece relative to the lower outer shell part 71. The upper
shell part is provided with two C-shaped formations 92, 92', which also clip onto the hinge
pin 152, on either side of the formation 90" of the mouthpiece, and are also rotatably sleeved
around the hinge pin to provide for pivoting movement of the upper shell part 72 relative to
the lower outer sheifl part 71. The common pivot line for all these directly hinged parts,
namely the axis of the hinge pin 152, is shown as dotted line 151 in Figure 12(1).

In this way, mouthpiece 60 can pivot between an open condition in which it is spaced apart
from air outlet opening 34 of assembiy A for loading a capsule into the capsule chamber, and
a closed condition in which moutbpiece 60 is disposed in airflow communication with air

outlet opening 34 (not shown).

Assembly A is retained in the lower outer shell part 71, preferably by means of a snap-fit or
push-fit connection.  Projections 161 provided iside the rm of the lower shell part 71

prevent accidental removal of assembly A.

As shown particularly in Figure 13(1) and (2), the mouthpiece 60 is provided with
downwardly extending flanges 110, provided with outwardly extending projections 160.
Projections 160 cooperate with the internal wall of the rim of the lower sheil part 71 to
provide a friction fit when the mouthpiece is in the closed condition, releasable with finger

pressure in normal use,

The foregoing broadly describes the present invention without limitation to particular

embodiments. Variations and modifications as will be within the abilities of those skilled in
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this art are intended to be included in the scope of this invention as defined in and by the

appended claims,
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CLAIMS
1. An inhalator for the inhalation of powdered drug preparations from capsules which

contain the powdered preparations, the inhalator comprising:

(2) an assembly comprising:
a capsule holder comprising a capsule chamber for receciving a capsule
containing the powdered preparation, the capsule chamber having an air inlet
opening and an air outlet opening;
a capsule opening device associated with the capsule chamber for opening a
capsule within the chamber;

a finger-operable actuator for the capsule opering device; and
(k) a mouthpiece or nosepiece;

whereby the user can seck air through the air inlet opening, into the capsule chamber fo
entrain powder from the opened capsule, and then out of the chamber through the air outlet

opening and the mouthpiece or nasepiece, and thence into the user’s lungs;

wherein the assembly (a} and the mouthpiece or nosepiece (b) are mutually hinged so that the
mouthpiece can pivot between an open condition in which the mouthpiece or nosepiece is
spaced apart from the air outlet opening of the capsule chamber for loading the capsule into
the capsule chamber and a closed condition in which the mouthpiece or nosepiece is disposed

in airflow communication with the air outlet opening of the capsule chamber for use;
and wherein the inhalator further comprises:

(c) a rigid outer shell comprising a lower shell part hinged to an upper shell part

so that the shell is openable and closable;
characterized in that

the assembly (a) is refained in the lower shell part and is not moveable in normal use with

respect to the jower shell part; and/or
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the assembly (a) and the mouthpiece or nosepiece {b) define a first hinged unit and the outer
shell (¢) defines a second hinged unit, the first hinged unit being disposed within the second
hinged unit for use such that the first hinged unit can be removed as such from the second
hinged unit as such; and/or

the assembly (a) and the mouthpiece or nosepiece (b) are disposed within the outer shell,
each of the upper and lower shell parts has a circumferential rim defining a mouth of the part
and the contours of the rim of sach sheli part match the coniours of the rim of the other

substantially completely around the rims when the shell is in the closed condition; and wherein

the lowar shell part of the outer shell is tapered inwardly in a downward direction away from a
top opening defined by its rim, the assembly {a) correspondingly tapers inwardly in the
downward direction so that it can be received in the lower shell part, and the finger-operable
actuator for the capsule opening device protrudes through an opening in the lower shell part
below the rim of the lower shell parf, whereby the rim of the lower sheli part is complete.

2. An inhalator according to claim 1, wherein the assembly (a) or the first hinged unit can be
removed from the lower shell part by passing up and through the fop opening defined by the
rim of the lower shell part.

3. An inhalator according fo claim 1, wherein the assembiy (a) is retained in the iower shell

part and is not moveable in normal use with respect to the fower shell part.

4. Ar inhalator according to ciaim 1 or claim 2, wherein the assembly (a) and the mouthpiece
(b) define a first hinged unit and the outer shell {c) defines a second hinged unif, the first
hinged unit being disposed within the second hinged unit for use such that the first hinged unit

can be removed as such from the second hinged unit as such.

5. An inhalator according to claim 1, wherein the assembly (&) and the mouthpiece (b) are
disposed within the outer sheli, each of the upper and lower shell parts has a circumferential
rim defining 2 mouth of the part and the contours of the rim of each shell part maich the
contours of the rim of the other substantially compietely around the rims when the shell is in

the closed condition.

8. An inhalatar according to either of claims 4 and 5 wherein the hinges of a first hinged unit,
defined by the assembiy {a) and the mouthpiece or nosepiece (b), and a second hinged unit,

defined by the outer sheli {c), are separate from one another.
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7. An inhalator according to any one of the preceding claims, wherein the assembly (a) is

received substantially completely within the lower sheil part of the outer shell.

8. An inhalator according fc any one of the preceding claims, wherein the inhaiator has a

single capsule chamber,

9. An inhalator according io either of claims 4 and 5 wherein the assembly (a) and the

mouthpiece or nosepiece (b) defing a first hinged unit and the outer shel! (c) defines a second
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hinged unit, the first hinged unit being disposed within the second hinged unit for use such that
the first hinged unit can be removed as such from the second hinged unit as such, the
assembly (a) and the mouthpiece or nosepiece (b} are disposed within the outer shell, each of
the upper and lower shell parts has a circumferential rim defining a mouth of the part and the
contours of the rim of each shell part match the contours of the rim of the other substantially

compietely around the rims when the shell is in the closed condition.

10. An inhalator according fo any one of the preceding ciaims, wherein the assembly (a) and
the lower shell part are adapted so that the former is snug-fit or push-fit or snap-fit into the
latter for locating the assembly (a} in the lower shelf part.

11-. An inhalator according to either of claims 4 and 5 wherein the mouthpiece or nosepiece (b)
of the inhalator comprises a projection extending away from the pivot line of the hinge between
the mouthpiece or nosepiece (b) and the assembly {a) on the opposite side of the pivot line
from the mouthpiece or nosepiece and the assembily (a) comprises a stop surface arranged so
that the said projection will bear against the stop surface after the mouthpiece or nesepiece (b)
has been rofated more than a certain angle ouf of a closed condition in which the mouthpiece
or nosepiece is adjacent the air outlet opening of the capsule chamber, whereby, after the
ceriain angle of rotation has been reached, further pressure on the mouthpiece or nosepiece
will lift the assembly {a) out of its fit in the lower shell part, {0 assist removal of the assembly
from the shell.

12. An inhalator according to any one of the preceding claims, wherein the hinge between
assembly (a) and mouthpiece or nosepiece (b) is a separable hinge, so that the hinge will

separate before breaking.

13. An inhalator according to any one of the preceding claims, wherein the mouthpiece or
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nosepicce (b) is adapted to fit manually releasably to the assembly (a) in a closed condition in
which the mouthpiece or nosepiece is disposed adjacent the air outlet opening of the capsule

chamber.

14. An inhalator according to any one of the preceding claims, wherein the two parts of
the shell are adapted to fit mannally releasably to each other in the closed condition of the
shell.

15 An inhalator according to any one of the preceding claims, wherein the upper part of
the outer shell is adapted to fit manually releasably to the mouthpiece (b) in the closed
condition of the shell, so that opening of the shell by a user in preparation for use
correspondingly pivots the mouthpiece or nosepiece (b) away from the assembly (a) to expose

the capsule chamber for loading of a capsule,

16, An inbalator according o any one of the preceding claims, wherein the mutual
hinging of the assembly (a) and the mouthpiece or nosepiece (b) is provided by direct hinged

connection between the parts.

17. An inbalator according to any one of claims 1 to 15, wherein the mutual hinging of
the assembly (a) and the mouthpiece or nosepiece (b) is provided by indirect hinged

connection between the parts.

18, An inhalator according to any one of the preceding claims, for use with a capsule
formed of a material selected from gelatine, hydroxypropylmethyl cellulose, hydroxyprony!

cellulose, or any combination thereof,

19, An iphalator according to any one of the preceding claims, for use in inhaling

powdered medicaments.

24, A hinged unit comprising (1) the assembly (a) and the mouthpiece or nosepiece (b) as
a hinged unit; or (2) the outer shell (¢} as a hinged unit; or (3) the outer shell (¢) and the
mouthpiece or nosepiece (b}, for use in an inhalator according to any one of the preceding

claims,

21, A hinged unit according to claim 20, wherein the hinged unit is a hinged unit

comprising the assembly {2} and the mouthpiece or nosepiece (b) but not the outer shell (c).
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22. A binged unit according to claim 20, wherein the hinged wvnif is a hinged unit

comprising the outer shell {c) ut not the assembly (a) and the mouthpiece or nosepiece (b).

23, A hinged unit according to claim 20, wherein the hinged unmit is a hinged unit

comprising the outer shell (c) and the mouthpiece or nesepiece (b) but not the assembly (a).



