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AN INHALER

The present invention relates to an inhaler of the type
comprising a tubular body defining an air flow passage there-
in.

Numerous inhalers of this type are known. As examples, Us
patent Nos. 4,524,769 and 4,907,583 and the international
application WO 90/07351 disclose inhalers each comprising
dosing means for supplying a dose of a particulate active
substance to the air flow passage when the inhaler is to be
used. The outlet end of the discharge passage is defined by a
mouthpiece or nozzle which during use of the inhaler is
positioned between the lips of the user. These known inhalers
are of a relatively complicated structure, and they are not
simple in use because the dosing means has to be operated
each time the inhaler is to be used. Furthermore, these known
devices are relatively heavy and bulky to carry in a pocket
or in a ladies handbag.

When a particulate or powdered substance is inhaled through a
mouthpiece or nozzle positioned between the users lips a
substantial part of the active substance suspended in the
inhaled air flow will not reach the lungs of the user, but
may be swallowed or may impinge the mucous membrane of the
oral cavity of the user. This does not only mean that a
substantial amount of the active substance is lost, but also
that the active substance coming into contact with the mucous
membrane of the oral cavity or arriving at the stomach may
have undesired side effects. '

As disclosed in German Offenlegungsschrift No. 2815039 this
problem may be solved by using a mouthpiece which in use
extends into the oral cavity and along the tongue of the

user. When a fluid flow including an active substance is
directed into the oral cavity of the patient, for example

from an inhaler or an atomizing device connected to the outer -
end of the mouthpiece, it is possible to direct such fluid
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flow towards a desired part of the oral cavity, such as the
throat or trachea of the patient.

The present invention provides an inhaler which may be pro-
duced in a very simple manner and at low cost and which is
nevertheless very efficient.

The inhaler according to the invention comprises a tubular
body defining an air flow passage therein and is characte-
rized in comprising only a single dose of an active, inhal-
able, particulate substance arranged within the air flow
passage, said dose being sealed or closed in relation to the
ambient atmosphere by closure means which are to be removed
or opened by a user prior to use, the inhaler being intended
to be used only once. Thus, when the inhaler is to be used
the closure means have to be removed or opened whereafter the
active substance, which is positioned within the air flow
passage, may be inhaled by the patient or user in a usual
manner. '

In the inhaler according to the invention the airflow passage
may be without any tortuous sections which may promote pre-
cipitation or formation of a coating of the active substance
on inner wall surface parts of the flow passage. Tne build up
of such coating is further made unlikely when the inhaler is
of a type being used only once. An inhaler which is used only
once is much more hygienic than inhalers intended for mul-
tiple uses. '

The said closure means may be of any suitable type, such as
caps, films, or foils which are removably arranged at the
opposite ends of the tubular body. Alternatively, the closure
means may comprise removable, puncturable-or rupturable
membranes extending across the air flow passage and being
axially spaced therein so that the dose of active substance
is arranged therebetween. The closure means could, of course,
be of any other type, which is able to seal the dose of
active substance in relation to the ambient atmosphere until



- WO 96/22802

10

15

20

25

30

PCT/DK96/00034

3

. the inhaler is to be used, and which may be removed or opened

by a patient or user prior to use.

According to another aspect the present invention provides an
inhaler having a tubular body defining an air flow passage
therein and means for supplying a dose of an active, inhale-

. able, particulate substance into the flow passage, and the

inhaler according to the invention is characterized in that
the cross-sectional area of the flow passage does not exceed
75 mm® along the length of a flow passage section extending

from a free mouthpiece end of the tubular body along a major

part of the total length of the flow passage.

When such an inhaler is to be used by a patient a dose of an
active substance is supplied into the flow passage by operat-
ing the supply means. The patient may now inhale the active
substance by inserting the mouthpiece end between the lips
and by forcefully inhaling air through the air flow passage
defined in the inhaler. Because the cross-sectional area of
the inner section of the air flow passage is relatively
small, the air velocity in this section will be relatively
high. Such high air velocity promotes atomization of the dose
of particulate active substance and suspension of the finely
divided particles in the air flow.

Also, when the inhaler has a single dose of active substance
arranged within the air flow passage and is intended for
single use only as described above, the cross-sectional area
of the flow passage preferably does not exceed 75 mm? along
the length of the flow passage section extending from a free
mouthpiece of the tubular body along a major part of the
total length of the flow passage.

In order to obtain a high air flow rate the cross-sectional
area of the said flow passage section preferably does not

exceed 70 mm? and is more preferably less than 50 mm. In the
presently preferred embodiments the cross-sectional area of
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the flow passage section is 7-35 mm? and preferably about 20

mmz .

The means for supplying a dose of an active substance into
the flow passage may be of any known type to which doses of
an active particulate substance may be fed in the form of
small ampoules containing a single dose, or replaceable cart-
ridges containing several doses. Alternatively, the inhaler
may be adapted to be used only a few times or only once, and
in such case the substance supply means may form a unitary
part of the inhaler. As an example; the substance supply
means may comprise one or a few dose containing chambers or
pockets defined in the walls of the tubular body defining the
air flow passage. Each dose containing chambér may be sepa-
rated from the adjacent part of the flow passage by a film,
membrane, or a wall part which may be punctured or ruptured
by the user, for example by applying an inwardly directed
pressure to the outer surface of the tubular body at the
respective position.

. The flow passage or the flow passage section may have any'

cross-sectional shape, such as square, rectangular, -
polygonal, elliptical, or circular. Furthermore, the cross-
sectional area of the flow passage or the flow passage sec-
tion may vary along the length thereof. Thus, the cross-
sectional area of the flow passage or flow passage section
may be smaller at the mouth piece end than at the opposite
end of the flow passage. In the preferred embodiment, how-
ever, the flow passage or flow-paSSage section has a substan-
tially circular cross-section, the inner diameter of the flow
passage section, which may be the total length of the air
flow passage, being substantially the same along the length
of the section. Thus, in a very simple embodiment the inhaler
is formed similar to a drinking straw.

The tubular body of the inhaler and the air flow passage
defined therein may have any suitable shape. Thus, the flow
passage may have any suitable rectilinear, zigzag, angular or
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curved course or any combination of such courses. Preferably,

‘the flow passage comprises a curved section. As an example,

the flow passage may comprise one or more pairs of substan-
tially rectilinear sections and intermediate curved sections.

The tubular body of the inhaler may have a predetermined,

‘permanent. shape which cannot be changed by the user. In a

preferred embodiment the tubular body comprises at least one
bendable section so that the shape of the tubular body may be
adapted to the form of the oral cavity of the individual
user. The walls of the tubular body forming the bendable
section may be made from a deformable plastic material.
Alternatively, the flexibility of the bendable section may be
obtained by providing the bendable section of the tubular
body with peripherally extending corrugations. The bottoms of
these corrugations may be provided with codes, such as co-
lours, numbers, letters, or other kinds of indications, for
assisting in obtaining a bend suitable for the individual
user. When a patient or user has determined a shape of the
tubular body which has been adapted to his individual oral
cavity, the user may read and note the visible code combina-
tion. When the user knows his individual code combination he
may quickly adjust the bendable section of the tubular
inhaler body next time he is using an inhaler of the same

type.

In order to improve the dispersion of the particulate active
substance in the air flowing through the air flow passage the
inhaler may further comprise means for imparting a rotational
movement to the air about the longitudinal axis of the flow
passage. Such means may, for example, be helical grooves or
ribs formed on the wall surface parts of the tubular body
defining the flow passage, or rotation imparting members
arranged centrally within the air flow passage.

The tubular body of the inhaler may comprise a mouth piece
section of any suitable length -extending during use from the
teeth of the user to any desired position within the oral
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cavity of the user. Thus, by suitably adapting the length and .
the shape of the mouthpiece section the inner end of the air

flow passage may be positioned adJacent to and may be

directed towardl any part of the oral cavity which is to be
treated by means of the active partlculate substance. In

cases where the active substance is to be inhaled to the .
lungs or bronch1a1 tubes of the user.or patient, for example -
when the active substance is a medicament for alleviating -
asthmatic deceases, the mouthpiece section of the tubular

body preferably has a length so aSnté'extend during use from

the teeth of the user to a position adjacent to the root of

the user’s tongue. The mouthpiece section may then advanta-
geously be shaped soc that the inner end of the air flow

passage is directed towards the throat or trachea inlet of

the patient or user. Thereby it may he secured that substan-
tially all of the active substance of ‘the dose positioned in

or supplied to the air flow passage will reach its target

area. . -

In order to secure that the inhaler ié correctly positioned e
within the oral cavity of the user or patient the inhaler may L EE
further comprise a bite piece formed. on the outer surface of
the tubular body for engaging with the upper jaw teeth of the
user. Such bite piece may form an intégral part of the tubu-
lar body. It:is preferred, however, ﬁhat the shape of the
bite piece is adapted to the teeth of the individual user. In
such case the relatively expensive and individually formed i
bite piece is removably mounted on the tubular body of the
inhaler so that the bite piece may be kept and reused when
the tubular body is discarded. Such removably mounted bite
piece may advantageously be used in ébnnection with tubular
bodies adapted to be used only a fewiéimes-or only once. The
bite piece may be combined with a set of false teeth. Thus,
such a set of false teeth may comprisg?means for positioning
the tubular body in relation to the oral cavity of the user,
or the bite piece may be individuallyibhaped when the false
teeth are made to the individual user.
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The tubular bcﬁﬁhof the inhaler may hdvé a fixed length.
Alternatively, the tubular body may be movable from a
retracted storage condition to an extended condition of use.
This may, for example, be obtained by providing the tubular
body with peripheral corrugations along a major part of its
length so as to allow longitudinal stretching of the tubular
body. As another possibility, the tubular body may comprise
telescopically cooperating tubular parts allowing such parts
to be moved between retracted and extended positions. The
closure means sealing the dose of active substance in rela-
tion to the ambient atmosphere or the supply means for sup-

plying such dose into the air flow passage of the inhaler may

be opened or actuated automatically when the tubular body is
moved from its retracted storage condition to its extended
condition of use.

In order to completely eliminate the risk that larger par-
ticles of the active substance or of foreign matter, such as
ruptured or removed closing means, are inhaled by a patient

- the inhaler may. further comprise retaining means arranged

within the flow passage for retaining particles of a size
exceeding a predetermined size. Such retaining means may, for
example, comprise a sieve or screen extending across the flow
passage and being arranged downstream of the dose of active
substance to be inhaled. Alternatively, when the closure

means comprise removable closure caps, such caps may be
integrally connected to the tubular body by flexible strings

or bands. Alternatively or additionally, the free end por-
tions of the tubular body may be bent towards each other so
as to position the free ends closely adjacent, and the free
ends may then be closed by a common, removable closure mem-
ber, such as a pair of interconnected or integrally formed
closure caps. Furthermore, at least one of the cap members is
preferably made from a transparent material, or the tubular
body is at least partly made from a transparent material, so
that the patient or user may see that the tubular body con-
tains a dose of the active substance.
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In most cases the patient or user is able to inhale atmos-
pheric air through the air flow passage so as to obtain an
air flow being sufficiently vigorous to suspend the active
substance therein in an atomized condition. However, smaller
children and adult persons having a substantially reduced
lung capacity ﬁay not be able to generate a sufficient air
flow rate through the air flow passage. Therefore, the
inhaler may further comprise forced flow generating means for
providing a forced air flow through the flow passage. Such
flow generating means may be of any kind which is able to
generate pressurized air. As an example, the forced flow
generating means may comprise a compressible bulb to be
mounted on the outer end or air inlet end of the tubular

body. The flow generating means may then be actuated at the

same time as the patient is imnhaling.-

It should be understocd that the inhaler according to the
present invention should not necessarily be inserted into the
oral cavity of the user, and the term "mouthpiece® is not
intended to indicate that it should necessarily be inserted
into the user’s mouth. Thus, one-gndior-the~mouthpiece end of
the tubular body may be adapted to be inserted into a nostril
of a user or patient. In such case, the inhaler preferably
comprises a pair of tubular bodies and'a connecting part for
interconnecting the same, said one end or mouthpiece end of
said pair of tubular bodies being arranged in spaced rela-
tionship, so that said ends may be inserted into the nostrils
of a user or patient.

The invention further provides substance supply means for use
in connection with an inhaler of the type described above
including such supply means, said supply means comprising a
tube length containing only a single dose of a particulate
active substance, said dose being sealed or closed in rela-
tion to the ambient atmosphere by closure means which are to
be removed or opened by a user prior to use, one end of the
tubular length being insertable in or connectable to the air
flow passage of the inhaler. The tube length which forms a
capsule for the active substance is preferably bendable, for
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example due to a plurality of adjacent peripherally extending
corrugations. The tube length may be closed at opposite ends

by means of removable closure caps. The free ends of the tube
length may be bent together and be closed by a common closure
member or interconnected closure caps.

The :invention will now be further described with reference to
the drawings, wherein

Fig. 1 illustrates a first embodiment of the inhaler accor-
ding to the invention,

Fig. 2 illustrates a second embodiment of the:inhaler accor-
ding to the invention,

Fig. 3 illustrates the use of the inhaler shown in Fig. 1,
Fig. 4 illustrates a third embodiment of the inhaler accor-
ding to the invention,

Fig. 5 illustrates a fourth embodiment of the inhaler accor-

~ding to the invention,

Fig. 6 illustrates how the inhaler shown in Fig. 5 may be
used,

Fig. .7 illustrates how a bent portion of the inhaler shown in
Fig. 6 may be provided with bending codes, -

Fig. 8 illustrates a fifth embodiment of the inhaler accor-.
ding to the invention,

Fig. 9 illustrates how the inhaler shown in Fig. 8 may be
used,

Fig. 10 illustrates a mouthpiece for a sixth embodiment of
the inhaler according to the invention,

Fig. 11 illustrates how the mouthpiece shown in Fig. 10 may
be positioned in the oral cavity of the user,

Figs. 12 and 13 illustrate in an enlarged scale two different
devices for supplying separate doses of active substance to
the flow passage of the mouthpiece shown in Figs. 10 and 11,
Fig. 14 illustrates the mouthpiece shown in Fig. 10 provided
with a third device for supplying doses of active substance,
Fig. 15 illustrates a further embodiment of a mouthpiece for
use in connection with the inhaler according to the inven-
tion,
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Fig. 16 illustrates the mouthpieces shown in Fig. 15 provided

with a device for supplying active substance thereto,
Fig. 17 illustrates the function of the inhaler shown in
Figs. 15 and 16, ' -

Fig. 18 illustrates a seventh embodiment of the inhaler

according to the invention,

Fig. 19 illustrates an eighth embodiment of the inhaler ac-
cording to the invention, ' 5

Fig. 20. illustrates how the inhaler shown in Fig. 19 may be
used, : '

Fig. 21 shows a capsule containing a single dose of an active
substance,

Fig. 22 illustrates how the capsule shown in Fig. 21 may be
used in connection with a mouthpiece as shown in Figs. 14-16
Fig. 23 shows a ninth embodiment of the inhaler, and

‘'Fig.. 24 shows a tenth embodiment, in which the opposite ends

of the tubular inhaler is closed by a common closure cap.

Fig. 1 shows an inhaler 10. When delivered from the manufac-
turer, the inhaler may comprise a straight; thin-walled
tubular body 11 having a bendable section 12 and removable
caps 13 closing the opposite open ends of' the tubular body
11. The inner bore of the tubular body 11 which defines an
air flow passage of the inhaler contains a single dose of a
particulate or powdered active substance, such as steroids,
B,-agonists, anticholinergica, or other medical products. The
tubular body 11 may have a circular cross-sectional shape and
have a substantially uniform inner diameter and wall thick-
ness along the length of the tubular body and may be similar
to a drinking straw. The section 12 may have peripheral
corrugations so as to be bendable. The tubular body 11 may,
for example, be made from a suitable plastic material by
extrusion, and the inner diameter of the tubular body is
preferably within the range of 4-8 mm, for example 5-6 mm.
The material of the tubular body 11 may have been treated so
as to reduce or eliminate the possibility of static electri-
city.
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The inhaler 10 shown in Fig. 1a which contains only a single
dose of the active substances is intended to be used only
once whereafter the inhaler is discarded. A suitable small
number of disposable inhalers of this type may be packed, for
example similar to cigarettes, and they may be carried by the
user in a. pocket or a ladies handbag without occupying much
space.

When an inhaler 10 of the type shown in Fig. la is to be used
the user or patient may shake the inhaler sc as to disinte-
grate the particulate active substances contained therein.
The bendable section 12 may now be bent whereby the active
substance § is positioned within the corrugation troughs of
the bendable section 12 as indicated in Figs. la and 1b.
Thereafter the caps 13 may be removed as shown in Fig. 1b.

. The inhaler 10 is then ready. for use, and a longer straight

end portion of the tubular body may be inserted into the oral
cavity 14 of a user or patient as shown in Fig. 3. Because
the tubular body 11 has been bent the active substance S con-

- tained. in the: corrugation troughs of the section 12 may be

prevented from falling out from the tubular body. - -

As shown in Fig. 3 the inner end of the inhaler is positioned
adjacent to the root of the patient'’s tongue. When the
patient inhales air through the air flow passage defined
within the tubular body 11 the particulate active substance S
is withdrawn from the corrugation troughs of the section 12
and is suspended in the air flow which is inhaled into the
patient’s lungs. In case the patient is a small child or for
some other reason is not able to inhale sufficiently wvigo-
rously a compressible bulb 15 or other means for generating a
forced flow through the tubular body 11 may be mounted on the
outer end thereof as shown in FPig. 1d. A flow of air with
active substance suspended therein may then be blown into the
oral cavity 14 at the same time as when the patient inhales.
The embodiment shown in Fig. 2 is slightly modified in rela-
tion to the embodiment shown in Fig. 1. Thus, in Fig. 2 the
tubular body 11 is provided with a helically extending corru-
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gation 16 which may impart a rotational movement to the air
flow being inhaled through the air flow passage defined in
the tubular bddy 11i. The tubular body 11 and/or at least one
of the closure caps 13 is preferably made from a transparent
material so that the user may visually make sure that the
inhaler contains a dose of an active substance.

Fig. 4 shows an embodiment 10 having not only a bendable
section 12 provided with peripherallYVextending corrugations,
but also a bendable section 17 without such corrugations at
an opposite end portion of the tubulérvbody 11. In fact, the
material and the wall thickness of thé tubular body 11 may be
chosen so that any part of the tubular bddy may be bent into
a desired shape. The inhaler shown ih%Fig. S corresponds to
that shown in Fig. 4. The only différ?nce is that the embodi-
ment  shown. in Fig. 5 comprises a bendable section 12 at
opposite end portions of the tubularfbody, which sections 12
both comprise peripherally'extending*éorrugations;--

For some patients who are not sensing.so well it may be
difficult to immediately position thefinhalers shown in Figs.
1, 2, 4, and 5 correctly in the oral cavity 14. Therefore,
the tubular body 11 may advantageously be inserted in a bite
piece or teeth block 18 of the type.shown in Fig. 5. Pig 5d
is an end view of the bite piece.ls,:ﬁhile Fig. 5e is a
longitudinally sectional view of the bite piece. The bite

-piece 18 comprises a longitudinally extending channel or slot

19 which is dimensioned so that the tubular body 11 may be
snugly received therein as indicated by an arrow in Fig. 54.
Troughs or grooves 20 and 21 are defined in the upper outer
surface of the bite piece 18, and a trough 22 is defined in
the lower outer surface of:the bite piece. When the bite
piece or teeth block 18 has been mounted on the tubular body
11 which has been bent into the desired shape and the closure
caps 13 have been removed as;explaiﬁed-above,'the inhaler
assembly comprising the tubular body 11 and the bite plece 18
may be inserted into the user’s mouth. As shown in Fig. 6 the
bite piece or teeth block 18 may then be positioned so that
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the upper lip'fiﬁand the upper teeth 24 of the patient are
positioned in the troughs 20 and 21, respectively, while the
lower lip 25 of the user is positioned in the trough 22 of

.the bite piece or teeth block 18 whereby the tubular body 11

may be positioned very accurately within the user’s oral
cavity 14. -

As shown in Fig. 6 the inmer end portion of the tubular body
11 may be shaped so that the inner open end of the tubular
body is positioned adjacent to and directed towards the
throat 26 of the user or patient. Thus, almost all of the
active substance contained within the tubular body may be
transferred to the patient’s lungs when the patient vigorous-

-1y inhales air through the air flow passage defined within

the tubular body 11. It should be understood that the inner

end portion of the tubular body 11 could be directed towards
any desired surface part of the oral cavity to be treated by
the active substance contained in the inhaler.

In order to ensure that the open inner end of the tubular
body 11 is directed towards the throat 26 of the patient or
user as shown in Fig. 6, or towards any other surface part of
the oral cavity 14 to be treated it is important that the
shape of the inner end of the tubular body 11 is'adapted to
each individual user. When the inner end of the tubular body
has a bendable section 12 provided with peripherally exten-
ding corrugations, the bend or curvature which is adapted to
the oral cavity of a specific patient or user may be
expressed as a code which may be remembered. Fig. 7 illus-
trates examples of such coding. As indicated in Fig. 7a a
number may be assigned to each or every second of the peri-
pheral troughs formed between the adjacent peripheral corru-
gations of the bendable section 12. The number code to be
remembered by the user may then indicate which of the _
upwardly facing trough parts should be fully opened and which
should not.
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‘Alternatively, adjacent troughs may be differently coloured

or different colours may otherwise be asaigned to the various
troughs as indicated in Figs. 7b and 7c. The bend or curva-
ture suitable for each individual uee; or patient may then be
expressed as a colour code in a simi;ér'manner as explained
above in connection with the number=ooding;

The inhaler 10 illustrated in Fig. 8 is of the same type as
that described above with referénceito?Fig. 2. However, the
inner end portion of the tubular-body:11 shown in Fig. 8 has
a permanent bend 27 which is made}when the inhaler is being
manufactured. ' o

Like in the inhaler shown in Fig.'zwthe tubular body 11 has a
helical corrugation 16 extending alohg the length of the
tubular body. As explained above in connection with Fig. 2,
such helical corrugation may tend to impart a rotational
movement to air inhaled through the tubular body 11. The
tubular body 11 in any of the embodiments shown in Figs. 1,
2, 4, 5 and 8 may, for example,; be méde-by'injection'moul-
ding, blow moulding, or extrusion. In the latter case, the
corrugations may be formed in the walls of the tubular body
11 during a subsequent manufacturingTStage. The tubular
bodies 11 shown in Figs. 2 and 8 may, :alternatively, be made
by helically winding a strip of sheet’material, such as
paper, paperboard or another fibrous éheet'material, with
mutually overlapping adjacent edge portlons Such edge por-
tions may then be interconnected or sealed whereby the
helically extending corrugation 16 may be formed. In order to
facilitate mounting of the snugly fitting caps 13 on the
opposite ends of the tubular body 11 when a dose of active
material has been arranged therein, the tubular bodies 11
illustrated in Figs. 1, 2, 4, 5, and 8 may be cut on the bias
as indicated with dotted lines at 28 in Fig. 8c.

The tubular body 11 shown in Fig. 8 may be inserted into the
channel or slot 19 of a bite piece or teeth block 18 as
explained above in connection with Fig. 5. Thereafter, when
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the bendable éﬁﬁtion 12 has been givei ‘the desired shape and
the caps_13.have been removed, the inhaler may be positioned
in the mouth of a patient as illustrated in Fig. 9 and as
explained above in connection with Fig. 6.

Fig. 10 illustrates an embodiment of a tubular body 29 for an

. inhaler according to Ehe invention. Figs. 10a, 10b, 10c, and

104 illustrate a longitudinally sectional view, a top plan
view, an end view, and a cross-sectional view along the line
D-D, respectively. The tubular body 29 defines a longitudi-
nally extending air flow passage 30 having a substantially
uniform cross-sectional area along the length thereof. The
outer end (the left hand end in Fig. 10) of the tubular body
29 has a shape corresponding to the shape of the bite piece
or teeth block 18 shown in Figs. 5 and 8. This means that in
the embodiment shown in Fig. 10 the bite block is formed
integrally with the tubular body 29. Thus, the tubular body
29 has troughs or grooves 20 and 21 formed in the upper outer
surface of the outer end portion of the tubular body 29. '
These troughs 20 and 21 are intended to receive the upper lip
23 and the upper teeth 24, respectively, of a user or
patient. Furthermore, a trough 22 is formed in the lower
outer surface of the tubular body 29 for receiving the lower
lip 25 of the user as illustrated in Fig. 11.

The tubular body 29 illustrated in Fig. 10, which is prefe-
rably made from plastic by injection moulding, may be adapted

. to be used only once. In such case, a single dose of an

active powdered or particulate material may be arranged
within the air flow passage 30, and the open ends of the air
flow passage may be sealed or closed by removable sealing or
closing means, such as a film or foil which may be torn off.
Alternatively, the tubular body 22 illustrated in Fig. 10 may
be adapted to cooperate with a dose feeding device for fee-
ding a dose of powdered or particulate active material into
the air flow passage 30 when the inhaler is to be used. In
that case the tubular body 29 is preferably adapted to be
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used several times, and each sample may then have a shape
which has been adapted to the individual user.

Figs. 12 and 13 show the outer end portion or bite piece of
the tubular body 29 provided with a separate dose feeding &

device 31. The dose feeding device 31 comprises a short tube it
section 32 which may be inserted into the air flow passage 30 Bl

of the tubular body 29. In-Fig.'12'the'dose-feeding device 31 3
comprises a disc 33 which is rotatably mounted within a hou-
sing 34. The disc 33 comprises a plurality of capsules 35 in
a circular arrangement. The capsules 35 of the disc 33 may
successively be indexed to a position of use. By operating
parts of the housing 34 the opposite ends 36 of the capsule
35 in this position are cut off whereby the-remaining tubular
part of the capsule is brought into communication with the
tube section 32 and the air flow passage 30 defined in the
tubular body 29. The dose of active substance cdntained in
the capsule being cut may now be inhaled when the tubular
body 29 has been inserted into the oral cavity of a patient
as illustrated in Fig. 11. S :

The dose feeding device 31 illustrated in Pig. 13 is similar
to that illustrated in Fig. 12. In Fig. 13, however, the
capsule carrying disc 33 has been replaced by a strip 37
carrying a plurality of capsules 35 arranged in a rectilinear
row. In other respects, the dose feeding device 31 of Fig. 13
functions substantially in the same manner as the feeding
device shown in Fig. 12. In order to prevent inhalation of
the cut capsule ends 36 or other foreign matter, a sieve or
grid 38 allowing the particulate activé substance, but not
the capsule ends 36, to pass may be arranged within the air
flow passage 30 as indicated 'in Figs. 12 and 13.

Fig. 14 illustrates an embodiment of the inhaler according to
the invention comprising a tubular body 29 as that illustra-
ted in Fig. 10. The inhaler further comprises a small con-
tainer or capsule 39 which may contain a single dose of a
particulate or pulverulent active substance. Fig. 14a is an
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- end view of the inhaler, while Fig. 14b illustrates the

inhaler in a side view and partially sectional view. The
capsule 39 comprises a tube stub or tube section 32 which may
be inserted into the outer end of the air flow passage 30,
which means that the capsule 39 is replaceable. When the
inhaler is to be used.closure means (not shown) of the cap-
sule 39 may be removed or ruptured to allow air to flow
through the capsule and into the air flow passage 30. As an
example, such closure means may comprise a removable cap or a
film for closing the tube stub 32 and a removable film or
.foil closing an opening in the capsule 39, or a removable
wall part of the capsule. The capsule or container 39 may
then be disposed of when it has been used a single time while
the tubular body 29 may be used several times.

Fig. 15 illustrates an alternative embodiment of the tubular
body shown in Fig. 14. Figs. 15a, 15b, and 15¢ are an end
view, a longitudinally sectional view, and a cross-sectional
view along the line C-C, respectively. It should be noted
that Fig. 15c has been shown in a larger scale than Figs. 15a
and.15b. In addition to the air flow passage 30 the tubular
body 29 shown in Fig. 15 comprises longitudinally extending,
through-going upper and lower air passages 40 and 41, respec-
tively. When the tubular body 29 is being used and a flow of
air with active substance dispersed therein is being inhaled
through the air flow passage 30, flows of "false air" are
simultaneously being inhaled through the air passages 40 and
41. These flows of false air envelope the air flow in which
the active substance is dispersed so as to direct the dis-
persed active substance in the desired direction and so as to
reduce loss of active substance.

Fig. 16 illustrates an inhaler embodiment comprising a tubu-
lar body 29 as that shown in Pig. 15 and a replaceable con-
tainer or capsule 39 of the type which is shown in Fig. 14
and which is replaceably mounted on the tubular body 29 by
means of a tube stub 32. The capsule 39 is shaped so that it
does not close the inlet openings of the air passages 40 and
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41. Fig. 16a is an end view of the inhaler while Fig. 16b is
a side view and partially sectional view of the inhaler.
Apart from the enveloping air flowing through the air pas-
sages 40 and 41 the inhaler illustrated in Fig. 16 may be
operated and may function substantially as described above
with reference to Figs. 14 and 15..

Fig. 17 diagrammatically illustrates the inner end of the
inhaler shown in Fig. 16 which has been inserted into the

oral cavity 14 of a user or patient. When the patient inhales

air through the inhaler an air flow 42 with active substance
dispersed therein will be enveloped by flows of atmospheric
air which are represented by arrows 43 and 44 and which
contain no or few particles of active substance. Such envelo-
ping air flows may assist in conveying the dispersed active

substance into the patient’s lungs without any substantial
. loss of active substance. - : _ .

Fig. 18 illustrates a further embodiment of the tubular body
29. Fig. 18a is an end view and Fig. 18b is a longitudinally

. sectional view of the tubular body 29 while Fig. 18c is an

end view in the direction C-C shown in an enlarged scale. The
tubular body 29 shown in Fig. 18 is a short version having a
shape similar to the outer end portion of the tubular body
shown in Fig. 15b at the left hand side of the section line
C-C. However, as best illustrated in Fig. 18a the outer end
portion of the air flow passagé 30 may be in the form of a
longitudinally extending channel or groove 45. The tubular
body 29 shown in Fig. 18 may be used in connection with a
capsule or container 39 as shown in Figs. 14 and 16, and the
tube stub 32 of the capsule 39 may then be received in the
channel or groove 45, and the axial length of the channel or
groove may correspond ito the length of the tube stub or tube
section 32 of the capsule 39.

In Fig. 19 an embodiment corresponding to that of Fig. 1 has
been shown. However, in addition to the bendable section 12
the tubular body 11 has a second similar bendable section 46
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which is spaced from the bendable section 12 by a non-corru-
gated, rectilinear tubular section 47. The tubular body 11
contains a single dose of an active substance § and when the
inhaler 10 is to be used the sections 12 and 46 may be bent
as shown in Figs. 19b and 19c so that the sections 12, 47 and
46 are substantially S-shaped. The active substance S is
mainly received in . the inner corrugation troughs. of.the
bendable tubular section 12. Now, the removable closure caps
13 may be removed from the opposite ends of the tubular body
11 as illustrated in Fig. 19¢, and the tubular body may be
inserted into the oral cavity 14 of a user as illustrated in
Fig. 20. Even when the user reclines his head as shown in
Fig. 20 the active substance S may remain in the inner corru-
gation troughs of the bendable section 12. When, however, the
user or patient inhales air through the air flow passage of
the tubular body 11, the velocity of flowing air .causes a
static pressure drop so that the active substance S8 is sucked
from the corrugation troughs and entrained with and effi-
ciently dispersed in the air flow.

'If an inhaler-as that shown in Figs. 1, 2, and 4 is shortened

it may be used as a disposable container ‘or capsule for a
single dose of an active substance S. Such a tubular con-
tainer or capsule is shown in Fig. 21 and may be closed at
its opposite ends by removable closure caps 13 or by any
other removable or breakable closure means. The tubular
capsule may have a central bendable section 4% having peri-
pheral corrugations as those previously described. The tubu-
lar container or capsule 48 may be used together with any of
the tubular bodies 29 shown in Figs. 10-18. Fig. 22 illu-
strates how the container or capsule 48 may be used in con-
nection with the tubular body 29 shown in Figs. 15 and 16.
When the tubular capsule 48 is to be used it may be bent as
illustrated in Fig. 21b so that the active substance S is
collected in the bendable section 49 and is mainly received
in the inner corrugation troughs defined therein. When the
closure caps 13 have been removed, one end of the capsule 48
may be inserted into the outer end of the air flow passage 30
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of the tubular body 29 as illustrated in Fig. 22. Now, the
inhaler is ready for use in a manner previously described.
When the active substance S from the-capsuie 48 has been
inhaled, the capsule may be discarded and a new capsule is
used for the next inhalation. '

Fig. 23 shows a tubular inhaler 10 in which the section 12
has a number of annular corrugations. Figs. 23a and 23b
illustrate the rectilinear inhaler prior to use and the bent
inhaler made ready for use, respectively. As shown in Fig.
23c the corrugations are of a type which is substantially saw
tooth shaped in an axial sectional view. Thus, the valleys 50
and peaks 51 of the corrugations are relatively sharp.

In the embodiment shown in Fig. 24 the tubular inhaler 10 is
stored in a condition in which the inhaler 10 is bent to a
position in which the free ends of the inhaler are positioned
closely adjacent, and the inhaler with the active substance
therein is maintained in this position by means of a single
closure member 52 which is closing both of the free ends of
the inhaler. The closure member may, for example, be in the
form of a pair of closure caps which are interconnected by a
connecting portion which may be formed integrally with the
closure caps. This embodiment secures that both of the oppo-
site ends of the tubular inhaler 10 are opened before the
inhaler can be used.

It should be understood that various amendments and modifica-
tions of the embodiments described above and shown in the
drawings could be made without departing from the scope of
the present invention. Thus, features described in connection
with any of the embodiments shown could alsc be used in
connection with one or more of the other embodiments shown.
As an example, any of the embodiments may contain a sieve or
grid 38 as shown in Figs. 12 and 13 or other kinds of means
for retaining. larger particles. Furthermore, any of the
tubular bodies shown may comprise separate passages for
*false" or enveloping air. Similarly, any of the embodiments
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of the tubular body may be pi:ovided with a compressible bulb
15 as shown in Fig. 1@ or any other kind of means for provi-
ding compressed air.
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CLAIMS

1. An inhaler comprising a tubular body (11) defining an air
flow passage therein,

characterized in comprising only a single dose of an active,
inhalable, particulate substance (S) arranged within the air

flow passage, said dose being sealed or closed in relation to =&f

the ambient atmosphere by closure means (13) which are to be
removed or opened by a user prior to use, the inhaler being
intended to be used only once.

2. An inhaler having a tubular body (11, 29) defining an air
flow passage (30) therein and means (31, 39, 48) for supply-
ing a dose of an active, inhalable, particulate substance (S)
intoc the flow passage (30),

characterized in that the cross-sectional area
of the flow passage does not exceed 75 mm? along the length
of a flow passage section extending from a free mouthpiece
end of the tubular body (30) along a major part of the total
length of the flow passage.

3. An inhaler according to claim 1, wherein the cross-sec-
tional area of the flow passage does not exceed 75 mm? along
the length of a flow passage section extending from a free
mouthpiece end of the tubular body along a major part of the

total length of the flow passage.

4. An inhaler according to claim 2 or 3, wherein the cross-
sectional area of the flow passage section (39) does not
exceed 70 mm? and is preferably less than 50 mm2.

5. An inhaler according to claim 4, wherein the cross-sec-
tional area of the flow passage section (39) is 7-35 mm?,
preferably about 20 mm?

6. An inhaler according to claim 4 or 5 comprising only a few
or a single dose of the active substance (S} and being of a
type adapted to be used only a few times or once. -

—_—
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7. An inhaler according to any of the claims 1-6, wherein the
flow passage (39) or flow passage section has a substantially
circular cross-section, the inner diameter of the flow pas-
sage being substantially the same along the length of the
section.

8. An inhaler according to claim 7, wherein the inhaler. is.
formed similar to a drinking straw.

9. An inhaler according to any of the claims 1-8, wherein the
flow passage comprises a curved section (27).

10. An inhaler according to any of the claims 1-9, wherein
the tubular body comprises a bendable section (12, 17).

11. An inhaler according tc claim 10, wherein the bendable
section (12, 17) of the tubular body (11) comprises peri-
pherally extending corrugations.

12. An inhaler according to claim 11, wherein the bottoms of
the. corrugations.are. provided with codes for .assisting in-
obtaining a bend suitable for the individual user.

.13.  An inhaler according to any of the claims 1-12, further

comprising means (16) for imparting to air flowing through
the flow passage a rotational movement about the longitudinal
axis of the flow passage.

14. An inhaler according to any of the claims 1-13, wherein
the tubular body (11, 29) comprises a mouthpiece section
having a length so as to extend during use from the teeth
(24) of the user to a position adjacent to the root of the

user’s tongue.

15. An inhaler according to any of the claims 1-14, further
comprising a bite piece (18) formed on the cuter surface of
the tubular body (11, 29) for engaging with the upper jaw

-
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teeth (24) of the user so0 as to position the inhaler in the
oral cavity (14) of the user.

16. An inhaler according to claim 15, wherein the bite piece
(18) is removably mounted on the tubular body (11).

17. An inhaler according to claim 15 or 16, wherein the shape
of the bite piece (18) is adapted to the teeth (24) of the
individual user.

18. An inhaler according to any-of”the claims 1-17, wherein
the tubular body is moveable from a retracted ltorage condi-
tion to an extended condition of use.

19. An inhaler according to claim 18, wherein the tubular
body is provided with peripheral corrugations along a major
part of its length so as to allow longitudinal stretching of
the tubular body.

20. An inhaler according to claim 18, wherein the tubular
body comprises telescopically cooperating tubular parts.

21. An inhaler according to any of the claims 1-20, further
comprising retaining means (38) arranged within the flow
passage (30) for retaining particles of a size exceeding a
predetermined size. : :

22. An inhaler according to claim 21, wherein the retaining
means comprises a sieve or screen (30) extending across the
flow passage (30).

23. An inhaler according to any of the claims 1 and 3-22,
wherein the closure means comprise a pair of cap members (13)
removably mounted at opposite ends of the tubular body (11).

24. An inhaler according to any of the claims 10-23, wherein
the free ends of the tubular body (11) are positioned closely
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adjacent, said free ends being closed by a common removable
closure member.

25. An inhaler according to claim 23 or 24, wherein at least
one of the cap members or closure members (13) is made from a
transparent. material..

26. An inhaler according to any of the claims 1-25, wherein
the tubular body (11, 29) is at least partly made from a
transparent material.

27. aAn inhaler according to any of the claims 1-26, further
comprising forced flow generating means (15) for providing a
forced air flow through the flow passage.

28. An inhaler according to claim 27, wherein the forced flow
generating means comprises a compressible bulb (15) to be
mounted on an air inlet end of the tubular body (11).

29. An inhaler according to any of the claims 1-28, wherein
one end or the mouthpiece end of the tubular body is adapted
to be inserted into a nostril of a user.

30. An inhaler according to claim 29 comprising a pair of
tubular bodies and a connecting part for interconnecting the
same, said one end or mouthpiece end of said pair of tubular
bodies being arranged in spaced relationship so that said
ends may be inserted into the nostrils of a user.

31. A substance supply means for use in connection with an
inhaler according to any of the claims 2-30, said supply
means comprising a tube length (48) containing only a single
dose of a particulate active substance (S), said dose being
sealed or closed in relation to the ambient atmosphere by
closure means (13) which are to be removed or opened by a
user prior to use, one end of the tubular length being
insertable in or connectable to the air flow passage (30) of
the inhaler.
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32. A substance supply means according to claim 31, wherein
the tubular length (48) comprises at least one bendable
section (439). :

33. A substance supply means according to claim 32, wherein
5 the bendable section comprises a plurality of adijacent,
peripherally extending corrugations.

34. A substance supply means according to claim 32 or 33,
wherein the closure means comprise a pair of removable clo-
sure caps (13) closing opposite ends of the tube length (48).

10 35. A substance supply means according to claim 32 or 33,
wherein the free ends of the tube length (48) are positioned
closely adjacent, said free ends being closed by a common
removable closure member. ' :
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