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(57) Abstract

A medicament dispensing device comprises a housing (400) for receiv-
ing a medicament delivery system (25), e.g., an aerosol can, actuable to deliv-
er discrete doses of medicament. An actuation device has a spring loaded

sleeve (420) for engaging the aerosol can at its base end, when th

device is released on inhalation at a mouthpiece (405) of the housing. A dose
counter comprises a rotary dose indicating ring (101) surrounding the sleeve
(420) to be indexed incrementally by a resilient indexing member provided
on the sleeve, on each actuation of the aerosol can (25) to discharge a dose of

medicament.
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DOSE INDICATING DEVICE

This invention relates to a dose indicating device for a
dispensing device suitable for dispensing discrete amounts of
fluid or particulate material entrained in an air streanm.

Metered dose inhalers are well known in medicine for
treatment, or alleviation of the effects of respiratory
complaints, for example asthma. Breath-actuated devices are
also known.

Aerosol dispensers provided with dose counting devices
are also known. Some of these devices require substantial
modification of the body part or housing of the dispenser to
accommodate the counters or require additional containing
structures. EP-0,197,113 provides a counter device which is
mounted on top of the dispenser housing. US-4,817,822
utilizes a linear or rotary scale accommodated in a separate
compartment outside to the dispenser housing. EP-0,258,238
utilizes a vertically disposed numbered wheel which projects
upwardly of the dose metering device.

EP-0,269,496 describes a push button actuator for
mounting on the neck of an aerosol dispenser, having a stroke
counter comprising a counting ring with axially facing teeth
which are engaged by an axially inclined flexible blade on the
push button for actuating the aerosol valve.

GB-1,317,315; GB-1,290,484 and WO 92/09324 relate to
counters for basic dispensers having an open ended housiné-in
which aerosol cans are slidably mounted such that when the
cans are manually depressed, a dose of medicament is released
from the aerosol and inhaled through a mouthpiece at the
opposite end of the housing. However, the counters are
located beneath the cans and must be engaged by the lower,
valve ends of the cans to cause the counters to index on each
manual depression of the cans. Such arrangements have the

disadvantages that modification of the housing geometry is
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required at the critical area of the housing lower end where
atomization takes place, the counter is accessible to a
patient and could lead to misuse and its disposition could
result in the inhalation of foreign matter if breakage of
parts of the counter mechanism takes place.

Therefore, although several dose counting devices have
been proposed the prior art devices are subject to many
technical disadvantages.

It is an object of this invention to provide an improved
dispensing device having actuating means, which may be breath
actuated, capable of actuating a pressurized aerosol container
or a dry powder drug delivery system, and a dose indicating
means operated in association with the actuating means, the
indicating means being relatively simple and convenient in
structure and capable of being readily accommodated within the
dispenser housing without substantial modification thereof as
well as reducing the risks of incorrect actuation by a patient
and of inhalation of small components which could become
separated from the mechanism.

The invention provides a dispensing device for use with
a medicament delivery system which can be actuated to deliver
discrete doses of medicament, the dispensing device comprising
a housing for receiving the medicament delivery system, the
housing having an inhalation nozzle and a dose indicating
device comprising an annular or arcuate dose indicating
element rotatably mounted in the housing with a section of the
indicating element being visible from outside the housing, and
an indexing member movable on discharge of a dose of
medicament to index the indicating element incrementally,
characterized in that actuating means are provided in the
housing for acting on an end of a medicament delivery system
remote from said nozzle, to cause dispensing of doses of
medicament; in that the indicating element is located in the
housing around a part associated with the actuating means and
in that the indexing member is carried by said part for
movement in one axial direction through the indicating element

on actuation of the medicament delivery system and in the



WO 93/24167 PCT/GB93/01064

3

opposite axial direction for resetting the actuating means,
with the indicating element being incrementally indexed on
each movement of the indexing member in said one direction
only.

Said actuating means are preferably breath-actuated on
inhalation through the nozzle.

The indicating element may have internal teeth which are
engaged by an indexing member which is resiliently mounted on
the aforesaid part so that it can move inwardly of the teeth

"when it moves in said opposite direction, being the teeth and
the engagement portion of said indexing member inclined with
respect to the axis of rotation of the indicating element.

Preferably there may be provided means for restraining
said actuating means, and means to release said restraining
means. The release means are preferably breath actuated.

The actuation means may comprise means for applying a
preload capable of actuating said drug delivery system.

The restraining means may comprise means for applying a
resisting pneumatic force capable of preventing actuation of
the actuation means. The pneumatic resisting means may be
provided by a gas, e.g. air, which is either held at a
positive pressure greater than atmospheric or a negative
pressure below atmospheric prior to release. The release
means will act to return the pressure to atmospheric or prior
equilibrium, thus allowing the full force of the preload to
act.

The means for applying a resisting pneumatic force may
comprise an expandable gas tight chamber, the release means
including valve means which één be opened to release a
negative pressure prevailing in said low pressure chamber.

Although this device has been described in particular
relation to a system using air, it will be realised that in a

- closed system any suitable gas could be used.

A device according to the invention is particularly
suited for use with pressurized inhalation aerosols having
valves which can be actuated to dispense a dose of medicament.

However in other embodiments, a device according to the
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invention can be used with a dry powder drug delivery system
disposed within said housing, in which a dose of powdered
medicament is dispensed by said system into an air flow in
said housing created by inhalation at an outlet nozzle
associated with the housing.

In some arrangements according to the invention for use
with an aerosol dispensing container or a dry powder delivery
system, the housing may include a slidable inner sleeve for
enclosing the top portion of the main body of the aerosol
container or the dry powder delivery system with the depending
member being associated with the inner sleeve, with the
indexing member being carried on the sleeve. This inner
sleeve is preferably arranged to form one end of a gas tight
piston cylinder, bellows or diaphragm, such that movement of
the inner sleeve will result in an increase in the enclosed
volume within the piston cylinder, bellows or diaphragm
producing a vacuum oOr low pressure volume to form the
resisting force capable of preventing the actuation of the
drug delivery system.

A preferred breath-actuating release means comprises a
movable vane mechanism. A valve seal is preferably attached
to said vane, such that on inhalation the vane moves from its
rest position closing said inlet means to its actuating
position, thus moving the valve seal out of contact with the
valve port, causing the opening of the valve to release the
aforesaid resisting force. The vane mechanism is preferably
dynamically balanced, and may be biassed towards its closed
position, e.g., by a spring.

Air inlets into the housing may take the form of slots in
an upper end wall of said housing.

The medicament may be a drug per se or in any form of
carrier, e.g., including a powder or a gaseous carrier.

Preferably the actuating means act on the aforesaid inner
sleeve, and are reset by causing the inner sleeve member to
move in said opposite direction.

Preferably a cover for an outlet nozzle of the housing is

movably mounted on the housing, and a cam formation on the
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cover cooperates with the lower end of at least one depending
member associated with the inner sleeve such that, when the
cover is closed, the depending member moves the inner sleeve
to reset the actuating means.

An embodiment of the invention will now be described by
way of example and with reference to the accompanying
drawings, in which:~-

Figure 1 is a diagrammatic sectional view through a
metered dose inhaler having a dose indicating mechanism in
accordance with the present invention;

Figures 22, 2B and 2C are sectional details of the
inhaler showing the diaphragm in the pre-actuated, cocked, and
actuated states, respectively;

Figure 3 is a diagrammatic perspective view of the dose
counting mechanism of Figure 1; and

Figure 4 is a diagrammatic perspective detail of parts of
the mechanism of Figure 3.

Referring to Figure 1, an inhalation device consists of
a main body 400 which is generally cylindrical in cross
section, with a mouthpiece section 405 at one end and an end
cap section 407 housing air inlets 419 at the other end. A
known type of aerosol dispensing container 25 of generally
cylindrical shape is housed within the main body of the
device. The aerosol dispensing container has a stem 40 which
contains an aerosol dispensing valve (not shown). The bore 15
of a pedestal 16 in the housing, is such that it forms an
airtight seal on the stem 40 of the aerosol dispensing
container 25. A shoulder 45 limits and locates the position
of the stem 40, which in turn locates the aerosol dispensing
container 25 in position in the main body 400. A passage 50
extends from the bore 15, continuing from the shoulder 45 to
interconnect with a dispensing nozzle 55.

The opposite end of the dispensing container is contained
within a sleeve 420 of slightly smaller cross section to the
main body 400. The longitudinal axis of both the sleeve 420
and main body 400 is generally coaxial. The sleeve is
slidable within the inner wall of the main body to allow free
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passage of air in the main body past the sleeve. The sleeve
420 may be held in place by connection with a diaphragm 440
held in connection with the top of the main body 400, as will
now be described. Thus, the sleeve 420 effectively hangs from
the top of the main body.

One end of an e.g., moulded flexible diaphragm 440 (as
indicated in Figure 2C) comprising a rigid disc-like section
441, a flexible generally cylindrical wall section 445 and a
stiffer annular connector flange 447. The sleeve 420 has a
cooperating annular connection flange 450. An annular
U-section clip 470 snaps over the flanges 447 and 450 to hold
them together in an air-tight manner. A further 1lip 418 on
the clip provides a snug fit for one end of a compression
spring 460. The compression spring is thus located and free
to act on the sleeve. The other end of the compression spring
is located by an annular flange of a predominantly cylindrical
flanged insert 480 housed in the top section of the main body
400. This insert includes a groove 485 into which the disc-
1ike section 441 of the flexible diaphragm 440 is snap-fitted.

The shape of the top surface 422 of the closed end of the
sleeve to conform to the internal shape of the diaphragm such
that in the rest (preactuated) position of the inhaler
(Figure 2A) the two surfaces are in close proximity, and the
enclosed space between them very small.

The cylindrical insert 480 is retained in place by the
end cap 407 comprising the upper part of the main body 400 of
the device. This forms a chamber 590 between the air inlet
slots 419 and the rigid part 441 of the diaphragm. The
chamber is provided with one or more air pathways 580 such
that air may pass from the air inlet slots 419 to the
mouthpiece 405. The rigid disc-like section 441 of the
diaphragm also includes a small valve port 495 which is
normally covered by a diaphragm valve seal 540 housed in a
vane 550 pivotally connected to the insert 480.

The vane 550 in its rest position divides the chamber 590
between the air inlets 419 and the air pathways 580 that link

to the mouthpiece such that it may move from its rest position
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by means of a pressure drop between the air inlets and the
mouthpiece. On movement of the vane to the actuated position
(Figure 2C) the valve seal 540 is moved sufficiently to open
the valve port 495. The vane 550 may be biassed closed by a
light spring flexure, a weight or a magnet not shown.

As shown in Figure 1, the lower end of the main body has
a moulded section 500 beneath the mouthpiece 405 to which a
dust cap is pivotally connected. A cam 520 is integrally
formed on each side of a dust cap 510, one on each side of the
moulded section 500. An annular yoke member 425 is secured to
the lower end of the sleeve 420 and has a pair of downwardly
depending legs 530, the lower ends of which act on the cams
520 such that when the dust cap is in the closed position the
inner sleeve is forced by the cam follower to its uppermost
position.

When the dust cap is rotated to its open position the cam
profile is such that the cam follower is free to move
downwards by an amount sufficient to allow actuation of the
device.

In its rest position (Figure 2A) the dust cap 510 is
closed, the legs 530 of the yoke member restrain the inner
sleeve 420 in its uppermost position such that the enclosed
space trapped between the diaphragm 440 and the top surface
422 of the inner sleeve is at a minimum and the spring 460 is
compressed. The valve port 495 is closed by the valve seal
540 and the sleeve 420 is clear of the top of the aerosol can
25 which is thus unloaded.

The dust cap is opened rotating the integral cam 520
allowing the cam follower 530 to drop by an initial amount of
downward movement. The inner sleeve is forced downwards under
the action of the spring 460. As the inner sleeve moves
downwards ﬁhe enclosed volume between the diaphragm 440 and
inner sleeve is increased. Since the valve port 495 is closed
this creates a low pressure volume or near vacuum in the space
600 then defined between the upper surface 422 of the sleeve
420 and the diaphragm 440. The effect of the pressure

differential between the enclosed volume 600 and atmospheric
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pressure is such that the inner sleeve tends to resist the
action of the spring 460. As the inner sleeve moves downwards
it contacts the aerosol can 25 and begins compression of the
aerosol valve (not shown).

Downward movement of the inner sleeve 420 will continue
until there is a balance of forces between the compressive
force in the spring 460 and resisting forces created by the
pressure differential and compression of the aerosol valve.
This represents the cocked position shown in Figure 2B. The
geometry of the device is arranged such that this balance
occurs before the aerosol valve has been sufficiently
compressed to actuate it.

A typical aerosol requires about 20N force to actuate.
The spring 460 should accordingly provide a greater force,
preferably 10% to 50% greater.

It may also be possible to arrange for the balance of
forces to take place before the inner sleeve has contacted the
aerosol can, such that the spring force is balanced by the
resisting force produced on the inner sleeve by virtue of the
pressure differential.

On inhalation by the patient through the mouthpiece 405,
a small pressure differential is created across the vane 550
which is pivoted towards one end. The pressure differential
causes the vane to move from the rest position to the actuated
position. The vane and design of the air passageway 580 in
the chamber 590 are such that in the actuated position air can
flow freely from the air inlets 419 to the patient.

The movement of the vane 550 causes the valve seal 540 to
be moved out of a sealing position with the valve port 495.
Opening the valve port allows air into the space defined
between the diaphragm 440 and inner sleeve 420 such that the
enclosed space reaches atmospheric pressure. This causes an
imbalance of forces acting on the sleeve 420 and the container
25. The sleeve and the container are thus forced downwards
(Figure 2C) by the spring 460 resulting in the release of a
measured dose of medicament through the dispensing nozzle 55

and into the mouthpiece at the same time as the patient



WO 93/24167 PCT/GB93/01064

9

breathes in. Thus the patient inhales air with a metered dose
of medicament.

After the inhalation of the dose by the patient, the dust
cap 510 is returned to its closed position. This rotates the
cam 520 and causes the legs 530 of the yoke 425 to be forced
upwards. This in turn acts on the inner sleeve 420 moving it
upwards to compress the spring 460 and to close the space
between the diaphragm 440 and the inner sleeve top surface
422. This forces air out of that space, which escapes through
the valve port 495 lifting the valve seal 540. Since the
valve seal is only lightly biassed to its closed position it
presents little resistance to air flow out of the enclosed
space. The aerosol can is free to return to the rest position
under the action of its own aerosol valve spring.

In use the patient loads the aerosol dispensing container
into the main body. The aerosol container may be loaded by
forming the main body 400 in two separable parts 350,360,
which are joined by & threaded coupling. When the upper part
350 of the main body 400 has been unscrewed, the aerosol can
be inserted. The upper part 350 can then be replaced locating
the inner sleeve 420 over the top end of the can, and the
device is ready for use. As described previously, the device
could be manufactured as a sealed unit.

The construction and operation of the inhalation device
is also described in WO 92/09323, to which reference should be
made for further details.

The inhalation device is provided with a dose indicating
mechanism in accordance with the present invention. The upper
part 407 of the main body 400 of the inhaler is formed with a
viewing window 100 through which numbers or other dose
indication markings provided on a rotary ring 101, can be
viewed. The ring 101 is located in annular recess defined in
the upper body part 407.

The ring 101 is formed at its upper end with a set of
internal, axially inclined ratchet teeth 103.

The ring 101 is rotationally indexed, in the direction of
the arrow in Figure 3, by a predetermined amount, each time a
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dose is dispensed from the aerosol container 25. This is
achieved by providing an indexing member 109 on the sleeve 420
to cooperate with the internal teeth 103 on the ring 101. The
member 109 is made of a strip of a suitable resilient
material, e.g., spring steel, and has a flat base portion 108
secured to the outer wall of the sleeve 420. The free edge of
the strip is bent outwardly and shaped to form the indexing
member 109 which is also inclined with respect to the axis of
the ring 101. A rectangular portion 107 is cut out of the
flexible arm portion connecting the indexing member 109 to the
base portion 108 so the connection is made by upper and lower
limbs 105,106. This construction produces a resilient support
structure for the indexing member 109 which is torsionally
relatively rigid but is relatively flexible along its length.
In this way the indexing member can readily flex radially
inwardly of the ring 101 during each return stroke, as
described below.

The teeth 103 and the indexing face 110 of the member 109
are similarly inclined to the axis of the body part 400. When
the sleeve 420 is moved downwardly sufficiently to dispense a
dose from the aerosol container 25, the indexing member 109
moves to its lower position as shown in Figure 4, thereby
causing the indicating ring 101 to index by a predetermined
increment to change the dose number displayed in the window
100.

In practice, with the indexing member 109 at its
uppermost position, there is a small amount of play between
the member 109 and the tooth 103 with which it is engaged.
This play is taken up over an initial movement of the sleeve
420 as the breath actuating means is set on opening the cover
510, as described above. This accounts for an initial stroke
of about 1 mm of the movement of the indexing member 109.

When the device is triggered by inhalation at the
mouthpiece 405 to dispense a dose of medicament, the indexing
member 109 completes its stroke of about 4.5 mm. At the end
of its stroke the indexing member 109, which has a height of
about 8 mm, remains still engaged with the teeth 103, as
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indicated in Fiqure 4. On the return stroke, the indexing
member 109 first engages the next inclined tooth 103, and then
resiliently rides over that tooth to engage in the gap behind
that tooth, ready for the next indexing operation. The
indexing member at the beginning of its stroke is engaged with
the teeth 103, which have a depth of about 2 mm, over a
distance of about 1.5 mm.

As the yoke 425 is lifted to reset the device, by closing
the mouthpiece cover 510, the indexing member 109 flexes
radially inwardly of the ratchet teeth 103 on the ring 101
until, in its upper position, it engages in the next notch
defined between the teeth 103 ready for a subsequent indexing
operation.

It will be appreciated that the dose indicating mechanism
is only actuated when the inner sleeve 420 moves downwards
sufficiently to cause a dose to be dispensed from the aerosol
25. Therefore merely opening the mouthpiece cover 510 to
reach the cocked position (Figure 2B) will not cause the dose
indicating mechanism to be indexed.

Moreover a gap 600' is formed in the set of teeth 103 so
that after the maximum number of doses have been dispensed
from the aerosol can 25 the indicating ring 101 is no longer
indexed by the indexing member 109. At this point an "empty"
indication could be shown in the window 100.

The device may also be provided with a means such that it
will not operate below a certain predetermined air flow rate,
e.g., 10 to 30 litres per minute. In one embodiment the vane
550 will be biassed by a spring such that the predetermined
minimum air flow is necessary for it to move to its actuated
position and enable the valve seal to open.

The main body of a dispensing device is preferably
manufacturéd'from a plastic such as polypropylene, acetal or
moulded polystyrene. It may however be manufactured from

metal or other suitable material.



WO 93/24167 PCT/GB93/01064

12

CLATMS

1. A dispensing device for use with a medicament
delivery system (25) which can be actuated to deliver discrete
doses of medicament, the dispensing device comprising a
housing (400) for receiving the medicament delivery system
(25), the housing having an inhalation nozzle (405) and a dose
indicating device comprising an annular or arcuate dose
indicating element (101) rotatably mounted in the housing
(400) with a section of the indicating element being visible
from outside the housing, and an indexing member (109) movable
on discharge of a dose of medicament to index the indicating
element (101) incrementally, characterized in that actuating
means (420,440,460,550) are provided in the housing for acting
on an end of a medicament delivery system (25) remote from
said nozzle (405), to cause dispensing of doses of medicament;
in that the indicating element (101) is located in the housing
around a part (420) associated with the actuating means and in
that the indexing member (109) is carried by said part (420)
for movement in one axial direction through the indicating
element (101) on actuation of the medicament delivery system
and in the opposite axial direction for resetting the
actuating means, with the indicating element being
incrementally indexed on each movement of the indexing member

(109) in said one direction only.

2. A dispensing device according to Claim 1 wherein
said actuating means (420,440,460,550) are breath-actuated, on

inhalation at said nozzle (405).

3. A dispensing device according to Claim 1 wherein the
indicating element (101) has internal teeth (103) which are
engaged by the indexing member (109), the teeth (103) and the
engagement portion of the indexing member (109) being inclined
with respect to the axis of rotation of the indicating member
(101), and the indexing member (109) being resiliently mounted
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so that it can move inwardly of the teeth (103) when moved in

said opposite axial direction.

4. A dispensing device according to Claim 3 wherein a
predetermined number of teeth (103) are provided so that said
indexing member (109) disengages therefrom after a
corresponding number of indexing operations of said indicating
element (101) which then gives an empty indication on said

section thereof visible from outside the housing.

5. A dispensing device according to Claim 3 wherein
said indexing member (109) is carried by a connecting portion
(105,106) which is attached to said part (420) and is
resiliently biassed towards said teeth (103).

6. A dispensing device according to Claim 5 wherein
said connecting portion is made of a resilient material so as

to bias the indexing member towards said teeth (103).

7. A dispensing device according to Claim 5 wherein
said connecting portion comprises two spaced apart resilient,

connecting limbs (105,106).

8. A dispensing device according to Claim 1 wherein
said actuating means comprise a loading member (420) for
engaging said end of the medicament delivery system (25), said
indexing member (109) being carried by said loading member,
means (460) to load said loading member (420) to actuate said
medicament delivery systen, means (440) to restrain said
loading means (46), and means (550) to release said

restraining means (440).

9. A dispensing device according to Claim 8 wherein
said restraining means (440) comprise means for applying a
resisting pneumatic force capable of preventing said loading
means (460) from actuating the medicament delivery system

(25).
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10. A dispensing device according to Claim 1 wherein a
cover (510) for said nozzle (405) of the housing is movably
mounted on the housing, and a cam formation (520) on the cover
(510) cooperates with the lower end of a depending member
(530) associated with said part of the actuating means such
that, when the cover is closed, the depending member moves
said part to reset the actuating means and thereby to move

said indexing member (109) in said axial direction.

11. A dispensing device according to Claim 1 in
combination with a drug delivery system in the form of an
aerosol dispensing container (25) having a valve capable of
being actuated to release a metered amount of the pressurized

aerosol contents.

12. A dispensing device according to Claim 1 in
combination with a dry powder drug delivery system disposed
within said housing and adapted to dispense, when actuated, a
dose of powdered medicament into an air flow in said housing

created by inhalation at said nozzle (405).
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