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Powdered medicament dispensing device.
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This invention relates to a dispensing device which
is suitable for the dispensing and administration of a

metered amount of powder. Such a device would be suitable

for the dispensihg and administration of pure powder form

i

drugs or drugs mixed with a suitable carrier agent e.gq,.
lactose.

Metered dose inhalers are well known and often
comprise a pressurised aerosol dispensing container. The
aerosols contain gas propellants in which the powdered
‘ On actuation,

nedicament is suspended. the aerosol

contents are expelled, through a metering valve, and a

metered dose is propeiled into the lungs of the patient.

Research has indicated that some aerosol propellants,
including those used in metered dose inhalers can cause
depletion of the ozone layer in the atmosphere. It has
thus become more important that such inhalers can be
substituted with metered dose inhalers which do not have
such

a damaging effect on the environment. Furthermore,

aerosol systems are not suitable for some patients.
Several types of powder inhalers are known. Usually
a metered dose of medicament is initially contained in a
The container 1is often in the form of a
by
and then its contents are dispersed
and expelled by ensuring that airflow, to the
inhalation of the patient, causes the capsule to rotate.

container.
gelatin capsule. The capsule is first opened e.qg.
piercing with a pin,

due

These powder dispensers have several disadvantages.
It is necessary for the patient to reload the dispenser
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Descri ption This invention relates to a dispensing device which -is
sui.table for the dispensing and admnistration of a netered anount of

* powdewO ®u10228 devi ce woul d be suitable for the di spensiPgl/&4R91/02117

adm ni stration of pure powder formdrugs or drugs mxed with a suitable
car- rier agent e.g. |lactose. Met ered dose inhalers are well knowpy ”
and often conprise a pressurised é%rosol di spensi ng container. The \
aerosols contain gas, propellants in which the pow dered nedicanent is

suspended. On actuation, the aer- )
after each dose release, and in some devices the capsules

must be pierced before loading. CO£plicated mechanisms
are employed to ensure complete expulsion of powder in
order to provide the correct dose to the patient. This
can make the devices difficult to operate and expensive to

(811

manufacture.

GB 2102295 and GB 2144997 disclose a .complicated
inhaler in which a metered dose of medicament is dispensed
from a storage chamber dontaining powdered medicament in

) a pelletised micronised form. The inhaler includes a
dosing unit which is connected to a storage chamber for
the medicament. The.dosing unit comprises a perforated
rotating membrane, and spring loaded scrapers to fill the
rotating perforations with medicament. The filled

15 perforations are introduced to a passage which connects a
propellant container to a nozzle. An amount of propellant
is released when the patient depresses two triggers in
succession. The propellant expels the contents of the
exposed perforations towards the nozzle to be inhaled by
20 the patient. The size of the metered dose is determined
by the size of the perforations and the number of
perforations that are brought into the propellant passage.

Such a device is expensive to manufacture, and the
dosage accuracy relies on the efficiency of the scrapers
25 to £fill the perforations. The perforations often need to
be presented several times to the powdered medicament to
ensure complete filling. For optimum effect the device
also requires the patient to co-ordinate inhalation with
the operation of propellant release. Many patients find
20 this co-ordination difficult to achieve.
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osol contents are expelled, ‘through a netering valve, and a netered dose
_i§.prq§§IIed into the lungs of the patient. Research_has i ndi cat ed
that sBRIZHAPHIol propel - lants, including those used in KEIECBIIMBIE

i nhal ers can cause depleti'on of the ozone layer in the atnos- phere. It
has t hus becone nore inportant that suep I nhal ers can be substituted with
net ered dose inhalers which do not have a danagi ng effect on the environ-
ment. Furthernore, such aerosol systens are not suita- ble for sone

patents. SevEs Al o ¢85 Ps OTa POVESLed "R §E3:80° SAYMR Pelampts o
overcome some of the aforementioned-&roblems. There is
disclosed a powder inhaler which is actuated by the
airflow generated by the inhalation of the patient. 2
breath actuated device eliminates the problem of the co-
ordination of manual actuation and inhalation. A
propellant is no longer necessary to effect actuation.
The device also uses a perforated membrane and sprin§

w

loaded scrapers to providefa metered dose of medicament.

10 The patient rotates a,ffmanoeuvreing unit by a certain
amount. This rotates the perforated membrane with respect
to the scrapers filling the perforations and exposing a
certain number of them to an ailr passage. The air flow
generated on inhalation passes through the perforations

15 and the metered dose is inhaled by the patient. A
rotating means is provided to disrupt the airflow so as to
break up any aggregate particles which have been formed in
the dosing unit.

This device has the disadvantage that the airflow
20 generated on inhalation passes directly through the
perforations which are then returned to the dry storage
chamber for refilling. Any powder which has become lodged
in the perforations may become contaminated by the air,
and this is then mixed with the pure dry powder held in
25 the chamber. If the perforations become partially blocked
then a full dose of medicament will not be inhaled by the
patient.

It is the object of this invention to provide a

metered dose powder inhaler, wherein the powdered

30 medicament is stored in a powder reservoir housed in the
device. It is a further object of the invention to

provide such an inhaler which is simple in design yet
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all'y a. netered dose of nedicanent is initially cont ai.ane“d,r,;l,%Tﬁ 5,0 % er,.
The'container is often in the formof a gel- atin capsule’ e cgi) Iei'ﬂ
first opened e.g. by piercing with a pin, arnd then its conteptcpasaes 1992
di spersed and expelled by.ensuring that airflow, due to the Inhalation of

the patient, causes the capsule to rotate.

overcomes the disadvantages experienced with prior art

dispensers. &

In one aspect of the invention there is provided.a
powder inhalation device comprising- a powder reservoir
capable of containing a powdered medicament and a volume
of air, a metering chamber extending from the powder
reservoir to allow removal of the powdered medicament from
the reservoir in discrete amounts and a means for
compressing the air in the ;g:i-'eservoir wherein a passage is
provided to allow air to vent from the powder reservoir,
through the metering chamber and into atmosphere as the
pressure of the air in the powder reservoir is increased.

In a preferred arrangement the reservoir may be
partly defined by ) .

homseodboate *a thin walled cylinder-like structure which
interconnects with the main body of the dexiée. The
cylindrical reservoir and the main body may interconnect
by way of a bore located in the main body of the device.
It is preferred that the walls of the cylinder are in
close sliding contact with the bore, whilst allowing air
to pass from the reservoir, through the metering chamber
and into the atmosphere.

de-fiigda further arrangement the meterintj_ﬁ-:'.c':hamber may be

X ih the wall of the cylindrical. reservoir. The
chamber may comprise a hole in the .wall of the powder
resexrvoir. The hole is of a predetermined size to allow
the desired dosage of powder to pass from the reservoir
ready to be delivered to the main air conduit which
enables the powdered medicament to be inhaled by a
patient. The chamber may be sealed with a fine filter, or
may be a depression in the wall with appropriate venting

or leakage path provided. Certain hole shapes seem to
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- 2- These powder di spensers have several disadvan- tages. It is

- necessary for the patient to reload the dis- penser after each dose

rel ea¥e,92410229n sone devi ces the capsul es nust be pi er cedPEBHGEHR/9214ai ng.
Compli - cated nechanisns are enployed:to ensure conpl ete expul sion of
powder in order to provide the corre&® dose to the patent. This can nake
the devices difficult to

give better metering repeatability as do different
patterns of air leakage paths. Cylindrical chambers with

their depth equal to the cylinder diameter are preferred.

It is preferred that the metering chamber is filled

i

from the reservoir by the instigation of relative motion
between the metering chamber and the powder bulk so that
the air pressure on the powder bulk is increased, forcing
the powder into the metering chamber whilst allowing air
to pass in a small amounf through the metering chamber and
0 vent to atmosphere. Whilst in the device according to the
present invention it is preferred that the powder front
should pass across the entrance to the metering chamber by
relative motion of the powder and the metering chamber, it
has been found that the metering chamber will be filled

15 even if the powder bulk is in contact with the entrance to
the chamber and the air pressure above the powder bulk
increased. '

The relative motion may be provided by depression of
the cylinder into a bore in the main body of the device,
20 whilst the bulk of the powder is kept stationary by a
protrusion positioned inside the bore. The cylinder may
be depressed by the patient manually. Alternatively it
may bé depressed by the operation of a lever capable of
acting on the cylinder to keep it depressed. It is
25 preferred that the protrusion is provided with a seal,
such that the inner bore of the cylinder and the
protrusion seal are in sliding air tight contact.

The pressure entered on the powder bulk may be

increased by compressing a volume of air contained above

30 the powder. It will be realised that although reference
herein has been made to air, any gas may be included
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operate and expensive to manufacture. GB 2102295 and GB 2144997

di-scl ose a conpli- cated inhaler in which a netered dose of nedicanent is
di sp¥RsB416228m a storage chanber containing pow dered nBET(GREHO2IN a
pel l efised m cronised form The inhaler includes a dosing unit which is
connected to a storage chanber for t& nedicament. The dosing unit
conprises a perforated rotating nenbrane, and spring | oaded scrapers to
fill the rotating perforations with nmed- icanment. The filled perforations

are i ntrogyeadsl ard BaeRA0E VRGN §8226§£E éegggpﬁkkgn ngoplghag! to a

nozzl e An anbun el"éaSed when
e.qg. nltrogen.

Although not wishing to be bound by theory, it is
likely that a local fluidising effect of the powder buik
may take place which aids metering, with the air flow
through the chamber carrying powder into the chamber.

(8]}

It will also be realised that since the metering
effect seems to be cause,__gi' primarily by air flow from the
-high pressure region within the air reservoir (and
io possibly powder) to a lower pressure region beyond the
metering chamber, a similar effect could be created by
producing a low pressure region ocutside the reservoir and
metering chamber, and providing a pressure differential
between the reservoir and this low pressure region to
15 allow air flow. This is to be understood and included
within the invention as claimed.

In a preferred arrangement, the metering chamber,
once filled, is closed to separate the metered dose from
the reservoir by causing the chamber to move past the
20 protrusion located in the bore. The metered dose may be
prevented from leaking into the bore in the main body by
ensuring the cylinder walls and said bore are in close-
sliding contact, but spaced sufficiently to allow an air
passage. The size of the air passage is linked to the
25 powder particle size and should be sufficiently narrow
that powder within the metering chamber will not escape.
Many powdered drugs borne on carriers have an average
particle diameter size of between 20 and S50 um.
Accordingly, the width of the air passageway is preferably

0 from 10 to 100 um, preferably 10 to 50 .,u.m. The passageway
can be achieved by utilising surface imperfections.
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depresses two triggers in succession. The propel | ant expels the contents of
‘t he exposed perforations towards the nozzle to be inhaled by the patient.
The wiQe2/a622%e netered dose is deternmined by the size oPCTHEBRWIOZbI7a-
tions and the nunmber of perforations that are brought into the propellant
passage. Such a device is expengive to manufacture, and the dosage
accuracy relies on the efficiency of the scrapers to fill the perforations.
The perforations often need to be present ed several times to the powdered

d f d I
pedcanent Lo HSUASSEOBRLE! ol LB R P UTUR, LRS! HIBAIOU5, o 0

aligned with the metering chamber, a]_ﬂ.ows the chamber to
be emptied. Once the powder has been metered it must then
be ejected from the metering chamber. Clearly while more
accurate volumetric metering is achieved with a higher
packing density in the metering chamber, ejection of a

w

more tightly packed powder is more difficult. The first
part of this process requires isolation of the metering'
chamber from the bulk powder reservoir. This may be

10 achieved by causing the }tieservoir volume to be moved away
from the metering chambér until a sliding seal moves over
(or over and past) the inner face of the metering chamber.
In this embodiment the seal should be wide enough to
prevent a leakage path occuring from the higher pressure

15 reservoir via the metering chamber to a lower pressure
area behind the sliding seal.

Ejection may take the form of increased air flow
through the metering chamber carrying out the metered
powder, air flow past the chamber, e.g. by a venturi-like.

20 restriction, creating a negative pressure to suck out the
powder, or by mechanical ejection. Any air flow
techniques could use the patient inspired air, but it is
likely that dense packing and small metering chamber sizes
may wmake this difficult particularly in terms -~of

25 resistance to air flow. However, there is good potential
during actuation in the specifically described form of the
device to produce a small volume of air, at a pressure
considerably greater or lower than atmospheric, (‘'high
energy air') which can be utilised for dose ejection, and

20 possibly dispersion.

A further advantage of this technique is that
inspired air does not come into direct contact with the

is Sheet Has Been Re laced

llllllli MR



the operation of propellant release. Many patients find this coordi nati.on
difficult to achieve. - 3-
T WO 92/10229 PCT/GB91/02117

. 8

metering chamber and surrounding walls. This could help
prevent any risk of moisture contamination to the bulk
powder from the inspired air contaminating the metering
chamber and could be arranged to help avoid any such

5 contamination risks should the patient breath out through
the device. '

Mechanical ejection techniques may preferably be
combined with air flow techniques in order to remove
powder which remains at;?ched to the end of the ejector.

10 The metering chamber may also be in the form of a cup
on a rotable axis. 'Such a system is described in, for
example, GB 2165159.

It is favoured that the air coﬁduit allows air to

enter an air inlet in the main body and flow to a

15 moufhpiece,~the air flow being caused by the inhalation of
the patient. A venturi-type restriction and a secondary
passageway may be included in the air conduit. The
secondary passageway may connect the exit port to the
restriction and further connect a secondary air inlet to

20 the restriction. The air flow through the main inlet and
secondary inlet transfers the metered dose to the patient
for inhalation. Alternatively the air flow may be

arranged to flow through the metering chamber,

The even distribution of the powder in the air flow
25 before it is inhaled is preferably achieved by producing
a turbulent air stream. This may be produced by including

a swirl chamber in the air conduit.

It has been found that the most beneficial effect for
patients is obtained when inspiration is carried out at at

This Sheet Has Been Relilla]oed ‘
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EP 0069715 di scl oses a device which attenpts to overcone sone of the

af orenenti oned problens. There is disclosed a powder inhaler which is

act uaved2hi022he airfl ow generated by the inhal ation of tRCIZGBIRII2ITA
breath actuated device elininates the, probl em of the coordination of manua
actuation and inhal ation. A pro- pelﬁ& I's no | onger necessary to effect
actuation. The device al so uses a perforated nembrane and spring | oaded
scrapers to provide a netered dose of nedica- nment The patient rotates a

nanoeuvrelng uni t bX a cer- tain anount. This rotates the perforated
menbr ane WitBAst 10 litres per minute, preferably at least 15 litres

per minute. This may be achieved _by incorporating a
regulator within the inhalator to permit it to work only
at a minimal air flow of, e.g. 10 litres per minute.

in

The present invention will be further described by
way of example only, with reference to and illustrated in.
the accompanying drawings in which:-

Figure 1 is a sectigh view according to an embodiment
of the invention, in the rest position;

10 Figure 2 is a section view according to an embodiment
of the invention in the actuated position.

Figure 3 is a section view of a further embodiment of
the invention.

As seen in Figures 1 and 2 an inhalation device
15 consists of a main body 2 and thin-walled cylinder-like
chamber 4.

The main body 2 includes a bore 6 coaxial with the
cylinder 4 and a protrusion which forms a piston structure
8 inside the bore 6. The piston 8 is also coaxial with
20 the cylinder 4.

The piston head 10 is provided with a circumferential
seal 12. The seal 12 ensures that the piston 8 is in
slidable airtight contact with the inner bore 14 of the
cylinder 4.

25 A passageway 3 is provided by a selection of surface
finish to allow controlled venting to the atmosphere.

s Sheet Has Been Reﬁlaced
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respect to the scrapers filling the perforations and exposing a certain
nupnber of themto an air passage. The air flow generated on inhal ation
passewoOtdp/vo2gh t he perforations and the netered dose i s iRCEIGBILID21the
patient A rotating neans is provided to disrupt the aif- flow so as to.
break up any aggregate particles wﬂ I.ch have been formed in the dosing unit
Thi s device has the di sadvant age t the airfl ow generated on inhal ation
passes directly through the per- forations which are then returned to the
dry storage chanber for refilling. Any powder which has becone | odged in

t he perforati onSheacyiecoiser chnisaniret b move 19ngitudinally in the

bore 6 but is prevented from ro_tatfonal movement (not
shown}. A spring 16 1is coiled coaxially around the
cylinder 4. The cylinder walls 18 are in close sliding

mn

contact with the bore 6 separated by the air passageway 3.
The spring 16 pfovides a means to bias the cylinder 4 in
its rest position [shown in Figqure 1].

The main bhody 2 has a mouthpiece 20 connected by a

passageway 22 to a swirl ‘thamber 24. The swirl chamber 24

p) is in turn connected to a passage 26 which includes a
venturi-type restrict;on 28 leading to an air inlet 30.

A side entry 32 in the narrow section of the
restriction 28 leads to a secondary passage 34. The
secondary passage 34 is connected to the main bore 6 by an

15 exit port 36.

The main body 2 further includes a small bore 38,
The small bore connects with the secondary passage 34 and
is vented at a secondary air inlet 40 close to the air
inlet 30. |

<0 The inner bore 14 of the cylinder 4, the piston head
10 and the piston 'seal 12 co-operate together to form a
dry reservoir 42. The reservoir 42 contains a bulk of
finely powdered medicament 44. A volume of air 46 is
trapped above the medicament 44.

25 The cylinder wall 18 1is provided with a metering
chamber 48 comprising a hole in the cylinder wall 18. The
volume of the metering chamber 48 is such that the amount
of medicament which can be contained in that volume is

equivalent to one dose.

nml\i iii\‘f\ifi’ il



by“the air, and this is then mxed with the pure dry pow der. held in the
chanber . If the perforations becone par- tially blocked then a full dose of
medi cwoeo/102291 not be inhal ed by the patient It is tlpeTPGBOELo29f7t his
invention to provide a netered dose jopder inhal er, wherei.n the powdered
medi ca- nment is stored in a powder reservoir housed in the device. It is a
further object of the invention to provide such an inhaler which is sinple
in design yet overcones the di sadvantages experienced with prior art

dt spenses. .

The metering chamber 48 is so positioned in <the

cylinder wall 18 that when the cy‘iinder 4 1is in its
actuated position {shown in Figure 2] the metering chamber
48 is aligned with the exit port 36 in the main body :.

n

The piston B8 ‘'is provided with a small spring loaded
plunger 50. The plunger 50 is aligned with the centre
line of the exit port 36. ‘When the cylinder. 4 is in the
rest position (shown _iﬁ' Figure 1] the plunger is
restrained from operati®n by the cylinder wall 18. .

10 When the cylinder 4 is in the actuated position
{shown in Figure 2] the plunger is projected into <he
metering chamber 48.

The main body 2 of the dispensing device and <the
cylindrical structure 4 are preferably manufactured from
15 a plastic such as polypropylene, acetal or moulded
polystyrene. They may however be manufactured from metal
or another suitable material.

The piston head seal 12 may be a seal of plastic such

as PTFE, synthetic rubber or natural rubber. The seal 12

<0 may be a cup or lip seal extending around the piston head
12. B

In use the patient holds the device such that the
cylinder 4 is located uppermost. The patient then shakes
the device, whilst holding it vertically. The shaking

25 aids the mixing of the powdered medicament and also
ensures that the powder is deposited at the bottom of the
cylinder 4 in contact with the piston head 10.

is Sheet Has Been Re[ilaced
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4 - . The present application relates to: A powder inhalation device

conprising a powder reser-
WO 92/10229 _ PCT/GB91/02117

: 12

The patient depresses the top of the cylinder 4. The
spring 16 becomes compressed and the c&linder 4 nmoves down
the bore 6 inside the main body 2.

As the cylinder 4 moves down the metering chamber 48
passes through the bulk of the medicament 44. At the same
time, the air in the space 46 is compressed the volume
enclosed by the cylindef walls 18 the piston head 10 and
the piston seal 12 decreases. A small amount of air flows
through the powder bulkf44, through the metering chamber
0 48, through the passageway 3 and into the atmosphere.

(h

The combined acfion of the movement of the metering
chamber 48 through the bulk medicament 44 the increase in
pressure on the medicament and the air flow results in the
filling of the chamber 48 with a metered dose of

15 medicament.

The width of the passageway 3 is such that no
medicament leaks out of the chamber 48.

The patient depresses the cylinder 4 until it reaches
the end of its travel. The patient then inhales whilst
<0 keeping the cylinder 4 depressed.

In the actuated position (shown in Figure 2] all the
powdered medicament 44 except that in the metering chamber
48 is sealed in the volume defined by the cylinder walls
18, the piston head 10 and the piston seal 12.

(38
[§)]

When the cylinder 4 is fully depressed the metering
chamber 48 is aligned with the exit port 36 in the main
body 2 and the spring loaded plunger 50.

niiiiii \‘i‘iitTTi’um



voir capabl e of containing a powdered nedi canent and a volune of air, a
~netering chanber extending fromthe powder reservoir to allow renoval of

t he YO@10229nedi canent fromthe reservoir in discrete alMGBI1IfBRIFAgE
means to allow air to vent fron1th3130mder res- ervoir, through or across
the netering chanber. and neans for creating an air pressure difference

bet ween said reservoir and said passage neans to cause an air flow fromthe
powder reservoir through or across the netering chanber and into said
passage neans. In a preferred arrangenent the reservoir nmay be partly
deflned by a thThemaPléﬂgeyl|ﬁGerl$|k@°stl%@§ﬁ¥e restrained by the

cylinder walls 18 and as it springs forward the powder in
the metering chamber 48 is pushed into the passage 34
through the exit port 36. The plunger is restrained from

further movement by suitable means (not shown).

The inhalation of the patient causes air to enter
through the inlet 30. The air reaches the venturi-type
restriction 28 and the ngrfbwing of the inlet causes the
air wvelocity to increase. The air pressure in the
restriction 28 decreases as a result of the increase of
velocity. The drop in pressure causes a further stream of
air to enter througﬁ the small bore 38 which in turn
causes the metered dose of medicament to be dragged into
the main air stream fiowing through the restriction 28.

15 . The metered dose of medicament is carried in the air
stream through the passage 26 into the swirl chamber 24.

The geometry of the swirl chamber 24 causes the air
and the powder to follow a circular path. The turbulent
air flow in the swirl chamber results in the dispersion of
the powder in the air flow.

The particles are carried in the air stream through
the passage 22 to the patient via the mouthpiece 20. The
patient thus inhales air containing a metered dose of
medicament.

25 After use the patient releases the cylinder 4 and it
returns to the rest position under the influence of the
spring 68. The cylinder is provided with a limiting end
stop [not shown] to prevent the cylinder and main body
from becoming detached. As the cylinder 4 rises the
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whi ch interconnects with the main body of the device: The cylindrical )
_reservoir and the main body may inter- connect by way of a bore located in

t he VOMPZHERP90f the device. It is preferred that the wal PET&GEBIF620y| | nder
are in dose sliding contact with thg dore, whilst allowing air to pass from
t.he reservoir, through the netering chanber and into the atnosphere. In
a further arrangenent the netering chanber nay be defined in the wall of
the cylindrical reservoir. The chanber nay conprise a hole in the wall of
the powder reservoir. The hole is of a predeterm ned size to allow the
desired dovayagerr fwwdes tausesds tfg onethect by the movement of the

cylinder wall 18 and the specific shap% of the plunger 36.
The enclosed space 46 returns to its original volume and ’
the trapped air is no longer compressed.

(831

The device is ready for further use.

The inhalation device may be manufactured.as a sealed
unit, which is discarded when the level of the powdered
medicament 44 falls below the level of the metering
chamber 48.

10 Alternatively the reservoir may be refilled through
an opening in the top of the cylinder 4 which is normally
sealed by a plug.

In a further embodiment of the device, as seen in
Figure 3, an inhalation device consists of a chamber 80
15 vhich will be within the main body of the device [not
shown]. A volume of powder 82 is included within the
chamber 80. Above the powder 82 is a space 84 which is
connected to a means 85 of increasing the pressure of the -
air within the space 84.

20 An orifice 83 leads from the chamber 80 into a
metering chamber 86. This metering chamber 86 is formed
in a plate 87 which is moveable relative to the bedy
enclosing the chamber 80, in particular the orifice 83.
Remote from the nozzle is an air gap 90.

As pressure is increased within the space 84, powder

| 2 %1
(8]}

flows through the orifice 83 into the metering chamber 8s6.
At the same time, air flows from the space 84 through the
powder 82, through the orifice 83 and metering chamber 86

as Been Replaced
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reservoir ready to be delivered to the main air conduit which enables the
powder ed nedi canment to be inhaled by a patient The chanber may be seal ed
W th avOia2e1622p- ter, or nmay be a depression in the wall wWeCh/@pp1@piiat e
verting or |eakage path provided. Certain hole shapes seemto give better
nmefering repeatability as do di ffer- leb patterns of air |eakage paths.
Cylindrical chanmbers with their depth equal to the cylinder dianmeter are
pre- ferred.

(9

and out through the air gap 90 which is of such a size to
prevent powder leakage. The meté%ing chamber 86 ig
completely filled with powder.

The plate 87 is then slid sideways and the chamber 80
containing the metered dose of powder presented to the
dispersion system. In order to refill the chamber, an

(841

airtight removeable 1id 81 is provided.

Suitable drugs which may be used include salbutamol,
beciomethasone dipropionate, budesonide and sodium
10 cromoglycate.

This Sheet Has Been Reﬂlaced
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-5% It is preferred that the netering chanberPldffalhfed /f vom the =
reservoir by the instigation of relative notion between the neter|
‘chanber and the powder bul k so 126 S eptembglg1992

“’ﬁﬁ?iﬁtﬁiitf il

- W
1. A powder inhalation device comprising a powder
reservoir capable of containing a powdered medicament and
a volume of air, a metering chamber extending from the
powder reservoir to allow removal of the powdered
medicament from the reservoir in discrete amounts and a
means for compressing the air in. the reservoir wherein a
passage is provided to allow gif to vent from the powder
reservoir, through the metering chamber and into
atmosphere as the pressure of the air in the powder
reservoir is increased.

2. An inhalation device as claimed in Claim 1 wherein
the pressure of the air is increased by compressing the
volume of air in the reservoir. M
3. An inhalation device as claimed in Claim 1 or Claim
2 wherein the reservoir is partly defined by a thin-walled
substantially cylindrical structure and the metering
chamber is in the form of a hole defined in the wall of
the powder reservoir.

4. An inhalation device as claimed in CGiaim 3 wherein
the hole is in the form of a cylindrical chamber having a
depth substantially equal to the diametet of the cylinder.

5. An inhalation device as claimed in any one of the
preceding claims wherein as the metering chamber is filled
from the reservoir the bulk of the powder passes across
the internal entrance to the metering chamber.

6. An inhalation device as claimed in Claim 5 wherein
the cylindrical structure is in sliding contact within a

bore in the
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that:th the powder bul k & t
,thatrthe air pressure on the powder bulk is IPC[ga;:ss m%ﬁg)lt ‘hgngg\rgiqﬁj

-into the nmetering chanber whilgfg

|
t hrough the, nmetering chanber mﬁiﬁh@ m' F‘ﬂ)sphere Wi | st .glsﬁsgb@mbex 1992

devi ce according to the present is preferred that the powder
front should pass across the e metering chanber by relative
notion of the pow -der and the netering chanber, it has been found that

th t hanb I ed even erp loded i N cont act
thnf ‘g“ nﬁg?gnggal?‘rg mﬁoﬁ%an%’élylgﬁd ?hebi:o;:pﬁ?gg}sqﬁre Oa%blolﬁvle t he powder

bul k i Mchengeitthin, tHAagowder iveingtheld it P i "&F essi on
structure by the upper surface of the protru51on to form

the powder reservoir.

7. An inhalation device as claimed }n Claim 5.or Claim
6 wherein the metering chamber, once filled with powder,
is closed to separate the metered dose from the reservoir
by causing the chamber to move past the upper surface of
the protrusion located in the bore.

8. An inhalation device as claimed in any one of the
Preceding claims wherein ejection of powder contained
within the metering chamber is effected by air flow past
the chamber.

9. An inhalation device as claimed in any one ef' Claims
1 to 7 wherein ejection of powder contained ,4w1th1n the
metering chamber is effected by mechanical ejectz_on.

10. An inhalation device as claimed in Claim 8 wherein
the powder is ejected by positive or negative pressure
caused by air flow.

11. BAn inhalation device as claimed in Claim 10 wherein
negative pressure is caused by air flow through a venturi-
like restriction. '
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of the cylinder into a bore in the main body of the device, whilst the bulk
-of the | #& kept statiory by a pro- trusion positioned inside the
bore. T ¥ er may be depressed by the patient manual | yPCNGBIW@2itgel v
it may be depressed by the operation of a | ever capable of act- ing on the-
cyldnder to keep it depressed. It is werred that the protrusion is
provided with a seal, such that the i r bore of the cylinder and the
protusion seal are in sliding air tight contact The pressure entered on
t he powder bul k may be increased by conpressing a volune of air contained
above the powder. It will be realised that although refer-
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ence herein has been nade to air any gas may be included wthin the
reservoir which does not react with the powder, eg: nitrogen.

not WYSh$H3d0228 be bound by theory,

Al t hough

it is likely that a | oPE€T/GB%iMA2EiMg

effect of the powder bulk may take place which aids netering, with the air.
f Low t hrough the chanber carrying p%\yi-sr i nto the chanber.
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-6-. It will also be realised that since the netering effect seens to
be cayg g ﬂgarlly by air flow fromthe high pressure region within the
air reserv0|r (and possibly powder) to.a lower pressure regogEY é)ﬁ(bthe
nmet eri ng chanber a simlar effect could be created by produci ng

° 3/3
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Hesalt-4-1tos
gwwp{essure region outside the reservoir and neter=-ing chanmber —ane-—

pro a-pressure di-f f er 86t i al | bet ween t he f ser voi.r and "t hi's: IOM/ SG

pre resfegronrtodalll.owraied f.ow This is to be underst'ood “and- 1nCIudeﬂ"
mnthln i fielsi nventi-oprasioghaided,. . In a prefér{ed arrhngenent“the W
met ewl ngGhamber:.-onke. foighbed,%i s closed to sepa a¥at e 't ke neter edt - dose: f‘fﬂin
t he :weservair by1ﬁau5|nghthe.ghgmber to nove pas{ t he prot rusi:off. ogetrst <i.n

the:bore. The: et ef ed dose may be p#evented fromleaking into the bore in
t he “mai n body -by-enstEing-{He=syi nder wal |'s apdisai d. bore are] |ﬁkdﬂser_

sliding contact, bpjyqiRasfaibidddl BPidehsifg el P AN ai v

This invention relates to a dispensing device which
is suitable for the dispensing and administration of a
metered amount of powder. Such a device would be suitable
for the dispensihg and administration of pure powder form
drugs or drugs mixed with a suitable carrier agent e.q.

lactose.

Metered dose inhdlers are well known and often
comprise a pressurised aerosol dispensing container. The
aerosols contain gas propellants in which the powdered
medicament is suspéﬁded. on actuation, the aerosol
contents are expelled, through a metering valve, and a
metered dose is propelled into the lungs of the patient.

Research has indicated that some aerosol propellants,
'including those used in metered dose inhalers can cause
depletion of the ozone layer in the atmosphere. It has
thus become more important that such inhalers can be
substituted with metered dose inhalers which do not have
a damaging effect on the environment. Furthermore, such
aerosol systems are not suitable for some patients.

Several types of powder inhalers are known. Usually
a metered dose of medicament is initially contained in a
container. The container is often in the form of a
gelatin capsule. The capsule is first opened e.g. by
plercing with a pin, and then its contents are dispersed
and expelled by ensuring that airflow, due to the
inhalation of the patient, causes the capsule to rotate.

These powder dispensers have several disadvantages.
It is necessary for the patient to reload the dispenser

E
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passage The size of the air passage is linked to the powder particle size
.and should be sufficiently narrow that powder within the netering chanber
wi |l not escape. Many powdered drugs borne on carrers have an average
particle dianmeter size of between 20 and 50 [err]m Accordingly, the width
of the air passageway is pref- erably from10 to 100 [err]m preferably 10
to 50 [err]m The passageway can achi eved by utilising surface inper-
fections An exit port may be gfovided in the bore which. when aligned
with the netering chanber, allows the chanmber to be enptied. Once the

powder has been
after each dose release, and in some deVLces the capsules

must be.plerced before loading. Co&pllcated mechanisns
are employed to ensure complete expulsion of powder in
order to provide the correct dose to the patient. This
can make the devices difficult to operate and expensive to

manufacture.

GB 2102295 and GB 2144997 disclose a .complicated
inhaler in which a metered dose of medicament is dispensed
from a storage chamber ébntaining powdered medicament in
a8 pelletised micronised form. The inhaler includes a
dosing unit which is connected to a storage chamber for
the medicament. The.dosinq unit comprises a perforated
rotating membrane, and spring loaded scrapers to fill the
rotating perforations with medicament. The filled
perforations are introduced to a passage which connects a
propellant container to a nozzle. An amount of propellant
is released when the patient depresses two.triggers in
succession. The propellant expels the contents of the
exposed perforations_tbwards the nozzle to be inhaled by
the patient. The size of the metered dose is determined
by the size of the perforations and the number of -
perforations that are brought into the propellant passage.

Such a device is expensive to manufacture, and the
dosage accuracy relies on the efficiency of the scrapers
to £ill the perforations. The perforations often need to
be presented several times to the powdered medicament to
ensure complete filling. For optimum effect the device
also requires the patient to co-ordinate inhalation with
the operation of propellant release. Many patients find
this co-ordination difficult to achieve.
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netered it nust then be ejected fromthe netering chanber. Cearly while
nore accurate volunetric neter- ing is achieved with a higher packing
density in the nmetering chanber, ejection of a nore tightly packed powder
is more difficult. The first part of this process

3
EP 0069715 discloses a device which attempts to
overcome some of the aforementionedébroblems. There is
disclosed a powder inhaler which is actuated by the
airflow generated by the inhalation of the patient. 3
breath actuated device eliminates the problem of the co-
ordination of manual actuation and inhalation. A

propellant is no longer necessary to effect actuation.
The device alsoc uses a perforated membrane and spring
loaded scrapers to providefa metered dose of medicament.
The patient rotates awémanoeuvreing unit by a certain
amount. This rotates the perforated membrane with respect
to the scrapers filling the perforations and exposing a
certain number of them to an air passage. The air flow
generated on inhalation passes through the perforations
and the metered dose is inhaled by the patient. A
rotating means is provided to disrupt the airflow so as to
break up any aggregate particles which have been formed in
the dosing unit. ’

This device has the disadvantage that the airflow
generated on inhalation passes directly through the
perforations which are then returned to the dry stcrage'
chamber for refilling. Any powder which has become lodged
in the perforations.may become contaminated by the air,
and this is then mixed with the pure dry powder held in
the chamber. If the perforations become partially blocked
then a full dose of medicament will not be inhaled by the

patient.

It is the object of this invention to bprovide a
metered dose 'pcwder inhaler, wherein the powdered
medicament is stored in a powder reservoir housed in the
device. It is a further object of the Iinvention to
provide such an inhaler which is simple in design yet
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-7- requires isolation of the netering chamber fromthe bul k powder

Feservoir.

away fromthe netering channer until a sliding seal nove
past) the inner face of the netering chanber. In this e Iwﬁm !
shoul d be wi de enough to prevent a | eakage path occurrin

4

pressure

res-

powder to pass from the metering chamber to an air conduit
to enable the powdered medicament to be inhaled by a
patient.

In a further embodiment there is provided a powder
inhalation device comprising a powder resexrvoir capable of
containing a powdered medicament, - a metering chamber
extending from the powder reservoir, a means capable of
£illing the metering chamber with medicament from the
powder reservoir, a means capable of closing the metering
chamber, to separate the metering chamber from the bulk
medicament, preferably an ejection means to cause the
powder to pass from the metering chamber to an air conduit,
a means capable of causing even distribution of the powder
in an air flow, before it is inhaled by the patient.

In a preferred arrangement the reservoir may be
housed in a thin walled cylinder-like structure which
interconnects with the main body of the device. The
cylindrical reservoir and the main body may interconnect by
way of a bore located in the main body of the device. It
is preferred that the walls of the cylinder are in close
sliding contact with the bore.

In a further arrangement the metering chamber may
be housed in the wall of the cylindrical reservoir. The
chamber may comprise a holg.in the wall of the powder

reservoir. The hole is of a predetermined size to allow-

the desired dosage of powder to pass from the reservoir to
the air conduit.

It is preferred that the metering chamber is filled
from the reservoir by the instigation of some relative
motion between the metering chamber and the powder bulk so
that the pressure on the powder bulk is increased, forcing
the powder into the metering chamber. '
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ervoir via the nmetering chanber to a | ower pressure area behind the sliding

seal . Ej ection nmay take the formof increased air flow through the
nmet eri ng chanber carrying out the nmetered powder, air flow past the
chanber, e.g. by a venturi-like restriction, creating a negative pressure

to suck out. the powder, or by nechanical ejection. Any air flow tech-

ni ques could use the patent inspired Bir, but it is likely that dense
packi ng and smal|l netering chanber sizes may nmake this difficult
particularly in terns of resistance to air flow. However, there is good

potential during actu- ation in the specifically described formof the
device to 9ive Dbetter metering repeatablllty as do different

pPatterns of air leakage paths. Cyllndrical chambers with
their depth equal to the cylinder diameter are preferred.

It is preferred that the metering chamber is filled
from the reservoir by the instigation of relative motion
between the metering chamber and the powder bulk so that
the air pressure on the powder bulk is increased, forcing
the powder into the metering chamber whilst allowing air
to pass in a small amounf through the metering chamber and
vent to atmosphere. Whilst in the device according to the
present invention it is preferred that the powder front
should pass across thé entrance to the metering chamber by
relative motion of the powder and the metering chamber, it
has been found that the metering chamber will be fillegd
even if the powder bulk is in contact with the entrance to
the chamber and the air pressure above the powder bulk

~ increased.

The relative motion may be provided by depression of
the cylinder into a bore in the main body of the device,
whilst the bulk of the powder is kept stationary by a
protrusion positioned.inside the bore. The cylinder may
be depressed by the patient manually. Alternatively it
may beé depressed by the operation of a lever capable of
acting on the cylinder to Xeep it depressed. It is
preferred that the protrusion is provided with a seal,
such that the inner bore of the <cylinder and the
protrusion seal are in sliding air tight contact.

The pressure entered on the powder bulk may be
increased by compressing a volume of air contained above
the powder. It will be realised that although reference
herein has been made to air, any gas may be included
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produce a small volunme of air, at a pressure considera- bly greater or

|l ower than atnospheric, (high energy air) which can be utilised for dose

ej ection, and possibly dis- persion. A further advantage of this technique
is that inspired air does not cone into direct contact wwth the nmetering
chanber and surrounding walls. This could help prevent any risk of noisture
contam nation to the bul k powder fromB he inspired air contam nating the
nmet eri ng chanber and coul d be arranged to hel p avoid any such contam nation
ri sks should the patient breath out through the device. Mechani cal

ej ection techniques may brefarably BE does not react with the powder,

e.g. nitrogen.

although not wishing to be bound by theory, it is
likely that a local fluidising effect of the powder bulk
may take place which aids metering, with the air flow
through the chamber carrying powder into the chamber.

It will also be realised that since the metering
effect seems to be causqﬁ primarily by air flow from the
.high pressure region within the air reservoir (and
possibly powder) to a lower pressure region beyond the
metering chamber, a similar effect could be created by
producing a low pressure region outside the reservoir and
metering chamber, and providing a pressure differential
between the reservoir and this low pressure region to
allow air flow. This is to be understood and included
within the invention as claimed. :

~

In a preferred arrangement, the metering chamber,
once filled, is closed to separate the metered dose from
the reservoir by causing the chamber to move past the
protrusion located in the bore. The metered dose may be
prevented from leaking into the bore in the main body by
ensuring the cylinder walls and said bore are in close”
sliding contact, but spaced sufficiently to allow an air
passage. The size of the air passage is linked to the
powder particle size and should be sufficiently narrow
that powder within the metering chamber will not escape.
Many powdered drugs borne on carriers have an average
particle diameter size of between 20 and 50 um.
Accordingly, the width of the air passageway is preferably
from 10 to 100 um, preferably 10 to 50 um. The passageway
can be achieved by utilising surface imperfections.
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cénbined with air flow techniques in order to renove powder which renmains

- attached to the end of the ejec- tor.

7

An exit port may be provided in the bore which, when
aligned with the metering chamber, allows the chamber to
be emptied. Once the powder has been metered it must then
be ejected from the metering chamber. Clearly while more
accurate volumetric metering is achieved with a higher
packing density in the metering chamber, ejection of a
more tightly packed powder is more difficult. The first
part of this process requires isolation of the metering
chamber from the bulk powder reservoir. This may be
achieved by causing the:;éservoir volume to be moved away
from the metering chambef until a sliding seal moves over
(or over and past) the inner face of the metering chamber.
In this embodiment the seal should be wide enough to
prevent a leakage path occuring from the higher pressure
reservoir via the metering chamber to a lower pressure
area behind the sliding seal.

Ejection may take the form of increaséd air flow
through the metering chamber carrying out the metered
powder, air flow past the chamber, e.g. by a venturi-like.
restriction, creating a negative pressure to suck out the
powder, or by mechanical ejection. Any air flow '
techniques could use the patient inspired air, but it is
likely that dense packing and small metering chamber sizes
may make this difficult particularly in terms -of
resistance to air flow. However, there is good potential
during actuation in the specifically described form of the
device to produce a small volume of air, at a pressure
considerably greater or lower than atmospheric, (‘'high
energy air') which can be utilised for dose ejection, and

possibly dispersion.

A further advantage of this technique is that
inspired air does not come into direct contact with the

nn\liﬁiii\i\‘iﬁ‘ i e et s
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- 8- The netering chanber nmay also be in the formof a cup on a

- rotatable axis. Such a systemis described in, for exanple, GB 2165159. |f
the netering chanber is a cup, the air will flow across the surface of the
cup and powder will fill into the cup. It is favoured that the air
conduit allows air"to enter an air inlet in the main body and flow to a
nout hpi ece, the air flow being causedSby the inhalation of the patient

metering chamber and surrounding walls. This could help
prevent any risk of moisture contamination to the bulk
powder from the inspired air contaminating the metering
chamber and could be arranged to help aveid any such
contamination risks should the patient breath out through

the device.

Mechanical ejection techniques may preferably be
combined with air flow technigues in order to remove
powder which remains atg?ched to the end of the ejector.

The metering chamber may also be in the form of a cup
on a rotable axis. 'Such a system is described in, for
example, GB 2165159.

It is favoured that the air conduit allows air to
enter an air inlet in the main body and flow to a
mouthpiece, the air flow being caused by the inhhalation of
the patient. A venturi-type restriction and a secondary
passageway may be included in the air conduit. The
secondary passageway may connect the exit port to the
restriction and further connect a secbndary air inlet to '
the restriction. The air flow through the main inlet and
secondary inlet transfers the metered dose to the patient
for inhalation. Alternatively the air flow may be
arranged to flow through the metering chamber.

The even distribution of the powder in the air flow
before it is inhaled is preferably achieved by producing
a turbulent air stream. This may be produced by including
a swirl chamber in the air conduit. '

It has been found that the most beneficial effect for
patients is obtained when inspiration is carried out at at
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A venturi-type restriction and a secondary passageway nmay be included in
-the air conduit. The secondary pas- sageway may connect the exit port to
the restriction and further connect a secondary air inlet to the
restriction. The air flow through the main inlet and secondary inl et
transfers the netered dose to the patient for inhalation. Alternatively the
air flow may be arranged to flow through the netering chanber. The even
distribution of the powder in the air flow before it is inhaled is
preferably achi eved by producing a turbutent air stream This nay be

produced by _including a swirl chanber in the air conduit.
least 10 litres per minute, preferably at least 15 litres

per minute. This may be achieved :by incorporating a
regulator within the inhalator to permit it to work only
at a minimal air flow of, e.g. 10 litres per minute.

The present invention will be further described by
way of example only, with reference to and illustrated in
the accompanying drawings in which:-

Figure 1 is a sectidﬁ view according to an embodiment
of the invention, in the rest position;

Figure 2 is a section view according to an embodiment
of the invention in the actuated position.

Figure 3 is a section view of a further embodiment of
. the invention.

As seen  in Figures 1 and 2 an inhalation device
consists of a main body 2 and thin-walled cylinder-like
chamber 4.

The main body 2 includes a bore 6 coaxial with the
cylinder 4 and a protrusion which forms a piston structure
8 inside the bore 6. The piston 8 is also coaxial with
the cylinder 4. '

The piston head 10 is provided with a circumferential
seal 12. The seal 12 ensures that the piston 8 is in
slidable airtight contact with the inner bore 14 of the
cylinder 4.

A passageway 3 is provided by a selection of surface
finish to allow controlled venting to the atmosphere.

This Sheet Has Been RTlac This is the replacemant shwet

[

m | Dago: - 5 MAR 1997



It has been found that the nost beneficial effect for patients is obtained
.when inspiration is carried out at at least 10 litres per m nute,
preferably at least 15 litres per mnute; This may be achi eved by

i ncorporating a regula- tor within the inhalator to permt it to work only
at amn- imal air flowof. e.g. 10 litres per mnute. The present

i nvention will be further describe ay way of exanple only, with reference
to and illustrated in the acconpan&i g drawi ngs i n which:-

The cylinder 4 is free to move lquitudinally in the
bore 6 but is prevented from rqtatfonal movement [not
shownj. A spring 16 is coiled coaxially around the
cylinder 4. The cylinder walls 18 are in close sliding
contact with the bore 6 separated by the air passageway 3.
The spring 16 pfovides a means to bias the cylinder 4 in
its rest position [shown in Figure 1]. '

The main body 2 has a mouthpiece 20 connected by a
passageway 22 to a swirliéhamber 24. The swirl chamber 24
is in turn connected to a passage 26 which includes a
venturi-type restrict;on 28 leading to an air inlet 30.

A side entry 32 in the narrow section of the
restriction 28 leads to a secondary passage 34. The
secondary passage 34 is connected to the main bore 6 by an
exit port 36. '

The main body 2 further includes a small bore 38.
The small bore connects with the secondary passage 34 and
is vented at a secondary air inlet 40 close to the air
inlet 30. .

The inner bore 14 of the cylinder 4, the piston head
10 and the piston ' seal 12 co-operate together to form a
dry reservoir 42. The reservoir 42 contains a bulk of
finely powdered medicament 44. A volume of air 46 is
trapped above the medicament 44.

The cylinder wall 18 is provided with a metering
chamber 48 comprising a hole in the cylinder wall 18. The
volume of the metering chamber 48 is such that the amount
of medicament which can be contained in that volume is
equivalent to one dose.
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-9- Figure 1 is a section view accoding to an enbodi - nment of the
invention, in the rest position;

11

The metering chamber 48 is so positioned in <the
cylinder wall 18 that when the cyiinder 4 is in its
actuated position [shown in Figure 2] the metering chamber
%8 is aligned with the exit port 36 in the main body :.

The piston 8 'is provided with a small spring loaded
plunger 50. The plunger 50 is aligned with the centre
line of the exit port 36. When the cylinder 4 is in the
rest position [shown in Figure 1] the plunger is
restrained from operation by the cylinder wall 18. .

When the cylinder 4 is in the actuated position
ishown in Figure 2] the plunger is projected into <+he

metering chamber 48.

The main body 2 of the dispensing device and the
cylindrical structure 4 are preferably manufactured from
a plastic such as polypropylene, acetal or moulded
polystyrene. They may however be manufactured from metal
or another suitable material.

The piston head seal 12 may be a seal of plastic such
as PTFE, synthetic rubber or natural rubber. The seal 12
may be a cup or lip seal extending around the piston head
12.

In use the patient holds the device such that the
cylinder 4 is located uppermost. The patient then shakes
the device, whilst holding it wvertically. The shaking
aids the mixing of the powdered medicament and also
ensures that the powder is deposited at the bottom of the
cylinder 4 in contact with the piston head 10.
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Figure 2 is a section view according to an enbodi - ment of the
.invention in the actuated position. Figure 3 is a section view of a
further enbodi ment of the invention. As seen in Figures 1 and 2 an
i nhal ati on device consists of a main body 2 and thin-walled cylinder-1ike
chanber 4. The main body 2 includes a bore 6 coaxial with the cylinder
4 and a protusion which forns a pist?qzstruc- ture 8 inside the bore 6. The
piston 8 is also coaxial with

The patient depresses the top of the cylinder 4. The
spring 16 becomes compressed and the c&linder 4 moves down
the bore 6 inside the main body 2.

As the cylinder 4 moves down the metering chamber 48
passes through the bulk of the medicament 44. At the same
time, the air in the space 46 is compressed the volume
enclosed by the cylindef walls 18 the piston head 10 and
the piston seal 12 decreases. A small amount of air flows
through the powder bulk§44, through the metering chamber
48, through the passageway 3 and into the atmosphere.

The combined acfion of the movement of the metering
chamber 48 through the bulk medicament 44 the increase in
pressure on the nmedicament and the air flow results in the
filling of the chamber 48 with a metered dose of

medicament.

The width of the passageway 3 is such that no
medicament leaks out of the chamber 48.

The patient depresses the cylinder 4 until it reaches |
the end of its travel. The patient then inhales whilst
keeping the cylinder 4 depressed.

In the actuated position [shown in Figure 2] all the
powdered medicament 44 except that in the metering chamber
48 is sealed in the volume defined by the cylinder walls
18, the piston head 10 and the piston seal 12.

~ When the cylinder 4 is fully depressed the metering
chamber 48 is aligned with the exit port 36 in the main
body 2 and the spring loaded plunger 50.
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the cylinder 4. The piston head 10 is provided with a circunferen- tial
-seal 12. The seal 12 ensures that the piston 8 is in slidable airtight
contact with the inner bore 14 of the cyl- inder 4. A passageway 3 is
provi ded by a sel ection of sur- faqF inish to allow controlled venting to
t he at nosphere. " The cylinder 4 Sfree to nove |l ongitudinally in the
bore 6 but is prevented from rotatinal novenent [not shown]. A spring 16
is coiled coaxially around the cylin- der 4. The cylinder walls 18 are in
close sliding contact with the bore 6 separated by the air passageway 3.

The ,
The plunger 50 is no longer restrained by the

cylinder walls 18 and as it springs fdrward the powder in
the metering' chamber 48 is pushed into the passage 34
through the exit port 36. The plunger is restrained from
further movement by suitable means (not shown).

The inhalation of the patient causes air to enter
through the inlet 30. .The air reaches the venturi-type
restriction 28 and the narrowing of the inlet causes the
air velocity to increase. The air pressure in the
restriction 28 decreases as a result of the increase of
velocity. The drop in pressure causes a further stream of
air to enter through the small bore 38 which in turn
causes the metered dose of medicament to be dragged into
the main air stream fiowing through the restriction 28.

The metered dose of medicament is carried in the air
stream through the passage 26 into the swirl chamber 24,

The geometry of the swirl chamber 24 causes the air
and the powder to follow a circular path. The turbulent
air flow in the swirl chamber results in the dispersion of
the powder in the air flow.

The particles are carried in the air stream through
the passage 22 to the patient via the mouthpiece 20. The
patient thus inhales air containing a metered dose of
medicament.

After use the patient releases the cylinder 4 and it
returns to the rest position under the influence of the
spring 68. The cylinder is provided with a limiting end
stop [not shown] to prevent the cylinder and main body
from becoming detached. As the cylinder 4 rises the
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spfing 16 provides a neans to bias the cylinder 4 in its rest position
-[shown in Figure 1]. - 10 -

14

plunger 50 is caused to retract by ;he movement of the
cylinder wall 18 and the specific shap@ of the plunger 3s.
The enclosed space 46 returns to its original volume and
the trapped air is no longer compressed.

The device is ready for further use.

The inhalation device may be manufactured.as a sealed
unit, which is discarded when the level of the powdered
medicament 44 falls below the level of the metering
chamber 48.

Alternatively the reservoir may be refilled through
an opening in the top of the cylinder 4 which is normally
sealed by a plug.

In a further embodiment of the device, as seen in
Figure 3, an inhalation device consists of a chamber 80
which will be within the main body of the device [not
shown]. A volume of powder 82 is included within the
chamber 80. Above the powder 82 is a space 84 which is
connected to a means 85 of increasing the pressure of the .

air within the space 84.

An orifice 83 leads from the chamber 80 into a
metering chamber 86. This metering chamber 86 is formed
in a plate 87 which is moveable relative to the body
enclosing the chamber 80, in particular the orifice 83.
Remote from the nozzle is an air gap 90.

As pressure is increased within the space 34, powder
flows through the orifice 83 into the metering chamber 8s.
At the same time, air flows from the space 84 through the
powder 82, through the orifice 83 and metering chamber 86

Sheet Has Been Reﬁaced This is the replacemant sheet

T om0




The main body 2 has a nout hpi ece 20 connected by a passageway 22 to a swirl
chanber 24. The swirl chanber 24 is in turn connected to a passage 26 which
i ncludes a venturi-type restriction 28 leading to an air inlet 30. A
side entry 32 in the narrow section of the restric- ton 28 leads to a
secondary passage 34. The second- aryﬁgﬁssage 34 is connected to the main
bore 6 by an exit port 36. The n# body 2 further includes a snal

bore 38.

a .
nd out through the air gap 90 which is of such a size tgo

pPrevent powder leakage. The meteting chamber 36

is
completely filled with powder.

The plate 87 is then slid sideways and the chamber 86

containing the metered dose of powder presented to the

dispersion system. In order to refill the chamber, an

airtight removeable lid 81 is provided.

Suitable drugs which may be used include
beclomethasone

cromoglycate.

salbutamol,

dipropionate, budesonide and sodium

A
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The smal| bore connects with the secondary passage 34 and is vented at a
‘'secondary air inlet 40 dose to the air inlet 30. The i nner bore 14 of
the cylinder 4. the piston head 10 and the piston seal, 12 cooperate

together to forma dry reservoir 42. The reservoir 42 c talns a bulk of

finely powdered nedi canent 44. A volume ofgair 46 is tr aced
nmedi canent 44. The cylinder wall 18 is provided with ' Hnber
48 conprising a hole in the cylinder wall 18. The vol une

chanber 48 is such that the anount of nedi canent which can be contained in

t hat
CLAIMS

1. A powder inhalation device comprising a powder
reservoir capable of containing a powdered medicament and
a volume of air, a metering chamber- extending from the
powder reservoir to allow removal of the powdered
medicament from the reservoir in discrete amounts and a
means for compressing the air in.the reservoir wherein a
passage is provided to allow gif to.vent from the powder
reservoir, +through the metering chamber and into
atmosphere as the pressure of the air in the powder
reservoir is increased.

2. An inhalation device as claimed in Claim 1 wherein
the pressure of the air is increased by compressing the
volume of-air in the reservoir.

3. An inhalation device as claimed in Claim 1.or Claim
2 wherein the reservoir is partly defined by a thin-walled
substantially cylindrical structure and the metering
chamber is in the form of a hole defined in the wall of
the powder reservoir.

4. 2An inhalation device as claimed in CGlaim 3 wherein
the hole is in the form of a cylindrical chamber having a -
depth substantially equal to the diameter of the cylinder.

5. An inhalation device as claimed in any one of the
preceding claims wherein as the metering chamber is filled
from the reservoir the bulk of the powder passes across
the internal entrance to the metering chamber.

6. An inhalation device as claimed in Claim 5 wherein
the cylindrical structure is in sliding contact within a

bore in the
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volurme is equivalent to one dose. The metering chanber 48 is so
positioned in the cylinder wall 18 that when the Cy|1ih@%ﬁ£etﬁasi8%eﬂ@ﬁ%3 act u-

ated position [shown in Figure 2] the netering chanbe d with
the exit port 36 in_the main body 2. The piston 8L

ith a
smal | spring |oaded plunger 50. The plignger 50 is ali centre

line of the exit port 36. When the cylinder 4 is in the rest position
[shown in Figure 1] the plunger is restrained fromoperation by .the

cyl i ndeigadglde 18- said bore having a ~protrusion positioned
therewithin, the powder being held within the cylindrical
structure by the upper surface of the protrusion to form

the powder reservoir.

7. An inhalation device as claimed in Claim 5.or Claim
6 wherein the nmetering chamber, once filled with powder,

ie closed to separate the metered dose from the reservoilr

by causing the chamber to move past the upper surface of

the protrusion located in the bore.

8. An inhalation device as claimed in any one of the
preceding claims wherein ejection of powder contained
within the metering chamber is effected by air flow past
the chamber. '

9. An inhalation device as claimed in any one of Claims
1 to 7 wherein ejection of powder contained within the
metering chamber is effected by mechanical ejection.

10. An inhalation device as claimed in Claim 8 wherein
the powder is ejected by positive or negative pressure
caused by air flow.

11. An inhalation device as claimed in Claim 10 wherein
negative pressure is caused by air flow through a venturi-

like restriction.

T
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Vheﬁ the cylinder 4 is in the actuated position shown in Figure 2] the
plunger is projected into the

- 18 -
POWDERED MEDICAMENT DISPENSING DEVICE

Abstract

A powder inhalation dévice comprising a powder
‘reservoir (42) capable of containing a powdered
medicament (44) and a volume of air (46), a metering
chamber (48) extending from the powder reservoir to
allow removal of the powdered wedicament from the
reservoir in discrete amounts and a means for
compressing the air in the reservoir wherein a passage
is provided to allow air to wvent from the powder
reservoir, through the metering chamber and into
atmosphere as the pressure of the air in the powder
reservolir is increased.

Figure 1.
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met eri ng chanber 48. The main body 2 of the dispensing device and the
cylindrical structure 4 are preferably manufactured froma plastic such as
pol ypropyl ene, acetal or noul ded pol- ystyrene. They nay. however be

manuf actured from netal or another suitable nmaterial. The pi ston head

seal 12 may be a seal of plastic such as PTFE, synt het i%is s Badn Hagihddy al
rubber. The seal 12 may be a cup or |ip seal exending ar n
head 12. In use the patient holdg the device such t ,}der 4

i's |l ocated uppernost The patient then shakes

o
O~

i
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t he device, whilst holding it vertically. The shaking aids the m xing of

t he powdered nedi canent and al so ensures that the powder is deposited at
the bottom of the cylinder 4 in contact with the piston head 10. The
patient depresses the top of the cylinder 4. The spring 16 becones
conpressed and the cylinder 4 noves down the bore 6 inside the main body 2.
As the cylinder 4 noves down the netering cham ber 48 passes through the
bul k of the nedi canent 44. At the s time, the air in the space 46 is
conpressed the volune encl osed by the cylinder walls 18 the piston head 10
and the piston seal 12 decreases. A snmall .
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amount of air flows through the powder bul k 44, through the neteri ng
chanber 48, through the passageway 3 and into the atnosphere. The
conbi ned action of the novenent of the neter- ing chanber 48 through the

bul k medi cament 44, the increase in pressure on the pRdj ad Lhe air
flowresults in the filling of the chanber 48 with a
medi canment 3 ”mﬁ” " '
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- 12 - " The width of the passageway 3 is such th#t~no ned- icament .
| eaks out of the chanber 48. The patient depresse;s the-cyl i nder-.4: iUntll ,
it reaches t"‘l‘?“‘éﬁd"@f -tt-s-++avel . The pat ent t hen |nhal es whil st iy
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overcomes the disadvantages experienced with prior art

dispensers.

In one aspect of the invention there is provided a
powder inhalation device comprising a powder reservoir
capable of containing a powdered medicament and a volume
of air, a metering chamber extending from the powder
reservoir to allow removal of the powdered medicament from
the reservoir in discrete amounts and a means for
compressing the air in the #eservoir wherein a passage is
provided to allow air to vent from the powder reservoir,
through the metering chamber and into atmosphere as the
pressure of the air in the powder reservoir is increased.

In preferred arrangement the reservoir may be
artly defined b

Emmﬁla thin walled cylinder-like structure which
interconnects with the main body of the device. The
cylindrical reservoir and the main body may interconnect
by way of a bore located in the main body of the device.
It is preferred that the walls of the cylinder are in
close sliding contact with the bore, whilst allowing air
to pass from the reservoir, through the metering chamber

~and into the atmosphere.

In a further arrangement the metering chamber may be
définedin the wall of the cylindrical reservoir. The
chamber may comprise a hole in the wall of the powder
reservoir. The hole is of a predetermined size to allow
the desired dosage of powder to pass from the reservoir
ready to be delivered to the main air conduit which
enables the powdered medicament to be inhaled by a
patient. The chamber may be sealed with a fine filter, or
may be a depression in the wall with appropriate venting
or leakage path provided. Certain hole shapes seem to



Rl v
keepi ng the cylinder 4 depressed. In the actuated position [shown in
JFigure 2] all the powdered nedi canent 44 except_that . .in.the netering

pi ston head 10 and the piston seal 12. Wheln ¥ hiel-cyliender:4 1 st ghgag .
depressed the nmetering chanber 48 is aligned wi thithetexit pponits.36 pasadhe.
mai n body 2 and the spring | oaded plunger 50. : ¥ Theiplianger-56® kspngd B
| onger restrained by the cyrin- der walls 18 andfas,ingsprkmgsi&onmaﬁgxihe
powder in the metering chanber 48 is bushed into the passage 34

N BRI AN T W - N
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chanber 48 is sealed in the vol une defined byi[[ he KIPLACGHYHEYT whil-FE5 18,5 he

POWDERED MEDICAMENT DISPENSING DEVICE

Desctiption

This invention relates to a dispensing device which
is suitable for the dispensing and administration of a
metered amount of powder. Such a device would be
suitable for the dispensing and administration of pure
powder form drugs or drugs mixed with a suitable car-
rier agent e.g. lactose.

Metered dose inhalers are well known and often
comprise a pressurised aerosol dispensing container.
The aerosols contain gas, propellants in which the pow-
dered medicament is suspended. On actuation, the aer-
osol contents are expelled, through a metering valve,
and a metered dose is propelled into the lungs of the
patient. _

Research has indicated that some aerosol propel-
lants, including those used in metered dose inhalers
can cause depletion of the ozone layer in the atmos-
phere. it has thus become more important that such
inhalers can be substituted with metered dose inhalers
which do not have a damaging effect on the environ- -
ment. Furthermore, such aerosol systems are not suita-
ble for some patients.

Several types of powder inhalers are known. Usu-
ally a metered dose of medicament is initially contained
in a container. The container is often in the form of a gel-
atin capsule. The capsule is first opened e.g. by piercing
with a pin, and then its contents are dispersed and
expelied by ensuring that airflow, due tc the inhalation of
the patient, causes the capsule 10 rotate.
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thrqQugh the exit port 36. The plunger is restrained fromfurther novenent
;by suitable neans (not shown). The inhal ation of the patient causes air
to enter through the inlet 30. The air reaches the venturi-type restriction
28 and the narrowing of the inlet causes the air velocity to increase. The
air pressure in the restric- tion 28 decreases as a result of the increase
of velocity. The drop in pressure causes a further streamof air to enter

t hrough the small bore 38 which in turln “causes the metered dose of nedi ment
to be dragged into the main air streamflow ng through the restriction 28.
The metered dose of nedicanent is carried in the

These powder dispensers have several disadvan-
tages. It is necessary for the patient to reload the dis-
penser after each dose release, and in some devices
the capsules must be pierced before loading. Compli-
cated mechanisms are employed to ensure compiete
expulsion of powder in order to provide the cotrect dose
to the patient. This can make the devices difficult to
operate and expensive to manufacture.

GB 2102295 and GB 2144997 disclose a compili-
cated inhaler in which a metered dose of medicament is
dispensed from a storage chamber containing pow-
dered medicament in a pelletised micronised form. The
inhaler includes a dosing unit which is connected to a
storage chamber for the medicament. The dosing unit
comprises a perforated rotating membrane, and spring
loaded scrapers to fill the rotating perforations with med-
icament. The filled perforations are introduced {o a pas-
sage which connects a propellant container to a nozzle.
An amount of propellant is released when the patient
depresses two triggers in succession. The propellant
expels the contents of the exposed perforations towards
the nozzle to be inhaled by the patient. The size of the
metered dose is determined by the size of the perfora-
tions and the number of perforations that are brought
into the propellant passage. -

Such a device is expensive to manufacture, and the
dosage accuracy relies on the efficiency of the scrapers
to fill the perforations. The perforations often need to be
presented several times to the powdered medicament
to ensure complete filling. For optimum effect the device
also requires the patient to coordinate inhalation with
the operation of propellant release. Many patients find
this coordination difficult to achieve.
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air streamthrough the passage 26 into the swirl cham ber 24. The
geonetry of the swirl chanber 2% causes the air and the powder to follow a
circular path. The turbu-

EP 0069715 discloses a device which attempts to
overcome some of the aforementioned problems. There
is disclosed a powder inhaler which is actuated by she
airflow generated by the inhalation of the patient. A
breath actuated device eliminates the problem of the
coordination of manual actuation and inhalation. A pro-
pellant is no longer necessary to effect actuation. The
device also uses a perforated membrane and spring
loaded scrapers to provide a metered dose of medica-
ment. The patient rotates a manoeuvreing unit by a cer-
tain amount. This rotates the perforated membrane with
respect to the scrapers filling the perforations and
exposing a certain number of them to an air passage.
The air flow generated on inhalation passes through the
perforations and the metered dose is inhaled by the
patient. A rotating means is provided to disrupt the air-
flow so as to break up any aggregate particles which
have been formed in the dosing unit. |

This device has the disadvantage that the airflow
generated on inhalation passes directly through the per-
forations which are then returned to the dry storage
chamber for refilling. Any powder which has become
lodged in the perforations may become contaminated
by the air, and this is then mixed with the pure dry pow-
der held in the chamber. If the perforations become par-
tially blocked then a full dose of medicament will not be
inhaled by the patient. _ .

It is the object of this invention to provide a metered
dose powder inhaler, wherein the powdered medica-
ment is stored in a powder reservoir housed in the
device. It is a further object of the invention to provide
such an inhaler which is simple in design yet overcomes
the disadvantages experienced with prior art dispenses.
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- 13 - lent air flowin the swirl chanber results in the disper- sion of

the powder in the air flow The particles are carried in the air stream
t hrough the passage 22 to the patient via the nouthpiece 20. The patient
thus inhales air containing a netered dose of nedi canent After use the

patient releases the cylinder 4 and it returns to the rest position under
the influence of the
- 4-

The present application relates to:

A powder inhalation device comprising a powder reser-
voir capable of containing a powdered medicament and
a volume of air, a metering chamber extending from the
powder reservoir to allow removal of the powdered
medicament from the reservoir in discrete amounts,
passage means to allow air to vent from the powder res-
ervoir, through or across the metering. chamber, and
means for creating an air pressure difference between
said reservoir and said passage means to cause an air
flaw from the powder reservoir through or across the
metering chamber and into said passage means.

In a preferred arrangement the reservoir may be
partly defined by a thin walled cylinder-like structure
which interconnects with the main body of the device.
The cylindrical reservoir and the main body may inter-
connect by way of a bore located in the main body of the
device. It is preferred that the walls of the cylinder are in
close sliding contact with the bore, whilst allowing air to
pass from the reservoir, through the metering chamber
and into the atmosphere.

In a further arangement the metering chamber
may be defined in the wall of the cylindrical reservoir.
The chamber may comprise a hole in the wall of the
powder reservoir. The hole is of a predetermined size to
allow the desired dosage of powder to pass from the
reservoir ready to be delivered to the main air conduit
which enables the powdered medicament to be inhaled
by a patient. The chamber may be sealed with a fine fil-
ter, or may be a depression in the wall with appropriate

- vertting or leakage path provided. Certain hole shapes
seem fo give better metering repeatability as do differ-
ent patterns of air leakage paths. Cylindrical chambers
with their depth equal to the cylmder diameter are pre-
ferred.
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spring 16. The cylinder is provided with a limting end stop [not shown] to
prevent the cylinder and main body from becom ng detached. As the cylinder
4 rises the plunger 50 is caused to retract by the novenent of the cylinder
wal | 18 and the specific shape of the plunger 50. The encl osed space 46
returns to its original volunme and the trapped air is no | onger conpressed.
The device is ready for further use. The i nhal ati on device nmay be

manuf actured as a seal ed unit, whiehsis discarded when the |evel of the
powder ed nedi canent 44 falls below the | evel of the metering chanber 48.

It is preferred that the metering chamber is filled
from the reservoir by the instigation of relative motion
between the metering chamber and the powder bulk so
that the air pressure on the powder bulk is increased,
forcing the powder into the metering chamber whiist
allowing air to pass in a small amount through the'
metering chamber and vent to atmosphere. Whilst in the
device according to the present invention it is preferred
that the powder front should pass across the entrance
to the metering chamber by relative motion of the pow-
der and the metering chamber, it has been found that
the metering chamber will be filled even if the powder
bulk is in contact with the entrance to the chamber and
the air pressure above the powder bulk increased.

- The relative motion may be provided by depression
of the cylinder into a bore in the main body of the device,
whilst the bulk of the powder is kept stationary by a pro-
trusion positioned inside the bore. The cylinder may be
depressed by the patient manually. Alternatively it may
be depressed by the operation of a lever capable of act-
ing on the cylinder to keep it depressed. It is preferred
that the protrusion is provided with a seal, such that the
inner bore of the cylinder and the protrusion seal are in
sliding air tight contact. '

The pressure entered on the powder bulk may be
increased by compressing a volume of air contained
above the powder. it will be realised that although refer-
ence herein has been made to air, any gas may be
included within the reservoir which does not react with
the powder, e.g. nitrogen.

Although not wishing to be bound by theory, it is
likely that a local fluidising effect of the powder bulk may
take place which aids metering, with the air flow through
the chamber carrying powder into the chamber.
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Alternatively the reservoir may be refilled through an opening in the top
of the cylinder 4 which is nornally seal ed by a plug (not shown). In a
further enbodi ment of the device,;as seen in Figure 3, an inhalation device
consi sts of a chanber 80 which mnll be within the main body of the device
[not shown]. A volune of powder 82 is included within the chanber 80. Above
the powder 82 is a space 84 which is connected to a neans 85 of i ncreasing
the pressure of the air within the spgce 84.

it will also be realised that since the metering effect
seems 1o be caused primarily by air flow from the high
pressure region within the air reservoir {and possibly
powder) to a lower pressure region beyond the metering
chamber, a similar effect could be created by producing
a low pressure region outside the reservoir and meter-
ing chamber, and providing a pressure differential
between the reservoir and this low pressure region to
allow air flow. This is to be understood and included
within the invention as claimed.
in a preferred arrangement, the metering chamber,
- once filled, is closed to separate the metered dose from
the reservoir by causing the chamber to move past the
protrusion located in the bore. The metered dose may
be prevented from leaking into the bore in the main body
by ensuring the cylinder walls and said bore are in close
sliding contact, but spaced sufficiently to allow an air
passage. The size of the air passage is linked to the
powder particle size and should be sufficiently narrow
that powder within the metering chamber will not
escape. Many powdered drugs borne on carriers have
an average parficle diameter size of between 20 and 50
pum. Accordingly, the width of the air passageway is pref-
erably from 10 {o 100 um, preferably 10 to 50 um. The
passageway can be achieved by utilising surface imper-
fections. |
An exit port may be provided in the bore which,
when aligned with the metering chamber, allows the
chamber to be emptied. Once the powder has been
metered it must then be ejected from the metering
chamber. Clearly while more accurate volumetric meter-
ing is achieved with a higher packing dengjty in the
metering chamber, ejection of a more tightly packed
powder is more difficult. The first part of this process
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- 14 - An orifice 83 leads fromthe chanber 80 into a netering
chanber 86. This netering chanber 86 is forned in a plate 87 which is
noveabl e rel ative to the

requires isolation of the metering chamber from the bulk
‘powder reservoir. This may be achieved by causing the
reservoir volume to be moved away from the metering
chamber until a sliding seal moves over (or over and
past) the inner {ace of the metering chamber. In this
embodiment the seal should be wide enough to prevent
a leakage path occurring from the higher pressure res-
ervoir via the metering chamber to a lower pressure
area behind the sliding seal.

Ejection may take the form of increased air flow
through the metering chamber carrying out the metered
powder, air flow past the chamber, e.g. by a venturi-like
restriction, creating a negative pressure to suck out the
powder, or by mechanical ejection. Any air flow tech-
niques could use the patient inspired air, but it is likely
that dense packing and small metering chamber sizes
may make this difficult particularly in terms of resistance
to air flow. However, there is good potential during actu-
ation in the specifically described form of the device to.
produce a small volume of air, at a pressure considera-
bly greater or lower than atmospheric, ("high energy air’)

~which can be utilised for dose ejection, and possibly dis-
persion. A further advantage of this technique is that
inspired air does not come into direct contact with the -
metering chamber and surrounding walls. This could

help prevent any risk of moisture contamination to the

bulk powder from the inspired air contaminating the
metering chamber and could be arranged to help avoid

any such contamination risks should the patient breath

out through the device. '

Mechanical ejection techniques may preferably be
combined with air flow techniques in order to remove
powder which remains attached to the end of the ejec-
tor.
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body. encl osing the chanber 80, in particular the orifice 83. Renote from
the nozzle is an air gap 90. As pressure is increased wthin the space
84, pow der flows through the orifice 83 into the nmetering cham ber 86.
At the same tine, air flows fromthe space 84 through the powder 82,
through the orifice 83 and netering chanber 86 and out through the air gap
90 which is of such a size to prevent powder |eakage. The netering chanber

86 is conpletely filled w thpowder. The plate 87 is then slid sideways
and the chamber 80 containing the neteged dose of powder presented to the
di spersion system In order to refill the chanber, an

The metering chamber may also be in the form of a
cup on a rotatable axis. Such a system is described in,

for example, GB 2165159. if the metering chamber is a
cup, the air will flow across the surface ot the cup and
powder will fill into the cup.

It is favoured that the air conduit allows air to enter
an air inlet in the main body and fiow to a mouthpiece,
the air flow being caused by the inhalation of the patient.
A venturi-type restriction and a secondary passageway
may be included in the air conduit. The secondary pas-
sageway may connect the exit port to the restriction and
further connect a secondary air inlet to the restriction.
The air flow through the main inlet and secondary inlet
transfers the metered dose to the patient for inhalation.
Alternatively the air fiow may be arranged to flow
through the metering chamber.

The even distribution of the powder in the air flow
before it is inhaled is preferably achieved by producing a
turbulent air stream. This may be moduced by including
a swirl chamber in the air conduit.

" it has been found that the miost beneficial effect for
patients is obtained when inspiration is carried out at at
least 10 litres per minute, preferably at least 15 litres per
minute. This may be achieved by incorporating a regula-
tor within the inhalator to permit it to work only at a min-
imal air flow of, e.g. 10 litres per minute.

The present invention will be further described by
way of example only, with reference to and illustrated in
the accompanying drawings in which:-
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airtight renoveable |id 81 is provided. Sui t abl e drugs which may be
used include sal buta- nol, becl onet hasone di propionate, budesoni de and
sodi um conogl ycat e.

Figure 1 is a section view according to an embodi- -
ment of the invention, in the rest position;

Figure 2 is a section view according to an embodi-
ment of the invention in the actuated position.

Figure 3 is a section view of a further embodiment
of the invention.

As seen in Figures 1 and 2 an inhalation device
consists of a main body 2 and thin-walled cylinder-like
chamber 4.

The main body 2 includes a bore 6 coaxial with the
cylinder 4 and a protrusion which forms a piston struc-
ture 8 inside the bore 6. The piston 8 is also coaxial with
the cylinder 4.

The piston head 10 is provided with a circumferen-
fial seal 12. The seal 12 ensures that the piston 8 is in
slidable airtight contact with the inner bore 14 of the cyi-
inder 4. : |

A passageway 3 is provided by a selection of sur-
face finish to allow controlled venting to the atmosphere.

The cylinder 4 is free to move longitudinally in the

-bore 6 but is prevented from rotational movement [not
shown). A spring 16 is coiled coaxially around the cylin-
der 4. The cylinder walls 18 are in close sliding contact
with the bore 6 separated by the air passageway 3. The
spring 16 provides a means to bias the cylinder 4 in its
rest position [shown in anure..ﬂ.
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- 15, - Claims 1. A powder inhalation device conprising a powder
reservoir (42,80) capable of containing a powdered medi canent (44, 82)
and a volune of air, a netering chanber (48, 86) extending fromthe
powder reser- voir (42,80) to allow renoval of the powdered ned-

I cament fromthe reservoir in discrete anmounts,

- 10 -

The main body 2 has a mouthpiece 20 connected
by a passageway 22 to a swirl chamber 24. The swirl
chamber 24 is in turn connected to a passage 26 which
includes a venturi-type restriction 28 leading to an air
infet 30.

A side entry 32 in the narrow section of the restric-
tion 28 leads to a secondary passage 34. The second-
ary passage 34 is connected to the main bore 6 by an
exit port 36.

The main body 2 further includes a small bore 38.
The small bore connects with the secondary passage
34 and is vented at a secondary air inlet 40 close to the
air inlet 30.

The inner bore 14 of the cyhnder 4, the piston head
10 and the piston seal 12 cooperate together to form a
dry reservoir 42. The reservoir 42 contains a bulk of
finely powdered medicament 44. A volume of air 46 is
trapped above the medicament 44. '

The cylinder wall 18 is provided with a metenng

" chamber 48 comprising a hole in the cylinder wall 18.
The volume of the metering chamber 48 is such that the
amount of medicament which can be contained in that

- volume is equivalent to one dose.

The metering chamber 48 is so positioned in the -
cylinder wall 18 that when the cylinder 4 is in its actu-
ated position [shown in Figure 2] the metering chamber
48 is aligned with the exit port 36 in the main body 2.

The piston 8 is provided with a small spring loaded
plunger 50. The plunger SO is aligned with the centre

line of the exit port 36. When the cylinder 4 is in the rest
position {shown in Figure 1] the plunger is restrained
from operation by the cylinder wall 18.
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passage neans to allow air to vent fromthe powder reservoir, through
ar across the netering chanber. and neans (4.85) for creating an air
pressure differ- ence between said reservoir (42.80) and said s-
sage neans (3,90) to cause an air flow fromthe powder reservoir
through or across the netering chanber (48,86) and into said passage
means. 2. An inhalation device as claimed in Caim1l wherein said
nmet eri ng chanber (48,86) is provided dose delivery structure,

hh a
novabl e between a | oadi ng positTohTiﬁ whi ch the metering chanber
communi -

When the cylinder 4 is in the actuated position
shown in Figure 2] the plunger is projected into the
metering chamber 48.

The main body 2 of the dispensing device and the
cylindrical structure 4 are preferably manufactured from
a plastic such as polypropylene, acetal or moulded pol-
ystyrene. They may however be manufactured from
metal or another suitable material.

The piston head seal 12 may be a seal of plastic
such as PTFE, synthetic rubber or natural rubber. The
seal 12 may be a cup or lip seal extending around the
piston head 12.

In use the patient holds the device such that the cyl-
inder 4 is located uppermost. The patient then shakes
the device, whilst holding it vertically. The shaking aids
the mixing of the powdered medicament and also

_ensures that the powder is deposited at the bottom of
the cylinder 4 in contact with the piston head 10.

The patient depresses the top of the cylinder 4. The
spring 16 becomes compressed and the cylinder 4
moves down the bore 6 inside the main body 2.

As the cylinder 4 moves down the metering cham-
ber 48 passes through the bulk of the medicament 44.
At the same time, the air in the space 46 is compressed
the volume enclosed by the cylinder walls 18 the piston
head 10 and the piston seal 12 decreases. A small
amount of air flows through the powder bulk 44, through
the metering chamber 48, through the passageway 3
and into the atmosphere.

The combined action of the movement of the meter-
ing chamber 48 through the bulk medicament 44, the
increase in pressure on the medicament and the air flow
resuits in the filling of the chamber 48 with a metered
dose of medicament.
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cates with the powder reservoir (42,80) and a deliv- ery position in
whi ¢h the netering chanber comuni cates with a powder dispersion
‘system 3. An inhalation device as clained in Claim2 wherein t he dose
delivery structure is a slidably nounted pl ate nenber (87). 4. A
powder inhal ation device as clainmed in any one of claims 1 to 3
conprising a neans (4,85) for com pressing the air in the reservoir
wherein air vents . into atnospherggas the pressure of the air in the

The width of the passageway 3 is such that no med-
icament leaks out of the chamber 48.

The patient depresses the cylinder 4 until it reaches
the end of its travel. The patient then inhales whilst
keeping the cylinder 4 depressed.

In the actuated position [shown in Figure 2] all the
powdered medicament 44 except that in the metering
chamber 48 is sealed in the volume defined by the cyi-
inder walls 18, the piston head 10 and the piston seal
12.

When the cylinder 4 is fully depressed the metering
chamber 48 is aligned with the exit port 36 in the main
body 2 and the spring loaded plunger 50.

The plunger S0 is no longer restrained by the cylin-
der walls 18 and as it springs forward the powder in the
metering chamber 48 is pushed into the passage 34
through the exit port 36. The plunger is restrained from
further movement by suitable means (not shown).

The inhalation of the patient causes air to enter
through the inlet 30. The air reaches the venturi-type
restriction 28 and the narrowing of the inlet causes the
air velocity to increase. The air pressure in the restric-
tion 28 decreases as a resuit of the increase of velocity.
The drop in pressure causes a further stream of air to -
enter through the small bore 38 which in turn causes the
metered dose of medicament to be dragged into the
main air stream flowing through the restriction 28.

The metered dose of medicament is carried in the
air stream through the passage 26 into the swirl cham-
ber 24.

- The geometry of the swirl chamber 24 causes the
air and the powder to follow a circular path. The turbu-
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powder reservoir is increased. - 16 -

- 13 -

lent air flow in the swirl chamber results in the disper-
sion of the powder in the air flow.

The particles are carried in the air stream mrough
the passage 22 to the patient via the mouthpiece 20.
The patient thus inhales air containing a metered dose
of medicament.

After use the patient releases the cylinder 4 and it
retuns to the rest position under the influence of the
spring 16. The cylinder is provided with a limiting end
stop [not shown] to prevent the cylinder and main body

from becoming detached. As the cylinder 4 rises the
plunger S0 is caused to retract by the movement of the

cylinder wall 18 and the specific shape of the plunger
50. The enclosed space 46 returns to its original volume
and the trapped air is no longer compressed.

The device is ready for further use.

The inhalation device may be manufactured as a
sealed unit, which is discarded when the level of the
powdered medicament 44 falls below the level of the
metering chamber 48.

Alternatively the reservoir may be refilled through
an opening in the top of the cylinder 4 which is normally
sealed by a plug {not shown).
In a further embodiment of the device, as seen in -
Figure 3, an inhalation device consists of a chamber 80
which will be within the main body of the device [not
shown]. A volume of powder 82 is included within the
chamber 80. Above the powder 82 is a space 84 which
is connected to a means 8S of increasing the pressure
of the air within the space 84.
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5. An.inhal ation device as clainmed in any one of

Clains 1 to 4 wherein

the reservoir is housed in a t hi n-wal ed substantially cylindrical
structure (4) and the netering chanmber (48) is in the formof a

hol e defined in the wall of the powder reservoir (42). 6. An inhalation
device as clainmed in CQaim5 wherein the hole (48) is in the formof a
cylindrical chanber havi ng a depth substantially equal to the dianeter
of the cylinder. - 14 -

An orifice 83-leads from the chamber 80 into a
metering chamber 86. This metering chamber 86 is
formed in a plate 87 which is moveable reiative to the
body enclosing the chamber 80, in particular the orifice
83. Remote from the nozzle is an air gap 90.

As pressure is increased within the space 84, pow-
der flows through the orifice 83 into the metering cham-
ber 86. At the same time, air flows from the space 84
through the powder 82, through the orifice 83 and
metering chamber 86 and out through the air gap 90
which is of such a size to prevent powder leakage. The
metering chamber 86 is completely filled with powder.

The plate 87 is then slid sideways and the chamber
80 containing the metered dose of powder presented to
the dispersion system. in order to refill the chamber, an

airtight removeable fid 81 is provided.

Suitable drugs which may be used include salbuta-
mol, beclomethasone dipropionate, budesonide and

sodium cromoglycate.
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7. An inhalation device as clainmed in any one of the precedi ng d ai ns

wherein as the netering cham ber (48) is filled fromthe reservoir the
bul k of the powder passes across the internal entrance to the
metering chanber (48). 8. An inhalation device as clained in daim?7
wherein the reservoir is in sliding contact wwthin a bore in the
devi ce, said bore having a protrusion (8) positioned therewithin, the
powder being held within the reser- voir by the protrusion.

Claims

1. A powder inhalation device comprising a powder
reservoir (42,80) capable of containing a powdered
medicament (44,82} and a volume of air, a metering
chamber (48,86) extending from the powder reser-
voir (42,80) to allow removal of the powdered med-
icament from the reservoir in discrete amounts,
passage means to allow air to vent from the powder
reservoir, through or across the metering chamber,
and means (4,85) for creating an air pressure differ-
ence between said reservoir (42,80) and said pas-
sage means (3,90) to cause an air flow from the
powder reservoir through or across the metering
chamber (48,86) and into said passage means.

2. Aninhalation device as claimed in Claim 1 wherein
said metering chamber (48,86) is provided in a
dose delivery structure, movable between a loading
position in which the metering chamber communi-
cates with the powder reservoir (42,80) and a deliv-
ery position in which the metering chamber
communicates with a powder dispersion system.

3. Aninhalation device as claimed in Claim 2 wherein
the dose delivery structure is a slidably mounted
plate member (87).

4. A powder inhalation device as claimed in any one of
claims 1 to 3 comprising a means (4,85) for com-
pressing the air in the reservoir wherein air vents
into atmosphere as the pressure of the air in the
powder reservoir is increased.
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9. An inhalation device as clained in Cdaim7 or daim

8 wherein the

met eri ng chanber, once filled with powder, is closed separate the
‘nmet ered dose fromthe reservoir by causing the chanber to nove past
the protrusion (8) located in the bore. - 10. An inhal ation device as
clainmed in any one of the precedi ng Cl ains wherein ejection of powder
con- tained wwthin the netering chanber is effected by air flow
past the chanber.

- 16 -

5.

7.

8,

1 10.

An inhalation device as claimed in any one of
Claims 1 to 4 wherein the reservoir is housed in a
thin-walled substantially cylindrical structure (4)
and the metering chamber (48} is in the form of a
hole defined in the wall of the powder reservoir (42).

An inhalation device as claimed in Claim § wherein
the hole (48) is in the form of a cylindrical chamber
having a depth substantially equal to the diameter
of the cylinder.

An inhalation device as claimed in any one of the
preceding Claims wherein as the metering cham-
ber (48) is filled from the reservoir the butk of the
powder passes across the internal entrance to the
metering chamber (48).

An inhalation device as claimed in Claim 7 wherein
the reservoir is in sliding contact within a bore in the

device, said bore having a protrusion (8) positioned

therewithin, the powder being held within the reser-
voir by the protrusion.

An inhalation device as claimed in Claim 7 or Claim
8 wherein the metering chamber, once filled with
powder, is closed.to separate the metered dose
from the reservoir by causing the chamber to move
past the protrusion (8) located in the bore.

An inhalation device as claimed in any one of the
preceding Claims wherein ejection of powder con-
tained within the metering chamber is effected by
air flow past the chamber.

AN R A A -~
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- 17.- 11. An inhalation device as clainmed in any one of

- 17 -

11. An inhalation device as claimed in any one of
Claims 1 fo 9 wherein ejection of powder contained
within the metering chamber (48) is effected by
mechanical ejection {50).

12. An inhalation device as claimed in Claim 10
wherein the powder is ejected by positive or nega-
tive pressure caused by air flow.

13. An inhalation device as claimed in Claim 12
wherein negative pressure is caused by air flow
through a venturilike restriction (28).

14. An inhalation device as claimed in Claim 1 or Claim
2 wherein the metering chamber is in the form of a
cup. '

Tl
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Claims 1 to 9 wherein ejection of powder contai ned wi-thin the netering

chanber (48) is effected by mechani cal ejection (50). 12. An
i nhal ati on device as clainmed in Caim10 wherein the powder is ejected
by positive or nega- tive pressure caused by air flow 13. An
I nhal ati on device as clainmed in Claim12 wherei n negative pressure is
caused by air flow through a venturilike restriction (28).

- 18 -

POQWDERED MEDICAMENT DISPENSING DEVICE

Abstract

A powder inhalation device comprising a powder
‘reservoir (42) capable of containing a powdered
medicament (44) and a volume of air {46), a metering
chamber (48) extending from the powder reservoir to
allow removal of the powdered medicament from the
reservoir in discrete amounts and a means for
compressing the air in the reservoir wherein a passage
is provided to allow air to went from the powder -
reser;oir, through the metering chamber and into
atmosphere as the pressure of the air in the powder
reservoir is increased.

Figure 1.
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14. An inhalation device as clainmed in daiml or daim 2 wherein the
metering chanber is in the formof a cup.
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