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[57] ABSTRACT

A dispenser (FIG. 1, 1) comprises a reservoir (10) of a
physiologically active substance and a droplet ejection
device (14), for example a bubble jet or pizeoelectric device,
which is controlled to issue a predetermined number of
discrete droplets of the substance from ejection orifices (15)
upon actuation. Device (14) may be actuated by a pressure
transducer (19) responsive to inhalation and issue the drop-
lets into an airstream (A) which enters at slot (7) and is then
inhaled via mouthpiece (5). In other embodiments (FIG. 5)
the dispenser is finger actuated and directed by hand for
topical application. The number and/or frequency of drop-
lets issued is programmatically controlled by a control
circuit (16) whereby average and total dose of the substance
are predetermined.

42 Claims, 3 Drawing Sheets
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1
DISPENSER

FIELD OF THE INVENTION

This invention relates to a hand held dispensing device.
The device is of particular suitability for the self-
administration of physiologically active substances by inha-
lation and will be herein described with primary emphasis
on that use but may be used for other purposes.

BACKGROUND OF THE INVENTION

There are currently three main methods for drug delivery
via the respiratory tract, namely metered dose inhalers, dry
powder inhalers, and nebulisers.

Metered dose inhalers (“MDI”) are widely used in the
management of asthma. The MDI comprises a drug pack-
aged with a propellant in a pressurised aerosol container can
having a valve which releases a volumetric metered dose of
aerosol upon actuation. These devices are portable, small,
and convenient to carry but deliver a dose which varies in
quantity, delivery speed, and droplet size distribution as the
vapour pressure of the propellant varies. The propellant
pressure varies with temperature and decreases progres-
sively as the content becomes depleted so that the range in
dose variation may be substantial. Incomplete evaporation
of the propellant may cause “sticking” and localised con-
centration of drug droplets at an impact area, and this in turn
can cause undesirable side effects. For example bronchos-
teroids can cause local immuno-suppression and local fungal
infection while local concentration of bronchodilator can
lead to swallowing, with unwanted systemic affects. In
addition, the use of an MDI requires a degree of synchro-
nisation between manual valve actuation and inhalation
which many users find difficult.

Dry powder inhalers (“DPI") devices rely upon a burst of
inspired air to fluidise and draw a dose of an active powder
into the bronchial tract. While this avoids the synchronisa-
tion problem of the MDI, DPI's are sensitive to humidity
and may provoke asthma attacks in some individuals sen-
sitive to inhaled powder. Moreover, because the force of
inspiration varies from person to person, the dose adminis-
tered varies.

Nebulisers generate an aerosol by atomising a liquid in a
carrier gas siream and require a continuous gas compressor
or bulky supply of compressed gas. In general, the droplet
size of the aerosol is a function of carrier gas pressure and
velocity and hence cannot be easily varied independently of
concentration of the active substance in the gas stream.
Inhalation reduces the pressure at the nebulizer nozzle and
thus dosage and particle size are also influenced by the
duration and strength of each breath. Most nebulisers oper-
ate continuously during inhalation and exhalation but special
control systems can be employed to meter the aerosolised
gas flow from the nebuliser to a holding chamber from
which the user may draw a charge.

In general the precision of dose delivery of each of these
devices is less accurate than desirable and restricts their use
to drugs which have broad dosage tolerance. In each case
delivery of the active agent to the intended application site
is overly dependent on user technique and is variable from
dose to dose and person to person. Not only is an improved
delivery system required to optimise current nasal and
pulmonary therapies utilising locally acting drugs but there
has long been recognised a potential for the administration
of many additional local and systemic drugs if a more
satisfactory means of delivery were available. Medical
advances suggest that pulmonary delivery of drugs such as
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peptides, proteins and analgesics might be of considerable
advantage compared with conventional oral or injection
delivery means. For example it has been suggested that
insulin for diabetics may be delivered via the pulmonary

5 route if a suitable means of delivery were available. The
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deposition of drug particles on lung tissue is a function of
size, shape and density of particles or droplets. For many
drugs, control of one or more of these factors along with
precise dose or dose rate control would be desirable.
However, at the present time no means of drug delivery is
available which adequately meets such requirements.

Many attempts have been made to provide a cigarette
substitute which provides nicotine by inhalation but which
avoids the need for combustion of tobacco. Provision of a
cigarette substitute involves complexities additional to those
involved in the administration of a therapeutic agent.
Although it is relatively easy to administer nicotine (for
example in tablet form, via transdermal patches and the
like), such forms do not satisfy habitual smokers because
they do not satisfy important complex physiological and
psychological affinities acquired by habitual smokers of
combustible cigarettes.

In an attempt to provide an acceptable alternative, many
cigarette substitutes have been proposed which provide
nicotine on inhalation without combustion of tobacco.
Conceptually, such devices are less harmful to the inhaler
than smoking, avoid the hazards of passive smoking among
bystanders and avoid the fire hazard and environmental
problems associated with cigarette smoking. However,
despite these major advantages, no device so far proposed
has met with consumer acceptance.

Early cigarette substitutes employed a porous carrier
impregnated with a liquid nicotine containing composition
through which an air stream could be drawn to volatilize
nicotine. This approach yielded insufficient nicotine per
puff, suffered from a tendency for the carrier to dry out and
delivered a variable amount of nicotine per puff, depending
on factors such as air temperature, humidity, lung capacity
of the user and amount of liquid composition remaining in
the carrier.

Subsequent devices delivered nicotine from a pressurised
aerosol container from which nicotine can be released by
mechanical valve actuator. In one such device the valve is
microprocessor controlled to limit the frequency and dura-
tion of actuation. However, the dose delivered varies with
the vapour pressure of aerosol remaining in the container as
well as with duration of valve actuation. The disposable
pressure container, aerosol valve, and CFC propellant add
considerably to active substance cost. These devices share
the disadvantages of MDI devices previously discussed.

In yet other devices a nicotine containing substance is
heated to vapourise an amount of nicotine which is then
available for inhalation. The amount of nicotine delivered by
such devices is difficult to control and is temperature depen-
dant. In one such device a plurality of nicotine-containing
pellets may be heated sequentially so that each liberates a
predetermined dose. However, in that case, the dose is fixed
during pellet manufacture, particle size of the aerosol is
uncontrolled, and temperature of the inhaled air cannot be
varied independently of dose.

Factors such as the quantity of nicotine per puff, the
temperature of the puff, the draw, the presence and size
distribution of flavour particles in the puff and like factors
are of considerable importance in satisfying habitual smok-
ers. The various alternatives proposed to date have simply
proved unacceptable to most smokers.
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