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Liguid Housing Chamber and Liquid Delivering Device Containing such Chamber

Field of the Invention

The invention relates to painless injection devices.

Background of the Invention

Human skin has three layers. The outermost layer is the stratum corneum which is
about 10-15 microns thick. It has very low permeability to liquid drugs. Immediately
underneath the stratum corneum is a layer called the viable epidermis which is 50-100
microns thick. The viable epidermis contains living cells but few nerves and no blood
vessels. The third layer is called the dermis and forms the bulk of the skin and contains

living cells, blood vessels and nerves.

One of the conventional ways to deliver liquid drugs into a human body is the
hypodermic injection using syringes and needles, in which the needle penetrates the
skin into subcutaneous tissue and the drug is then injected using the syringe. When a
subcutaneous injection is given, it passes through each of the three layers and
subsequently causes pain due to stimulation pain receptors (nociceptors) in the dermis.
This is a particularly significant problem in relation to children. However, even many
older persons have an aversion to being injected by a hypodermic needle and,
consequently, they will experience stress and anxiety at the prospect of requiring such

an injection. Some such persons may even refuse treatment as a result.

In addition, the injection rate of a hypodermic syringe is controlled manually by the user
(eg, a doctor, nurse or the patient). This injection rate cannot be accurately controlled
or consistently maintained. Also the rate of injection may not be the desirable rate and,
often if a desired rate is known, it is very difficult to control this manually.

However, when a micro needle array, with a proper length, is used, it typically
penetrates only the stratum corneum and stops in the viable epidermis. The drug can
then be delivered manually or automatically without causing pain.

In addition, irrespective of the mode of parenteral liquid delivery (whether by hypodermic
needle, micro-array, intravenous, intramuscular or other), there is a need to be able to
deliver the drug at controlled rates until substantially all of the drug has been delivered.
For example, where the drug is a hormone replacement or cancer medicine, a
substantially consistent rate of delivery will enable a much more stable drug
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concentration curve and therefore better therapeutic effect than is achieved by periodic
intermittent injections.

In addition to the desirability of administering a drug at a substantially consistent rate,
there is also the need for devices that are able to release a drug (in liquid form) in small
volumes and at precise or desired rates. This would be particularly beneficial to
diabetics who generally need a regular supply of insulin in their blood stream to aid the
absorption of glucose.

A relatively new therapy, known as "continuous drug infusion" has been suggested in
which a portable delivery device is attached to, or implanted inside, the patient's body.
The device would preferably be able to deliver an exact amount of a drug (e.g. insulin)
at desired (preset or program set) rates into the patient's blood. In order to produce
such an infusion system, a precision liquid delivery device is required.

Some of the currently available commercial devices have a number of problems. Some
devices have been too large to be comfortably fitted to a patient. Others have been too
expensive to allow the devices to be disposable. Some devices have difficulty in
preventing the access of gas bubbles to the drug liquid, whilst their device is in
operation. Injecting liquids containing gas into patients can have disastrous effects.
Other devices have a two-way action which allows the drug liquid to be sucked into the
device and then released from the device. This two-way action has the disadvantage of
allowing contaminates and gases to mix with the drug liquid. A further disadvantage of
known prototypes is that they can only be operated in a limited number of orientations,

thereby restricting their effectiveness.

In addition to the ébove, there is a need to provide such liquid delivery devices in which
the chamber which contains the drug liquid is easily refillable or disposable so that the
device can be readily "recharged" for ongoing use. The present invention is directed
towards ameliorating at least some of the above mentioned disadvantages of the prior
art and it provides a useful alternative.

The present invention may be used for any medical (or other) applications which require
the precise delivery of a drug or other liquid. Some non-limiting examples of such
applications may include insulin infusion systems, cancer drug infusion systems, the on-
demand delivery of hypertension drugs and hormones and the delivery of liquid drugs to
prematurely born babies in intensive care situations and the like.
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In this specification, where a document, act or item of knowledge is referred to or
discussed, this reference or discussion is not an admission that the document, act or
item of knowledge or any combination thereof was at the priority date:

(i) part of common general knowledge; or

(i) known to be relevant to an attempt to solve any problem with which this

specification is concerned.

Summary of the Invention

According to a first aspect of the invention, there is provided a liquid housing chamber
for use in a device for administering liquid to a patient, said liquid chamber comprising: a
cavity defined by a base and a surrounding sidewall, said sidewall including an upper
rim; a deformable membrane attached to the upper rim and covering said cavity; and an
outlet located in the base; wherein said base is inclined from about said outlet to said

surrounding sidewall and is formed of a substantially rigid material.

The outlet may be located at any suitable position. However, preferably the outlet is
located at a central portion of the base. It has been found that a contoured base is
desirable and preferably, the base is bowl-shaped or cone-shaped. The degree of
curvature of a bowl-shaped base of a liquid housing chamber according to the present
invention is preferably conformed or determined by computation results of the
membrane’s deformation under pressures, using a proper mathematical model and
finely modified by experiments. When an ideal hyper-elastic material is employed for the
deformable membrane, the mathematical model may be the Mooney-Rivilin model.
When another type of material is employed for the deformable membrane, the model
may be different. The computation method can be either analytical or numerical. In the
present invention, the numerical method of finite element analysis (FEA) is used. It will
be appreciated that the suitable shapes and the method of obtaining the suitable shape
will fall within the écope of the present invention. Alternatively, adequate (but less than
optimal) results may also be able to be achieved where the cross-sectional shape of the
bowl-shaped base is substantially semicircular or substantially parabolic.

The sidewall of a liquid housing chamber according to the present invention may be
formed from any suitable material. However, it has been found that a material which is
substantially rigid is preferable. Additionally, according to a particularly preferred
embodiment, the sidewall has a curved contour which corresponds with the contour of
the base so that the base and the sidewall together form a cavity having a bowl-shaped
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contour. Alternatively, in one embodiment, the sidewall may have an inclined contour
which corresponds with the contour of the base so that the base and the sidewall
together form a cavity having a cone-shaped contour.

According to a particularly preferred embodiment of this aspect of the invention, the
contour of the cavity is adapted so that, when said deformable membrane is fully
expanded within said cavity, there is no substantial residual volume (the so-called dead
volume) between the membrane and either the base or the side wall.

The membrane for the liquid chamber of the present invention is preferably
impermeable to fluids, including liquids and gases. Preferably, the membrane is formed
of materials selected from hyper-elastic materials, and materials with high elasticity and
high plasticity.

According to one preferred embodiment, the liquid chamber is adapted to be connected
to pressure exerting means, said pressure exerting means being adapted to exert
pressure upon said deformable membrane, causing the membrane to expand into said
cavity, thereby forcing the liquid to be expelled through the outlet. Preferably, the liquid
chamber is removably connectable to the pressure exerting means.

A pressure exerting means for a liquid chamber according to the present invention may
be of any suitable type. However, in one preferred embodiment, the pressure exerting
means comprises an electrolytic chamber adapted to contain an electrolyte and, in use,
to generate a gas which causes pressure to be exerted upon said deformable
membrane. Preferably such an electrolytic chamber comprises at least one pair of
electrodes located at least partially within said electrolytic chamber. Said electrolytic
chamber is adapted to contain an electrolyte and preferably the electrolyte is in the form
of an electrolytic solution.

According to another preferred embodiment, the liquid chamber and electrolytic
chamber are adapted so that the liquid chamber is housed at least partially within said
electrolytic chamber. Preferably, the liquid chamber is positioned in substantially co-
axial alignment with the electrolytic chamber and preferably both chambers are
substantially cylindrical in shape.

According to a further preferred embodiment, the electrolytic chamber is connected to,
or preferably removably connected to, a control unit adapted to cause a potential
difference in the electrodes, thereby causing an electric current to pass between the
electrodes through said solution. Preferably, the control unit is adapted to regulate the
electric current passing between the electrodes.
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According to another preferred embodiment, the liquid chamber is adapted so that when
the electrolytic chamber contains said electrolytic solution, the liquid chamber contains a
liquid, and a current is passed through said electrolytic solution via said electrodes (a)
gas is generated from the electrolytic solution thereby increasing pressure inside the
electrolytic chamber; (b) that increase in pressure is transferred to said liquid chamber
via deformation of said deformable membrane; and (c) a determinable amount of said
liquid is released from said liquid chamber via said outlet.

Preferably, the electrolytic chamber further comprises valve means adapted to enable
release of gas from said chamber. The valve means is preferably adapted to remain
closed whilst the liquid is being expelled from the liquid chamber and to remain open
whilst gas is being released from said electrolytic chamber. Accordingly, following
discharge of liquid from the liquid chamber, the liquid chamber can be refilled with fresh
liquid whilst expelling gas from the electrolytic chamber. This can generally be done by
taking advantage of the atmospheric pressure applying to the re-fill container and the
lower pressure inside the liquid chamber as the cavity expands upon release of gas
from the electrolytic chamber. Therefore, the electrolytic chamber (with gas removed)
will be ready for re-use to again cause discharge of liquid from the re-filled liquid
chamber.

Another preferred embodiment of the electrolytic chamber according to the present
invention comprises a chamber membrane adapted to be positioned in face to face
orientation with the deformable membrane of the liquid chamber, said chamber
membrane being configured so as to correspond substantially with said deformable
membrane. Preferably, there is further provided an air-release channel adapted to
enable air to escape from between the deformable membrane and the chamber
membrane so that said membranes can be in intimate contact. Preferably, the elasticity
of the chamber membrane and the deformable membrane are substantially the same.
In fact, according to a more preferred embodiment, the chamber membrane and the
deformable membrane are formed of the same material and have substantially the
same thickness.

The pressure exerting means according to the present invention may alternatively take
the form of a hydraulic device (preferably a pneumatic device) adapted to apply a
pressurised fluid (preferably a gas) to said deformable membrane. The pressurised gas
may be of any suitable type. The device includes gas inlet means and gas outlet means
and preferably the gas outlet means is located centrally above the deformable
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membrane. It is further preferred that the gas outlet means is in substantial linear
alignment with the outlet of the liquid chamber.

According to a particularly preferred form of this embodiment, the pneumatic device
further includes valve means for regulating the flow of gas through the gas outlet
means. In addition, preferably, there is further provided a gas buffer chamber adjacent
said gas outlet means and preferably the gas buffer chamber is located immediately
above said gas outlet means.

When the fluid chamber according to the present invention includes a pneumatic device,
then preferably, the pneumatic device further includes a miniature pressurised gas
container for supplying said gas.

In a further alternative embodiment, the pressure exerting means of the liquid chamber
according to the present invention may comprise a piston device comprising a piston
and piston guiding means, said piston including a piston head adapted to contact and
apply pressure to the deformable membrane. The piston head may be of any suitable
shape but, preferably, it is shaped so as to conform substantially to the base of the
liquid chamber and, more preferably, it is shaped so as to conform substantially to the
base and surrounding sidewall of the liquid chamber.

A piston device according to this embodiment most preferably includes an electric motor
adapted to drive the piston up and down and it may or may not include a transmission

and gear system.

Typically, the liquid in the liquid housing chamber comprises an active ingredient for
administration to a patient. The active ingredient is typically a drug.

According to a second aspect of the invention, there is provided an electrolytic chamber,
for use in connection with the liquid chamber of the present invention, said electrolytic
chamber comprising: an electrolyte; at least one pair of electrodes at least partially
immersed in said .electrolyte; a valve adapted to release gas from the electrolytic
chamber; and a chamber membrane adapted to be positioned in face to face orientation
with the deformable membrane of the liquid chamber, said chamber membrane
configured so as to correspond substantially with the deformable membrane.

Preferably, the electrolysis chamber according to this aspect of the invention comprises
an electrolyte in the form of an electrolytic solution. Most preferably, the chamber is
adapted to be connected to a control unit adapted to apply a potential difference to the
electrodes, thereby causing an electric current to pass between the electrodes through

said solution.
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The valve according to this aspect of the invention is most preferably adapted to remain
closed whilst electrolysis is occurring within said chamber.

According to a third aspect of the invention, there is provided a liquid delivering device
for administering liquid to a patient, comprising a liquid chamber according to the
present invention and administering means adapted to convey said liquid from the outlet
of said liquid chamber to the patient under influence of pressure applied to said liquid
chamber.

Preferably, the administering means according to this aspect of the invention includes
an injection device selected from a needle and a micro-needle array and, most
preferably, it is a micro-needle array. Where a micro-needle array is used, then

preferably it is connectable to the liquid chamber either directly or via a flexible tube.

Preferably a device according to this aspect of the invention is adapted to release liquid

at a flow rate of between 0.1 and 100 microlitres per minute.

- According to a fourth aspect of this invention, there is provided a liquid delivering device

for administering liquid to a patient, comprising:
(a) a sealed electrolytic chamber adapted to contain an electrolyte and having at

least one pair of electrodes at least partially inside said chamber;

(b) a liquid chamber housed at least partially within said electrolytic chamber and
adapted to contain a liquid, said liquid chamber comprising a base and a side

wall each formed of a substantially rigid material;

(c) pressure transfer means separating said electrolytic chamber from said liquid
chamber; and

(d) administering means adapted to release said liquid from said liquid chamber
under influence of pressure applied to said liquid chamber,

whereby when the electrolytic chamber contains an electrolyte, .the liquid chamber
contains a liquid and a current is passed through said electrolyte via said electrodes:

0] gas is generated from the electrolyte thereby increasing pressure inside
the electrolytic chamber;

(i) that increase in pressure is transferred to said liquid chamber via said
pressure transfer means; and

(iii) a determinable amount of said liquid from said liquid chamber via said
administering means,
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wherein said sealed electrolytic chamber comprises valve means adapted to
enable release of gas from said electrolytic chamber.

The valve means is preferably adapted to remain closed whilst the liquid is being
expelled from the liquid chamber and to remain open whilst gas is being released from
said electrolytic chamber.

According to a fifth aspect of the invention, there is provided a method of administering
a liquid to a subject, said method comprising the steps of: providing a liquid delivering
device according to the present invention; and administering the liquid to the subject via
said liquid delivering device. Preferably the administering means is a needle and said
needle is injected into the subject. More preferably, the administering means is a
micro-needle array and said array is applied to the skin of the subject.

Brief description of the Drawings

Preferred embodiments of the invention will now be further explained and illustrated by

reference to the accompanying drawings in which:

Figure 1A is a schematic representation of an injection device in which a
micro-needle array is connected to a syringe via a piece of flexible
tubing.

Figure 1B is a schematic representation of an injection device in which the
micro-needle array is attached to the end of a syringe.

Figures 1C-E are schematic representations of 3 alternative configurations of a

micro-needle array suitable for use in the present invention.

Figures 2A-B are schematic representations of an injection device according to

a preferred embodiment of the present invention.
Figure 3A is a schematic representation of a prior art liquid delivery device.

Figure 3B is a graphical representation of the change of delivery weight with
time using the prior art liquid delivery device illustrated in Figure
3A.

Figures 3C-F are schematic representations of a liquid delivering device

according to a preferred embodiment of the present invention.
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is a graphical representation of the change of delivering weight
with time using the liquid delivering device illustrated in Figures
3C-F.

is a schematic representation of a liquid delivering device
according to another preferred embodiment of the present
invention, which includes a valve.

are schematic representations of the liquid delivering device
ilustrated in Figure 4, at rest and in use.

are schematic representations of the liquid delivering device
illustrated in Figure 4, attached to a liquid refill supply chamber
following expulsion of liquid from the device.

are schematic representations of the liquid chamber and
electrolysis chamber of the liquid delivering device according to
another preferred embodiment of the present invention, in which
electrolysis is used to expel drug from the liquid chamber.

are schematic representations of the drug chamber and
electrolysis chamber of the liquid delivering device according to
an alternative embodiment of the present invention, in which
pneumatic means is used to expel drug from the liquid chamber.

are schematic representations of the drug chamber and
electrolysis chamber of the liquid delivering device according to a
further embodiment of the present invention, in which mechanical
means is used to expel drug from the liquid chamber.

Detailed Description of the Preferred Embodiments

The basic structure of painless injection devices and micro-needie arrays are shown in

Figure 1A. A micro needle array 1 is connected to flexible tubing 2 which is connected

to syringe 3 containing the drug. The micro needle array is placed at the injection

position of the skin and stuck intimately to the skin by means of adhesive plaster (tape),

typically allowing the array to penetrate through the stratum corneum into the viable

epidermis. The drug (in liquid form) is then injected into the human body manually. After

the injection, the micro needle array and the tubing are disposed of. The syringe can be

reused (or disposed of). An alternative design is to place the micro needle array at the
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tip of the syringe, replacing the conventional needle (Figure 1B). The drug is injected
into a human body or an animal in the same way as a conventional injection.

A micro-needle array suitable for use with the present invention may take any suitable
form as can be seen by Figures 1C-E. In particular, the micro-needle array may
comprise a storage area 4 to store fluid, or it may instead contain a recess 6 which
engages with an actuator such as a syringe. Where the micro-needle array comprises a
storage area 4, then inlet 5 may be positioned at any suitable location. For example, it
may run substantially parallel to or perpendicular to the micro-needles.

Figure 2C illustrates an electrochemical liquid delivering device 23 and a control unit 24.
A micro needle array 21 is connected to the device via flexible tubing 22. In this
embodiment, the control unit comprises an adjustable or programmable constant current
supply and display 25 and controls 26 to adjust or make/initiate programs and display
the delivery weight (or volume)/rate. Alternatively, as shown in Figure 2B, the micro
needle array is directly mounted at the outlet of the liquid delivering device and the
device can then be connected to the control unit.

Figure 3A illustrates a prior art liquid delivering device in which two cylindrical
chambers, 31 and 32, are mounted coaxially on plate 38. Internal chamber 32 is filled
with liquid (often including a drug) 35 to be delivered. An elastomeric membrane 36
seals the top opening of the internal liquid chamber and separates the two chambers.
The outer chamber 31 is filled with a proper aqueous electrolytic solution 34. Two
electrodes 33, are inserted in the electrolytic solution. When the electrodes are
connected to a power supply, a current flows through the electrolytic solution.
Electrolysis of the water of the electrolytic solution occurs, yielding gases (hydrogen and
oxygen). The pressure inside the outer chamber is thus increased with time, from P1,
P2... and eventually to P5. The membrane between the two chambers is deformed
downwardly by the pressure, which squeezes the liquid out of the internal chamber
through outlet 37.

Figure 3B is a curve showing the change of the delivered liquid weight with time. It
indicates that good linearity exists between the delivered weight and the time at a
constant electrolysis current before the membrane touches the bottom of the liquid
chamber (when P < P3). After the membrane touches the chamber bottom (P = P4,
P5... > P3), the delivering rate decreases and the curve is no longer linear.

However, according to the present invention, as depicted in Figures 3C to 3F, improved
linearity of the delivery weight / time curve can be maintained by altering the lower
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contour of the internal liquid chamber so that it substantially conforms to the shape of
the membrane when it just touches the chamber bottom (ie, the shape of the membrane
when P = P3). This contour can be obtained by experiments or may be calculated by
algorithms such as the Mooney Rivlin model (as long as the membrane is made from a
hyperelastic material).

Figures 3C to 3F show changes in the membrane shape during the injection period
employed in liquid delivering device according to this embodiment of the present
invention. The membrane stretches as pressure is applied to it and the liquid is
expelled at a substantially constant rate in the entire delivering time period. This is
illustrated by the linear curve in Figure 3G. In addition, substantially all of the liquid is
expelled.

Another embodiment of the liquid delivery device is shown in Figure 4, which comprises
a valve 51 at the lid of outer chamber 42. Such a valve can be controlled by controller
43.

The operating procedure of a liquid delivering device according to the embodiment of
the invention comprising valve 51 is shown in Figures 5A to 5C. For simplicity, the
micro-injection needle arrangement is not shown. Figure 5A depicts the device prior to
electrolysis and expulsion of fluid. Figures 5B and 5C depict the device with valve 51
during electrolysis, in which valve 51 remains closed. After completion of expulsion of
fluid from the device, the micro-needle array and the tubing may be removed from the
actuator and disposed of. |

Figures 5D and 5E depict the refilling of the liquid delivery device by refill vessel 53
through tubing 52. During this process, valve 51 is opened and gas in outer chamber
55 escapes (56). As the liquid (which contains the drug) from the refill vessel is forced
into liquid chamber 54, the elastic membrane 57 resumes its original shape. This can
be effected simply by enabling the gas to escape from outer chamber 55. This
produces negative pressure within the liquid chamber 54. Thus atmospheric pressure in
refill bottle 53 can then force the liquid from the refill bottle into the liquid chamber 54.
This process continues until the drug chamber 54 is replenished and membrane 57
recovers to its original flat status (Figure 5A and 5F). Valve 51 is then closed again,
ready for fresh expulsion of the liquid drug. In this embodiment, the liquid delivering
device is reusable and only the micro needle array and the flexible tubing are
disposable after use.
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Figures 6A to 6F depict an embodiment of the invention in which the electrolysis
chamber and the liquid chamber are separable. Figure 6A depicts the liquid chamber
61 and electrolysis chamber 62 in the separated state. Again, for simplicity, the tubing
and micro-needle array are not depicted. The lower portion of electrolysis chamber 62
is sealed by elastic membrane 67. Electrolysis chamber 62 is mounted upon the liquid
chamber 61. A control unit is connected to the electrolysis chamber. The control unit
generates a proper current in order to enable electrolysis to occur. Figure 6B depicts air
escape channel 63 which is provided between the two chambers to enable air to
escape, when the liquid chamber 61 and the electrolysis chamber 62 are brought
together, so that the two elastomeric membranes (membrane 67a at the bottom of the
electrolysis chamber and membrane 67b at the top of the liquid chamber) can be in
touching contact over substantially their entire area.

After the device is switched on and a constant electrolysis current is supplied to
electrolysis chamber 62, the two elastomeric membranes are deformed downwardly
together, squeezing the liquid out of the liquid chamber at a substantially constant rate
as depicted in Figures 6B and 6C. The injection rate is dependent upon the applied
current. However, due to the features of the invention, the linearity is constant for any

given current that is selected.

After completion of the injection, the empty liquid chamber (together with the micro
needle array and connection tubing, which are not shown in the figure) is detached and
disposed of as depicted in Figures 6E and 6F. Valve 64 is opened to release the gases
generated during the electrolysis until the pressure of the electrolysis chamber 62
equals the atmospheric pressure and the membrane 67a becomes flat. Then the valve
is closed again. A new drug chamber with micro needle array and connection tubing is
inserted and the device (ie, electrolysis chamber and control unit) can then be reused.

Figure 7A illustrates a fourth embodiment of the present invention. It employs
pneumatic means to control the injection rate. Pneumatic control device 70 has control
parts such as gas valve, pressure gauge, pressure regulator, display 75, and adjusting
controls 74. These parts constitute a pneumatic control circuit. There is also a gas buffer
chamber 76, with a gas outlet 77, at its bottom.

The control device has a gas inlet 79, connected to a pressurized gas source, such as a
compressed gas supply or a compressed air cylinder. Preferably, this would be an inert
gas, such as argon or nitrogen. Drug chamber 73 with a micro needle array 71, and
connection tubing 72, can be mounted at the cavity of the control device, underneath
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the gas buffer chamber. An airproof mechanism such as a sealing O-ring 78 makes the
gas buffer chamber isolated from the outside atmosphere (Figure 7B).

The structure of liquid chamber 73 is similar to that used in the third embodiment (see
Figures 5 and 6). That is, its top is covered with an elastomeric membrane 73a. The
combination of array 71, tubing 72 and liquid chamber 73 may be regarded as a drug
cartridge. When the gas flows into the buffer chamber 76 at a controlled rate set by
control unit 70, the pressure within buffer chamber 76 increases and membrane 73a is
deformed downwardly. The drug is expelled from liquid chamber 73 and is injected via
tubing 72 and array 71 into the recipient as depicted in Figure 7C.

Once the preset amount of drug has been delivered, the gas flow to buffer chamber 76
ceases as depicted in Figure 7D. Then the compressed (high-pressure) air in buffer
chamber 76 is allowed to flow out to the outside atmosphere through a leaking valve.
When the pressure of buffer chamber 76 has returned to atmosphere pressure, the
empty drug cartridge is detached and disposed of. A new drug cartridge is then

mounted and a new injection can be started following the same procedure.

The outside source of pressurized gas may be replaced by a miniature-pressurized
container that can be integrated into the pneumatic control device, making this
embodiment portable.

Figure 8A illustrates a fifth embodiment of the injection device of the present invention
when driven by electric/mechanical means. An electric motor 85, with or without a
transmission gear system is installed in the device, 84. A gear, 86, mounted at the
rotation shaft of the motor (or the gear system), is coupled to the thread of a moving rod,
87. The rod is moved up or down by the gear, 86. The moving direction and speed
depend on the motor’s rotation direction and rate (and upon the arrangement of any
gear system).

Figure 8B illustrates the fifth embodiment of the invention when a drug cartridge (81, 82
and 83 in Figure 8A), which is the same as that used in the third and fourth
embodiments, is inserted into the cavity of the device, 84, underneath the moving rod.

Figure 8C illustrates the fifth embodiment of the invention when the rod moves down,
pushing the membrane of the drug chamber down and squeezing the drug out.

Figure 8D illustrates the fifth embodiment when the entire drug is injected out and the
motor rotation direction is reversed and the moving rod retracts upwards to its original
position. The empty drug cartridge is then detached and disposed of.
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Figure 8E illustrates the fifth embodiment of the invention when the shape of the rod is
of another design when the drug chamber has a near flat bottom contour.

When rod 87 moves downwards, it pushes membrane 83a of drug chamber 83 down
and squeezes the drug out. When the entire drug has been expelled (as depicted in
Figure 7D) the rotation direction of motor 85 is reversed and rod 87 retracts upwards to
its original position. Empty drug cartridge 83 is then detached and disposed of. A new
drug cartridge can be mounted and a new injection can be started following the same
procedure as depicted in Figure 8D.

The injection rate is controlled by the moving speed of rod 86, which in turn is controlled
by the motor/gear system. The shape of the bottom surface rod 86 can be designed in
different ways. Figure 8E shows another design of the bottom surface, in which the
drug chamber has a near flat bottom contour.

The word ‘comprising’ and forms of the word ‘comprising’ as used in this description and
in the claims do not limit the invention claimed to exclude any variants or additions.
Modifications and improvements to the invention will be readily apparent to those skilled
in the art. Such modifications and improvements are intended to be within the scope of
this invention.
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CLAIMS

The claims defining the invention are as follows:

1.

A liquid housing chamber for use in a device for administering liquid to a subject,

said liquid chamber comprising:

(a) a cavity defined by a base and a surrounding sidewall, said sidewall
including an upper rim;

(b) a deformable membrane attached to the upper rim and covering said
cavity; and

(c) an outlet located in the base;

wherein said base is inclined from about said outlet to said surrounding sidewall

and is formed of a substantially rigid material.

The liquid chamber of claim 1 wherein said outlet is located at a central portion
of the base.

The liquid chamber of claim 1 or claim 2 wherein said base has a bowl-shaped

contour.

The liquid chamber of claim 3, wherein the bowl-shaped contour is adapted to
correspond with the contour of the deformable membrane in an expanded

position.

The liquid chamber of claim 4, wherein the dimensions of the bowl-shaped
contour are determined by reference to a proper mathematical model of the
deformability of the deformable membrane.

The liquid chamber of claim 5, wherein the deformable membrane is a
hyperelastic membrane and the mathematical model is the Mooney Rivilin
model.

The liquid chamber of claim 1 or claim 2 wherein the base has a cone-shaped
contour.

The liquid chamber of any one of claims 1 to 7 wherein the surrounding sidewall
is formed of a substantially rigid material.

The liquid chamber of any one of claims 3 to 6 and 8 wherein the surrounding
sidewall has a curved contour which corresponds with the contour of the base so
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12.

13.

14.

15.

16.

17.

18.

19.

16

that the base and the sidewall together form a cavity having a bowl shape
contour.

The liquid chamber of claim 7 or claim 8 wherein the surrounding sidewall has
an inclined contour which corresponds with the contour of the base so that the
base and the sidewall together form a cavity having a cone-shaped contour.

The liquid chamber of any one of claims 1 to 10 wherein the contour of the cavity
is adapted so that, when said deformable membrane is fully expanded within
said cavity, there is no substantial residual volume between the membrane and
either the base or the side wall.

The liquid chamber of any one of claims 1 to 11 wherein said deformable

membrane is impermeable to fluids.

The liquid chamber of any one of claims 1 to 12 wherein said deformable
membrane is formed of materials selected from hyper-elastic materials, and

materials with high elasticity and high plasticity.

The liquid chamber of any one of claims 1 to 13 wherein said liquid chamber is
adapted to be connected to pressure exerting means, said pressure exerting
means being adapted to exert pressure upon said deformable membrane,
causing the membrane to expand into said cavity, thereby forcing the liquid to be
expelled through the outlet.

The liquid chamber of claim 14 wherein said chamber is removably connectable

to said pressure exerting means.

The liquid chamber of claim 14 or claim 15 wherein said pressure exerting
means comprises an electrolytic chamber adapted to contain an electrolytic
solution and, in use, to generate a gas which causes pressure to be exerted
upon said deformable membrane.

The liquid chamber of claim 16 wherein said electrolytic chamber comprises at
least one pair of electrodes located at least partially within said electrolytic
chamber.

The liquid chamber of claim 16 or claim 17 wherein said liquid chamber and said
electrolytic chamber are adapted so that the liquid chamber is housed at least
partially within said electrolytic chamber.

The liquid chamber of claim 18 wherein said liquid chamber is positioned in
substantially co-axial alignment with said electrolytic chamber.
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27.
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The liquid chamber of claim 18 or claim 19 wherein said liquid chamber and said
electrolytic chamber are substantially cylindrical in shape.

The liquid chamber of any one of claims 16 to 20 wherein said electrolytic
chamber is connected to a control unit adapted to cause a potential difference in
the electrodes, thereby causing an electric current to pass between the
electrodes through said solution.

The liquid chamber of claim 21 wherein said control unit is adapted to regulate
the electric current passing between the electrodes.

The liquid chamber of any one of claims 16 to 22 wherein, when the electrolytic

chamber contains said electrolytic solution, the liquid chamber contains a liquid,

and a current is passed through said electrolytic solution via said electrodes;

(a) gas is generated from the electrolytic solution thereby increasing
pressure inside the electrolytic chamber,

(b) that increase in pressure is transferred to said liquid chamber via
deformation of said deformable membrane; and

(c) a determinable amount of said liquid is released from said liquid chamber

via said outlet.

The liquid chamber of any one of claims 21 to 23 wherein said electrolytic

chamber is removably connected to said control unit.

The liquid chamber of any one of claims 16 to 24 wherein said electrolytic
chamber further comprises valve means adapted to enable release of gas from
said chamber, thereby causing said deformable membrane to retract to its
original position and enabling said liquid chamber to be refilled with liquid.

The liquid chamber of claim 25 wherein said valve means is adapted to remain
closed whilst the liquid is being expelled from the liquid chamber and to remain
open whilst gas is being released from said electrolytic chamber.

The liquid chamber of any one of claims 16 to 26 wherein said electrolytic
chamber further comprises a chamber membrane adapted to be positioned in
face to face orientation with the deformable membrane of the liquid chamber,
said chamber membrane being configured so as to correspond substantially with
said deformable membrane.
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The liquid chamber of claim 27 further comprising an air-release channel
adapted to enable air to escape from between the deformable membrane and
the chamber membrane so that said membranes can be in intimate contact.

The liquid chamber of claim 27 or claim 28 wherein the elasticity of the chamber
membrane and the deformable membrane are substantially the same.

The liquid chamber of any one of claims 27 to 30 wherein the chamber
membrane and the deformable membrane are formed of the same material and
have substantially the same thickness.

The liquid chamber of any one of claims 14 to 30 wherein the pressure exerting
means is a hydraulic device adapted to apply a pressurised fluid to said

deformable membrane.

The liquid chamber of claim 31 wherein said hydraulic device is a pneumatic

device which includes gas inlet means and gas outlet means.

The liquid chamber of claim 32 wherein said gas outlet means is located
centrally above the deformable membrane.

The liquid chamber of claim 33 wherein said gas outlet means is in substantial

linear alignment with the outlet of the liquid chamber.

The liquid chamber of any one of claims 32 to 34 wherein said pneumatic device
further includes valve means for regulating the flow of gas through the gas outlet
means.

The liquid chamber of any one of claims 32 to 35 further including a gas buffer
chamber adjacent said gas outlet means.

The liquid chamber of claim 36 wherein the gas buffer chamber is located
immediately above said gas outlet means.

The liquid chamber of any one of claims 32 to 37 wherein the pneumatic device
further includes a miniature pressurised gas container for supplying said gas.

The liquid chamber of claim 14 or claim 15 wherein the pressure exerting means
is a piston device comprising a piston and piston guiding means, said piston
including a piston head adapted to contact and apply pressure to the deformable
membrane.

The liquid chamber of claim 39 wherein the piston head is shaped so as to
conform substantially with the base of the liquid chamber.
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The liquid chamber of claim 40 wherein the piston head is shaped so as to
conform substantially with the base and surrounding sidewall of the liquid
chamber.

The liquid chamber of any one of claims 39 to 41 wherein the piston device
further includes an electric motor adapted to drive the piston up and down.

The liquid chamber of claim 42 wherein the piston device further includes a
transmission and gear system.

The liquid chamber of any one of claims 1 to 43 wherein the liquid comprises an
active ingredient for administration to the subject.

The liquid chamber of claim 44 wherein the active ingredient includes a drug.

The liquid chamber of claim 45 wherein the active ingredient is a drug for cancer
treatment.

An electrolysis chamber, for use in connection with the liquid chamber of any

one of claims 1 to 46, comprising:

(a) an electrolytic solution;

(b) at least one pair of electrodes at least partially immersed in said
electrolytic solution;

() a valve adapted to release gas from the electrolysis chamber; and

(d) a chamber membrane adapted to be positioned in face to face orientation
with the deformable membrane of the liquid chamber, said chamber
membrane configured so as to correspond substantially with the
deformable membrane.

The electrolysis chamber of claim 47 wherein said chamber is adapted to be
connected to a control unit adapted to apply a potential difference to the
electrodes, thereby causing an electric current to pass between the electrodes
through said solution.

The electrolysis chamber of claim 47 or claim 48 wherein the valve is adapted to
remain closed whilst electrolysis is occurring within said chamber.

A liquid delivering device for administering liquid fo a patient, comprising:

(a) a liquid chamber according to any one of claims 1 to 46; and

(b) administering means adapted to convey said liquid from the outlet of said
liquid chamber to the subject under influence of pressure applied to said
liquid chamber.



10

15

20

25

30

WO 2005/044342 PCT/SG2003/000257

51.

52.
53.

54.

55.

56.

20

The device of claim 50 wherein the administering means includes an injection
device selected from a needle and a micro-needle array.

The device of claim 51 wherein the injection device is a micro-needle array.

The device of claim 52 adapted so that the micro-needle array is connectable
directly to the liquid chamber.

The device of claim 52 adapted so that the micro-needle array is connectable to
the liquid chamber via a flexible tube.

The device of any one of claims 50 to 54 wherein said device is adapted to
release said liquid at a flow rate of between 0.1 and 100 microlitres per minute.

A liquid delivering device for administering liquid to a patient, comprising:

(a) a sealed electrolytic chamber adapted to contain an electrolyte and
having at least one pair of electrodes at least partially inside said
chamber;

(b) a liquid chamber housed at least partially within said electrolytic chamber
and adapted to contain a liquid, said liquid chamber comprising a base
and a side wall each formed of a substantially rigid material;

(c) pressure transfer means separating said electrolytic chamber from said
liquid chamber; and

(d) administering means adapted to release said liquid from said liquid
chamber under influence of pressure applied to said liquid chamber,

whereby when the electrolytic chamber contains an _electrolyte, the liquid
chamber contains a liquid and a current is passed through said electrolyte via
said electrodes:
(i) gas is generated from the electrolyte thereby increasing pressure
inside the electrolytic chamber;
(ii) that increase in pressure is transferred to said liquid chamber via
said pressure transfer means; and
(iii) a determinable amount of said liquid from said liquid chamber via
said administering means,

wherein said sealed electrolytic chamber comprises valve means
adapted to enable release of gas from said electrolytic chamber.
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The device of claim 56 wherein said valve means is adapted to remain closed
whilst the liquid is being expelled from the liquid chamber and to remain open
whilst gas is being released from said electrolytic chamber.

A method of administering a liquid to a subject, said method comprising the

steps of:

(a) providing a liquid delivering device according to any one of claims 50 to
57; and

(b) administering the liquid to the subject via said liquid delivering device.

The method of claim 58 wherein the administering means is a needle and said
needle is injected into the subject.

The method of claim 58 wherein the administering means is a micro-needle
array and said array is applied firmly to the skin of the subject.
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