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(57) Abstract

A medication administering device includes a housing (2) introducible into a body cavity and of a material insoluble in the
body cavity fluids, but formed with an opening (4) covered by a material which is soluble in body cavity fluids. A diaphragm (8)
divides the interior of the housing (2) into a medication chamber (C,) including the opening (4), and a control chamber (C,).
An electrolytic cell (10) in the control chamber (C,) generates a gas when electrical current is passed therethrough to deliver
medication from the medication chamber (C;) through the opening (4) into the body cavity at a rate controlled by the electri-
cal current. The device can be in the form of a pill or capsule to be taken orally.
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Description

Medication Administering Device

- Technical Field

The present invention relates to a medication administering
device. The invention is particularly useful when embodied in the
form of a pill or capsule to be taken orally, and is therefore described
below with respect to this application, but it will be appreciated that the
invention could be embodied in other types of medication administering
devices, such as suppositories to be taken other than orally, or devices
to be introduced into a body cavity surgically.

Background Art

A number of different types of medication administering devices
have been developed for administering medication in a controlled
manner and/or at a predetermined location, in order to maximize the
efficacy of the medication. One type, called a "smart" pill, as briefly
described in Popular Science, May 1992, Page 25, includes a capsule
which is adapted to be swallowed. The capsule contains a tiny radio
transmitter that transmits a continuous signal as it passes through the
body to thereby permit its location in the body to be detected. When it
reaches a predetermined location, a computer signals the pill to release
its payload, by actuating a piston within the capsule to force out
medication contained within a chamber in the capsule.

Disclosure of Invention

A broad object of the present invention is to provide medication
administering devices for administering medication in a controlled
manner, and/or at a predetermined location, in order to maximize the
efficacy of the medication. A more specific object of the invention is
to provide other "smart" pill constructions.



10

15

20

25

30

WO 94/01165

PCT/1E93/00037

According to the present invention, there is provided a
medication administering device, comprising: a housing of a size
enabling it to be introduced into a body cavity of a subject; said housing
being of a material insoluble in body cavity fluids, but being formed
with an opening; a displaceable member in the interior of the housing
and defining first and second expansible-contractible chambers therein;
said first chamber including said opening and being adapted to receive
medication to be delivered through said opening when said device is in
the body cavity; and gas generating means for supplying a gas to said
second chamber to expand it and thereby to force medication from said
first chamber out through said opening into the body cavity.

According to further features in the described preferred
embodiments, the displaceable member is a diaphragm; in addition, the

opening in the device is initially closed by material which is soluble in
the body cavity fluids.

According to yet further features in the described preferred
embodiments, the gas generating means includes electrically-controlled
means for generating a gas when energized. In the described preferred
embodiments, the electrically-controlled means includes an electrolytic
cell having an electrolyte generating a gas in accordance with the
electrical current passed through the electrolyte.

According to yet further features in some described
embodiments, the outer surface of the housing includes spaced, diverse
metal elements which are bridged by the fluids in the body cavity to
generate an electromotive force for supplying current to the
electrically-controlled means within the housing. In other described

embodiments, the housing includes a battery for supplying current to
the electrically-controlled means.

In one described embodiment, the housing further includes a
sensor for sensing a condition in the body cavity and for controlling the
electrically-controlled means in response thereto. In other described
embodiments, the gas generating means is electrically controlled by a
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radio frequency signal or by a magnetic switch actuated externally of
the subject after the device has been introduced into the body cavity, or
by a manual switch when the device is introduced into the body cavity.

According to further features in yet another described
environment, the housing includes an outer sheath of a liquid-swellable
material which swells when in contact with fluids in the body cavity
and disintegrates over a period of time in the body cavity, to thereby
control the residence time of the device in the body cavity.

As will be more particularly described below, a medication
administering device constructed in accordance with some or all of the
foregoing features may be used to administer medication at controlled
rates, at predetermined times, and/or at predetermined locations, so as
to maximize the efficacy of the medication.

Further features and advantages of the invention will be apparent
from the description below.

Brief description of Drawings

The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:

Fig. | is a sectional view illustrating one form of device
constructed in accordance with the present invention;

Fig. 2 is a side elevational view of the device of Fig. 1;
Figs. 3 and 4 are sectional views illustrating two additional forms
of medication administering devices constructed in

accordance with the present invention;

Fig. 5 is a side elevational view illustrating the device of Fig. 4;
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Fig. 6 is a sectional view illustrating a still further form of
medication administering device constructed in
accordance with the present invention,

Fig. 7 is a side elevational view illustrating the device of Fig. 6
in its condition within the subject's body cavity;

Fig. 8 is a cut-away view of another form of device constructed
in accordance with the present invention; and

Figs. 9 and 10 illustrate a further form of device constructed in
accordance with the invention, Fig. 9 illustrating the
device in its assembled condition, and Fig. 10 illustrating
the device before assembly with its two parts being
partially cut-away to show internal structure.

Best Modes for Carrving Out the Invention

The medication administering device illustrated in Figs. 1 and 2
of the drawings is in the form of a pill or capsule to be taken orally. It
includes a housing 2 of a size enabling it to be swallowed by the
subject. The housing 2 is of a material which is insoluble in the body
cavity (e.g. stomach) fluids, but is formed with an opening 4 covered
by a plug 6 which is of a material soluble in the body cavity fluids.

Housing 2 further includes a displaceable member, in the form of
a diaphragm 8, dividing the interior of the housing into two expansible-
contractible chambers Cj, C2. Chamber Cj communicates with
housing opening 4 and is adapted to receive the medication to be
delivered by the device; and chamber C3 is a control chamber which

includes gas generating means for generating a gas to expand chamber
Cy, and thereby to contract chamber C; to deliver medication from the

latter chamber through opening 4 into the body cavity.

Control chamber Cy thus includes an electrolytic cell generally
designated 10, comprising an electrolyte 11 and a pair of electrodes 12,
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13 for supplying electrical current to the electrolyte. The electrolyte
11 is of a material which generates a gas according to the amount of
electrical current passed through it from the electrodes 12, 13.
Preferably, the electrolyte is a solid, e.g., a polymeric gel, and its
electrodes are enclosed by a hydrophobic membrane which is
permeable by the gas generated in the electrolytic cell, but not
permeable by the liquid in the electrolyte. Such electrolytic cells are
well known and are described, for example, in U.S. Patent No.
5,062,834.

The device illustrated in Figs. 1 and 2 further includes a pre-
programmable microprocessor 14 for controlling the rate of

application of electrical current to the electrolytic cell 10, and thereby
the rate of delivery of medication from chamber C; via outlet opening

4.

In the embodiment illustrated in Figs. 1 and 2, the power
supplied via the microprocessor 14 to the elecirolytic cell 10 is
generated in situ by a pair of spaced metal elements 16, 18 wound in
the form of strips on the outer surface of the housing 2. The two metal
strips 16, 18 are of diverse metal foils (e.g. gold and silver) defining a
galvanic cell such that when bridged by the fluids in the body cavity
(e.g. stomach acid), they generate an electromotive force for supplying
current to the electrolytic cell 10 under the control of the
microprocessor 14.

It will be seen that when the device illustrated in Figs. 1 and 2 is
administered orally to a subject, plug 6 dissolves in the stomach fluids,
thereby providing communication between the medication chamber C
and the body cavity. Microprocessor 14, pre-programmed to control
the rate of delivery of the medication from chamber Cj to the body
cavity, controls the flow of electrical current via electrodes 12, 13 to
the electrolyte 11 of the electrolytic cell 10, and thereby controls the
rate of generation of the gas within chamber C2. The latter chamber is
expanded according to the rate of generation of the gas. Asa
consequence, chamber C| is contracted to force medication from
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chamber Cj via opening 4 to the body cavity according to the rate pre-
programmed in microprocessor 14.

Housing 2 may be of any suitable material, such as polyethylene,
polycarbonate, etc., which is insoluble in the body cavity fluids and also
not deleterious to the body. Plug 6 normally closing opening 4 may be
of any suitable material, such as a gelatinous material or other material
used in medication capsules, which is soluble in the body cavity fluids,
to thereby establish communication between the medication chamber Cj
and the body cavity after the device has been swallowed.

In the device of Figs. | and 2, the two metal strips 16, 18 may be
helically wound in parallel; however, if a larger voltage is desired than
that which can be developed by parallel metal strips, sections of the

‘metal strips can be connected in series to thereby increase the voltage.

Fig. 3 illustrates a device similar to that of Figs. 1 and 2, with
the following exceptions:

First, instead of including the diverse metal strips 16, 18 for
generating the electrical power, a battery 20 is included within the
device for this purpose.

In addition, the device includes one or more sensors, (two being shown
at 22, 24) for sensing various conditions within the body and for
controlling the microprocessor 14 in response thereto. For example,
the sensors may be or include any one or more of the following: (1) a
pH sensor, to effect the delivery of the medication (e.g. insulin) only to
the small intestine, which has a pH different from that of the stomach,
or the delivery of an antacid to the stomach when stomach acidity
reaches a certain pH level; (2) a temperature sensor to control the
delivery of the medication in response to the body temperature; (3) a
sound sensor (e.g. & microphone) to control the delivery of the
medication (e.g. nitroglycerine) in response to the pulse rate; or (4) a
moisture sensor, to start the delivery of the medication only after the
device has been swallowed.
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In all other respects, the device illustrated in Fig. 3 is
constructed, and operates in the same manner, as the device of Figs. 1
and 2, and corresponding reference numerals have been applied to its
parts in order to facilitate understanding of its construction and
operation.

Figs. 4 and 5 illustrate a device similar to that of Fig. 3, and
therefore correspondirig elements have also been correspondingly
numbered. The device of Figs. 4 and 5, however, includes a control
unit 30, e.g., a radio frequency (RF) transmitter/receiver, within
housing 2 and connected via a connection 32 to an antenna 34 helically
mounted on the outer face of the housing. The device of Figs. 4 and 5
thus enables the microprocessor 14 within housing 2 to transmit
externally its locztion, and/or to be controlled externally by an RF
transmitter (not shown). The external transmitter may thus control the
time and/or the rate of application of electrical current to the
electrolytic cell 10, and thereby the location and/or rate of delivery of
the medication from chamber Cj to the body cavity of the subject.

Instead of being a radio frequency transmitter/receiver, control
unit 30 in Fig. 4 could be an electrical switch, such as a reed switch,
which can be magneticaily actuated by a magnetic field externally of
the subject.

Figs. 6 and 7 illustrate a further device similar to that of Fig. 3,
and therefore its parts are correspondingly numbered, but with the
following differences:

A first difference is that the device includes a mechanical switch
40 which may be mechanically actuated, e.g. just before swallowing the
device, to actuate the microprocessor 14 controlling the supply of
electrical current to electrolytic cell 10.

A second difference is that the device includes a sheath of water-
swellable material 42 which, when subjected to the body fluids, expands
substantially, as shown in Fig. 7, in order to control the residence time
of the device in the subject's body cavity. Sheath 42 is of a material
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which also dissolves, or is otherwise disintegrated, in the body fluids.
An example of a material which can be used for this purpose is ground
barley mixed with a starch binder and compressed into a rigid form.

Fig. 8 illustrates another construction, also including a housing
102 of a size enabling it to be swallowed by the subject and of a
material which is insoluble in the body cavity (e.g., stomach) fluids.
Housing 102 is formed with an opening 104 covered by a plug 106
which is of a material soluble in the body cavity fluids.

Housing 102 further includes a diaphragm 108 dividing the
interior of the housing into two expansible-contractible chambers, Ca,
Cb. Chamber Ca communicates with housing opening 104 and is
adapted to receive the medication to be delivered by the device; and
chamber Cb is a control chamber which includes the gas generating
means. The latter means is in the form of an electrolytic cell 110
comprising an electrolyte 111 and a pair of electrodes 112, 113 on
opposite sides of the electrolyte for supplying electrical current to it.
Chamber Cb also includes the microprocessor 114 and electrical
circuitry, schematically shown at 115, controlling the microprocessor.

The microprocessor may be pre-programmed to control the time
and rate at which electrical current is supplied by the electrodes 112,
113, to the electrolyte 111, and thereby the time and rate of delivery of
the medication via outlet 104. It will be appreciated that the device of
Fig. 8 could also include one or more of the other features described
above, such as the diverse electrodes defining a galvanic cell for
energizing the electrolytic cell, the sensors for sensing various
conditions within the body, the RF control unit, or the magnetically-
actuated or manually-actuated switch for controlling the electrolytic
cell externally of the subject.

Figs. 9 and 10 illustrate a further variation wherein the device is
constructed of two separate parts or housings 200, 300 joined together
before the device is introduced into the body cavity, e.g., before being
swallowed by the subject. Housing 200 is of a material which is
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insoluble in the stomach, but preferably bio-degradable in the intestines
so that it is not discharged in tact from the subject. Housing 300 is
preferably not bio-degradable, i.e. insoluble in the stomach and in the
intestines. Housing 300 is of circular shape, and housing 200 is formed
with a side 202 of concave configuration to accommodate housing 300.

Housing 200 is adapted to receive the medication and is formed
with the outlet opening 204 normally covered by the plug 206 made of
a material soluble in the stomach fluids. It includes the displaceable
diaphragm 208 dividing its interior into the medication chamber Cj
and the control chamber Cj3. '

Housing 300 includes the gas-generating elements. The gas is fed
into the control chamber Cj2 via an opening 209 formed in housing
200, and another opening 309 formed in housing 300 when the two
housings are fixed together as shown in Fig. 9. The gas is generated by
an electrolytic cell 310 comprising an electrolyte 311 and electrodes
312, 313 on its opposite sides. A microprocessor 314 and control
circuitry 315 control the time and rate of delivery of electrical current
to the electrolytic cell, and thereby the time and rate of delivery of gas
via openings 309 and 209 to the control chamber C;2 in housing 200,
and the time and rate of delivery of the medication from chamber Cj1
in housing 200 via the outlet opening 204.

The variation illustrated in Figs. 9 and 10 may also include the
features of any of the other described embodiments.

While the invention has been described with respect to several
preferred embodiments, it will be appreciated that many other
variations of the invention may be made. Thus, other propelling means
could be used, or other gas generating means could be included in
chamber Cy. For example, there could be used a material which
decomposes to generate a gas when subjected to body fluids entering
the device via an opening initially covered by a dissolvable plug
corresponding to opening 4 and plug 6 with respect to chamber Cy. In
addition, the diaphragm 8 could be another form of displaceable
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member, e.g. a piston. Further, the device could be embodied in a

capsule or suppository to be taken other than orally, or could be

introduced into a body cavity surgically, or could be implanted

subcutaneously. Many other variations, modifications and applications
5 of the invention will be apparent. |
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Claims
l. A medication administering device, comprising:

a housing of a size enabling it to be introduced into a body
cavity of a subject;

said housing being of a material insoluble in body cavity
fluids, but being formed with an opening;

a displaceable member in the interior of the housing and
defining first and second expansible-contractible chambers
therein; |

said first chamber including said opening and being
adapted to receive medication to be delivered through said
opening when said device is in the body cavity;

and gas generating means for supplying a gas to said
second chamber to expand it and thereby to force medication
from said first chamber out through said opening into the body
cavity. '

2. A device according to Ciaim 1, wherein said displaceable

member is a diaphragm.

3. A device according to Claim 1 or 2, wherein said opening

20 is initially closed by a material which is soluble in the body cavity

fluids.

4. A device according to any one of Claims 1-3, wherein said

gas generating means includes electrically-controlled means for
generating a gas when energized.

25

5. A device according to Claim 4, wherein said electrically-

controlled means includes an electrolytic cell having an electrolyte
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generating a gas in accordance with the electrical current passed
through the electrolyte.

6. A device according to Claim 5, wherein said device
further includes a pre-programmable microprocessor for controlling
the electrical current to said electrolytic cell and thereby the time and
rate at which medication is forced out of said first chamber.

7. A device according to Claim 4, wherein the outer surface
of the housing includes spaced, diverse metal elements which are
bridged by the body cavity fluids to generate an electromotive force
for supplying current to the electrically-controlled means.

8. A device according to Claim 7, wherein said diverse metal
elements are in the form of spaced strips wound on the outer surface of
said housing.

9. A device according to any one of Claims 4-6, wherein said
housing includes a battery for supplying current to the electrically-
controlled means.

10. A device according to any one of Claims 4-9, wherein said
housing includes a sensor for sensing a condition in the body cavity and
for controlling said electrically-controlled means in response thereto.

11. A device according to any one of Claims 4-9, wherein said
housing further includes a radio frequency receiver for receiving a
radio frequency signal for controlling said electrically-controlled
means.

12. A device according to any one of Claims 4-9, wherein said
housing further includes an electrical switch manually actuatable from
externally of the housing for actuating said electrically-controlled
means.
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13. A device according to any one of Claims 4-9, wherein said
electrically-controlled means includes an electrical switch magnetically
actuated by a magnetic field externally of the subject.

14. A device according to any one of Claims 1-13, wherein
said housing includes an outer sheath of a liquid-swellable material
which swells when in contact with body cavity fluids and disintegrates
over a period of time in the body cavity, to thereby control the
residence time of the device in the body cavity.

15. A device according to any one of Claims 1-14, wherein
said gas generating means is in said second chamber.

16. The device according to any one of Claims 1-14, wherein |

said gas generating means is included in a second housing which is

attached to the first-mentioned housing when introduced into the body
cavity of a subject and which is also of a material insoluble in the body
cavity fluids, the two housings being formed with aligned openings for
feeding gas generated in said second housing into said second chamber
of the first-mentioned housing.

17. A medication administering device, comprising:

a housing of a size enabling it to be introduced into a body
cavity of a subject, said housing being of a material insoluble in
body cavity fluids but being formed with an opening;

a plug which is soluble in the body cavity fluids closing
said opening;

a displaceable diaphragm in the interior of the housing and
defining first and second expansible-contractible chambers
therein,



WO 94/01165

10

15

20

PCT/IE93/00037

14

said first chamber including said opening and being
adapted to receive medication to be delivered through said
opening when said device is in the body cavity;

and gas generating means for supplying a gas to said
second chamber to expand it and thereby to force medication
from said first chamber out through said opening into the body
cavity.

18. A device according to Claim 17, wherein said gas
generating means is in said second chamber.

19. A device according to Claim 17, wherein said gas
generating means is included in a second housing which is attached to
the first-mentioned housing when introduced into the body cavity of a
subject and which is also of a material insoluble in the body cavity
fluids, the two housings being formed with aligned openings for
feeding gas generated in said second housing into said second chamber
of the first-mentioned housing.

20. A device according to any one of Claims 17-19, wherein
said device further includes a pre-programmable microprocessor for
controlling the time and rate of gas generation by said gas generating
means, and thereby the time and rate at which said medication is forced
out of said first chamber.
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AMENDED CLAIMS

[received by the International Bureau on 26 October 1993 (26.10.93);

original claim 1 amended; other claims unchanged (2 pages)]

1. A medication administering device, comprising:

a housing of a size enabling it to be introduced into a body
cavity of a subject;

said housing being of a material insoluble in body cavity
fluids, but being formed with an opening;

a displaceable member in the interior of the housing and
defining first and second expansible-contractible chambers
therein;

said first chamber including said opening and being
adapted to receive medication to be delivered through said
opening when said device is in the body cavity;

and gas generating means for supplying a gas to said
second chamber to expand it and thereby to force medication
from said first chamber out through said opening into the body
cavity, said gas generating means being enclosed in a gas
permeable, liquid impermeable membrane.

2. A device according to Claim 1, wherein said displaceable
member is a diaphragm.

3. A device according to Claim 1 or 2, wherein said opening
is initially closed by a material which is soluble in the body cavity
fluids.

4. A device according to any one of Claims 1-3, wherein said
gas generating means includes electrically-controlled means for
generating a gas when energized.
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5. A device according to Claim 4, wherein said electrically-
controlled means includes an electrolytic cell having an electrolyte
generating a gas in accordance with the electrical current passed
through the electrolyte.

6. A device according to Claim 5, wherein said device
further includes a pre-programmable microprocessor for controlling
the electrical current to said electrolytic cell and thereby the time and
rate at which medication is forced out of said first chamber.

7. A device according to Claim 4, wherein the outer surface
of the housing includes spaced, diverse metal elements which are
bridged by the body cavity fluids to generate an electromotive force
for supplying current to the electrically-controlled means.

8. A device according to Claim 7, wherein said diverse metal
elements are in the form of spaced strips wound on the outer surface of
said housing.

9. A device according to any one of Claims 4-6, wherein said
housing includes a battery for supplying current to the electrically-
controlled means.

10. A device according to any one of Claims 4-9, wherein said
housing includes a sensor for sensing a condition in the body cavity and
for controlling said electrically-controlled means in response thereto.

11. A device according to any one of Claims 4-9, wherein said
housing further includes a radio frequency receiver for receiving a
radio frequency signal for controlling said electrically-controlled
means.

12. A device according to any one of Claims 4-9, wherein said
housing further includes an electrical switch manually actuatable from
externally of the housing for actuating said electrically-controlled
means.
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