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ELECTRONIC DEVICE FOR WEIGHT CONTROL
CROSS REFERENCE TO RELATED APPLICATION(S)

This application claims the benefit of priority under 35 U.S.C. § 119(e) of
U.S. Serial No. 60/625,092 .filed November 5, 2004, and U.S. Serial No.
60/666,517, filed March 22, 2005, the entire contents of which are

incorporated herein by reference.
FIELD OF THE INVENTION

The present invention relates to the field of ingestible microelectronic

: dosage forms, and more specmcally to mges’uble electronically-controlled

and timed dosage forms comprising expandable polymerlc material useful

for weight control and the treatment of obesity.
BACKGROUND OF THE INVENTION

Weight control and treatments for obesity have been the subjects of a large
amount of suggested diets, treatments and procedures, including, in the
most severe cases of morbid obesity, device |mpIantat|ons and/or direct
surg|cal interventions. Recent comprehens&ve statistics from the Natlonal
Institutes of Health (USA) indicates that more that 40% of Americans are
obese, with more than 20% of these individuals being morbidly obese. In

addition, it can be estimated that at least twice as many people are seeking
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to control their body weight, and/or are adhering to diets or other weight-
control mechanisms. This is particularly significant since obesity has been
implicated as a leading cause of various clinical conditions, including .

cardiovascular diseases and diabetes.

Six major streams of research and development related to new treatments
for 6besity are currently available: (1) diet regiments, and diet-related.
supplements and treatments; (2) pharmacological treatment using
specifically developed medications; (3) gastric stimulation  using
implantable elecironic devices; (4) invasive surgical procedures related to
gastric reduction; (5) intragastric balloons for reducing gastric volume and
introducing a sensation of satiety and fullness; and (6) oral administration
of cellulose or polymeric-based SUbstances, which expand in the stomach
aﬁd preclude their expulsion through the pylorus withv the process of hatural
gastl;ic peristalsis, thus introducing sensation of fullness and satiety. These
expanded polymeric substances subsequently disintegrate chemically to

allow for their expulsion from the body with natural gastrointestinal

peristalsis.

Currently, there are very large numbers of various diets, diet supplements,
diet regimens, land combinations thereof, and their numbers are growing
dramatically. However, in many cases, these weight loss strategies do not
work, or their success is very limited. The success of these téchniques

often varies widely between individuals, and they are often not sustainable.
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Weight-loss related pharmacological treatment based on specifically
developed and clinically-tested drugs and/or health supplements'has also
.not been very successful. Numerous such therapies h_ave been assopiated . .
with various side effects, some of which are quite serious and life-
5 threatening. Therefore, commercially-available and clinically-proven diets
and/or anti-obesity drugs and health supplements have yet to be

developed.

ﬁecent!y developed techniques for gastric stimulation (see for examples

U.S. Patent Nos. 6,684,104, 6;615,084,.6,606,523, 6,600,953, 6,542,776,

10 6,535,764, and 6,449,511), involving surgical implantation of miniature
microelectronic deviées have been proposed as an avenue to tackle more
severe cases of obeSity, and particularly morbid o'besity. _The devices can
~administer electrical signals to the stomach and adversely affect normal
propulsive gastric peristalsis. However, the procedures used for the

15 positioning of the electrode as well as the implantation of the device remain
invasive, and the long-term effect of the treatmentvremains unknown both in

terms of sustainability and safety.

Surgical procedures related to gastric volume reduction are invasive
measures to address the problem of obesity. Mortality rates of procedures
20 like gastric bypass or direct gastric volume reduction can reach 2%, have

prolonged recovery periods, and can be quite expensive.
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Intragastric balloons or devices positioned in the stomach either surgically
or endoscopically to reduce the effective gastric volume have been found
effective in introducing early satiefy and sensation of - fullness, .thus
contributing to reduced food 'intake, which has béen .reliably related to
sustainable weight loss (see for example U.S. Patent Nos. 4,739,758,
4,485,805, 4,899,747, 5,234,454, 5,993,473, and 6,579,301). More
recently, wireless control of volume-controlling devices in the stomach has
been suggested (see for example U.S.‘Patent Nos. 6,461,293, 6,454,699,
6,453,907, 6,460,543, and 6,450,946). However, these fechniques remain
invasive and can be associated with serious and sometimes life-threatening

side-effects.

Most recently, the use of swellable polymers has been proposed to
facilitate the reduction of gastric volume for treating obesity (sée for
example U.S. Patent Nos. 5,750,585, 6,271,278, German Pat. No. NDN-
050003290517, "and US Patent ‘Application  No. 20040192582).
Compressed cellulose derivatives, or dehydrated hydrophilic polymers are
introduced orally in the stomach, and expand to the point of not being able
to pass through the pylorus, thus effectively achieving non-invasively what
an intragaétricvballoon or another gastric volume-reducing device would
achieve. However, the subsequent decomposition and/or degradation of
these polymers to allow for expulsion through natural peristalsis can be
very problematic. More specifically, the decomposition and/or degradation
rate is not precisely controlled, and the volume and the number of the

4
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decomposing/degrading parts or portions is unknown. More importantly,
since this decomposition.is pharmacologically-based, its timing cannot be
precisely ‘controlled since it would depend on numerous external factors
related to the gastric pH, enzyme content, perfstaltic patterﬁ, and the
5 anatomy of the particular patient. Because of the uncontrolled nature of the
decomposition, it is possible that the volume of the stomach may remain in
an expanded state for long intervals of time, which can lead to serious side-
effects and significant discomfort. Moreover, improper decomposition
and/or degradation may lead to serious complications such as small bowel

10  obstructions.

Consequently, the need has arisen for non-invasive techniqUes or'products
_that can be easily used for prblonged_ and controlled reduction of gastric
volume for use in facilitating weight loss, which address some of the

problems encountered in the prior art.
15 SUMMARY OF THE INVENTION

According to a broad aspect of this invention, there is provided an orally
administrable polymer-carrying unit‘ for expanding in a stomach of a
mammal to fill a space in the stqmach,' the polymer-carrying unit including:
a carrier; a plurality of polymer molecules expandable in aqueous .solutfons,
20 releasably coupled to the carrier; and means for selectively decoupling the
polymer molecules from the carrier so that the polymer molecules and

carrier are released in the stomach.
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The decoupling means can include a timer programmable to decouple the
polymer molecules at selected intervais of time, resulting in a precisely
timed, electronically controlled release of the polymer molecules. -
Moreover,' the timer can be activated to decouple the polymer moieculés
when desired by using, for example, an external radio-frequency (RF)
transmitter. In this embodiment, the decoupling means further comprises a
miniature RF receiver. The timer and miniature RF receiver are both
operably associated with the carrier. 'In one embodiment, the carrier has
an internal cavity for housing the timer and RF receiver. In a further
embodiment, the decoupling means further comprises a battery that may |

also be housed in the internal cavity of the carrier.

The polymer molecules can be selected from a large variety of _different-
polymers, and can include a mixture of natural clay and/or various types of
biocompatible polymers, for example, which is not meant to be limiting,
superabsorbent and filler material such as Bentonite, microcrystalline
hydrogels and polyolefins. Further, if desired, the polymer molecules cén
be biodegradable to facilitate the release of the carrier and polymer
molecules from the stomach. The polymer-carrying unit may aiso further
include at least one active agent, which can be reieasably associated with
either the carrier or the polymer molecules, or both. The active agent may
be selected from a wide group of agents, which include, but are not limited
to, enzymatic agents, medicinal agents, chemical agents, or combinations
thereof. The polymer molecules may be releasably coupled to the carrier

6
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by means of electric forces, magnetic forces, electrostatic forces,

electromagnetic forces, frictional forces, a fiber, or piezoelectric hinges.

According td another broad aspect of th'is invention, there is provided an
orally administrable polymer-carrying unit for expanding in a stomach of a
5 mammal to fill a space in the stomach, the polymer-carrying unit including:
a carrier having at least one outer surface; at least one coupling member
having a first surface and a second surface; a plurality of polymer
molecules expandable in the presence of an aqueous solution associated
with the first surface of the coupling member; a coupling means for
10 releasably coupling the second surface of the coupling member to the outer
surface of the carrier; and a decoupling means for selectively decoupling

the carrier from the coupling member.

The carrier may adopt a wide variety of different shapes, which can include,
but are not limited to, sphere-like, triangular-like, pyramid-like, and cu»be-
15 like shapes. Moreover, the coupling means can be selected from, but are
not limited to, an electromagnetic force, a ‘frictional force, piezoelectric
hinges, or combinations thereof. The decouplbing means, which may be
operably associated with the carrier, can also be quite diyerse, and can
comprise a timer, a battery, a ra‘dio-frequency receiver, or combinations
20 thereof. In one embodiment, the carrier comprises an internal éavity and
the decoupling means comprises an electronic device selected from the
group consisting of a timer, a battery, a radio-frequency receiver, or

combinations thereof, housed within the internal cavity. In one
7



WO 2006/047882 PCT/CA2005/001693

embodiment, the coupling means can be a frictional force and the
decoupling means can be an electromagnet operatively associated with the
outer surface of the carrier and means for activating the electromagnet to
create a magnetic field. In this embodiment, the coupling mémber'can
5 include a material that can be repelled by the magnetic field. In anoth-er
embodiment, the coupling means can be a piezoelectric hinge and the
decoupling means can produce an electric voltage to control motion of the

piezoelectric hinge.

As mentioned, the polymer molecules can be a mixture of Bentonite and/or
10  a biocompatible polymer, and can be biodegradable. The polymer-carrying
unit may also further include at least one active ageﬁt, which can be -
releasably'associated.with either the carrier or the polymer molecules, or .
both. The active agent may be .selected from a wide group of agents,
which include, but are not limited to, enzymatic agents, médicinal agents,

15 chemical agents, or combinations thereof.

According to another broad éspect of this invention, there is provided an
arrangement of polymer-carrying units, the arrangement comprising a first

unit and a second unit, wherem the outer surface of the first unit is
releasably coupled to the outer surface of the second unit by means of

20 electric forces, magnetic forces, electrostatic - forces, electromagnetic

forces, or a combination thereof.
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According to another broad aspect of this invention, there is provided an
orally administrable dosage form, the dosage forrﬁ comprising: one or
more polymer-carrying unit or an arrangement of polymer-carrying units .
and af least one pharmaAceuticaIIy acceptable excipient. The 'dosage form

5 may be a capsule, which can be coated with a pH-sensitive coating layer.
The pH-sensitive coating layer can be formulated to prevent dissolution

prior to the dosage form reaching the stomach.

According to another broad aspeét of this invention, there is provided an |
orally administrable polymer-carrying unit comprising: a carrier having an
10 outer surface and an inner surface, the inner surface forming an internal
cavity; at least one fiber for releasably supporting a plurality of sacs, the
sacs containing polymer molecules, the ﬁber being threaded into or through
the internal cavity of the carrier so that at least one segment of the fiber is
located within the internal cavity; a decoupling means located in the internal
15 cavity for decoupling the sacs from ’_(he carrier by cutting the internal
segment of the fibér so that the sacs are released from -the carrier. Inone
embodiment, the decoupling means comprises an electrical wire located in
the internal cavity of the carrier, the electrical wire being heated when
- desired to melt and cut the internal segment of thé_ fiber. The polymer
20 molecules can be a mixture of Bentonite and/or various types of
biocompatible polymers, for example, which is not meant to be limiting,
super-absorbent and filler material such as microcrystalline, hydrogels and
polyolefins. The polymer molecules can also be biodegradable.

9
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According to another broad aspect of this invention, there is provided a
method for the non-invasive reduction of gastric volume, the method
comprising the steps of: (a) orally administering at least one polymer-
carrying unit as described above; (b) contacting the polyrneric-carrying i.mit
5  with gastric juice to allow for the polymer molecules to expand and prevent
the polymer-carrying unit from exiting the stomach; and (c) after a desired
period of time, selectively decoupling the polymer molecules from the unit

so that exit from the stomach is permitted.
BRIEF DESCRIPTION OF THE DRAWINGS |

10 The present invention, both as to its organization and manner of operation,
may best be understood by reference to the followmg descriptlon and the
accompanylng drawings of various embodiments wherein like reference

numerals are used throughout the several views, and in which:

FIG. 1A is a schematic view of one embodiment of a polymer-carrying unit
15 according to the invention, with the polymer molecules and sacs in an

expanded state.

FIG. 1B is a schematic view of the polymer-carrying unit of FIG. 1A in an

encapsulated state.

FIG. 2 is a schematic view of the polymer-carrying unit of FIG. 1A, where

20 the fiber has one cut.

10



WO 2006/047882 PCT/CA2005/001693

10

15

20

FIG. 3 is a schematic view of the polymer-carrying unit of FIG. 1A, where

the fiber has two cuts.

FIG. 4 is'a schematic view of another embo_dim‘enf of a polymer-carrying

unit according to the invention having two fibers.

FIG. 5 is a schematic view of the polymer-carrying unit of FIG. 4, where

each of the fibers have one cut.

FIG. 6 is a schematic view of the polymer-carrying unit of FIG. 4, where

each of the fibers have two cuts.

FIG. 7 is a schematic view of one embodiment of a decoupling means

according to the invention.

FIG. 8is a ‘schematic view of another embodiment of a polymer-éarryin_g

unit according to the invention.

FIG. 9 is a schematic view of another embodiment of a polymer-carrying

unit according to the invention.

FIG. 10 is a schematic view of another embodiment of a polymer-carrying

unit according to the invention.

FIG. 11 is a schematic view of one embodiment of a decoupling means

according to the invention.

"FIG. 12 is an exploded view of a portion of the decoupling means of FIG.

11,
11
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' FIG. 13 is a schematic view of one embodiment of a decoupling means

according to the invention.

FIG. 14 is an exploded view of a portion of the decoupling means of FIG. "

13.

FIG. 15 is a schematic view of one embodiment of a decoupling means

according to the invention.

FIG. 16 is an exploded view of a portion of the decoupling means of FIG.

15.

FIG. 17 is a schematic view of one embodiment of an arrangement of

polymer-carrying units according to the invention.

FIG. 18 is a schematic view of one embodiment of an arrangement of

polymer-carrying units according to the invention.

FIG. 19 is a schematic view of one embodiment of an arrangement of

polymer-carrying units according to the invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

An orally administrable polymerrcarrying_ unit for expanding in a stomach of
a mammal to fill a space in the stomach, as described herein, includes at
least a carrier; a plurality of pélymer molecules expandable in aqueous
solutions that are releasably coupled to the carrier; and means for
selectively decoupling the polymer molecules from the carrier so that the

12

PCT/CA2005/001693
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polymer molecules and carrier are released in the stomach. When the
polymer-carrying unit expands in the stomach, the expanded size of the
unit is such that passage of the unit through the pylorus is prevented, which
can reéu!t in thé attainméntbof a éensatibn of satiety for a specified period

of time when the stomach remains filled with the unit.

After a desired amount of time has passed, the decoupling means can be
activated in a timed and controlled manner to allow for the disintegration of
the polymer-carrying unit by selectively releasing the polymer molecules
from the carrier. This disintegration can allow the disintegrated parts of the
unit to now pass through the pylorus, and empty from the stomach. The
decoupling means can vary widely and can either be pre-prdgramrﬁed
before ‘ingestion or programmed after ingestion. ‘Thus, . only cértain
sections of the polymer-carrying unit can be allowed to disintegrate at one
time. This can be particularly useful for thé facilitation of weight loss and
the treatment of obesity. The polymer-carrying unit can be a non-invasive
treatment for obesity that can be timed and controlled, which can result in

less discomfort to the subject ingesting the unit.

In the embodiment as illustrated in FIGS. 1-3 and the embodiment as

illustrated in FIGS. 4-6, the polymer-carrying unit, referred to generally as

element 10 and 110, respectively, includes a carrier 12 having an outer
surface 68 and an inner surface 70, with the inner surface forming an
internal cavity 72. In this embodiment, polymer molecules 22 are carried in

a plurality of sacs 76 that are releasably coupled to the carrier 12 by at -
13
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least oné fiber 74. The decoupling means 26 for selectively decoupling
polymer-containing sacs 76 is located in internal cavity 72 and operates to
_cut fiber 74 to release the sacs. Desirably, fiber 74 |s arranged so as to
maximize coverage of éérrier 1A2 with sacs 76. If desired, sacs 76 can be

5 supported by fiber 74 through rings 80, as shown in FIGS. 1-6.

~

In the embodiment illustrated in FIGS. 1-3, fiber-74 can be threaded
through internal cavity 72 of the carrier to form a closed loop so that at least
one seg;nent of fiber 74 is located within the internal cavity. Fiber 74 can
enter carrier 12 at first location 82 through épertures 84 and 86, forming an |
10 internal fiber segment 120, and aiso at second location 88, through
apertures 90 and 92, forming internal fiber segment 122. Of course, if.

desired, more than two locations can also be used.”

In the embodiment illustrated in FIGS. 4-6, at least two fibers 74, 75 can be
connected to carrier 12. As shown in FIG. 13, one fiber 75 can be

15 connected to carrier 12 at aperture 86 of first location 82, and aperture 92
of second location 88, while the other fiber 74 can be connected io carrier

12 at aperture 84 of first location 82 and aperture 90 of second location 88.

In this manner, both flbers 74, 75 can have a segment 124, 126, 128, 130
located W|th|n internal cavity 72, which may facilitate cuttlng, as will be

20 discussed below.

In the embodiments illustrated in FIGS. 1-6, polymer molecules 22 can

include any polymer that can expand when in contact with aqueous

14
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solutions, and can include, but are not limited to, natural clays (for example,
which is not meant to be limiting, Bentonite), microcrystalline hydrogels,
polyolefins, polyvinyl alcohol, poiy(ethylpxazohne), polyvinylacetate- -
-polyvvinylalcohol copoiymers, poly(2-hydroxyethylacrylate),  poly(2- -
5 hydroxyethylmethacrylate), polyacrylic acid, and copolymers thereof,
polysaccharides, watef soluble proteins, polynucleic acids, or a
combination thereof. Polymer molecules 22 can be made, if desired, of
polyacrylic acid and a crosslinker by solution or suspension polymerization,
using the type and quantity of crosslinker to control the swelling capacity
lb and the gel modulus. The synthesis and use" of such polymer molecules |
have been previously described in the following references, inéorporated
herein by reference: (1) Buchholz and Peppas, Superabsorbent Polymers,
ACS Sympdsiﬁm Seriesv, ‘ 1994; (2) Buchholz and Graham, Modern
Superabs:orbent Polymer Technology, John Wiley & Sons, 1998; and (3)
15 ‘Biocompatible/Biodegradable Materials (Tutorial).. Sigma-Aldrich, 2005,
available online at:

http://www.sigmaaldrich.com/Area_of Interest/Chemistry/Materials Scienc

e/BiocompatibleBiodeqfadable/‘l’ utorial.html,

Sacs 76 can be made of an exbandable'permeable liner. The permeable
20 liner should be able to allow aqueous solutions to enter sacs 76 and
contact polymer molecules 22 to allow for their expansion. In one
embodiment, sacs 76 can be made from natural cellulose fiber or specialty
fiber through spun laced process, spun-bonded polypropylene or

15
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absorbable haemostatic oxidised regenerated cellulose (commercially
available under the name Curasel), and are initially folded, containing the
non-expanded polymer molecules. It may be desirable that the material .
used te construet eacslfs be expandable, so as to concurrently expand
5 with polymer molecules 22. As a safety feature, sacs 76 may be made of
biodegradable material, so as to allow for biodegradation after several
days. Moreover, fiber 74, 75 and rlngs 80 can also be made of a
biocompatible material, which can include, but are not limited to, P-767,
Azdel fiber or unreinforced Nylon 612. However, it may be desirable to
10 select a material for fiber 74, 75 capable of withstanding the maximum |

peristaltic force present in the stomach to prevent release of sacs 76.

~ Decoupling means 26, which can be Iocated‘with'in internal cavity 72, can

be used to cut an internal segment of fibers 74 and/or 75 to decouplle or

release sacs 76 when exit from the stomach is desirable. As shown in

15 FIGS. 2, 3, 5 and 6, fibers 74 and/or 75 can be cut either at one location or

at more than one location. Of course, additional cuts can also be made if'
desned One way of cuttmg can be melting the internal segment of the

fiber. Once fibers 74 and/or 75 is/are cut, sacs 76 can become separated

from polymer-carrying unit 10.

20 Decoupling means 26 can take a variety of different forms. In the
embodiment illustrated in FIG. 7, decoupling means 26 can include an
electrical wire 100. When appropriate electric current flows through wire

100, its temperature in the area where it contacts fibers 74 and/or 75
16
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increases, and the fiber(s) melts. Fibers 74 and/or 75 is/are preferably
comprised of a material having a low melting point. In one embodiment,
fibers 74 and/or 75 can have a melting point of about 45°C to about 180°C,

for exa.mple, P-767, Azdel fibe_r or unreinforced Nylon 612. An

-5 electronically-controlled microheater 102 can be used to provide electrical
wire 100 with the required energy to cut fiber 74. In one embodiment,
microheater 102 can generate sufficient energy to raise the temperature of
electrical wire 100 to about 10°C above the melting point of fiber 74, by
allowing an impulse current of appropriate magnitude to flow through the

10 wire. Wire 100 can be connected to an output electronic stage 83, which
can be controlled by at least one timer 85 (as shown in FIG. 7). An RF‘

- receiver 87 and battery 89 can also be used to control wire 100 in a timéd
Aand .cont‘rolled manner. The‘ timef(s), which ¢an be pre-progrérhmed, or

can be controlled by the RF receiver, can be coupled to an electronic

15 output stage designed with standard power trénsistors, which can deliver
the necessary current to the electrical wire, so that the microheater
increases its temperature above the melting point of the fiber, holding the

sacs containing the expanded polymer molecu‘Ies. For example, which is

not meant to be limiting, fiber 74 can be cut at several locations, wherein

20 each cut is performed over é certain Ap'eriod of time to 'aﬂllow for partial
disintegration,'or in embodiments including more than one fiber, i.e., fibers

74, 75, only one fiber may cut at a certain time. If desired, separate

electronic devices may be used for each fiber 74, 75, or for each cut.

17
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In the embodiment illustrated in FIG. 1B, polymer-carrying unit 10 can be
contained within a shell 81, with sacs 76 in a folded conformation to
facilitate oral administration. Shell 81 can be made of a variety of different
materials, which can inclxude, but are not limited to, pH-sensitive materials
5 that will only dissolve under certain conditions, for example, the pH of the
stomach. The material used ti) make the shell can be the same material,
for example, gelatine or celiulose, used to make pharmaceutical capsules
known in the art. Various sizes of shells can be used, as long as they are

swallowable by the patient.

10 FIGS. 8, 9, and 10 illustrate, in a schematic view, other embodiments of
polymer-carrying units, 210a, 210b and 210c¢ according to this invention,
which-can :be uéed to facilitate weight loss and to treat obesity, wherein the
polymer molecules are releasably coupled to each unit by different coupling
means. Accordingly, each unit will have a decoupling means specific for

15 the particular coupling means.

in general, each polymer-carrying unit 210a, 210b, 210c includes a carrier
212 having an outer surface 21|4, at least one coupling member 216 having
a first surface 218 and a second surface 220, a plurality of polymer
moleculesll 222 associated with first surface 218 of coubling member 216,
20 and a coupling means 224 for releasably coupling second surface 220 to
outer surface 214. Each unit further comprises a decoupling means for
selectively decbupling carrier 212 from coupling member 216, which

decoupling means will be discussed in more detail below. Decoupling
18
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means can allow for polymer-carrying unit 210a, 210b, 210c to disintegrate

and pass through the pylorus after a certain, controllable period of time.

Carrier 212 can be made of a wide variety of different materials, which-can

include, but are not limited to electrically non-conductive silicon and other
biocompatible materials such as composite acrylics. The carrier can adopt
a wide variety of different shapes. For example, which is not meant to be
limiting, car‘rier 212 can adopt a sphere-like shape, a triangular-like shape,
a pyramid-like shape, or a cube-like shape. Preferably, the carrier
comprises internal cavity 272, as shown in FIGS. 8-13, which houses the
necessary electronics. The electronics can be insulated and may be

further encapsulated within- the internal cavity of the carrier using

- electrically non-conductive silicon and other biocompatible matérials such

as composite acrylics.

As discussed above for the embodiments shown in FIGS. 1-6, polymer
molecules 22 can include any polymer that can expand when in contact
with aqueous splutions, and can include, but are not limited to, natural
clays (for example, which is not meant to be limiting, Bentonite),
microcrystalline hyd_ro_gels, polyolefins, polyvinyl alcohol, .
poly(ethyloxazolihe), pblyvinylacefate-polyvinyla|cohdl copblymers, poly(2-

hydroxyethylacrylate), poly(2-hydroxyethylmethacrylate), polyacrylic acid,

“and copolymers thereof, polysaccharides, water soluble proteins,
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polynucleic acids, or a combination thereof. Moreover, they can be

prepared using a variety of different methods, also discussed above.

In the embodiments illustrated in FIGS. 8-10, polymer molecules 22 canbe
coupled to first surface 218 of coupling member 216 through a variety of
5 different methods. In one embodiment, polymer molecules having high
densities can be deposited onto the first surface of the coupling member‘
directly. In another embodiment, the polymer molecules may be coupled to
the first surface using glue. The glue may be selected from a wide variety
of different glues, which can include, but are not limited to, medical glues -
10 such as medical grade cyanoacrylate adhesive. In another embodiment
(not shoWn), the polymer molecules may be inserted ihto a sac made from
a pé’rmeabie absorbable_ liner. Thivs liner may be made from a variety of
different products, which can include, but are not limited to, medical gauze |
and the like. The sac may then be attached to the first surface of the

15 coupling member through different ways, including, but not limited to,

suturing and/or gluing.

FIGS. 8-13 illustrate that coupling member 216 can be coupled to outer
surface 214 in a wide variety of different ways through coupling means 224,
which cén includé, but is not limited té, a frictional force (FIGS. 8, 9, 11,13,
20 and 14) and piezoelectric hinges (FIGS. 10, 15, and 16), or combinations
thereof. Decoupling means, which can be used to decouple coupling

member 216 from outer surface 214 can include, but is not limited to,
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means for producing an electromagnetic force, means for pfoducing
electromagnetically-induced vibrations, means for producing

. pi_ezoelectriéity,__and various electronic devices, which can include, but are.
not limited to, timers, miérocontrollers, power tfansistoré with high ifnpulsé

5 current delivery capabilities, batteries and/or radio-frequency receivers and
transmitters. These devices may be used to program the unit to
disintegrate after a desired amount of time prior to ingestion or after
ingestion. For example, which is not meant to be limiting, radio-frequency
receivers can receive a signal from a transmitter and allow for the activation

10 of decoupling means after inggstion of polymer-carrying unit 210a, 210b,
210c. Alternatively, again without limiting, the timer(s) can be pre-
programmed to initiate the disintegration of the device after a certain period

of time, ahd without the need for external'communication with a transmitter.

FIGS. 11 and 12 are illustrative of one embodiment of a decoupling means,
15 referred to generally as element numeral 226a, useful with the polymeric-
carrying unit as illustrated in FIG. 8. In the unit of FIG. 8, coupling means
224 comprises a frictional force that is created by the outer surface 214 of
the carrier tightly meshing with coupling member 216. In order to prevent
separation of coupling membef 216 to outer surface 214, the frictional force -,
20 should desirably be of sufficient strength to overcome normal perista|ti£:
movement in the stomach. In one embodiment, the frictional force is set to
be at least 2 Newtons. This value may be calculated assuming that a
maximum peristaltic pressure of 150 mmHg exerted on a fully expanded
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polymer on a coupling member 216 having dimensions of 1 cm square is
about 1.5 Newtons. Of course, this value may be differentAdepending on
the dimensions of coupling member 216. As shown in FIG. 11, outer
surface 214 includes a{ least two projections 228 and 230,' which can
engage indent 232 of coupling member 216 and can create a sufficiently

strong mechanical frictional force.

To break the frictional force holding coupling member 216 to outer surface
214, an electromagnet can be used as decoupling means 226a, as
illustrated in FIGS. 11 and 12. As shown in FIGS. 11 and 12, a wire 234 is .
wrapped around the outer surface 214 of carrier 212. Coupling member
216 can be made of a biocompatible material with high magnetic
permeability, AIS! Type 316L Stainless'S_teeI. Out'er’surface 214 and
coupling member 216 can be repelled from one another by inducing an
electrical current through wire 234 surrounding outer surface 214. In one
embodiment, this electrical current is set to be strong enough so that the
resulting magneto-motive force overcomes coupling means 224 (i.e., the
frictional forces keeping outer surface 214 and coupling member 216

together).

As shown in FIG. 12, the electromagnet can include N turns of wire 234
carrying a current | around a core of outer surface 214 of cross-sectional
area S and constant permeability p.. The repelling force exerted on

coupling member 216, assuming that the member has permeability p, and

. cross-section S, can be calculated as follows. It should be noted that the
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following calculation assumes that a gap is present between coupling

member 216 and outer surface 214 (as shown in FIGS. 8, 11 and 12), and

that this gap has the same cross-sectional area as outer surface 214 (see

Fig. 12).

If it is assumed that coupling member 216 is slightly separated from outer
surface 214 by an air gap of width Z, the magnetic flux ® passing through
the core and the gap can be obtained as a magnetic voitage drop around
the entire magnetic circuit, which subsequently can be related to the

magneto-motive force produced by the electromagnet. ® is expressed as:
® = NI/ (Rc+Rb+2Rg)

where Re=Lc/(uc*S), Rb=Lb/(up*Sb) and Rg=z/(po*S) are the reluctances of
the core of outer surface 214, coupling member 216 and the air gap,
respectively. The repelling force, Fm, acting on coupling member 216 can

be expressed as:
Fm = -(®?)/(1o*S)

Since the magnetic permeabilities of outer surface 214 and coupling
member 216 are much larger than o, the equivalent reluctance can be
mainly dominated by the air gaps reluctance. Lengths Lc and Lb can be

set to 1cm, and S and Sb can be sections of 1mm x 1cm.

The force required to repel coupling member 216 should be larger than the

mechanical friction holding the member to outer surface 214 (which can be
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estimated to be 2 Newtons). If such‘ a repelling force is needed for a 0.25
mm gap between outer surface 214 and coupling member 216, 100

windings of the electromagnet would be required for a 1A impulse current.

As discussed above, decoupling meané 226a can be activated after a
5 certain amount of time has passed. FIG. 11 illustrates that decoupling
means 226a, including the electromagnet discussed above, can be
activated through a plurality of electronic devices. In this embodiment,
carrier 12 has an internal cavity 272 for housing these electronic devices.
These electronic devices can include, but are not limited to, a timer 236, a
10 battery 238, and/or a fadio-frequency (RF) receiver 240. As shown in FIG.
11, timer 236, battery 238 and RF receiver 240 are all electronically
cqnnvec,ted. Further, .timer 236 can be connected to outer surface 214,
which has wire 234 wrapped around it, through wires 242 to allow for.
controlled repulsion of coupling member 216 from outer surface 214. To
15 protect the electronic devices, it may be desirable to cover each device with
an insulating material, such as nylon or silicon. In one embodiment, the

insulating material is oxide.

In one embodiment. (not shown), separate electronic devices can be used
to control. the dec'ou.pling of each éoupling member frofn the 'carrier"of the
20 polymer-carrying unit. By having a separate electronic timing control,
different disintegration patterns can be used. For instance, a separation to
two parts consisting of Y/2 units might occur after 2 hours, a separation to 4

smaller parts consisting of Y/4 units might occur after 3 hours, etc.
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In the polymeric-carrying unit embodiment shown in FIG. 9, coupling
means 224 includes frictional force. It is understood that the frictional force
must be of sufficient strength to prevent separation df coupling member
| 216 from outer surface 214. In ihis embodimeht, outer surface 214 can

5 further include at least two pegs 244 and 246, which can engage indents
248 and 250, respectively, of coupling member 216 and thus create a

sufficiently strong mechanical frictional force.

To break the frictional force holding coupling member 216 to outer surface
214, an electromagnet is used in decoupling means, the decoupling means
10 referred to generally as element numeral 226b, as illustrated in FIGS. 13
and 14. As illustrated in FIGS. 13 and 14, an electromagnet 252 can be
embedded within odter surface 214. Electromagnet 252 can be _formed by
wrapping a wire 254 around a ferromagnetic core 256 i‘n multiple windinds,
while coupling member 216 | can embed at least one biocompatible

15 permanent magnet 258, for example bonded Neodymium Iron Boron.

In this embodiment of decoupling means 226b, outer surface 214 and
coupling member 216 cah be repelled from one another by inducing
vibrations due to the magnetic interaction between permanent magnet 258
embedded in coupﬁng member 216 and electromagnet' 252 embedded in
20 outer surface 214. Specifically, an alterhating electrical current flowing
through wire 254 of electromagnet 252 can cause the poles of the
electromagnet to alternate, thus repelling or attracting coupling member

216 to outer surface 214 until these vibrations become strong enough so
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that the friction force holding them together is overcome. It may be
desirable that this electrical current be sufficiently strong to ensure that the
resulting magneto-motive force can introduce sufficiently strong vibrations

to overcome coupling means 224.

5 As shown in FIG. 14, electromagnet 25'2 can consist of N windings of
single-loop wire 254 with a winding radius of r, carrying an alternating
current | around a core of cross-sectional area S and constant permeability
Ue. Assuming permanent magnet 258 embedded in coupling member 216
is made from bonded Neodimium Iron Boron of»dimensjons 0.5 x 0.5 cm,

10 giving a magnetic field Bo = 0.7 T, and electromagnet 252 embedded in
outer surface 214 has similar dimensions with 10 to 20 windings, then the
magnetic field produced by the elecﬁ‘_omégnet Bi = pe NI/2r can also reach
the same value, which for convenience will be Iabéled with B.
Consequently, outer surface 214 and coupling member 216 can. be

15 subjected to dynamic attraction and repulsion changing with the alternating
current controlling electromagnet 252. Thus, vibrations can be introducéd

with maximum repelling and attracting force of F = L.r.B.

As discussed above for decoupling means 226a, decoupling means 226b
can also be controlled thfough a variety of electronic devices such as timer
20 236, battery 238 and/or RF receiver 240. Moreover, the electronic devices
can allow selective disintegration of polymer-carrying unit 210, by
uncoupling coupling member 216 from outer surface 214 only at certain,

specific locations on the unit.
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In the embodiment shown in FIG. 10, cqupling means 224a includes
piezoelectric hinges 260, while decoupling means includes electrodes
which produce an electric voltage. Piezoelectric hinges 260 can be used to
couple coupl.iAng member 216 to outer surface 214, and are hingedly
5 connected to outer surface 214. The piezoelectric hinges can be made of a
zinc oxide-based biocompatible piezoelectric material, for example one
produced by Gredmann, San Jose, CA. In one embodiment, piezoelectric
hinges 260 can have dimenéions of abbut'2 to about 3 mm in height, and -
about 0.2 to about 0.5 mm in width. In one embodiment, piezoelectric

10 hinges 260 can adopt a general “I""- like conformation.

As shown in more detail in FIGS. 15 and 16, coupling member 216 includes -
a plurality of apertures 264 through which piezoelectric hinges 260 can be
inserted to couple coupling member 216 to outer surface 214. As
discussed above, it may be desirable that piezoelectric hingeé 260 exert a
15 holding force sufficiently greater than the maximal peristaltic force in the
stomach to prevent decoupling of coupling member 216 and outer surface

214,

TQ displace piezoelectric hinges from a coupling position to an uncoupling
position in épertureé 264, én electric vol'tage can be applied thro.ugh
20 electrodes 262 of the decoupling device shown in FIG. 16, referred to
generally as element numeral 226c. In one embodiment, by applying
electric voltage to piezoelectric hinges 260, a displacement ranging

between 10 to 20% from the coupling position to the uncoupling position
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can be produced, which can allow for the piezoelectric hinges to detach

from coupling member 216 and exit through apertures 264 in coupling ‘

member 216. . In the uncoupling position, piezoelectric hinges 260 can no
longer engage-and retain coupling member 216, which can be released

from outer surface 214.

Decoupling means 226¢ useful in the embodiment illustrated in FIG. 10,
can be controlled through a variety of electronic devices such as timer 236,
battery 238 and/or RF receiver 240, as shown in FIGS. 10 and 15.
Moreover, the electronic devices can allow selective disintegration of
polymer-carrying unit 210, by uncoupling coupling member 216 from outer

surface 214 only at certain, specific locations on the unit.

FIGS. 1.7-1'9 ilustrate further embodiments according to the invention. ‘In
these embodiments, a plurality of polymer-carrying units can be
interconnected to form an arrangement. In the embodiment illustrated in
FIG. 17, one of the outer surfaces 314 of polymer-carrying unit 310a is
extended by means of a spacer 317 and has a wire 334 operably attached
at its extremity. Another polymer-carrying unit 310b also has an extended

outer surface 314, which is extended by means of spacer 317 and is

adapted to frictionally receive the extended outer surface of polymer-

carrying unit 310a as described above. Decoupling means can be used to
decouple the polymer-carrying units as described above. Moreover, as

discussed above, decoupling means dedicated only to the decoupling of
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one unit from another may be used to allow for partial disintegration of the

arrangement.

In the efnbodiment shown in FIG. 1 8, outer surface 314 of plolymer-car'rying
unit >3100 is extended by means of a spacer 317. Outer surface 314 can -
5 include electromagnet 352 embedded at its extremity. Outer surface 314 of
polymer-carrying unit 310d is also extended by means of spacer 317 and
the outer surface extremity includes ‘a biocompatible permanent magnet
358 embedded therein. Outer surface 314 of polymer-carrying unit 310c
further includes pegs 344 and 346, which are frictionally received by the .
10 outer surface of- polymer-carrying unit 310d, as described above.
Decoupling means can be used to decouple the polymer-carrying units, as
desc_ribed above. Moreovef, as discussed above, decoupling mearis'
dedicated only to the decoupling of one unit from another .may be uséd to

allow for partial disintegration of the arrangement.

15 In the embodiment illustrated in FIG. 19, one of the outer surfaces 314 of
polymer unit 310f can be extended by means of a spacer 317, and can
include piezoelectric hinges 360. One of the outer surface 314 of polymer-
carrying unit 310e can also be extended by a spacer 317 and can include
apertures 364 for receiving the hinges, as describéd above. Decoupling

20 means can be used to decouple the units as described abovev. Moreover,
as described above, decoupling means dedicated only to the decoupling of
one unit from another may be used to allow for partial disintegration of the

arrangement.
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It may be desirable to include spacers 317 within polymer-carrying unit 10
in order to allow for the addition of various active agents. Active agents
may be selected from the group consisting of enzymatic agents, medicinal
agenté, 6hemi§al agents; or combinations thereof. For example, which is
5 not méant to be limiting, it may be desirable to deliver various
pharmaceutical agents that also facilitate weight loss, or enzymes that may
accelerate degradation of polymer molecules 322. However, the active
agents can also be added to sacs 376, or associated withv polymer

molecules 322.

10 According to another embodiment of this invention, there is provided an
orally-administrable pharmaceutical dosage form including at least one
polymer-carrying unit and, if desired, -a pharmaceutically acceptable
excipient such as binders, fillers and disintegrants, for example, stérch.
The pharmaceutical dosage form may take various forms, which include,

15 but are not limited to, liquids, soft substances, powder-like substances, and
hard pharmaceutical substances such as soft capsules, hard capsules and
tablets. In one embodiment, the pharmaceutical dosage form is a capsule.
in another embodime.ntA, the capsule can be coated with a pH-sensitive
coating. The pH-sensitive coating _may prevent dissolution” until the

70 stomach reached, to prevent contact between polymer molecules 22 and

aqueous solutions.

The administration of a polymer-carrying unit or a dosage form including at

least one polymer-carrying unit can be used as a non-invasive technique
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for the reduction of gastric volume. The unit or a dosage form including at

least one unit can be administered by mouth, where it will reach the

~stomach. Once-in the stomach, the polymer molecules can be contacted

with aqueoué solutions, which will result in their éxbansion. The expanded
polymer molecules, which cannot pass through the pylorus, can fill a
significant portion of the volume of the stpmach, resulting in the attainment
of a feeling of satiety. After a desired period of time has passed, polymer
molecules can be selectively decouple‘d from the unit, or portions of the
dosage form can be selectively decoupled from one another, in order for
the decoupled portions to exit the storﬁach‘through normal peristaltic .

movement.

While the invention has been described in conjunction with the disclosed
embodiments, it will be understooa that the invention is not intended to be
limited to these embodiments. On the contrary, the‘current protection is
intended to cover alternatives, modifications and equivalents, which may be
included within the spirit and scope of the invention. Various modifications

will remain readily apparent to those skilled in the art.
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WHAT IS CLAIMED IS:

1. An orally administrable polymer-carrying unit for expanding in a
stomach: of a mammal to fill a spac‘e in the stomach, the polymer-

carrying unit comprising: ‘
5 (a) a carrier;

(b) a plurality of polymer molecules, expandable in the presence

of an aqueous solution, releasably coupled to the carrier; and

(c) means for selectively decoupling the polymer molecules from
the carrier so that the polymer molecules and carrier are

10 released in the stomach.

2. The polymer-carrying unit of claim 1, wherein the decoupling means |
comprises a timer programmable to decouple the polymer molecules

at selected intervals of time.

3. The polymer-carrying unit of claim 1, wherein the decoupling means
15 comprises a timer which can be activated to decouple the polymer

“molecules when desired.

4. The polymer-carrying unit of claim 1, wherein the polymer molecules

are a mixture of a natural clay and a biocompatible polymer.

5. The polymer-carrying unit of claim 1, wherein the polymer molecules
20 are biodegradable.

32



WO 2006/047882 PCT/CA2005/001693

6. The polymer-carrying unit of claim 1, further comprising at least one
active agent releasably associated with either the carrier or polymer

molecules, or both.

7. The polymer-carrying unit of claim 6, wherein the active agent is
5 selected from the group consisting of enzymatic agents, medicinal

agents, chemical agents, or cdmbinations thereof.

8. The polymer-carrying unit of clairh 1, wherein the polymer molecules

are releasably coupled to the carrier by means of frictional forces.

9. The polymer-carrying unit of claim 1, wherein the polymer molecules
10 are releasably coupled to the carrier by means of electric forces,
magnetic forces, . electrostatic ~ forces, ~mechanical forces,

electromagnetic forces, or a combination thereof.

10. The polymer-carrying unit of claim 1, wherein the polymer molecules

are releasably coupled to the carrier by means of a fiber.

15 11.The polymer-carrying unit of claim 1, wherein the polymer molecules
are releasably coupled to the carrier by means of piezoelectric

hinges. :

12.An orally administrable polymer-carrying unit for expanding in a
stomach of a mammal to fill a space in the stomach, the polymer-

20 carrying unit comprising:
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(a) a carrier having at least one outer surface;

(b) at least one coupling member having a first surface and a

second surface;

(c) a plurality of polymer molecules, expandable in the presence
5 of an aqueous solution, associated with the first surface of the

coupling member,;

(d) a coupling means for releasably coupling the second surface
of the coupling member to the outer surface of the carrier;

and

10 (e) a decoupling means for selectively decoupling the coupling

member from the carrier.

13.The polymer-carrying unit as claimed in claim 12, the carrier having

a sphere-like shape.

14.The polymer-carrying unit as claimed in claim 12, the carrier having -

15 a triangular-like or pyramid-like internal shape.

15.The polymer-carrying unit as claimed in claim 12, the carrier having

a cube-like shape.

16.The polymer-carrying unit as claimed in claim 12, wherein the

coupling means is selected from the group consisting of means for
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producing an electromagnetic force, means for producing a frictional

force, piezoelectric hinges, or combinations thereof.

1‘7.‘The polyme-r,-car.rying unit as claimed in claim 12, wherein the
decoupling means comprises an electronic device selected from the -

5 group consisting of a timer, a battery, a radid-frequency receiver, or
combinations thereof, the electronic device being operably

associated with the carrier.

18.The polymer-carrying unit as claimed in claim 12, wherein the carrier
comprises an internal cavity and the decoupling means comprises '

10 an electronic device selected from the group consisting of a timer, a
_battery, a radio-frequency receiverf or combinations thereof, housed .

within the intemal cavity:

19.The polymer-carrying unit as claimed in claim 12, wherein the
coupling means comprises means for producing a frictional force

15 and the decoupling means comprises an electromagnet operatively
associated with the outer surface of the carrier and means for

activating the electromagnet to create a magnetic field.

20.The polymer-carrying unit as claimed in claim 19, wherein the
coupling member comprises a material that can be repelled by the

20 magnetic field.
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21.The polymer-carrying unit as claimed in claim 12, wherein the
coupling means is at least one piezoélectric hinge and the

decoupling means produces an electric voltage.

22.The polymer-carrying unit as claimed in claim 12, wherein the
5 polymer molecules are a mixture of natural clay and a biocompatible

polymer.

23.The polymer-carrying unit as claimed in claim 12, wherein the

polymer molecules are biodegradable.

24.The polymer-carrying unit as claimed in claim 12, further comprising
10 an active agent releasably associated with the carrier, the coupling

" member, the polymer molecules, or a combination thereof.

25.The polymer-carrying unit as claimed in claim 24, wherein thei active
agent is selected from the group consisting of enzymatic agents,

medicinal agent, chemical agents, or combinations thereof..

15 26.An arrangement of polymer-carrying units as claimed in claim 12,
the arrangement comprising a first unit and a second unit, wherein
the outer surface of the first unit is releasably coupled to the outer
surface of the second unit by meahs of electric forces, magnetic
forces, electrostatic forces, electfomagnetic forces, or a combination

20 thereof.

27.A orally administrable dosagé form, the dosage form comprising:
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(a) one or more polymer-carrying unit as claimed in claims 1 or
12, or one or more arrangements of polymer-carrying units of

claim 26; and
(b) at least one pharmaceutically acceptable excipient.

5 28.The orally administrable dosage form of claim 27, wherein the

- dosage form is-a capsule.

29.The orally administrable dosage form of claim 28, wherein the

capsule is coated with a pH-sensitive coating layer.

30.The orally administrable dosage form of claim 29, wherein the

10 coating layer dissolves in gastric juice.

31.An orally administrable polymer-carrying unit for expanding in a
stomach of a mammal to fill a space in the stomach, the polymer-

carrying unit comprising:

(a) a carrier having an outer surface and an inner surface, the

15 inner surface forming an internal cavity,

(b) at least one fiber for releasably supporting a plurality of sacs,
the sacs confaining pdlynﬁer molecules,v the fiber being
threaded into or through the internal cavity of the carrier so
that at least one segment of the fiber is located within the

20 internal cavity;
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(c) a decoupling means located in the internal cavity for -
decoupling the sacs from the carrier by cutting the internal

segment of the fiber so that the sacs are released.

32.The polymer-carrying unit of claim 31, wherein the decoupling
means, comprises an electrical wire operably associated with the
carrier, the electrical wire being heated when it is desirable to melt

and cut through the internal segment of the fiber.

33.The polymer-carrying unit of claim 31, wherein the polymer

molecules are a mixture of Bentonite and a biocompatible polymer.

34.The polymer-carrying unit of claim 31, wherein ‘the polymer

molecules are biodegradable.

35.The polymer-carrying unit of claim 31, wherein the unit is

encapsulated in a shell.

36. The polymer-carrying unit of claim 35, wherein the shell is comprised

of a pH-sensitive material.

37.The polymer-carrying unit of claim 36, wherein the pH-sensitive

material dissolves in the stomach.

88.A method for the non-invasive reduction of gastric volume, the

method comprising the steps of:
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(a) orally administering at least one polymer-carrying unit as

claimed in one of claims 1, 12, 25 and 30;

(b) contacting the polymeric-cafrying unit with gastric juice to
allow for the polymer molecules to expand and prevent the

5 polymer-carrying unit from exiting the stomach; and

(c) after a desired period of time has passed, selectively
decoupling the polymer molecules from the unit so that exit

from the stomach is permitted.
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