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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Pursuantto 35U.S. C. §1 19 (e), this application claims priority to the filing date of: United States Provisional
Patent Application Serial No. 60/862,925 filed October 25, 2006.

INTRODUCTION

[0002] Prescription medications are effective remedies for many patients when taken properly, e.g., according to
instructions. However, studies have shown that, on average, about 50% of patients do not comply with prescribed
medication regimens. A low rate of compliance with medication regimens results in a large number of hospitalizations
and admissions to nursing homes every year. In the United States alone, it has recently been estimated that the cost to
the resulting from patient non-compliance is reaching $100 billion annually.

[0003] Consequently, various methods and apparatus have been made available to improve patient compliance with
prescribed regimens in efforts to improve patient health. To date, many different types of "smart" packaging devices
have been developed. In some cases, such devices automatically dispense the appropriate pill. In other cases, there
are electronic controls that detect and record when the pill is taken out of the box.

[0004] While devices and protocols have been developed for improving patient compliance, there is continued interest
in the development of new ways of monitoring patient compliance. It would be an important advancement in clinical
medicine if the actual administration and ingestion of a pharmaceutical, such as a pill being dissolved in the stomach,
could be monitored in an automatic and accurate manner without dependence on patient or medical staff reporting,
where the signal generated by the identifier in the composition is produced upon contact of the composition with a target
location.

[0005] One system that meets the above needs is the pharma-informatics system described in PCT application serial
no. PCT/US2006/016370 filed on April 28, 2006 and published as WO 2006/1 16718. While the system described in
this application provides for many benefits, reliability of signal generation can be an issue under certain situations. For
example, depending on how the pharmaceutical composition is ingested, the particular contents of the stomach can
have a significant impact on how the identifier in the composition activates. For example, signal generation can be
affected by the liquid with which a composition is ingested, e.g., water, juice, etc. As such, of interest would be the
development of an improved pharma-informatics system in which the activation of the identifier was highly controlled,
such that the signal generated by the identifier would be independent of the particularly environment, e.g., stomach
contents, the target site where activation is desired. The present invention provides, for the first time, such a capability.
Patent publication US 2006/145876 A1 discusses information that is useful for understanding the background of the
invention.

SUMMARY

[0006] Itis an object of the invention to provide a controlled activation ingestible identifier, e.g., as may be incorporated
into pharma-informatics enabled pharmaceutical compositions, as may be present in ingestible event markers, etc. This
object can be achieved by the features as defined in the independent claims. Further enhancements are characterized
in the dependent claims. Embodiments of the controlled activation identifiers of the invention provide for robust and
reliable use despite the presence of variable conditions in the applications in which they are employed, e.g., inadequate
degradation of a pharmaceutical carrier, variations in the environment of the target site of interest, etc.

[0007] Briefly described,the controlled activation identifiers of the invention are identifiers that are activated upon
association with a target site of a body. The controlled activation identifier is one that is activated by the presence of a
predetermined specific stimulus at the target site, e.g., liquid (wetting), time, pH, ionic strength, conductivity, presence
of biological molecules (e.g., specific proteins or enzymes that are present in the stomach, small intestine, colon), blood,
temperature, specific auxiliary agents (foods ingredients such as fat, salt, or sugar, or other pharmaceuticals whose co-
presence is clinically relevant), bacteria in the stomach, pressure, light, etc. The predetermined specific stimulus is a
known stimulus for which the controlled activation identifier is designed or configured to respond by activation. In certain
embodiments, the signal generated by the identifier is independent of the environment of the target site, e.g., the nature
of the fluid at the target site.

[0008] The controlled activation identifier includes a controlled activation element that may include one or more com-
ponents, where the one or more components provide for the desired controlled activation in response to the presence
of the predetermined specific stimulus at the target site. In certain embodiments, the controlled activation identifier
includes a dried conductive medium precursor composition (e.g., a dried salt composition) as the controlled activation
element, where this element, upon contact with a fluid (such as stomach fluid), produces a conductive medium resulting
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in activation of the power source and production of an identifying signal. The presence of the dried conductive medium
precursor in the power source provides for a number of advantages, including the ability to obtain reliable activation of
the identifier despite variations in the environment of the target site (e.g., variations in terms of stomach content com-
position), where activation of the identifier is desired. In yet other embodiments, the controlled activation identifier includes
a barrier as the controlled activation element, e.g., in the form of a protective film, that is configured to provide for
activation of the identifier upon association with the target site of interest. Other types of controlled activation elements
include two or more components, such as a dried conductive medium and a barrier, e.g., as described in more detail below.
[0009] The broadcasted signal from the identifier may be received by another device, e.g., a receiver, either inside or
near the body, which may then record that the identifier, e.g., one that is associated with one or more active agents and
pharmaceutical composition, has in fact reached the target site.

BRIEF DESCRIPTION OF THE FIGURES

[0010]

FIG. 1 shows diagrammatically the effects of the pill ingestion where some of the pill has eroded away.

FIG. 2 provides a similar arrangement to FIG. 1 , with a coil rather than two electrodes as the output.

FIGS. 3 to 8 provide different views of controlled activation batteries in accordance with different embodiments of
the invention.

FIG. 9 provides detail of certain implementations of an electronic circuit of various embodiments of the invention.
FIG. 10 provides a diagrammatic, exemplary representation of the pill embodiment as part of system, in accordance
with the present invention.

FIG. 11 provides two views of an open faced table format according to an embodiment of the invention.

FIG. 12 provides a schematic of an identifier encased in a disruptable controlled activation element according to an
embodiment of the invention.

DETAILED DESCRIPTION

[0011] The controlled activation identifiers of the invention are identifiers that may be activated upon contact with the
target site in response to a specific predetermined stimulus. In certain embodiments, controlled activation is provided
despite wide variations in the compositional makeup of the target site. As such, the controlled activation identifier provides
for reliable and robust data concerning contact of the composition with the target site in the body, where the provided
data is substantially, if not completely, independent of any variations in the environment of the target site. Accordingly,
despite wide variations in the composition make up of the target site, e.g., stomach, that may be encountered in using
the subject identifiers, the identifiers provide for consistent and reliable signals that are not affected by the composition
of the target site environment. The applications of this new information device and system are multi-fold and described
in further detail in PCT application Serial No. US2006/016370 titled "Pharma-Informatics System," and published as WO
2006/1 16718, and U.S. Provisional application Serial No. 60/949223 and titled "Ingestible Event Marker".

[0012] Infurtherdescribing the invention in greater detail, embodiments of the compositions are reviewed first, followed
by a discussion of systems including the subject compositions, methods of using the subject compositions and systems
and various illustrative applications in which the compositions and methods find use. Also reviewed in greater detail
below are kits that include the subject compositions.

COMPOSITIONS

[0013] Embodiments of the invention include a controlled activation identifier, where the identifier may be associated
with a carrier composition, e.g., a pharmaceutically acceptable vehicle, and may or may not be associated with one or
more pharmaceutical active agents. In certain embodiments, the compositions are disrupted upon administration to a
subject. As such, in certain embodiments, the compositions are physically broken, e.g., dissolved, degraded, eroded,
etc., following delivery to a body, e.g., via ingestion, etc. The compositions of these embodiments are distinguished from
devices that are configured to be ingested and survive transit through the gastrointestinal tract substantially, if not
completely, intact.

[0014] As summarized above, the compositions include a controlled activation identifier and an active agent/carrier
component. Each of these different components are reviewed separately in greater detail below.

Controlled Activation Identifiers

[0015] Assummarized above, the compositions of the invention include controlled activation identifiers. The controlled
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activation identifiers of the present compositions may vary depending on the particular embodiment and intended ap-
plication of the composition so long as they are activated (i.e., turned on) upon association with or contact with a target
physiological location, e.g., stomach, small intestine, large intestine, etc. In certain embodiments, activation occurs in a
manner that is substantially, if not completely, environment independent, but for the presence of the predetermined
activating stimulus (e.g., fluid, chemical agent, light) that is present at the target site of interest. As such, the identifier
may be an identifier that emits a signal when it contacts a target body (i.e., physiological) site, where the nature of the
signal is not substantially affected, if affected at all, by the particular makeup of the environment of the target site, apart
from the presence of the actual activating stimulus. For example, if the target site is the stomach, the activation of the
identifier will be substantially if not completely the same under a variety of different stomach content conditions, e.g.,
pH variations ranging from about 1 to about 8, etc., where apart from the presence of the fluid stimulus (the activator
being activated by wetting) the pH of the fluid does not impact how the identifier is activated. As such, the identifiers are,
in certain embodiments, characterized by emitting the same signal in terms of timing and strength following contact with
a variety of different fluid compositions having a variety of different pH values. In addition or alternatively, the identifier
may be an identifier that emits a signal when interrogated after it has been activated, where activation still occurs in a
controlled manner that is independent of target site environment, as reviewed above.

[0016] Depending on the needs of a particular application, the signal obtained from the identifier may be a generic
signal, e.g., a signal that merely identifies that the composition has contacted the target site, or a unique signal, e.g., a
signal which in some way uniquely identifies that a particular composition from a group or plurality of different compositions
in a batch has contacted a target physiological site. As such, the identifier may be one that, when employed in a batch
of unit dosages, e.g., a batch of tablets, emits a signal which cannot be distinguished from the signal emitted by the
identifier of any other unit dosage member of the batch. In yet other embodiments, the identifier emits a signal that
uniquely identifies a given unit dosage, even from other identical unit dosages in a given batch. Accordingly, in certain
embodiments the identifier emits a unique signal that distinguishes a given type of unit dosage from other types of unit
dosages, e.g., a given medication from other types of medications. In certain embodiments, the identifier emits a unique
signal that distinguishes a given unit dosage from other unit dosages of a defined population of unit dosages, e.g., a
prescription, a batch or a lifetime production run of dosage formulations. In certain embodiments, the identifier emits a
signal that is unique, i.e., distinguishable, from a signal emitted by any other dosage formulation ever produced, where
such a signal may be viewed as a universally unique signal (e.g., analogous to a human fingerprint which is distinct from
any other fingerprint of any other individual and therefore uniquely identifies an individual on a universal level). In one
embodiment, the signal may either directly convey information about the composition, or provide an identifying code,
which may be used to retrieve information about the composition from a database, i.e., a database linking identifying
codes with compositions.

[0017] Theidentifiermaybe any componentordevice thatis capable of providing a detectable signal following controlled
activation, e.g., upon contact with the target site. In certain embodiments, the identifier emits a signal once the composition
comes into contact with a physiological target site, e.g., as summarized above. For example, a patient may ingest a pill
that, upon contact with the stomach fluids, generates a detectable signal.

[0018] Depending on the embodiment, the target physiological site or location may vary, where representative target
physiological sites of interest include, but are not limited to: a location in the gastrointestinal tract (such as the mouth,
esophagus, stomach, small intestine, large intestine, etc.); another location inside the body, such as a parental location,
vascular location, etc.; or a topical location; etc. In certain embodiments, the identifier is configured to be activated upon
contact with fluid in the target site, regardless of the particular composition of the target site.

[0019] In certain embodiments, the identifier is dimensioned to be orally ingestible, e.g., either by itself or upon com-
bination with a physiologically acceptable carrier component of the composition so as to produce a composition that can
be readily administered to a subjectin need thereof. As such, in certain embodiments, the identifier element is dimensioned
to have a width ranging from about 0.05 to about 2 or more mm, e.g., from about 0.05 mm to about 1 mm, such as from
about 0.1 mm to about 0.2 mm; a length ranging from about 0.05 to about 2 or more mm, e.g., from about 0.05 mm to
about 1 mm, such as from about 0.1 mm to about 0.2 mm and a height ranging from about 0.05 to about 2 or more mm,
e.g., from about 0.1 mm to about 1 mm, such as from about 0.05 mm to about 0.3 mm, including from about 0.1 mm to
about 0.2 mm. In certain embodiments the identifier is 1 mm3 or smaller, such as 0.1 mm3 or smaller, including 0.2
mm3 or smaller. The identifier element may take a variety of different configurations, such as but not limited to: a chip
configuration, a cylinder configuration, a spherical configuration, a disc configuration, etc, where a particular configuration
may be selected based on intended application, method of manufacture, etc.

[0020] The identifier may generate a variety of different types of signals, including but not limited to: RF signals,
magnetic signals, conductive (near field) signals, acoustic signals, etc. Of interestin certain embodiments are the specific
signals described in PCT application serial no. PCT/US2006/16370 titled "Pharma-Informatics System" and filed on April
28, 2006 and published as WO 2006/1 16718.

[0021] The transmission time of the identifier may vary, where in certain embodiments the transmission time may
range from about 0.1 wsec to about 48 hours or longer, e.g., from about 0.1 psec to about 24 hours or longer, such as



10

15

20

25

30

35

40

45

50

55

EP 2 083 680 B1

from about 0.1 psec to about 4 hours or longer, such as from about 1 sec to about 4 hours. Depending on the given
embodiment, the identifier may transmit a signal once or transmit a signal two or more times, such that the signal may
be viewed as a redundant signal.

[0022] In certain embodiments, the identifier may be one that is programmable following manufacture, in the sense
that the signal generated by the identifier may be determined after the identifier is produced, where the identifier may
be field programmable, mass programmable, fuse programmable, and even reprogrammable. Such embodiments are
of interest where uncoded identifiers are first produced and following incorporation into a composition are then coded
to emit an identifying signal for that composition. Any convenient programming technology may be employed. In certain
embodiments, the programming technology employed is RFID technology. RFID smart tag technology of interest that
may be employed in the subject identifiers includes, but is not limited to: that described in U.S. Patent Nos. 7,035,877;
7,035,818; 7,032,822; 7,031 ,946, as well as published application no. 20050131281. With RFID or other smart tag
technology, a manufacturer/vendor may associate a unique ID code with a given identifier, even after the identifier has
been incorporated into the composition. In certain embodiments, each individual or entity involved in the handling of the
composition prior to use may introduce information into the identifier, e.g., in the form of programming with respect to
the signal emitted by the identifier, e.g., as described in U.S. Patent No. 7,031 ,946. The identifier of certain embodiments
includes a memory element, where the memory element may vary with respect to its capacity. In certain embodiments,
the memory element has a capacity ranging from about 1 bit to 1 gigabyte or more, such as 1 bit to 1 megabyte, including
from about 1 bit to about 128 bit. The particular capacity employed may vary depending on the application, e.g., whether
the signal is a generic signal or coded signal, and where the signal may or may not be annotated with some additional
information, e.g., name of active agent, etc.

[0023] Controlled activation identifier components of embodiments of the invention have: (a) a controlled activation
element made up of one or more components; and (b) a signal generation component, where the signal generation
component is activated by the controlled activation component to produce an identifying signal, e.g., as described above.

Controlled Activation Component

[0024] The controlled activation componentis a component that activates the signal generation element of the identifier
to provide a signal, e.g., by emission or upon interrogation, following contact of the composition with a target physiological
site of interest, such as the stomach. The controlled activation component is configured to be activated in a manner that
is substantially, if not completely, independent of the particularly compositional makeup of the target site, such that
activation is independent of the compositional makeup of the target site.

[0025] As reviewed in PCT application serial no. PCT/US2006/16370 titled "Pharma-Informatics System" and filed on
April 28, 2006 and published as WO 2006/1 16718, activation of the identifier may be achieved in a number of different
ways, where such approaches include, but are not limited to: battery completion, battery connection, etc. The different
activation approaches disclosed in this co-pending application may be readily adapted to provide controlled activation,
as described herein.

[0026] For example, controlled activation elements based on battery completion formats may employ a battery that
includes, when completed, a cathode, an anode, and an electrolyte. When the composition is administered, e.g., ingested,
and travels through the esophagus, it proceeds to enter the stomach. The cathode and anode provided within the
composition do not constitute a full battery. However, as the composition dissolves to expose the cathode and anode,
the stomach fluid (either by itself or when combined with a dried conductive precursor medium component of the identifier)
acts as the electrolyte component of the battery. The added component of the stomach fluid thus completes the battery.
Therefore, as the composition contacts the target site, e.g., by entering the stomach and dissolving to the point of cathode
and anode exposure, a power source is provided which activates the identifier, e.g., in chip configuration. The data signal
is then transmitted.

[0027] In certain embodiments, the battery that is employed is one that comprises two dissimilar electrochemical
materials which constitute the two electrodes (e.g., anode and cathode) of the battery. When the electrode materials
are exposed and come in contact with the body fluid, such as stomach acid or other types of fluid (either alone or in
combination with a dried conductive medium precursor, as reviewed below), a potential difference, that is, a voltage, is
generated between the electrodes as a result of the respective oxidation and reduction reactions incurred to the two
electrode materials. A voltaic cell, or battery, can thereby be produced. Accordingly, in embodiments of the invention,
such batteries are configured such that when the two dissimilar materials are exposed to the target site, e.g., the stomach,
the digestive tract, etc., during the physical and chemical erosion of the composition in which the signal generation
element is present, a voltage is generated. The two dissimilar materials in an electrolyte are at different potentials, similar
to the physics model of a 'potato battery’. As an example, copper and zinc when put into a cell have different potentials.
Similarly, gold and magnesium have different potentials. As a result, a potential difference between the two dissimilar
materials is generated.

[0028] In certain of these embodiments, the battery power source may be viewed as a power source that exploits



10

15

20

25

30

35

40

45

50

55

EP 2 083 680 B1

electrochemical reaction in an ionic solution such as gastric fluid, blood, or other bodily fluids and some tissues. FIG. 1
provides a diagrammatic representation of the events which occur when the pill is ingested and dissolved to the point
that some of the pill has been chemically and/or physically eroded away. Electrode materials 1 and 2 (32 and 33) are
now in an ionic solution 39 (which may be made up of target site fluid alone or target site fluid combined with a dried
conductive medium precursor). This configuration creates a low voltage (V-) and a high voltage (V+) as applied to an
electronic circuit 40. The two outputs of that electronic circuit 40 are EO 41 and E1 42, which are the signal-transmission
electrodes on the top surface. In an alternate embodiment no shown in FIG. 2 where the signal generation element 30
includes a single electrode, the output is EO 41. FIG. 2 shows a similar arrangement as in FIG. 1. However, instead of
having two electrodes as the output, a coil is provided. Electrode materials 1 and 2 (32 and 33) are applied to the
electronic circuit 40 of signal generation element.

[0029] The outputs of the electronic circuit 40 are coupled to a coil 43. This configuration provides that a battery is
created by Electrode materials 1 and 2 (32 and 33) when exposed to ionic solution. This battery drives the circuit 40,
which creates an oscillating frequency. This oscillating current goes through the coil and generates a RF magnetic signal.
Unlike near-field quasi-static electrical signals, which may suffer from significant attenuation through body tissues, the
RF magnetic signal can be transmitted through body tissues with less attenuation. The RF magnetic signal is then picked
up by an external or internal receiver device that has a magnetic-signal detection mechanism. If a broadcast is provided
at a high enough frequency, a pager-like device that is worn by the patient will detect whenever a pill is ingested.
[0030] FIGS. 1 and 2 illustrate an identifier 30 having a signal generation element 30 powered by electrochemical
reaction. Signal generation element is electrically connected to electrode electrodes 32 and 33, which are made of two
different materials and are electrically insulated from each other. When electrodes 32 and 33 are immersed in an ionic
solution 39, a potential difference develops between them; for instance, electrode 33 rises to a higher potential V+ while
electrode 32 falls to a lower potential V-. This potential difference can be used to power circuitry 40.

[0031] Electrodes 32 and 33 can be implemented in various ways; for instance, areas on opposing surfaces of an
integrated circuit chip can be coated with two different metals, and the entire chip can be placed in the ionic solution.
[0032] Alternatively, electrodes 32 and 33 may extend away from element as shown. Other arrangements may also
be used.

[0033] Electrodes 32 and 33 can be made of any two materials appropriate to the environment in which the identifier
30 will be operating. The active materials are any pair of materials with different electrochemical potentials. For instance,
in some embodiments where ionic solution 39 comprises stomach acids, electrodes 32 and 33 may be made of a noble
metal (e.g., gold, silver, platinum, palladium or the like) so that they do not corrode prematurely. Alternatively, the
electrodes can be fabricated of aluminum or any other conductive material whose survival time in the applicable ionic
solution is long enough to allow identifier 30 to perform its intended function. Suitable materials are not restricted to
metals, and in certain embodiments the paired materials are chosen from metals and non-metals, e.g., a pair made up
of ametal (such as Mg) and a salt (such as Cul). With respect to the active electrode materials, any pairing of substances
-metals, salts, or intercalation compounds - with suitably different electrochemical potentials (voltage) and low interfacial
resistance are suitable.

[0034] A variety of different materials may be employed as the battery electrodes. In certain embodiments, electrode
materials are chosen to provide for a voltage upon contact with the target physiological site, e.g., the stomach, sufficient
to drive the signal generation element of the identifier. In certain embodiments, the voltage provided by the electrode
materials upon contact of the metals of the power source with the target physiological site is 0.001 V or higher, including
0.01 V or higher, such as 0.1 V or higher, e.g., 0.3 V or higher, including 0.5 volts or higher, and including 1 .0 volts or
higher, where in certain embodiments, the voltage ranges from about 0.001 to about 10 volts, such as from about 0.01
to about 10 V.

[0035] Materials and pairings of interest include, but are not limited to those reported in Table 1 below.

TABLE 1
Anode Cathode
Metals Magnesium, Zinc Sodium (1), Lithium ()
Iron and alloys thereof
Salts Copper sallts: iodine, chloride, bromide, sulfate,

formate, (other anions possible)
Fe3* salts: e.g. orthophosphate, pyrophosphate,
(other anions possible)

Oxygen (1) on platinum, gold or other catalytic
surfaces
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(continued)

TABLE 1

Anode Cathode
Intercalation Graphite with Li, K, Ca, Na, Mg Vanadium oxide Manganese oxide
compounds

1 Protected anodes: certain high energy anode material such as Li, Na, and other alkali metals are unstable in their
pure form in the presence of water or oxygen. These may however be used in an aqueous environment if stabilized.
One example of this stabilization is the so-called "protected lithium anode" developed by Polyplus Corporation (Ber-
keley, CA), where a polymer film is deposited on the surface of lithium metal to protect it from rapid oxidation and
allow its use in aqueous environment or air ambient. (Polyplus has IP pending on this).

1 1 Dissolved oxygen can also serve as a cathode. In this case, the dissolved oxygen in the bodily fluids would be
reduced to OH- at a suitable catalytic surface such at Pt or gold. Other catalysts are also possible.

[0036] In certain embodiments, one or both of the metals may be doped with a non-metal, e.g., to enhance the voltage
output of the battery. Non-metals that may be used as doping agents in certain embodiments include, but are not limited
to: sulfur, iodine and the like.

[0037] In certain embodiments, the electrode materials are cuprous iodine (Cul) or cuprous chloride as the anode and
magnesium (Mg) metal or magnesium alloy as the cathode. Embodiments of the presentinvention use electrode materials
that are not harmful to the human body.

[0038] Additional battery configurations of interest include, but are not limited to, those described in: United States
Provisional Application Serial No.60/889,868 titled "Pharma Informatics System Power Source," and filed on February
14, 2007; United States Provisional Application Serial No. 60/889,870 titled "Pharma Informatics System Power Source
Having High Surface Area Cathodes," and filed on February 14, 2007; and United States Provisional Application Serial
No. 60/889,871 titled " Pharma Informatics System Having Short Resistant Series Battery".

[0039] The controlled activation element of the identifier that provides for controlled activation may be responsive to
a variety of different types of stimuli. Stimuli of interest for which the controlled activation element can be configured to
be responsive to include but are not limited to: liquid (wetting), time, pH, ionic strength, conductivity, biological molecules
(e.g. specific proteins or enzymes that are present in the stomach, small intestine, colon), blood, temperature, specific
auxiliary agents (foods ingredients such as fat, salt, or sugar, or other pharmaceuticals whose co-presence is clinically
relevant), bacteria in the stomach, pressure, and light.

[0040] The controlled activation element is made up of one or more components that provides for the desired controlled
activation functionality, such that the controlled activation element is responsive to the stimulus of interest. The nature
of the component or components that make up the controlled activation element may vary. For example, where the
stimulus of interest is temperature, the controlled activation element may be a barrier of a material, such as a film (e.g.,
a polymeric film) whose solubility is a function of temperature, specifically one that becomes soluble at or near body
temperature. Such a film may be insoluble/ impermeable to water at room temperature but soluble/ permeable at 37°C.
Materials of interest that may be used for such films include, but are not limited to the polymeric materials listed below.
In those embodiments where pressure is the stimuli of interest, the controlled activation element may be a pressure
sensitive material, e.g., a capsule or shell (for example, made of a cellulosic material), that has a specific mechanical
strength such that at a pressure threshold above the threshold the element will be crushed and allow the identifier to be
activated and transmit a signal. In other embodiments of interest, the stimulus may be light. For example, the stimulus
may be a fluorescent label which has been attached to a tumor. As the identifier passes by the tumor, the controlled
activation element may include a component that provides light at a stimulating wavelength for the label and also a
component that detects emitted light from the label. Any convenient light source and detector may be employed. When
the detector component detects the emitted light, it will activate the identifier in a controlled activation manner.

[0041] In certain embodiments, the one or more controlled activation components of the invention provide for controlled
activation, i.e., activation in a manner that is substantially, if not completely, independent of target site environment, as
reviewed above. In one embodiment of interest, the controlled activation component includes a dried conductive medium
that, upon combination with target site fluid, produces an ionic medium in the presence of the first and second dissimilar
materials to activate the battery, e.g., as reviewed above. A representative configuration of such activation component
that includes a dried conductive medium precursor component is provided in FIG. 3. FIG. 3 shows battery element with
electrode materials 32 and 33 present on a surface of solid support 50. Positioned between electrode materials 32 and
33 is dried conductive medium precursor 34.

[0042] When present, the dried conductive medium precursor may be any of a variety of different types of compositions.
Compositions of interest include, but are not limited to: salts of physiologically acceptable electrolytes, such as but not
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limited to: sodiumion, chloride ion, potassium ion and calcium ion, magnesium ion, etc. Specific physiologically compatible
salts of interest include, but are not limited to: KCI, NaCl, MgCI2, and the like. Aspects of the invention include the
presence of a dried conductive medium precursor. When the precursor is a salt, e.g., as described above, the dried salt
may be provided in any convenient format, such as a lyophilized salt composition.

[0043] A variation of the embodiment shown in FIG. 3 is depicted in FIG. 4. In FIG. 4, the identifier includes a protective
barrier, where the protective barrier serves to retain dried conductive medium precursor. The protective barrier 35 may
have a variety of different configurations and functions, in addition to serving to retain the precursor with the identifier.
For example, the protective barrier 35 may serve to provide for controlled metering of target site liquid to the dried
conductive medium precursor 34. In FIG. 4, ion permeable membrane 35 is provided which controls which portion of
the target site fluid combines with the dried precursor conductive medium 35 to activate the battery. Any convenient
semi- permeable membrane may be employed. The semi-permeable membrane may comprise ePTFE, Dacron®, poly-
urethane, silicone rubber, poly(lactide-co-glycolide) (PLGA), poly(caprolactone) (PCL), poly(ethylene glycol) (PEG),
collagen, polypropylene, cellulose acetate, poly(vinylidene fluoride) (PVDF), nation or other biocompatible material. The
pore size of the membrane may vary depending on the particular configuration, where in certain embodiments the
membrane have a pore size (MW cutoff of about 1000 d or less, such as about 500 d or less, including about 250 d or
less, e.g., about 100 d or less, such as about 50 d or less). In certain embodiments, the membrane is a water only
permeable membrane, such thatwater, butlittle ifany other fluid constituents at the target site, pass through the membrane
to reach to the dried conductive medium precursor of the identifier.

[0044] Instead of a semi-permeable membrane, a solid barrier that includes one or more fluid flow paths may be
present. For example, in FIG. 5, the battery includes solid barrier 36 which includes a fluid flow path 37. While fluid flow
path 37 may have any convenient dimensions, in certain embodiments fluid flow path is a capillary flow path, such that
fluid flows through the flow path via capillary action. In certain embodiments, the fluid flow path has microscale cross-
sectional inner dimensions such that the independent dimensions are greater than about 1 wm and less than about 1000
pm. These independent cross sectional dimensions, i.e. width, depth or diameter depending on the particular nature of
the fluid flow path or channel, may range from about 1 to 200 pwm, such as from about 10 to 150 wm, and including from
about 20 to 100 wm with, the total inner cross sectional area ranging from about 100 to 40,000 .m2, such as from about
200 to 25,000 wm2. The inner cross sectional shape of the channel may vary greatly. Configurations include, but are
not limited to: rectangular, square, rhombic, triangular or V-shaped, D-shaped, U-shaped, circular, semicircular, ellipsoid
and the like. While the fluid flow path as shown in FIG. 5 is straight, the flow path may, course, have a variety of different
configurations, such that it may include bends or turns, be curvilinear, etc., as desired. Any convenient fabrication
techniques may be employed, where "lab on-a-chip" technologies, such as but not limited to those described in Patent
Nos.: 6,939,451 ; 6,838,156; 6,730,206; 6,623,860; 6,613,525; 6,306,273; 6,284,1 13; 6,176,962; 6,103,199; 6,056,860;
6,054,034; 5,935,401 ; 5,858,188; 7,069,952; 7,033,474; 6,857,449; 6,841 ,193; 6,660,367; 6,551 ,836; 6,517,234
6,509,085.

[0045] In certain embodiments, the surface of the flow path may be modified to provide for desired fluid flow properties.
For example, the surface energy of one or more surfaces of the flow path may be modified to provide for enhanced fluid
flow through the capillary. For example, the surface energy one or more surfaces of the flow path may be increased,
such that the surface becomes more hydrophilic. A variety of different surface energy modification protocols may be
employed, where the particular protocol chosen may depend on the particular composition of the barrier and the desired
surface energy properties. For example, if one wishes to increase the surface energy of a given surface, the surface
may be subjected to plasma treatment, contacted with a surface energy modification such as surface modifying polymer
solutions described in, e.g., U.S. Pat. Nos. 5,948,227 and 6,042,710.

[0046] In certain embodiments, the barrier may be one that disrupts upon contact with a fluid having sufficient con-
ductivity to activate the identifier in a predetermined manner, either alone or in combination with dried conductive medium
precursor that may be present on the support. For example, FIG. 6 shows an embodiment where a barrier 38 is present
that, upon contact with a fluid meeting predetermined criteria, e.g., conductivity, pH, etc., disrupts (such as by dissolution)
to expose dried conductive medium precursor 34 to fluid and thereby activate the battery.

[0047] While FIG. 6 shows the presence of such a barrier with a dried precursor, the dried precursor need not be
present. For example, FIG. 7 shows an embodiment where a dried conductive medium precursor is not present. In this
embodiment, protective layer 38 protects electrodes 32 and 33 and substrate 50. Upon contact with a fluid meeting
predetermined criteria, e.g., conductivity, pH, etc., protective layer 38 disrupts (such as by dissolution) to expose dried
electrodes 32 and 33 to fluid and thereby activate the battery.

[0048] A variation of the embodiment shown in FIG. 7 is provided in FIG. 8. In FIG. 8 barrier 38’ is a time controlled
dissolution composition, i.e., a composition that dissolves in a time dependent manner upon contact with a fluid, where
the dissolution time of a given material in the fluid of interest is known prior to contact with the fluid, such that the
dissolution time is predetermined. In certain embodiments, this composition is a polymer composition, such as a polymer
composition employed in time controlled release pharmaceutical compositions. Polymeric compositions of interest that
may be employed include, but are not limited to: water-swellable compositions (whose thickness imparts controlled time
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dissolution), such as compositions made up of a binder (such as vinyl polymers, such as polyvinylpyrrolidone, polyvinyl
alcohol, and the like; cellulosic polymers, such as hydroxypropylmethylcellulose, hydroxyethylcellulose, hydroxypropyl-
cellulose, and the like; acrylic polymers and copolymers such as methacrylic acid copolymers, ethyl acrylate-methyl-
methacrylate copolymers, and the like; natural or synthetic gums, such as guar gum, arabic gum, xanthan gum, and the
like; proteins or carbohydrates, such as gelatin, pectin, and the like; and mixtures thereof) and a polymeric coating
particle (such as particles made up of cellulosic polymers, such as methylcellulose, carboxymethylcellulose, hydroxy-
propylcellulose, hydroxypropylmethylcellulose, hydroxyethylcellulose, and the like; vinyl polymers, such as polyvinylpyr-
rolidone, polyvinyl alcohol, and the like; acrylic polymers and copolymers, such as acrylic acid polymer, methacrylic acid
copolymers, ethyl acrylate-methyl methacrylate copolymers, and the like; and mixtures thereof) and described in U.S.
Patent No. 6,190,692; and the like.

[0049] Itis noted that with the time-delay configuration as exemplified by the embodiment of FIG. 8, itis not necessary
for the barrier, e.g., membrane, to cover both electrodes and the space in between. In certain embodiments, only one
electrode is covered and subsequently activated, since the battery will not discharge unless both electrodes are activated.
As such, in certain embodiments just one electrode covered by a "patch" of material that dissolves away, resulting in
activation.

[0050] The above discussion, in combination with FIGS. 1 to 8, provides details of certain non-limiting embodiments
of the controlled activation elements of the subject identifiers. As described above, the controlled activation element
may include a single component, e.g., a barrier, a dried conductive medium, etc., or be a composite controlled activation
element of two or more components that work together to provide controlled activation functionality to the identifier (e.g.,
where the controlled activation element includes both a barrier and a dried conductive medium. In certain embodiments,
the various controlled activation mechanisms described above can be combined to achieve cascaded or multi-component
activation. For example, several types of film can be deposited or otherwise present on an identifier, or a film-based
activation can be combined with a capsule-based activation and a salt-based activation. Examples of such schemes
include but are not limited to the following.

[0051] Inone embodiment, several layers of film are present on the identifier, so that the first layer protects the identifier
during processing / storage, the second layer dissolves when a target pH is reached, and the third layer releases a salt
to finally activate the device and transmit a signal. Advantages of this type of approach include additional protection and
margin against accidental or premature activation. The device can only activate once all the activation events have
occurred. Another use of a multilayered film is as an anti-tempering mechanism, because the identifier will activate only
after the specific sequence of conditions have been encountered, which makes it difficult or impossible to incorrectly
active the device by dipping it into a single fluid or holding it in the mouth without swallowing.

[0052] Another example is multiple patches of activating films that are deposited on different parts of the activating
surface of the identifier, e.g., the electrodes. For example, the battery on the identifier may be micropatterned or covered
by several micropatterned patches of film that activate in different parts of the Gl tract, so that a signal is transmitted by
an identifier once it reaches the stomach, then transmitted again when the identifier reaches the intestine, and again
when it reaches the colon, etc. This configuration allows the same identifier to detect multiple events, such as passage
through different parts of the Gl tract.

[0053] Another use of combined activation is for the identifier to detect a combined event, e.g., to detect when a patient
has ingested an identifier along with a certain type of food, drink, or other medication. This allows detection of interactions
or of patients ingesting things they are not supposed to with their medication.

[0054] Another use in certain embodiments is to transmit a different signal depending on different conditions in the Gl
tract. An identifier may be built with two separate transmitting elements that are activated via different mechanisms, so
that in addition to activation of the identifier information can be obtained about the Gl tract’s condition. For example, one
element is activated by a low pH condition and the other, in a high pH condition.

[0055] Identifiers of the invention may be associated with carrier compositions that can potentially interfere with the
functionality of the identifier if the carrier does not degrade properly upon ingestion. For example, a typical gel capsule
(e.g., made by Capsugel, Peapack, NJ) dissolves in aqueous solutions in a manner that is strongly dependent on physical
(e.g., temperature) and chemical environment of the device. Under certain combinations of conditions, the gel residue
may only dissolve partially, leaving an undissolved or congealed layer or residue on the surface of an identifier associated
with the capsule. Such remaining residue can completely prevent activation of the device or reduce signal strength.
Where the identifier is configured to be associated with a gel capsule formulation or analogous carrier structure, in certain
embodiments the controlled activation element is one which is designed to ensure that when the intended activation
time or chemical / physical environment is reached, the device is not hindered by residue from a carrier such as a gel
capsule. One configuration designed to present remaining residue from interfering with function of the device includes
a soluble film deposited on the device surface such that the partially dissolved gel residue adheres to this film. Upon
ingestion, the film then dissolves away in a timed or chemically-sensitive manner, leaving the device surface free of gel.
In another approach, an absorbent substance (e.g. powder or granular form) is added to the gel capsule such that the
partially dissolved gel residue adheres to the powder or granules. The powder then falls away from the device. Examples
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may include any edible powder or granules, such as starch, sugar, salt, or proteins. In another configuration, a substance
added to the gel capsule that swells significantly upon wetting, resulting in the bursting of the gel capsules and release
of the device. Examples include swelling polymer matrices such as pharmaceutical excipients that are disintegrating
agents (the so-called superdisintengrants) and dissolution aids. Examples are Ac-Di-Sol (made by FMC) and carboxyme-
thyl cellulose and related compounds. In yet another embodiments, a substance is added to the gel capsule thatgenerates
heat upon dissolution. Gel capsule dissolution is very sensitive to heat. Certain salts undergo exothermic dissolution
reaction in water. Such salts can be added to the capsule or deposited on the surface of the device so that upon wetting,
sufficient heat is generated to raise the local temperature by a few 5C (e.g., 0.1 to 20 5C, such as1 to 10 5C, including
1 to 5 5C). Examples of these salts are: ZnC2, BaCl2, MgCI2. In yet another embodiment (e.g., as shown in FIG. 12),
a strip or sheet 120 of polymeric material (e.g., ethyl cellulose) with a spring-like property is included inside the gel
capsule 122. The strip is folded or coiled and constrained at its ends by a water soluble polymer (e.g., hydroxypropyl
cellulose) 124. Present inside of the strip is identifier 126. Upon wetting (indicated by arrow), the water soluble polymer
124 dissolves away, allowing the strip 120 or sheet to unfold with enough mechanical force to burst open the gel capsule
122 and release the device 126 clear of the capsule.

[0056] In controlled activation elements that include a film or layer, e.g., as described above, the film or layer can be
on only one surface of the device or a portion thereof (e.g., it may cover only an active surface of the device or electrode
elements present thereon) or it may cover all surfaces of the device, such that the device is encased or encapsulated
in the film or layer. In certain embodiments, the identifier device is encapsulated entirely in a polymeric pellet that dissolves
in response to chemical/physical environment and/or time. The resultant pellet is placed inside a gel cap or compressed
into a tablet, where it also protects the identifier from damage caused by the large compression forces used to make a
tablet.

[0057] Film barriers have been described in the above discussion in terms of their functionality in providing controlled
activation for the identifier. In addition or alternatively to this function, a film barrier may be present that is configured to
prevent mechanical damage to the identifier (e.g., damage to IC or battery layers) during processing, handling, bottling,
or storage. For example, the device includes in certain embodiments a film that prevents activation or degradation of
the device performance or lifetime during processing steps (e.g., when the battery may get wet) or storage (e.g., via
moisture absorption from the atmosphere). For example, a film that is soluble only in low pH solution is employed in
certain instances to protect the device during processing in high pH aqueous environments. In certain embodiments, a
film is present that prevents device-to-device contact (e.g., when multiple devices are placed in the same gel capsule
orin a bottle).

[0058] Anothertype of controlled activation identifier is one that is configured so that it is activated only upon elimination
of the identifier from the body. For example, the identifier may be covered (partially or wholly) in a barrier layer that is
impervious and remains intact while the identifier passes through the Gl tract. Upon elimination of the identifier from the
Gl tract, the barrier may dissolve when it comes in contact with water present in a waste elimination device, e.g., toilet.
For example, the barrier may be sensitive to chemicals present in the water of the toilet. When the barrier is disrupted,
the water activates the identifier to emit a signal, where the signal may be picked up by a sensor, e.g., associated with
the toilet. To prevent tampering, a second controlled activation element that is disrupted by the Gl tract may be included,
such that activation only occurs when this second element is disrupted by the Gl tract and the first barrier is disrupted
by the toilet water.

[0059] The identifiers may be fabricated using any convenient processing technology, for example, planar processing
technology, e.g., as employed in MEMS fabrication, may be employed, coupled with deposition technologies, such as
precipitation, for providing the dried conductive medium precursor.

[0060] The subject controlled activation batteries may be fabricated in a number of different ways. In certain embod-
iments, fabrication protocols which may be categorized as "planar" processing protocols are employed, as developed
in greater detail below. After the battery is activated, further activation configurations can be employed to activate the
signal generation component. For example, the signal generation component can be activated through the activation of
the gate of a metal oxide semiconductor (MOS) circuit, such as a CMOS switch. Activation of the gate of the MOS circuit
can be based on one or more parameters, which include but are not limited to: gate current, gate charge, and gate
capacitance. The gate current, for activation purposes, can be a function of the conductivity of surrounding body fluids
or tissues. Such conductivity can further be a function of one or more parameters, which include but are not limited to:
solution concentration, solution pH value, ionic content of solution, enzymatic content of solution, temperature, and
carrier mobility. Carrier mobility can also be a function of temperature. Similarly, the gate charge can be a function of
one or more parameters, which include but are not limited to: solution composition, crystal potential, electrical potential,
gravitational potential, gate capacitance, and carrier concentration. The carrier concentration can also be a function of
temperature. The gate capacitance can be a function of the capacitive geometry of the gate, which can further be a
function of pressure, a resonantinput, or the characteristics of a dielectric material coupled to the gate. The characteristics
of the dielectric material can vary with one or more parameters, which include but are not limited to: chemical contents
of a digestive tract, chemical character of a physiological location, and amount of dissolution of the dielectric material
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in body fluids.

Signal Generation Component

[0061] The signal generation component of the identifier element is a structure that, upon activation by the controlled
activation component, emits a detectable signal, e.g., that can be received by a receiver, e.g., as described in greater
detail below. The signal generation component of certain embodiments can be any convenient device that is capable
of producing a detectable signal and/or modulating transduced broadcast power, upon activation by the activation com-
ponent. Detectable signals of interestinclude, but are not limited to: conductive signals, acoustic signals, etc. As reviewed
above, the signals emitted by the signal generator may be generic or unique signals, where representative types of
signals of interest include, but are not limited to: frequency shift coded signals; amplitude modulation signals; frequency
modulation signals; etc.

[0062] In certain embodiments, the signal generation element includes circuitry, as developed in more detail below,
which produces or generates the signal. The type of circuitry chosen may depend, at least in part, on the driving power
thatis supplied by the power source of the identifier. For example, where the driving poweris 1 .2 volts or above, standard
CMOS circuitry may be employed. In other embodiments where the driving power ranges from about 0.7 to about 1 .2
V, subthreshold circuit designs may be employed. For driving powers of about 0.7 V or less, zero-threshold transistor
designs may be employed.

[0063] In certain embodiments, the signal generation component includes a voltage-controlled oscillator (VCO) that
can generate a digital clock signal in response to activation by the activation component. The VCO can be controlled
by a digital circuit, which is assigned an address and which can control the VCO with a control voltage. This digital control
circuit can be embedded onto a chip that includes the activation component and oscillator. Using amplitude modulation
or phase shift keying to encode the address, an identifying signal is transmitted.

[0064] The signal generation component may include a distinct transmitter component that serves to transmit the
generated signal to a remote receiver, which may be internal or external to the patient, as reviewed in greater detail
below. The transmitter component, when present, may take a number of different configurations, e.g., depending on the
type of signal that is generated and is to be emitted. In certain embodiments, the transmitter component is made up of
one or more electrodes. In certain embodiments, the transmitter component is made up of one or more wires, e.g., in
the form of antenna(e). In certain embodiments, the transmitter component is made up of one or more coils. As such,
the signal transmitter may include a variety of different transmitters, e.g., electrodes, antennas (e.g., in the form of wires)
coils, etc. In certain embodiments, the signal is transmitted either by one or two electrodes or by one or two wires. A
two-electrode transmitter is a dipole; a one electrode transmitter forms a monopole. In certain embodiments, the trans-
mitter only requires one diode drop of power. In some embodiments, the transmitter unit uses an electric dipole or electric
monopole antenna to transmit signals.

[0065] FIG. 9 shows the detail of one implementation of an electronic circuit that can be employed in an identifier
according to the present invention. On the left side are the two battery electrodes, metal 1 and metal 2 (32 and 33).
These metals, when in contract with an electrolyte (produced upon contact with target site fluid, either alone or in
combination with dried conductive medium precursor, as reviewed above), form a battery that provides power to an
oscillator 61, in this case shown as a schematic. The metal 1 32 provides a low voltage, (ground) to the oscillator 61.
Metal 2 33 provides a high voltage (Vhigh) to the oscillator 61. As the oscillator 61 becomes operative, it generates a
clock signal 62 and an inverted clock signal 63, which are opposites of each other. These two clock signals go into the
counter 64 which simply counts the number of clock cycles and stores the count in a number of registers. In the example
shown here, an 8 bit counter is employed. Thus, the output of counter 64 begins with a value of "00000000," changes
to "00000001 " at the first clock cycle, and continuesup to "1 11111 1 1." The 8-bit output of counter 64 is coupled to
the input of an address multiplexer (mux) 65. In one embodiment, mux 65 contains an address interpreter, which can
be hard-wired in the circuit, and generates a control voltage to control the oscillator 61. Mux 65 uses the output of counter
64 to reproduce the address in a serial bit stream, which is further fed to the signal-transmission driving circuit. Mux 65
can also be used to control the duty-cycle of the signal transmission. In one embodiment, mux 65 turns on signal
transmission only one sixteenth of the time, using the clock counts generated by counter 64. Such a low duty cycle
conserves power and also allows other devices to transmit without jamming their signals. The address of a given chip
can be 8 bits, 16 bits or 32 bits. Typically, more than 8 bits will be used in a product because there are so many different
types of pharmaceuticals. Each pharmaceutical will have its own specific address.

[0066] The present invention also allows the possibility that, where appropriate, each pharmaceutical batch can be
provided with a batch specific address. This allows identification of where the pill was made, when the pill was made,
and in what batch it was made. In some cases, each pill will have a unique identifier. This would be particularly useful
when drugs are more likely to be subsequently stolen or used illicitly, and thus should be tracked, or where questions
of contamination may arise. According to one embodiment, mux 65 produces a control voltage, which encodes the
address serially and is used to vary the output frequency of oscillator 61. By example, when the control voltage is low,

1"



10

15

20

25

30

35

40

45

50

55

EP 2 083 680 B1

that is, when the serial address bit is at a 0, a 1 megahertz signal is generated by the oscillator. When the control voltage
is high, that is, when the address bitis a 1 , a 2 megahertz signal is generated the oscillator. Alternately, this can be 10
megahertz and 20 megahertz, or a phase shift keying approach where the device is limited to modulating the phase.
The purpose of mux 65 is to control the frequency of the oscillator or an AC alternative embodiment of the amplified
signal of oscillation.

[0067] The outputs of mux 65 are coupled to electrode drive 66 which can drive the electrodes to impose a differential
potential to the solution, drive an oscillating current through a coil to generate a magnetic signal, or drive a single electrode
to push or pull charge to or from the solution.

[0068] In this manner, the device broadcasts the sequence of O’s and 1 ’s which constitute the address stored in mux
65. That address would be broadcast repeatedly, and would continue broadcasting until metal 1 or metal 2 (32 and 33)
is consumed and dissolved in the solution, when the battery no longer operates.

[0069] Other configurations for the signal generation component are of course possible. Other configurations of interest
include, but are not limited to: those described in copending PCT application serial no. PCT/US2006/016370.

Additional Components

[0070] Dependingonthe particularembodiment, the identifier may include a number of different additional components.
Some components of interest include, but are not limited, those reviewed below.

Deactivation Component

[0071] Where desired, the identifier may also include a deactivation mechanism that disables the identifier if the
identifier is not employed as intended, e.g., the composition with which it is associated is not ingested. In certain em-
bodiments, the identifier includes a deactivation mechanism that deactivates the identifier so that it if someone tries to
turn it on in a way other than ingesting it, the identifier is deactivated and no signal can be transmitted. Deactivation
mechanisms of interest may include one or more of the following components: inclusion of a light-sensitive film that
destroys a component of the identifier, e.g., memory, upon exposure to light, a light sensitive battery material, e.g., that
is disrupted or destroyed if exposed to light, an identifier that includes components which are sensitive to and inactivated
in response to exposure to oxygen, air, moisture, etc. Inactivation of the identifier may include opening a trace, shorting
a trace, reducing battery voltage, etc.

Power Enhancers

[0072] Where the activator is a power source that is turned on upon contact with a target physiological site, in certain
embodiments, circuits for enhancing or boosting voltage output of the power source, e.g., battery, are provided, e.g.,
charge pumping circuits, charge doublers, etc. Such voltage enhancing elements may enhance the voltage output by
at about 2-fold or more, such as by about 5-fold or more.

Power Storage

[0073] In certain embodiments, the activation component includes a power storage element. For example, a duty cycle
configuration may be employed, e.g., where slow energy production from a battery is stored in a power storage element,
e.g., in a capacitor, which then provides a burst of power that is deployed to the signal generation component. In certain
embodiments, the activation component includes a timing element which modulates, e.g., delays, delivery of power to
the signal generation element, e.g., so signals from different compositions, e.g., pills, that are administered at substantially
the same time are produced at different times and are therefore distinguishable.

Additional Features

[0074] In certain embodiments, the compositions are characterized by having one or more of the following features.
In certain embodiments, the compositions include an identifier which employs a conductive near-field mode of commu-
nication in which the body itself is employed as a conductive medium. In such embodiments, the compositions include
circuitry that, when freed from the composition upon disruption of the composition (e.g., as described above) the circuitry
comes into direct contact with the body and does not remain encapsulated or protected in some manner. In these
embodiments, the signal is not a magnetic signal or high frequency (RF) signal. In certain embodiments, the systems
are ones that include a receiver which is stably associated with the body, e.g., implanted or topically applied to an external
location, such that the systems are distinguished from those in which an external device that is not stably associated
with the body is employed to collect data. In certain embodiments, the compositions do not include an imaging system,
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e.g., camera or other visualization or imaging element, or components thereof, e.g., CCD element, illumination element,
etc. In certain embodiments, the compositions do not include a sensing element, e.g., for sensing a physiological pa-
rameter, beyond the activator which detects contact with the targeted physiological site. In certain embodiments, the
compositions do not include a propulsion element. In certain embodiments, the compositions do not include a sampling
element, such as a fluid retrieval element. In certain embodiments, the compositions do not include an actuatable active
agent delivery element, such as an element that retains an active agent with the composition until a signal is received
that causes the delivery element to release the active agent.

Active Agent Component

[0075] Certain embodiments of the subject compositions include an active agent component. "Active agent" includes
any compound or mixture of compounds which produces a physiological result, e.g., a beneficial or useful result, upon
contact with a living organism, e.g., amammal, such as a human. Active agents are distinguishable from such components
as vehicles, carriers, diluents, lubricants, binders and other formulating aids, and encapsulating or otherwise protective
components. The active agent may be any molecule, as well as binding portion or fragment thereof, that is capable of
modulating a biological process in a living subject. In certain embodiments, the active agent may be a substance used
in the diagnosis, treatment, or prevention of a disease or as a component of a medication. In certain embodiments, the
active agent may be a chemical substance, such as a narcotic or hallucinogen, which affects the central nervous system
and causes changes in behavior. Active agents of interest include those listed in PCT application serial no. PCT/US2006/
016370. Broad categories of active agents of interest include, but are not limited to: cardiovascular agents; pain-relief
agents, e.g., analgesics, anesthetics, anti-inflammatory agents, etc.; nerve-acting agents; chemotherapeutic (e.g., an-
tineoplastic) agents; etc. The active agent of the compositions are typically present in a pharmaceutically acceptable
vehicle or carrier, e.g., as described below. In certain embodiments, the active agent is present in an amount of from
about 0.1 % to about 90% by weight, e.g., from about 1 % to about 30% by weight of the active compound.

Pharmaceutically Acceptable Carrier

[0076] Where desired, the compositions of the invention may include a pharmaceutically acceptable vehicle (i.e.,
carrier). Common carriers and excipients, such as corn starch or gelatin, lactose, dextrose, sucrose, microcrystalline
cellulose, kaolin, mannitol, dicalcium phosphate, sodium chloride, and alginic acid are of interest. Disintegrators com-
monly used in the formulations of the invention include croscarmellose, microcrystalline cellulose, corn starch, sodium
starch glycolate and alginic acid.

[0077] A liquid composition may comprise a suspension or solution of the compound or pharmaceutically acceptable
salt in a suitable liquid carrier(s), for example, ethanol, glycerine, sorbitol, non-aqueous solvent such as polyethylene
glycol, oils or water, with a suspending agent, preservative, surfactant, wetting agent, flavoring or coloring agent. Alter-
natively, a liquid formulation can be prepared from a reconstitutable powder. For example, a powder containing active
compound, suspending agent, sucrose and a sweetener can be reconstituted with water to form a suspension; and a
syrup can be prepared from a powder containing active ingredient, sucrose and a sweetener.

[0078] A composition in the form of a tablet or pill can be prepared using any suitable pharmaceutical carrier(s) routinely
used for preparing solid compositions. Examples of such carriers include magnesium stearate, starch, lactose, sucrose,
microcrystalline cellulose and binders, for example, polyvinylpyrrolidone. The tablet can also be provided with a color
film coating, or color included as part of the carrier(s). In addition, active compound can be formulated in a controlled
release dosage form as a tablet comprising a hydrophilic or hydrophobic matrix.

[0079] "Controlled release", "sustained release", and similar terms are used to denote a mode of active agent delivery
that occurs when the active agent is released from the delivery vehicle at an ascertainable and controllable rate over a
period of time, rather than dispersed immediately upon application or injection. Controlled or sustained release may
extend for hours, days or months, and may vary as a function of numerous factors. For the pharmaceutical composition
of the present invention, the rate of release will depend on the type of the excipient selected and the concentration of
the excipient in the composition. Another determinant of the rate of release is the rate of hydrolysis of the linkages
between and within the units of the polyorthoester. The rate of hydrolysis in turn may be controlled by the composition
of the polyorthoester and the number of hydrolysable bonds in the polyorthoester. Other factors determining the rate of
release of an active agent from the present pharmaceutical composition include particle size, acidity of the medium
(either internal or external to the matrix) and physical and chemical properties of the active agent in the matrix.

[0080] As such, an active pharmaceutical agent can be placed within any controlled-release structure (e.g. a gastrore-
tentive formulation, enteric formulations, timed-release formulations, colonic formulation). Thus the identifier becomes
active at the same time that the active ingredient is released. Further, more than one identifier can be incorporated into
a controlled release structure, e.g. two identifiers, one of which activates at the start of the controlled release and the
second in the middle or at the end.
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[0081] A composition in the form of a capsule can be prepared using routine encapsulation procedures, for example,
by incorporation of active compound and excipients into a hard gelatin capsule. Alternatively, a semi-solid matrix of
active compound and high molecular weight polyethylene glycol can be prepared and filled into a hard gelatin capsule;
or a solution of active compound in polyethylene glycol or a suspension in edible oil, for example, liquid paraffin or
fractionated coconut oil can be prepared and filled into a soft gelatin capsule.

[0082] Tablet binders that can be included are acacia, methylcellulose, sodium carboxymethylcellulose, polyvinylpyr-
rolidone (Povidone), hydroxypropyl methylcellulose, sucrose, starch and ethylcellulose. Lubricants that can be used
include magnesium stearate or other metallic stearates, stearic acid, silicone fluid, talc, waxes, oils and colloidal silica.
[0083] Flavoring agents such as peppermint, oil of wintergreen, cherry flavoring or the like can also be used. Additionally,
it may be desirable to add a coloring agent to make the dosage form more attractive in appearance or to help identify
the product.

[0084] Other components suitable for use in the formulations of the present invention can be found in Remington’s
Pharmaceutical Sciences, Mace Publishing Company, Philadelphia, Pa., 17th ed. (1985).

IDENTIFIER FABRICATION

[0085] In certain embodiments of interest, the identifier element includes a semiconductor support component. Any
of a variety of different protocols may be employed in manufacturing the identifier structures and components thereof.
For example, molding, deposition and material removal, e.g., planar processing techniques, such as Micro-Electro-
Mechanical Systems (MEMS) fabrication techniques, including surface micromachining and bulk micromachining tech-
niques, may be employed. Deposition techniques that may be employed in certain embodiments of fabricating the
structures include, but are not limited to: electroplating, cathodic arc deposition, plasma spray, sputtering, e-beam
evaporation, physical vapor deposition, chemical vapor deposition, plasma enhanced chemical vapor deposition, etc.
Material removal techniques included, but are not limited to: reactive ion etching, anisotropic chemical etching, isotropic
chemical etching, planarization, e.g., via chemical mechanical polishing, laser ablation, electronic discharge machining
(EDM), etc. Also of interest are lithographic protocols. Of interest in certain embodiments is the use of planar processing
protocols, in which structures are built up and/or removed from a surface or surfaces of an initially planar substrate using
a variety of different material removal and deposition protocols applied to the substrate in a sequential manner. lllustrative
fabrication methods of interest are described in greater detail in PCT application serial no. PCT/US2006/16370 titled
"Pharma-Informatics System" and filed on April 28, 2006 and published as WO 2006/1 16718.

METHODS OF MAKING COMPOSITIONS

[0086] A variety of manufacturing protocols may be employed to produce compositions according to the invention. In
manufacturing the subject compositions, a signal generation element is stably associated with a carrier composition,
e.g., pharmaceutical dosage composition, in some manner. By stably associated is meant that the signal generation
element and the dosage form are not separate from each other, at least until administered to the subject in need thereof,
e.g., by ingestion. The signal generation element may be stably associated with the pharmaceutical carrier/active agent
component of the composition in a number of different ways. In certain embodiments, where the carrier/active agent
component is a solid structure, e.g., such as a tablet or pill, the carrier/active agent component is produced in a manner
that provides a cavity for the signal generation element. The signal generation element is then placed into the cavity
and the cavity sealed, e.g., with a biocompatible material, to produce the final composition. For example, in certain
embodiments a tablet is produced with a die that includes a feature which produces a cavity in the resultant compressed
tablet. The signal generation element is placed into the cavity and the cavity sealed to produce the final tablet. In a
variation of this embodiment, the tablet is compressed with a removable element, e.g., in the shape of a rod or other
convenient shape. The removable element is then removed to produce a cavity in the tablet. The signal generation
element is placed into the cavity and the cavity sealed to produce the final tablet. In another variation of this embodiment,
a tablet without any cavity is first produced and then a cavity is produced in the tablet, e.g., by laser drilling. The signal
generation element is placed into the cavity and the cavity sealed to produce the final tablet. In yet other tablet embod-
iments, an open face pharmaceutical carrier/active agent tablet configuration (e.g., as shown in FIG. 11) is employed,
where the active agent/carrier is first prepared into an annular tablet format that includes a circular opening. For example,
in the embodiment shown in FIG. 11 , two open annular format pharmaceutical compositions 111 and 113 are prepared,
e.g., by pressing, or other convenient fabrication protocol. Also shown is identifier 115. Following production of the
annular tablets 111 and 113, the identifier is positioned in the opening, as shown. The remaining openings 1 17 and 1
19 are then filled or covered with any of the activating films described above (not shown). In yet other embodiments, a
tablet is produced by combining the signal generation element with subparts of the tablet, where the subparts may be
pre-made subparts or manufactured sequentially. For example, in certain embodiments tablets are produced by first
making a bottom half of the tablet, placing the signal generation element on a location of the bottom half of the tablet,
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and then placing top portion of the tablet over the bottom half and signal generation element to produce the final desired
composition. In certain embodiments, a tablet is produced around a signal generation element such that the signal
generation element is located inside of the produced tablet. For example, a signal generation element, which may or
may not be encapsulated in a biocompatible compliant material, e.g., gelatin (to protect the signal generation element),
is combined with carrier/active agent precursor, e.g., powder, and compressed or molded into a tablet in a manner such
that the signal generation element is located at an internal position of the tablet. Instead of molding or compressing, the
carrier/active agent component is, in certain embodiments, sprayed onto the signal generation element in a manner that
builds up the tablet structure. In yet another embodiment, the active agent/carrier component precursor may be a liquid
formulation which is combined with the signal generation element and then solidified to produce the final composition.
In yet other embodiments, pre-made tablets may be fitted with the signal generation element by stably attaching the
signal generation element to the tablet. Of interest are protocols that do not alter the properties of the tablet, e.g.,
dissolution etc. For example, a gelatin element that snap fits onto one end of a tablet and has the chip integrated with
it is employed in certain embodiments. The gelatin element is colored in certain embodiments to readily identify tablets
that have been fitted with the signal generation element. Where the composition has an active agent/carrier composition
filled capsule configuration, e.g., such as a gelatin capsule filled configuration, the signal generation element may be
integrated with a capsule component, e.g., top or bottom capsule, and the capsule filled with the active agent/carrier
composition to produce the final composition. The above reviewed methods of manufacture are merely illustrative of the
variety of different ways in which the compositions of the invention may be manufactured.

SYSTEMS

[0087] Also provided are systems that include the subject compositions. Systems of the subject invention include, in
certain embodiments, one or more controlled activation identifiers, e.g., as reviewed above, as well as a signal detection
component, e.g., in the form of a receiver. The signal detection component may vary significantly depending on the
nature of the signal that is generated by the signal generation element of the composition, e.g., as reviewed above.
[0088] In certain embodiments, the signal detection component is an implantable component. By implantable compo-
nent is meant that the signal detection component is designed, i.e., configured, for implantation into a subject, e.g., on
a semi-permanent or permanent basis. In these embodiments, the signal detection component is in vivo during use. In
yet other embodiments, the signal detection component is ex vivo, by which is meant that the detection component is
present outside of the body during use. In certain of these embodiments, as developed in greater detail below, either
separate from or integrated with the ex vivo detection component may be a dosage dispenser element, e.g., for dispensing
dosages of the compositions based on signal detected from the signal generation element of the detector. Such features
may also be present in implantable detection components, e.g., to provide a closed loop administration system that
administers a subsequent dosage based on input about ingestion of a previous dosage.

[0089] As reviewed above, in certain embodiments the signal generation element of the composition is activated upon
contact with a target body site. In certain of these embodiments, the signal detection component is activated upon
detection of a signal from the signal generation element. In certain of these embodiments, the composition generates
an intermittent signal. In certain of these embodiments, the detection element is capable of simultaneously detecting
multiple compositions. Signal receivers for use in the invention are further described in PCT application serial no.
PCT/US2006/16370 titled "Pharma-Informatics System" and filed on April 28, 2006 and published as WO 2006/1 16718,
as well as provisional application serial nos.: 60/887,780 titled "Signal Receivers for Pharma-Informatics Systems," and
filed on February 1, 2007; 60/949223 titled "Ingestible Even Marker," and filed on July 11 , 2007 and 60/956,694 titled
"Personal Health Signal Receivers," and filed on August 18, 2007, the signal detection component includes a cardiac
monitoring element, such as shown in the system of FIG. 10. FIG. 10 provides a diagrammatic, exemplary representation
of a pill/capsule embodiment of the present invention, in which the composition is configured as an orally ingestible
pharmaceutical formulation in the form of a pill or capsule. The stomach 12 of the patient 10 who ingests the composition
14 is shown. This "smart pill" is shown as it has traveled from the mouth 16 to inside 18 the patient’'s stomach. Upon
reaching the stomach, the pill/capsule undergoes a dissolving process with both the mechanical action of the stomach
and the various chemical materials in the stomach fluids, such as hydrochloric acid and other digestive agents. FIG.10
also shows an implanted cardiovascular device "can" 8 and a lead 6, which components are employed to monitor and
detect the signal emitted from pill 14. The monitoring device can be positioned in other locations as well, such as
subcutaneously, in the heart, or in the waist near the stomach, for example. Positioning may be suggested by a particular
application.

METHODS

[0090] Controlled activation identifiers of the invention find use in a variety of different applications, including delivery
of pharmaceutical agents, in diagnostic and monitoring applications, etc. In methods where the identifiers are employed
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in compositions that include one or more pharmaceutically active agents, an effective amount of a composition of the
invention is administered to a subject in need of the active agent present in the composition, where "effective amount"
means a dosage sufficient to produce the desired result, e.g., an improvement in a disease condition or the symptoms
associated therewith, the accomplishment of a desired physiological change, etc. The amount that is administered may
also be viewed as a therapeutically effective amount. A "therapeutically effective amount" means the amount that, when
administered to a subject for treating a disease, is sufficient to effect treatment for that disease.

[0091] The composition may be administered to the subject using any convenient means capable of producing the
desired result, where the administration route depends, at least in part, on the particular format of the composition, e.g.,
as reviewed above. As reviewed above, the compositions can be formatted into a variety of formulations for therapeutic
administration, including but not limited to solid, semi solid or liquid, such as tablets, capsules, powders, granules,
ointments, solutions, suppositories and injections. As such, administration of the compositions can be achieved in various
ways, including, but not limited to: oral, buccal, rectal, parenteral, intraperitoneal, intradermal, transdermal, intracheal,
etc., administration. In pharmaceutical dosage forms, a given composition may be administered alone or in combination
with other pharmaceutically active compounds, e.g., which may also be compositions having signal generation elements
stably associated therewith.

[0092] The subject methods find use in the treatment of a variety of different conditions, including disease conditions.
The specific disease conditions treatable by with the subject compositions are as varied as the types of active agents
that can be present in the subject compositions. Thus, disease conditions include, but are not limited to: cardiovascular
diseases, cellular proliferative diseases, such as neoplastic diseases, autoimmune diseases, hormonal abnormality
diseases, infectious diseases, pain management, and the like.

[0093] By treatment is meant at least an amelioration of the symptoms associated with the disease condition afflicting
the subject, where amelioration is used in a broad sense to refer to at least a reduction in the magnitude of a parameter,
e.g. symptom, associated with the pathological condition being treated. As such, treatment also includes situations where
the pathological condition, or at least symptoms associated therewith, are completely inhibited, e.g. prevented from
happening, or stopped, e.g. terminated, such that the subject no longer suffers from the pathological condition, or at
least the symptoms that characterize the pathological condition. Accordingly, "treating" or "treatment" of a disease
includes preventing the disease from occurring in an animal that may be predisposed to the disease but does not yet
experience or exhibit symptoms of the disease (prophylactic treatment), inhibiting the disease (slowing or arresting its
development), providing relief from the symptoms or side-effects of the disease (including palliative treatment), and
relieving the disease (causing regression of the disease). For the purposes of this invention, a "disease" includes pain.
[0094] A variety of subjects are treatable according to the present methods. Generally such subjects are "mammals”
or "mammalian," where these terms are used broadly to describe organisms which are within the class mammalia,
including the orders carnivore (e.g., dogs and cats), rodentia (e.g., mice, guinea pigs, and rats), and primates (e.g.,
humans, chimpanzees, and monkeys). In representative embodiments, the subjects will be humans.

[0095] In certain embodiments, the subject methods, as described above, are methods of managing a disease con-
dition, e.g., over an extended period of time, such as 1 week or longer, 1 month or longer, 6 months or longer, 1 year
or longer, 2 years or longer, 5 years or longer, etc. The subject methods may be employed in conjunction with one or
more additional disease management protocols, e.g., electrostimulation based protocols in cardiovascular disease man-
agement, such as pacing protocols, cardiac resynchronization protocols, etc; lifestyle, such a diet and/or exercise reg-
imens for a variety of different disease conditions; etc.

[0096] In certain embodiments, the methods include modulating a therapeutic regimen based data obtained from the
compositions. For example, data may be obtained which includes information about patient compliance with a prescribed
therapeutic regimen. This data, with or without additional physiological data, e.g., obtained using one or more sensors,
such as the sensor devices described above, may be employed, e.g., with appropriate decision tools as desired, to make
determinations of whether a given treatment regimen should be maintained or modified in some way, e.g., by modification
of a medication regimen and/or implant activity regimen. As such, methods of invention include methods in which a
therapeutic regimen is modified based on signals obtained from the composition(s).

[0097] In certain embodiments, also provided are methods of determining the history of a composition of the invention,
where the composition includes an active agent, an identifier element and a pharmaceutically acceptable carrier. In
certain embodiments where the identifier emits a signal in response to an interrogation, the identifier is interrogate, e.g.,
by a wand or other suitable interrogation device, to obtain a signal. The obtained signal is then employed to determine
historical information about the composition, e.g., source, chain of custody, etc.

[0098] In yet other embodiments where the identifier is one that survives digestion, the methods generally include
obtaining the signal generation element of the composition, e.g., by retrieving it from a subject that has ingested the
composition, and then determining the history of the composition from obtained signal generation element. For example,
where the signal generation elementincludes an engraved identifier, e.g., barcode or other type of identifier, the engraved
identifier may be retrieved from a subject that has ingested the composition and then read to identify at least some
aspect of the history of the composition, such as last known purchaser, additional purchasers in the chain of custody of

16



10

15

20

25

30

35

40

45

50

55

EP 2 083 680 B1

the composition, manufacturer, handling history, etc. In certain embodiments, this determining step may include accessing
a database or analogous compilation of stored history for the composition. The present invention provides the clinician
an important new tool in their therapeutic armamentarium: automatic detection and identification of pharmaceutical
agents actually delivered into the body. The applications of this new information device and system are multi-fold.
Applications include, but are not limited to: (1) monitoring patient compliance with prescribed therapeutic regimens; (2)
tailoring therapeutic regimens based on patient compliance; (3) monitoring patient compliance in clinical trials; (4) mon-
itoring usage of controlled substances; and the like. Each of these different illustrative applications is reviewed in greater
detail below in PCT/US2006/16370 titled "Pharma-Informatics System" and filed on April 28, 2006 and published as WO
2006/1 16718.

[0099] Also of interest are methods in which the identifier is ingested apart from any pharmaceutical agent. Such
methods include those in which the identifier is employed as an ingestible event marker. In such methods, the identifier
is ingested without a pharmaceutically active agent. The identifier may be ingested in a pharmaceutically acceptable
vehicle, e.g., as described above. Specific applications in which the identifier is employed as an ingestible event marker
include, but are not limited to, those described in United States Provisional Application Serial No. 60/949223 titled
"Ingestible Event Marker," and filed on July 1 1, 2007.

[0100] One example of a specific application in which the controlled activation identifier is not administered with an
active agent and is instead employed as an ingestible event marker is the application of monitoring Gl tract motility. In
such applications, a controlled activation device that activates only at high pH is employed to determine the transit time
from ingestion to the small intestine. In a variation of this embodiment, multiple devices that activate in different parts of
the Gl tract are employed, where this embodiment may be used for mapping the residence time of the device in various
parts of the Gl tract. For example, in one instance three controlled activation identifiers (which may be present in the
same pill or separate pills) are employed. The first identifier is configured to activate immediately upon ingestion (e.g.,
which it reaches the stomach). The second controlled activation identifier includes a low pH-insoluble, high-pH soluble
coating (e.g., Eudragit) that delays activation until the identifier reaches the small intestine. The third identifier includes
a controlled activation element a coating (e.g., amylase+ethyl cellulose) that is only soluble in the colon. From the
activation time of the various identifiers one can determine or measure the transition time to the stomach, small intestine,
and colon, and thereby gain a detailed data collection of the subject’s gastrointestinal motility.

[0101] KITS Also provided are kits for practicing the subject methods. Kits may include one or more compositions of
the invention, as described above. The dosage amount of the one or more pharmacological agents provided in a kit may
be sufficient for a single application or for multiple applications. Accordingly, in certain embodiments of the subject kits
a single dosage amount of a pharmacological agentis present and in certain other embodiments multiple dosage amounts
of a pharmacological agent may be present in a kit. In those embodiments having multiple dosage amounts of pharma-
cological agent, such may be packaged in a single container, e.g., a single tube, bottle, vial, and the like, or one or more
dosage amounts may be individually packaged such that certain kits may have more than one container of a pharma-
cological agent. Suitable means for delivering one or more pharmacological agents to a subject may also be provided
in a subject kit. In certain embodiments the kits may also include a signal receiving element, as reviewed above. In
certain embodiments, the kits may also include an external monitor device, e.g., as described above, which may provide
for communication with a remote location, e.g., a doctor’s office, a central facility etc., which obtains and processes data
obtained about the usage of the composition.

[0102] The subject kits may also include instructions for how to practice the subject methods using the components
of the kit. The instructions may be recorded on a suitable recording medium or substrate. For example, the instructions
may be printed on a substrate, such as paper or plastic, etc. As such, the instructions may be present in the kits as a
package insert, in the labeling of the container of the kit or components thereof (i.e., associated with the packaging or
sub-packaging) etc. In other embodiments, the instructions are present as an electronic storage data file present on a
suitable computer readable storage medium, e.g. CD-ROM, diskette, etc. In yet otherembodiments, the actual instructions
are not presentin the kit, but means for obtaining the instructions from a remote source, e.g. via the internet, are provided.
An example of this embodiment is a kit that includes a web address where the instructions can be viewed and/or from
which the instructions can be downloaded. As with the instructions, this means for obtaining the instructions is recorded
on a suitable substrate.

[0103] Some or all components of the subject kits may be packaged in suitable packaging to maintain sterility. In many
embodiments of the subject kits, the components of the kit are packaged in a kit containment element to make a single,
easily handled unit, where the kit containment element, e.g., box or analogous structure, may or may not be an airtight
container, e.g., to further preserve the sterility of some or all of the components of the kit.

[0104] Itis to be understood that this invention is not limited to particular embodiments described, as such may vary.
Itis also to be understood that the terminology used herein is for the purpose of describing particular embodiments only,
and is not intended to be limiting, since the scope of the present invention will be limited only by the appended claims.
[0105] Where arange of values is provided, it is understood that each intervening value, to the tenth of the unit of the
lower limit unless the context clearly dictates otherwise, between the upper and lower limit of that range and any other
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stated or intervening value in that stated range, is encompassed within the invention. The upper and lower limits of these
smaller ranges may independently be included in the smaller ranges and are also encompassed within the invention,
subject to any specifically excluded limit in the stated range. Where the stated range includes one or both of the limits,
ranges excluding either or both of those included limits are also included in the invention.

[0106] Unless defined otherwise, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs. Although any methods and materials similar
or equivalent to those described herein can also be used in the practice or testing of the present invention, representative
illustrative methods and materials are now described.

[0107] The citation of any publication is for its disclosure prior to the filing date and should not be construed as an
admission that the present invention is not entitled to antedate such publication by virtue of prior invention. Further, the
dates of publication provided may be different from the actual publication dates which may need to be independently
confirmed.

[0108] Itis noted that, as used herein and in the appended claims, the singular forms "a", "an", and "the" include plural
referents unless the context clearly dictates otherwise. It is further noted that the claims may be drafted to exclude any
optional element. As such, this statement is intended to serve as antecedent basis for use of such exclusive terminology
as "solely," "only" and the like in connection with the recitation of claim elements, or use of a "negative" limitation. As
will be apparent to those of skill in the art upon reading this disclosure, each of the individual embodiments described
and illustrated herein has discrete components and features which may be readily separated from or combined with the
features of any of the other several embodiments without departing from the scope of the present invention. Any recited
method can be carried out in the order of events recited or in any other order which is logically possible.

[0109] Although the foregoing invention has been described in some detail by way of illustration and example for
purposes of clarity of understanding, it is readily apparent to those of ordinary skill in the art in light of the teachings of
this invention that certain changes and modifications may be made thereto without departing from the scope of the
appended claims.

[0110] Accordingly, the preceding merely illustrates the principles of the invention. It will be appreciated that those
skilled in the art will be able to devise various arrangements which, although not explicitly described or shown herein,
embody the principles of the invention and are included within its scope. Furthermore, all examples and conditional
language recited herein are principally intended to aid the reader in understanding the principles of the invention and
the concepts contributed by the inventors to furthering the art, and are to be construed as being without limitation to
such specifically recited examples and conditions. Moreover, all statements herein reciting principles, aspects, and
embodiments of the invention as well as specific examples thereof, are intended to encompass both structural and
functional equivalents thereof. Additionally, it is intended that such equivalents include both currently known equivalents
and equivalents developed in the future, i.e., any elements developed that perform the same function, regardless of
structure. The scope of the present invention, therefore, is not intended to be limited to the exemplary embodiments
shown and described herein. Rather, the scope of present invention is embodied by the appended claims.

Claims

1. A controlled activation ingestible identifier (30) that emits a signal upon contact with target site fluid present at a
target site, wherein the signal is a conductive signal, and said controlled activation ingestible identifier comprises:

a) a dried conductive medium precursor (34) comprising salts of physiologically acceptable electrolytes;

b) a first material (32) and a second material (33) having different electrochemical potentials to provide a voltage
to activate said identifier when said first (32) and second materials (33) are conductively coupled via a conductive
solution comprising target site fluid and said dried conductive medium precursor (34), wherein the controlled
activation identifier (30) is configured to transmit the conductive signal through body tissues upon the first (32)
and second materials (33) contacting the conductive solution comprising the target site fluid and said dried
conductive medium precursor (34);

c) asolid support (50) formed underneath the fist material (32), the second material (33), and the dried conductive
medium precursor (34); and

d) a protective barrier (35) formed over an outer surface of the first material (32), an outer surface of the second
material (33), an outer surface of the dried conductive medium precursor (34), and an outer surface of the solid
support (50).

2. The identifier (30) according to Claim 1, wherein said protective barrier (35) is configured to provide controlled
metering of target site fluid to said dried conductive medium precursor (34).
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3. The controlled activation ingestible identifier (30) according to Claim 2, wherein said protective barrier (35) is a
semipermeable membrane.

4. The controlled activation ingestible identifier (30) according to Claim 2, wherein said protective barrier (35) is a solid
barrier (36) comprising a flow path (37).

5. The controlled activation ingestible identifier (30) according to Claim 4, wherein said flow path (37) is a capillary
flow path.

6. The controlled activation ingestible identifier (30) according to Claim 5, wherein said capillary flow path comprises
a surface that has been surface energy modified to enhance hydrophilic fluid flow through said capillary flow path.

7. The controlled activation ingestible identifier (30) according to Claim 2, wherein said protective barrier (35) is con-
figured to disrupt upon contact with a target site fluid having a predetermined conductivity to expose said dried
conductive medium precursor (34) to said target site fluid to thereby activate said identifier (30) in a predetermined
manner.

8. Thecontrolled activation ingestible identifier (30) according to Claim 2, wherein said protective barrier (35) comprises
a polymeric coating configured to dissolve upon contact with a target site fluid in a time-delayed manner to expose
said dried conductive medium precursor (34) to target site fluid to thereby activate said identifier (30).

9. The controlled activation ingestible identifier (30) according to Claim 1, wherein when said dried conductive medium
precursor (34) is combined with water, said water and said conductive medium precursor (34) produce a conductive
medium that conductively couples said first (32) and second materials (33) to activate said identifier (30) to emit a
signal.

10. A pharmaceutical composition comprising:

(a) a pharmaceutical active agent;
(b) a controlled activation ingestible identifier (30) according to any of claims 1 to 9; and
(c) a pharmaceutically acceptable carrier.
11. A system comprising:
(a) a controlled activation ingestible identifier according to any of claims 1 to 9; and
(b) a receiver for detecting a signal produced by said identifier (30).

12. The system according to Claim 11, wherein said receiver is an in vivo receiver.

13. The system according to Claim 11, wherein said receiver is an ex vivo receiver.

Patentanspriiche

1. Eineinnehmbarer Identifikator (30) mit kontrollierter Aktivierung, der bei Kontakt mit an einer Zielstelle vorliegendem

Zielstellenfluid ein Signal emittiert, wobei das Signal ein leitendes Signal ist und der einnehmbare Identifikator mit
kontrollierter Aktivierung Folgendes beinhaltet:

a) einen getrockneten leitenden Mediumvorlaufer (34), der Salze von physiologisch akzeptablen Elektrolyten
beinhaltet;

b) ein erstes Material (32) und ein zweites Material (33), die unterschiedliche elektrochemische Potenziale
aufweisen, um eine Spannung bereitzustellen, um den Identifikator zu aktivieren, wenn das erste (32) und
zweite Material (33) Uber eine leitende Losung leitend gekoppelt sind, die Zielstellenfluid und den getrockneten
leitenden Mediumvorlaufer (34) beinhaltet, wobei der Identifikator (30) mit kontrollierter Aktivierung ausgelegt
ist, um das leitende Signal bei Kontaktieren der leitenden L6sung, die das Zielstellenfluid und den getrockneten
leitenden Mediumvorlaufer (34) beinhaltet, durch das erste (32) und zweite (33) Material, durch Kérpergewebe
zu senden;

c) eine feste Abstlitzung (50), die unterhalb des ersten Materials (32), des zweiten Materials (33) und des
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getrockneten leitenden Mediumvorlaufers (34) ausgebildet ist; und

d) eine Schutzbarriere (35), die tber einer dueren Oberflaiche des ersten Materials (32), einer dulReren Ober-
flache des zweiten Materials (33), einer dueren Oberflache des getrockneten leitenden Mediumvorlaufers (34)
und einer dufleren Oberflache der festen Abstiitzung (50) ausgebildet ist.

Identifikator (30) gemaR Anspruch 1, wobei die Schutzbarriere (35) ausgelegt ist, um dem getrockneten leitenden
Mediumvorlaufer (34) kontrollierte Dosierung von Zielstellenfluid bereitzustellen.

Einnehmbarer Identifikator (30) mit kontrollierter Aktivierung gemafR Anspruch 2, wobei die Schutzbarriere (35) eine
semipermeable Membran ist.

Einnehmbarer Identifikator (30) mit kontrollierter Aktivierung gemafR Anspruch 2, wobei die Schutzbarriere (35) eine
feste Barriere (36) ist, die einen Strdmungsweg (37) beinhaltet.

Einnehmbarer Identifikator (30) mit kontrollierter Aktivierung gemaf Anspruch 4, wobei der Strémungsweg (37) ein
kapillarer Strémungsweg ist.

Einnehmbarer Identifikator (30) mit kontrollierter Aktivierung gemaf Anspruch 5, wobei der kapillare Stromungsweg
eine Oberflache beinhaltet, die oberflachenenergiemodifiziert wurde, um die hydrophile Fluidstromung durch den
kapillaren Strdomungsweg zu verbessern.

Einnehmbarer Identifikator (30) mit kontrollierter Aktivierung gemafl Anspruch 2, wobei die Schutzbarriere (35)
ausgelegt ist, um bei Kontakt mit einem Zielstellenfluid, das eine vorbestimmte Leitfahigkeit aufweist, zu reilen, um
den getrockneten leitenden Mediumvorlaufer (34) gegenlber dem Zielstellenfluid zu exponieren, um dadurch den
Identifikator (30) in einer vorbestimmten Art und Weise zu aktivieren.

Einnehmbarer Identifikator (30) mit kontrollierter Aktivierung gemafR Anspruch 2, wobei die Schutzbarriere (35) eine
Polymerbeschichtung beinhaltet, die ausgelegt ist, um sich bei Kontakt mit einem Zielstellenfluid in einer zeitverzo-
gerten Art und Weise aufzulésen, um den getrockneten leitenden Mediumvorlaufer (34) gegeniiber dem Zielstel-
lenfluid zu exponieren, um dadurch den Identifikator (30) zu aktivieren.

Einnehmbarer Identifikator (30) mit kontrollierter Aktivierung gemaf Anspruch 1, wobei, wenn der getrocknete lei-
tende Mediumvorlaufer (34) mit Wasser kombiniert wird, das Wasser und der leitende Mediumvorlaufer (34) ein
leitendes Medium produzieren, das das erste (32) und zweite Material (33) leitend koppelt, um den Identifikator (30)
zu aktivieren, um ein Signal zu emittieren.
Eine pharmazeutische Zusammensetzung, die Folgendes beinhaltet:
(a) einen pharmazeutischen Wirkstoff;
(b) einen einnehmbaren Identifikator (30) mit kontrollierter Aktivierung gemaf einem der Anspriche 1 bis 9; und
(c) einen pharmazeutisch akzeptablen Trager.

Ein System, das Folgendes beinhaltet:

(a) einen einnehmbaren Identifikator mit kontrollierter Aktivierung gemaR einem der Anspriiche 1 bis 9; und
(b) einen Empfénger zum Detektieren eines durch den Identifikator (30) produzierten Signals.

System gemaf Anspruch 11, wobei der Empfanger ein In-vivo-Empfénger ist.

System gemaf Anspruch 11, wobei der Empfanger ein Ex-vivo-Empfanger ist.

Revendications

1.

Un systeme d’identification ingérable a activation commandée (30) qui émet un signal lors d’un contact avec un
fluide de site cible présent au niveau d’un site cible, le signal étant un signal conducteur, et ledit systéeme d’identi-
fication ingérable a activation commandée comprenant :
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a) un précurseur de milieu conducteur séché (34) comprenant des sels d’électrolytes physiologiquement
acceptables ;

b) une premiére matiére (32) et une seconde matiére (33) ayant des potentiels électrochimiques différents pour
fournir une tension afin d’activer ledit systéme d’identification lorsque lesdites premiére (32) et seconde (33)
matieres sont couplées de maniére conductrice via une solution conductrice comprenant un fluide de site cible
et ledit précurseur de milieu conducteur séché (34), le systeme d’identification a activation commandée (30)
étant configuré pour transmettre le signal conducteur a travers des tissus corporels lors du contact desdites
premiére (32) et seconde (33) matiéres avec la solution conductrice comprenant le fluide de site cible et ledit
précurseur de milieu conducteur séché (34) ;

¢) un support solide (50) formé sous la premiére matiére (32), la seconde matiere (33) et le précurseur de milieu
conducteur séché (34) ; et

d) une barriére protectrice (35) formée par-dessus une surface externe de la premiére matiere (32), une surface
externe de la seconde matiére (33), une surface externe du précurseur de milieu conducteur séché (34) et une
surface externe du support solide (50).

Le systéme d’identification (30) selon la revendication 1, dans lequel ladite barriére protectrice (35) est configurée
pour assurer une mesure commandée du fluide de site cible audit précurseur de milieu conducteur séché (34).

Le systeme d’identification ingérable a activation commandée (30) selon la revendication 2, dans lequel ladite
barriére protectrice (35) est une membrane semi-perméable.

Le systeme d’identification ingérable a activation commandée (30) selon la revendication 2, dans lequel ladite
barriére protectrice (35) est une barriere solide (36) comprenant une voie d’écoulement (37).

Le systéme d’identification ingérable a activation commandée (30) selon la revendication 4, dans lequel ladite voie
d’écoulement (37) est une voie d’écoulement capillaire.

Le systéme d’identification ingérable a activation commandée (30) selon la revendication 5, dans lequel ladite voie
d’écoulement capillaire comprend une surface dont I'énergie de surface a été modifiée pour améliorer I'écoulement
de fluide hydrophile par ladite voie d’écoulement capillaire.

Le systeme d’identification ingérable a activation commandée (30) selon la revendication 2, dans lequel ladite
barriére protectrice (35) est configurée pour se rompre lors d’'un contact avec un fluide de site cible ayant une
conductivité prédéterminée afin d’exposer ledit précurseur de milieu conducteur séché (34) audit fluide de site cible
et ainsi d’activer ledit systéme d’identification (30) de maniére prédéterminée.

Le systeme d’identification ingérable a activation commandée (30) selon la revendication 2, dans lequel ladite
barriére protectrice (35) comprend un revétement polymeére configuré pour se dissoudre lors d’'un contact avec un
fluide de site cible de maniére différée afin d’exposer ledit précurseur de milieu conducteur séché (34) au fluide de
site cible et ainsi d’activer ledit systeme d’identification (30).

Le systéeme d’identification ingérable a activation commandée (30) selon la revendication 1, dans lequel lorsque
ledit précurseur de milieu conducteur séché (34) est combiné a de I'eau, ladite eau et ledit précurseur de milieu
conducteur (34) produisent un milieu conducteur qui couple de maniére conductrice lesdites premiére (32) et seconde
(33) matieres afin d’activer ledit systéme d’identification (30) pour émettre un signal.

10. Une composition pharmaceutique comprenant :

(a) un agent actif pharmaceutique ;

(b) un systéme d’identification ingérable a activation commandée (30) selon n’importe lesquelles des revendi-
cations1a9 ;et

(c) un support pharmaceutiquement acceptable.

11. Un systéme comprenant :

(a) un systeme d’'identification ingérable a activation commandée selon n’importe lesquelles des revendications
1a9;et
(b) un récepteur destiné a détecter un signal produit par ledit systéeme d’identification (30).
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12. Le systéme selon la revendication 11, dans lequel ledit récepteur est un récepteur in vivo.

13. Le systéme selon la revendication 11, dans lequel ledit récepteur est un récepteur ex vivo.
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