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7 ABSTRACT

Devices, systems and method for in vivo analysis. For
example, an in vivo device includes: a reaction chamber to
store a detecting reagent able to react with a sample collected
in vivo; and optionally a labeled-substance chamber to store
a labeled substance able to bind to at least a portion of a
compound resulting from a reaction of the detecting reagent
and the sample.
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DEVICE, SYSTEM AND METHOD FOR IN
VIVO ANALYSIS

FIELD OF THE INVENTION

[0001] The present invention relates in general to in vivo
analysis, and specifically to in vivo analysis utilizing micro-
fluidic techniques of body fluids possibly on a solid state
substrate.

BACKGROUND OF THE INVENTION

[0002] An atypical concentration or presence of substances
in body fluids or in body lumens may be indicative of the
biological condition of the body. For example, the presence of
elevated concentrations of red blood cells in the gastrointes-
tinal (GI) tract may indicate different pathologies, depending
on the location of the bleeding along the GI tract. Early
detection, identification and location of abnormal conditions
may be critical for correctly diagnosing and treating various
pathologies.

[0003] Insome cases diseases, such as, for example, cancer
may be detected by analyzing the blood stream for tumor
specific markers, for example, specific antibodies. One of the
drawbacks of this method is that the appearance of antibodies
in the blood stream may usually occur at a late stage of the
disease, such that early detection may not possible.

[0004] Detection of some pathologies in the GI tract may be
performed using an endoscope; however, such detection may
be limited to the upper or lower gastrointestinal tract. Thus,
pathologies in other parts of the GI tract, such as, for example,
the small intestine, may not be easily detected by endoscopy.
[0005] In vitro testing of body fluid samples for the pres-
ence of a suspected substance may be performed. For
example, immunoassays may be used for the determination,
either qualitative or quantitative, of some substances, such as,
for example, peptides, proteins, enzymes, hormones, vita-
mins, drugs, carbohydrates, or the like, in a sample. In a
typical immunoassay, to detect the presence, or measure the
concentration, of an analyte or marker of interest, especially
in aliquid sample, the analyte has to be separated from the rest
of the proteins in the sample. This is typically performed by
specifically binding the analyte to a binding component for
the analyte, followed by a separation process that extracts the
bonded species from the rest of the sample. As the bonding
reaction might be slow, the sample and the binding compo-
nent for the marker (analyte) are usually incubated for a
sufficient time to allow a marker contained in the sample to
bind to the binding component. A typical example of such a
binding component may be a marker-specific antibody, e.g., a
monoclonal antibody with specificity for the marker in ques-
tion. However, other kinds of substances and structures may
also qualify as a binding component.

[0006] Typically these in vitro methods of detection are
carried out in a lab using cumbersome and complicated
machines. Complicated machines may be needed, for
example, because of the complicated requirements of such
procedures which may involve multiple reactions and/or dif-
ferent conditions for each reaction, and typically washing in
between reactions. Furthermore, these methods of detection,
when carried out in vitro, may not easily enable the localiza-
tion or identification of the origin of an abnormally occurring
substance.

[0007] In many instances, locating an abnormally occur-
ring substance in a body lumen may greatly contribute to the
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identification of pathology, and thus may contribute to the
facile treatment of the identified pathology.

SUMMARY OF THE INVENTION

[0008] Some embodiments of the invention may allow, for
example, analysis of a sample, such as, for example, a body
fluid sample, typically by using a self contained, possibly
single use, detection system.

[0009] According to some embodiments of the invention, a
detection system may transport a fluid sample to a reaction
chamber, or may transport samples, buffers or reactants, for
example, from a storage compartment to a reaction chamber
or compartment.

[0010] According to some embodiments of the invention, a
detection system may include, for example, a means for
detecting optical or other changes within the system. A detec-
tion system may include, for example, one or more detection
units.

[0011] According to some embodiments of the invention, a
detection unit may include two or more chambers or com-
partments fluidically connected, which may have a barrier or
gate there between, the gate may be able to time and/or
control fluid passage from one compartment to another.
[0012] According to some embodiments of the invention, a
chamber, such as, for example, a storage chamber, may be
connected to a second chamber, such as, for example, a waste
chamber, via a passage, e.g., a tube having a typically con-
trollable gate. Fluid may be transferred from a storage cham-
ber to a waste chamber, e.g., when the gate is opened. The
waste chamber may include, for example, an absorbent mate-
rial, e.g., for receiving and holding fluids transferred to the
waste chamber. In some embodiments, for example, a pres-
sure gradient within the detection unit may cause a fluid
sample or a body of fluid to be displaced, e.g. to another
chamber.

[0013] Some embodiments of the invention may include,
for example, sampling and fluidics methods which may
involve having pressure gradients within a detection unit or
system. Typically, movement of a body of fluid within a
detection system or unit is in one direction, for example,
towards a waste chamber.

[0014] Some embodiments of the invention may be imple-
mented, for example, with solid state supports, and/or may
utilize micro-fluidic technology. Some embodiments may be
implemented on other supports, such as, for example, plastic
or glass supports. Some embodiments may be designed or
configured for use in a human body, i.e., in vivo, whereas
other embodiments may be designed or configured for ex vivo
or in vitro use.

[0015] A kit according to some embodiments of the inven-
tion may be used as a “point of care”, allowing a care giver to
perform analysis of body samples or other samples on the spot
and obtain results, for example, obviating a need to use to use
services of a special laboratory. Substantially automated
analysis may be preformed according to some embodiments
of the invention.

[0016] According to some embodiments, an in vivo device,
e.g., an ingestible capsule (e.g., an autonomous in vivo
device), having a sampling and analyzing or detecting system
may be inserted (e.g., by swallowing) into a person’s body
lumen, for example, the gastrointestinal (GI) tract. Samples
from the body lumen may be collected and analyzed on board,
while the in vivo capsule is in the person’s body.
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[0017] According to some embodiments, the ingestible
device may include an imaging device. In one example, a
sampling point may be imaged by an imager of the imaging
device, and image data from the imager may be transmitted
and displayed outside the person’s body, possibly together
with other analysis results.

[0018] According to some embodiments, other detection
methods may be employed, and data other than image data
may be transmitted from the persons’ body.

[0019] In some embodiments, for example, an ingestible
device may include a reaction chamber to store a detecting
reagent able to react with a sample collected in vivo; a sam-
pling chamber to store the sample collected in vivo; a tube to
transfer the sample from the sampling chamber to the reaction
chamber; and a gate to allow passage of the sample in the
tube.

[0020] In some embodiments, for example, the detecting
reagent may be unlabeled; the sampling chamber may include
a dry buffer; the detecting reagent may include an antibody;
and the detecting reagent may be immobilized in the reaction
chamber.

[0021] In some embodiments, for example, the ingestible
device may further include a labeled-substance chamber to
store a labeled substance able to bind to at least a portion ofa
compound resulting from a reaction of the detecting reagent
and the sample. The labeled substance may include, for
example, a conjugated dry antibody and/or a conjugated anti-
body in liquid buffer. The antibodies may be conjugated to
optically detectable particles, e.g. gold particles, colored
polymer particles, particles with fluorescence properties, col-
ored particles or liposomes.

[0022] In some embodiments, for example, the detection
system may further include a waste chamber to store an
excess of the sample. In some embodiments, for example, the
waste chamber may be vacuum-packed. In some embodi-
ments, for example, the waste chamber may include an absor-
bent to absorb the excess of the sample and/or to drive the
liquid in the diagnostic device.

[0023] In some embodiments, for example, the detection
system device may further include a washing mechanism to
wash the reaction chamber.

[0024] In some embodiments, for example, the gate may
include a pH-sensitive gate and/or a temperature-sensitive
gate.

[0025] In some embodiments, for example, the detection
system may further include a mixing element, e.g., a piezo-
electric element, to facilitate mixing of the sample and the
detecting reagent.

[0026] In some embodiments, for example, the ingestible
device may further include an in vivo sensor to sense at least
a portion of the binding result.

[0027] In some embodiments, for example, the ingestible
device may further include an in vivo imager to acquire an
image of at least a portion of the binding result.

[0028] In some embodiments, for example, the ingestible
device may be autonomous.

[0029] In some embodiments, for example, the ingestible
device may include a swallowable capsule.

[0030] In some embodiments, for example the ingestible
device may include a transmitter to transmit the image data to
an external receiver and monitor.

[0031] Insome embodiments, for example, a method may
include: collecting a liquid sample in vivo; reacting in vivo
the collected sample with a detecting reagent; binding a

May 15, 2008

labeled substance to at least a portion of a compound resulting
from a reaction of the detecting reagent and the sample; and
sensing or imaging at least a portion of the binding result.
[0032] Embodiments of the invention may provide addi-
tional and/or other benefits and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The subject matter regarded as the invention is par-
ticularly pointed out and distinctly claimed in the concluding
portion of the specification. The invention, however, both as
to organization and method of operation, together with
objects, features, and advantages thereof, may best be under-
stood by reference to the following detailed description when
read with the accompanying drawings in which:

[0034] FIG. 1 is a schematic illustration of a detection unit
according to an embodiment of the invention;

[0035] FIG. 2 is a schematic illustration of an alternate
detection unit according to another embodiment of the inven-
tion;

[0036] FIG. 3 is a schematic illustration of a detection
system according to an embodiment of the invention;

[0037] FIG. 4A is a schematic illustration of top view of a
micro-fluidic detection system based on said thin layer tech-
nology according to an embodiment of the invention;

[0038] FIG. 4B is a schematic illustration of a cross sec-
tional view of micro-fluidic detection system based on said
thin layer technology according to another embodiment of the
invention;

[0039] FIG. 4C is a schematic illustration of a multilevel
detection system according to an embodiment of the inven-
tion;

[0040] FIG. 5 is a schematic illustration of an in vivo sens-
ing device and system according to an embodiment of the
invention;

[0041] FIG. 6A is a flowchart depicting a method for in vivo
analysis according to an embodiment of the invention;,
[0042] FIG. 6B is a flowchart depicting amethod for in vivo
analysis according to another embodiment of the invention;
and

[0043] FIG. 6C is a flowchart depicting a method for in
vitro analysis according to an embodiment of the invention.
[0044] It will be appreciated that for simplicity and clarity
of illustration, elements shown in the figures have not neces-
sarily been drawn to scale. For example, the dimensions of
some of the elements may be exaggerated relative to other
elements for clarity. Further, where considered appropriate,
reference numerals may be repeated among the figures to
indicate corresponding or analogous elements.

DETAILED DESCRIPTION OF THE INVENTION

[0045] Inthe following detailed description, numerous spe-
cific details are set forth in order to provide a thorough under-
standing of the invention. However, it will be understood by
those skilled in the art that the present invention may be
practiced without these specific details. In other instances,
well-known methods, procedures, and components have not
been described in detail so as not to obscure the present
invention.

[0046] Some embodiments of the present invention are
directed to a typically one time use or partially single use
detecting device, which may be used as an in vitro analysis
kit. Other embodiments of the present invention are directed
to a typically in vivo device, e.g. a swallowable device that
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may passively or actively progress through the gastrointesti-
nal (GI) tract, pushed along, in some embodiments, by natural
peristalsis. Some embodiments are directed to in vivo sensing
devices that may be passed through other body lumens such
as, for example, through blood vessels, the reproductive tract,
etc. The in vivo device may be, for example, a sensing device,
an imaging device, a diagnostic device, a therapeutic device,
or a combination thereof. In some embodiments, the in vivo
device may include an image sensor or an imager. Other
sensors may be included, for example, a pH sensor, a tem-
perature sensor, and a pressure sensor, sensors of other in vivo
parameters or compounds, or the like.

[0047] Devices and methods, including in vivo sensing
devices, receiving systems, and display systems, according to
embodiments of the present invention may be similar to
embodiments described in U.S. Pat. No. 5,604,531 to Iddan et
al., entitled “In Vivo Video Camera System”, and/or in U.S.
patent application Ser. No. 09/800,470, entitled “A Device
and System for In vivo Imaging”, filed on Mar. 8, 2001,
published on Nov. 1, 2001 as United States Patent Application
Publication Number 2001/0035902, and/or in U.S. patent
application Ser. No. 10/046,541, entitled “System and
Method for Wide Field Imaging of Body Lumens”, filed on
Jan. 16, 2002, published on Aug. 15, 2002 as United States
Patent Application Publication Number 2002/0109774, and/
or in U.S. patent application Ser. No. 10/046,540, entitled
“System and Method for Determining In Vivo Body Lumen
Conditions”, filed on Jan. 16, 2002, published on Aug. 15,
2002 as United States Patent Application Publication Number
2002/0111544, all of which are hereby incorporated by ref-
erence in their entirety. Devices as described herein may have
other configurations and sets of components. An external
receiver/recorder unit, a processor and a monitor, e.g., in a
workstation, such as those described in the above publica-
tions, may be suitable for use with some embodiments of the
present invention. Devices and systems as described herein
may have other configurations and/or other sets of compo-
nents. For example, the present invention may be practiced
using an endoscope, needle, stent, catheter, etc. Some in vivo
devices may be capsule shaped, or may have other shapes, for
example, a peanut shape or tubular, spherical, conical, or
other suitable shapes.

[0048] Some embodiments of the present invention may
include, for example, a typically swallowable in vivo device.
In other embodiments, an in vivo device need not be swal-
lowable and/or autonomous, and may have other shapes or
configurations. Some embodiments may be used in various
body lumens, for example, the GI tract, blood vessels, the
urinary tract, the reproductive tract, or the like. In some
embodiments, the in vivo device may optionally include a
sensor, an imager, and/or other suitable components.

[0049] Embodiments of the in vivo device are typically
autonomous and are typically self-contained. For example,
the in vivo device may be or may include a capsule or other
unit where all the components are substantially contained
within a container, housing or shell, and where the in vivo
device does not require any wires or cables to, for example,
receive power or transmit information. The in vivo device
may communicate with an external receiving and display
system to provide display of data, control, or other functions.
For example, power may be provided by an internal battery or
a wireless receiving system. Other embodiments may have
other configurations and capabilities. For example, compo-
nents may be distributed over multiple sites or units. Control
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information may be received from an external source. FIG. 1
is a schematic illustration of a detection unit and/or a basic
module of a detection system according to an embodiment of
the invention. In some embodiments, an analyzing or detect-
ing unit 200 may include, for example, an inlet 21, a reaction
chamber 22, a waste chamber 24 and a gate 25 to control, for
example, the passage from the reaction chamber to the waste
chamber and from the inlet 21 to the reaction chamber 22. The
reaction chamber 22 and the waste chamber 24 may be con-
nected, for example, by a tube 23 plugged by gate 25.
Although the example shown in FIG. 1 illustrates a reaction
chamber 22 and waste chamber 24, other chambers, such as,
for example, storage chambers may be included in unit 200.
The tube 23 may be, for example, a capillary or any other
suitable connecting passage. Gate 25 may be activated by a
change in temperature (e.g. wax that melts when the device
reaches a specified temperature, e.g. body temperature), by
electrical command, or by other controllable methods.
According to some embodiments, one or more chambers in
unit 200 may be a storage chamber and may include, for
example, buffers and/or reagents. Gate 25 may be similar to
gating mechanisms that may be described in International
Patent Application Number PCT/IL.2005/000524 entitled
“Device, System and Method for In-Vivo Sampling”, and
published under International Publication Number WO2005/
113374 on Dec. 1, 2005 which is hereby incorporated by
reference in its entirety. According to some embodiments,
one or more types of reactions may occur in reaction chamber
22. For example, a molecule capable of changing optical
properties of a substrate, e.g., TMB (tetra-methy] benzidine)
may be attached to a target analyte. An antibody, or other
binding molecule for the target analyte, may be immobilized
to reaction chamber 22, such that the target analyte will
adhere to the antibody and the molecule attached to it will
essentially be immobilized to the reaction chamber 22 when
the molecule-analyte containing sample passes through the
reaction chamber 22. The gathering of the molecule in reac-
tion chamber 22 may cause, for example, an optical change in
reaction chamber 22.

[0050] It should be appreciated that the term “antibody” as
used throughout the specification and claims may include a
complete polypeptide or functional parts of the polypeptide
such as antigen binding fragments (Fab) that include the
variable ends of an antibody or any analogs (including syn-
thetic peptides) with a similar functionality.

[0051] In one embodiment, the reaction chamber 22 may
contain, for example, immobilized nanocontainers for carry-
ing imaging agents that may be specifically reactant to a target
analyte. Known nanocontainers may include, for example,
liposomes, colloidosomes and/or polymerosomes. Other
known nanocontainers may be used. According to one
embodiment of the present invention, liposomes may include
bilayers of phospholipids around a hydrophobic core. In
another embodiment, the liposome may be composed of more
than bilayer and may consist of a multilayer of confronting
lipid layers.

[0052] According to one embodiment of the present inven-
tion, conjugated nanocontainers, e.g. liposomes, may be
filled with, for example, pH sensitive color in low strength
buffer possessing a pH different from and/or opposite that of
the sample and/or analyte. Rupture of the nanocontainers may
occur as a result of a reaction with a target analyte. Upon
rupturing of the nanoparticles and exposure of, for example,
the pH sensitive color to the sample, a change of color may
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occur that may be, for example, optically detectable and/or
visible. In other examples, the nanocontainers, e.g. the poly-
mersome, may be filled with an alternate or additional mol-
ecule (e.g. fluorescence material, material having fluores-
cence properties) capable of changing optical properties of a
substrate.

[0053] According to one embodiment, the nanoparticles
with anti-targeting agents (e.g. antibodies) may be immobi-
lized to reaction chamber 22, such that the reaction between
the nanoparticles and the analyte, e.g. target molecule-analyte
may occur in the reaction chamber 22. Waste chamber 24 may
be vacuum-packed or otherwise packed at a pressure that may
be lower than the pressure of reaction chamber 22 and gate 23
may be initially closed (e.g. facilitating a pressure gradient).
In one embodiment reaction chamber 22 may be initially
filled with liquid that may for example protect the nanocon-
tainers and may provide long term storage capabilities. The
reaction chamber 22 may be packaged at atmospheric pres-
sure and/or at a pressure of the in vivo fluid to be sampled. To
operate the detection unit, gate 25 may be opened and the
pressure gradient between the reaction chamber 22 and waste
chamber 24 (waste chamber 24 may be vacuum-packed) may
drive the storage liquid from reaction chamber 22 through the
capillary tube 23 to waste chamber 24 and the sample to be
analyzed into reaction chamber 22 through inlet 21. The
gathering of the analyte, e.g. target molecule present in the
sample in reaction chamber 22 may cause, for example, rup-
ture of the nanoparticles and/or an optical change in reaction
chamber 22. In another embodiment the vacuum in waste
chamber 24 may be replaced, for example, by an absorbing
agent and a vent to release, for example, the excess of air from
waste chamber 24 due to the absorption of the storage liquid.
In other examples, more than one waste chamber 24 and gate
25 may be associated with a single reaction chamber 22, so
that for example, multiple samples may be drawn into reac-
tion chamber 22. Fach of the gates 25 may be controlled
separately so that each of the gates may be activated at a
separate time. Alternatively more than one gate 25 may be
activated simultaneously to draw in a larger volume of a
sample. Other configurations of reaction chamber 22, waste
chamber 24, gate 25, and tube 23 may be utilized.

[0054] FIG. 2 is a schematic illustration of an alternate
detection unit 201 and/or an alternate basic module of a
detection system according to an embodiment of the present
invention. According to this embodiment of the present inven-
tion, detection unit 201 may include more than one waste
chamber 24 and gate 25, e.g. waste chambers 24A, 24B, 24C
with corresponding gates 25A, 25B, 25C, that may be asso-
ciated with for example a single reaction chamber 22. One or
more tubes 23 may facilitate passage between each of the
waste chambers 24A-C and the reaction chamber 22. Addi-
tional chambers, for example, substrate chamber 26, washing
solution chamber 27 and or other chambers may also be
included in the detection unit 201 and connected with reac-
tion chamber 22 via a tube 23. Each of waste chambers 24 A-C
may be associated with an inlet 21 or one or more chambers,
e.g. substrate chamber 26, washing solution chamber 27, or
other chamber that may be designated to dispose at least some
of its contents to reaction chamber 22. Multiple inlets 21 may
be used. The waste chambers 24A-C together with the gates
25A-C may provide the driving and controlling mechanism
for initiating flow in and out of reaction chamber 22.

[0055] In some embodiments, one or more reaction cham-
ber 22 may be included in detection unit 201. For example,
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reaction chamber 22 may have immobilized thereon a detect-
ing reagent, e.g., a tumor specific antibody. The immobilized
reagent may be capable of binding a target analyte (for
example, the substance of interest in a sample, to be deter-
mined by analysis) or a protein that may be used as a marker
(e.g., a tumor marker) connected to labeled analyte, e.g., an
analyte-color compound for example, to detect a disorder. In
some embodiments, the immobilized reagent may be capable
ofbinding a labeled analyte, e.g., an analyte-color compound.
In some embodiments, after a reaction occurs, for example,
after at least a predetermined amount of labeled or non-
labeled analyte binds to a detecting reagent in the one or more
reaction chamber 22, the sample, which may include, for
example, unbound components, may be transported through
one of the tubes 23 to one or more of the waste chambers
24A-C.

[0056] According to one embodiment of the present inven-
tion, the presence of an enzyme in a sample may be deter-
mined. Initially an antibody or other binding molecule may be
immobilized to reaction chamber 22. Activating or opening
gate 25A may facilitate drawing in a sample of an in vivo
liquid and/or secretion, for example a sample that may
include enzymes, e.g. Pepsin in stomach juice. The enzyme,
e.g. the targeted Pepsin present in the sample may adhere to
the immobilized antibody and as such the target enzyme may
be immobilized to reaction chamber 22. A substrate for the
target enzyme stored in chamber 26 may then be passed
through reaction chamber 22 by opening gate 25B associated
with waste chamber 24B and gate 25D associated with sub-
strate chamber 26. A typically visible enzyme-substrate inter-
action may occur in reaction chamber 22 when introducing
the colored substrate from substrate chamber 26. Typically,
after the reaction occurs an optical change may be detected in
reaction chamber 22. Typically the rate of change will be
proportional to the amount of the immobilized and/or bound
enzyme. The sample, which may contain, for example,
unbound components, may be washed away by transporting
washing solution stored in washing solution chamber 27
through gates 25E and 25C to waste chamber 24C. Washing
away unbound components may facilitate optical detection
and measurement of the bounded enzymes.

[0057] According to some embodiments, one or more
waste chambers 24A-C may be vacuum-packed, such that
activating one of gates 25A-C between reaction chamber 22
and a vacuum-packed waste chambers 24A-C may facilitate a
sample to be transferred to the reaction chamber 22 from the
inlet 21 and contents of reaction chamber 22 to be transferred
to a corresponding waste chamber 24A-C, e.g., at least due to
the pressure gradient between the two chambers. According
to other embodiments, one or more waste chambers 24A-C
may include an absorbent material, for example, cellulose or
absorption pad or other porous material, which may assist in
transporting a sample from reaction chamber 22. Waste
chambers 24A-C may be ventilated, e.g. by a small hole to
enable the release of excess of air to assist absorption.
According to some embodiments, tube 23 may assist in the
transfer of a sample to the waste chamber 24, for example, due
to capillary properties of tube 23 and/or due to applying an
appropriate coating of tube 23, e.g., a hydrophobic coating.
[0058] Insomeembodiments, materials suitable for manu-
facturing detection unit 200 and/or detection unit 201 may be
stable to the solutions that may be passed through it.

[0059] According to some embodiments, detection unit
200 and/or 201 may include materials capable of binding
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and/or being coatings with special properties, e.g., coating
capable of binding, or being derivatized to bind a detecting
reagent or a linker to the detecting reagent. Additionally or
alternatively, in some embodiments, the material may be
selected and/or modified so that it may not substantially bind
to the target marker or analyte. Some preferred materials, for
example, may not bind, or may not otherwise interact, with
other components (e.g., color or other labels) whose binding
may tend to increase a “background” signal in the assay
methods according to embodiments of the invention. Silicon,
glass quartz and verity plastic materials are examples of mate-
rials that may be used in the construction of detection unit 200
and/or 201 or parts thereof according to some embodiments
of the invention. Other minerals or materials may be used, for
example, ceramics, metals, paper, metalloids, semi-conduc-
tive materials, cements, or the like. Additionally or alterna-
tively, some substances that form gels, (e.g., gelatins),
lipopolysaccharides, silicates, agarose polyacrylamides and
nitrocellulose may be used for attachment and/or immobiliz-
ing the proteins to the chamber. A wide variety of organic and
inorganic polymers, both natural and synthetic, may be
employed as chamber and/or tube materials. Polymeric mate-
rials may form rigid, semi-rigid, or non-rigid, opaque, semi-
opaque, or transparent structures, e.g., depending upon the
use for which they are intended. For example, units or sys-
tems that include an optical or visual detection element may
generally be fabricated, at least in part from transparent mate-
rials to allow or at least facilitate such detection.

[0060] According to some embodiments, a detecting
reagent may be immobilized or affixed to a structure of detec-
tion unit 200 and/or 201, e.g., to walls or the floor of reaction
chamber 22. In some embodiments, the reaction chamber 22
walls or floor may be derivatized or otherwise treated to be
capable of affixing thereon detecting reagents. In other
embodiments, detecting reagents may be affixed onto at least
part of reaction chamber 22 via a coating of a material that
may have functional groups (e.g., amino or acid groups) that
can immobilize certain kinds of molecules directly or onto
which another layer of binding molecules have been attached
via the functional groups, allowing the exposed binding mol-
ecules to bind a certain target molecule, e.g. allowing an
antigen-antibody binding event to take place. According to
some embodiments, gate 25 may include, for examiple, one or
more pumps or switches, e.g., micro-switches, micro-pumps,
Micro Electro Mechanical System (MEMS) switches,
MEMS pumps, NEMS (Nano Electro Mechanical System),
or the like, which may be controlled automatically, for
example, utilizing an internal loop or on-board electronic
controller or by an external operator.

[0061] According to some embodiments, gate 25 may
include dissolvable or meltable materials, for example,
waxes, gels, fuses, etc. For example, gate 25 may be opened
in a pH dependant manner or a temperature dependant man-
ner, e.g., by use of pH or temperature sensitive materials in
constructing the gate 25. In some embodiments, gate 25 may
be opened in a time dependant manner; for example, gate 25
may partially or substantially entirely dissolve by a liquid
sample in reaction chamber 22, e.g., in accordance with
known or calculated kinetics. Upon substantial dissolution of
gate 25, there may be substantially unobstructed passage of is
the sample from the reaction chamber 22 to the waste cham-
ber 24.

[0062] According to some embodiments, gate 25 may
include a thermal plug. For example, a change of temperature,
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e.g., from room or environment temperature to body tempera-
ture, may cause the gate or plug material (e.g., temperature
sensitive hydro gels) to expand or shrink, such that it is pushed
out or away of its place, thereby opening or closing a passage
between two chambers in detection unit 200.

[0063] FIG. 3 is a schematic illustration of a detection
system 300 according to an embodiment of the invention.
Detection system 300, for example, may include one or more
detection units 200 and/or 201. Detection system 300 may
include addition suitable detection units and/or components.
[0064] Inaccordance with some embodiments, a glass, sili-
con or other suitable material chip or wafer 30 may include a
set of reaction and/or storage chambers and a set of corre-
sponding waste chambers and may be described herein. The
reaction and/or storage chambers and waste chambers may be
connected through one or more tubes and/or controllable
gates as may be described herein. The gates may be opened
and/or closed in a controllable manner, e.g., by causing an
electrical current through the gate material or through the
sample material, by using chemical or other methods of con-
trolling gates (e.g., switches) or other materials suitable for
blocking a passage, by using pH sensitive gates, by using
temperature sensitive gates, or the like as may be described
herein.

[0065] Insomeembodiments, forexample,a sample cham-
ber 301 may include a dry buffer, e.g., dry phosphate buffer
P3288 available from Sigma-Aldrich (www.SigmaAldrich.
com). An inlet 311, e.g. and inlet gate, may open a sample
chamber 301 to allow a sample to enter the sample chamber
301. In one example, sample chamber 301 may be vacuum-
packed to facilitate drawing in of the sample from the in vivo
environment. For example, an endo-luminal sample may be
collected, and may dissolve the dry buffer in the sample
chamber 301, thereby achieving an appropriate solution for a
binding reaction (e.g., achieving a desired pH, salt concen-
tration, or the like). Gate 312 and 312A may then be opened,
exposing for example vacuum-packed waste chamber 32 so
as to drive the buffered sample to pass into a reaction chamber
302. Reaction chamber 302 may include a detection reagent,
for example, immobilized onto or in the reaction chamber
302. An analyte and/or a target marker in the buffered sample
may bind to the detection reagent and may become affixed in
reaction chamber 302.

[0066] Insomeembodiments, an appropriate buffer from a
storage chamber 304 may pass through a gate 314 and may
enter into a storage chamber 303 that may be vacuum-packed.
The storage chamber 303 may include, for example, a labeled
detector particle, e.g., a conjugated antibody. The detector
particle may be an antigen conjugated to a suitable label, for
example, gold particle, colored particle, colored polymer par-
ticle, a fluorescent label and/or particle with a fluorescent
property, a liposome, a liposome containing a fluorescence
material, a liposome containing a colored material, a colored
label, a magnetic label, a magnetizable label, a radioactive
label, iron-oxide particle, or the like, the conjugate is lyo-
philized and stored dry to enable long shelf life to the diag-
nostic kit.

[0067] After a predetermined period of time allowing dis-
persion of labeled particles into buffer to occur in storage
chamber 303, a gate 313 and gate 322 may be opened to allow
the buffered sample in reaction chamber 302 to be absorbed in
waste chamber 305 driving labeled detector particles to into
reaction chamber 302. The labeled detector particles may be
capable of binding the analyte or target marker; accordingly,
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labeled particles may bind the marker molecules or com-
pounds that may be bound to the immobilized detection
reagent in reaction chamber 302. In some embodiments, sub-
stantially continuous flow of buffered labeled detector par-
ticles from chamber 303 to reaction chamber 302 may be
ensured, for example, by opening a gate 312B connecting
reaction chamber 302 to an additional waste chamber 33. A
second binding reaction may occur in reaction chamber 302,
e.g., binding of the labeled particle to the pre-bound analyte
or marker.

[0068] In some embodiments, the procedure described
herein may result in, for example, binding of a detectable
label in reaction chamber 302 only if a marker or target
analyte was present in the endo-luminal sample. Reaction
chamber 302 may be in the field of view of a sensing device,
for example, a Charge Coupled Device (CCD) imager, a
Complementary Metal Oxide Semiconductor (CMOS)
imager, photo-detector, an in vivo imager, or the like. Accord-
ingly, a visibly detectable concentration of label may be
imaged or detected by the imager. In one example, an optical
system, e.g. an optical system including one or more lens,
filters, prisms, etc., to focus an image of at least part of the
detection system onto the imager. In some embodiments,
images of at least a portion of the content of reaction chamber
302 may be transmitted to a receiving device, e.g., an external
receiver/recorder unit outside a patient’s body. Other sensing
devices may be used in accordance with embodiments of the
invention. For example, non-optical detectors or sensors may
beused, e.g., fluorescence detectors, radiation detectors, elec-
trical charge detectors, detectors of a change in a magnetic
field, or the like. In some embodiments, for example, Hall
Effect or Giant Magneto-Resistive (GMR) detectors or sen-
sors may be used, e.g., to detect the presence and/or concen-
tration of antibodies labeled with magnetized particles.
[0069] Insome embodiments, a piezoelectric device or unit
may be attached or integrated into the device, for example, to
improve mixing and/or to reduce binding reaction times. In
some embodiments, detection system 300 may be manufac-
tured using suitable fluidics systems constructing techniques.
In some embodiments, for example, system 300 may be con-
structed such that a pressure gradient therein which may be
utilized, for example, for transporting fluids between or
among chambers of system 300. For example, some embodi-
ments of the present invention may be used in conjunction
with one or more embodiments, components, devices and/or
methods (e.g., fluidic methods, fluid transportation methods,
or the like) described in U.S. Pat. No. 6,453,928 to Kaplan et
al., entitled “Apparatus and Method for Propelling Fluids”,
which is hereby incorporated by reference in its entirety. In
some embodiments, for example, fluids may be transported
through chambers using chromatography methods, wicking,
bridging, or other suitable methods.

[0070] In some embodiments, reactions and/or fluid pas-
sage may be facilitated utilizing suitable techniques, for
example, by heating a reaction chamber, by vibrating a reac-
tion chamber, or the like. Heating may be performed, for
example, utilizing electric and/or chemical based heating
methods. Vibration may be caused, for example, by utilizing
a piezoelectric crystal, a piezoelectric element or component,
and/or magneto-strictive materials (e.g., Terfenol-D). Other
suitable methods of heating or vibrating may be used.
[0071] In some embodiments, the driving force for trans-
porting liquid from one compartment to the other may be
facilitated by vacuum that will suck the liquid once the gate is
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opened and/or activated. In other embodiments the liquid
and/or fluid may be drawn from one chamber to the other by
absorption once the gate is activated. In other examples a
pressure may be generated (e.g. in a timely manner) to force
liquids out of a chamber e.g. by using an electrolysis reaction
in a chamber, thereby generating gas in the chamber that may
raise the pressure in the chamber, and may thus, for example,
force liquids out of the chamber. Other suitable methods may
be used according to embodiments of the invention.

[0072] Foranin vivo sensing device, e.g. in vivo ingestible
imaging devices, a typical arrangement may be based on thin
layer technologies with chamber dimensions that may range
from sub micro-liters to hundreds of micro-liters, typically in
the range of 1-10 micro-liters. Other suitable dimensions and
sizes may be used.

[0073] Referenceis now madeto FIGS. 4A and 4B showing
a schematic top and cross sectional view of a micro-fluidic
detection system based on said thin layer technology. In some
embodiments, detection system 600 may be relatively easy to
manufacture, and/or may require minimum passage space for
the samples being transferred through the detection system
600. Such micro-fluidic detection systems 600 may include
but may not limited to a substrate 63 made of silicon wafer
with a typical thickness of approximately and/or in the order
of magnitude of 0.5 mm or a slab of glass or a slab of plastic
orany other suitable material. Other dimensions may be used.
A cover 61 and spacer 62 may be bonded or adhered to the
substrate 63 and may be constructed with one or more of the
materials described herein, acombination of materials, or any
suitable materials known in the art. The substrate may be a
multi-layered substrate. In some embodiments, the dimen-
sions of the chambers and/or passages may be as small as
possible, consistent with ease of handling and mechanical
stability, to reduce the amount of sample required for an
assay. Dimensions may range, for example, from a character-
istic dimension of about 10 micron to about 1000 micron.
Liquid volumes of, for example, from about 1 micro-liter to
about 100 micro-liters may be transferred through a system
according to some embodiments of the invention. Other sizes
and volumes may be used.

[0074] In some embodiments, micro-fluidic detection sys-
tem 600 may be used to detect a variety of markers or target-
ing agents. The micro-fluidic detection system 600 in FIGS.
4A and 4B may include, for example, a cover layer 61 that
may be fabricated from, for example, plastic or glass or any
other suitable transparent material and may be glued or
bonded to a spacer 62. The cover layer 61 may have corre-
sponding openings 601A and 601B that may be sealed with
for example, a pH sensitive or a temperature sensitive mate-
rial creating a gate, that may be opened only when the in vivo
device may reach a desired destination e.g. for an ingestible in
vivo device, the cover may be made of a paraffin material
dissolving at a specific temperature, e.g. body temperature or
temperature of 36 degree Celsius such that it may open in
vivo. In another example, the gate may be fabricated by
gelatin or similar pH sensitive material that may dissolve only
when the in vivo device may reach, for example, the acidic
stomach In yet another example, the gate may be sealed with
wax or plastic like Polyvinylidene Chloride (PVDC) that may
melt when the gate is heated with a heater (e.g. a coil and/or
heating element 603A and 603B may be constructed of a heat
conducting material, e.g. aluminum that may be operatively
connected to a power source like a battery or charged capaci-
tor and a controller that may operate the coils 603A and 603B
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atadesire time or location). Channels 602 and reaction cham-
bers 672A-C may be formed, for example by cutting suitable
slits in spacer 62 using methods known in the art. Buy bond-
ing or gluing the spacer 62 to a substrate 63 below and to the
covers 61 above, a hollowed cannel may be formed creating
both: fluidic communications 602 and the reaction chambers
672A-C. More or less chambers may be used. In some
embodiments the driving force for driving the sample into the
chambers may be capillary forces. In such cases air should be
released e.g. through a hole 601B that may be opened along
with inlet opening 601A.

[0075] Reference is now made to FIG. 4C showing a cross
sectional view of micro-fluidic detection system 600A based
on said thin layer technology according to another embodi-
ment of the invention. In FIG. 4C one or more storage cham-
bers 612 accompanied by one or more vacuum-packed waste
chambers 662 with one or more gates 621 that may be used to
facilitate entrance of the in vivo sample through hole 601 into
sample chamber 612 as may have been described herein.
Alternatively, storage chambers 612 may be vacuumed
packed and include a gate that may be opened to allow the in
vivo sample to enter through opening 601 and collect in one
or more sampling chambers 612.

[0076] Insome embodiments substrate 63 may be made of
silicon with pad oxide layer grown on one or both side, e.g. a
side facing 62B, using standard oxidation techniques, on the
oxide layer a silicon nitride layer may be formed using stan-
dard Low Pressure Chemical Vapor Deposition (LPCVD)
technique. Other techniques may be used. Chambers and or
cavities, e.g. waste chamber 662 and reaction chamber 672
may be formed by using standard silicon lithography and
etching methods well known in the art. A layer of about 1
micron of aluminum or another suitable layer of electrically
resistive material may be applied. By using lithographic
methods well known in the art an electrical heater may be
formed just below reaction chamber 672. Spacer 62B with an
outlet to waste chamber 682 may be produced using standard
thin layer technology. By gluing or bonding the silicon wafer
63 to spacer 62B and cover 61B in a vacuumed chamber, an
airless, or vacuum-packed waste chamber 682 may be formed
together with a gate 692. The heater of the gate 692 may be
thermally coupled to the brittle siliconnitride, heating the thin
nitride layer will create a mechanical stress that will breach
the sealing layer and the gate may be opened, e.g., to allow air
or sample from reaction chamber 672 to move into waste
chamber 682.

[0077] On the upper side of the silicon for example a poly-
meric sealing layer like Kapton® or PVDC or any other
suitable sealing layer can be used. This sealing layer may also
be coated with aluminum or other thermal heater as described
above and bonded to spacer 62A. A variety of analysis mate-
rials like dry buffers, Iyophilized conjugated liposomes, or
any other conjugates and/or immobilized antigens or target-
ing agents can be applied to both reaction chambers 672 and
sample chambers 612. The final assembly is created by gluing
or bonding the cover 61A to spacer 62A and spacer 62A with
the cover and sealing layer to silicon wafer 63. In a preferred
embodiment the final bonding may also be made in a vacuum,
turning also storage chamber 612 and reaction chamber 672
into vacuum-packed chambers. In another embodiment more
then 3 set of chambers may be produced in parallel. Accord-
ing to one embodiment of the present invention, more than
one storage chamber 612 may be used and more than one
reaction chamber 672 may be used to substantially simulta-
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neously test for different analytes in a sample. For example, a
plurality and/or matrix of storage chambers 612, reaction
chambers 672, and waste chambers 662 and 682 may be
included in a single detection unit 601.

[0078] In a preferred embodiment one or more storage
chambers 612 may contain dry buffer with dry or lyophilized
antibody conjugate. The conjugate may be based on gold
particles. Other colored particles, liposomes or polymersones
filled with detecting substances (e.g. fluoresces materials)
may be used. In other embodiments iron oxide or other para-
magnetic particles may be used. Fach chamber may have a
different antibody or targeting agent reacting to different
analyte or different disorder. One or more reaction chamber
672 may contain reagent immobilized to the chamber walls of
the reaction chamber 672, such that a binding reaction may
occur between the said reagent and a congregate analyte that
may be present in the sample entering from chamber 612.

[0079] One of a plurality of storage chambers 612 may act
as a reference or calibration and may include, for example,
standard antibody-antigen-congregate at a predetermined
concentration at storage 612 to serve as a reference

[0080] In a preferred embodiment detection system 600
may be part of an in vivo device, e.g. an ingestible imaging
device. After the ingestible imaging device is swallowed and
penetrates into the stomach, the gelatin comprising gate 601 A
and 601B may come in contact with stomach juices and
dissolve. As a result the stomach juices may enter through an
opening 601 and reach one or more sample chambers 612.
The buffer stored in those sample chambers 612 may be
dissolved enabling the reaction between targeted agents that
may be present in the sample and the conjugates. Ata prede-
termined time, the heating element 603A and 603B at one or
more gates 622 may be activated and may open one or more
gates 622 and. The solution containing detection particles
(e.g., target-antibody-color conjugate) may be transferred
from one or more sample chambers 612 to one or more
reaction chambers 672 to allow reaction of the target-anti-
body-conjugates with the immobilized reagents of one or
more reaction chambers 672. After another period of time to
allow the reaction to be accomplished opening of a gate 692
may allow the liquid from reaction chamber 672 to be sucked
into one or more waste chambers 682. The reactions that may
oceur in one or more reaction chambers 672 may result in an
indication of the presence and/or concentration of an analyte
in the sample. The color change of the walls of the reaction
chamber 672 located below chamber 612 that contained the
standard antibody-antigen-congregate at a predetermined
concentration, e.g. the reference reaction chamber, may rep-
resent a color change of a known concentration. By compar-
ing the intensity of the color change of that reference reaction
chamber 672 to the color change in other reaction chambers
672 quantitative data can be obtained.

[0081] Optionally, a mixing element, for example, a piezo-
electric element, may be added to the detection device to
facilitate mixing.

[0082] Insome embodiments, one or more reaction cham-
bers 672, or a portion thereof, may be, for example, in an
optical path or in the field of view of a photo detector, imager
or an image sensor, e.g., an in vivo imager, which may acquire
one or more images. Additionally or alternatively, one or
more reaction chambers 672 or its content, or a portion
thereof, may be exposed to a non-optical sensor or detector,
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e.g., to detect or sense the presence of an analyte, for example,
by change in magnetic field when paramagnetic particles are
used in the conjugate.

[0083] FIG.5is a schematic illustration of an in vivo sens-
ing system 400 according to an embodiment of the invention.
One or more components of system 400 may be used in
conjunction with, or may be operatively associated with, the
devices and/or components described herein or other in vivo
devices in accordance with embodiments of the invention. In
some embodiments, system 400 may include an in-vivo
device, e.g. ingestible device 140 having a sensor, e.g., an
imager 146, one or more illumination sources 142, a power
source 145, and a transmitter 141. In some embodiments
transmitter 141 may be replaced by a transceiver and/or a
receiver may be included within ingestible device 140 to
receive commands from an external source. In some embodi-
ments, ingestible device 140 may be implemented using a
swallowable capsule, In another embodiment ingestible
device 140 may be an implant inserted by minimal invasive
techniques but other sorts of devices or suitable implementa-
tions may be used.

[0084] Outside a patient’s body may be, for example, an
external receiver/recorder 112, which may include, or may
associated with, one or more antennas (or antenna elements),
optionally arranged as an antenna array. Receiver/recorder
112 may receive signals transmitted by the in vivo ingestible
device 140, for example, signals carrying image data, sensed
data, control data, or the like. Receiver/recorder 112 may, for
example, store the received data in a memory unit or a storage
unit. In other embodiments receiver/recorder 112 may
include a transmitter as well as a receiver and/or a transceiver
for receiving as well as transmitting information to ingestible
device 140.

[0085] Additionally, outside a patient’s body may be, for
example, a storage unit 119, a processor 114, and a monitor
118. In some embodiments, for example, processor 114, stor-
age unit 119 and/or monitor 118 may be implemented as a
workstation 117, e.g., a computer or a computing platform.
Workstation 117 may be connected to receiver/recorder 112
through a wireless or wired link or connection. Workstation
117 may receive from receiver/recorder 112 data that is
received and/or recorded by receiver/recorder 112. In some
embodiments, workstation 117 may receive the data from
receiver/recorder 112 substantially in real-time, and/or while
receiver/recorder 112 continues to receive and/or record data
from the in vivo ingestible device 140.

[0086] Transmitter 141 may operate using radio waves; but
in some embodiments, such as those where ingestible device
140 is or is included within an endoscope, transmitter 141
may transmit/receive data via, for example, wire, cable, opti-
cal fiber and/or other suitable methods. Other known wireless
methods of transmission may be used. Transmitter 141 may
include, for example, a transmitter module or sub-unit and a
receiver module or sub-unit, or an integrated transceiver or
transmitter 141 and receiver 196.

[0087] Ingestible device 140 typically may be or may
include an autonomous swallowable capsule, but ingestible
device 140 may have other shapes and need not be swallow-
able and/or autonomous. Embodiments of ingestible device
140 are typically autonomous, and are typically self-con-
tained. For example, ingestible device 140 may be a capsule
or an implant or other unit where all the components are
substantially contained within a container or shell, and where
ingestible device 140 does not require any wires or cables to,
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for example, receive power or transmit information. In some
embodiments, ingestible device 140 may be autonomous and
non-remote-controllable; in another embodiment, ingestible
device 140 may be partially or entirely remote-controllable.

[0088] In some embodiments, ingestible device 140 may
communicate with an external receiving and display system
(e.g., workstation 117 or monitor 118) to provide display of
data, control, or other functions. For example, power may be
provided to ingestible device 140 using an internal battery, a
charged capacitor or any other internal power source, or a
wireless system able to receive power. Other embodiments
may have other configurations and capabilities. For example,
components may be distributed over multiple sites or units,
and control information or other information may be received
from an external source.

[0089] In some embodiments, ingestible device 140 may
include an in vivo video camera, for example, imager 146,
which may capture and transmit images of, for example, the
GI tract while ingestible device 140 passes through the GI
lumen. Other lumens and/or body cavities may be imaged
and/or sensed by ingestible device 140. In some embodi-
ments, imager 146 may include, for example, a Charge
Coupled Device (CCD) camera or imager, a Complementary
Metal Oxide Semiconductor (CMOS) camera or imager, a
solid-state camera or imager, a linear imaging sensor, a line
imaging sensor, a full frame imaging sensor, a “camera on
chip” imaging sensor, a digital camera, a stills camera, avideo
camera, or other suitable imagers, cameras, or image acqui-
sition components.

[0090] In some embodiments, imager 146 in ingestible
device 140 may be operationally connected to transmitter
141. Transmitter 141 may transmit images to, for example,
external transceiver or receiver/recorder 112 (e.g., through
one or more antennas), which may send the data to processor
114 and/or to storage unit 119. Transmitter 141 may also
include control capability, although control capability may be
included in a separate component, e.g., processor 147. Trans-
mitter 141 may include any suitable transmitter able to trans-
mit image data, other sensed data, and/or other data (e.g.,
control data) to a receiving device. Transmitter 141 may also
be capable of receiving signals/commands, for example from
an external transceiver. For example, in some embodiments,
transmitter 141 may include an ultra low power Radio Fre-
quency (RF) high bandwidth transmitter, possibly provided
in Chip Scale Package (CSP).

[0091] Insomeembodiment, transmitter 141 may transmit/
receive via antenna 148. Transmitter 141 and/or another unit
in ingestible device 140, e.g., a controller or processor 147,
may include control capability, for example, one or more
control modules, processing module, circuitry and/or func-
tionality for controlling ingestible device 140, for controlling
the operational mode or settings of ingestible device 140,
and/or for performing control operations or processing opera-
tions within ingestible device 140. According to some
embodiments, transmitter 141 may include a receiver which
may receive signals (e.g., from outside the patient’s body), for
example, through antenna 148 or through a different antenna
or receiving element. According to some embodiments, sig-
nals or data may be received by a separate receiving device in
ingestible device 140.

[0092] Power source 145 may include one or more batteries
or power cells. For example, power source 145 may include
silver oxide batteries, lithium batteries, other suitable elec-
trochemical cells having a high energy density, or the like.
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Other suitable power sources may be used. For example,
power source 145 may receive power or energy from an
external power source (e.g., an electromagnetic field genera-
tor), which may be used to transmit power or energy to in vivo
ingestible device 140.

[0093] In some embodiments, power source 145 may be
internal to ingestible device 140, and/or may not require
coupling to an external power source, e.g., to receive power.
Power source 145 may provide power to one or more com-
ponents of ingestible device 140 continuously, substantially
continuously, or in a non-discrete manner or timing, or in a
periodic manner, an intermittent manner, or an otherwise
noncontinuous manner. In some embodiments, power source
145 may provide power to one or more components of ingest-
ible device 140, for example, not necessarily upon-demand,
or not necessarily upon a triggering event or an external
activation or external excitement.

[0094] Optionally, in some embodiments, transmitter 141
may include a processing unit or processor or controller, for
example, to process signals and/or data generated by imager
146. In another embodiment, the processing unit may be
implemented using a separate component within ingestible
device 140, e.g., controller or processor 147, or may be imple-
mented as an integral part of imager 146, transmitter 141, or
another component, or may not be needed. The processing
unit may include, for example, a Central Processing Unit
(CPU), a Digital Signal Processor (DSP), a microprocessor, a
controller, a chip, a microchip, a controller, circuitry, an Inte-
grated Circuit (IC), an Application-Specific Integrated Cir-
cuit (ASIC), or any other suitable multi-purpose or specific
processor, controller, circuitry or circuit. In some embodi-
ments, for example, the processing unit or controller may be
embedded in or integrated with transmitter 141, and may be
implemented, for example, using an ASIC.

[0095] In some embodiments, imager 146 may acquire in
vivo images continuously, substantially continuously, or in a
non-discrete manner, for example, not necessarily upon-de-
mand, or not necessarily upon a triggering event or an exter-
nal activation or external excitement; or in a periodic manner,
an intermittent manner, or an otherwise non-continuous man-
ner. In some embodiments, transmitter 141 may transmit
image data continuously, or substantially continuously, for
example, not necessarily upon-demand, or not necessarily
upon a triggering event or an external activation or external
excitement; or in a periodic manner, an intermittent manner,
or an otherwise non-continuous manner.

[0096] In some embodiments, ingestible device 140 may
include one or more illumination sources 142, for example
one or more Light Emitting Diodes (LEDs), “white LEDs”,
monochromatic LEDs, Organic LEDs (O-LEDs), thin-film
LEDs, an emissive electroluminescent layer or component,
Organic Electro-Luminescence (OEL) layer or component,
or other suitable light sources. [llumination sources 142 may,
for exaniple, illuminate a body lumen or cavity being imaged
and/or sensed. An optional optical system 150, including, for
example, one or more optical elements, lenses, composite
lens assemblies, magnifying lens, optical filters, prisms, grat-
ings, plane mirrors, curved mirrors, concave mirrors or ele-
ments, convex mirrors or elements, reflective surfaces, reflec-
tive elements, light tunnels, light diverting elements, light
focusing elements, or any other suitable optical elements,
may optionally be included in ingestible device 140. Optical
system 150 may, for example, aid in focusing reflected light
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onto imager 146, focusing illuminated light, and/or perform-
ing other light processing operations.

[0097] In some embodiments, illumination source(s) 142
may illuminate continuously, or substantially continuously,
for example, not necessarily upon-demand, or not necessarily
upon a triggering event or an external activation or external
excitement. In some embodiments, for example, illumination
source(s) 142 may illuminate a pre-defined number of times
per second (e.g., two or four times), substantially continu-
ously, e.g., for a time period of two hours, four hours, eight
hours, or the like; or in a periodic manner, an intermittent
manner, or an otherwise non-continuous manner.

[0098] Insomeembodiments, thecomponents of ingestible
device 140 may be enclosed within a housing or shell, e.g,,
capsule-shaped, oval, or having other suitable shapes. The
housing or shell may be substantially transparent or semi-
transparent, and/or may include one or more portions, win-
dows or domes (e.g., a dome-shaped window) which may be
substantially transparent or semi-transparent. For example,
one or more illumination source(s) 142 within ingestible
device 140 may illuminate a body lumen through a transpar-
ent or semi-transparent portion, window or dome; and light
reflected from the body lumen may enter the ingestible device
140, for example, through the same transparent or semi-
transparent portion, window or dome, or, optionally, through
another transparent or semi-transparent portion, window or
dome, and may be received by optical system 150 and/or
imager 146. In some embodiments, for example, optical sys-
tem 150 and/or imager 146 may receive light, reflected from
a body lumen, through the same window or dome through
which illumination source(s) 142 illuminate the body lumen.
[0099] Data processor 114 may analyze the data received
via external receiver/recorder 112 from ingestible device 140,
and may be in communication with storage unit 119, e.g,,
transferring frame data to and from storage unit 119. Data
processor 114 may provide the analyzed data to monitor 118,
where a user (e.g., a physician) may view or otherwise use the
data. In some embodiments, data processor 114 may be con-
figured for real time processing and/or for post processing to
be performed and/or viewed at a later time. In the case that
control capability (e.g., delay, timing, etc) is external to
ingestible device 140, a suitable external device (such as, for
example, data processor 114 or external receiver/recorder 112
having a transmitter or fransceiver) may transmit one or more
control signals to ingestible device 140. Monitor 118 may
include, for example, one or more screens, monitors, or suit-
abledisplay units. Monitor 118, for example, may display one
or more images or a stream of images captured and/or trans-
mitted by ingestible device 140, e.g., images of the GI tract or
of other imaged body lumen or cavity. Additionally or alter-
natively, monitor 118 may display, for example, control data,
location or position data (e.g., data describing or indicating
the location or the relative location of ingestible device 140),
orientation data, and various other suitable data. In some
embodiments, for example, both an image and its position
(e.g., relative to the body lumen being imaged) or location
may be presented using monitor 118 and/or may be stored
using storage unit 119. Other systems and methods of storing
and/or displaying collected image data and/or other data may
be used.

[0100] Typically, ingestible device 140 may transmit image
information in discrete portions. Each portion may typically
correspond to an image or a frame; other suitable transmis-
sion methods may be used. For example, in some embodi-
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ments, ingestible device 140 may capture and/or acquire an
image once every half second, and may transmit the image
data to external receiver/recorder 112. Other constant and/or
variable capture rates and/or transmission rates may be used.
[0101] Typically, the image data recorded and transmitted
may include digital color image data; in alternate embodi-
ments, other image formats (e.g., black and white image data)
may be used. In some embodiments, each frame of image data
may include 256 rows, each row may include 256 pixels, and
each pixel may include data for color and brightness accord-
ing to known methods. According to other embodiments a
320X320 pixel imager may be used. Pixel size may be
between 5 to 6 microns; other suitable sizes may be used.
According to some embodiments, pixels may be each fitted
with a micro lens. For example, a Bayer color filter may be
applied. Other suitable data formats may be used, and other
suitable numbers or types of rows, columns, arrays, pixels,
sub-pixels, boxes, super-pixels and/or colors may be used.
Optionally, ingestible device 140 may include one or more
sensors 143, instead of or in addition to a sensor such as
imager 146. Sensor 143 may, for example, sense, detect,
determine and/or measure one or more values of properties or
characteristics of the as surrounding of ingestible device 140.
For example, sensor 143 may include a pH sensor, a tempera-
ture sensor, an electrical conductivity sensor, a pressure sen-
sor, or any other known suitable in vivo sensor.

[0102] In some embodiments, ingestible device 140 may
be, for example, an oblong, oval, or spherical capsule, and/or
may be swallowable and/or autonomous; other dimensions
and/or configurations may be used. In other embodiments
ingestible device 140 may be a flat implant with numerous
amount of analysis sets adjusted for under skin implantation.
In some embodiments, ingestible device 140 may include an
analyzing or detecting system 110. Detecting system 110,
may be part of, or may be constructed on, a wafer or chip, e.g.,
on a silicon, glass or plastic wafer. Detecting system 110 may
sample the in vivo environment, for example, by collecting a
sample of, e.g., endo-luminal liquid or cells or tissue. The in
vivo sample, and/or any marker that the sample may include,
may be reacted with a detecting reactant which may be
included within the detecting system 110. A reaction between
amarker and a detecting reactant may be optically visible and
may be imaged, for example, by imager 146. Images acquired
by imager 146 may include data relating to a reaction in
detecting system 110. The images may be transmitted by
transmitter 141 to receiver/recorder 12, and may be processed
and displayed, for example, using workstation 117.

[0103] Insomeembodiments, detecting system 110 may be
positioned or located in the in vivo ingestible device 140
within the field of view of the imager 146, for example, under
a window or dome of the in vivo ingestible device 140. In
some embodiments, for example, imager 146 may be able to
acquire images of at least a portion of the reaction result, or an
image of at least a portion of a reaction chamber of detecting
system 110. In other embodiments, for example, imager 146
may be able to acquire images of a body lumen. In still other
embodiments, for example, imager 146 may be able to
acquire images showing both a portion of a body lumen and a
portion of the reaction result and a portion of the reaction
chamber.

[0104] In some embodiments, ingestible device 140 may
include other suitable detection means, for example, as
described herein, and signals other than signals carrying
image data may be transmitted by transmitter 141.
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[0105] In some embodiments, ingestible device 140 may
optionally include a receiver 196, for example, a wired or
wireless (e.g., RF) receiver, able to receive signals from an
external transmitter. The received signals may include, for
example, control signals or commands, e.g., to open or close
one or more gates, tubes and/or chambers of detecting system
110, to activate or de-activate a mixing element of detecting
110, or to otherwise control detecting system 110.

[0106] In some embodiments, a marker or target analyte
may include an antigenic determinant, for example, antigen
bearing cells, e.g., cancerous cells, viruses, bacteria, fungi,
other parasites; or an antibody that may be present in a body
lumen, for example, antibodies produced in response to a
viral or bacterial attack or in response to the presence of a
tumor or other pathologies. In some embodiments, a marker
may further include substances, for example, chemical or
biological determinants, having affinity to a detecting reac-
tant. A detecting reactant may be, for example, a molecule or
compound capable of binding a marker. For example, detect-
ing reagents may include proteins, e.g., antibodies. nucleic
acids, or other biological or synthetic polymers. Other suit-
able substances or materials may be used.

[0107] In some embodiments, a reaction may take place
within detecting system 110, which may include a first (e.g.,
typically colored) detecting reagent adhering to a marker in a
sample, and a marker-color compound adhering to a second
(e.g., typically immobilized) detecting reagent. Other types
of reactions may occur. In some embodiments, the adhering
of the marker-color compound to the second reagent may
form a visible (e.g., colored or otherwise optically obscuring)
marking. In some embodiments, visible reactions may be
similar to, for example, pregnancy detection kits which utilize
a marker-color compound reaction with a second immobi-
lized detecting reagent. In some embodiments, other detec-
tion methods may be used, for example, agglutination proce-
dures.

[0108] Insomeembodiments atypically cancerous marker,
for example, Carcino Embryonic Antigen (CEA) or CA-19.9
or alike may be detected in GI tract fluids, e.g., using labeled
antibodies as detecting reagents. In some embodiments, dif-
ferent types of Pepsin, and different types of Gastrin may be
detected in the stomach. For example, using colored material
consumed by the Pepsin enzyme or by using antibody/antigen
reaction. In some embodiments, Nitric oxide (NO) may be
detected, for example, using color change or pH sensitive
reagents. Other materials or substances may be senses and/or
used.

[0109] In some embodiments, for example, a gate may
include elements and/or materials that may be heated to
shrink and/or expand and or melt, thereby clearing or filling in
a passage or a tube between chambers and enabling and/or
disabling passage of fluids through that passage or tube. Such
elements or materials may include, for example, fuses, reeds,
waxes, silicone oxide and nitrides, air bubbles, bubbles pro-
duced by electrolysis, and/or other suitable substances.
[0110] In some embodiments, opening and/or closing of
gates may be active, e.g., inresponse to an external command,
and/or passive, for example, in reaction to certain environ-
mental conditions, e.g., temperature, pH, moisture, pressure,
or the like.

[0111] Although portions of the description herein may
relate, for demonstrative purposes, to gates, embodiments of
the invention are not limited in this regard; for example, a gate
may include, or may be implemented using, a tube or passage
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which may be opened and/or closed, a tube or passage which
may be enabled or disabled, a barrier, a dissolvable element,
asemi-dissolvable element, a blocking element which may be
introduced or removed, a shutting or closing element which
may be introduced or removed, a valve, a one-way or a two-
way gate or valve, a one-way or two-way tube or passage, or
the like.

[0112] FIG. 6A is a flowchart depicting a method for a
diagnostic analysis according to an embodiment of the inven-
tion. In some embodiments, an in vivo device is used (e.g., an
autonomous in vivo device, a swallowable capsule, implant or
the like). In said embodiments one or some or all of the
operations of the method may be performed in vivo, and/or
while the in vivo device is within a patient’s body. In some
embodiments, for example, one or more operations may be
performed in vivo, and one or more operations may be pet-
formed in vitro or ex vivo.

[0113] As indicated in box 502, a fluid sample (e.g., a
sample from the GI tract) may be gathered or collected in
vivo.

[0114] As indicated in box 504, the in vivo sample may be
reacted with a first detecting reagent, for example, to obtain
binding of a marker, if present in the sample, to the first
detecting reagent. In some embodiments, the first detecting
reagent may be unlabeled, and may be affixed to a to certain
location, for example, to a reaction chamber in an in vivo
sensing or imaging device. As indicated in box 506, a typi-
cally labeled particle may be reacted with the compound of
the analyte and/or marker and the first detecting reagent. This
may be performed, for example, by binding of the labeled
particle to the typically immobilized compound of the marker
and the first detecting reagent.

[0115] As indicated in box 508, flushing or washing of the
labeled particle may be performed by opening a gate of a
washing solution chamber and a waste chamber so that the
excess unbounded labeled particles may be flushed into the
waste chamber.

[0116] As indicated in box 510, the binding of the labeled
particles to the immobilized compound may be detected, for
example, by imaging or otherwise sensing the label, thereby
indicating the presence and/or concentration of a marker in
the sample.

[0117] Reference is now made to FIG. 6B showing a flow-
chart depicting a method for analysis according to another
embodiment of the invention.

[0118] As indicated in box 602, a sample (e.g., a sample
from the GI tract) may be gathered or collected in vivo.
[0119] As indicated in box 604, the sample may be reacted
with a molecule capable of changing optical properties of a
substrate.

[0120] As indicated in box 606, an antibody, or other bind-
ing molecule for the target analyte, may be immobilized to a
reaction chamber such that the target analyte may adhere to
the antibody and the molecule attached to it will essentially be
immobilized to the reaction chamber when the molecule-
analyte containing sample passes through the reaction cham-
ber 22.

[0121] As indicated in box 608, the molecule with the
sample may be flushed into the reaction chamber and the
gathering of the molecule in reaction chamber 22 may cause,
for example, an optical change in reaction chamber that may
be detected, for example, by imaging or otherwise sensing the
label, thereby indicating the presence and/or concentration of
a marker in the sample.
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[0122] As indicated in box 610, the optical change may be
detected, by for example an image captured by an imager, the
output of a photo-detector, or by other suitable means. For
in-vitro applications the optical change may be detected by
the human eye.

[0123] Other detection methods may be used, for example,
detection of magnetic particles using a magnetic field change
detector. Other suitable operations may be used.

[0124] FIG. 6C is a flowchart depicting a method for in
vitro analysis according to an embodiment ofthe invention. In
some embodiments, one or some or all of the operations of the
method may be performed in-vitro, ex-vivo, outside a
patient’s body, at the physician office, in a laboratory, or the
like. In some embodiments, for example, one or more opera-
tions may be performed in vivo, and one or more operations
may be performed in vitro or ex vivo.

[0125] As indicated in box 712, a first gate between a
sample reservoir and a sampling chamber may be opened,
thereby enabling a sample to be drawn into the sampling
chamber.

[0126] As indicated in box 714, the first gate between the
sampling chamber and the sample reservoir may be closed,
thereby stopping the sampling (e.g., ending the sample col-
lection) and isolating the sampling chamber from the sample
reservoir.

[0127] As indicated in box 716, a second gate may be
opened between the sampling chamber and a reaction cham-
ber, for example, to enable the sample to be moved into the
reaction chamber. In other embodiments, detection systems
600A and 600 and/or detectionunits 300, 201, and 200 as may
have been described may be implemented in a diagnostic kit
to be used in vitro for physician office lab, emergency room or
other at patient bed applications. An in-vitro diagnostic kit
may typically be contained in a hosing shaped for table top or
hand set including display system to provide display of data,
control, and power that may be provided by an internal bat-

tery.

[0128] Other suitable operations or sets of operations may
be used.

[0129] While certain features of the invention have been

illustrated and described herein, many modifications, substi-
tutions, changes, and equivalents will now occur to those of
ordinary skill in the art. It is, therefore, to be understood that
the appended claims are intended to cover all such modifica-
tions and changes as fall within the true spirit of the invention.

1. An in vivo device to detect the presence of an analyte in
a fluid sample comprising:

an inlet for obtaining the fluid sample in vivo;

areaction chamber in which a detecting reagent reacts with
the analyte in the fluid sample;

a waste chamber;

a gate to fluidically connect the reaction chamber to the
waste chamber; and an imager on board said in vivo
device.

2. (canceled)

3. The in vivo device according to claim 1 wherein at least
part of the reaction chamber is transparent and is in an optical
path of the imager.

4. The in vivo device according to claim 1 wherein the
imager is a CMOS imager, a CCD imager or a photo-detector.

5-6. (canceled)

7. The in vivo device according to claim 1, wherein the
detecting reagent comprises an antibody.



US 2008/0114225 Al

8. The in vivo device according to claim 1, wherein the
detecting reagent is immobilized in the reaction chamber.

9. The in vivo device according to claim 1 wherein the
waste chamber is vacuum-packed.

10. The in vivo device according to claim 1 wherein a
pressure gradient between the waste chamber and the reaction
chamber facilitates flow when the gate is opened.

11. The in vivo device according to claim 1 wherein the
waste chamber includes an absorbing agent and a vent.

12. The in vivo device according to claim 1 wherein the
gate is sensitive to pH, temperature or electric current.

13-14. (canceled)

15. The in vivo device according to claim 1 wherein the
reaction chamber is embedded in a multi-layered substrate.

16-19. (canceled)

20. The in vivo device according to claim 1 wherein the
gate includes a silicon nitrite layer and a heating element.

21-22. (canceled)

23. The in vivo device according to claim 1 comprising a
sample chamber fluidically connected to the reaction cham-
ber, wherein the sample chamber includes a dry buffer.

24. (canceled)

25. The in vivo device according to claim 1 comprising a
washing solution chamber fluidically connected to the reac-
tion chamber, wherein the washing solution chamber
includes washing solution to wash the reaction chamber.

26. The in vivo device according to claim 1 comprising a
labeled-substance configured to bind to a reaction product,
wherein the labeled-substance is a conjugated antibody inte-
grated into a liposome.

27-34. (canceled)

35. The in vivo device according to claim 1 wherein the in
vivo device is an autonomous ingestible capsule.

36-37. (canceled)

38. A method for detecting the presence of an analyte in an
in vivo fluid sample, the method comprising:
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collecting the in vivo fluid sample into a detection system
in vivo, wherein the detection system comprises:
an inlet for obtaining the fluid sample in vivo;
a reaction chamber in which a detecting reagent reacts
with the analyte in the fluid sample;
a waste chamber;
a gate to fluidically connect the reaction chamber to the
waste chamber;
detecting a reaction between an analyte in the fluid sample
and the detecting reagent; and
imaging the reaction chamber.
39-40. (canceled)
41. The method according to claim 38 wherein the detect-
ing reagent is conjugated to an optically detectable particle.
42. The method according to claim 41 wherein the detect-
able particle is a colored polymer particle or a particle with
fluorescence properties.
43-93. (canceled)
94. A system to detect the presence of an analyte in a fluid
sample comprising:
an in vivo device comprising:
an inlet for obtaining the fluid sample in vivo;
a reaction chamber in which a detecting reagent reacts
with the analyte in the fluid sample;
a waste chamber;
a gate to fluidically connect the reaction chamber to the
waste chamber:;
an imager for imaging in vivo and a portion of the
reaction chamber: and
a transmitter for transmitting image data;
an external receiver device;
an external processor with a display unit;
wherein the external processor is configured to display
images obtained by the imager.
95. The system according to claim 94, wherein the fluid
sample is of the GI tract.
96-97. (canceled)
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