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Description
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 sub-
stances in body fluids orin 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 gastrointestinal (Gl) tract may indicate different
pathologies, depending on the location of the bleeding
along the Gl tract. Early detection, identification and lo-
cation 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 antibod-
ies. One of the drawbacks of this method is that the ap-
pearance of antibodies in the blood stream may usually
occur at a late stage of the disease, such that early de-
tection may not be possible.

[0004] Detection of some pathologies in the Gl tract
may be performed using an endoscope; however, such
detection may be limited to the upper or lower gastroin-
testinal tract. Thus, pathologies in other parts of the Gl
tract, such as, for example, the small intestine, may not
be easily detected by endoscopy.

[0005] Invitrotesting of body fluid samples for the pres-
ence of a suspected substance may be performed. For
example, immunoassays may be used for the determi-
nation, either qualitative or quantitative, of some sub-
stances, such as, for example, peptides, proteins, en-
zymes, hormones, vitamins, 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 a liquid 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 ana-
lyte, followed by a separation process that extracts the
bonded species from the rest of the sample. As the bond-
ing reaction might be slow, the sample and the binding
componentfor 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 ex-
ample of such a binding component may be a marker-
specific antibody, e.g., a monoclonal antibody with spe-
cificity for the marker in question. However, other kinds
of substances and structures may also qualify as a bind-
ing component

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

[0007] In many instances, locating an abnormally oc-
curring substance in a body lumen may greatly contribute
to the identification of pathology, and thus may contribute
to the facile treatment of the identified pathology.
[0008] Document US-A-2004/0115877 relates to an
autonomous in-vivo device comprising a fiber plate cover
capable of transferring to a sensor element an image of
a sample.

SUMMARY OF THE INVENTION

[0009] A system to detect the presence of an analyte
in a gastrointestinal fluid sample according to the inven-
tion is defined in claim 1.

[0010] According tothe invention, the system compris-
es a swallowable, in vivo device, e.g., an ingestible cap-
sule (e.g., an autonomous in vivo device), having a sam-
pling and analyzing or detecting system including an im-
aging device. A sampling point is imaged by an imager
of the imaging device, and image data from the imager
are transmitted and displayed outside the person’s body,
possibly together with other analysis results.

[0011] Insome embodiments, for example, the detect-
ing reagent may include an antibody; and the detecting
reagent may be immobilized in the reaction chamber.
[0012] In some embodiments, for example, the waste
chamber may be vacuum-packed.

[0013] In some embodiments, for example, the detec-
tion system device may further include a washing mech-
anism to wash the reaction chamber.

[0014] In some embodiments, for example, the gate
may include a pH-sensitive gate and/or a temperature-
sensitive gate.

[0015] A method is also disclosed which includes col-
lecting a liquid sample in vivo; reacting in vivo the col-
lected sample with a detecting reagent; binding a 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.

[0016] Embodiments of the invention may provide ad-
ditional and/or other benefits and/or advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The subject matter regarded as the invention is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. The invention, how-
ever, together with objects, features, and advantages
thereof, may best be understood by reference to the fol-
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lowing detailed description when read with the accom-
panying drawings in which:

Figure 1 is a schematic illustration of a detection unit
according to an embodiment of the invention;
Figure 2 is a schematic illustration of an alternate
detection unit according to another embodiment of
the invention;

Figure 3 is a schematicillustration of a detection sys-
tem according to an embodiment of the invention;
Figure 4A is a schematic illustration of top view of a
micro-fluidic detection system based on said thin lay-
er technology according to an embodiment of the
invention;

Figure 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;

Figure 4C is a schematic illustration of a multilevel
detection system according to an embodiment of the
invention;

Figure 5 is a schematic illustration of an in vivo sens-
ing device and system according to an embodiment
of the invention;

Figure 6A is a flowchart depicting a method for in
vivo analysis not part of the invention;

Figure 6B is a flowchart depicting a method for in
vivo analysis not part of the invention; and

Figure 6C is a flowchart depicting a method for in
vitro analysis not part of the invention.

[0018] It will be appreciated that for simplicity and clar-
ity of illustration, elements shown in the figures have not
necessarily been drawn to scale. For example, the di-
mensions of some of the elements may be exaggerated
relative to other elements for clarity. Further, where con-
sidered appropriate, reference numerals may be repeat-
ed among the figures to indicate corresponding or anal-
ogous elements.

DETAILED DESCRIPTION OF THE INVENTION

[0019] In the following detailed description, numerous
specific details are set forth in order to provide a thorough
understanding of the invention. However, it will be un-
derstood by those skilled in the art that the present in-
vention 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.

[0020] The present invention is directed to a typically
in vivo device, e.g. a swallowable device that may pas-
sively or actively progress through the gastro-intestinal
(GI) tract, pushed along, in some embodiments, by nat-
ural peristalsis. The in vivo device is an imaging device.
The in vivo device includes an an imager. Other sensors
may be included, for example, a pH sensor, a tempera-
ture sensor, and a pressure sensor, sensors of other in

10

15

20

25

30

35

40

45

50

55

vivo parameters or compounds, or the like. Devices in-
cluding in vivo sensing devices, receiving systems, and
display systems, according to embodiments of the
present invention may be similar to embodiments de-
scribed in United States Patent Number 5,604,531 to Id-
danetal., entitled "In Vivo Video Camera System", and/or
in United States Patent Application Number 09/800,470,
entitled "A Device and System for In vivo Imaging", filed
on March 8,2001, published on November 1, 2001 as
United States Patent Application Publication Number
2001/0035902, and/or in United States Patent Applica-
tion Number 10/046,541, entitled "System and Method
for Wide Field Imaging of Body Lumens", filed on January
16,2002, published on August 15, 2002 as United States
Patent Application Publication Number 2002/0109774,
and/or in United States Patent Application Number
10/046,540, entitled "System and Method for Determin-
ing In Vivo Body Lumen Conditions", filed on January 16,
2002, published on August 15, 2002 as United States
Patent Application Publication Number 2002/0111544.
Devices as described herein may have other configura-
tions and sets of components. An external receiver/re-
corder unit, a processor and a monitor, e.g., in a work-
station, 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 de-
scribed herein may have other configurations and/or oth-
er sets of components. 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.

[0021] The presentinvention includes a typically swal-
lowable in vivo device.

[0022] Embodiments of the in vivo device are typically
autonomous and are typically self-contained. For exam-
ple, 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 communicates with an external receiv-
ing 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. Oth-
er embodiments may have other configurations and ca-
pabilities. For example, components may be distributed
over multiple sites or units. Control information may be
received from an external source.

[0023] Figure 1is aschematicillustration of a detection
unit and/or a basic module of a detection system accord-
ing to an embodiment of the invention. An analyzing or
detecting unit 200 according to the invention includes an
inlet 21, a reaction chamber 22, a waste chamber 24 and
a gate 25 to control the passage from the reaction cham-
ber to the waste chamber. The reaction chamber 22 and
the waste chamber 24 may be connected, for example,
by a tube 23 plugged by gate 25. Although the example
shown in Figure 1 illustrates a reaction chamber 22 and



5 EP 1 843 697 B1 6

waste chamber 24, other chambers, such as, for exam-
ple, 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 con-
trollable 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/IL2005/000524 entitled "Device, System and Meth-
od for In-Vivo Sampling", and published under Interna-
tional Publication Number WO2005/113374 on Decem-
ber 1, 2005.

[0024] According to some embodiments, one or more
types of reactions may occur in reaction chamber 22. For
example, a molecule capable of changing optical prop-
erties of a substrate, e.g., TMB (tetra-methyl benzidine)
may be attached to a target analyte. An antibody, or other
binding molecule for the target analyte, may be immobi-
lized 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 reaction chamber 22 may cause, for exam-
ple, an optical change in reaction chamber 22.

[0025] Itshould be appreciated thatthe term "antibody"
as used throughout the specification and claims may in-
clude 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 synthetic peptides) with a similar functionality.
[0026] In one embodiment, the reaction chamber 22
may contain, for example, immobilized nanocontainers
for carrying imaging agents that may be specifically re-
actant to a target analyte. Known nanocontainers may
include, for example, liposomes, colloidosomes and/or
polymerosomes. Other known nonocontainers may be
used. According to one embodiment of the present in-
vention, 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.
[0027] According to one embodiment of the present
invention, 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 op-
posite that of the sample and/or analyte. Rupture of the
nanocontainers may occur as a result of a reaction with
atarget analyte. Upon rupturing of the nanoparticles and
exposure of, for example, the pH sensitive color to the
sample, a change of color may occur that may be, for
example, optically detectible and/or visible. In other ex-
amples, the nanocontainers, e.g. the polymersome, may
be filled with an alternate or additional molecule (e.g.
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fluorescence material, material having fluorescence
properties) capable of changing optical properties of a
substrate.

[0028] According to one embodiment, the nanoparti-
cles with anti-targeting agents (e.g. antibodies) may be
immobilized to reaction chamber 22, such that the reac-
tion between the nanoparticles and the analyte, e.qg. tar-
get molecule-analyte may occur in the reaction chamber
22. Waste chamber 24 may be vacuum-packed or oth-
erwise packed at a pressure that may be lower than the
pressure of reaction chamber 22 and gate 25 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 nano-
containers and may provide long term storage capabili-
ties. The reaction chamber 22 may be packaged at at-
mospheric pressure 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 stor-
age liquid from reaction chamber 22 through the capillary
tube 23 to waste chamber 24 and the sample to be an-
alyzed 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 ex-
ample, rupture 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 ex-
amples, 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
reaction chamber 22. Each of the gates 25 may be con-
trolled separately so that each of the gates may be acti-
vated 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 reac-
tion chamber 22, waste chamber 24, gate 25, and tube
23 may be utilized.

[0029] Figure 2 is a schematic illustration of an alter-
nate 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 invention, 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 associated 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. Additional cham-
bers, for example, substrate chamber 26, washing solu-
tion chamber 27 and or other chambers may also be in-
cluded in the detection unit 201 and connected with re-
actionchamber 22 via atube 23. Each of waste chambers
24A-C may be associated with an inlet 21 or one or more
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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 cham-
ber 22. Multiple inlets 21 may be used. The waste cham-
bers 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.

[0030] In some embodiments, one or more reaction
chamber 22 may be included in detection unit 201. For
example, reaction chamber 22 may have immobilized
thereon a detecting reagent, e.g., a tumor specific anti-
body. The immobilized reagent may be capable of bind-
ing a target analyte (for example, the substance of inter-
estinasample, to be determined 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 com-
pound for example, to detect a disorder. In some embod-
iments, the immobilized reagent may be capable of bind-
ing a labeled analyte, e.g., an analyte-color compound.
In some embodiments, after a reaction occurs, for exam-
ple, 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.

[0031] According to one embodiment of the present
invention, the presence of an enzyme in a sample may
be determined. Initially an antibody or other binding mol-
ecule may be immobilized to reaction chamber 22. Acti-
vating 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 stom-
ach 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 reac-
tion 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
interaction may occur in reaction chamber 22 when in-
troducing 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 meas-
urement of the bounded enzymes.

[0032] 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
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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 gradi-
ent between the two chambers. According to other em-
bodiments, one or more waste chambers 24A-C may in-
clude an absorbent material, for example, cellulose or
absorption pad or other porous material, which may as-
sist 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 cham-
ber 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.

[0033] In some embodiments, materials suitable for
manufacturing detection unit 200 and/or detection unit
201 may be stable to the solutions that may be passed
through it.

[0034] Accordingtosome embodiments, detection unit
200 and/or 201 may include materials capable of binding
and/or being coated with special properties, e.g., coating
capable of binding, or being derivatized to bind a detect-
ing reagent or a linker to the detecting reagent. Addition-
ally or alternatively, in some embodiments, the material
may be selected and/or modified so that it may not sub-
stantially bind to the target marker or analyte. Some pre-
ferred materials, for example, may not bind, or may not
otherwise interact, with other components (e.g., color or
otherlabels) whose binding may tend toincrease a "back-
ground" signal in assay methods Silicon, glass quartz
and verity plastic materials are examples of materials
that may be used in the construction of detection unit 200
and/or 201 or parts thereof according to some embodi-
ments of the invention. Other minerals or materials may
be used, for example, ceramics, metals, paper, metal-
loids, semi-conductive materials, cements, or the like.
Additionally or alternatively, some substances that form
gels, (e.g., gelatins), lipopolysaccharides, silicates, aga-
rose polyacrylamides and nitrocellulose may be used for
attachment and/orimmobilizing the proteins to the cham-
ber. A wide variety of organic and inorganic polymers,
both natural and synthetic, may be employed as chamber
and/or tube materials. Polymeric materials may form rig-
id, 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 systems
that include an optical or visual detection element may
generally be fabricated, at least in part, from transparent
materials to allow or at least facilitate such detection.
[0035] According to some embodiments, a detecting
reagent may be immobilized or affixed to a structure of
detection unit 200 and/or 201, e.g., to walls or the floor
of reaction chamber 22. In some embodiments, the re-
action chamber 22 walls or floor may be derivatized or
otherwise treated to be capable of affixing thereon de-
tecting reagents. In other embodiments, detecting rea-
gents may be affixed onto at least part of reaction cham-
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ber 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 mole-
cules to bind a certain target molecule, e.g. allowing an
antigen-antibody binding event to take place.

[0036] According to some embodiments, gate 25 may
include, for example, one or more pumps or switches,
e.g., micro-switches, micro-pumps, Micro Electro Me-
chanical System (MEMS) switches, MEMS pumps,
NEMS (Nano Electro Mechanical System), or the like,
which may be controlled automatically, for example, uti-
lizing an internal loop or on-board electronic controller or
by an external operator.

[0037] 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 de-
pendant manner, e.g., by use of pH or temperature sen-
sitive materials in constructing the gate 25. In some em-
bodiments, gate 25 may be opened in a time dependant
manner; for example, gate 25 may partially or substan-
tially entirely dissolve by a liquid sample in reaction cham-
ber 22, e.g., in accordance with known or calculated ki-
netics. Upon substantial dissolution of gate 25, there may
be substantially unobstructed passage of the sample
from the reaction chamber 22 to the waste chamber 24.
[0038] According to some embodiments, gate 25 may
include a thermal plug. For example, a change of tem-
perature, e.g., from room or environment temperature to
body temperature, 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.

[0039] Figure 3is aschematicillustration 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.

[0040] In accordance with some embodiments, a
glass, silicon or other suitable material chip or wafer 30
may include a set of reaction and/or storage chambers
and a set of corresponding 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 de-
scribed 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 control-
ling 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 de-
scribed herein.

[0041] In some embodiments, for example, a sample
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chamber 301 may include a dry buffer, e.g., dry phos-
phate 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, sam-
ple 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 bind-
ing 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.

[0042] In some embodiments, 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 in-
clude, 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 particle, a flu-
orescent label and/or particle with a fluorescent property,
a liposome, a lipsome containing a fluorescent material,
a liposome containing a colored material, a colored label,
a magnetic label, a magnetizable label, a radioactive la-
bel, iron-oxide particle, or the like, the conjugate is lyophi-
lized and stored dry to enable long shelf life to the diag-
nostic kit.

[0043] After a predetermined period of time allowing
dispersion of labeled particles into buffer to occur in stor-
age 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 into reaction chamber 302. The labeled
detector particles may be capable of binding the analyte
or target marker; accordingly, labeled particles may bind
the marker molecules or compounds that may be bound
to the immobilized detection reagent in reaction chamber
302. In some embodiments, substantially continuous
flow of buffered labeled detector particles from chamber
303 to reaction chamber 302 may be ensured, for exam-
ple, by opening a gate 312B connecting reaction cham-
ber 302 to an additional waste chamber 33.

[0044] A second binding reaction may occurinreaction
chamber 302, e.g., binding of the labeled particle to the
pre-bound analyte or marker.

[0045] In some embodiments, the procedure de-
scribed herein may result in, for example, binding of a
detectable label in reaction chamber 302 only if a marker
ortarget analyte was presentin the endo-luminal sample.
Reaction chamber 302 may be in the field of view of a
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sensing device, for example, a Charge Coupled Device
(CCD) imager, a Complementary Metal Oxide Semicon-
ductor (CMOS) imager, photo-detector, an in vivo imag-
er, or the like. Accordingly, a visibly detectable concen-
tration 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 por-
tion of the content of reaction chamber 302 may be trans-
mitted to a receiving device, e.g., an external receiver/
recorder unit outside a patient’s body. Other sensing de-
vices may be used in accordance with embodiments of
the invention. For example, non-optical detectors or sen-
sors may be used, e.g., fluorescence detectors, radiation
detectors, electrical charge detectors, detectors of a
change in a magnetic field, or the like. In some embodi-
ments, for example, Hall Effect or Giant Magneto-Resis-
tive (GMR) detectors or sensors may be used, e.g., to
detect the presence and/or concentration of antibodies
labeled with magnetized particles.

[0046] In some embodiments, a piezoelectric device
or unit may be attached or integrated into the device, for
example, to improve mixing and/or to reduce binding re-
action times.

[0047] In some embodiments, detection system 300
may be manufactured using suitable fluidics systems
constructing techniques. In some embodiments, for ex-
ample, system 300 may be constructed such that a pres-
sure gradient therein which may be utilized, for example,
for transporting fluids between or among chambers of
system 300. For example, some embodiments of the
present invention may be used in conjunction with one
or more embodiments, components, devices and/or
methods (e.qg., fluidic methods, fluid transportation meth-
ods, or the like) described in United States Patent
Number 6,453,928 to Kaplan et al., entitled "Apparatus
and Method for Propelling Fluids". In some embodi-
ments, for example, fluids may be transported through
chambers using chromatography methods, wicking,
bridging, or other suitable methods.

[0048] In some embodiments, reactions and/or fluid
passage may be facilitated utilizing suitable techniques,
for example, by heating a reaction chamber, by vibrating
a reaction chamber, or the like. Heating may be per-
formed, for example, utilizing electric and/or chemical
based heating methods. Vibration may be caused, for
example, by utilizing a piezoelectric crystal, a piezoelec-
tric element or component, and/or magneto-strictive ma-
terials (e.g., Terfenol-D). Other suitable methods of heat-
ing or vibrating may be used.

[0049] In some embodiments, the driving force for
transporting liquid from one compartment to the other
may be facilitated by vacuum that will suck the liquid once
the gate is opened and/or activated. In other embodi-
ments the liquid and/or fluid may be drawn from one
chamber to the other by absorption once the gate is ac-
tivated. In other examples a pressure may be generated

10

15

20

25

30

35

40

45

50

55

(e.g. in atimely manner) to force liquids out of a chamber
e.g. by using an electrolysis reaction in a chamber, there-
by generating gas in the chamber that may raise the pres-
sure in the chamber, and may thus, for example, force
liquids out of the chamber.

[0050] For an in vivo sensing device, e.g. in vivo in-
gestible imaging devices, a typical arrangement may be
based on thin layer technologies with chamber dimen-
sions 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.
[0051] Reference is now made to Figure 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 re-
quire minimum passage space for the samples being
transferred through the detection system 600. Such mi-
cro-fluidic detection systems 600 may include but may
not be limited to a substrate 63 made of silicon wafer with
a typical thickness of approximately and/or in the order
of magnitude of 0.5mm or a slab of glass or a slab of
plastic or any 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, a
combination of materials, or any suitable materials known
inthe art. The substrate may be amulti-layered substrate.
In some embodiments, the dimensions 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 characteristic 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 accord-
ing to some embodiments of the invention. Other sizes
and volumes may be used.

[0052] In some embodiments, micro-fluidic detection
system 600 may be used to detect a variety of markers
or targeting agents. The micro-fluidic detection system
600 in Figure 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 corresponding openings 601A and
601 B that may be sealed with for example, a pH sensitive
or a temperature sensitive material 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 tem-
perature 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
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(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 capacitor and a controller
that may operate the coils 603A and 603B at a desire
time or location). Channels 602 and reaction chambers
672A-C may be formed, for example by cutting suitable
slits in spacer 62 using methods known in the art. By
bonding 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.

[0053] Reference is now made to Figure 4C showing
a cross sectional view of micro-fluidic detection system
600A based on said thin layer technology according to
another embodiment of the invention. In Figure 4C one
or more storage chambers 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 cham-
ber 612 as may have been described herein. Alternative-
ly, 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.

[0054] In some 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 standard 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
silicon nitride, 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.
[0055] On the upper side of the silicon for example a
polymeric sealing layer like Kapton® or PVDC or any
other suitable sealing layer can be used. This sealing
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layer may also be coated with aluminum or other thermal
heater as described above and bonded to spacer 62A.
A variety of analysis materials like dry buffers,
lyophilezed conjugated liposomes, or any other conju-
gates and/or immobilized antigens or targeting agents
can be applied to both reaction chambers 672 and sam-
ple chambers 612. The final assembly is created by glu-
ing 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 cham-
bers. In another embodiment more than 3 set of cham-
bers may be produced in parallel. According to one em-
bodiment of the presentinvention, more than one storage
chamber 612 may be used and more than one reaction
chamber 672 may be used to substantially simultaneous-
ly 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.

[0056] Ina preferred embodiment one or more storage
chambers 612 may contain dry buffer with dry or lyophi-
lized antibody conjugate. The conjugate may be based
on gold particles. Other colored particles, liposomes or
polymersones filled with detecting substances (e.g. flu-
oresces materials) may be used. In other embodiments
iron oxide or other paramagnetic particles may be used.
Each 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.
[0057] 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

[0058] 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 601A 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. At a predetermined
time, the heating element 603A and 603B at one or more
gates 622 may be activated and may open one or more
gates 622. The solution containing detection particles
(e.g., target-antibody-color conjugate) may be trans-
ferred from one or more sample chambers 612 to one or
more reaction chambers 672 to allow reaction of the tar-
get-antibody-conjugates with the immobilized reagents
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of one or more reaction chambers 672. After another pe-
riod 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 cham-
bers 682. The reactions that may occur in one or more
reaction chambers 672 may result in an indication of the
presence and/or concentration of an analyte in the sam-
ple. The color change of the walls of the reaction chamber
672 located below chamber 612 that contained the stand-
ard antibody-antigen-congregate at a predetermined
concentration, e.g. the reference reaction chamber, may
represent a color change of a known concentration. By
comparing the intensity of the color change of that refer-
ence reaction chamber 672 to the color change in other
reaction chambers 672, quantitative data can be ob-
tained.

[0059] Optionally, a mixing element, for example, a pi-
ezoelectric element, may be added to the detection de-
vice to facilitate mixing.

[0060] In some embodiments, one or more reaction
chambers 672, or a portion thereof, may be, for example,
in an optical path orin 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 alter-
natively, one or more reaction chambers 672 or its con-
tent, or a portion thereof, may be exposed to a non-optical
sensor or detector, 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.
[0061] Figure 5 is a schematic illustration of an in vivo
sensing 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 asso-
ciated with, the devices and/or components described
herein or other in vivo devices in accordance with em-
bodiments of the invention.

[0062] Insomeembodiments, system 400 mayinclude
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 196 may be included
within ingestible device 140 to receive commands from
an external source. In some embodiments, ingestible de-
vice 140 may be implemented using a swallowable cap-
sule, In another embodiment ingestible device 140 may
be an implant inserted by minimal invasive techniques
but other sorts of devices or suitable implementations
may be used.

[0063] Outside a patient’s body may be, for example,
an external receiver/recorder 112, which may include, or
may be associated with, one or more antennas (or an-
tenna elements), optionally arranged as an antenna ar-
ray. Receiver/recorder 112 may receive signals transmit-
ted by the in vivo ingestible device 140, for example, sig-
nals 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
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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.

[0064] 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, proc-
essor 114, storage 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 connect-
ed to receiver/recorder 112 through a wireless or wired
link or connection. Workstation 117 may receive from
receiver/recorder 112 data thatis received and/or record-
ed by receiver/recorder 112. In some embodiments,
workstation 117 may receive the data from receiver/re-
corder 112 substantially in real-time, and/or while receiv-
er/recorder 112 continues to receive and/or record data
from the in vivo ingestible device 140.

[0065] Transmitter 141 may operate using radio
waves; but in some embodiments, such as those where
ingestible device 140 is or is included within an endo-
scope, transmitter 141 may transmit/receive data via, for
example, wire, cable, optical 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.

[0066] Ingestible device 140 typically may be or may
include an autonomous swallowable capsule, but ingest-
ible device 140 may have other shapes and need not be
swallowable and/or autonomous. Embodiments of in-
gestible device 140 are typically autonomous, and are
typically self-contained. 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, for example, receive
power or transmit information. In some embodiments,
ingestible device 140 may be autonomous and non-re-
mote-controllable; in another embodiment, ingestible de-
vice 140 may be partially or entirely remote-controllable.
[0067] 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 in-
ternal power source, or a wireless system able to receive
power. Other embodiments may have other configura-
tions and capabilities. For example, components may be
distributed over multiple sites or units, and control infor-
mation or other information may be received from an ex-
ternal source.

[0068] In some embodiments, ingestible device 140
may include anin vivo video camera, for example, imager
146, which may capture and transmit images of, for ex-
ample, the Gl tract while ingestible device 140 passes
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through the Gl lumen. Other lumens and/or body cavities
may be imaged and/or sensed by ingestible device 140.
In some embodiments, imager 146 may include, for ex-
ample, a Charge Coupled Device (CCD) camera or im-
ager, a Complementary Metal Oxide Semiconductor
(CMOS) camera or imager, a solid-state camera or im-
ager, 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, a video camera,
or other suitable imagers, cameras, or image acquisition
components.

[0069] Insome embodiments,imager 146 in ingestible
device 140 may be operationally connected to transmitter
141. Transmitter 141 may transmit images to, for exam-
ple, 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. Transmitter 141 may include any suitable
transmitter able to transmitimage data, other sensed da-
ta, 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 trans-
ceiver. For example, in some embodiments, transmitter
141 may include an ultra low power Radio Frequency
(RF) high bandwidth transmitter, possibly provided in
Chip Scale Package (CSP).

[0070] In some embodiment, 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 exam-
ple, one or more control modules, processing module,
circuitry and/or functionality for controlling ingestible de-
vice 140, for controlling the operational mode or settings
of ingestible device 140, and/or for performing control
operations or processing operations within ingestible de-
vice 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.

[0071] Powersource 145 may include one or more bat-
teries or power cells. For example, power source 145
may include silver oxide batteries, lithium batteries, other
suitable electrochemical cells having a high energy den-
sity, or the like. Other suitable power sources may be
used. Forexample, power source 145 may receive power
or energy from an external power source (e.g., an elec-
tromagnetic field generator), which may be used to trans-
mit power or energy to in vivo ingestible device 140.
[0072] In some embodiments, power source 145 may
be internal to ingestible device 140, and/or may not re-
quire coupling to an external power source, e.g., to re-
ceive power. Power source 145 may provide power to
one or more components of ingestible device 140 con-
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tinuously, substantially continuously, or in a non-discrete
manner or timing, or in a periodic manner, an intermittent
manner, or an otherwise non-continuous manner. In
some embodiments, power source 145 may provide pow-
er to one or more components of ingestible device 140,
for example, not necessarily upon-demand, or not nec-
essarily upon a triggering event or an external activation
or external excitement.

[0073] Optionally, in some embodiments, transmitter
141 may include a processing unit or processor or con-
troller, for example, to process signals and/or data gen-
erated 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 implemented as an integral
part of imager 146, transmitter 141, or another compo-
nent, 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
Integrated Circuit (IC), an Application-Specific Integrated
Circuit (ASIC), or any other suitable multi-purpose or spe-
cific processor, controller, circuitry or circuit. In some em-
bodiments, 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.
[0074] Insomeembodiments,imager 146 may acquire
in vivo images continuously, substantially continuously,
or in a non-discrete manner, 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.

[0075] In some embodiments, transmitter 141 may
transmit image data continuously, or substantially con-
tinuously, for example, not necessarily upon-demand, or
not necessarily upon a triggering event or an external
activation or external excitement; orin a periodic manner,
an intermittent manner, or an otherwise non-continuous
manner.

[0076] 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.
lllumination sources 142 may, for example, 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 assem-
blies, magnifying lens, optical filters, prisms, gratings,
plane mirrors, curved mirrors, concave mirrors or ele-
ments, convex mirrors or elements, reflective surfaces,
reflective elements, light tunnels, light diverting ele-
ments, light focusing elements, or any other suitable op-
tical elements, may optionally be included in ingestible
device 140. Optical system 150 may, for example, aid in
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focusing reflected light onto imager 146, focusing illumi-
nated light, and/or performing other light processing op-
erations.

[0077] In some embodiments, illumination source(s)
142 may illuminate continuously, or substantially contin-
uously, 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 continuously, e.g., for a time period
of two hours, four hours, eight hours, or the like; orin a
periodic manner, an intermittent manner, or an otherwise
non-continuous manner.

[0078] In some embodiments, the components of in-
gestible 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 trans-
parent or semi-transparent, and/or may include one or
more portions, windows 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 transparent or semi-transparent
portion, window or dome; and light reflected from the
body lumen may enter the ingestible device 140, for ex-
ample, through the same transparent or semi-transpar-
ent portion, window or dome, or, optionally, through an-
other 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
system 150 and/or imager 146 may receive light, reflect-
ed from a body lumen, through the same window or dome
through which illumination source(s) 142 illuminate the
body lumen.

[0079] Data processor 114 may analyze the data re-
ceived 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 configured 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 ex-
ample, data processor 114 or external receiver/recorder
112 having a transmitter or transceiver) may transmit one
or more control signals to ingestible device 140.

[0080] Monitor 118 may include, for example, one or
more screens, monitors, or suitable display units. Monitor
118, for example, may display one or more images or a
stream of images captured and/or transmitted by ingest-
ible device 140, e.g., images of the Gl tract or of other
imaged body lumen or cavity. Additionally or alternative-
ly, monitor 118 may display, for example, control data,
location or position data (e.g., data describing or indicat-
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ing 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 beingimaged)
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 da-
ta and/or other data may be used.

[0081] Typically, ingestible device 140 may transmit
image information in discrete portions. Each portion may
typically correspond to an image or a frame; other suit-
able transmission methods may be used. For example,
in some embodiments, ingestible device 140 may cap-
ture 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.

[0082] Typically, the image data recorded and trans-
mitted may include digital color image data; in alternate
embodiments, 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 according 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 microlens.
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 surrounding
of ingestible device 140. For example, sensor 143 may
include a pH sensor, a temperature sensor, an electrical
conductivity sensor, a pressure sensor, or any other
known suitable in vivo sensor.

[0083] In some embodiments, ingestible device 140
may be, for example, an oblong, oval, or spherical cap-
sule, 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.

[0084] In some embodiments, ingestible device 140
may include an analyzing or detecting system 110. De-
tecting 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 en-
vironment, 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 a
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marker 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 112,
and may be processed and displayed, for example, using
workstation 117.

[0085] In some embodiments, detecting system 110
may be positioned or located in the in vivo ingestible de-
vice 140 within the field of view of the imager 146, for
example, under awindow 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 embodi-
ments, 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.

[0086] In some embodiments, ingestible device 140
may include other suitable detection means, forexample,
as described herein, and signals other than signals car-
rying image data may be transmitted by transmitter 141.
[0087] 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 sig-
nals 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-ac-
tivate a mixing element of detecting 110, or to otherwise
control detecting system 110.

[0088] In some embodiments, a marker or target ana-
lyte may include an antigenic determinant, for example,
antigen bearing cells, e.g., cancerous cells, viruses, bac-
teria, fungi, other parasites; or an antibody that may be
present in a body lumen, for example, antibodies pro-
duced in response to a viral or bacterial attack or in re-
sponse to the presence of a tumor or other pathologies.
In some embodiments, a marker may further include sub-
stances, for example, chemical or biological determi-
nants, having affinity to a detecting reactant. A detecting
reactant may be, for example, a molecule or compound
capable of binding a marker. For example, detecting re-
agents may include proteins, e.g., antibodies, nucleic ac-
ids, or other biological or synthetic polymers. Other suit-
able substances or materials may be used.

[0089] 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) detect-
ing reagent. Other types of reactions may occur. In some
embodiments, the adhering of the marker-color com-
pound to the second reagent may form a visible (e.g.,
colored or otherwise optically obscuring) marking. In
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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 de-
tection methods may be used, for example, agglutination
procedures.

[0090] In some embodiments, a typically cancerous
marker, for example, CarcinoEmbryonic Antigen (CEA)
or CA-19.9 or alike may be detected in Gl tract fluids,
e.g., using labeled antibodies as detecting reagents. In
some embodiments, different types of Pepsin, and dif-
ferent 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.

[0091] Insome 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 en-
abling and/or disabling passage of fluids through that
passage or tube. Such elements or materials may in-
clude, for example, fuses, reeds, waxes, silicone oxide
and nitrides, air bubbles, bubbles produced by electrol-
ysis, and/or other suitable substances.

[0092] In some embodiments, opening and/or closing
of gates may be active, e.g., in response to an external
command; and/or passive, for example, in reaction to
certain environmental conditions, e.g., temperature, pH,
moisture, pressure, or the like.

[0093] Although portions of the description herein may
relate, for demonstrative purposes, to gates, embodi-
ments of the invention are not limited in this regard; for
example, a gate may include, or may be implemented
using, a tube or passage which may be opened and/or
closed, a tube or passage which may be enabled or dis-
abled, a barrier, a dissolvable element, a semi-dissolva-
ble 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.

[0094] Figure 6A is a flowchart depicting a method for
a diagnostic analysis.

[0095] 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, or one more oper-
ations may be performed in vivo, and one or more oper-
ations may be performed in vitro or ex vivo.

[0096] As indicated in box 502, a fluid sample (e.g., a
sample from the Gl tract) may be gathered or collected
in vivo.

[0097] Asindicated 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
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first detecting reagent may be unlabeled, and may be
affixed to a certain location, for example, to a reaction
chamber in an in vivo sensing or imaging device. As in-
dicated in box 506, a typically 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 typ-
ically immobilized compound of the marker and the first
detecting reagent.

[0098] 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.

[0099] As indicated in box 510, the binding of the la-
beled particles to the immobilized compound may be de-
tected, for example, by imaging or otherwise sensing the
label, thereby indicating the presence and/or concentra-
tion of a marker in the sample.

[0100] Reference is now made to Figure 6B showing
a flowchart depicting a method for analysis.

[0101] As indicated in box 602, a sample (e.g., a sam-
ple fromthe Gl tract) may be gathered or collected in vivo.
[0102] As indicated in box 604, the sample may be
reacted with amolecule capable of changing optical prop-
erties of a substrate.

[0103] As indicated in box 606, an antibody, or other
binding molecule for the target analyte, may be immobi-
lized 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 cham-
ber when the molecule-analyte containing sample pass-
es through the reaction chamber 22.

[0104] 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 cham-
ber that may be detected, for example, by imaging or
otherwise sensing the label, thereby indicating the pres-
ence and/or concentration of a marker in the sample.
[0105] Asindicatedinbox 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 suit-
able means. For in-vitro applications the optical change
may be detected by the human eye.

[0106] Other detection methods may be used, for ex-
ample, detection of magnetic particles using a magnetic
field change detector. Other suitable operations may be
used.

[0107] Figure 6C is a flowchart depicting a method for
in vitro analysis. 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. One or more operations may be performed in
vivo, and one or more operations may be performed in
vitro or ex vivo.

[0108] As indicated in box 712, a first gate between a
sample reservoir and a sampling chamber may be
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opened, thereby enabling a sample to be drawn into the
sampling chamber.

[0109] 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 collection) and isolating the sampling chamber
from the sample reservoir.

[0110] Asindicated in box 716, a second gate may be
opened between the sampling chamber and a reaction
chamber, for example, to enable the sample to be moved
into the reaction chamber.

[0111] Inother embodiments, detection systems 600A
and 600 and/or detection units 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 di-
agnostic kit may typically be contained in a housing
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 battery.

[0112] Other suitable operations or sets of operations
may be used.

[0113] While certain features of the invention have
been illustrated and described herein, many modifica-
tions, substitutions, changes, and equivalents will now
occur to those of ordinary skill in the art.

Claims

1. A system to detect the presence of an analyte in a
gastrointestinal fluid sample comprising:

a swallowable in vivo device comprising:

an inlet (21) for obtaining the fluid sample
in vivo;

areaction chamber (22) in which a detecting
reagent reacts with the analyte in the fluid
sample;

an imager (146) for imaging in vivo and a
portion of the reaction chamber (22);

and

a transmitter (141) for transmitting image
data;

the system further comprising :

an external receiver device (112);

an external processor (114) with a display
unit (118);

wherein the display unit (118) is configured
to display images obtained by the imager
(146),

characterized in that the in-vivo device
further comprises a waste chamber (24);
and a gate (25) to fluidically connect the re-
action chamber (22) to the waste chamber
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(24).

The system according to claim 1 wherein the imager
is a CMOS imager or a CCD imager.

The system according to claim 1 or 2, wherein the
detecting reagent comprises an antibody.

The system according to one of the preceding
claims, wherein the detecting reagent is immobilized
in the reaction chamber.

The system according to one of the preceding
claims, wherein the waste chamber is vacuum-
packed.

The system according to one of the preceding
claims, wherein a pressure gradient between the
waste chamber and the reaction chamber facilitates
flow when the gate is opened.

The system according to one of claim 1 to 5, wherein
the waste chamber includes an absorbing agent and
a vent.

The system according to one of the preceding
claims, wherein the gate is sensitive to pH, temper-
ature or electric current.

The system according to one of the preceding
claims, wherein the reaction chamber is embedded
in a multi-layered substrate.

The system according to one of the preceding
claims, comprising a sample chamber fluidically con-
nected to the reaction chamber, wherein the sample
chamber includes a dry buffer.

The system according to one of the preceding
claims, comprising a washing solution chamber flu-
idically connected to the reaction chamber, wherein
the washing solution chamber includes washing so-
lution to wash the reaction chamber.

The system according to one of the preceding claim,
wherein said gate opens when the swallowable in
vivo device reaches a desired destination.

The system according to one of the preceding claim,
further comprising a plurality of storage chambers
wherein one of the plurality of storage chambers acts
as a reference chamber.

Patentanspriiche

1.

Ein System zum Detektieren des Vorhandenseins
eines Analyt in einer gastrointestinalen Fluidprobe
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umfassend:

eine schluckbare In-vivo-Vorrichtung umfas-
send:

eine Schranke (21) zum Erhalten der Fluid-
probe in-vivo;

eine Reaktionskammer (22) in welcher ein
Detektionsreagenz mit dem Analyt in der
Fluidprobe reagiert;

einen Bildgeber (146) zur Darstellung in-
vivo und eines Teils der Reaktionskammer
(22);

und

einen Sender (141) zur Ubertragung von
Bilddaten;

wobei das System weiter umfasst:

eine externe Empfangsvorrichtung (112);
einen externen Prozessor (114) mit einer
Anzeigevorrichtung (118);

wobei die Anzeigevorrichtung (118) ausge-
staltetist zur Darstellung von vom Bildgeber
erhaltenen Bildern;

dadurch gekennzeichnet, dass die In-
vivo-Vorrichtung weiter eine Abfallkammer
(24) umfasst und

eine Schranke (25) zum Fluid leitenden Ver-
binden der Reaktionskammer (22) mit der
Abfallkammer (24).

System gemass Anspruch 1 wobei der Bildgeber ein
CMOS-Bildgeber oder ein CCD-Bildgeber ist.

System gemass Anspruch 1 oder 2, wobei das De-
tektionsreagenz einen Antikérper umfasst.

System gemass einem der vorhergehenden Anspri-
che, wobei das Detektionsreagenz in der Reaktions-
kammer immobilisiert ist.

System gemass einem der vorhergehenden Anspri-
che, wobei die Abfallkammer ein Vakuum enthélt.

System gemass einem der vorhergehenden Anspri-
che, wobei ein Druckgradient zwischen der Abfall-
kammer und der Reaktionskammer den Fluss er-
maoglicht wenn die Schranke gedffnet ist.

System gemass einem der Anspriiche 1 bis 5, wobei
die Abfallkammer ein Absorptionsmittel und einen
Auslass umfasst.

System gemass einem der vorhergehenden Anspri-
che, wobei die Schranke sensitiv ist bezliglich pH,
Temperatur oder elektrischem Strom.
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System geméass einem der vorhergehenden Anspri-
che, wobei die Reaktionskammer eingebettet ist in
einem mehrschichtigen Substrat.

System geméass einem der vorhergehenden Anspri-
che, umfassend eine Probekammer die Fluid leitend
mit der Reaktionskammer verbunden ist, wobei die
Probekammer einen Trockenpuffer umfasst.

System gemass einem der vorhergehenden Anspr-
che, umfassend eine Waschldsungskammer welche
Fluid leitend mit der Reaktionskammer verbunden
ist, wobei die Waschlésungskammer eine Waschl6-
sung enthalt zum Waschen der Reaktionskammer.

System gemass einem der vorhergehenden Anspr-
che, wobei die genannte Schranke 6ffnet wenn die
schluckbare In-vivo-Vorrichtung einen gewlinschten
Bestimmungsort erreicht.

System gemass einem der vorhergehenden Anspr-
che, zudem umfassend eine Mehrzahl von Speicher-
kammern wobei eine der Mehrzahl der Speicher-
kammern als eine Referenzkammer wirkt.

Revendications

1.

Systeme destiné a détecter la présence d’un analyte
dans un échantillon de fluide gastro-intestinal
comprenant :

un dispositif in vivo pouvant étre avalé
comprenant :

une entrée (21) destinée a obtenir I'échan-
tillon de fluide in vivo ;

une chambre de réaction (22) dans laquelle
un réactif de détection réagit avec I'analyte
dans I'’échantillon de fluide ;

un dispositif de formation d'image (146)
destiné a réaliser une formation d’'image in
vivo et d’'une partie de la chambre de réac-
tion (22) ; et

un émetteur (141) destiné a émettre les
données d’'image ;

le systéme comprenant en outre :

un dispositif récepteur externe (112) ;

un processeur externe (114) ayant une uni-
té d’affichage (118) ;

ou l'unité d’affichage (118) est configurée
pour afficher les images obtenues parle dis-
positif de formation d’image (146), carac-
térisé en ce que le dispositif in vivo com-
prend en outre

une chambre pour résidus (24) et
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une vanne (25) pour relier en vue d’'une
communication de fluide la chambre de
réaction (22) a la chambre pour résidus
(24).

Systéme selon la revendication 1, dans lequel le dis-
positif de formation d’image est un dispositif de for-
mation d’image CMOS ou un dispositif de formation
d’'image a CCD.

Systéme selon la revendication 1 ou 2, dans lequel
le réactif de détection comprend un anticorps.

Systéme selon I'une des revendications précéden-
tes, dans lequel le réactif de détection estimmobilisé
dans la chambre de réaction.

Systéme selon 'une des revendications précéden-
tes, dans lequel la chambre pour résidus est condi-
tionnée sous vide.

Systéme selon 'une des revendications précéden-
tes, dans lequel un gradient de pression entre la
chambre pour résidus et la chambre de réaction fa-
cilite un écoulement lorsque la vanne est ouverte.

Systéme selon I'une des revendications 1 a 5, dans
lequel la chambre pour résidus comprend un agent
absorbant et un orifice de mise a l'air libre.

Systeme selon 'une des revendications précéden-
tes, dans lequel la vanne est sensible au pH, a la
température ou a un courant électrique.

Systéme selon 'une des revendications précéden-
tes, dans lequel la chambre de réaction est incorpo-
rée dans un substrat multicouche.

Systéme selon 'une des revendications précéden-
tes, comprenant une chambre d’échantillonreliée en
vue d’'une communication de fluide a la chambre de
réaction, dans lequel la chambre d’échantillon com-
prend un tampon sec.

Systéme selon 'une des revendications précéden-
tes, comprenant une chambre a solution de ringage
reliée en vue d’'une communication de fluide a la
chambre de réaction, dans lequel la chambre a so-
lution de rincage comprend une solution de ringage
pour rincer la chambre de réaction.

Systéme selon 'une des revendications précéden-
tes, dans lequel ladite vanne s’ouvre lorsque le dis-
positif in vivo pouvant étre avalé atteint une destina-
tion souhaitée.

Systéme selon 'une des revendications précéden-
tes, comprenant en outre une pluralité de chambres
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de stockage ou une chambre parmi la pluralité de
chambres de stockage agit comme une chambre de
référence.
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