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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates generally to a lu-
minescent in vivo glucose measurement, and more par-
ticularly to a luminescent in vivo glucose measurement
using quantum dots.

2. Description of the Background Art

[0002] Measurement of body chemistry components
is an essential part of modem health care. By measuring
individual body chemistry components of a subject ani-
mal or human, such as a subject’s blood chemistry, spe-
cific health characteristics of the subject can be deter-
mined.

[0003] One such body chemistry component is glu-
cose (blood sugar) level. The glucose level in a subject
may be analyzed and tracked for a number of reasons,
but especially for monitoring diseases such as diabetes.
Control of glucose levels in diabetic subjects is know to
minimize diabetes side effects and to prolong the life of
the subject.

[0004] In the related art, glucose testing and monitor-
ing may be performed in different ways. First, it may be
done in vitro (in an artificial environment) by extracting
and testing blood specimens. This is undesirable for a
variety of reasons, including pain and discomfort, inva-
siveness, inconvenience, time required, and the provi-
sion of an unfortunate avenue for infection.

[0005] The second method is in vivo (i.e., in the body)
method of glucose measurement. As the name implies,
the measurement may be performed through the skin of
the subject, and may be non-invasive in nature. This has
been donein the related art by illuminating a blood vessel
of the subject through the subject’s skin and measuring
the energy that is absorbed or scattered in the subject’s
bloodstream. This has advantages of non-invasiveness,
quickness, and ease of use. However, it suffers from
drawbacks in accuracy, as the results may depend on
and be affected by other bloodstream components, blood
vessel depth, skin characteristics, etc.

[0006] In another related art blood specimen testing
and measurement method, the detection of glucose or
blood sugar may be aided by the use of an organic lumi-
nescent dye. The related art organic luminescent dye,
such as FITC (fluorescein), is capable of covalently bond-
ing to a glucose containing molecule. After the related
art luminescent dye has bonded to a glucose analogue
which competes with glucose to bind to a substrate, it is
illuminated with a light source, causing it to emit photons.
The photon emission can be measured and correlated
to an amount of glucose present in the sample. Detection
and measurement of light emission may therefore yield
an emitted light level substantially proportional to the
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blood sugar level of the subject’s blood. Document US.A.
5001 054 discloses a device for interstitial energy deliv-
ery.

[0007] However,related artdyes are organic in nature,
and suffer from several drawbacks. First, related art or-
ganic luminescent dyes suffer from decomposition,
wherein the bond between the dye and the sugar weak-
ens over time. This means that the test or measurement
must be taken within a fairly restrictive time window in
order to be acceptably accurate. As a result, the related
art organic luminescent dye cannot be used for extended
periods as is desired for in vivo measurements, and is
suitable only for in vitro laboratory use.

[0008] Second, related art organic luminescent dyes
suffer from photo-bleaching, wherein the illuminating
light breaks bonds within the dye, resulting in a decrease
in luminescence over time. Repeated illumination there-
fore weakens the luminescent effect.

[0009] A third drawback is that related art organic lu-
minescent dyes have fairly broad emission spectra (i.e.,
they fluoresce across a relatively broad range of light
wavelengths, often overlapping within the excitation
wavelength). The emission spectra is a characteristic of
the related art organic luminescent dye, and cannot be
adjusted to have desired emission and absorption prop-
erties. In addition, skin is most transparent to light having
ared or near infrared wavelength, but the related art or-
ganic luminescent dye produces a bright green lumines-
cence (typically of a wavelength of about 520 nanome-
ters).

[0010] There remains a need in the art, therefore, for
an improved in vivo blood glucose measurement.

SUMMARY OF THE INVENTION

[0011] A luminescent in vivo glucose measurement
method for measuring a glucose level in an interstitial
fluid of a subject is provided according to a first aspect
of the invention. The method comprises the steps of illu-
minating displaced luminescent molecules with illuminat-
ing light, the displaced luminescent molecules and asso-
ciated captive glucose analogue molecules being con-
tained within an implanted luminescent in vivo measure-
ment apparatus implanted within the interstitial fluid of
the subject, and measuring an emitted light, the emitted
light being emitted in response to the illumination, where-
in the emitted light is related to the glucose level in the
interstitial fluid.

[0012] A Iluminescent in vivo glucose measurement
apparatus for measuring a glucose level in an interstitial
fluid of a subject s provided according to a second aspect
of the invention. The apparatus comprises a container
having an interior region and at least one surface region
formed of a semi-permeable membrane that allows glu-
cose to pass through, the container also having an illu-
mination region wherein light may enter the container,
an agglutinating layer on at least one interior surface re-
gion and apart from the illumination region, a plurality of
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captive glucose analogue molecules in the interior re-
gion, with a captive sugar of the plurality of captive glu-
cose analogue molecules capable of reversibly attaching
to the agglutinating layer, and a plurality of luminescent
molecules in the interior region, with a luminescent mol-
ecule of the plurality of luminescent molecules being hy-
drophilic and being bonded to at least one associated
captive glucose analogue molecule of the plurality of cap-
tive glucose analogue molecules, wherein when a glu-
cose molecule of the subject passes through the at least
one surface region formed of a semi-permeable mem-
brane and attaches to the agglutinating layer, a displaced
luminescent molecule and an associated captive glucose
analogue molecule travels to the illumination region of
the container, and wherein illumination of all displaced
luminescent molecules and the associated captive glu-
cose analogue molecules through the illumination region
produces a luminescence that is related to the glucose
level of the interstitial fluid.

[0013] A luminescent in vivo glucose measurement
compound is provided according to a preferred embod-
iment of the invention. The compound comprises a quan-
tum dot having a core and a shell, the core selected from
the group consisting of indium arsenide, indium nitride,
indium phosphide, zinc tellurium, gallium arsenide, gal-
lium antimony, indium antimony, and lead sulfide, and
the shell selected from the group consisting of indium
phosphide, indium nitride, cadmium sulfide, zinc sele-
nide, zinc sulfide, and lead selenide, at least one captive
glucose analogue molecule, and atleast one binding mol-
ecule that is hydrophilic and is capable of bonding to the
at least one captive glucose analogue molecule and to
the quantum dot, wherein the quantum dot is capable of
absorbing light and emitting light as a result of the ab-
sorbing.

[0014] The above and other features and advantages
of the present invention will be further understood from
the following description of the preferred embodiments
thereof, taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

FIG. 1 shows detail of one embodiment of the appa-
ratus;

FIG. 2 shows the apparatus when implanted, illus-
trating the displacing action upon which the glucose
measurement is based;

FIG. 3A shows a first embodiment of a luminescent
molecule; and

FIG. 3B shows mercaptoacetic acid molecules bond-
ed to a quantum dot.
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0016] Inone embodiment of aluminescent in vivoglu-
cose measurement method of the present invention, the
method is used to determine a subject’s blood glucose
measurement by determining a glucose level present in
an interstitial fluid of the subject (the fluid surrounding
cells). In a lesser preferred embodiment, the present in-
vention may be used to measure a blood glucose level
in a bloodstream of the subject.

[0017] In afirst step, an implanted luminescent in vivo
glucose measurement apparatus is illuminated by a light
source. The luminescent in vivo glucose measurement
apparatus is implanted into the interstitial fluid of the sub-
jectand illuminated therein. Although the apparatus may
be implanted anywhere on the subject, it is preferred that
the apparatus be implanted in an area that is convenient
for obtaining a reading. Preferably, the apparatus is im-
planted in a wrist region of a human subject, and is pref-
erably implanted at a depth of about three to four millim-
eters below the outer surface of the subject’s skin. Al-
though the apparatus may obtain a faster reading when
implanted in a blood vessel, clotting or blockage may
potentially be encountered. For this reason, implantation
in the interstitial fluid is preferred.

[0018] Because the apparatus employs a luminescent
material (that may be inorganic), the apparatus may be
repeatably used to measure a subject’s glucose level.
Therefore, the luminescent in vivoglucose measurement
apparatus is designed to be implanted for a period of at
least one to five years.

[0019] Because the apparatus is fairly close to the sur-
face, the illuminating light reaches it. However, not all
wavelengths of light are preferred, as the light source
should transmit light that travels well through skin. Infra-
red light (non-visible light having wavelengths in the
range of 750 to 2,000 nanometers) is capable of passing
through skin with relatively low absorption. Therefore, it
is preferred that infrared light be used, and it is further
preferred that near infrared light having a wavelength of
about 830 nanometers to about 1200 nanometers be
used. In a lesser preferred embodiment, visible light may
be used to illuminate the implanted apparatus.

[0020] In asecond step, as a result of the illumination,
the contents of the implanted apparatus emits light. A
portion of the emitted light emerges from the skin of the
subject and may be detected and measured. The amount
of emitted light from the apparatus is related to the
amount of glucose in the interstitial fluid. Therefore, the
blood glucose level may be reliably and conveniently de-
termined by measuring the interstitial glucose level.
[0021] The glucose level of the interstitial fluid is relat-
ed to the glucose level of the subject’s bloodstream, al-
though there is a short time interval before changes in a
blood glucose level are reflected in the interstitial glucose
level. The emitted light output may be proportional to the
glucose level, although the emitted light level may need
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to be adjusted or correlated by use of a table, a constant
(s), ora calibration function in order to accurately quantify
the glucose level. Alternatively, a fluorescent reference
dye may be used. The reference dye is included in the
apparatus and always fluoresces when illuminated. The
reference dye therefore provides an expected light emis-
sion level that can be used to calibrate the measurement
by compensating for the implant depth of the apparatus.
[0022] The emitted light may be of the same wave-
length as the illuminating light, but is preferably of a sep-
arate and distinct wavelength so that a detection device
may easily discriminate between the illuminating lightand
the emitted light, and so that the detection device may
easily eliminate any illuminating light that was reflected
or scattered. In a preferred embodiment, the emitted light
is red shifted by at least 30 nanometers from the illumi-
nating light, allowing use of filters to reject any "back-
ground noise" light.

[0023] In addition, the illumination and detection steps
are preferably done simultaneously. Because the emitted
light has a wavelength (or wavelength band) that is dis-
tinct from the wavelength (or wavelength band) of the
illuminating light, the emitted light can be detected and
measured while the illuminating is being done. The ad-
vantage of this is that no wait period is needed between
illumination and detection, eliminating the need for pre-
cise and expensive time measurement and synchroniza-
tion equipment. Based on the quantity of emitted light, a
detecting device may determine the interstitial glucose
level and therefore the blood glucose level.

[0024] FIG. 1 shows detail of one embodiment of a
luminescent in vivo glucose measurement apparatus.
The apparatus includes a container 103 having an inner
region 104, an agglutinating layer 109, and luminescent
molecules 120 and associated captive glucose analogue
molecules 129. The inner region 104 may be filled with
the luminescent molecules 120 and associated captive
glucose analogue molecules 129 and a solvent or carrier
liquid, such as, for example, water or interstitial fluid. Al-
ternatively, the luminescent molecules 120 may be in a
colloidal form.

[0025] The shape and physical dimensions of the con-
tainer 103 may vary as desired. In the present embodi-
ment the container 103 is a cylinder of a diameter less
than about one millimeter, or a disk less than about four
millimeters in diameter. A small container 103 greatly
eases the task of implanting the device and makes it less
noticeable to the subject.

[0026] Theilluminationregion 112is alighttransparent
region and is only a partial region of the container 103.
Theillumination region 112 allows light to enter and leave
the container 103.

[0027] Theagglutinating layer 109 is formed on at least
one interior surface region of the container 103, and may
cover regions of various sizes, as desired. The aggluti-
nating layer 109 is formed apart from the illumination re-
gion 112, so that when the apparatus is illuminated, the
illuminating light "I" does not impinge on the agglutinating
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layer 109.

[0028] The material of the agglutinating layer 109 has
an affinity for sugar molecules. In the preferred embod-
iment, the agglutinating layer 109 is lectin and more pref-
erably is concanavalin A. Because of the sugar affinity
ofthe agglutinating layer 109, any sugar molecules within
the inner region 104 tend to attach to the agglutinating
layer 109 through a reversible competitive bonding, al-
though they can also detach. Reversible competitive
bonding means that a sugar molecule may bond to the
agglutinating layer 109 and then detach on its own, with
multiple sugar molecules competing for locations at
which to bond. Statistically, sugar molecules within the
inner region 104 tend to be attached to the agglutinating
layer 109 as opposed to drifting in the inner region 104.
[0029] Captive glucose analogue molecules 129 are
included in the apparatus as sugar analogues that have
the same basic properties as glucose. However, the cap-
tive glucose analogue molecules 129 cannot escape the
container 103. Captive glucose analogue molecules 129
are contemplated to be sugar analogues such as
polysaccharides having glucose units. Dextran is one
such sugar analogue consisting of D-glucose linked o
glycosidically, primarily in 1,6 bonds, but with some 1,3
and 1,4. The choice of a sugar analogue is mainly deter-
mined by molecular weight, as discussed below.

[0030] The container 103 must have at least one semi-
permeable membrane region 105 that allows a subject’s
glucose to pass through into the inner region 104. The
semi-permeable membrane 105 may be a small portion
of the container 103, or alternatively the entire container
103 may be formed of the semi-permeable membrane
region 105, such as, for example, a dialysis tube. The
openings in the semi-permeable membrane region 105
are such that the subject’s glucose can pass through the
semi-permeable membrane region 105 and into the con-
tainer 103, but the captive glucose analogue molecules
129 within the apparatus cannot escape. For this reason,
dextranis a preferred captive glucose analogue molecule
129, having a molecular weight of 70,000 daltons, as
opposed to a molecular weight cut-off characteristic of a
typical dialysis tube of about 10,000 daltons.

[0031] The luminescent molecules 120 (discussed in
detail below in conjunction with FIGS. 3A and 3B) are
present in the inner region 104 for the sole purpose of
being displaced by glucose of the subject. When implant-
ed and when no glucose of the subject is present, the
quantity of luminescent molecules 120 and associated
captive glucose analogue molecules 129 is adequate to
substantially attach to and cover the agglutinating layer
109 without a substantial excess.

[0032] Itshould be noted that not all of the luminescent
molecules 120 and associated captive glucose analogue
molecules 129 may be attached to the agglutinating layer
109 at any given time. Captive glucose analogue mole-
cules 129 may attach and detach repeatedly, and a small
quantity may be drifting freely at any time. These free
captive glucose analogue molecules 129 and associated
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luminescent molecules 120 may appear as "background
noise" when the container 103 is illuminated. This back-
ground noise is expected and may be compensated for
in the measurement process.

[0033] FIG. 2 shows the apparatus when implanted,
illustrating the displacing action upon which the glucose
measurement is based. When a subject’s glucose 205
enters the inner region 104 by passing through the semi-
permeable membrane region 105, the subject’s glucose
205 may stick to the agglutinating layer 109. Correspond-
ingly, a proportional amount of luminescent molecules
120 and associated captive glucose analogue molecules
129 are displaced from the agglutinating layer 109 to drift
in the inner region 104. llluminating light "I" may enter
the inner region 104 through the illumination region 112
and may therefore impinge on displaced luminescent
molecules 120 and associated captive glucose analogue
molecules 129. As a result, the drifting luminescent mol-
ecules 120 may be induced to emit light, with emitted
light "E" leaving the apparatus through the illumination
region 112 or other appropriate region. The amount of
emitted light "E" from the displaced luminescent mole-
cules 120 may then be detected and measured.

[0034] FIG. 3A shows a first embodiment of the lumi-
nescent molecule 120. The luminescent molecule 120
includes a quantum dot 300, a hydrophilic coating 308,
and may include at least one bi-functional linker molecule
310, depending on the characteristics of the hydrophilic
coating 308. The hydrophilic coating 308 may also serve
as the bi-functional linker molecule 310. The bi-functional
linker molecule 310 may be used to bond a sugar to the
hydrophilic coating 308 (which is in turn bonded to the
quantum dot 300).

[0035] The quantum dot 300 is formed of inorganic
compounds, as opposed to related art luminescent dyes,
which are generally organic in nature and tend over time
to weaken, decompose, or break free from target mole-
cules. The quantum dot 300 is formed of two or more
layers of semiconductor or metallic elements, with the
luminescent property of the quantum dot 300 arising from
quantum-size confinement due to an extremely small
size. Each quantum dot 300 preferably has a diameter
in the 5 to 80 nanometer range.

[0036] The characteristics of a quantum dot 300 may
be determined by both the physical size and the elemen-
tal composition of the quantum dot portion of the lumi-
nescent molecule 120. This allows the light absorption
characteristic and the luminescent light emission char-
acteristic to be tuned to a narrow wavelength band. For
example, in the preferred embodiment, the quantum dot
300 may absorb light of about 830 nanometers and may
luminescently emit light at about 900 nanometers.
[0037] The quantum dot300 has a core 302 and a shell
306. Examples of compounds for use in the core 302 are
indium arsenide, indium nitride, indium phosphide, zinc
tellurium, gallium arsenide, gallium antimony, indium an-
timony, and lead sulfide.

[0038] Examples of compounds for use inthe shell 306
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are indium phosphide, indium nitride, cadmium sulfide,
zinc selenide, zinc sulfide, and lead selenide.

[0039] Examples of quantum dot composition are an
indium arsenide core and an indium phosphide shell, an
indium arsenide core and a cadmium sulfide shell, an
indium arsenide cor and a zinc selenide shell, and a lead
sulfide core and a lead selenide shell. Of course, other
compositions and combinations may be used so long as
they have suitable light absorption and emission proper-
ties.

[0040] Because of the metallic/semiconductor compo-
sition of the quantum dot 300, it is not water soluble. In
order to overcome this drawback, the quantum dot 300
is preferably given an organic or inorganic hydrophilic
coating 308. For instance, surfactants or lipid bilayers
are examples of a class of organic compounds that will
make the quantum dot hydrophilic, and silica (SiO,) is
an example of an inorganic material that will make the
quantum dot hydrophilic. The hydrophilic coating 308 is
preferably a silicon dioxide or hydrophilic organic layer
plus a bi-functional linker molecule 310. The hydrophilic
organic layer may also serve as the bi-functional linker
molecule 310. Examples of the bi-functional linker mol-
ecule 310 include but are not limited to thiols, mercapto-
carboxylic acids (such as mercaptoacetic acid, for exam-
ple)or cyanides. The bi-functional linker molecule 310
bonds to an individual captive sugar 129 (see FIG. 1) and
also to the hydrophilic coating 308.

[0041] FIG. 3B shows the use of a mercaptoacetic acid
344 as a quantum dot coating, wherein multiple mercap-
toacetic acid molecules 344 may bind to the quantum dot
300. When using mercaptoacetic acid 344 as the hy-
drophilic layer 308, a bi-functional linker molecule 310 is
not needed. This is because, as shown by the bonded
mercaptoacetic acid molecule 355, the mercapto group
attaches to the quantum dot 300, while the acetic acid
group binds to the captive sugar 129. The bond to the
sugar may be an amide bond, such as shown in FIG. 3B,
or may be an ester bond.

[0042] While the invention has been described in detail
above, the invention is not intended to be limited to the
specific embodiments as described. It is evident that
those skilled in the art may now make numerous uses
and modifications of and departures from the specificem-
bodiments described herein without departing from the
inventive concepts.

Claims

1. Aluminescent in vivo glucose measurement method
for measuring a glucose level in an interstitial fluid
of a subject, comprising the steps of:

illuminating displaced luminescent molecules
with illuminating light, said displaced lumines-
cent molecules and associated captive glucose
analogue molecules being contained within an
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implanted luminescent in vivomeasurement ap-
paratus implanted within said interstitial fluid of
said subject; and

measuring an emitted light, said emitted light be-
ing emitted in response to said illumination;
wherein said emitted light is related to said glu-
cose level in said interstitial fluid.

The luminescent in vivo glucose measurement
method of claim 1, wherein said glucose level in said
interstitial fluid is substantially equal to a blood glu-
cose level.

The luminescent in vivo glucose measurement
method of claim 1, wherein said method is used to
measure a glucose level in a bloodstream of said
subject.

The luminescent in vivo glucose measurement
method of claim 1, wherein said displaced lumines-
cent molecules are inorganic.

The luminescent in vivo glucose measurement
method of claim 1, wherein said emitted light is cor-
related to a interstitial glucose level.

The luminescent in vivo glucose measurement
method of claim 1, wherein said luminescent in vivo
measurement apparatus has been implanted about
three to about four millimeters below an outer surface
of a patient’s skin.

The luminescent in vivo glucose measurement
method of claim 1, wherein said illuminating light is
of a first wavelength and said emitted light is of a
second wavelength.

The luminescent in vivo glucose measurement
method of claim 1, wherein said illuminating light is
an infrared light.

The luminescent in vivo glucose measurement
method of claim 1, wherein a wavelength of said il-
luminating lightisin arange of about 800 nanometers
to about 2000 nanometers.

The luminescent in vivo glucose measurement
method of claim 1, wherein a wavelength of said il-
luminating light is about 830 nanometers and a
wavelength of said emitted light is about 900 nanom-
eters.

The luminescent in vivo glucose measurement
method of claim 1, wherein said illuminating light
travels from outside said subject, through said sub-
ject’s skin, and into said luminescent in vivo meas-
urement apparatus.
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13.

14.

15.

16.
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The luminescent in vivo glucose measurement
method of claim 1, wherein said emitted light travels
from said luminescent in vivo measurement appara-
tus, through said subject’s skin, and to a region out-
side said subject.

The luminescent in vivo glucose measurement
method of claim 1, wherein said luminescent in vivo
measurement apparatus further comprises:

a container having an interior region and at least
one surface region formed of a semi-permeable
membrane that allows glucose to pass through,
said container also having an illumination region
wherein light may enter said container;

an agglutinating layer on at least one interior sur-
face region and apart from said illumination re-
gion;

a plurality of captive glucose analogue mole-
cules in said interior region, with a captive glu-
cose analogue molecule of said plurality of cap-
tive glucose analogue molecules capable of re-
versibly attaching to said agglutinating layer;
and

a plurality of luminescent molecules in said in-
terior region, with aluminescent molecule of said
plurality of luminescent molecules being hy-
drophilic and being bonded to at least one as-
sociated captive glucose analogue molecule of
said plurality of captive glucose analogue mol-
ecules;

wherein when a glucose molecule of said sub-
ject passes through said at least one surface
region formed of a semi-permeable membrane
and attaches to said agglutinating layer, a dis-
placed luminescent molecule and an associated
captive glucose analogue molecule is displaced
and travels to said illumination region of said
container, and wherein illumination of all dis-
placed luminescent molecules and said associ-
ated captive glucose analogue molecules
through said illumination region produces a lu-
minescence that is related to said glucose level
of said interstitial fluid.

The luminescent in vivo glucose measurement
method of claim 13, wherein said plurality of lumi-
nescent molecules is inorganic.

The luminescent in vivo glucose measurement
method of claim 13, wherein said glucose level in
said interstitial fluid is substantially equal to a blood
glucose level.

The luminescent in vivo glucose measurement
method of claim 13, wherein said container is a di-
alysis tube.
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The luminescent in vivo glucose measurement
method of claim 14, wherein an inorganic lumines-
cent molecule of said plurality of inorganic lumines-
cent molecules further comprises:

a quantum dot having a core and a shell, said
core selected from the group consisting of indi-
um arsenide, indium nitride, indium phosphide,
zinc tellurium, gallium arsenide, gallium antimo-
ny, indium antimony, and lead sulfide, and said
shell selected from the group consisting of indi-
um phosphide, indium nitride, cadmium sulfide,
zinc selenide, zinc sulfide, and lead selenide;
atleast one captive glucose analogue molecule;
and

at least one binding molecule selected from the
group consisting of silicon dioxide, mercaptocar-
boxylic acids, cyanides, and thiols, said at least
one binding molecule being hydrophilic and be-
ing capable of bonding to said at least one cap-
tive glucose analogue molecule and to said
quantum dot.

The luminescent in vivo glucose measurement
method of claim 17, wherein said inorganic lumines-
cent molecule further includes a hydrophilic outer
shell surrounding said shell of said quantum dot and
to which said at least one binding molecule attaches.

The luminescent in vivo glucose measurement
method of claim 18, wherein said hydrophilic outer
shell is organic.

The luminescent in vivo glucose measurement
method of claim 19, wherein said hydrophilic outer
shell is selected from the group consisting of mer-
captocarboxylic acids, cyanides, thiols, surfactants,
and lipid bilayers.

The luminescent in vivo glucose measurement
method of claim 18, wherein said hydrophilic outer
shell is inorganic.

The luminescent in vivo glucose measurement
method of claim 21, wherein said hydrophilic outer
shell is selected from the group consisting of silicon
dioxide, silicon nitride, silicon oxynitride, and silicon
oxyhydride.

The luminescent in vivo glucose measurement
method of claim 13, wherein said agglutinating layer
has an affinity for glucose and sugar analogues.

The luminescent in vivo glucose measurement
method of claim 13, wherein said agglutinating layer

is lectin.

The luminescent in vivo glucose measurement
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26.

27.

28.

29.

30.

12

method of claim 13, wherein said agglutinating layer
is concanavalin A.

The luminescent in vivo glucose measurement
method of claim 13, wherein said plurality of captive
glucose analogue molecules is a polysaccharide.

The luminescent in vivo glucose measurement
method of claim 13, wherein said plurality of captive
glucose analogue molecules is dextran.

A luminescent in vivo glucose measurement appa-
ratus for measuring a glucose level in an interstitial
fluid of a subject, comprising:

a container having an interior region and at least
one surface region formed of a semi-permeable
membrane that allows glucose to pass through,
said container also having an illumination region
wherein light may enter said container;

an agglutinating layer on at least one interior sur-
face region and apart from said illumination re-
gion;

a plurality of captive glucose analogue mole-
cules in said interior region, with a captive sugar
of said plurality of captive glucose analogue mol-
ecules capable of reversibly attaching to said
agglutinating layer; and

a plurality of luminescent molecules in said in-
terior region, with aluminescent molecule of said
plurality of luminescent molecules being hy-
drophilic and being bonded to at least one as-
sociated captive glucose analogue molecule of
said plurality of captive glucose analogue mol-
ecules;

wherein when a glucose molecule of said sub-
ject passes through said at least one surface
region formed of a semi-permeable membrane
and attaches to said agglutinating layer, a dis-
placed luminescent molecule and an associated
captive glucose analogue molecule travels to
said illumination region of said container, and
whereinillumination of all displaced luminescent
molecules and said associated captive glucose
analogue molecules through said illumination
region

produces a luminescence that is related to said
glucose level of said interstitial fluid.

The luminescent in vivo glucose measurement ap-
paratus of claim 28, wherein said glucose level in
said interstitial fluid is substantially equal to a blood
glucose level.

The luminescent in vivo glucose measurement ap-
paratus of claim 28, wherein said apparatus is im-
planted in a bloodstream of said subject.
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The luminescent in vivo glucose measurement ap-
paratus of claim 28, wherein said plurality of lumi-
nescent molecules is inorganic.

The luminescent in vivo glucose measurement ap-
paratus of claim 28, wherein said container is a di-
alysis tube.

The luminescent in vivo glucose measurement ap-
paratus of claim 31, wherein a luminescent molecule
of said plurality of luminescent molecules further
comprises:

a quantum dot having a core and a shell, said
core selected from the group consisting of indi-
um arsenide, indium nitride, indium phosphide,
zinc tellurium, gallium arsenide, gallium antimo-
ny, indium antimony, and lead sulfide, and said
shell selected from the group consisting of indi-
um phosphide, indium nitride, cadmium sulfide,
zinc selenide, zinc sulfide, and lead selenide;
atleast one captive glucose analogue molecule;
and

at least one binding molecule that is hydrophilic
and that is capable of bonding to said at least
one captive glucose analogue molecule and to
said quantum dot.

The luminescent in vivo glucose measurement ap-
paratus of claim 33, wherein said at least one binding
molecule is selected from the group consisting of
mercaptocarboxylic acids, cyanides, and thiols.

The luminescent in vivo glucose measurement ap-
paratus of claim 33, wherein said inorganic lumines-
cent molecule further includes a hydrophilic outer
shell surrounding said shell of said quantum dot and
to which said at least one binding molecule attaches.

The luminescent in vivo glucose measurement ap-
paratus of claim 35, wherein said hydrophilic outer
shell is organic.

The luminescent in vivo glucose measurement ap-
paratus of claim 36, wherein said hydrophilic outer
shell is selected from the group consisting of mer-
captocarboxylic acids, cyanides, thiols, surfactants,
and lipid bilayers.

The luminescent in vivo glucose measurement ap-
paratus of claim 35, wherein said hydrophilic outer
shell is inorganic.

The luminescent in vivo glucose measurement ap-
paratus of claim 38, wherein said hydrophilic outer
shell is selected from the group consisting of silicon
dioxide, silicon nitride, silicon oxynitride, and silicon
oxyhydride.
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The luminescent in vivo glucose measurement ap-
paratus of claim 28, wherein said agglutinating layer
has an affinity for glucose and sugar analogues.

The luminescent in vivo glucose measurement ap-
paratus of claim 28, wherein said agglutinating layer
is lectin.

The luminescent in vivo glucose measurement ap-
paratus of claim 28, wherein said agglutinating layer
is concanavalin A.

The luminescent in vivo glucose measurement ap-
paratus of claim 28, wherein said captive glucose
analogue molecules is a polysaccharide.

The luminescent in vivo glucose measurement ap-
paratus of claim 28, wherein said plurality of captive
glucose analogue molecules is dextran.

Patentanspriiche

1.

Invivo-LumineszenzglucosemeRverfahren zur Mes-
sung eines Glucosegehalts in einem interstitiellen
Fluid einer Testperson, welches die Schritte umfaft:

Bestrahlen verdrangter Lumineszenzmolekiile
mit Bestrahlungslicht, wobei die verdrangten Lu-
mineszenzmolekile und assoziierte eingefan-
gene Glucoseanalogmolekile innerhalb einer
implantierten in vivo-LumineszenzmeRvorrich-
tung enthalten sind, die innerhalb des interstiti-
ellen Fluids der Testperson implantiert ist; und
Messen eines emittierten Lichts, wobei das
emittierte Licht in Ansprechung auf die Bestrah-
lung emittiert wird;

wobei das emittierte Licht in Beziehung gesetzt
wird zum Glucosegehalt in dem interstitiellen
Fluid.

In  vivo-Lumineszenzglucosemelverfahren nach
Anspruch 1, wobei der Glucosegehalt im interstitiel-
len Fluid im wesentlichen gleich zu einem Blutglu-
cosegehalt ist.

In vivo-Lumineszenzglucosemelverfahren nach
Anspruch 1, wobei das Verfahren verwendet wird,
um einen Glucosegehalt in einem Blutstrom der
Testperson zu messen.

In vivo-Lumineszenzglucosemelverfahren nach
Anspruch 1, wobei die verdrangten Lumineszenz-
molekile anorganisch sind.

In vivo-Lumineszenzglucosemefverfahren nach
Anspruch 1, wobei das emittierte Licht mit einem in-
terstitiellen Glucosegehalt korreliert wird.



10.

11.

12.

13.

15

In vivo-Lumineszglucosemefverfahren nach An-
spruch 1, wobei die in vivo-LumineszmeRvorrich-
tung etwa 3 bis etwa 4 mm unterhalb einer aulleren
Oberflache der Haut des Patienten implantiert wor-
den ist.

In vivo-Lumineszglucosemefverfahren nach An-
spruch 1, wobei das Bestrahlungslicht von einer er-
sten Wellenlange und das emittierte Licht von einer
zweiten Wellenlange ist.

In  vivo-LumineszenzglucosemeRverfahren nach
Anspruch 1, wobei das Bestrahlungslicht ein Infra-
rotlicht ist.

In  vivo-LumineszenzglucosemefRverfahren nach
Anspruch 1, wobei eine Wellenldnge des Bestrah-
lungslichts innerhalb eines Bereichs von etwa 800
Nanometern bis etwa 2000 Nanometern ist.

In vivo-LumineszenzglucosemeRverfahren nach
Anspruch 1, wobei eine Wellenldnge des Bestrah-
lungslichts etwa 830 Nanometer und eine Wellen-
lange des emittierten Lichts etwa 900 Nanometer ist.

In vivo-LumineszenzglucosemeRverfahren nach
Anspruch 1, wobei das Bestrahlungslicht von auRer-
halb der Testperson, durch die Haut der Testperson
und in die in vivo-LumineszenzmeRvorrichtung ge-
langt.

In vivo-LumineszenzglucosemeRverfahren nach
Anspruch 1, wobei das emittierte Licht aus der in
vivo-LumineszenzmeRvorrichtung, durch die Haut
der Testperson und zu einem Bereich aul3erhalb der
Testperson gelangt.

In vivo-LumineszenzglucosemeRverfahren nach
Anspruch 1, wobei die in vivo-LumineszenzmeRvor-
richtung weiter umfafit:

einen Behalter mit einem inneren Bereich und
wenigsten einem Oberflachenbereich, der aus
einer halbpermeablen Membran gebildet ist, die
erlaubt, dal® Glucose hindurchgelangt, wobei
der Behélter ebenfalls einen Bestrahlungsbe-
reich aufweist, bei dem Lichtin den Behélter ein-
treten kann;

eine Agglutinierungsschicht auf wenigstens ei-
nem inneren Oberflachenbereich und entfernt
von dem Bestrahlungsbereich;

eine Vielzahl von eingefangenen Glucoseana-
logmolekiilen im inneren Bereich, wobei einge-
fangenes Glucoseanalogmolekil der Vielzahl
der eingefangenen Glucoseanalogmolekiile in
der Lage ist, sich reversibel an der Agglutinie-
rungsschicht anzufliigen; und

eine Vielzahl von Lumineszenzmolekilen im in-
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neren Bereich, wobei ein Lumineszenzmolekiil
der Vielzahl der Lumineszenzmolekile hydro-
phil ist und an wenigstens ein assoziiertes ein-
gefangenes Glucoseanalogmolekil der Viel-
zahl der eingefangenen Glucoseanalogmoleki-
le angebunden ist;

wobei, wenn ein Glucosemolekil der Testper-
son durch wenigstens einen Oberflachenbe-
reich gelangt, der aus einer halbpermeablen
Membran gebildet ist, und sich an der Aggluti-
nierungsschicht anfigt, ein verdréangtes Lumi-
neszenzmolekul und ein assoziiertes eingefan-
genes Glucoseanalogmolekil verdrangt wer-
den und zum Bestrahlungsbereich des Behal-
ters gelangen, und wobei eine Bestrahlung aller
verdrangten Lumineszenzmolekdile und der as-
soziierten eingefangenen Glucoseanalogmole-
kile durch den Bestrahlungsbereich eine Lumi-
neszenz erzeugt, die mit dem Glucosegehalt
des interstitiellen Fluids in Beziehung gesetzt
wird.

In vivo-LumineszenzglucosemeRverfahren nach
Anspruch 13, wobei die Vielzahl der Lumineszenz-
molekile anorganisch ist.

In vivo-LumineszenzglucosemeRverfahren nach
Anspruch 13, wobei der Glucosegehalt im interstiti-
ellen Fluid im wesentlichen gleich zu einem Blutglu-
cosegehalt ist.

In vivo-LumineszenzglucosemeRverfahren nach
Anspruch 13, wobei der Behélter ein Dialyseréhr-
chen ist.

In vivo-LumineszenzglucosemeRverfahren nach
Anspruch 14, wobei ein anorganisches Lumines-
zenzmolekul der Vielzahl der anorganischen Lumi-
neszenzmolekile weiter umfalt:

einen Quantenpunkt mit einem Kern und einer
Schale, wobei der Kern ausgewahlt wird aus der
Gruppe bestehend aus Indiumarsenid, Indium-
nitrid, Indiumphosphid, Zinktellur, Galliumar-
senid, Galliumantimon, Indiumantimon und
Bleisulfid, und wobei die Schale ausgewahlt
wird aus der Gruppe bestehend aus Indiump-
hosphid, Indiumnitrid, Kadmiumsulfid, Zinkse-
lenid, Zinksulfid und Bleiselenid;

wenigstens ein eingefangenes Glucoseanalog-
molekdl; und

wenigstens ein Bindungsmolekiil, das ausge-
wahlt wird aus der Gruppe bestehend aus Sili-
ciumdioxid, Mercaptocarbonsauren, Cyaniden
und Thiolen, wobei wenigstens ein Bindungs-
molekil hydrophil ist und in der Lage ist, sich an
wenigstens ein eingefangenes Glucoseanalog-
molekil und an den Quantenpunkt anzubinden.
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In vivo-LumineszenzglucosemeRverfahren nach
Anspruch 17, wobei das anorganische Lumines-
zenzmolekil ferner eine hydrophile duf3ere Schale
einschlielt, die den Kern des Quantenpunkts um-
gibt, und an das sich wenigstens eine Bindungsmo-
lekdl anflgt.

In  vivo-LumineszenzglucosemeRverfahren nach
Anspruch 18, wobei die hydrophile dufiere Schale
organisch ist.

In vivo-LumineszenzglucosemeRverfahren nach
Anspruch 19, wobei die hydrophile duRere Schale
ausgewahlt wird aus der Gruppe bestehend aus
Mercaptocarbonsauren, Cyaniden, Thiolen, oberfla-
chenaktiven Mitteln und Lipiddoppelschichten.

In  vivo-Lumineszenzglucosemellverfahren nach
Anspruch 18, wobei die hydrophile dulRere Schale
anorganisch ist.

In vivo-Lumineszglucosemefverfahren nach An-
spruch 21, wobei die hydrophile duRere Schale aus-
gewahlt wird aus der Gruppe bestehend aus Silici-
umdioxid, Siliciumnitrid, Siliciumoxynitrid und Silici-
umoxyhydrid.

In  vivo-Lumineszenzglucosemeliverfahren nach
Anspruch 13, wobei die Agglutinierungsschicht eine
Affinitat fir Glucose und Zuckeranaloga aufweist.

In  vivo-Lumineszenzglucosemeliverfahren nach
Anspruch 13, wobei die Agglutinierungsschicht Lec-
tin ist.

In  vivo-Lumineszenzglucosemeliverfahren nach
Anspruch 13, wobei die Agglutinierungsschicht Con-
canavalin A ist.

In  vivo-Lumineszenzglucosemeliverfahren nach
Anspruch 13, wobei die Vielzahl an eingefangenen
Glucoseanalogmolekiilen ein Polysaccharid ist.

In  vivo-Lumineszenzglucosemelfiverfahren nach
Anspruch 13, wobei die Vielzahl an eingefangenen
Glucoseanalogmolekiilen Dextran ist.

In vivo-Lumineszenzglucosemefvorrichtung zum
Messen eines Glucosegehaltsin einem interstitiellen
Fluid einer Testperson, welche umfalit:

einen Behalter mit einem inneren Bereich und
wenigstens einem Oberflachenbereich, der aus
einer halbpermeablen Membran gebildet ist, die
erlaubt, da® Glucose hindurchgelangt, wobei
der Behalter ebenfalls einen Bestrahlungsbe-
reich aufweist, bei dem Lichtin den Behélter ein-
treten kann;

10

15

20

25

30

35

40

45

50

55

10

EP 1 251 780 B1

29.

30.

31.

32.

33.

18

eine Agglutinierungsschicht auf wenigstens ei-
nem inneren Oberflachenbereich und entfernt
vom Bestrahlungsbereich;

eine Vielzahl von eingefangenen Glucoseana-
logmolekiilen im inneren Bereich, wobei ein ein-
gefangener Zucker der Vielzahl der eingefange-
nen Glucoseanalogmolekiile in der Lage ist,
sich reversibel an der Agglutinierungsschicht
anzufiigen; und

eine Vielzahl von Lumineszenzmolekilen im in-
neren Bereich, wobei ein Lumineszenzmolekiil
der Vielzahl der Lumineszenzmolekdile hydro-
phil ist und an wenigstens ein assoziiertes ein-
gefangenes Glucoseanalogmolekil der Viel-
zahl der eingefangenen Glucoseanalogmolek-
le angebunden ist;

wobei, wenn ein Glucosemolekiil der Testper-
son durch wenigstens einen Oberflachenbe-
reich, der aus einer semipermeablen Membran
gebildet ist, gelangt und sich an der Agglutinie-
rungsschicht anfiigt, ein verdrangtes Lumines-
zenzmolekil und ein assoziiertes eingefange-
nes Glucoseanalogmolekill zum Bestrahlungs-
bereich des Behalters gelangen, und wobei eine
Bestrahlung aller verdréangten Lumineszenzmo-
lekUlle und der assoziierten eingefangenen Glu-
coseanalogmolekile durch den Bestrahlungs-
bereich eine Lumineszenz erzeugt, die mit dem
Glucosegehalt des interstitiellen Fluids in Bezie-
hung gesetzt wird.

In vivo-LumineszenzglucosemeRvorrichtung nach
Anspruch 28, wobei der Glucosegehalt im interstiti-
ellen Fluid im wesentlichen gleich zu einem Blutglu-
cosegehalt ist.

In vivo-LumineszenglucosemeRvorrichtung nach
Anspruch 28, wobei die Vorrichtung in einem Blut-
strom der Testperson implantiert ist.

In vivo-Lumineszenzglucosemefvorrichtung nach
Anspruch 28, wobei die Vielzahl der Lumineszenz-
molekdile anorganisch ist.

In vivo-Lumineszenzglucosemelvorrichtung nach
Anspruch 28, wobei der Behélter ein Dialyser&hr-
chen ist.

In vivo-LumineszenzglucosemeRvorrichtung nach
Anspruch 31, wobei ein Lumineszenzmolekil der
Vielzahl der Lumineszenzmolekiile ferner umfaf3t:

einen Quantenpunkt mit einem Kern und einer
Schale, wobei der Kern ausgewahlt ist aus der
Gruppe bestehend aus Indiumarsenid, Indium-
nitrid, Indiumphosphid, Zinktellur, Galliumar-
senid, Galliumantimon, Indiumantimon und
Bleisulfid, und wobei die Schale ausgewahlt



34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

19 EP 1 251 780 B1 20

wird aus der Gruppe bestehend aus Indiump-
hosphid, Indiumnitrid, Kadmiumsulfid, Zinkse-
lenid, Zinksulfid und Bleiselenid;

wenigstens ein eingefangenes Glucoseanalog-
molekil; und

wenigstens ein Bindungsmolekiil, das hydrophil
ist und das in der Lage ist, sich an das wenig-
stens eine eingefangene Glucoseanalogmole-
kul und an den Quantenpunkt anzubinden.

In vivo-Lumineszenzglucosemefvorrichtung nach
Anspruch 33, wobei das wenigstens eine Bindungs-
molekil ausgewahlt ist aus der Gruppe bestehend
aus Mercaptocarbonsauren, Cyaniden und Thiolen.

In vivo-Lumineszenzglucosemefvorrichtung nach
Anspruch 33, wobei das anorganische Lumines-
zenzmolekil ferner eine hydrophile duf’ere Schale
einschliel3t, die die Schale des Quantenpunkts um-
gibt, und an die sich das wenigstens eine Bindungs-
molekil anflgt.

In vivo-LumineszenzglucosemefRvorrichtung nach
Anspruch 35, wobei die hydrophile duf3ere Schale
organisch ist.

In vivo-LumineszenzglucosemefRvorrichtung nach
Anspruch 36, wobei die hydrophile duf3ere Schale
ausgewahlt ist aus der Gruppe bestehend aus Mer-
captocarbonsauren, Cyaniden, Thiolen, oberfla-
chenaktiven Mitteln und Lipiddoppelschichten.

In vivo-LumineszenglucosemeRvorrichtung nach
Anspruch 35, wobei die hydrophile dulRere Schale
anorganisch ist.

In vivo-LumineszenglucosemeRvorrichtung nach
Anspruch 38, wobei die hydrophile dufiere Schale
ausgewahlt ist aus der Gruppe bestehend aus Sili-
ciumdioxid, Siliciumnitrid, Siliciumoxynitrid und Sili-
ciumoxyhydrid.

In vivo-Lumineszenzglucosemefvorrichtung nach
Anspruch 28, wobei die Agglutinierungsschicht eine
Affinitat fir Glucose und Zuckeranaloga aufweist.

In vivo-LumineszenzglucosemeRvorrichtung nach
Anspruch 28, wobei die Agglutinierungsschicht Lec-
tin ist.

In vivo-LumineszenzglucosemeRvorrichtung nach
Anspruch 28, wobei die Agglutinierungsschicht Con-
canavalin A ist.

In vivo-LumineszenzglucosemeRvorrichtung nach
Anspruch 28, wobei die eingefangenen Glucosea-
nalogmolekile ein Polysaccharid sind.
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44. In vivo-Lumineszenzglucosemefvorrichtung nach

Anspruch 28, wobei die Vielzahl der eingefangenen
Glucoseanalogmolekiile Dextran sind.

Revendications

Procédé de mesure du glucose in vivo par lumines-
cence pour mesurer un taux de glucose dans un flui-
de interstitiel d’'un sujet, comprenant les étapes con-
sistant a :

M illuminer les molécules luminescentes dépla-
cées avec une lumiére illuminante, lesdites mo-
Iécules luminescentes déplacées et molécules
analogues de glucose captif associées étant
contenues dans un appareil de mesure in vivo
par luminescence implanté dans ledit fluide in-
terstitiel dudit sujet ; et

B mesurer une lumiére émise, ladite lumiéere
émise étant émise en réponse a ladite
illumination ;

dans lequel ladite lumiére émise est liée au dit taux
de glucose dans ledit fluide interstitiel.

Procédé de mesure du glucose in vivo par lumines-
cence selon larevendication 1, dans lequel ledit taux
de glucose dans ledit fluide interstitiel est sensible-
ment égal a un taux de glucose sanguin.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel ledit pro-
cédé est utilisé pour mesurer un taux de glucose
dans un courant sanguin dudit sujet.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel lesdites
molécules luminescentes déplacées sont inorgani-
ques.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel ladite
lumiére émise est corrélée a un taux de glucose in-
terstitiel.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel ledit ap-
pareil de mesure in vivo par luminescence a été im-
planté environ trois a environ quatre millimétres en
dessous d’une surface externe de la peau d’un pa-
tient.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel ladite
lumiére illuminante est d’'une premiére longueur
d’ondes et ladite lumiére émise est d’'une deuxieme
longueur d’ondes.
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Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel ladite
lumiére illuminante est une lumiére infrarouge.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel une lon-
gueur d’onde de ladite lumiére illuminante est dans
une plage d’environ 800 nanometres a environ 2000
nanometres.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel une lon-
gueur d’'ondes de ladite lumiere illuminante est d’en-
viron 830 nanométres et une longueur d’'ondes de
ladite lumiére émise est d’environ 900 nanometres.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel ladite
lumiére illuminante traverse ledit sujet depuis I'exté-
rieur, en passant a travers la peau dudit sujet, et
entre dans ledit appareil de mesure in vivo par lumi-
nescence.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel ladite
lumiére émise part depuis ledit appareil de mesure
in vivo par luminescence, passe a travers la peau
dudit sujet, et arrive dans une région située a I'exté-
rieur dudit sujet.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 1, dans lequel ledit ap-
pareil de mesure in vivoparluminescence comprend
en outre :

H un conteneur ayant une région intérieure et
au moins une région de surface formée d'une
membrane semi-perméable qui permet au glu-
cose de passer au travers, ledit conteneur ayant
aussi une région d’illumination ot la lumiére peut
entrer dans ledit conteneur ;

H une couche d’agglutination sur au moins une
région de surface intérieure et éloignée de ladite
région d'illumination ;

M une pluralité de molécules analogues de glu-
cose captif dans ladite région intérieure, avec
une molécule analogue de glucose captif de la-
dite pluralité de molécules analogues de gluco-
se captif capable de se lier de maniéreréversible
a ladite couche d’agglutination ; et

B une pluralit¢ de molécules luminescentes
dans ladite région intérieure, avec une molécule
luminescente de ladite pluralité de molécules lu-
minescentes qui est hydrophile et liée a au
moins une molécule analogue de glucose captif
associée de ladite pluralité de molécules analo-
gues de glucose captif ;
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ol quand une molécule de glucose dudit sujet passe
a travers ladite au moins une région de surface for-
mée d’'une membrane semi-perméable et se fixe a
ladite couche d’agglutination, une molécule lumines-
cente déplacée et une molécule analogue de gluco-
se captifassociée sontdéplacées ettraversentladite
région d’illumination dudit conteneur, et ou I'illumi-
nation de toutes les molécules luminescentes dépla-
cées et lesdites molécules analogues de glucose
captif associées a travers ladite région d’illumination
produit une luminescence qui est associée au dit
taux de glucose dudit fluide interstitiel.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 13, dans lequel ladite
pluralité de molécules luminescentes est inorgani-
que.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 13, dans lequel ledit
taux de glucose dans ledit fluide interstitiel est sen-
siblement égal a un taux de glucose sanguin.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 13, dans lequel ledit
conteneur est un tube de dialyse.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 14, dans lequel une
molécule luminescente inorganique de ladite plura-
lité de molécules luminescentes inorganiques com-
prend en outre :

B une boite quantique ayant un coeur et une
coque, ledit coeur étant choisi dans le groupe
constitué par 'arséniure d’indium, le nitrure d’in-
dium, le phosphure d’indium, le tellure de zinc,
l'arséniure de gallium, I'antimoine de gallium,
'antimoine d’indium et le sulfure de plomb, et
ladite coque étant choisie dans le groupe cons-
titué par le phosphure d’'indium, le nitrure d’in-
dium, le sulfure de cadmium, le séléniure de
zinc, le sulfure de zinc, et le séléniure de plomb ;
H au moins une molécule analogue de glucose
captif ; et

M au moins une molécule de liaison choisie dans
le groupe constitué par le dioxyde de silicium,
les acides mercaptocarboxyliques, les cyanu-
res, et les thiols, ladite au moins une molécule
de liaison étant hydrophile et étant capable de
se lier a au moins une molécule analogue de
glucose captif et a ladite boite quantique.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 17, dans lequel ladite
molécule luminescente inorganique comprend en
outre une coque externe hydrophile entourant ladite
coque de ladite boite quantique et a laquelle ladite
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au moins une molécule de liaison se lie.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 18, dans lequel ladite
coque externe hydrophile est organique.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 19, dans lequel ladite
coque externe hydrophile est choisie dans le groupe
constitué par les acides mercaptocarboxyliques, les
cyanures, les thiols, les tensioactifs et les bicouches
lipidiques.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 18, dans lequel ladite
coque externe hydrophile est inorganique.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 21, dans lequel ladite
coque externe hydrophile est choisie dans le groupe
constitué par le dioxyde de silicium, le nitrure de si-
licium, I'oxynitrure de silicium et I'oxyhydrure de si-
licium.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 13, dans lequel ladite
couche d’agglutination a une affinité pour le glucose
et les analogues de sucre.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 13, dans lequel ladite
couche d’agglutination est la lectine.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 13, dans lequel ladite
couche d’agglutination est la concanavaline A.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 13, dans lequel ladite
pluralité de molécules analogues de glucose captif
est un polysaccharide.

Procédé de mesure du glucose in vivo par lumines-
cence selon la revendication 13, dans lequel ladite
pluralité de molécules analogues de glucose captif
est le dextrane.

Appareil de mesure du glucose in vivo par lumines-
cence pour mesurer un taux de glucose dans un flui-
de interstitiel d’un sujet, comprenant :

H un conteneur ayant une région intérieure et
au moins une région de surface formée d’'une
membrane semi-perméable qui permet au glu-
cose de passer au travers, ledit conteneur ayant
aussiunerégion d’illumination ot lalumiére peut
entrer dans ledit conteneur ;

H une couche d’agglutination sur au moins une
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région de surface intérieure et éloignée de ladite
région d’illumination ;

H une pluralité de molécules analogues de glu-
cose captif dans ladite région intérieure, avec
un sucre captif de ladite pluralité de molécules
analogues de glucose captif capable de se lier
de maniére réversible a ladite couche
d’agglutination ; et

B une pluralité de molécules luminescentes
dans ladite région intérieure, avec une molécule
luminescente de ladite pluralité de molécules lu-
minescentes qui est hydrophile et liée a au
moins une molécule analogue de glucose captif
associée de ladite pluralité de molécules analo-
gues de glucose captif ;

ou quand une molécule de glucose dudit sujet passe
a travers ladite au moins une région de surface for-
mée d’'une membrane semi-perméable et se fixe a
ladite couche d’agglutination, une molécule lumines-
cente déplacée et une molécule analogue de gluco-
se captif associée se dirigent vers ladite région d'il-
lumination dudit conteneur, et ou lillumination de
toutes les molécules luminescentes déplacées et
desdites molécules analogues de glucose captif as-
sociées a travers ladite région d’illumination produit
une luminescence qui est associée au dit taux de
glucose dudit fluide interstitiel.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 28, dans lequel ledit
taux de glucose dans ledit fluide interstitiel est sen-
siblement égal a un taux de glucose sanguin.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 28, dans lequel ledit
appareil est implanté dans une circulation sanguine
dudit sujet.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 28, dans lequel ladite
pluralité de molécules luminescentes est inorgani-
que.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 28, dans lequel ledit
conteneur est un tube de dialyse.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 31, dans lequel une
molécule luminescente de ladite pluralité de molé-
cules luminescentes comprend en outre :

B une boite quantique ayant un coeur et une
coque, ledit coeur étant choisi dans le groupe
constitué par 'arséniure d’indium, le nitrure d’in-
dium, le phosphure d’indium, le tellure de zinc,
'arséniure de gallium, I'antimoine de gallium,



34.

35.

36.

37.

38.

39.

40.

4.

42,
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'antimoine d’indium et le sulfure de plomb, et
ladite coque étant choisie dans le groupe cons-
titué par le phosphure d’'indium, le nitrure d’in-
dium, le sulfure de cadmium, le séléniure de
zinc, le sulfure de zinc, et le séléniure de plomb ;
H au moins une molécule analogue de glucose
captif ; et

W au moins une molécule de liaison qui est hy-
drophile et qui est capable de se lier a ladite au
moins une molécule analogue de glucose captif
et a ladite boite quantique.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 33, dans lequel ladite
au moins une molécule de liaison est choisie dans
le groupe constitué par les acides mercapto-car-
boxyliques, les cyanures et les thiols.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 33, dans lequel ladite
molécule luminescente inorganique comprend en
outre une coque externe hydrophile entourant ladite
coque de ladite boite quantique et a laquelle ladite
au moins une molécule de liaison se lie.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 35, dans lequel ladite
coque externe hydrophile est organique.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 36, dans lequel ladite
coque externe hydrophile est choisie dans le groupe
constitué par les acides mercaptocarboxyliques, les
cyanures, les thiols, les tensioactifs et les bicouches
lipidiques.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 35, dans lequel ladite
coque externe hydrophile est inorganique.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 38, dans lequel ladite
coque externe hydrophile est choisie dans le groupe
constitué par le dioxyde de silicium, le nitrure de si-
licium, I'oxynitrure de silicium et I'oxyhydrure de si-
licium.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 28, dans lequel ladite
couche d’agglutination a une affinité pour le glucose
et les analogues de sucre.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 28, dans lequel ladite
couche d’agglutination est la lectine.

Appareil de mesure du glucose in vivo par lumines-
cence selon la revendication 28, dans lequel ladite
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couche d’agglutination est la concanavaline A.

43. Appareil de mesure du glucose in vivo par lumines-

cence selonlarevendication 28, dans lequel lesdites
molécules analogues de glucose captif est un poly-
saccharide.

44. Appareil de mesure du glucose in vivo par lumines-

cence selon la revendication 28, dans lequel ladite
pluralité de molécules analogues de glucose captif
est le dextrane.
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