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Description
TECHNICAL FIELD

[0001] The present invention relates to a fluorescent hydrogel and a method for producing the same, and a sensor
for measuring saccharides using the same.

BACKGROUND ART

[0002] Animplantable sensor is useful for, in various diseases, e.g. a follow-up on the state of disease and monitoring
therapeutic effects, and is one of the fields which have been actively studied in recent years. In particular in the treatment
of diabetes, blood glucose control by continuous blood glucose measurements is said to contribute to the delayed
progression of the state of disease and a decrease in development of complications.

[0003] Under the present circumstances, most of the diabetics collect a blood sample by puncturing a finger or the
like, supply the sample to a blood glucose meter, and read a measured value to manage blood glucose by themselves.
Such method, however, has problems in terms of distress of patients and simplicity, and the measurements are limited
to a few times a day. Under the present circumstances, it is difficult to understand the trend and tendency of changes
in blood glucose level by frequent measurements. For such reasons, it is believed that the usefulness of an implantable
continuous blood glucose meter is high.

[0004] Meanwhile, technology for continuously measuring glucose concentrations in a living body has been developed
for a long time. For example, there is technology in which glucose concentrations are measured by changes in the
amount of fluorescence using a substance which emits fluorescence by a reversible reaction with glucose. As fluorescent
substances of this type, Patent Literature 1 discloses a fluorescent compound having a fluorescent group of atoms, at
least one phenylboronic acid region and at least one amine nitrogen, and a molecular structure in which the amine
nitrogen is located near the phenylboronic acid region and intramolecularly binds to the phenylboronic acid. In addition,
Patent Literature 2 discloses, as an indicator high molecule to detect the concentration of a sample in an aqueous
environment, a copolymer of a hydrophilic monomer and an indicator monomer which has an excimer-forming polycyclic
aromatic hydrocarbon such as an anthracene boronic acid ester derivative. Further, Patent Literature 3 discloses a
method in which a fluorescent substance is directly immobilized on a solid phase such as a plastic film as a fluorescence
sensor.

[0005] The sensor substances described in the above Patent Literatures 1 to 3 are, however, in the shape of films
and the shape of sheets, and when the substances are implanted to use in a body, there is a problem of high invasiveness.
For such problem, Patent Literature 4 suggests a sensor for measuring saccharides, in which a fluorescent sensor
substance is immobilized on a base material such as a (meth) acrylamide film using a silane coupling agent and the like.

Citation List
Patent Literature
[0006]

Patent Literature 1: Japanese Patent Application Laid-Open (JP-A) No. H08-53467 A (USP 5,503,770)

Patent Literature 2: Japanese Patent Application National Publication (Laid-Open) No. 2004-506069
(W02002/012251)

Patent Literature 3: United States Patent No. 6, 319, 540

Patent Literature 4: JP-A No. 2006-104140 A

SUMMARY OF INVENTION
Technical Problem

[0007] The sensor for measuring saccharides described in the above Patent Literature 4, however, requires skin
incisions for implantation in and removal from a body, and thus there is room for improvement in inhibiting invasion as
much as possible.

[0008] Therefore, an object ofthe presentinventionis to provide a fluorescent hydrogel, which has superior detectability
of saccharides such as glucose, and is easily implanted in and removed from a body with minimal invasiveness, and a
method for producing the same, and a sensor for measuring saccharides using the same.
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Solution to Problem

[0009] As aresult of along series of intensive research, the present inventors found that a fluorescent hydrogel having
a polyalkylene oxide structure has superior detectability of saccharides such as glucose, and can be implanted in a body
and removed from the body with lower invasiveness, thereby completing the present invention.

Advantageous Effects of Invention

[0010] A fluorescent hydrogel by the present invention and a sensor for measuring saccharides using the same have
superior detectability of saccharides in body fluid, and can be implanted in a body and removed from the body with
minimal invasiveness.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011]

Fig. 1 is a schematic diagram showing an aqueous solution column 12 filled in a tube 11.

Fig. 2A is a schematic diagram showing an example of a minute channel producing an aqueous solution column.
Fig. 2B is a schematic diagram showing a section on line A-A in Fig. 2A.

Fig. 3A is a schematic diagram showing the overall structure of a coaxial microfluidic device.

Fig. 3B is a schematic diagram showing the main part of Fig. 3A on a larger scale.

Fig. 4 is a photograph of the fluorescent hydrogel obtained in Example 2.

Fig. 5 is a graph showing the relationship between glucose concentrations and the fluorescence intensity of a
fluorescent hydrogel.

Fig. 6 (a) is the FT-IR spectrum of only AAm gel produced without using F-PEG-AAm and polyethylene glycol methyl
ether acrylate in the method of Example 2, Fig. 6(b) is the FT-IR spectrum of only polyethylene glycol methyl ether
acrylate, and Fig. 6(c) is the FT-IR spectrum of a hydrogel produced without using F-PEG-AAm in the method of
Example 2.

Fig. 7 is a graph showing the relationship between the concentration of polyethylene glycol methyl ether acrylate
and the amount of bovine serum albumin adsorbed to the gel.

Fig. 8 (a) is a photograph when implanting the fluorescent hydrogel obtained in Example 2 in a mouse ear, and Fig.
8 (b) is a graph showing the relationship between changes in the blood glucose level of the mouse and changes in
the fluorescence intensity of the fluorescent hydrogel.

Fig. 9 (a) is a photograph of a mouse after 72 days from implantation of the fluorescent hydrogel in an ear, and Fig.
9 (b) is a graph showing evaluation results of the relationship between changes in the blood glucose level of the
mouse and changes in the fluorescence intensity of the fluorescent hydrogel, which has been implanted, after 72
days from implantation of the fluorescent hydrogel.

Fig. 10(a) is a photograph of a mouse after 140 days from implantation of the fluorescent hydrogel in an ear, and
Fig. 10 (b) is a graph showing evaluation results of the relationship between changes in the blood glucose level of
the mouse and changes in the fluorescence intensity of the fluorescent hydrogel, which has been implanted, after
140 days from implantation of the fluorescent hydrogel.

DESCRIPTION OF EMBODIMENTS
[0012] The first of the present invention is a fluorescent hydrogel having a structure represented by the following

chemical formula 1.
[0013] [Chem. 1]
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[(Chemical Formula 1]

[0014] In the chemical formula 1, X; and X,, which may be the same or different, are straight or branched C1-30
alkylene which may include at least one substituent selected from the group consisting of -COO-, -OCO-, -CH,NR-,
-NR-, -NRCO-, -CONR-, -SO,NR- -NRSO,- -O-, -S-, -SS-, -NRCOO-, -OCONR- and -CO-, in this case, R is a hydrogen
atom, or substituted or unsubstituted straight or branched C1-10 alkyl.

[0015] Specific examples of straight or branched C1-30 alkylene include, for example, methylene, ethylene, propylene,
isopropylene, butylene, isobutylene, sec-butylene, tert-butylene, pentylene, isopentylene, neopentylene, hexylene, hep-
tylene, octylene, nonylene, decylene, undecylene, dodecylene, tridecylene, tetradecylene, pentadecylene, hexade-
cylene, heptadecylene, octadecylene, nonadecylene, eicosylene, heneicosylene, docosylene, tricosylene, tetracosylene,
pentacosylene, hexacosylene, heptacosylene, octacosylene, nonacosylene ortriacontylene, and the like. C3-12 alkylene
is preferred, and propylene, hexylene or octylene is more preferred.

[0016] The substituents contained in the alkylene maybe located at the end of the alkylene, and located in the interior
of the alkylene. A preferred substituent is -NRCO- or -CONR-. R is a hydrogen atom, or straight or branched C1-10 alkyl,
and more preferably a hydrogen atom.

[0017] Specific examples of straight or branched C1-10 alkyl which can be used as R include, for example, methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, iso-amyl, tert-pentyl, neopentyl, n-hexyl, 3-
methylpentan-2-yl, 3-methylpentan-3-yl, 4-methylpentyl, 4-methylpentan-2-yl, 1,3-dimethylbutyl, 3,3-dimethylbutyl, 3,3-
dimethylbutan-2-yl, n-heptyl, 1-methylhexyl, 3-methylhexyl, 4-methylhexyl, 5-methylhexyl, 1-ethylpentyl, 1-(n-pro-
pyl)butyl, 1,1-dimethylpentyl, 1,4-dimethylpentyl, 1,1-diethylpropyl, 1,3,3-trimethylbutyl, 1-ethyl-2,2-dimethylpropyl,n-oc-
tyl, 2-ethylhexyl,2-methylhexan-2-yl,2,4-dimethylpentan-3-yl, 1,1-dimethylpentan-1-yl, 2,2-dimethylhexan-3-yl, 2,3-
dimethylhexan-2-yl, 2,5-dimethylhexan-2-yl, 2,5-dimethylhexan-3-yl, 3,4-dimethylhexan-3-yl, 3,5-dimethylhexan-3-yl, 1-
methylheptyl, 2-methylheptyl, 5-methylheptyl, 2-methylheptan-2-yl, 3-methylheptan-3-yl, 4-methylheptan-3-yl, 4-meth-
ylheptan-4-yl, 1-ethylhexyl, 2-ethylhexyl, 1-propylpentyl, 2-propylpentyl, 1,1-dimethylhexyl, 1,4-dimethylhexyl, 1,5-
dimethylhexyl, 1-ethyl-I-methylpentyl, 1-ethyl-4-methylpentyl, 1,1,4-trimethylpentyl, 2,4,4-trimethylpentyl, 1-isopropyl-
1,2-dimethylpropyl, 1,1,3,3-tetramethylbutyl, n-nonyl, 1-methyloctyl, 6-methyloctyl, 1-ethylheptyl, 1-(n-butyl)pentyl, 4-
methyl-1-(n-propyl)pentyl, 1,5,5-trimethylhexyl, 1,1,5-trimethylhexyl, 2-methyloctan-3-yl, n-decyl, 1-methylnonyl, 1-ethy-
loctyl, 1-(n-butyl)hexyl, 1,1-dimethyloctyl or 3,7-dimethyloctyl, and the like. Straight or branched C1-5 alkyl is more
preferred.

[0018] Inthe chemical formula 1, Z4, Z,, Z53 and Z,, which may be the same or different, are -O- or -NR’-, in this case,
R’ is a hydrogen atom, or substituted or unsubstituted C1-10 alkyl. Z, and Z, are more preferably -O-.

[0019] Specific examples of straight or branched C1-10 alkyl which can be used as R’ are the same as above, and
thus the explanation is omitted here. Straight or branched C1-5 alkyl is more preferred.

[0020] Q, Q', Q"' and Q ’’, which may be the same or different, are hydrogen atoms, hydroxy, substituted or
unsubstituted straight or branched C1-10 alkyl, C2-11 acyl, substituted or unsubstituted straight or branched C1-10
alkoxy, halogen atom-containing groups, carboxy, carboxylic acid ester, carboxylic acid amide, cyano, nitro, amino or
C1-10 alkylamino.

[0021] Specific examples of straight or branched C1-10 alkyl are the same as above, and thus the explanation is
omitted here.

[0022] Itis preferred that C2-11 acyl be a group represented by the following chemical formula 2.

[0023] [Chem. 2]

[Chemical Formula 2]
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L>=O

[0024] In the chemical formula 2, L is substituted or unsubstituted straight or branched C1-10 alkyl.

[0025] Examples of C2-11 acyl include, for example, acetyl, propionyl, butyryl, isobutyryl, valeryl or isovaleryl, and the
like. The number of carbons in alkyl of L in the chemical formula 2 is preferably 1 to 4 and more preferably 1 (i.e. acetyl).
The effect of expanding the gap between the excitation wavelength and the maximum fluorescence wavelength is
obtained by introducing acyl into the anthracene residue.

[0026] Examples of straight or branched C1-10 alkoxy include, for example, methoxy, ethoxy, n-propoxy, isopropoxy,
n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, n-pentyloxy, isopentyloxy, neopentyloxy, 1,2-dimethyl-propoxy, n-hexyloxy,
3-methylpentan-2-yloxy, 3-methylpentan-3-yloxy, 4-methylpentyloxy, 4-methylpentan-2-yloxy, 1,3-dimethylbutyloxy,
3,3-dimethylbutyloxy, 3,3-dimethylbutan-2-yloxy, n-heptyloxy, 1-methylhexyloxy, 3-methylhexyloxy, 4-methylhexyloxy,
5-methylhexyloxy, 1-ethylpentyloxy, 1-(n-propyl)butyloxy, 1,1-dimethylpentyloxy, 1,4-dimethylpentyloxy, 1,1-diethylpro-
pyloxy, 1,3,3-trimethylbutyloxy, 1-ethyl-2,2-dimethylpropyloxy, n-octyloxy, 2-ethylhexyloxy, 2-methylhexan-2-yloxy, 2,4-
dimethylpentan-3-yloxy, 1,1-dimethylpentan-1-yloxy, 2,2-dimethylhexan-3-yloxy, 2,3-dimethylhexan-2-yloxy, 2,5-
dimethylhexan-2-yloxyoxy, 2,5-dimethylhexan-3-yloxy, 3,4-dimethylhexan-3-yloxy, 3,5-dimethylhexan-3-yloxy, 1-meth-
ylheptyloxy, 2-methylheptyloxy, 5-methylheptyloxy, 2-methylheptan-2-yloxy, 3-methylheptan-3-yloxy, 4-methylheptan-
3-yloxy, 4-methylheptan-4-yloxy, 1-ethylhexyloxy, 2-ethylhexyloxy, 1-propylpentyloxy, 2-propylpentyloxy, 1,1-dimethyl-
hexyloxy, 1,4-dimethylhexyloxy, 1,5-dimethylhexyloxy, 1-ethyl-1-methylpentyloxy, 1-ethyl-4-methylpentyloxy, 1,1,4-tri-
methylpentyloxy, 2,4,4-trimethylpentyloxy, 1-isopropyl-1,2-dimethylpropyloxy, 1,1,3,3-tetramethylbutyloxy, n-nonyloxy,
1-methyloctyloxy, 6-methyloctyloxy, 1-ethylheptyloxy, 1-(n-butyl)pentyloxy, 4-methyl-1-(n-propyl)pentyloxy, 1,5,5-tri-
methylhexyloxy, 1,1,5-trimethylhexyloxy,2-methyloctan-3-yloxy,n-decyloxy, 1-methylnonyloxy, 1-ethyloctyloxy, 1-(n-
butyl)hexyloxy, 1,1-dimethyloctyloxy or 3,7-dimethyloctyloxy, and the like.

[0027] Examples of halogen atom-containing groups include, for example, F-, CI-, Br-, I- or OI- (iodoxy), and the like.
[0028] Examples of C1-10 alkylamino include e.g. methylamino, ethylamino, n-propylamino, isopropylamino, n-
butylamino, n-pentylamino, n-hexylamino, n-octylamino, n-decylamino or n-isoamylamino, and the like.

[0029] In addition, atleastoneof Qand Q' ,and Q" ’and Q’’’ may join together to form an aromatic ring or a heterocycle.
Examples of the aromatic rings include, for example, a benzene ring. Examples of the heterocycles include, for example,
a pyrazole ring, a pyrrole ring, a furan ring, a thiophene ring, an imidazole ring, a thiazole ring, an isothiazole ring, an
oxazole ring, an isoxazole ring, a pyridine ring, a pyrazine ring, a pyrimidine ring, a pyridazine ring and the like.

[0030] The introduction of nitro, cyano or acyl into at least one of Q, Q' , Q” and Q" can contribute to a fluorescence
red shift or expansion of the gap between the excitation wavelength peak and the fluorescence wavelength peak, and
is preferred.

[0031] Inthe presentinvention, atleast one of Q, Q’, Q" and Q' is preferably nitro, cyano or C2-11 acyl represented
by the chemical formula 2, more preferably nitro, cyano or acetyl, and further preferably acetyl. In addition, one to three
of Q, Q'", Q and Q' '’ are preferably substituted with the above substituents, more preferably one and two of them,
and further preferably one of them.

[0032] Y, and Y,, which may be the same or different, are divalent organic residues which may be substituted, or
single bonds. It is preferred that Y, and Y, have hydrophilicity which can render a fluorescent monomer compound
water-soluble. Here, hydrophilicity which can render a fluorescent monomer compound water-soluble means that the
fluorescent monomer compound is dissolved in water in a concentration range required for polymerization thereof in the
absence of an organic solvent and a solubilizing agent. Specific examples of groups used as Y, and Y, are, for example,
amino, carbonyloxy, or a divalent organic residue having a hydrophilic group such as sulfonate group, nitro, amino,
phosphate group or hydroxy, and a divalent organic residue having a hydrophilic bond such as an ether bond, an amide
bond or an ester bond in its structure.

[0033] It is preferred that at least one of Y, and Y, contains a group represented by the following chemical formula 3
or the following chemical formula 4. In addition, at least one of Y, and Y, may contain both a group represented by the
following chemical formula 3 and a group represented by the following chemical formula 4, in this case, the configuration
of a group represented by the following chemical formula 3 and a group represented by the following chemical formula
4 may be a block form or a random form. Further, at least one of Y, and Y, may have other substituents and divalent
organic residues described above.

[0034] [Chem. 3]
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[Chemical Formula 3]
AT

[Chemical Formula 4]

[0035] [Chem. 4]

[0036] In the chemical formula 3 and the chemical formula 4, n is 2 to 5, preferably 2 to 4, and more preferably 2 or
3. In addition, jis 1 to 5, preferably 1 to 3, and more preferably 1. Further, m is 1 to 200, preferably 20 to 150, and more
preferably 40 to 120. The * in the chemical formula 3 and the chemical formula 4 represents a binding point.

[0037] The molecular weight of the Y and Y, moieties is preferably 500 to 10,000, and more preferably 1,000 to 5,000.
The divalent organic residue represented by the chemical formula 3 or the chemical formula 4 can be formed, for example,
by polymerizing an alkylene glycol such as ethylene glycol or propylene glycol, or vinyl alcohol.

[0038] A, A,, Azand A4, which may be the same or different, are hydrogen atoms or methyl.

[0039] U,, Uy, Uz and U,, which may be the same or different, are hydrogen atoms, or substituted or unsubstituted
straight or branched C1-10 alkyl.

[0040] D, and D,, which may be the same or different, are groups represented by the following chemical formula 6.

[0041] [Chem. 5]

[Chemical Formula 6]

[0042] In the chemical formula 6, R4 is a hydrogen atom, or straight or branched C1-10 alkyl, in this case, Ry may
formabondwithL,,L,,Z,0rZ,,towhich D, and D, are notbound, sisanintegerfrom 2to 5, and tis an integerfrom 1 to 200.
[0043] In the chemical formula 6, s is preferably an integer from 2 to 4, and more preferably 2. Further, t is preferably
an integer from 20 to 150, and more preferably an integer from 40 to 120.

[0044] The introduction of a group represented by the above chemical formula 6 (polyalkylene oxide structure), which
group is hydrophilic, changes the peripheral environment and mobility of phenylboronic acid, which interacts with a
substance to be detected, and contributes to e.g. an improvement in the sensitivity, accuracy and response speed of a
fluorescent hydrogel to be ultimately obtained and the selectivity of saccharides, which are substances to be measured.
In addition, a steric repulsion effect due to the structure represented by the above chemical formula 6 contributes to an
improvement in the effect of inhibiting adsorption of biological components such as protein, for example, albumin and lipid.
[0045] L, andL,, which may be the same or different, are groups selected from the group consisting of a single bond,
-Ug-, -Us-NR,-, -U5-O-, -Ug-S-, -U5-SS-, -U5-NR,CO-, -U5s-CONRy-, -U5-OCO-, -U5-COO-, a group represented by the
following chemical formula 7, and a group represented by the following chemical formula 8,

[0046] [Chem. 6]

[Chemical Formula 7]
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[0047] [Chem. 7]

[Chemical Formula 8]

[0048] inthis case, Uy is substituted or unsubstituted straight or branched C1-10 alkylene, and R, is a hydrogen atom,
or substituted or unsubstituted straight or branched C1-10 alkyl.

[0049] Specific examples of the above straight or branched C1-10 alkylene include, for example, methylene, ethylene,
propylene, isopropylene, butylene, isobutylene, sec-butylene, tert-butylene, pentylene, isopentylene, neopentylene, hex-
ylene, heptylene, octylene, nonylene or decylene, and the like. Preferred are propylene, butylene, pentylene, hexylene,
heptylene, octylene, nonylene and decylene, and more preferred are hexylene, heptylene, octylene, nonylene and
decylene.

[0050] The mention of "substituted or unsubstituted" in this description means substitution with substituents such as
a fluorine atom; a chlorine atom; a bromine atom; cyano; nitro; hydroxy; straight or branched C1-10 alkyl; straight or
branched C1-10 alkoxy; C6-30 aryl; C2-30 heteroaryl; andC5-20 cycloalkyl; or unsubstitution.

[0051] The molar ratio of p4 and q4 (p4 : q4) and the molar ratio of p, and g, (p5 : g,) are 1 : 50 to 1 : 6,000, preferably
1:50to 1:4,000, and more preferably 1: 100 to 1 : 2,000. When the proportion of a fluorescent monomer compound
is higher than a molar ratio of 1 : 50, a degree of freedom may be lost due to the bulky of the fluorescent monomer
compound, and there is a possibility that interactions with saccharides may decrease. On the contrary, when the proportion
of a fluorescent monomer compound is lower than a molar ratio of 1 : 6,000, the absolute magnitude of the fluorescence
intensity may not be secured.

[0052] The molar ratio of p; and rq (p4 : r4) and the molar ratio of p, and ry (p, : ry) are 1: 5to 1 : 3,000, preferably
1:81to01:2,500, and more preferably 1 : 10 to 1 : 2,000. When the proportion of a fluorescent monomer compound is
higher than a molar ratio of 1 : 5, a degree of freedom may be lost due to the bulky of the fluorescent monomer compound,
and there is a possibility that interactions with saccharides may decrease. On the contrary, when the proportion of a
fluorescent monomer compound is lower than a molar ratio of 1 : 3,000, the absolute magnitude of the fluorescence
intensity may not be secured. In addition, p; and p, are preferably almost 1 to 30, and g4 and q, are preferably almost
50 to 180, 000. Also, rq and r, are preferably almost 5 to 90,000.

[0053] Methods for introducing a group represented by the above chemical formula 6 into a fluorescent hydrogel will
be described in detail in the paragraph of the production method for a fluorescent hydrogel described below.

[0054] As described above, in the structure of the fluorescent hydrogel of the present invention, it is preferred that
divalent organic residues, Y, and Y,, have hydrophilicity. Thereby, concretely, the following effects are obtained. (1)
Because a fluorescent monomer compound becomes water-soluble, a polymerization reaction can be efficiently carried
out when forming a fluorescent hydrogel. (2) The introduction of hydrophilic chains changes the peripheral environment
and mobility of phenylboronic acid, which interacts with a substance to be detected, and contribute to an improvement
in sensitivity, accuracy and response speed and the selectivity of saccharides, which are substances to be measured.
(3) The hydrophilic chains stabilize the overall structure of a fluorescent hydrogel. (4) Because reactions can be carried
out only in water, polymerization can be carried out in a suspended state in an organic solvent.

[0055] The weight average molecular weight of a fluorescent hydrogel having a structure represented by the above
chemical formula 1 is preferably 50, 000 to 750, 000 and more preferably 150,000 to 450,000 in terms of polyethylene
oxide by gel permeation chromatography (GPC).
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[0056] The shape of the fluorescent hydrogel of the present invention is not restricted, and may be any shape e.g. a
spherical type, a cylindrical type, a prismatic type, a cubic type and a fibrous type, or hollow shapes thereof, or three-
dimensional structures constructed using these, such as a woven fabric structure, a cylindrical structure, a tube and a
spring structure. It is preferred that a suitable shape be selected depending on a method for implanting a fluorescent
hydrogel and when detecting fluorescence.

[0057] The size of the fluorescent hydrogel by the present invention is not restricted, and preferably 10 to 2000 pum,
and more preferably 100 to 1000 wm when implantation is carried out using an injector, a cannula or a catheter. In this
description, a value measured by a stereoscopic microscope is used as its diameter.

[0058] In addition, it is preferred that the size of fluorescent hydrogels be almost equal in order that each fluorescent
hydrogel will have a similar level of fluorescence intensity at a certain blood glucose level. When using several fluorescent
hydrogels of the present invention, their sizes may be equal to or different from each other.

[0059] The second of the present invention is a method for producing a fluorescent hydrogel.

[0060] The method for producing a fluorescent hydrogel of the present invention is not restricted, and is preferably,
for example, a production method including (a1) a step of polymerizing an aqueous solution including a fluorescent
monomer compound represented by the following chemical formula 5, a monomer represented by the following chemical
formula 9 and a polymerizable monomer including a (meth)acrylamide residue; or a method for producing a fluorescent
hydrogel including (a2) a step of polymerizing an aqueous solution including a fluorescent monomer compound repre-
sented by the following chemical formula 5, a monomer represented by the following chemical formula 10 and a polym-
erizable monomer including a (meth) acrylamide residue, and (b) a step of reacting a compound represented by the
following chemical formula 11. Such production methods will now be described in detail. It should be noted, however,
that the present invention is not restricted to these modes.

[0061] [Chem. 8]

[Chemical Formula 5]

[0062] In the chemical formula 5, X4, X5, Z4,Z5,Y4, Y5, Q, Q, Q" and Q" have the same definitions as in the chemical
formula 1.
[0063] [Chem. 9]

[Chemical Formula 9]

[0064] In the chemical formula 9, Rj is a hydrogen atom or methyl, and D is a group represented by the following
chemical formula 6,
[0065] [Chem. 10]
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[Chemical Formula 6]

he
s O

[0066] in the chemical formula 6, Ry is a hydrogen atom, or straight or branched C1-10 alkyl, s is an integer from 2 to
5, and tis an integer from 1 to 200,

Z, which may be the same or different, is -O- or -NR’-, in this case, R’ is a hydrogen atom, or substituted or unsubstituted
straight or branched C1-10 alkyl,

L is a group selected from the group consisting of a single bond, -Us-, -Us-NRy-, -Ug-O-, -Us-S-, -U5-SS-, -U5-NR,CO,
-Us-CONR2-, -U5-OCO-, -U5-COO-, a group represented by the following chemical formula 7 and a group represented
by the following chemical formula 8,

[0067] [Chem. 11]

[Chemical Formula 7]

[0068] [Chem. 12]

[Chemical Formula 8]

[0069] inthis case, Uy is substituted or unsubstituted straight or branched C1-10 alkylene, and R, is a hydrogen atom,
or substituted or unsubstituted straight or branched C1-10 alkyl.
[0070] [Chem. 13]

[Chemical Formula 10]

Ry

[0071] Inthe chemical formula 10, E is -O- or -NR’-, in this case, R’ is a hydrogen atom, or substituted or unsubstituted
C1-10 alkyl, G is substituted or unsubstituted straight or branched C1-10 alkyl which includes a reactive functional group
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atits end, and R, is a hydrogen atom or methyl.
[Step of polymerizing an aqueous solution ((a1) or (a2))]

[0072] In this step, each monomer is turned into the form of an aqueous solution, and a polymerization reaction is
carried out in the state of an aqueous solution. The difference between the step (a1) and the step (a2) is that monomers
to be used are different. In the step (a1) which uses a monomer represented by the above chemical formula 9, a structure
represented by the above chemical formula 6 (polyalkylene oxide structure) is introduced into a fluorescent hydrogel by
this step to obtain the fluorescent hydrogel of the present invention. In the step (a2) which uses a monomer represented
by the above chemical formula 10, a structure represented by the above chemical formula 6 (polyalkylene oxide structure)
is introduced into a fluorescent hydrogel by carrying out this step and the step (b) of reacting a compound represented
by the chemical formula 11, described below, to obtain the fluorescent hydrogel of the present invention.

[0073] The fluorescent monomer compound has a structure represented by the above chemical formula 5. Among
this, a method for producing 9,10-bis[[N-(2-boronobenzyl)-N-[6-[(acryloylpolyoxyethyl ene)carbonylaminolhexyllami-
no]methyl]-2-acetylanthracene (which is a compound wherein, in the above chemical formula 5, X4 and X, are -CgH 1,-NH-
CO-, Y, and Y, are polyethylene glycol residues wherein n is 2 in the above chemical formula 3, Z, and Z, are -O-, Q
is acetyl, Q', Q" and Q" are hydrogen atoms: hereinafter simply referred to as "F-PEG-AAm"), which is a preferred
compound as the fluorescent monomer compound, will be described by reference to the following reaction formula 1. It
should be noted, however, that the present invention is not restricted thereto.

[0074] [Chem. 14]

[Reaction formula 1]

o]
o _ __l_ &/\/\/\/NHI
NBS fBPO/ CC) :
— . -
DHEA | DMF
B
_o E ? '
v HCl { MeOH H 1
DIEA FDMF
O
[}

vii

o Q

\\-/u‘o——PEG j‘c:—»a;]

Lo
. .
. : o ‘
9 e o _ o
\)LO—PEG /u\ : /IL\PEG—OJK/

F-PEG-AAm

[0075] Using 2-acetyl-9, 10-dimethylanthracene (I in the above reaction formula 1) as a raw material, this is reacted
with N-bromosuccinimide (NBS) and benzoyl peroxide (BPO) inamixed solvent of carbon tetrachloride (CCl,)/chloroform
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with heating to obtain 2-acetyl-9,10-bis(bromomethylene)anthracene (Il in the above reaction formula 1). Then, upon
reacting this with N- (t-butoxycarbonyl) -hexyldiamine (lll in the above reaction formula 1) in the presence of a base such
as diisopropylethylamine (DIEA) in a solvent such as N,N-dimethylformamide (DMF), bromomethylene group is turned
into [(t-butoxycarbonylamino)hexylamino]methylene group (IV in the above reaction formula 1). To this, 2-(2-bromometh-
ylphenyl)-1,3-dioxaborinane (V in the above reaction formula 1) is affected in the presence of a base such as DIEA in
a solvent such as DMF to obtain 9,10-bis[[N-6’-(t-butoxycarbonylamino)hexyl-N-[2-(5,5-di methylborinan-2-yl)ben-
zyllamino]methyl]-2-acetylanthrace ne (VI in the above reaction formula 1). To this, an acid such as hydrochloric acid
is affected for deprotection to obtain 9,10-bis[[N-(6’-aminohexyl)-N-(2-boronobenzyl)amino]meth yl]-2-acetylanthracene
(VII in the above reaction formula 1). Then, upon reacting acryloyl-(polyethyleneglycol)-N-hydroxysuccinimide ester
therewith in a basic buffer, F-PEG-AAm, the intended substance, can be obtained.

[0076] When using a compound having acyl other than acetyl in the anthracene skeleton as a raw material compound,
a compound having acyl other than acetyl in the anthracene skeleton can be produced by properly selecting a solvent,
additives, reaction temperature, reaction time, a separation method and the like.

[0077] As the polymerizable monomer including a (meth) acrylamide residue, a polymer to be obtained only has to
have (meth) acryloyl group and amide in its structure, and (meth) acrylamide or a derivative thereof is preferred. Specific
examples thereof include, for example, acrylamide, methacrylamide, N,N-dimethylacrylamide, N-isopropylacrylamide,
N-tert-butylacrylamide, N-tris-hydroxymethylacrylamide, N-hydroxymethylacrylamide or N-(n-butoxymethyl)acrylamide,
and the like. A condensate of (meth)acryloyl chloride such as N-acryloyl lysine or N-acryloyl hexamethylene diamine
and an amino acid or a compound having an active amino group can be also used. Acrylamide or methacrylamide is
more preferred.

[0078] A monomerrepresented by the above chemical formula 9, which monomer is used in the step (a1), is amonomer
having a polyalkylene oxide structure in its molecule. More specific examples thereof include, for example, polyethylene
glycol methyl ether acrylate, polypropylene glycol methyl ether acrylate, polyethylene glycol ethyl ether acrylate, poly-
ethylene glycol ethyl acrylamide and the like.

[0079] A commercially available product may be used and a synthetic product may be used as a monomer represented
by the above chemical formula 9. Examples of commercially available products include, for example, polyethylene glycol
methyl ether acrylate (manufactured by Aldrich Co. LLC., Product number: 454990-250ML). Examples of synthesis
methods for synthesizing the monomer include a method in which polyethyelne glycol and acryloyl chloride are reacted.
[0080] A monomer represented by the above chemical formula 10, which monomer is used in the step (a2), has
substituted or unsubstituted straight or branched C1-10 alkyl having a reactive functional group at its end (G in the
chemical formula 10), and the reactive functional group and a group represented by J, in the chemical formula 10
described below are reacted to introduce a polyalkylene oxide structure into a fluorescent hydrogel.

[0081] Specific examples of reactive functional groups contained in G in the chemical formula 10 include, for example,
halogen, hydroxyl, aldehyde, N-hydroxysuccinimide, amino, carboxyl, thiol, maleimide, carboxylic acid ester, isothiocy-
anate, alkylsulfonyloxy and the like.

[0082] A group represented by G in the chemical formula 10 may be a group including a so-called spacer group on
between the reactive functional group and a group represented by E in the chemical formula (10). The spacer group is
preferably straight or branched C1-10 alkylene, aminoalkyl, oxyalkyl or the like, and more preferably straight or branched
C1-5 alkylene. The spacer group may contain at least one bond selected from the group consisting of an amide bond,
an imide bond, an ether bond, an ester bond, a thioether bond and a sulfonamide bond therein.

[0083] Examples ofthe straight or branched C1-10 alkylene are the same as above, and thus the explanation is omitted
here. More specific examples of a compound represented by the chemical formula 10 include, for example, N-(2-ami-
noethyl) acrylamide, N-(3-aminopropyl)acrylamide, N-(2-aminoethyl) methacrylamide, N-(3-aminopropyl) methacryla-
mide and the like.

[0084] A commercially available product may be used and a synthetic product may be used as a monomer represented
by the chemical formula 10. Examples of commercially available products include, for example, N-(3-aminopropyl)meth-
acrylamide (manufactured by Polysciences, Inc., Product number: 21200-5). Examples of synthesis methods for syn-
thesizing the monomer include a method in which alkyldiamine and acryloyl chloride are reacted.

[0085] Inthis step, a fluorescent monomer compound, a polymerizable monomerincluding a (meth) acrylamide residue
and a polymerizable monomer including a monomer represented by the above chemical formula 9 or a monomer rep-
resented by the above chemical formula 10 are turned into the form of an aqueous solution.

[0086] The solvent of the above aqueous solution is not restricted, and distilled water, ion exchanged water, pure
water, ultrapure water and the like can be used. An aqueous solution in which each of the above monomers is added
to a phosphate buffer can be also used.

[0087] The concentration of a fluorescent monomer compound in an aqueous solution is preferably 1 to 30% by weight,
and more preferably 2 to 10% by weight. The concentration of a polymerizable monomer including a (meth) acrylamide
residue in an aqueous solution is preferably 5 to 50% by weight, and more preferably 10 to 20% by weight. The con-
centration of a monomer represented by the above chemical formula 9 or a monomer represented by the above chemical
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formula 10 in an aqueous solution is preferably 1 to 50% by weight, and more preferably 3 to 15% by weight.

[0088] Other components maybe contained in the aqueous solution. Examples of such components include a polym-
erization initiator, a polymerization accelerator, a crosslinking agent, a cationic monomer which can be a cation in water,
an anionic monomer which can be an anion in water or a nonionic monomer which does not have an ion, and the like.
The details of the polymerization initiator, the polymerization accelerator and the crosslinking agent will be described
below.

[0089] Examples of the cationic monomer which can be a cation in water can include, for example, dimethylaminoethyl
(meth)acrylate, diethylaminoethyl (meth)acrylate or 4-vinylpyridine, and the like. These maybe used individually, or two
or more may be used in combination.

[0090] Examples of the anionic monomer which can be an anion in water can include, for example, (meth)acrylic acid,
vinylpropionic acid or 4-vinylbenzene sulfonic acid, and the like. These can be used individually, or two or more can be
used in combination.

[0091] Examples of the nonionic monomer which does not have an ion can include, for example, 2-hydroxyethyl
(meth)acrylate, 3-methoxypropyl (meth)acrylate, 4-hydroxybutyl (meth) acrylate, 2-methoxyethyl acrylate or 1,4-cy-
clohexane dimethanol monoacrylate, and the like. These can be used individually, or two or more can be used in
combination.

[0092] The compounding amount of these other components is preferably 0.1 to 10 mol% and more preferably 2 to 7
mol% relative to total amount of a fluorescent monomer compound, a polymerizable monomer including a (meth) acry-
lamide residue, and a monomer represented by the above chemical formula 9 or a monomer represented by the chemical
formula 10.

[0093] The concentration of these other components in an aqueous solution is preferably 0.01 to 10% by weight, and
more preferably 0.02 to 1.0% by weight. The details of the polymerization initiator, the polymerization accelerator and
the crosslinking agent will be described below.

[0094] As described above, although the shape of the fluorescent hydrogel of the present invention is not restricted,
it is preferred that, in this step, an aqueous solution be turned into a desired shape depending on the intended shape
of a fluorescent hydrogel. For example, if aqueous solution droplets are produced in this step, fluorescent hydrogels in
the shape of spheres are obtained. In addition, for example, if an aqueous solution column is produced in this step, a
fluorescent hydrogel in the shape of a fiber is obtained. Methods for producing the above aqueous solution droplets and
aqueous solution column will be now described. It should be noted, however, that the present invention is not restricted
thereto.

[0095] Examples of the above methods for producing aqueous solution droplets from an aqueous solution include (1)
a method in which an aqueous solution is added dropwise to an organic solvent; (2) a method in which an aqueous
solution is added to an organic solvent which is stirred, and suspended and emulsified; and the like.

[0096] Examples of the organic solvents include, for example, cyclohexane, liquid paraffin, hexadecane, corn oil,
mineral oil, silicone oil and the like. These can be used individually, or two or more can be used in combination. In terms
of the stability of aqueous solution droplets, i.e. the inhibition of coalescence, silicone oil is more preferred.

[0097] The method for adding an aqueous solution to an organic solvent in the above (1) is not restricted, and the
addition can be carried out, for example, using a microfluidic device having e.g. a two-dimensional T-junction (T inter-
section) and three-dimensional flow focusing; a microdispenser such as pipetman, a capillary syringe or an inkjet micro-
dispenser; or a syringe, and the like. In particular, in terms of being able to easily control the particle diameter in the
micro order, it is preferred that an axisymmetric flow-focusing device (hereinafter simply referred to as "AFFD"), a type
of three-dimensional microfluidic devices, be used.

[0098] AFFD can be produced by stereo lithography (see Y. Morimoto et al., Biomed. Microdev., vol. 11 (2), pp.
369-377, 2009). There are the following two advantages by using AFFD.

[0099]

(i) The size of aqueous solution droplets can be varied by controlling the flowing rate of an outer fluid, a continuous
phase, to an inner fluid, a dispersed phase.

(ii) Because aqueous solution droplets do not come into contact with the surface of AFFD, aqueous solution droplets
can be formed regardless of solution components (see S. Takeuchi et al., Adv. Mater., vol. 17, pp. 1067-1072,2005;
A. Luque et al., J. Microelectromech. Syst., vol. 16, pp. 1201-1208, 2007; and A. S. Utada et al., Science, vol. 308,
pp. 537-541, 2005).

[0100] The suspension and emulsification in the above (2) can be carried out by adding an aqueous solution including
a fluorescent monomer compound represented by the above chemical formula 1, a monomer represented by the above
chemical formula 9 or a monomer represented by the above chemical formula 10 and a polymerizable monomer including
a (meth) acrylamide residue to an organic solvent, which is stirred at an appropriate speed. The aqueous solution, which
is added to the organic solvent, is divided in the form of droplets by shearing stress produced by stirring the organic
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solvent, and suspended in the organic solvent.

[0101] When the stability of aqueous solution droplets is low in the organic solvent, it is preferred that a surface active
agent be used. Examples of surface active agents include, for example, sorbitan monoleate, sorbitan sesquioleate,
polyoxyethylene (20) sorbitantrioleate, lecithin, trimethyl stearyl ammonium chloride, trimethyl cetyl ammoniumchloride,
trimethyl cetyl ammonium bromide, trimethyl n-tetradecyl ammonium chloride, alkyl benzene solfonic acid salts such as
hard-type sodium dodecyl benzene sulfonate, soft-type sodium dodecyl benzene sulfonate and sodium 4-n-octyl benzene
sulfonate, sulfuric acid ester salts such as sodium nonylphenol sulfate, further sodium dioctyl sulfosuccinate, sodium
dodecyl sulfate and the like. These may be used individually, or two or more may be used in combination. When a
surface active agent is added, it is added to either an aqueous solution in which a fluorescent monomer compound and
the like are dissolved, or an organic solvent, or both.

[0102] In addition to the above method, fluorescent hydrogels in an almost spherical shape can be formed on the
surface of a hydrophobic material such as glass, metal or plastics by adding dropwise micro-sized aqueous solution
droplets with controlling their volumes to the surface from an inkjet device and so on, and further irradiating ultraviolet
light or an electron beam.

[0103] The particle diameter of the aqueous solution droplets is preferably 10 nm to 2000 wm and more preferably 1
to 1000 wm. The particle diameter is particularly preferably 10 to 200 wm particularly for implantation using an injector,
a cannula or a catheter and for using a microchannel. In this description, a value measured by a stereoscopic microscope
is adopted as a particle diameter.

[0104] The shape and size of a fluorescent hydrogel to be ultimately obtained can be controlled depending on the
shape and size of aqueous solution droplets to be obtained in this step. In the method for adding an aqueous solution
to an organic solvent by AFFD, a microdispenser or the like, the size of aqueous solution droplets can be controlled by
controlling the volumes of droplets. In the method in which an aqueous solution is added to an organic solvent which is
stirred, and aqueous solution droplets are suspended, the size of aqueous solution droplets can be controlled by the
stirring speed of the organic solvent, the viscosity of the aqueous solution and the organic solvent, and the like. In
addition, only fluorescent hydrogels having arequired particle diameter can be selected by putting the obtained fluorescent
hydrogels through a sieve such as a filter.

[0105] Examples of the above method for producing an aqueous solution column from an aqueous solution include,
for example, (1) a method using a tube; (2) a method using a minute channel; (3) a method using a coaxial microfluidic
device; and the like.

[0106] The above method (1) using a tube is not restricted, and includes, for example, a method for producing an
aqueous solution column by injecting an aqueous solution including a fluorescent monomer compound and a polymer-
izable monomer including a (meth)acrylamide residue into a tube.

[0107] Fig. 1is a schematic diagram showing an aqueous solution column 12 filled in a tube 11. The aqueous solution
column 12 is polymerized to become a fluorescent hydrogel fiber, and by taking this out from the tube 11, a fluorescent
hydrogel fiber can be obtained.

[0108] Examples of materials for the tube include glass, metal such as aluminum and steel, plastics such as polyolefin,
silicone, Teflon, and the like.

[0109] The injection of an aqueous solution into a tube is carried out using a syringe or the like, and an aqueous
solution column can be obtained. After the injection of an aqueous solution into a tube, the both ends of the tube are
plugged as needed. A fluorescent hydrogel can be obtained by polymerizing the aqueous solution column thus produced
by various polymerization methods. In the method using a tube, fluorescent hydrogels in various shapes, in which the
shapes of the section and length direction are varied, can be produced by varying the shape of the tube. The details of
various polymerization methods will be described below.

[0110] Theinside diameter and length of a tube can be properly set up depending on the size of anintended fluorescent
hydrogel. For example, the inside diameter of a tube is preferably 10 to 2000 pwm, and the length of a tube is preferably
10 to 300 mm.

[0111] The polymerized fluorescent hydrogel in a tube can be taken out by carrying out operations such as squeezing
the fluorescent hydrogel by pressure or the like, contracting the fluorescent hydrogel or cutting the tube and melting the
tube. When taking a fluorescent hydrogel out by squeezing, the fluorescent hydrogel can be easily taken out by coating
the inner wall of a tube with a surface active agent such as Pluronic (registered trademark), polyethylene glycol or a
MPC polymer in advance.

[0112] In the above method (2) using a microchannel (minute channel), one example of the microchannel (minute
channel) to be used is shown in Fig. 2A. Upon injecting an aqueous solution including a fluorescent monomer compound
and a polymerizable monomer including a (meth) acrylamide residue into the inlet 21 of the microchannel (minute
channel), the aqueous solution flows into the outlet 22, and the aqueous solution column 24 can be produced in the
microchannel (minute channel) 23. Fig. 2B is a schematic diagram showing a section on line A-A in Fig. 2A, and shows
that an aqueous solution is injected into a space between the base plate 26 including the microchannel (minute channel)
23 and the base plate 27, which is put on the upper part of the base plate 26, to form the aqueous solution column 24.
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Examples of forming materials for the above microchannel (minute channel) include glass, polydimethylsiloxane, acrylic
resin, poly(methylmethacrylate) resin and the like.

[0113] A fluorescent hydrogel can be obtained by polymerizing the aqueous solution column thus produced by various
polymerization methods. The details of various polymerization methods will be describedbelow. In the method using a
microchannel (minute channel), fluorescent hydrogels in various shapes, in which the shapes of the section and length
direction are varied, can be produced by varying the shape of a channel.

[0114] The inside diameter and length of the microchannel (minute channel) can be properly set up depending on the
size of an intended fluorescent hydrogel. For example, the inside diameter of a microchannel (minute channel) is pref-
erably 10 to 2000 pwm,and the length of a microchannel (minute channel) is preferably 10 to 3000 mm.

[0115] A fluorescent hydrogel, which is obtained by polymerization in a microchannel (minute channel), can be taken
out by removing, from the base plate 26 including the microchannel (minute channel) 23, the base plate 27, which is put
on the upper part thereof. When taking a fluorescent hydrogel out, the fluorescent hydrogel can be easily taken out by
coating the inner wall of a microchannel (minute channel) with a surface active agent such as Pluronic (registered
trademark), a polymer such as polytetrafluoroethylene, or octafluorocyclobutane (C4Fg), and the like in advance.
[0116] In the above method (3) using a coaxial microfluidic device, for example, the coaxial microfluidic device shown
in Fig. 3A and Fig. 3B can be used. A microfluidic device, which can inject two fluids separately from a core part and a
shell part in order that the fluids will be coaxial, is concretely illustrated in e.g. Fig. 1 of Lab Chip, 4, pp. 576-580, 2004.
For example, an aqueous solution column in the core part can be produced in an organic solvent in the shell part by
using an aqueous solution including a fluorescent monomer compound and a polymerizable monomer including a
(meth)acrylamide residue as a fluid in the core part 31 and using the organic solvent which is not mixed with the aqueous
solution as a fluid in the shell part 32. Examples of the organic solvents include, for example, cyclohexane, liquid paraffin,
hexadecane, corn oil, mineral oil, silicone oil and the like. These can be used individually, or two or more can be used
in combination. The fluorescent hydrogel of the present invention can be obtained by polymerizing the aqueous solution
column by various polymerization methods. A solution having a composition to immediately polymerize an aqueous
solution in the core part by contacting with the core part can be also used as a fluid in the shell part 32 in place of an
organic solvent. The details of various polymerization methods will be described below.

[0117] The aqueous solution obtained in the above step (a1) or (a2) is then polymerized. The methods in which an
aqueous solution is polymerized are not restricted, and include, for example, a chemical polymerization method using
a radical polymerization initiator, a photopolymerization method using a photopolymerization initiator, or a radiation
polymerization method by irradiating radiation, and the like.

[0118] The chemical polymerization method is carried out by adding a radical polymerization initiator and, if needed,
a polymerization accelerator to an aqueous solution or an organic solvent, or both. The polymerization temperature is
preferably 15 to 75°C, and more preferably 20 to 60°C. The polymerization time is preferably for 3 minutes to 20 hours,
and more preferably 10 minutes to 8 hours. Examples of radical polymerization initiators can include, for example, a
persulfate such as sodium persulfate, potassium persulfate or ammonium persulfate; hydrogen peroxide; an azo com-
pound such as azobis-2-methylpropionamidine hydrochloride or azoisobutyronitrile; a peroxide such as benzoyl peroxide,
lauroyl peroxide, cumen hydroperoxide or benzoyl oxide; and the like. These can be used individually, or two or more
can be used in combination. In this case, for example, one or two or more of a reducing agent such as sodium hydrogen
sulfite, sodium sulfite, Mohr’s salt, sodium metabisulfite, formaldehyde sodium sulfoxylate or ascorbic acid; an amine
compound such as ethylene diamine, sodium ethylene diamine tetraacetate, glycine or N,N,N’,N’-tetramethyl ethylene
diamine; and the like can be used as a polymerization accelerator.

[0119] The amount of a polymerization initiator is preferably 0.01 to 10% by weight as a concentration in an aqueous
solution.

[0120] The photopolymerization method can be carried out, for example, by adding a photopolymerization initiator to
an aqueous solution in advance, and irradiating ultraviolet light to the obtained aqueous solution in an organic solvent.
[0121] Examples of photopolymerization initiators to be used include, for example, acetophenone, 2,2-diethoxyace-
tophenone, p-dimethylaminoacetophenone, p-dimethylaminopropiophenone, p-dimethylaminopropiophenone, benzo-
phenone, p,p’-dichlorobenzophenone, p,p’-bisdiethylamino benzophenone, Michler’s ketone, benzyl, benzoin, benzoin
methyl ether, benzoin isopropyl ether, benzoin-n-propyl ether, benzoin isobutyl ether, benzyl dimethyl ketal, 1-hydroxy-
cyclohexylphenylketone, tetramethyl thiuram monosulfide, thioxanthone, 2-chlorothioxanthone, 2,4-dimethylthioxantho-
ne, 2,2-dimethylpropioyl diphenylphosphine oxide, 2-methyl-2-ethylhexanoyl diphenylphosphine oxide, 2,6-dimethyl-
benzoyl diphenylphosphine oxide, 2,6-dimethoxybenzoyl diphenylphosphine oxide, 2,4,6-trimethylbenzoyl diphenyl-
phosphine oxide, bis(2,6-dimethoxybenzoyl)-2,4,4-trimethylpentylphosphine oxide, 2,3,6-trimethylbenzoyl-diphenyl-
phosphine oxide, bis(2,3,6-trimethylbenzoyl)-phenylphosphine oxide, 2,4,6-trimethoxybenzoyl-diphenylphosphine ox-
ide, 2,4,6-trichlorobenzoyl diphenylphosphine oxide, 2,4,6-trimethylbenzoyl naphthylphosphonate, p-dimethylaminoben-
zoic acid, p-diethylamino benzoic acid, azobisisobutyronitrile, 1,1’-azobis(1-acetoxy-1-phenylethane), benzoin peroxide,
di-tert-butyl peroxide and the like. These can be used individually, or two or more can be used in combination.

[0122] The wavelength of ultraviolet light is preferably 200 to 400 nm, and the amount of irradiation of ultraviolet light
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is preferably 100 to 2000 mJ/cm2, and more preferably 500 to 1500 mJ/cm?2.

[0123] In the radiation polymerization method, radiation polymerization is carried out by irradiating radiation to an
aqueous solution to be obtained. The radiation is preferably an electron beam, and the amount of irradiation is preferably
10 to 200 kGy, and more preferably 20 to 50 kGy.

[0124] When polymerization is carried out by an electron beam, polymerization can be carried out without using a
polymerization initiator and a polymerization accelerator, in this case, the step of washing the polymerization initiator
and accelerator is not required. The polymerization initiators and polymerization accelerators exemplified in the above
chemical polymerization method can be also used.

[0125] The irradiation of electron beam can be carried out by an electron accelerator device. The device is classified
into a low-energy type, a medium-energy type and a high-energy type depending on the magnitude of voltage for
accelerating electrons. In polymerization of this step, alow-energy type electron accelerator device is preferred. Examples
of low-energy type electron accelerator devices include, for example, a low-energy electron irradiation device manufac-
tured by Hamamatsu Photonics K.K. This is a device in which thermoelectrons produced from a filament are accelerated
at high voltage to increase energy, and an electron beam is taken out from a beryllium window foil to the atmosphere,
and can irradiate electron beams at an acceleration voltage of 40 to 110 kV, which is relatively low.

[0126] After a fluorescent hydrogel is obtained in the above step, further the fluorescent hydrogel is preferably washed
using a washing liquid. Examples of washing liquids include a phosphate buffer, pure water and the like.

[0127] When using an organic solvent in the above step (a1) or (a2), the dispersed phase of a fluorescent hydrogel
is exchanged and washed, for example, by successively using a washing liquid A which can dissolve the organic solvent,
and a washing liquid B which can dissolve the washing liquid A, and a fluorescent hydrogel can be ultimately obtained
in an aqueous solution. Examples of washing liquids include, for example, alcohols, ethers, esters, ketones, hydrocar-
bons, halogen-containing hydrocarbons, buffer aqueous solutions, pure water and the like, preferably include methanol,
ethanol, propanol, butanol, diethylether, ethyl acetate, acetone, heptane, hexane, cyclohexane, chloroform, methylene
chloride, aphosphatebuffer, pure water and the like, andmorepreferably include hexane, ethanol, a phosphate buffer,
pure water and the like. These washing liquids can be used individually, or two or more can be used in combination.
Among these, preferred is at least one selected from the group consisting of hexane, ethanol, a phosphate buffer and
pure water.

[(b) Step of reacting a compound represented by the chemical formula 11]

[0128] In this step, a reactive functional group (in the above chemical formula) in a hydrogel obtained when carrying
out the above step (a2) and the J, moiety in a compound represented by the following chemical formula 11 are reacted
to introduce a polyalkylene oxide structure into the fluorescent hydrogel.

[0129] [Chem. 15]

[Chemical Formula 11]

T N
% nQ |,

[0130] In the chemical formula 11, J; is a group including a hydrogen atom, substituted or unsubstituted straight or
branched C1-10 alkyl, -Ug-halogen atom, -Ug-CHO, -Ug-SH, -Ug-NH,, -Ug-NHR;5, -Ug-COOH, -Ug-COORg, -Ug-O-para-
toluenesulfonyl, -Ug-isothiocyanate, -Ug-OCO-Ug-isothiocyanate, -Ug-maleimide, -Ug-NHCO-Ug-maleimide, -Ug-CONH-
Ug-maleimide, -Ug-OSO4,Rs, -Ug-OCOR;, -Ug- (ORg),, -Ug-COO-para-nitrophenyl, -Ug-OCO-Ug-COO-N-succinimide,
or -Ug-COO-N-succinimide, and J, is a group including-O-Ug-halogen atom, -O-Ug-CHO, -O-Ug-SH, -O-Ug-NH,, -O-
Ug-NHRg, -O-Ug-COOH, -O-Ug-COOR;, -O-Ug-O-para-toluenesulfonyl, -O-Ug-isothiocyanate, -OCO-Ug-isothiocyanate,
-O-Ug-maleimide, -O-Ug-NHCO-Ug-maleimide, -O-Ug-CONH-Ug-maleimide, -O-Ug-OSO,R5, -O-Ug-OCOR;, -O-
Ug-(OR;),, -O-Ug-COO-para-nitrophenyl, -OCO-Ug-COO-N-succinimide, or -O-Ug-COO-N-succinimide, in this case, Ug
is substituted or unsubstituted straight or branched C1-10 alkylene, Ry is a hydrogen atom, or substituted or unsubstituted
straight or branched C1-10 alkyl, nis 2 to 5, and m is 1 to 200.

[0131] Acommercially available product may be used and a synthetic product may be used as a compound represented
by the chemical formula 11. Examples of commercially available products include, for example, polyethylene glycol-
pentylcarbonyloxy-N-succinimide (manufactured by NOF CORPORATION, Product number: SUNBRIGHT ME-050HS).
Examples of synthesis methods for synthesizing the compound include a method in which polyethylene glycol and alkyl
dicarboxylic acid are reacted.

15



10

15

20

25

30

35

40

45

50

55

EP 2 623 530 B1

[0132] As the combination of J, or J, and a reactive functional group contained in G, various reactions are adopted
depending on combination of functional groups which produce a bond each other, and the combination is not restricted.
For example, in the case of the combination in which one side is hydroxyl, amino or thiol and the other side is halogen,
oxysulfonylalkyl, activated ester or COO-N-succinimide, the reaction is a nucleophilic reaction. In the case of the com-
bination in which one side is hydroxyl, amino or thiol, and the other side is carboxylic acid, the reaction is a dehydration-
condensation reaction.

[0133] A crosslinked structure can be also formed by using a compound including reactive functional groups on both
Jqand J.

[0134] In the reaction of this step, reaction conditions such as a solvent to be used, a reaction catalyst, reaction
atmosphere, reaction temperature and reaction time, and the like can be varied depending on a reaction to be adopted.
To give an example, reaction time is preferably 0.5 to 20 hours and reaction temperature is preferably 0 to 100°C for a
nucleophilic reaction. In addition, there can properly exist reaction aids such as a base, an acid, a catalyst, a dehydration-
condensation agent, a solubilizing agent and an activator.

[0135] The concentration of a compound represented by the chemical formula 11 in an aqueous solution is preferably
0.1 to 20% by weight, and more preferably 1 to 5% by weight.

[0136] The fluorescent hydrogel obtained by the production method of the present invention as described above has
a structure represented by the above chemical formula 1. The detail structure is the same as the contents described
above, and thus the explanation is omitted here.

[0137] A fluorescent hydrogel having a structure represented by the above chemical formula 1 can be also produced
by a production method other than the production method including the above step (a1) or the production method
including the above step (a2) and step (b).

[0138] For example, a fluorescent hydrogel having a structure represented by the above chemical formula 1 can be
also produced by a production method in which an aqueous solution including a polymer obtained by polymerizing a
polymerizable monomer having a (meth)acrylamide residue in advance, a fluorescent monomer compound represented
by the above chemical formula 5, a monomer represented by the above chemical formula 9 or a monomer represented
by the above chemical formula 10, a polymerization initiator and, if needed, a polymerization accelerator is added to an
organic solvent to produce a solution, and the obtained solution is polymerized by the above polymerization methods.
[0139] The fluorescent hydrogel of the present invention may have a three-dimensional crosslinked structure. The
introducing methods of a three-dimensional crosslinked structure are not restricted, and include, for example, a method
in which a crosslinking agent is applied to the fluorescent hydrogel of the present invention to form an intermolecular
crosslinking on at least one part between a fluorescent monomer compound represented by the above chemical formula
5, a polymerizable monomer including a (meth) acrylamide residue and a monomer represented by the above chemical
formula 9 or a monomer represented by the above chemical formula 10. By forming a three-dimensional crosslinking
on a poly(meth)acrylamide chain, saccharides can be easily detected without elution of a fluorescent monomer compound
even in an aqueous solution. Although a fluorescent monomer compound used in the present invention has a hydrophobic
region which emits fluorescence by binding to saccharides, the hydrophobic region is bound to a poly(meth)acrylamide
chain via divalent organic residues represented by Y, and Y, in the above chemical formula 1, and thus a degree of
freedom of the hydrophobic region is secured as the hydrophobic region binds to saccharides even in an aqueous
solution. Therefore, even when a three-dimensional crosslinked structure is formed, the detection sensitivity of saccha-
rides is hardly reduced.

[0140] The crosslinking agents widely contain those which can introduce a three-dimensional crosslinked structure
into a fluorescent sensor compound by a polymerizable double bond. Specific examples thereof include, for example,
divinyl compounds such as N,N’-methylene bis(meth)acrylamide, N,N’-(1,2-dihydroxyethylene)-bis(meth)acrylamide,
diethyleneglycol di(meth)acrylate, (poly)ethylene glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, propylene
glycol di(meth)acrylate, trimethylolpropane di(meth)acrylate, trimethylolpropane triilmeth)acrylate, pentaerythritol
di(meth)acrylate, pentaerythritol tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, (poly)propylene glycol
di(meth)acrylate, glycerin trilmeth)acrylate, glycerin acrylate methacrylate, ethylene oxide modified trimethylol propane
trilmeth)acrylate, pentaerythritol tetra(meth)acrylate and dipentaerythritol hexa(meth)acrylate; triallyl cyanurate, triallyl
isocyanurate, triallyl phosphate, triallylamine, poly (meth) allyloxyalkane, (poly) ethylene glycol diglycidyl ether, glycerol
diglycidyl ether, ethylene glycol, polyethylene glycol, propylene glycol, glycerin, pentaerythritol, ethylenediamine, poly-
ethylene imine, glycidyl (meth)acrylate, triallyl isocyanurate, trimethylol propane di (meth) allyl ether, tetraallyloxyethane
or glycerol propoxytriacrylate, and the like. These crosslinking agents can be used individually, or two or more can be
used in combination.

[0141] The amount of a crosslinking agent is preferably 0.01 to 10% by weight as a concentration in an aqueous
solution column.

[0142] A fluorescent hydrogel obtained in the present invention can be used as a component of an implantable sensor
for measuring saccharides. The fluorescent hydrogel of the present invention can be implanted in a living body with
minimal invasiveness. Implantation methods include a burying method using an injector, a cannula, an indwelling needle
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or a catheter, or a burying method by exfoliating a part of the surface layer of the skin, and the like. Further, when an
implanted fluorescent hydrogel is in the shape of fibers, the whole fluorescent hydrogel, which is implanted in a living
body, can be removed by pinching its end and pulling out. That is, the present invention also provides a method for using
such fluorescent hydrogel.

[0143] Because the fluorescent hydrogel of the present invention has a highly biocompatible poly(meth)acrylamide
structure, it has less influence on a living body by long term implantation in the living body.

[0144] The fluorescent hydrogel of the present invention does not undergo chemical degradation such as hydrolysis
and enzymatic degradation in a living body, and thus it is believed to have the high stability of long term implantation.
Tissues to be implanted are preferably the intradermal and subcutaneous tissues, and more preferably the dermis layer,
in which an exchange of blood and body fluid is active and which is at a shallow depth from the surface skin, to achieve
high sensitivity and short time lag. The place of implantation is not restricted as long as it is a place where optical
measurements can be carried out from the surface of the skin, and includes, for example, arms, legs, abdomen, ears
and the like. When a fluorescent hydrogel is, for example, in the shape of fibers, it can be fixed in a living body by sewing
or winding in subcutaneous tissues and tissues in a body, and can be implanted regardless of the size and shape of
regions and organs. For example, the fluorescent hydrogel can be fixed by sewing in subcutaneous tissues, a renal
capsule, a pancreas capsule and the like and winding around a blood vessel and the like.

[0145] The fluorescent hydrogel of the present invention can be used as a component of an implantable sensor for
measuring saccharides, which sensor has a means in which the fluorescent hydrogel of the present invention is implanted
in a body, and excitation light is irradiated from the sensor, which is outside the body or implanted in the same region,
to measure fluorescence emitted from the above fluorescent hydrogel.

[0146] In addition, the fluorescent hydrogel of the present invention can be used as a component of a sensor for
measuring saccharides, which sensor has a means in which body fluid is circulated between a hollow needle, which is
inserted into a body, and an external fluorescence detector system, which is connected to the hollow needle, and the
fluorescent hydrogel is put on a part of the circulation path to measure fluorescence emitted from the fluorescent hydrogel.
[0147] The above circulation path is preferably one which has the properties of permeating saccharides, which are
objects to be measured, but not permeating high molecules such as cells and proteins among body components. The
body fluid passes through the circulation path on which a fluorescent hydrogel is put, and saccharides in the body fluid
come into contact with the fluorescent hydrogel. The values, which reflect glucose concentrations in a living body, can
be obtained by continuously measuring the fluorescence of the fluorescent hydrogel, which comes into contact with
saccharides in the body fluid, using a fluorescence detector system.

[0148] The fluorescence detector system preferably includes at least one light source and at least one photodetector.
It is preferred that the light source and the photodetector be arranged in order that excitation light emitted from the light
source will be admitted thereto as little as possible and fluorescence emitted from a fluorescent hydrogel will be efficiently
detected.

[0149] The measurement of fluorescent signals can be carried out by arranging a light source such as a lamp, a LED
or alaser, which is suited to the fluorescent characteristics of a fluorescent hydrogel, and a light detector, and, if needed,
a light, a lens, a mirror, a prism, an optical filter and the like in an appropriate position around sensor components.
[0150] Saccharides which can be detected using the fluorescent hydrogel of the present invention are not restricted,
and include, for example, monosaccharides such as glucose, galactose and fructose and polysaccharides such as
maltose, sucrose and lactose. Among these, glucose is more preferred.

[0151] The troublesomeness or time lag of blood glucose level when diabetics control their blood glucose level by
themselves can be reduced by using the above-described sensor for measuring saccharides. Further, people other than
people with diabetes can easily carry out blood glucose level measurements for health care by using the above-described
sensor for measuring saccharides.

Examples

[0152] The present invention will now be described in more detail by way of examples thereof. It should be noted,
however, that the examples do not restrict the present invention.

(Example 1: Synthesis of 9,10-bis[[N-2-boronobenzyl)-N-[6-[(acryloylpolyoxyethyle ne)carbonylamino]hexylJamino]me-
thyl]-2-acetylanthracene)

(A) Synthesis of 9,10-bis(bromomethyl)-2-acetylanthracene (Il in the above reaction formula 1)
[0153] To a mixture of 6 mL of chloroform and 20 mL of carbon tetrachloride, 600 mg of 9,10-dimethyl-2-acetylanthra-

cene (I in the above reaction formula 1), 800 mg of N-bromosuccinimide and 5 mg of benzoyl peroxide were added, and
the obtained mixture was fluxed at 80°C for 2 hours. The solvent was removed, and the residue was then extracted with
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methanol to obtain 780 mg of the intended substance.

(B) Synthesis of 9,10-bis[6’-(t-butoxycarbonylamino)hexylaminomethyl]-2-a cetylanthracene (IV in the above reaction
formula 1)

[0154] In 10 mL of N,N-dimethylformamide (DMF), 500 mg of the product obtained in the above (A), 1.125 g of N-
BOC-hexyldiamine (lll in the above reaction formula 1) and 1.25 mL of diisopropylethylamine were dissolved, and the
obtained mixture was stirred at 45°C for 1 hour to carry out a reaction. The reaction mixture was diluted with 60 mL of
chloroform, and washed three times with 100 mL of water and once with 100 mL of saturated sodium chloride water,
and the organic phase was dried with anhydrous sodium sulfate. The drying agent was filtered, and the filtrate was then
concentrated and purified by silica gel column chromatography using a chloroform/methanol (volume ratio, 95/5) mixed
solvent as an eluent to obtain 367 mg of the intended substance.

(C) Synthesis of 9,10-bis[[N-6’-(t-butoxycarbonylamino)hexyl-N-[2-(5,5-di methylborinan-2-yl)benzyllJamino]methyl]-2-
acetylanthrace ne (VI in the above reaction formula 1)

[0155] In 3 mL of dimethylformamide, 200 mg of the product obtained in the above (B), 700 mg of 2-(2-bromometh-
ylphenyl)-1,3-dioxaborinane (V in the above reaction formula 1) and 0.35 mL of N,N-diisopropylethylamine were dis-
solved, and the obtained mixture was stirred at room temperature (25°C) for 16 hours. The solvent was removed, followed
by purification by silica gel column chromatography using methanol/chloroform as an eluent to obtain 194 mg of the
intended substance.

(D) Synthesis of 9,10-bis[[N-(6’-aminohexyl)-N-(2-boronobenzyl)amino]meth yl]-2-acetylanthracene (VI in the above
reaction formula 1)

[0156] In2 mL of methanol, 100 mg of the product obtained in the above (C) was dissolved, and 2 ml of 4 N hydrochloric
acid was added thereto. The obtained mixture was stirred at room temperature (25°C) for 10 hours. After evaporation
to dryness, inorganic salts were removed by gel filtration to obtain 95 mg of the intended substance.

(E) Synthesis of F-PEG-AAm

[0157] In 0.5 mL of DMF, 160 mg of the product obtained in the above (D) was dissolved, and the obtained mixture
was added to 1.22 g of acryloyl-(polyethyleneglycol)-N-hydroxysuccinimide ester (the molecular weight of the polyeth-
ylene glycol residue moiety is 3,400) in 10 mL of a 100 mM phosphate buffer (pH = 8.0) solution. The obtained mixture
was stirred at room temperature (25°C) for 20 hours. The reaction mixture was subjected to gel filtration, and fluorescent
high molecular fractions were collected, followed by freeze-drying to obtain 1.2 g of F-PEG-AAm, the intended substance.
The "H-NMR data measured by using deuterated chloroform are as in the following Table 1, and a hydrogen signal
overlapping a peak derived from the polyethylene glycol (PEG) residue was not detected.

[0158]

[Table 1]
1H-NMR(CDCl,) : & 1. 30-1. 65 (m, C-CH,-C), 2. 90(s, Ac), 2.78 (m, -C(-C)N-CH,-C), 3. 25(m, CH,-NH-COO), 3.
50-3. 80(s, PEG), 5.8 O(d, COCH=C), 6. 17(m, C = CH,), 7.20 - 8. 20 (m, aromatic)

(Example 2: Production of a fluorescent hydrogel)

[0159] Here, a fluorescent hydrogel was produced by the above method (a1). In order that the concentration of acry-
lamide would be 15% by weight, the concentration of N,N’-methylene bisacrylamide would be 0.3% by weight, and the
concentration of polyethylene glycol methyl ether acrylate (manufactured by Aldrich Co. LLC., Product number
454990-250ML, average molecular weight: 480, hereinafter simply referred to as "PEG acrylate") would be 0, 1, 5 and
10% by weight, the substances were each added to a 60 mM phosphate buffer (pH 7.4), dissolved and mixed to prepare
4 types of aqueous solution in total. PEG acrylate used here is a compound wherein s is 2, tis 8 to 9 as a mixture, R,
is methyl, R5 is a hydrogen atom, Z is -O-, and L is a single bond in the above chemical formula 9. The four types of
aqueous solution were each subjected to nitrogen bubbling at room temperature (25°C).

[0160] In order that the concentration of F-PEG-AAm synthesized in Example 1 would be 5% by weight, the concen-
tration of sodium persulfate would be 1.8% by weight, and the concentration of N,N,N’,N’-tetramethyl ethylene diamine
would be 0.2% by weight, the substances were each added to the obtained aqueous solution.
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[0161] The above aqueous solution was suckedup into a polyolefin tube, wherein the tube had been coated with
Pluronic (registered trademark) to easily remove a fluorescent hydrogel to be produced, and the tube was placed on a
hot plate at 37°C to initiate polymerization. The polyolefin tube with an inner diameter of 700 wm and a length of 70 mm
was used.

[0162] After 5 hours, a fluorescent hydrogel obtained by polymerization was taken out from the polyolefin tube by
applying air pressure, and immersed in a large amount of pure water for washing for over 24 hours. A photograph of the
obtained fluorescent hydrogel with a diameter of 700 wm is shown in Fig. 4.

(Example 3: Confirmation of glucose responsiveness)

[0163] The fluorescent hydrogel with a diameter of 700 wm obtained in Example 2 (PEG acrylate 5% by weight) was
immersed in a 60 mM phosphate buffer, which had been prepared in order that the concentration of glucose would be
in a range from 0 to 1000 mg/dL, and the fluorescence intensity of the fluorescent hydrogel at each glucose concentration
was observed by a fluorescence stereoscopic microscope. The results are shown in Fig. 5.

[0164] Asshown inFig.5, the fluorescent hydrogel has glucose responsiveness, and it could be confirmed that glucose
concentrations could be measured by using the fluorescent hydrogel of the present invention.

(Example 4: Analysis by FT-IR)

[0165] To confirm the introduction of a PEG structure into a fluorescent hydrogel, the FT-IR measurement of a hydrogel
produced without using F-PEG-AAm in the method of Example 2 was carried out (Fig. 6(c)). The FT-IR measurement
was carried out by an ATRmethod after freeze-drying of the produced hydrogel. As controls, the FT-IR spectrum of only
AAm gel produced without using F-PEG-AAm and PEG acrylate in the method of Example 2 (Fig. 6(a)) and the FT-IR
spectrum of only PEG acrylate (Fig. 6(b)) were also measured.

[0166] As shown in Fig. 6(c), a peak around 1100 cm-! derived from asymmetric stretching vibration of C-O in PEG
could be confirmed in the hydrogel produced using PEG acrylate. On the contrary, the peak was not confirmed in AAm
gel produced without using PEG. These results confirmed that a PEG structure could be introduced into a hydrogel by
the polymerization method.

(Example 5: Evaluation of the ability to inhibit protein adsorption)

[0167] To evaluate the ability to inhibit protein adsorption of a fluorescent hydrogel, four types of fluorescent hydrogel
(PEG acrylate 0, 1, 5 and 10% by weight) produced in Example 4 were immersed in a 1 mg/mL bovine serum albumin
solution. After immersion at room temperature (25°C) for 48 hours, the hydrogels were immersed in a 500 mM sodium
chloride solution to elute bovine serum albumin adsorbed to the fluorescent hydrogels. The BCA assay was carried out
on the eluate to determine the amount of bovine serum albumin adsorbed to the gel. The results are shown in Fig. 7.
[0168] AsshowninFig. 7, it could be confirmed that as the concentration of PEG acrylate increased, the concentration
of adsorbed bovine serum albumin decreased. It is believed that adsorption of bovine serum albumin to the gel was
inhibited by the steric repulsion effect of PEG, and it couldbe confirmed that a PEG structure was useful for the inhibition
of protein adsorption.

(Example 6: Confirmation of glucose responsiveness in a living body)

[0169] The fluorescent hydrogel with a diameter of 700 wm obtained in Example 2 (PEG acrylate 5% by weight) was
cut into a length of about 25 mm, and the hydrogel was implanted in a mouse ear. A photograph at this time is shown
in Fig. 8(a). A glucose solution and an insulin solution were administered via the jugular vein of the mouse, and changes
in the fluorescence intensity of the fluorescent hydrogel in the living body when the blood glucose level of the mouse
had been changed were observed. The results are shown in Fig. 8 (b) .

[0170] Asshownin Fig. 8(b), it could be confirmed that the fluorescence intensity of the fluorescent hydrogel increased
and decreased according to an increase and a decrease in blood glucose level.

[0171] Thus, itcouldbe confirmed that the fluorescent hydrogel of the presentinvention could be used as an implantable
sensor for measuring saccharides.

(Example 7: Confirmation of glucose responsiveness in a living body after 72 days from implantation)
[0172] The same glucose tolerance test as in Example 6 was carried out after 72 days from implantation of a fluorescent

hydrogel (PEG acrylate 5% by weight) in the same manner as in Example 6. A photograph of a mouse after 72 days
from implantation of the fluorescent hydrogel is shown in Fig. 9 (a), and changes in blood glucose level and changes in
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the fluorescence intensity of the fluorescent hydrogel, which has been implanted, in the glucose tolerance test are shown
in Fig. 9 (b) .

[0173] Asshownin Fig. 9(b), it could be confirmed that the fluorescence intensity of the fluorescent hydrogel increased
and decreased in response to blood glucose level in the body even after a lapse of 72 days from implantation. Thus, it
couldbe confirmed that the fluorescent hydrogel of the present invention could be used as a long-term (over 72 days)
implantable sensor for measuring saccharides.

(Example 8: Confirmation of glucose responsiveness in a living body after 140 days from implantation)

[0174] The same glucose tolerance test as in Examples 6 and 7 was carried out after 140 days from implantation of
a fluorescent hydrogel (PEG acrylate 5% by weight) in the same manner as in Examples 6 and 7. A photograph of a
mouse after 140 days from implantation of the fluorescent hydrogel is shown in Fig. 10(a), and changes in blood glucose
level and changes in the fluorescence intensity of the fluorescent hydrogel, which has been implanted, in the glucose
tolerance test are shown in Fig. 10(b).

[0175] Asshownin Fig. 10(b), it could be confirmed that the fluorescence intensity of the fluorescent hydrogel increased
and decreased in response to blood glucose level in the body even after a lapse of 140 days from implantation. Thus,
it couldbe confirmed that the fluorescent hydrogel of the present invention could be used as a long-term (over 140 days)
implantable sensor for measuring saccharides.

[0176] The present application is based on Japanese Patent Application No. 2010-222363, filed Sep. 30, 2010, and
the disclosed contents are incorporated herein by reference in its entirety.

Reference Signs List

[0177]

11 Tube,

12,24  Aqueous solution column,

21 Inlet of microchannel (minute channel),
22 Outlet of microchannel (minute channel),
23 Microchannel (minute channel),

26,27 Base plate,

31 Fluid in the core part,

32 Fluid in the shell part,

33 Glass tube for injection,

34 Polydimethyl siloxane holder,

35 Glass tube for focusing,

36 Fluorescent hydrogel,

37 DI water.

Claims

1. A fluorescent hydrogel, which has a structure represented by the following chemical formula 1:

[Chem. 1]
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[Chemical Formula 1]

in the chemical formula 1,

X4 and X,, which are optionally the same or different, are C1-30 alkylene which optionally comprises at least
one substituent selected from the group consisting of -COO-, -OCO-, -CH,NR-, -NR-, -NRCO-, -CONR-,
-SO,NR-, -NRSO,-, -O-, -S-, -SS-, -NRCOO-, -OCONR- and -CO-, in this case, R is a hydrogen atom, or
substituted or unsubstituted straight or branched C1-10 alkyl,

Z4, Z5, Z3 and Z,, which are optionally the same or different, are -O- or -NR'-, in this case, R’ is a hydrogen
atom, or substituted or unsubstituted straight or branched C1-10 alkyl,

Q, Q, Q"and Q", which are optionally the same or different, are hydrogen atoms, hydroxy, substituted or
unsubstituted straight or branched C1-10 alkyl, C2-11 acyl, substituted or unsubstituted straight or branched
C1-10 alkoxy,halogen atom-containing groups, carboxyl, carboxylic acid ester, carboxylic acid amide, cyano,
nitro, amino or C1-10 alkylamino, and at least one of Q and Q' , and Q' " and Q "’ optionally join together to
form an aromatic ring or a heterocycle,

Y, and Y5, which are optionally the same or different, are divalent organic residues which are optionally sub-
stituted, or single bonds, in this case, at least one of Y, and Y, optionally contains a structure represented by
the following chemical formula 3 or the following chemical formula 4,

[Chem. 2]

[Chemical Formula. 3]

[Chem. 3]

[Chemical Formula 4]

in the chemical formula 3 and the chemical formula 4, nis 2t0 5, jis 1 to 5, mis 1 to 200, and * represents a
binding point,

Ay, A,, Ajand A,, which are optionally the same or different, are hydrogen atoms or methyl,

U4, Uy, Usand Uy, which are optionally the same or different, are hydrogen atoms, or substituted or unsubstituted
straight or branched C1-10 alkyl,

D, and D,, which are optionally the same or different, are groups represented by the following chemical formula 6,
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[Chem. 4]

[Chemical Formula 6]

-Ry
sotr

in the chemical formula 6, R is a hydrogen atom, or straight or branched C1-10 alkyl, in this case, R, optionally
forms a bond with L4, L,, Z; or Z,, to which D4 and D, are not bound, s is an integer from 2 to 5 and tis an
integer from 1 to 200,

L, and L,, which are optionally the same or different, are groups selected from the group consisting of a single
bond, -Us-, -U5-NR,-, -Us-O-, -Us-S-, -U5-SS-, -U5-NR,CO-, -Us-CONRy-, -U5-OCO-, -U5-COO-, a group rep-
resented by the following chemical formula 7, and a group represented by the following chemical formula 8,
[Chem. 5]

[Chemical Formula 7]

[Chem. 6]

[Chemical Formula 8]

in this case, Us is substituted or unsubstituted straight or branched C1-10 alkylene, and R, is a hydrogen atom,
or substituted or unsubstituted straight or branched C1-10 alkyl,

the molar ratio of p; and q4 (p4: q4) and the molar ratio of p, and g, (p, . q,) are 1: 50 to 1 : 6,000, and

the molar ratio of p; and ry (p4: r4) and the molar ratio of p, and r, (p, . ry) are 1: 5to 1: 3, 000.

2. The fluorescent hydrogel according to claim 1, which has a three-dimensional crosslinked structure.
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3. Amethod for producing a fluorescent hydrogel, comprising (a1) a step of polymerizing an aqueous solution comprising
a fluorescent monomer represented by the following chemical formula 5, a monomer represented by the following
chemical formula 9 and a polymerizable monomer comprising a (meth)acrylamide residue:
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[Chem. 7]

[Chemical Formula 5]

Ry

in the chemical formula 5,

X4 and X,, which are optionally the same or different, are straight or branched C1-30 alkylene which optionally
comprises atleast one substituent selected from the group consisting of -COO-, -OCO-, -CH,NR-, -NR-, -NRCO-,
-CONR-, -SO,NR-, -NRSO,-, -O-, -S-, -SS-, -NRCOO-, -OCONR- and -CO-, in this case, R is a hydrogen atom,
or substituted or unsubstituted straight or branched C1-10 alkyl,

Z, and Z,, which are optionally the same or different, are -O- or -NR’-, in this case, R’ is a hydrogen atom, or
substituted or unsubstituted straight or branched C1-10 alkyl,

Q, Q', Q' and Q”, which are optionally the same or different, are hydrogen atoms, hydroxy, substituted or
unsubstituted straight or branched C1-10 alkyl, C2-11 acyl, substituted or unsubstituted straight or branched
C1-10 alkoxy, halogen atom-containing groups, carboxyl, carboxylic acid ester, carboxylic acid amide, cyano,
nitro, amino, or C1-10 alkylamino, and at least one of Q and Q' , and Q” and Q" optionally join together to form
an aromatic ring or a heterocycle,

Y, and Y5, which are optionally the same or different, are divalent organic residues which are optionally sub-
stituted, or single bonds, in this case, at least one of Y, and Y, optionally contains a structure represented by
the following chemical formula 3 or the following chemical formula 4,

[Chem. 8]

[Chemical Formula 3]

et

[Chem. 9]

[Chemical Formula 4]
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in the chemical formula 3 and the chemical formula 4, nis 2t0 5, jis 1 to 5, mis 1 to 200, and * represents a
binding point,
[Chem. 10]

[Chemical Formula 9]

in the chemical formula 9, Ry is a hydrogen atom or methyl, D is a group represented by the following chemical
formula 6,
[Chem. 11]

[Chemical Formula 6]

. R4
Sof Rt

in the chemical formula 6, R, is a hydrogen atom, or straight or branched C1-10 alkyl, s is an integer from 2 to
5, and tis an integer from 1 to 200,

Z, which is optionally the same or different, is -O- or -NR’-, in this case, R’ is a hydrogen atom, or substituted
or unsubstituted straight or branched C1-10 alkyl,

L is a group selected from the group consisting of a single bond, -Us-, -Us-NRy-, -U5-O-, -Ug-S-, -U5-SS-,
-U5-NR,CO, -U5-CONRy-, -U5-OCO-, -U5-COO-, a group represented by the following chemical formula 7 and
a group represented by the chemical formula 8,

[Chem. 12]

[Chemical Formula 7]
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[Chem. 13]

[Chemical Formula 8]

in this case, Us is substituted or unsubstituted straight or branched C1-10 alkylene, and R, is a hydrogen atom,
or substituted or unsubstituted straight or branched C1-10 alkyl.

4. A method for producing a fluorescent hydrogel, comprising:

(a2) a step of polymerizing an aqueous solution comprising a fluorescent monomer compound represented by
the following chemical formula 5, a monomer represented by the following chemical formula 10 and a polym-
erizable monomer comprising a (meth) acrylamide residue; and

(b) a step of reacting a compound represented by the following chemical formula 11:

[Chem. 14]

[Chemical Formula 5]

in the chemical formula 5, X4 and X,, which are optionally the same or different, are straight or branched C1-30
alkylene which optionally comprises at least one substituent selected from the group consisting of -COO-,
-OCO-, -CH5NR-, -NR-, -NRCO-, -CONR-, -SO,NR-, -NRSO,-, -O-, -S-, -SS-, -NRCOO-, -OCONR- and -CO-,
in this case, R is a hydrogen atom, or substituted or unsubstituted straight or branched C1-10 alkyl,

Z, and Z,, which are optionally the same or different, are -O- or -NR’-, in this case, R’ is a hydrogen atom, or
substituted or unsubstituted straight or branched C1-10 alkyl,

Q, @, Q "and Q", which are optionally the same or different, are hydrogen atoms, hydroxy, substituted or
unsubstituted straight or branched C1-10 alkyl, C2-11 acyl, substituted or unsubstituted straight or branched
C1-10 alkoxy,halogen atom-containing groups, carboxyl, carboxylic acid ester, carboxylic acid amide, cyano,
nitro, amino, or C1-10 alkylamino, and at least one of Q and Q' , and Q” and Q" optionally join together to form
an aromatic ring or a heterocycle,

Y, and Y5, which are optionally the same or different, are divalent organic residues which are optionally sub-
stituted, or single bonds, in this case, at least one of Y, and Y, optionally contains a structure represented by
the following chemical formula 3 or the following chemical formula 4,

[Chem.15]

25



10

15

20

25

30

35

40

45

50

55

EP 2 623 530 B1

[Chemical Formula 3]

[Chem. 16]

[Chemical Formula 4]

in the chemical formula 3 and the chemical formula 4, nis 2to 5, jis 1 to 5, mis 1 to 200 and * represents a
binding point,
[Chem. 17]

[Chemical Formula 10]

in the chemical formula 10, E is -O- or -NR’ -, in this case, R’ is a hydrogen atom, or substituted or unsubstituted
C1-10 alkyl,

G is substituted or unsubstituted straight or branched C1-10 alkyl which comprises a reactive functional group
atits end, and R, is a hydrogen atom or methyl,

[Chem. 18]

[Chemical Formula 11]

/%H\%/%
L n® |,

in the chemical formula 11, J, is a group comprising a hydrogen atom, substituted or unsubstituted straight or
branched C1-10 alkyl, -Ug-halogen atom, -Ug-CHO, -Ug-SH, -Ug-NH,, -Ug-NHR;5 -Ug-COOH, -Ug-COORs,
-Ug-O-para-toluenesulfonyl, -Ug-isothiocyanate, -Ug-OCO-Ug-isothiocyanate, -Ug-maleimide, -Ug-NHCO-
Ug-maleimide, -Ug-CONH-Ug-maleimide, -Ug-OSO,R5, -Ug-OCORj, -Ug-(ORg),, -Ug-COO-para-nitrophenyl,
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-Ug-OCO-Ug-COO-N-succinimide or -Ug-COO-N-succinimide, and

J, is a group comprising -O-Ug-halogen atom, -O-Ug-CHO, -O-Ug-SH, -O-Ug-NH,, -O-Ug-NHRg, -O-Ug-COOH,
-0-Ug-COORg, -O-Ug-O-para-toluenesulfonyl, -O-Ug-isothiocyanate, -OCO-Ug-isothiocyanate, -O-Ug-maleim-
ide, -O-Ug-NHCO-Ug-maleimide, -O-Ug-CONH-Ug-maleimide, -O-Ug-OSO,Rg5, -O-Ug-OCORg, -O-Ug-(OR5),.-
0O-Ug-COO-para-nitrophenyl, -OCO-Ug-COO-N-succinimide or -O-Ug-COO-N-succinimide,

in this case, Ug is substituted or unsubstituted straight or branched C1-10 alkylene, R; is a hydrogen atom, or
substituted or unsubstituted straight or branched C1-10 alkyl,

nis2to 5, and mis 1 to 200.

The method for producing a fluorescent hydrogel according to claim 3 or 4, wherein the step of polymerizing an
aqueous solution is chemical polymerization of the aqueous solution using a radical polymerization initiator, pho-
topolymerization of the aqueous solution using a photopolymerization initiator, or radiation polymerization of the
aqueous solution by irradiating radiation.

An implantable sensor for measuring saccharides, comprising a fluorescent hydrogel according to claim 1 or 2, or
a fluorescent hydrogel obtained in the production method according to any one of claims 3 to 5.

An implantable sensor for measuring saccharides, which sensor has a means in which a fluorescent hydrogel
according to claim 1 or 2, or a fluorescent hydrogel obtained in the production method according to any one of claims
3 to 5 is implanted in a body and excitation light is irradiated from the inside of the body or the outside of the body
to measure fluorescence emitted from the fluorescent hydrogel.

A sensor for measuring saccharides, which sensor has a means in which a fluorescent hydrogel according to claim
1 or 2, or a fluorescent hydrogel obtained in the production method according to any one of claims 3 to 5 is put on
at least a part of the path, along which body fluid is circulated, to measure fluorescence emitted from the fluorescent
hydrogel.

Patentanspriiche

1.

Fluoreszentes Hydrogel, welches eine durch die folgende chemische Formel 1 dargestellte Struktur aufweist:

[Chem. 1]

[chemische Formel 1]

in der chemischen Formel 1,

sind X4 und X,, welche optional gleich oder verschieden sind, C1-30 Alkylen, welches optional zumindest einen
Substituenten umfasst, der aus der Gruppe ausgewahlt ist, die aus -COO-, -OCO-, -CH,NR-, -NR, -NRCO-,
-CONR-, -SO,NR-, -NRSO,-, -O-, -S-, -SS-, -NRCOO-, -OCONR- und -CO- besteht, wobei in diesem Fall R
ein Wasserstoffatom oder substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl ist,

sind Z; Z,, Z3 und Z,, welche optional gleich oder verschieden sind, -O- oder -NR’-, wobei in diesem Fall R’
ein Wasserstoffatom oder substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl ist,
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sind Q, Q’, Q" und Q", welche optional gleich oder verschieden sind, Wasserstoffatome, Hydroxy, substituiertes
oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl, C2-11 Acyl, substituiertes oder unsubstituiertes,
gerades oder verzweigtes C1-10 Alkoxy, Halogenatom-enthaltene Gruppen, Carboxyl, Carboxylsaureester,
Carboxylsaureamid, Cyano, Nitro, Amino oder C1-10 Alkylamino, und zumindest eines aus Q und Q’, und
Q" und Q™ verbinden sich optional, um einen aromatischen Ring oder einen Heterozyklus zu bilden,

sind Y, und Y,, welche optional gleich oder verschieden sind, bivalente organische Reste, welche optional
substituiert sind, oder Einfachbindungen, wobei in dem Fall zumindest eines aus Y und Y, optional eine durch
die folgende chemische Formel 3 oder durch die folgende chemische Formel 4 dargestellte Struktur enthalt,
[Chem. 2]

[chemische Formel 3]

,;Hﬂ%;

[Chem. 3]

[chemische Formel 4]

in der chemische Formel 3 und der chemischen Formel 4, ist n 2 bis 5, istj 1 bis 5, ist m 1 bis 200 und stellt *
einen Bindungspunkt dar,

sind A4, Ay, Az und A4, welche optional gleich oder verschieden sind, Wasserstoffatome oder Methyl,

sind U4, Uy, U3 und Uy, welche optional gleich oder verschieden sind, Wasserstoffatome oder substituiertes
oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl,

sind D4 und D,, welche optional gleich oder verschieden sind, Gruppen, die durch die folgende chemische
Formel 6 dargestellt sind, [Chem. 4]

[chemische Formel 6]

in der chemischen Formel 6, ist Ry ein Wasserstoffatom oder gerades oder verzweigtes C1-10 Alkyl, wobei in
diesem Fall R4 optional eine Bindung mit L4, L,, Z4 oder Z, bildet, zu welchen D4 und D, nicht gebunden sind,
ist s eine ganze Zahl von 2 bis 5 und ist t eine ganze Zahl von 1 bis 200,

sind L4 und L,, welche optional gleich oder verschieden sind, Gruppen, die aus der Gruppe ausgewahlt sind,
die aus einer Einfachbindung, -Ug-, -U5-NR,-, -U5-O-, -Ug-S-, -U5-SS-, -U5-NR,CO-, -Ug-CONR,-, -U5-OCO-,
-U5-COO-, eine durch die folgende chemische Formel 7 dargestellte Gruppe und eine durch die folgende
chemische Formel 8 dargestellte Gruppe besteht,

[Chem. 5]
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[chemische Formel 7]

[Chem. 6]

[chemische Formel 8]

wobei in diesem Fall U substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkylen ist und
R, ein Wasserstoffatom oder substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl ist,
sind das molare Verhéltnisse von p; und q4 (p4 : q¢) und das molare Verhéltnis von p, und g5 (p5 : g5) 1: 50
bis 1 : 6000, und

sind das molare Verhéltnis von p; und ry (p4 : r4) und das molare Verhaltnis von p, undr, (p, :ry) 1 : 5bis 1 :3000.

Fluoreszentes Hydrogel nach Anspruch 1, welches eine dreidimensionale quervernetzte Struktur aufweist.

Verfahren zur Herstellung eines fluoreszenten Hydrogels, das (a1) einen Polymerisationsschritt einer wassrigen
Lésung umfasst, die ein durch die folgende chemische Formel 5 dargestelltes fluoreszentes Monomer, ein durch
die folgende chemische Formel 9 dargestelltes Monomer und ein polymerisierbares Monomer, das einen (Meth)acryl-

amidrest umfasst, umfasst:

[Chem. 7]

[chemische Formel 5]
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in der chemischen Formel 5

sind X4 und X,, welche optional gleich oder verschieden sind, gerades oder verzweigtes C1-30 Alkylen, welches
optional zumindest einen Substituenten umfasst, der aus der Gruppe ausgewahlt ist, die aus- COO-, -OCO-,
-CH,5NR-, -NR-, -NRCO-, -CONR-, -SO,NR-, -NRSO,-, -O-, -S-, -SS-, -NRCOO-, -OCONR- und -CO- besteht,
wobei in diesem Fall R ein Wasserstoffatom oder substituiertes oder unsubstituiertes, gerades oder verzweigtes
C1-10 Alkyl ist,

sind Z, und Z,, welche optional gleich oder verschieden sind, -O- oder -NR’-, wobei in diesem Fall R’ ein
Wasserstoffatom oder substituiertes oder unsubstituiertes, gerade oder verzweigtes C1-10 Alkyl ist,

sind Q, Q’, Q" und Q", welche optional gleich oder verschieden sind, Wasserstoffatome, Hydroxy, substituiertes
oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl, C2-11 Acyl, substituiertes oder unsubstituiertes,
gerades oder verzweigtes C1-10 Alkoxy, Halogenatom-enthaltene Gruppen, Carboxyl, Carboxylsaureester,
Carboxylsaureamid, Cyano, Nitro, Amino oder C1-10 Alkylamino, und zumindest eines aus Q und Q’, und
Q" und Q™ verbinden sich optional, um einen aromatischen Ring oder einen Heterozyklus zu bilden,

sind Y4 und Y5, welche optional gleich oder verschieden sind, divalente organische Reste, welche optional
substituiert sind, oder Einfachbindungen, wobei in diesem Fall zumindest eines aus Y, und Y, optional eine
durch die folgende chemische Formel 3 oder die folgende chemische Formel 4 dargestellte Struktur enthalt,
[Chem. 8]

[chemische Formel 3]

[Chem. 9]

[chemische Formel 4]

in der chemischen Formel 3 und der chemischen Formel 4, ist n 2 bis 5, ist j 1 bis 5, ist n 1 bis 200 und stellt *
einen Bindungspunkt dar,
[Chem. 10]

[chemische Formel 9]
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in der chemischen Formel 9 ist R4 ein Wasserstoffatom oder Methyl, ist D eine durch die folgende chemische
Formel 6 dargestellte Gruppe,
[Chem. 11]

[chemische Formel 6]

in der chemischen Formel 6 ist R, ein Wasserstoffatom oder gerades oder verzweigtes C1-10 Alkyl, ist s eine
ganze Zahl von 2 bis 5 und ist t eine ganze Zahl von 1 bis 200,

ist Z, welches optional gleich oder verschieden ist, -O- oder -NR’-, wobei in diesem Fall R’ ein Wasserstoffatom
oder substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl ist,

ist L eine Gruppe, die aus der Gruppe ausgewahlt ist, die aus einer Einfachbindung, -Us-, -Us-NR,-, -U;5-O-,
-Ug-S-, -Ug-SS-, -U5-NR,CO,- U5-CONRy-, -U5-OCO-, -U5-COO-, eine durch die folgende chemische Formel
7 dargestellte Gruppe und eine durch die folgende Formel 8 dargestellte Gruppe besteht,

[Chem. 12]

[chemische Formel 7]

[Chem. 13]

[chemische Formel 8]

wobei in diesem Fall Ug substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkylen ist und
R, ein Wasserstoffatom oder substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl ist.

4. Verfahren zur Herstellung eines fluoreszenten Hydrogels, das umfasst:

(a2) ein Polymerisationsschritt einer wassrigen Losung, die eine durch die folgende chemische Formel 5 dar-
gestellte fluoreszente Monomerverbindung, ein durch die folgende chemische Formel 10 dargestelltes Monomer
und ein polymerisierbares Monomer, das einen (Meth)acrylamidrest umfasst, umfasst; und

(b) ein Reaktionsschritt einer durch die folgende chemische Formel 11 dargestellten Verbindung:
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[Chem. 14]

[chemische Formel 5]

in der chemischen Formel 5

sind X, und X,, welche optional gleich oder verschieden sind, gerades oder verzweigtes C1-30 Alkylen,
welches optional zumindest einen Substituenten umfasst, der aus der Gruppe ausgewahlt ist, die aus
-COO-, -OCO-, -CH,5NR-, -NR- -NRCO-, -CONR-, -SO,NR-, -NRSO,-, -O-, -S-, -SS-, -NRCOO-, OCONR-
und -CO- besteht, wobei in diesem Fall R ein Wasserstoffatom oder substituiertes oder unsubstituiertes,
gerades oder verzweigtes C1-10 Alkyl ist,

sind Z; und Z,, welche optional gleich oder verschieden sind, -O- oder -NR’-, wobei in diesem Fall R’ ein
Wasserstoffatom oder substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl ist,
sind Q, Q’, Q" und Q", welche optional gleich oder verschieden sind, Wasserstoffatome, Hydroxy, substi-
tuiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl, C2-11 Acyl, substituiertes oder un-
substituiertes, gerades oder verzweigtes C1-10 Alkoxy, Halogenatom-enthaltene Gruppen, Carboxyl, Car-
boxylsadureester, Carboxylsdureamid, Cyano, Nitro, Amino oder C1-10 Alkylamino, und zumindest eines
aus Qund Q’, und Q" und Q" verbinden sich optional, um einen aromatischen Ring oder einen Heterozyklus
zu bilden,

sind Y, und Y,, welche optional gleich oder verschieden sind, divalente organische Reste, welche optional
substituiert sind, oder Einfachbindungen, wobei in diesem Fall zumindest eines aus Y und Y, optional eine
durch die folgende chemische Formel 3 oder die folgende chemische Formel 4 dargestellte Struktur enthalt,
[Chem. 15]

[chemische Formel 3]

[Chem. 16]
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[chemische Formel 4]

in der chemischen Formel 3 und in der chemischen Formel 4, ist n 2 bis 5, ist j 1 bis 5, ist m 1 bis 200 und
stellt * einen Bindungspunkt dar,
[Chem. 17]

[chemische Formel 10]

in der chemischen Formel 10 ist E -O- oder -NR’-, wobei in diesem Fall R’ ein Wasserstoffatom oder
substituiertes oder unsubstituiertes C1-10 Alkyl ist,

ist G substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkyl, welches eine reaktive
funktionelle Gruppe an seinem Ende umfasst, und ist R, ein Wasserstoffatom oder Methyl,

[Chem. 18]

[chemische Formel 11]

in der chemischen Formel 11 ist J, eine Gruppe, die ein Wasserstoffatom, substituierte oder unsubstituierte,
gerades oder verzweigtes C1-10 Alkyl, -Ug-Halogenatom, -Ug-CHO, -Ug-SH, -Ug-NH,, -Ug-NHR;, -Ug-CO-
OH, -Ug-COORg, -Ug-O-para-Toluolsulfonyl, -U6-Isothiocyanat, - Ug-OCO-Ug-Isothiocyanat, -Ug-Maleimid,
-Ug-NHCO-Ug-Maleimid, -Ug-CONH-Ug-Maleimid, -Ug-OSO,R;5, -Ug-OCORg, -Ug-(OR5),, -Ug-COO-para-
Nitrophenyl, -Ug-OCO-Ug-COO-N-Succinimid oder -Ug-COO-N-Succinimid umfasst, und

ist J, eine Gruppe, die -O-Ug-Halogenatom, -O-Ug-CHO, -O-Ug-SH, -O-Ug-SH, -O-Ug-NH,, -O-Ug-NHR,
-0-Ug-COOH, -0-Ug-COOR;, -O-Ug-O-para-Toluolsulfonyl, -O-Ug-Isothiocyanat, -OCO-Ug-Isothiocyanat,
-O-Ug-Maleimid, -O-Ug-NHCO-Ug-Maleimid, -O-Ug-CONH-Ug-Maleimid, -O-Ug-OSO,R;, -O-Ug-OCORs5,
-0-Ug-(ORg),, -0-Ug-COO-para-Nitrophenyl, -OCO-Ug-COO-N-Succinimid oder -O-Ug-COO-N-Succini-
mid umfasst,

wobei in diesem Fall Ug substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkylen ist,
Rg ein Wasserstoffatom oder substituiertes oder unsubstituiertes, gerades oder verzweigtes C1-10 Alkylist,
ist n 2 bis 5 und ist m 1 bis 200.

5. Verfahren zur Herstellung eines fluoreszenten Hydrogels nach Anspruch 3 oder 4, wobei der Polymerisationsschritt
einer wassrigen Ldsung eine chemische Polymerisation der wassrigen Losung unter Verwendung eines Radikal-
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polymerisationsinitiators, eine Photopolymerisation der wassrigen Lésung unter Verwendung eines Photopolyme-
risationsinitiators oder eine Strahlungspolymerisation der wassrigen Losung durch Bestrahlung mit Strahlen ist.

Implantierbarer Sensor zur Messung von Sacchariden, der ein fluoreszentes Hydrogel nach Anspruch 1 oder 2 oder
ein fluoreszentes Hydrogel, das in dem Herstellungsverfahren nach einem der Anspriiche 3 bis 5 erhalten ist, umfasst.

Implantierbarer Sensor zur Messung von Sacchariden, wobei der Sensor ein Mittel aufweist, in welches ein fluo-
reszentes Hydrogel nach Anspruch 1 oder 2 oder ein fluoreszentes Hydrogel, das in dem Herstellungsverfahren
nach einem der Anspriche 3 bis 5 erhalten ist, in einen Korper implantiert ist und Anregungslicht vom Inneren des
Korpers oder vom AuReren des Kérpers bestrahlt wird, um die Fluoreszenz zu messen, die von dem fluoreszenten
Hydrogel emittiert wird.

Sensor zur Messung von Sacchariden, wobei der Sensor ein Mittel aufweist, in welches ein fluoreszentes Hydrogel
nach Anspruch 1 oder 2 oder ein fluoreszentes Hydrogel, das im Herstellungsverfahren nach einem der Anspriiche
3 bis 5 erhalten ist, zumindest auf einem Teil des Weges, entlang welchem Korperflissigkeiten zirkulieren, platziert
ist, um die Fluoreszenz zu messen, die von dem fluorszenten Hydrogel emittiert wird.

Revendications

1.

Hydrogel fluorescent, qui a une structure représentée par la formule chimique 1 ci-aprés :

[Chim. 1]

[Formule chimique 1]

dans la formule chimique 1,

X4 etXy, quisontoptionnellementidentiques ou différents, sont un alkyléne C1-30 qui comprend optionnellement
au moins un substituant sélectionné dans le groupe consistant en -COO-, -OCO-, -CH,NR-, -NR-, -NRCO-,
-CONR-, -SO,NR-, -NRSO,-, -O-, -S-, -SS-, -NRCOO-, -OCONR- et -CO-, dans ce cas, R est un atome d’hy-
drogene, ou un alkyle C1-10 substitué ou non substitué droit ou ramifie,

24, Zy, Z3 et Z,, qui sont optionnellement identiques ou différents, sont -O- ou- NR’-, dans ce cas, R’ est un
atome d’hydrogene, ou un alkyle C1-10 substitué ou non substitué droit ou ramifie,

Q, Q, Q" et Q", qui sont optionnellement identiques ou différents, sont des atomes d’hydrogéne, hydroxyde,
alkyle C1-10 substitué ou non substitué droit ou ramifié, acyle C2-11, alkoxyle C1-10 substitué ou non substitué
droit ou ramifié, des groupes contenant un atome halogéne, carboxyle, ester acide carboxylique, amide acide
carboxylique, cyano, nitro, amino ou alkylamino C1-10, et au moins I'un de Q et Q’, et Q" et Q™ se joignent
optionnellement ensemble pour former un anneau aromatique ou un hétérocycle,

Y, et Y5, qui sont optionnellement identiques ou différents, sont des résidus organiques divalents qui sont
optionnellement substitués, ou des liaisons simples, dans ce cas, au moins I'un de Y, et de Y, contient option-
nellement une structure représentée par la formule chimique 3 ci-aprés ou la formule chimique 4 ci-aprés,
[Chim. 2]
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[Formule chimique 3]

[Chim. 3]

[Formule chimique 4]

dans la formule chimique 3 et la formule chimique 4, nestde 2a 5, jestde 1 a5,

m est de 1 a 200, et * représente un point de liaison,

A4, Ay, Az et Ay, qui sont optionnellement identiques ou différents, sont des atomes d’hydrogéne ou méthyle,
U4, Uy, Uj et Uy, qui sont optionnellement identiques ou différents, sont des atomes d’hydrogéne, ou un alkyle
C1-10 substitué ou non substitué droit ou

ramifié,

D, etD,, qui sont optionnellement identiques ou différents, sont des groupes représentés parlaformule chimique
6 ci-apres,

[Chim. 4]

[Formule chimique 6]

dans la formule chimique 6, R4 est un atome d’hydrogéne, ou un alkyle C1-10 droit ou ramifi¢, dans ce cas, R
forme optionnellement une liaison avec L4, L,, Z; ou Z,, auxquels D, et D, ne sont pas liés, s est un entier de
2 a5ettestunentierde 1 a 200,

L, et Ly, qui sont optionnellement identiques ou différents, sont des groupes sélectionnés dans le groupe
consistant en une liaison simple, -Ug-, -Us-NRy-, -U5-O-, -Us-S-, -U5-SS-, -U5-NR,CO-, -U5-CONRy, -Ug-OCO-,
-U5-COO-, un groupe représenté par la formule chimique 7 ci-aprés, et un groupe représenté par la formule
chimique 8 ci-apreés,

[Chim. 5]
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[Formule chimique 7]

[Chim. 6]

[Formule chimique 8]

—Us—S H

dans ce cas, Ug estun alkyléne C1-10 substitué ou non substitué droit ou ramifié, et R, estun atome d’hydrogéne,
ou un alkyle C1-10 substitué ou non substitué droit ou ramifié,

le rapport molaire de p4 et q4 (p4 : q4) et le rapport molaire de p, et g, (p2 : g5) sont 1 :50 a 1 : 6000, et

le rapport molaire de p4 et rq (pq: rq) et le rapport molaire de p, etr, (p, : r;) sont 1:5a 1: 3000.

Hydrogel fluorescent selon la revendication 1, qui a une structure tridimensionnelle réticulée.
Méthode pour produire un hydrogel fluorescent, comprenant(a1) une étape de polymérisation d’'une solution aqueuse
comprenant un monomere fluorescent représenté par la formule chimique 5 ci-aprés, un monomeére représenté par

la formule chimique 9 ci-aprés et un monomeére polymérisable comprenant un résidu (meth)acrylamide :

[Chim. 7]

[Formule chimique 5]

dans la formule chimique 5,
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X, et Xy, qui sont optionnellementidentiques ou différents, sont un alkylene C1-30 droit ou ramifié qui comprend
optionnellement au moins un substituant sélectionné dans le groupe consistant en -COO-, -OCO-, -CH,NR-,
-NR-, -NRCO-, -CONR-, -SO,NR-, -NRSO,-, -O-, -S-, -SS-, -NRCOO-, -OCONR- et -CO-, dans ce cas, R est
un atome d’hydrogéne, ou un alkyle C1-10 substitué ou non substitué droit ou ramifié,

Z, et Z,, qui sont optionnellement identiques ou différents, sont -O- ou -NR’-, dans ce cas, R’ est un atome
d’hydrogene, ou un alkyle C1-10 substitué ou non substitué droit ou ramifié,

Q, Q, Q" et Q", qui sont optionnellement identiques ou différents, sont des atomes d’hydrogéne, hydroxyde,
alkyle C1-10 substitué ou non substitué droit ou ramifié, acyle C2-11, alkoxyle C1-10 substitué ou non substitué
droit ou ramifié, des groupes contenant un atome halogéne, carboxyle, ester acide carboxylique, amide acide
carboxylique, cyano, nitro, amino ou alkylamino C1-10, et au moins I'un de Q et Q’, et Q" et Q™ se joignent
optionnellement ensemble pour former un anneau aromatique ou un hétérocycle,

Y, et Y,, qui sont optionnellement identiques ou différents, sont des résidus organiques divalents qui sont
optionnellement substitués, ou des liaisons simples, dans ce cas, au moins I'un de Y, et de Y, contient option-
nellement une structure représentée par la formule chimique 3 ci-aprés ou la formule chimique 4 ci-aprés,
[Chim. 8]

[Formule chimique 3]

Ao

[Chim. 9]

[Formule chimique 4]

dans la formule chimique 3 et la formule chimique 4, nestde 2 a 5, jestde 1 a 5, m est de 1 a 200, et *
représente un point de liaison,
[Chim. 10]

[Formule chimique 9]

D
| 0

L“\,.Z/Jl\/

Rs

dans la formule chimique 9, R5 est un atome d’hydrogéne ou méthyle, D est un groupe représenté par la formule
chimique 6 ci-apreés,
[Chim. 11]
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[Formule chimique 6]

dans la formule chimique 6, R4 est un atome d’hydrogéne, ou un alkyle C1-10 droit ou ramifié, s est un entier
de 2 a5, ettestunentier de 1 a 200,

Z, qui est optionnellement le méme ou différent, est -O- ou -NR’-, dans ce cas, R’ est un atome d’hydrogéne,
ou un alkyle C1-10 substitué ou non substitué droit ou ramifié,

L est un groupe sélectionné dans le groupe consistant en une liaison simple, -Us-, -U5-NR,-, -Ug-O-, -Uz-S-,
-Ug-SS-, -U5-NR,CO, -Ug-CONRy-, -U5-OCO-, -U5-COO-, un groupe représenté par la formule chimique 7 ci-
apres et un groupe représenté par la formule chimique 8,

[Chim. 12]

[Formule chimique 7]

o

[Chim. 13]

[Formule chimique 8]

dans ce cas, Us estun alkylene C1-10 substitué ou non substitué droit ou ramifié, et R, estun atome d’hydrogene,
ou un alkyle C1-10 substitué ou non substitué droit ou ramifié.

4. Méthode pour produire un hydrogel fluorescent, comprenant :

(a2) une étape de polymérisation d’'une solution aqueuse comprenant un composé monomere fluorescent
représenté par la formule chimique 5 ci-aprés, un monomere représenté par la formule chimique 10 ci-aprés
et un monomeére polymérisable comprenant un résidu (meth) acrylamide; et

(b)une étape de réaction d’'un composé représenté par la formule chimique 11 ci-aprés :
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[Chim. 14]

[Formule chimique 5]

S ZI/’

dans la formule chimique 5,

X1 et X,, qui sont optionnellement identiques ou différents, sont un alkyléne C1-30 droit ou ramifié qui
comprend optionnellement au moins un substituant sélectionné dans le groupe consistanten-COO-,-OCO-,
-CH,5NR-, -NR-, -NRCO-, -CONR-, -SO5NR-, -NRSO,-, -O-, -S-, -SS-, -NRCOO-, -OCONR- et -CO-, dans
ce cas, R est un atome d’hydrogéne, ou un alkyle C1-10 substitué ou non substitué droit ou ramifie,

Z, et Z,, qui sont optionnellement identiques ou différents, sont -O- ou -NR’-, dans ce cas, R’ est un atome
d’hydrogene, ou un alkyle C1-10 substitué ou non substitué droit ou ramifié,

Q,Q’, Q" etQ", qui sont optionnellementidentiques ou différents, sont des atomes d’hydrogéne, hydroxyde,
alkyle C1-10 substitué ou non substitué droit ou ramifié, acyle C2-11, alkoxyle C1-10 substitué ou non
substitué droit ou ramifié, des groupes contenant un atome halogéne, carboxyle, ester acide carboxylique,
amide acide carboxylique, cyano, nitro, amino ou alkylamino C1-10, et au moins I'un de Q et Q’, et Q" et
Q™ se joignent optionnellement ensemble pour former un anneau aromatique ou un hétérocycle,

Y, etY,, qui sont optionnellement identiques ou différents, sont des résidus organiques divalents qui sont
optionnellement substitués, ou des liaisons simples, dans ce cas, au moins l'un de Y, et de Y, contient
optionnellement une structure représentée par la formule chimique 3 ci-aprés ou la formule chimique 4 ci-

apres,
[Chim. 15]
[Formule chimique 3]
Hrbo]r
& n ) m
[Chim. 16]
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[Formule chimique 4]

dans la formule chimique 3 et la formule chimique 4, nestde 2a 5,jestde1a5, mestde 1a200et*
représente un point de liaison,
[Chim. 17]

[Formule chimique 10]

dans la formule chimique 10, E est -O- ou -NR’-, dans ce cas, R’ est un atome d’hydrogéene, ou un alkyle
C1-10 substitué ou non substitué,

G est un alkyle C1-10 substitué ou non substitué droit ou ramifié qui comprend un groupe fonctionnel réactif
a son extrémité, et R4 est un atome d’hydrogéne ou méthyle,

[Chim. 18]

[Formule chimique 11]

Hrhed
J‘Z ’ n o m

dans laformule chimique 11, J; est un groupe comprenant un atome d’hydrogéne, un alkyle C1-10 substitué
ou non substitué droit ou ramifié, un atome -Ug-halogéne, -Ug-CHO, -Ug-SH, -Ug-NH,, -Ug-NHR;,
-Ug-COOH, -Ug-COORs5, -Ug-O-para-toluénesulfonyl, -Ug-isothiocyanate, -Ug-OCO-Ug-isothiocyanate,
-Ug-maléimide, -Ug-NHCO-Ug-maléimide, -Ug-CONH-Ug-maléimide, -Ug-OSO,Rg, -Ug-OCORs,
-Ug-(ORg),, -Ug-COO-para-nitrophényl, -Ug-OCO-Ug-COO-N-succinimide ou- Ug-COO-N-succinimide, et
J, est un groupe comprenant un atome -O-Ug-halogéne, -O-Ug-CHO, -O-Ug-SH, -O-Ug-NH,, -O-Ug-NHR;,
-0-Ug-COOH, -0-Ug-COOR;, -O-Ug-O-para-toluenesulfonyl, -O-Ug-isothiocyanate, -OCO-Ug-isothiocya-
nate, -O-Ug-maléimide, -O-Ug-NHCO-Ug-maléimide, -O-Ug-CONH-Ug-maléimide, -O-Ug-OSO,R5, -O-
Ug-OCORg, -O-Ug-(ORj5),, -O-Ug-COO-para-nitrophényl, -OCO-Ug-COO-N-succinimide ou -O-Ug-COO-
N-succinimide,

dans ce cas, Ug est un alkyléne C1-10 substitué ou non substitué droit ou ramifié, R est un atome d’hy-
drogeéne, ou un alkyle C1-10 substitué ou non substitué droit ou ramifie,

nestde2 a5, etmestde 1a200.

5. Meéthode pour produire un hydrogel fluorescent selon la revendication 3 ou 4, ou I'étape de polymérisation d’une
solution aqueuse est une polymérisation chimique de la solution aqueuse utilisant un initiateur de polymérisation
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radicalaire, une photo-polymeérisation de la solution aqueuse utilisant un initiateur de photo-polymérisation, ou une
polymérisation par rayonnement de la solution aqueuse par irradiation de rayonnement.

Capteur implantable pour mesurer des saccharides, comprenant un hydrogel fluorescent selon la revendication 1
ou 2, ou un hydrogel fluorescent obtenu dans la méthode de production selon I'une quelconque des revendications
3as.

Capteur implantable pour mesurer des saccharides, lequel capteur a un moyen dans lequel un hydrogel fluorescent
selon la revendication 1 ou 2, ou un hydrogel fluorescent obtenu dans la méthode de production selon I'une quel-
conque des revendications 3 a 5 estimplanté dans un corps et une lumiere d’excitation est irradiée depuis I'intérieur
du corps ou I'extérieur du corps pour mesurer la fluorescence émise depuis I’hydrogel fluorescent.

Capteur pour mesurer des saccharides, lequel capteur a un moyen dans lequel un hydrogel fluorescent selon la
revendication 1 ou 2, ou un hydrogel fluorescent obtenu dans la méthode de production selon I'une quelconque des
revendications 3 a 5 est mis sur au moins une piéce du trajet le long duquel un fluide corporel est mis en circulation,
pour mesurer la fluorescence émise depuis I’hydrogel fluorescent.
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FIG.1

FIG.2A

42



FIG.2B

EP 2 623 530 B1

— 27

43

— 26



FIG3A

EP 2 623 530 B1

44



EP 2 623 530 B1

FIG.3B
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FIG.5
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FIG9 (a)
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FIG.10 (a)

FIG.10 (b )
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