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PHARMACEUTICAL MATERIAL

(57) A hydrophilic material having a hydrophilic na-
ture and being biocompatible and processable into nan-
oparticles wherein a hydrophilic monomer such as thre-
itol or a hydrophilic polymer such as polyethylene glycol
is attached to the β-position of an β, β-unsaturated car-
boxyl group of a (co)polymer comprising an aromatic
compound such as 4-hydroxycinnamic acid in which an

aromatic ring is substituted by the α, β-unsaturated car-
boxyl group and one or more hydroxyl groups. In partic-
ular, a hydrophilic material having a nanoparticle size
which is highly dispersible in water, can well migrate into
the blood and is useful as a drug carrier, a medical ma-
terial and a sustained drug release material.
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Description

TECHNICAL FIELD

[0001] The present invention relates to hydrophilic materials, medical material, and sustained drug release material.

BACKGROUND ART

[0002] Plastics has developed along with the progress of chemistry and, as being highly functional materials used in
every field as a substitute for metal, belongs to the indispensable materials of today. Plastics finds settled application
as industrial materials in commodities and various other products, and the range of applications thereof is being widely
enlarged, from nuclear power-related uses to space and ocean developments. Plastics is the materials which are pos-
sessed of prominent properties and potentials unique to other materials, and is characterized by a reduced weight,
moldability, capability to be formed into a product of complicated shape in fewer steps, a high corrosion resistance, an
improved resistance to chemical attack, and so forth. While the heat resistance of plastics used to be poor as compared
with metal, design and development of a novel, heat-resistant polymeric material took off in the 1960s, and polymeric
materials of high strength and high modulus of elasticity have been developed. The polymeric materials are called
engineering plastics, and generally defined as having such a performance that the heat deformation temperature is
100°C or higher, the tensile strength is not less than 60 MPa, and the modulus of elasticity is not less than 2 GPa.
[0003] During the development of liquid-crystalline engineering plastics, the inventors of the present invention focused
attention on 4-hydroxycinnamic acid (4HCA) as a reactive plant-derived rigid substance. Few researches existed on
4HCA homopolymer (poly-4HCA), and they were directed solely to the synthesis of the polymer, and polymer particles.
The inventors of the present invention found for the first time that poly-4HCA as one of polyesters of natural origin has
nematic liquid-crystalline properties. Poly-4HCA was photoreactive and biocompatible, and had the heat resistance as
required of engineering plastics, but was brittle, and poor in solubility and processibility. Such problems with the polymer
were considered to be caused by a low molecular weight, and a high rigidity of the molecular backbone of the polymer.
[0004] With this being the situation, the inventors thought of copolymerization with a natural product imparting flexibility
to the backbone of poly-4HCA, and focused on 3,4-dihydroxycinnamic acid (caffeic acid: DHCA) as a 4HCA derivative.
In the presence of acetic anhydride as a transesterification agent and sodium acetate as a catalyst, 4HCA and DHCA
were heated at 200°C for six hours to polycondense them so as to obtain a DHCA-4HCA copolymer. The copolymer as
obtained was solid at 25°C in spite of DHCA contained in the copolymer. When, however, the copolymer was heated,
a banding pattern was distinctly observed, that is to say, the copolymer exhibited its flowing property, so that it was
confirmed that the copolymer was liquid crystal. The liquid crystallization temperature decreased to 150°C in accordance
with the increase in compositional ratio of DHCA, while the weight reduction temperature exceeded 300°C. As a con-
sequence, the copolymer was easy to handle because of its enlarged temperature range of liquid crystallization (Non-
Patent Literature 1).
[0005]  In addition, the inventors of the present invention succeeded in increasing the molecular weight of a DHCA-
4HCA copolymer that strongly influences the strength and the modulus of elasticity of the copolymer. To be more specific:
When a compression test was conducted on the resultant DHCA-4HCA copolymer with respect to the strength and the
modulus of elasticity, each varying with the compositional ratio of the copolymer, the test results showed that the copolymer
was comparable to polycarbonate as a representative of engineering plastics for general purpose use in breaking strength
and Young’s modulus of elasticity if it contained 50 to 100 mol% DHCA (Patent Literature 1).
[0006] Hydrophilic block copolymers or graft copolymers generally form micelles in water through self-organization.
It is known that the micelle as formed through self-organization has an internal hydrophobic core and external hydrophilic
groups. The micelle-forming copolymer which is biocompatible is used as a sustained drug release material because
the copolymer encapsulates a drug in the hydrophobic cores of its micelles, and improves the dispersibility of the drug
in the blood by the action of the hydrophilic groups outside the core. The sustained drug release material as such is
considered to carry a lot of potential for migration into the blood, and so forth if made nanoparticulate. The biocompatibility
should refer to a property of suppressing non-specific adsorption of a substance of biological origin, such as protein,
being non-cytotoxic, non-antigenic, and non-inflammatory, being stable in the blood or other body fluids, and so forth.
[0007] Nanoparticles are commonly sensitive to such external factors as temperature, pH, electromagnetic field, and
light, whereupon those having an unsaturated bond are receiving special attention as the nanoparticles which are easily
and quickly controllable in material properties as appropriate to individual uses because of their photoreactivity. For
instance, researches have been conducted on various situations including the application of poly-4HCA or 4HCA co-
polymer because 4HCA and its derivatives having unsaturated bonds are known for their crosslinking polymerization
by ultraviolet light.
[0008] The inventors of the present invention already succeeded in producing nanoparticles by causing the self-
organization of poly-4HCA and DHCA homopolymer in a solvent. They demonstrated that the nanoparticles as produced
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were photoreactive, were hydrolyzed under alkaline conditions, and had an interesting variation in particle size. A problem
with nanoparticles of DHCA-4HCA copolymers, however, still exists in that such nanoparticles are not applicable to a
medical material such as drug delivery system due to their high hydrophobicity preventing them from being dispersed
in an aqueous solution.

CITATION LIST

PATENT LITERATURE

[0009] Patent Literature 1: JP 2004-250700 A

NON-PATENT LITERATURE

[0010] Non-Patent Literature 1: Mitsuru AKASHI, "Kankyojunkangata Enjiniaringupurasuchikku (environmentally re-
cyclable engineering plastics)," KOBUNSHI (High Polymers, Japan), the organ of The Society of Polymer Science,
Japan, Vol. 55, No. 11, pp. 870-873, 2006.

SUMMARY OF INVENTION

TECHNICAL PROBLEMS

[0011] An object of the present invention is to provide a hydrophilic material, which is hydrophilic, biocompatible, and
capable of being made nanoparticulate, and in which a hydrophilic monomer or polymer is attached to a polymer containing
an aromatic compound, and more specifically, to provide a hydrophilic material with a nano-order particle size, which
has a good dispersibility in water to readily migrate into the blood, and is useful as a drug carrier for drug delivery or the like.

SOLUTION TO PROBLEMS

[0012] In order to achieve the above object, the present invention provides the hydrophilic material as described in
the following (1) through (14).
[0013] (1) A hydrophilic material, comprising a polymer containing an aromatic compound whose aromatic ring is
substituted with an α, β-unsaturated carboxy group and one or more hydroxy groups, wherein a hydrophilic monomer
or a hydrophilic polymer is attached to the β position of the α, β-unsaturated carboxy group.
[0014] (2) The hydrophilic material according to (1) as above, wherein the aromatic compound is at least one cinnamic
acid derivative selected from the group consisting of 2-hydroxycinnamic acid, 3-hydroxycinnamic acid, 4-hydroxycinnamic
acid, 4-hydroxy-2-methoxycinnamic acid, 4-hydroxy-3-methoxycinnamic acid, and 3,4-dihydroxycinnamic acid.
[0015] (3) The hydrophilic material according to (1) as above, wherein the polymer containing an aromatic compound
is a polyester copolymer containing 4-hydroxycinnamic acid and 3,4-dihydroxycinnamic acid.
[0016] (4) The hydrophilic material according to (1) as above, wherein the polymer containing an aromatic compound
has a degree of polymerization of 10 to 10,000.
[0017] (5) The hydrophilic material according to (1) as above, wherein the hydrophilic monomer or the hydrophilic
polymer is attached to the polymer containing an aromatic compound at an attachment rate of 1 to 100%.
[0018] (6) The hydrophilic material according to (1) as above, wherein the hydrophilic monomer is at least one monomer
selected from the group consisting of alcohol, alkylene ether, a monomer having a sulfone group, a monomer having a
carboxy group, a monomer having an amino group, and a monomer having a cyano group, and has at least one functional
group to be attached to the β position of the α, β-unsaturated carboxy group.
[0019] (7) The hydrophilic material according to (6) as above, wherein the alcohol is at least one polyhydric alcohol
selected from the group consisting of ethylene glycol, trimethylene glycol, glycerin, pentaerythritol, and threitol.
[0020] (8) The hydrophilic material according to (1) as above, wherein the hydrophilic polymer is at least one polymer
selected from the group consisting of a polymer or copolymer of polyhydric alcohol, a polymer or copolymer of acrylic
acid, a polymer or copolymer of methacrylic acid, and a polymer or copolymer of vinyl alcohol, and has at least one
functional group to be attached to the β position of the α, β-unsaturated carboxy group.
[0021] (9) The hydrophilic material according to (8) as above, wherein the polymer of polyhydric alcohol is at least
one polyalkylene glycol selected from the group consisting of polyethylene glycol, polypropylene glycol, and polyethylene-
propylene glycol, and has at least one group reactive with the polymer containing an aromatic compound.
[0022] (10) The hydrophilic material according to (8) as above, wherein the hydrophilic polymer has a degree of
polymerization of 10 to 20,000.
[0023] (11) The hydrophilic material according to (1) as above, wherein the hydrophilic monomer or the hydrophilic
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polymer is attached to the β position of the α, β-unsaturated carboxy group through a sulfur atom or an oxygen atom.
[0024] (12) The hydrophilic material according to (1) as above, which is in a nanoparticulate form.
[0025] (13) A medical material, having the hydrophilic material according to any one of (1) through (12) as above used
therein.
[0026] (14) A sustained drug release material, having the hydrophilic material according to any one of (1) through (12)
as above used therein.

ADVANTAGEOUS EFFECTS OF INVENTION

[0027] The hydrophilic material of the present invention is a novel compound.
The hydrophilic material of the present invention is hydrophilic, biocompatible, and capable of being made nanoparticulate,
so that it has a good dispersibility in water to readily migrate into the blood, and is useful as a drug carrier for drug
delivery or the like.

BRIEF DESCRIPTION OF DRAWINGS

[0028]

Fig. 1 shows 1H NMR spectra of the hydrophilic material (PCA-DTT) in which threitol is attached to a 3,4-dihydrox-
ycinnamic acid-4-hydroxycinnamic acid copolymer (six specimens): (A) shows the structural formula from which the
atoms or atomic groups as sources of nuclear magnetic resonance are seen, and (B) shows the 1H NMR spectra.
Fig. 2 is a graph showing the relationship between the particle size and the light scattering intensity (degree of
dispersion) of the particulate, hydrophilic material (PCA-DTT) in which threitol is attached to a 3,4-dihydroxycinnamic
acid-4-hydroxycinnamic acid copolymer (six specimens).
Fig. 3 shows TEM images of the particulate, hydrophilic material (PCA-DTT) in which threitol is attached to a 3,4-
dihydroxycinnamic acid-4-hydroxycinnamic acid copolymer (six specimens).
Fig. 4 shows SEM images of the particulate, hydrophilic material (PCA-DTT) in which threitol is attached to a 3,4-
dihydroxycinnamic acid-4-hydroxycinnamic acid copolymer (six specimens).

[0029]

Fig. 5 shows UV irradiation-induced changes of the particulate, hydrophilic material (PCA-DTT) in which threitol is
attached to a 3,4-dihydroxycinnamic acid-4-hydroxycinnamic acid copolymer (six specimens): (A) illustrates the
mechanism of the reaction caused by UV irradiation, (B) shows 1H NMR absorption spectra before and after UV
irradiation, (C) is a graph showing the variation in absorption intensity with irradiation time, and (D) is a graph showing
the relationship between the UV irradiation time and the absorption intensity for the individual specimens having
different DTT attachment rates.
Fig. 6 shows the UV irradiation-induced change in particle size of the particulate, hydrophilic material (PCA-DTT)
in which threitol is attached to a 3,4-dihydroxycinnamic acid-4-hydroxycinnamic acid copolymer (six specimens):
(A) is a graph showing the percent reduction in particle size of the individual specimens having different DTT
attachment rates, and (B) is a schematic diagram illustrating the UV irradiation-induced change in particle size.

[0030]

Fig. 7 is a graph showing amounts (Pg/mg) of BSA carried by the hydrophilic material (PCA-DTT) in which threitol
is attached to a 3,4-dihydroxycinnamic acid-4-hydroxycinnamic acid copolymer (six specimens).
Fig. 8 shows the change in particle size of the particulate, hydrophilic material (PCA-DTT) in which threitol is attached
to a 3,4-dihydroxycinnamic acid-4-hydroxycinnamic acid copolymer (six specimens), as a result of carrying BSA:
(A) is a graph showing the relationship between the DTT attachment rate and the particle size of the PCA-DTT, (B)
is an SEM image of the particles before carrying BSA, and (C) is an SEM image of the particles after carrying BSA.

[0031]

Fig. 9 shows the sustained BSA release behavior of the particulate, hydrophilic material (PCA-DTT) in which threitol
is attached to a 3,4-dihydroxycinnamic acid-4-hydroxycinnamic acid copolymer (six specimens): (A) is a graph
showing the relationship between the sustained BSA release time and the amount of BSA sustainedly released,
and (B) is a schematic diagram illustrating the change in particle size with different pH values.
Fig. 10 shows the sustained BSA release behavior of the particulate, hydrophilic material (PCA-DTT-11) in which
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threitol is attached to a 3,4-dihydroxycinnamic acid-4-hydroxycinnamic acid copolymer, before and after crosslinkage:
(A) is a graph showing the relationship between the sustained BSA release time and the amount of BSA sustainedly
released, and (B) is a schematic diagram illustrating the change in particle size caused by crosslinkage.

DESCRIPTION OF EMBODIMENTS

[0032] The hydrophilic material of the present invention is the hydrophilic material in which, to a polymer (including
copolymer) containing a polymeric unit derived from the aromatic compound whose aromatic ring is substituted with an
α, β-unsaturated carboxy group and one or more hydroxy groups (hereafter also referred to simply as "polymer containing
an aromatic compound"), a hydrophilic monomer or a hydrophilic polymer (including copolymer) having a functional
group capable of being attached to the β position of the α, β-unsaturated carboxy group (such a polymer being hereafter
also referred to simply as "hydrophilic polymer") is attached.
[0033] The polymer containing an aromatic compound that constitutes the backbone of the hydrophilic material of the
present invention is not particularly limited, while an aromatic polyester obtained by polycondensation of the α, β-
unsaturated carboxy group and the hydroxy group as substituents on the aromatic ring is preferable from the viewpoint
of biocompatibility, with an aromatic polyester copolymer composed of two kinds of aromatic compounds being more
preferable.
The degree of polymerization of the polymer containing an aromatic compound as the backbone is not particularly limited
within the range of 10 to 10,000, and is preferably 50 to 8,000, more preferably 100 to 6,000, irrespective of the type of
the polymer, which may be a homopolymer, a random copolymer, or a block copolymer. In the case of copolymer, the
molar ratio between aromatic compounds is not particularly limited.
The hydrophilic material tends to have a larger particle size and a narrower particle size distribution, and be more
convenient to use as a sustained drug release material, as the degree of polymerization of the polymer containing an
aromatic compound as the backbone is higher.
[0034] The aromatic compound is not particularly limited as long as its aromatic ring is substituted with an α, β-
unsaturated carboxy group and one or more hydroxy groups, while a derivative of cinnamic acid or allocinnamic acid is
preferable. Examples of the cinnamic acid derivative include 2-hydroxycinnamic acid, 3-hydroxycinnamic acid, 4-hy-
droxycinnamic acid (4HCA), 4-hydroxy-2-methoxycinnamic acid, 4-hydroxy-3-methoxycinnamic acid, and 3,4-dihydrox-
ycinnamic acid (DHCA). Typical allocinnamic acid derivatives are analogous to the exemplary cinnamic acid derivatives
as above. More preferable are 4HCA, DHCA, and the like, with 4HCA and DHCA used in combination being especially
preferred.
[0035] The polymer containing an aromatic compound may be obtained by, for instance, heating 4HCA and DHCA in
the presence of acetic anhydride as a catalyst and sodium acetate as a transesterification agent under shading in a
nitrogen atmosphere so as to polycondense them into a DHCA-4HCA copolymer, and extracting and purifying the
resultant copolymer.
[0036] The hydrophilic monomer or hydrophilic polymer to be attached to the polymer containing an aromatic compound
needs to have a functional group capable of being attached to the β position of the α, β-unsaturated carboxy group of
the polymer containing an aromatic compound, and preferably has a mercapto group, a hydroxy group, or the like which
facilitates the attachment to the β position, especially a mercapto group.
[0037] The hydrophilic monomer is not particularly limited as long as it is the alcohol, alkylene ether, monomer having
a sulfone group, monomer having a carboxy group, monomer having an amino group, monomer having a cyano group,
monomer having a mercapto group, or the like which has at least one functional group capable of being attached to the
β position of the α, β-unsaturated carboxy group of the polymer containing an aromatic compound. From the viewpoint
of biocompatibility, the hydrophilic monomer is preferably alcohol, and an alcohol thiolated at an end hydroxy group is
favorable because of its reactivity. It is also possible to use two or more kinds of hydrophilic monomers in combination.
[0038] The preferred alcohol is polyhydric alcohol, which is exemplified by those with low molecular weights, including
ethylene glycol, trimethylene glycol, glycerin, pentaerythritol, and threitol. A polyhydric alcohol thiolated at an end hydroxy
group such as dithiothreitol may be used. It is also possible to use two or more kinds of polyhydric alcohols in combination.
[0039] The hydrophilic polymer is not particularly limited as long as it is the polymer or copolymer of polyhydric alcohol,
polymer or copolymer of acrylic acid, polymer or copolymer of methacrylic acid, polymer or copolymer of vinyl alcohol,
or other polymer which has at least one functional group capable of being attached to they β position of the α, β-
unsaturated caxboxy group of the polymer containing an aromatic compound. From the viewpoint of biocompatibility, a
polymer of polyhydric alcohol is particularly preferred. A polymer of a polyhydric alcohol thiolated at an end hydroxy
group is favorable because of its reactivity. It is also possible to use two or more kinds of hydrophilic polymers in
combination.
[0040] Examples of the polymer of polyhydric alcohol include polyalkylene glycol, such as polyethylene glycol, poly-
propylene glycol, and polyethylene-propylene glycol. It is also possible to use two or more kinds of polyhydric alcohols
in combination. The functional group at the other end of the hydrophilic polymer is preferably masked by a methyl group
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or the like.
[0041] The degree of polymerization of the hydrophilic polymer is 2 to 20,000, preferably 3 to 15,000, and more
preferably 4 to 10,000. The hydrophilic material tends to have a larger particle size and a narrower particle size distribution,
with its dispersibility in water being improved and, accordingly, its usability being generally enhanced, as the degree of
polymerization of the hydrophilic polymer is higher. Therefore, if the hydrophilic material is to be used as a medical
material, a hydrophilic polymer with a higher degree of polymerization is more preferable.
[0042] If a hydrophilic monomer is to be used, the hydrophilic material may be produced by, for instance, adding an
end-thiolated threitol, such as dithiothreitol, as a hydrophilic monomer to a polymer containing an aromatic compound
to heat them in the presence of an amine catalyst. If a hydrophilic polymer is to be used, the hydrophilic material may
similarly be produced by, for instance, adding an end-thiolated polyethylene glycol as a hydrophilic polymer to a polymer
containing an aromatic compound to heat them in the presence of an amine catalyst.
[0043] The hydrophilic material in which the hydrophilic monomer or polymer molecules as attached to the β positions
of α, α-unsaturated carboxy groups of the polymer containing an aromatic compound are higher in number, that is to
say, the hydrophilic material which has a higher rate of hydrophilic monomer or polymer attachment, tends to have a
larger particle size and a narrower particle size distribution, with its dispersibility in water being improved and its usability
being enhanced. Therefore, if the hydrophilic material is to be used as a medical material, the hydrophilic monomer or
polymer attachment rate thereof is more preferable as it is higher.
[0044] The hydrophilic material of the present invention is typically the hydrophilic material in which polyethylene glycol
is attached to a DHCA-4HCA copolymer (PCA), as represented by Structural Formula (1) below.
[0045]

[0046] In Formula (1), m is 10 to 10,000, n is 10 to 10,000, and p is 2 to 20,000, while m is preferably 50 to 8,000,
more preferably 100 to 6,000, and n is preferably 50 to 8,000, more preferably 100 to 6,000. In addition, p is preferably
3 to 15,000, more preferably 4 to 10,000.
[0047] The hydrophilic material as represented by Formula (1) generally has a number-average molecular weight (Mn)
of 1,000 to 1,000,000, preferably of 1,100 to 100,000, as varying with application, whereupon the molecular weight
distribution, namely the ratio (Mw/Mn) of the weight-average molecular weight (Mw) to the number-average molecular
weight, is preferably 1.01 to 10.00, more preferably 1.01 to 7.00.
[0048] As another typical example of the hydrophilic material of the present invention, the hydrophilic material as
represented by Structural Formula (2) below, which has threitol attached to a DHCA-4HCA copolymer (PCA), and is
crosslinked, may be mentioned.
[0049]
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[0050] In Structural Formula (2), m is 10 to 10,000, and n is 10 to 10,000, while m and n are each preferably 50 to
8,000, more preferably 100 to 6,000.
[0051] The hydrophilic material as represented by Formula (2) generally has a molecular weight Mn of 1,000 to
1,000,000, preferably of 1,100 to 100,000, as varying with application, whereupon the ratio Mw/Mn is 1.01 to 10.00,
preferably 1.01 to 7.00.
[0052] The hydrophilic material of the present invention is not particularly limited in particle shape, while particles of
the material are preferably spherical in shape.
The hydrophilic material of the present invention has a particle size of 10 to 20,000 nm, preferably of 15 to 10,000 nm,
more preferably of 20 to 10,000 nm. While it goes without saying that the particle size of the hydrophilic material varies
with the degree of polymerization of the polymer containing an aromatic compound, the amount of the hydrophilic
monomer or polymer as attached, the degree of polymerization of the hydrophilic polymer, and so forth, the ratio Mw/Mn
is reduced as the degree of polymerization of the hydrophilic material, namely the molecular weight Mn thereof, is
increased, which leads to a narrower particle size distribution.
[0053] The hydrophilic material of the present invention is biocompatible, which specifically means that, when fibrob-
lasts were seeded on the surface of the hydrophilic material, and the cell adhesion number was measured, it was found
that almost no cells were adhered to the surface.
[0054] The hydrophilic material of the present invention is excellent in mechanical strength, flexibility, photoreactivity,
hydrophilicity and biocompatibility, and ready to make particulate, so that it is available for a variety of applications of a
hydrophilic material. Specifically, the hydrophilic material is suitable for medical use, especially for the use as a sustained
drug release material.

EXAMPLES

[0055] The present invention is illustrated in reference to the following examples, to which the present invention is in
no way limited.

(Example 1)

Hydrophilic material (PCA-DTT) having threitol attached to a 3,4-dihydroxycinnamic acid (DHCA)-4-hydroxycinnamic 
acid (4HCA) copolymer (PCA).

[0056] In a three-neck flask, 5.40 g of 3,4-dihydroxycinnamic acid (DHCA: caffeic acid), 4.90 g of 4-hydroxycinnamic
acid (4HCA), 0.05 g of sodium acetate as a catalyst, and 50 mL of acetic anhydride as a transesterification agent were
subjected to nitrogen bubbling for 10 minutes, then the flask was placed in an oil bath at 200°C for six hours under a
nitrogen flow to cause polycondensation.
The resultant precipitation was dissolved in dimethylformamide, and reprecipitated in methanol. After suction filtration,
the precipitation was vacuum dried at room temperature for a whole day and night to obtain a DHCA-4HCA copolymer
(PCA) with a molecular weight Mw of 25,000 and a 1:1 molar ratio of 4HCA to 4HCA. The molar ratio was calculated
from 1H NMR absorption spectra obtained using a nuclear magnetic resonance instrument (UNITY 400 Plus manufac-
tured by Varian, Inc.).
[0057] To the PCA as above, dithiothreitol (DTT) was added at the ratios as set forth in Table 1 below, and triethylamine
as a catalyst was added dropwise, then the mixtures were agitated at 60°C for 12 hours so as to attach DTT to the PCA
to prepare hydrophilic materials (PCA-DTTs) (see the chemical formula (3)). The yields (mol%) of the individual PCA-
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DTTs (six specimens) are set forth in Table 1.
[0058]

[0059] The DTT attachment rate was calculated from the 1H NMR absorption spectra (Fig. 1) as obtained using a
nuclear magnetic resonance instrument (UNITY 400 Plus manufactured by Varian, Inc.), and by means of a UV-VIS
spectrophotometer. The DTT attachment rate values (mol%) as calculated are set forth in Table 1.
The atoms or atomic groups of the compounds that correspond to the absorption peaks (a, c, cl, d1, b, j, k, f, e, g, and
h) of the individual PCA-DTTs as shown in Fig. 1B, respectively, are shown in Fig. 1A.
In Table 1, the term "raw material" means the mole ratio of DTT fed to the total mole ratio of 4HCA and thiol groups, the
term "from 1H NMR" means the DTT attachment rate value as calculated from a 1H NMR absorption spectrum, and the
term "from UV-VIS" means the DTT attachment rate value as calculated from a UV-VIS spectrum.
When fibroblasts were seeded on the surface of each PCA-DTT, almost no cells were adhered to the relevant surface,
which has demonstrated that the hydrophilic material is biocompatible.
[0060] [Table 1]

[0061] PCA-DTT particles (six specimens) were prepared by subjecting the individual PCA-DTTs (six specimens) to
dissolution in dimethyl sulfoxide (DMSO), and dialysis in water for four days.
By a dynamic light scattering method using a dynamic light scattering instrument (Zetasizer Nano ZS manufactured by
Malvern Instruments Ltd), the particle size and the degree of dispersion (standard deviation/mean particle size) of each
particulate PCA-DTT were found. The results are set forth in Table 1. It was confirmed that the particles of any PCA-

Table 1

No. Specimen PCA (g)
DTT 
(mg)

Hydrophilic Material

Yield (%)

DTT attachment rate (mol%)
Particle 

size (nm)

Degree of 
dispersion 

(%)
Raw 

material
From 1H 

NMR
From 

UV-VIS

1
PCA-DTT-

4
2 91 63 10 4 5 68 41.3

2
PCA-DTT-

11
2 181 86 20 11 11 97 38.5

3
PCA-DTT-

36
2 272 84 50 36 35 135 30.4

4
PCA-DTT-

56
2 363 73 80 56 50 178 22.4

5
PCA-DTT-

78
2 544 70 90 78 75 265 24.9

6
PCA-DTT-

98
2 1000 65 100 98 94 330 26.2
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DTT were nanoparticles. The individual particulate PCA-DTTs (six specimens) are shown in the graph on which the
particle size is plotted on the x-axis, and the light scattering intensity on the y-axis (Fig. 2).
The particulate PCA-DTTs (6 specimens) are also shown in TEM images (Fig. 3) and SEM images (Fig. 4). In Figs. 3
and 4, the numbers (1) through (6) correspond to the numbers 1 through 6 in Table 1, respectively, that is to say, denote
the specimens PCA-DTT-4 through PCA-DTT-98, respectively.
[0062] As evident from Table 1 and Figs. 1 through 4, as the DTT molecules as attached to the β positions of the α,
β-unsaturated carboxy groups of PCA were increased in number, that is to say, the DTT attachment rate was increased
to 11%, 36%, or even 56%, 78%, or 98%, the particle size was increased, and presented a narrower particle size
distribution of a monodisperse type (lower degree of dispersion), indicating a better dispersibility in water (hydrophilicity).
[0063] The individual particulate PCA-DTTs were subjected to UV irradiation, and examined by a UV-VIS spectropho-
tometer on the reduction in intensity of the absorption caused by unsaturated bonds (Fig. 5). By UV irradiation, the
addition reaction as shown in Fig. 5A occurred, and the spectral change as shown in Fig. 5B was observed. As a
consequence, the absorption at wavelengths near 320 to 330 nm that is caused by C=C bonds was reduced in intensity
as the irradiation time was increased (Fig. 5C). The particulate PCA-DTT whose DTT content was higher had a lower
photoreactivity (Fig. 5D).
During the UV irradiation, the particulate PCA-DTTs were reduced over time in particle size (Fig. 6A), and it was found
that the particle size of the particulate PCA-DTTs was made compact (Fig. 6B).
[0064] The individual particulate PCA-DTTs were also examined on the property of sustainedly releasing a drug. Each
particulate PCA-DTT was dissolved in DMSO at a concentration of 10 mg/ml, and fluorescein isothiocyanate (FITC)-la-
beled bovine serum albumin (FITC-BSA) was dissolved in phosphate buffered saline (PBS: pH 7.4) at a concentration
of 2 mg/ml. The FITC-BSA solution was added dropwise to the solution of particulate PCA-DTT in DMSO to prepare
particles with BSA encapsulated therein. The resultant particles were collected by centrifugation, and washed with
ultrapure water three times. The amount of the BSA as carried by the particles was determined from the fluorescence
intensity of the carried FITC-BSA using a fluorescence spectrum instrument (Wallac 1420 ARVO manufactured by
PerkinElmer Inc.). The particle size of the particles with BSA encapsulated therein was evaluated by a dynamic scattering
method and SEM observation. The results showed that the amount of the BSA as carried was increased as the DTT
attachment rate was increased (Fig. 7). In addition, it was found that the particle size was increased as the DTT attachment
rate was increased (Fig. 8A), and it was seen from SEM images of the particles before and after carrying BSA that the
particles after carrying BSA had enlarged particle sizes considered as a result of the encapsulation of BSA (Figs. 8B
and 8C).
[0065] Finally, a particulate PCA-DTT with BSA encapsulated therein was evaluated on its property of sustainedly
releasing BSA. The particulate PCA-DTT-11 with BSA encapsulated therein was immersed in buffer solutions of different
pH values, then the solutions were agitated over a specified period of time, and the amount of BSA sustainedly released
was evaluated by measuring the fluorescence intensity of supernatants over time. On the other hand, the particulate
PCA-DTT-11 with BSA encapsulated therein that was photocrosslinked was immersed in a buffer solution of pH 7.4,
and the amount of BSA sustainedly released was evaluated in a similar manner to the above.
The results showed that, while almost no BSA was released even after a lapse of 150 hours in acidic buffer solutions,
BSA was sustainedly released in a neutral or alkaline buffer solution, in a larger amount in a more alkaline solution,
owing to the decomposition of particles (Figs. 9A and 9B).
In the buffer solution which had a pH value close to that in the living body, 7.4, the particulate PCA-DTT as photocrosslinked
released BSA faster than before the crosslinkage (Fig. 10A), which indicated that the speed of sustained release can
be controlled by the photocrosslinkage. A faster drug release appears to be caused by a reaction of molecules with one
another upon crosslinkage leading to a compacter particle size (Fig. 10B).

(Comparative Example 1)

4-Hydroxycinnamic acid homopolymer (poly-4HCA).

[0066] In a three-neck flask, 9.85 g of 4-hydroxycinnamic acid (4HCA), 0.05 g of sodium acetate as a catalyst, and
50 mL of acetic anhydride as a transesterification agent were subjected to nitrogen bubbling for 10 minutes, then the
flask was placed in an oil bath at 200°C for six hours under a nitrogen flow to cause polycondensation with agitation.
The resultant precipitation was dissolved in 100 mL of dimethylformamide, and reprecipitated in 1 L of methanol. After
suction filtration, the precipitation was vacuum dried at room temperature for two whole days and nights to obtain poly-
4HCA.
It was attempted to dissolve the poly-4HCA in DMSO so as to subject it to dialysis in water for four days to find the
particle size and the degree of dispersion of the poly-4HCA by a dynamic light scattering method using a dynamic light
scattering instrument (Zetasizer Nano ZS manufactured by Malvern Instruments Ltd), but the polymer was not dissolved
in DMSO and, accordingly, could not be subjected to dialysis.
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(Comparative Example 2)

9-Dihydroxycinnamic acid homopolymer (poly-DHCA).

[0067] In a three-neck flask, 10.93 g of 3, 4-dihydroxycinnamic acid (DHCA), 0.05 g of sodium acetate as a catalyst,
and 50 mL of acetic anhydride as a transesterification agent were subjected to nitrogen bubbling for 10 minutes, then
the flask was placed in an oil bath at 200°C for six hours under a nitrogen flow to cause polycondensation with agitation.
The resultant precipitation was dissolved in 100 mL of dimethylformamide, and reprecipitated in 1 L of methanol. After
suction filtration, the precipitation was vacuum dried at room temperature for two whole days and nights to obtain poly-
DHCA.
It was attempted to dissolve the poly-DHCA in DMSO so as to subject it to dialysis in water for four days to find the
particle size and the degree of dispersion of the poly-DHCA by a dynamic light scattering method using a dynamic light
scattering instrument (Zetasizer Nano ZS manufactured by Malvern Instruments Ltd), but the polymer was not dissolved
in DMSO and, accordingly, could not be subjected to dialysis.

LEGENDS

[0068] In Figs. 1B, 3 and 4:

(1) denotes PCA-DTT-4;
(2) denotes PCA-DTT-11;
(3) denotes PCA-DTT-36;
(4) denotes PCA-DTT-56;
(5) denotes PCA-DTT-78; and
(6) denotes PCA-DTT-98.

Claims

1. A hydrophilic material, comprising a polymer containing an aromatic compound whose aromatic ring is substituted
with an α, β-unsaturated carboxy group and one or more hydroxy groups, wherein a hydrophilic monomer or a
hydrophilic polymer is attached to the β position of the α, β-unsaturated carboxy group.

2. The hydrophilic material according to claim 1, wherein the aromatic compound is at least one cinnamic acid derivative
selected from the group consisting of 2-hydroxycinnamic acid, 3-hydroxycinnamic acid, 4-hydroxycinnamic acid, 4-
hydroxy-2-methoxycinnamic acid, 4-hydroxy-3-methoxycinnamic acid, and 3,4-dihydroxycinnamic acid.

3. The hydrophilic material according to claim 1, wherein the polymer containing an aromatic compound is a polyester
copolymer containing 4-hydroxycinnamic acid and 3,4-dihydroxycinnamic acid.

4. The hydrophilic material according to claim 1, wherein the polymer containing an aromatic compound has a degree
of polymerization of 10 to 10,000.

5. The hydrophilic material according to claim 1, wherein the hydrophilic monomer or the hydrophilic polymer is attached
to the polymer containing an aromatic compound at an attachment rate of 1 to 100%.

6. The hydrophilic material according to claim 1, wherein the hydrophilic monomer is at least one monomer selected
from the group consisting of alcohol, alkylene ether, a monomer having a sulfone group, a monomer having a carboxy
group, a monomer having an amino group, and a monomer having a cyano group, and has at least one functional
group to be attached to the β position of said α, β-unsaturated carboxy group.

7. The hydrophilic material according to claim 6, wherein the alcohol is at least one polyhydric alcohol selected from
the group consisting of ethylene glycol, trimethylene glycol, glycerin, pentaerythritol, and threitol.

8. The hydrophilic material according to claim 1, wherein the hydrophilic, polymer is at least one polymer selected from
the group consisting of a polymer or copolymer of polyhydric alcohol, a polymer or copolymer of acrylic acid, a
polymer or copolymer of methacrylic acid, and a polymer or copolymer of vinyl alcohol, and has at least one functional
group to be attached to the β position of said α, β-unsaturated carboxy group.
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9. The hydrophilic material according to claim 8, wherein the polymer of polyhydric alcohol is at least one polyalkylene
glycol selected from the group consisting of polyethylene glycol, polypropylene glycol, and polyethylene-propylene
glycol, and has at least one group reactive with the polymer containing an aromatic compound.

10.  The hydrophilic material according to claim 8, wherein the hydrophilic polymer has a degree of polymerization of
10 to 20,000.

11. The hydrophilic material according to claim 1, wherein the hydrophilic monomer or the hydrophilic polymer is attached
to the β position of said α, β-unsaturated carboxy group through a sulfur atom or an oxygen atom.

12. The hydrophilic material according to claim 1, which is in a nanoparticulate form.

13. A medical material, for which the hydrophilic material according to any one of claims 1 through 12 is used.

14. A sustained drug release material, for which the hydrophilic material according to any one of claims 1 through 12
is used.
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