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(57) ABSTRACT

The present invention discloses a dissoluble PDMS-modified
p(HEMA-MAA) amphiphilic copolymer and the method of
fabricating the same. The amphiphilic copolymer of the
present invention is fabricated via chemically bonding
HEMA, MAA, and poly(dimethylsiloxane), bis (3-amino-
propyl) terminated (PDMS) in aqueous solution. The PDMS-
modified p(HEMA-MAA) amphiphilic copolymer can be
dissolved completely in polar solvents, particularly alcohol
solvents, to facilitate subsequent processing. The amphiphilic
copolymer features adjustable hydrophobic-hydrophilic
properties and exhibits excellent biocompatibility. Thus, it
can be utilized in a number of advanced applications, includ-
ing anti-fouling and drug delivery.
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DISSOLUBLE PDMS-MODIFIED
P(HEMA-MAA) AMPHIPHILIC COPOLYMER
AND METHOD FOR FABRICATING THE
SAME

BACKGROUND OF THE INVENTION

[0001] 1. cl Field of the Invention

[0002] The present invention relates to a high-workability
siloxane derivative and a method for fabricating the same,
particularly to a dissoluble PDMS-modified p(HEMA-
MAA) amphiphilic copolymer and a method for fabricating
the same.

[0003] 2. Description of the Related Art

[0004] Siloxane has become an emerging material because
of its mechanical and physical properties. However, the aca-
demia and industry still need to break through the technology
bottlenecks of fabricating hydrophilic monomers of siloxane-
containing polymers or hydrophilically modifying the sur-
face of siloxane-containing polymers.

[0005] The silicone-hydrogel soft contact lenses are very
popular now because of its high wearing comfort and obvi-
ously-increased oxygen permeability. However, the protein
and lipid secreted by eyes are likely to deposit on the hydro-
phobic surface of the silicone-hydrogel contact lenses, irti-
tating the eyes and dimming the vision. The problem also
shortens the service life of contact lenses. The current surface
hydrophilic modification technology of silicone hydrogel is
mainly realized by the chemical reaction of the functional
groups on the surface of silicone hydrogel or the grafting
reaction of radicals. However, the abovementioned technol-
ogy can only apply to the functional groups on the surface of
silicone hydrogel. Besides, the reaction condition thereof is
more complicated. Further, the hydrophilic monomers for
siloxane polymerization must use alcohols containing more
than four carbon atoms as the diluents. Furthermore, phase

separation may take place and impair fabrication in the
abovementioned technology unless the polymerization rate
and the ratio of the hydrophilic monomer and the diluent are
strictly controlled.

[0006] The commercial silicone hydrogel and silicone
hydrogel-containing polymeric materials are cross-linked
with heat or ultraviolet (UV) ray, and they are no more soluble
after polymerized. Besides, the abovementioned polymerized
method is likely to damage UV-sensitive or heat-sensitive
drugs and active molecules.

[0007] Therefore, it is desired by the field concerned to
develop a high commercial potential poly(dimethylsiloxane)
(PDMS)-modified copolymer, which keeps the advantages of
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PDMS and can be fabricated in simple solving and curing
processes to achieve various functions, such as a drug deliv-
ery function for prolonging the release of drugs. Based on the
abovementioned causes, the present invention proposes a dis-
soluble PDMS-modified plHEMA (2-hydroxyethyl meth-
acrylate)-MAA (methacrylic acid)] amphiphilic copolymer
and a method for fabricating the same.

SUMMARY OF THE INVENTION

[0008] The primary objective of the present invention is to
provide a dissoluble PDMS-modified p(HEMA-MAA)
amphiphilic copolymer and a method for fabricating the
same, wherein a simple process is used to join PDMS (poly
(dimethylsiloxane), bis(3-aminopropyl) terminated) and the
hydrophilic plHEMA (2-hydroxyethyl methacrylate)-MAA
(methacrylic acid)] copolymer to form a PDMS-modified
p(HEMA-MAA) amphiphilic copolymer, which dissolves in
alcohols containing less than three carbon atoms and has
higher hydrophilicity than the traditional silicone hydrogel,
and wherein the amphiphilic copolymer features surface
hydrophobicity and dissolves in polar solvents, wherefore the
amphiphilic copolymer has high workability and can apply to
various hydrophobically-modified anti-fouling coating mate-
rials.

[0009] Another objective of the present invention is to pro-
vide a dissoluble PDMS-modified p(HEMA-MAA)
amphiphilic copolymer, which has high workability, high
hydrophobicity, high oxygen permeability and super biocom-
patibility and can apply to various fields of biomedicine.
[0010] To achieve the abovementioned objectives, the
present invention proposes a dissoluble PDMS-modified
p(HEMA-MAA) amphiphilic copolymer, which contains
compounds respectively expressed by Structural Formula 1
and Structural Formula II:

(1

o)
\/\OH ,

R, 0

wherein R, denotes

/\/O or OH;
HO

and wherein m is an arbitrary integer of 1~10, n is an arbitrary
integer of 1~40, x is an arbitrary integer of 1~10, and y is an
arbitrary integer of 1~10.
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[0011] The amphiphilic copolymer can be dissolved in
polar solvents to facilitate subsequent processing. The
amphiphilic copolymer has adjustable hydrophilic-hydro-
phobic properties and superior biocompatibility and can be
used in anti-fouling and drug delivery.

[0012] The present invention also proposes a method for
fabricating a dissoluble PDMS-modified p(HEMA-MAA)
amphiphilic copolymer containing compounds respectively
expressed by Structural Formula I and Structural Formula IT.
The method of the present invention comprises steps: dissolv-
ing 2-hydroxyethyl methacrylate (HEMA) and methacrylic
acid (MAA) in deionized water in given proportions to form
a first solution, adding a photo initiator to the first solution to
form a second solution, agitating the second solution uni-
formly, and illuminating the second solution with ultraviolet
ray to polymerized compounds in the second solution to form
a third solution, which is a white-colored solution containing
a copolymer; adding an activating reagent and an alcohol
solvent to the third solution containing the copolymer to form
a fourth solution, and agitating the fourth solution uniformly
to form a mixture solution; slowly dripping a dimethylsilox-
ane (DMS) solution to the mixture solution to form a fifth
solution, adding a catalyst to the fifth solution to form a sixth
solution and, and agitating the sixth solution uniformly to let
reaction proceed in the sixth solution and form a solution of a
poly(dimethylsiloxane)(PDMS)-modified p(HEMA-MAA)
amphiphilic copolymer.

[0013] In addition, the solution of the PDMS-modified
p(HEMA-MAA) amphiphilic copolymer is further dialyzed
to form a powdered amphiphilic copolymer.

[0014] Below, embodiments are described in detail in coop-
eration with the attached drawings to make easily understood
the objectives, technical contents, characteristics and accom-
plishments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 schematically shows the crosslinking state of
an amphiphilic copolymer according to one embodiment of
the present invention;

[0016] FIG. 2 shows the results of using the Fourier-Trans-
form Infrared (FT-IR) absorption spectrometry to analyze
dp(HEMA-MAA), PDMS, and HMPMS;

[0017] FIG. 3 shows an SEM image of spherical nanopar-
ticles formed by the aggregation of an amphiphilic copolymer
according to one embodiment of the present invention;
[0018] FIG. 4 shows a TEM image of a spherical nanopar-
ticle formed by the aggregation of an amphiphilic copolymer
according to one embodiment of the present invention;
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[0019] FIG. 5 shows an X-ray diffraction spectrum of an
amphiphilic copolymer according to one embodiment of the
present invention;

[0020] FIG. 6 shows the drug releasing behavior of Vitamin
A to 2.5% Tween20, wherein Vitamin A is mixed with
amphiphilic copolymers respectively modified by different
concentrations of PDMS according to one embodiment of the
present invention;

[0021] FIG. 7 shows the results of the cytotoxicity test,
wherein BCE is used to test the cytotoxicity of the
amphiphilic copolymers modified by different concentrations
of PDMS and coated on commercial contact lenses according
to one embodiment of the present invention; and

[0022] FIG. 8 shows the results of the cytotoxicity test,
wherein Hs68 is used to test the cytotoxicity of the
amphiphilic copolymers modified by different concentrations
of PDMS according to one embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The present invention discloses an amphiphilic
copolymer-PDMS-modified p(HEMA-MAA), which is syn-
thesized via chemically bonding 2-hydroxyethyl methacry-
late (HEMA), methacrylic acid (MAA), and poly(dimethyl-
siloxane), bis(3-aminopropyl) terminated (PDMS) in an
aqueous solution, which is also called the p(HEMA-MAA)-
PDMS amphiphilic copolymer thereinafter. The PDMS-
modified p(HEMA-MAA) amphiphilic copolymer can com-
pletely dissolve in alcohol solvents to facilitate the
succeeding fabrication. The amphiphilic copolymer of the
present invention has adjustable hydrophilicity and superior
biocompatibility and thus can apply to fouling prevention and
drug delivery.

[0024] The PDMS-modified p(HEMA-MAA) amphiphilic
copolymer of the present invention simultaneously contains
compounds respectively expressed by Structural Formula 1
and Structural Formula II:

(1

¥

wherein R, denotes

/\/O\’(K or )WOH;
HO
0 0
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and wherein m is an arbitrary integer of 1~10, n is an arbitrary
integer of 1~40, x is an arbitrary integer of 1~10, and y is an
arbitrary integer of 1~10.

[0025] Refer to FIG. 1 for the crosslinking state of the
amphiphilic copolymer. The amphiphilic copolymer simul-
taneously contains hydrophilic terminals and hydrophobic
terminals. The hydrophilic terminals are provided by HEMA
and MAA, which respectively contribute a hydroxyl group
and a carboxylic acid group as the hydrophilic functional
groups. Ultraviolet ray is used to induce the radical copoly-
merization reaction of HEMA and MAA. The hydrophobic
terminals is contributed by the poly(dimethylsiloxane), bis(3
-aminopropyl) terminated. The dimethylsiloxane of the
PDMS derivative is very hydrophobic and provides superior
oxygen permeability for the amphiphilic copolymer of the
present invention.

[0026] Theamphiphilic copolymer of the present invention
can dissolve in a polar solvent, such as ethanol, propanol,
isopropyl alcohol, polyethylene glycol, polypropylene gly-
col, methyl sulfoxide, or the mixture of some of the above-
mentioned solvents. The amphiphilic copolymer has a
molecular weight of 3500-30000 and can self-assemble into
spherical nanoparticles having a diameter of 30-40 nm. The
amphiphilic copolymer can be fabricated into a transparent
film or a nanoparticle to transport drugs in the succeeding
fabrication process.

[0027] Below is described the method for fabricating the
PDMS-modified p(HEMA-MAA) amphiphilic copolymer.
Firstly, dissolve HEMA and MAA by a weight ratio of from
100:10 to 100:100 in deionized water to form a first solution,
wherein the weight ratio of HEMA plus MAA to deionized
water is from 1:100 to 10:100. Next, add a photo initiator to
the first solution, such as 2-hydroxy-2-methyl propiophenone
(Darocur 1173), to form a second solution, and agitate the
second solution uniformly. Next, illuminate the second solu-
tion with ultraviolet ray to polymerize the compounds in the
second solution to form a third solution, which is a white-
colored solution containing copolymers. Next, add an acti-
vating reagent and an alcohol solvent to the third solution to
form a fourth solution, and agitate the fourth solution uni-
formly to form a mixture solution. Next, slowly drip a pre-
mixed DMS solution to the mixture solution to form a fifth
solution, wherein the pre-mixed DMS solution is a solution of
dimethylsiloxane and an alcohol solvent. Next, add a catalyst,
such as EDC (1-Ethyl-3-(3-dimethylaminopropyl)), to the
fifth solution to form a sixth solution, and agitate the sixth
solution uniformly to accelerate the reaction. Let the reaction
proceed for one day to form a solution of the PDMS-modified
p(HEMA-MAA) amphiphilic copolymer of the present
invention.

[0028] After the solution of the PDMS-modified p(HEMA-
MAA) amphiphilic copolymer is done, the amphiphilic
copolymer solution can be further dialyzed to form powered
amphiphilic copolymer with a dialysate, such as isopropyl
alcohol, propanol or ethanol. The powered amphiphilic
copolymer can be re-dissolved in a polar solvent, such as
ethanol, propanol, isopropyl alcohol, polyethylene glycol,
polypropylene glycol, methyl sulfoxide, or a mixture of some
of the abovementioned solvents for the succeeding applica-
tion. Besides, the powered amphiphilic copolymer can also
dissolve in water and self-assemble to form spherical nano-
particles having a diameter of 30-40 nm.

[0029] In the present invention, the copolymer (HEMA+
MAA) is covalently bonded with DMS (dimethylsiloxane) by
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aratio of from 100:1 to 100:40. The abovementioned alcohols
or alcohol solvents include ethanol, propanol, isopropyl alco-
hol, polyethylene glycol, polypropylene glycol, methyl sul-
foxide, and the mixtures of some of the abovementioned
solvents.

[0030] The PDMS-modified p(HEMA-MAA) amphiphilic
copolymer and the method for fabricating the same have been
described above. Below, embodiments and experiments are
used to further demonstrate the present invention.

[0031] Below is described the detailed process for fabricat-
ing the PDMS-modified p(HEMA-MAA) amphiphilic
copolymer, ie. the p(HEMA-MAA)-PDMS amphiphilic
copolymer, of the present invention. Firstly, mix 1 ml of
HEMA and 1 ml of MAA uniformly to form Solution 1. Next,
add 98 ml of deionized water and 40 ul of water-soluble photo
initiator (Darocur 1173) into Solution 1 to form Solution 2.
Next, agitate Solution 2 for 10 minutes, and use ultraviolet ray
to polymerize the components in Solution 2 during agitation
to form Solution 3, which is a white-colored solution contain-
ing a dissoluble polymer of HEMA and MAA, called
dp(HEMA-MAA) thereinafter. Next, add 50 ml of isopropyl
alcohol, propanol, or ethanol to Solution 3, and agitate them
uniformly to form a transparent solution. Next, add several
drops of activating reagent(NHS) to the transparent solution
to form Solution 4, and agitate Solution 4 uniformly to form
a mixture solution. Next, slowly drip 400 pl of PMDS solu-
tion to the mixture solution to form Solution 5, and add
several drips of catalyst (EDC) to Solution 5 to form Solution
6, and agitate Solution 6 for 24 hours at an ambient tempera-
ture to facilitate reaction. Next, add isopropyl alcohol, pro-
panol, or ethanol to the resultant solution, and dialyze the
resultant solution for 72 hours. Next, dry the product of dialy-
sis atan oven. Next, crush the dried product into a pale-yellow
powder of the p(HEMA-MAA)-PDMS amphiphilic copoly-
mer, which is also called HMPMS thereinafter.

[0032] Refer to FIG. 2 the results of using the Fourier-
Transform Infrared (FT-IR) absorption spectrometry to ana-
lyze dp(HEMA-MAA), PDMS, and HMPMS. The absorp-
tion peak at 2964 cm™', which is observed in the
transmittance IR curve of dp(HEMA-MAA), is generated by
the stretching vibration of OH of COOH of dp(HEMA-
MAA). After dp(HEMA-MAA) is modified by PDMS. the
absorption by OH stretching vibration is attenuated. The
absorption peaks at 1590 cm®! * and 37357 are respectively
generated by the bending vibration and stretching vibration of
NH, of unmodified PDMS. The two NH, absorption peaks of
unmodified PDMS disappear after modification. It indicates
that the functional group COOH of dp(HEMA-MAA) reacts
with NH, of PDMS. The absorption peak at 1110 em™" is
generated by the stretching vibration of Si—O—Si. The
absorption peak at 1547 cm™" is generated by the stretching
vibration of the amide bond of HMPMS.

[0033] The amphiphilic copolymer of the present invention
can uniformly dissolve in solvents such as IPA, propanol, and
ethanol. In a mixed solvent of TPA and H,O by a ratio of 1:2,
the amphiphilic copolymer would self-assemble to form
spherical nanoparticles having a diameter of 30-40 nm, as
shown in the SEM (Scanning Electron Microscopy) image of
FIG. 3.

[0034] Refer to FIG. 4 for a TEM (Transmission Electron
Microscopy) image of the nanoparticle formed by the self-
assembly of the amphiphilic copolymer in a mixed solvent of
IPA and H,O by a ratio of 1:2. Laminate crystalline phases of
silicon dioxide are observed in the TEM image. Itis presumed
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that the amphiphilic copolymer is likely to self-assemble in a
hydrophilic-lipophilic environment. It is also observed in the
TEM image that the crystalline phases of silicon dioxide are
in form of laminates arranged neatly and each having a thick-
ness of 3 nm. The generation of the silicon-dioxide phases
may be attributed to that the hydrophilic-lipophilic environ-
ment exerts different force fields on the hydrophilic terminals
and hydrophobic terminals of the amphiphilic copolymer and
that the hydrophilic action force causes the molecules of the
hydrophobicity-biased amphiphilic copolymer to self-orga-
nize into an ordered arrangement.

[0035] Referto FIG. 5 for an X-ray diffraction spectrum of

the amphiphilic copolymer of the present invention. The

peaks respectively appear at about 13 degrees and about 30

degrees of 2theda are exactly the characteristics of crystalline

silicon dioxide.

[0036] Theamphiphilic copolymer of the present invention

can also dissolve in IPA. Based on the abovementioned fea-

ture, the fabrication of the light- and heat-sensitive oil-soluble
drug Vitamin A is used to exemplify the application of the
present invention below.

[0037] The fabrication process of Vitamin A carried by the

amphiphilic copolymer of the present invention includes the

following steps:

[0038] (1) Dissolving Vitamin A in IPA;

[0039] (2) Dissolving the amphiphilic copolymer in IPA to
form an IPA solution containing 10% the amphiphilic
copolymer; and

[0040] (3) Mixing the solutions fabricated in Steps (1) and
(2) uniformly, spraying the resultant solution on contact
lenses available in the market, and drying the contact
lenses.

[0041] Experiments are undertaken to observe the effects of

PDMS concentrations on the release rates of Vitamin A to

2.5% Tween20, wherein the solutions of Vitamin A and the

Ry

[HO/\/O

o} R

amphiphilic copolymers, which are respectively modified by
different concentrations of PDMS, are sprayed on commer-
cial contact lenses. Refer to FIG. 6 for the experimental
results. It can be observed in FIG. 6: the higher the PDMS
concentration, the less the swelling of molecular structure,
and the lower the drug release rate.

[0042] Experiments are also undertaken to verify the bio-
compatibility of the amphiphilic copolymer of the present
invention, wherein BCE (bovine cornea endothelial from
BCRC (Bioresource Collection and Research Cente, BCRC
No. 60044) and Hs68 (Human foreskin fibroblast from
BCRC, BCRC No. 60038) are used in the cytotoxicity tests.
Refer to FIG. 7 and FIG. 8 for the results of the cytotoxicity
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tests. The test results prove the superior biocompatibility of
the amphiphilic copolymer of the present invention. In the
case that the amphiphilic copolymers modified by different
concentrations of PDMS are coated on commercial contact
lenses, the biocompatibility of the amphiphilic copolymers is
obviously increased for BCE. In the case that Hs68 is cultured
together with the amphiphilic copolymers, the cell viability is
still over 90% two days later.

[0043] In conclusion, the present invention uses a simple
process to join PDMS and the hydrophilic p(HEMA-MAA)
copolymer to form a PDMS-modified p(HEMA-MAA)
amphiphilic copolymer, which dissolves in alcohols contain-
ing less than three carbon atoms and has higher hydrophilicity
than the traditional silicone hydrogel. The amphiphilic
copolymer of the present invention features surface hydro-
phobicity and dissolves in polar solvents. Therefore, the
copolymer of the present invention has high workability and
can apply to various hydrophobically-modified anti-fouling
coating materials. Further, the amphiphilic copolymer of the
present invention can also apply to various fields of biomedi-
cine because of its high workability, high hydrophobicity,
high oxygen permeability and super biocompatibility.
[0044] The embodiments described above are only to
exemplify the present invention to enable the persons skilled
in the art to understand, make and use the present invention.
However, these embodiments are not intended to limit the
scope of the present invention. Any equivalent modification
or variation according to the spirit of the present invention is
to be also included within the scope of the present invention.

What is claimed is:

1. A dissoluble poly(dimethylsiloxane)-modified poly(2-
hydroxyethyl methacrylate-methacrylic acid) amphiphilic
copolymer, comprising compounds respectively expressed
by Structural Formula I and Structural Formula II:

(1

wherein R, denotes

/\/O\’(K or )\H/OH;
HO
) 0

and wherein m is an arbitrary integer of 1~10, n is an arbitrary
integer of 1~40, X is an arbitrary integer of 1~10, and y is an
arbitrary integer of 1~10.
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2. The dissoluble poly(dimethylsiloxane)-modified poly
(2-hydroxyethyl methacrylate-methacrylic acid) amphiphilic
copolymer according to claim 1, which is dissoluble in polar
solvents.

3. The dissoluble poly(dimethylsiloxane)-modified poly
(2-hydroxyethyl methacrylate-methacrylic acid) amphiphilic
copolymer according to claim 2, wherein said polar solvents
include ethanol, propanol, isopropyl alcohol, polyethylene
glycol, polypropylene glycol, methyl sulfoxide, and mixtures
thereof.

4. The dissoluble poly(dimethylsiloxane)-modified poly
(2-hydroxyethyl methacrylate-methacrylic acid) amphiphilic
copolymer according to claim 1, which self-assembles in an
aqueous solution to form spherical nanoparticles having a
diameter of 30-40 nm.

5. The dissoluble poly(dimethylsiloxane)-modified poly
(2-hydroxyethyl methacrylate-methacrylic acid) amphiphilic
copolymer according to claim 1, which has a molecular
weight of 3500-30000.

6. The dissoluble poly(dimethylsiloxane)-modified poly
(2-hydroxyethyl methacrylate-methacrylic acid) amphiphilic
copolymer according to claim 1, which is fabricated into a
transparent film or a nanoparticle, wherein said transparent
film or said nanoparticle is used to transport drugs.

7. A method for fabricating a dissoluble poly(dimethylsi-
loxane)-modified poly(2-hydroxyethyl methacrylate-meth-
acrylic acid) amphiphilic copolymer, comprising steps:

dissolving 2-hydroxyethyl methacrylate (HEMA) and

methacrylic acid (MAA) in deionized water to form a
first solution, adding a photo initiator to said first solu-
tion to form a second solution, agitating said second
solution uniformly, and illuminating said second solu-
tion with ultraviolet ray to polymerized compounds in
said second solution to form a third solution, which is a
white-colored solution containing a copolymer;

adding an activating reagent and an alcohol solvent to said

third solution containing said copolymer to form a
fourth solution, and agitating said fourth solution uni-
formly to form a mixture solution;

slowly dripping a dimethylsiloxane (DMS) solution to said

mixture solution to form a fifth solution, adding a cata-
lyst to said fifth solution to form a sixth solution, and
agitating said sixth solution uniformly to form a solution
of a poly(dimethylsiloxane)(PDMS)-modified poly
(HEMA-MAA) amphiphilic copolymer.
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8. The method according to claim 7, wherein said HEMA
and said MAA are mixed by a weight ratio of from 100:10 to
100:100.

9. The method according to claim 8, wherein said HEMA
plus said MAA and said deionized water are mixed by a
weight ratio of from 1:100 to 10:100.

10. The method according to claim 7 further comprising a
step of dialyzing said solution of said PDMS-modified
p(HEMA-MAA) amphiphilic copolymer to form powdered
PDMS-modified p(HEMA-MAA) amphiphilic copolymer.

11. The method according to claim 10, wherein said pow-
dered PDMS-modified p(HEMA-MAA) amphiphilic
copolymer is dissoluble in polar solvents.

12. The method according to claim 11, wherein said polar
solvents include ethanol, propanol, isopropyl alcohol, poly-
ethylene glycol, polypropylene glycol, methyl sulfoxide, and
mixtures thereof

13. The method according to claim 10, wherein isopropyl
alcohol, propanol or ethanol is used as a dialysate in said step
of dialyzing said solution of said PDMS-modified p(HEMA-
MAA) amphiphilic copolymer.

14. The method according to claim 7, wherein said DMS
solution is a mixture of DMS and an alcohol solvent.

15. The method according to claim 14, wherein said
copolymer is covalently bonded with said DMS by a ratio of
from 100:1 to 100:40.

16. The method according to claim 14, wherein said alco-
hol solvent is ethanol, propanol, isopropyl alcohol, polyeth-
ylene glycol, polypropylene glycol, methyl sulfoxide, or a
mixture thereof.

17. The method according to claim 7, wherein said photo
initiator is 2-hydroxy-2-methyl propiophenone (Darocur
1173).

18. The method according to claim 10, wherein said pow-
dered amphiphilic copolymer dissolves in an aqueous solu-
tion and self-assembles into spherical nanoparticles having a
diameter of 30-40 nm in an aqueous solution.

19. The method according to claim 7, wherein said alcohol
solvent is selected from a group consisting of ethanol, pro-
panol, isopropyl alcohol, polyethylene glycol, polypropylene
glycol, methyl sulfoxide, and mixtures thereof.

20. The method according to claim 7, wherein said activat-
ing reagent is N-hydroxysuccinimide (NHS).

21. The method according to claim 7, wherein said catalyst
is 1-Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC).
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