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(57) ABSTRACT

The present disclosure relates to a method of preparing
polymeric microparticles that can realize excellent mechani-
cal strength and stability as well as high crosslinking effi-
ciency and production yield, polymeric microparticles,
medical compositions, cosmetic compositions, medical
articles and cosmetic articles comprising the same.
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A METHOD OF PREPARING POLYMERIC
MICROPARTICLES, POLYMERIC
MICROPARTICLES, MEDICAL
COMPOSITION, COSMETIC COMPOSITION,
MEDICAL ARTICLES AND COSMETIC
ARTICLES USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a 35 U.S.C. 371 National Phase
Application from PCT/KR2020/013129 filed on Sep. 25,
2020, which claims the benefit of Korean Patent Application
No. 10-2019-0120094 filed on Sep. 27, 2019 and Korean
Patent Application No. 10-2020-0124264 filed on Sep. 24,
2020 in the Korean Intellectual Property Office, the disclo-
sures of which are incorporated herein by reference in their
entirety.

[0002] The present disclosure relates to a method of
preparing polymeric microparticles that can realize excellent
mechanical strength and stability as well as high crosslink-
ing efficiency and production yield, polymeric micropar-
ticles, medical compositions, cosmetic compositions, medi-
cal articles and cosmetic articles comprising the same.

TECHNICAL FIELD

Background of the Invention

[0003] Along with the expansion of the fields of biophar-
maceuticals and regenerative medicine, the need for the
large-scale culture techniques capable of efficiently produc-
ing cells, tissues, microorganisms, and the like is growing.
[0004] Adherent cells are cultured using microcarriers
within a 3D bioreactor. A cell, a culture medium, and a
microcarrier are put in a bioreactor, and the cells are brought
into contact with the microcarrier while stirring the culture
medium, so that the cells are attached to the surface of the
microcarrier and cultured. Since the microcarrier used at this
time provides a high surface area/volume to which cells can
attach and proliferate, it is suitable for large-scale culture of
cells. However, when the adherent cells are expanded and
cultured using a microcarrier, a process of recovering cells
through the process of cell detachment is essentially
involved after completion of cultivation. The cell detach-
ment process induces cell detachment by using a proteolytic
enzyme or changing the temperature. When such a detach-
ment process is added, there is a problem that the manufac-
turing cost is increased, the economic efficiency is lowered,
and cell damage may be induced.

[0005] The development of new materials and processes to
solve these problems is steadily progressing. In particular, in
the case of a cell therapeutic agent for injecting in vivo cells,
attempts were made to ensure the biocompatibility of the
microcarrier for culturing the cells and to omit the isolation
and purification process. In this case, particles that imple-
ment the strength capable of withstanding the stress applied
by fluid around the carrier during the culture process and
after injection into the living body are necessary.

[0006] In addition, in the case of transdermal drug deliv-
ery technology in which a microcarrier that collects drugs or
bioactive substances is mounted on a microneedle and
delivered, the microcarrier must use a polymer suitable for
applying to the living body, and it must have sufficient
strength so that particles do not deform in the process of
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passing through the stratum corneum layer of the skin.
Microcarriers that stably permeate the skin can deliver the
loaded drug locally or systemically, allowing them to act on
the required lesions.

[0007] Hyaluronic acid mainly used as a biocompatible
substance is composed of N-acetyl-D-glucosamine and
D-glucuronic acid, and is a biopolymer in which the repeat-
ing units are linearly linked. Hyaluronic acid is abundantly
present in the vitreous humor of the eyeball, the synovial
fluid of the joints, and cockscomb, and the like. Hyaluronic
acid is commonly used as bioinjectable materials due to its
excellent biocompatibility and viscoelasticity, but is in itself
easily decomposed in vivo or under conditions such as acid
or alkali, and thus, its use is limited. Further, when applied
to microcarriers, there was a problem that it exhibits a
negative surface charge in the pH range of a living body, and
significantly reduces cell adhesion.

[0008] On the other hand, gelatin is a polymer obtained by
hydrolyzing collagen, which is a bio-connective tissue, and
is often used as a scaffold for cell culture. Gelatin can collect
or culture the cells using its cell adhesion performance, but
it is weak in the strength and has a phase transition charac-
teristic according to temperature, so that researches were
conducted to improve its strength by introducing a func-
tional group by a chemical method.

[0009] Therefore, it is necessary to develop microcarriers
or polymeric microparticles that are compatible with the
living body and have excellent physical properties, such as
physical strength, and stability against heat and enzymes.

BRIEF SUMMARY OF THE INVENTION

[0010] It is one object of the present disclosure to provide
a method of preparing polymeric microparticles that can
realize excellent mechanical strength and stability as well as
high crosslinking efficiency and production yield.

[0011] It is another object of the present disclosure to
provide polymeric microparticles prepared by the above-
mentioned preparation method.

[0012] It is another object of the present disclosure to
provide a medical composition comprising the above-men-
tioned polymeric microparticles.

[0013] It is yet another object of the present disclosure to
provide a cosmetic composition comprising the above-
mentioned polymeric microparticles.

[0014] It is yet another object of the present disclosure to
provide a medical article comprising the above-mentioned
medical composition.

[0015] It is a further object of the present disclosure to
provide a cosmetic article comprising the above-mentioned
cosmetic composition.

[0016] In order to achieve the above object, according to
one aspect, there is provided a method of preparing poly-
meric microparticles comprising the steps of: subjecting a
mixture containing a biocompatible polymer in an emulsion
state and a first crosslinking agent to a primary crosslinking
reaction to form crosslinked particles; and extracting the
crosslinked particles and performing a secondary crosslink-
ing reaction in an organic solvent phase including a second
crosslinking agent.

[0017] According to another aspect, there is provided
polymeric microparticles comprising a polymer matrix in a
form in which a biocompatible polymer is crosslinked
through a crosslinking agent.
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[0018] According to another aspect, there is provided a
medical composition comprising the polymeric micropar-
ticles and a pharmaceutically effective substance contained
in the polymeric microparticles.

[0019] According to yet another aspect, there is provided
a cosmetic composition comprising the polymeric micropar-
ticles and a cosmetically effective substance contained in the
polymeric microparticles.

[0020] According to yet another aspect, there is provided
a medical article comprising the medical composition.
[0021] According to a further aspect, there is provided a
cosmetic article comprising the cosmetic composition.

DETAILED DESCRIPTION OF THE
INVENTION

[0022] Hereinbelow, a method of preparing polymeric
microparticles, polymeric microparticles, medical composi-
tions, cosmetic compositions, medical articles and cosmetic
articles comprising the same according to specific embodi-
ments of the present disclosure will be described in more
detail.

[0023] Unless otherwise specified throughout this speci-
fication, the technical terms used herein are only for refer-
ence to specific embodiments and is not intended to limit the
present disclosure.

[0024] The singular forms “a”, “an”, and “the” used herein
include plural references unless the context clearly dictates
otherwise.

[0025] The term “including” or “comprising” used herein
specifies a specific feature, region, integer, step, action,
element and/or component, but does not exclude the pres-
ence or addition of a different specific feature, region,
integer, step, action, element, component and/or group.
[0026] The terms including ordinal numbers such as “a
first”, “a second”, etc. are used only for the purpose of
distinguishing one component from another component, and
are not limited by the ordinal numbers. For instance, a first
component may be referred to as a second component, or
similarly, the second component may be referred to as the
first component, without departing from the scope of the
present disclosure.

[0027] In the present disclosure, the (co)polymer means
including both a polymer and a copolymer, the polymer
means a homopolymer consisting of a single repeating unit,
and the copolymer means a composite polymer containing
tWo or more repeating units.

[0028] The molecular weight of the polymer used herein
follows the measurement method of the manufacturer, and
the method does not deviate from a conventional GPC
measurement method. For example, the weight average
molecular weight as used herein may mean a molecular
weight measured by a light scattering method or a viscosity
method.

[0029] Although the present disclosure may have various
forms and various modifications may be made thereto,
specific examples will be exemplified and explained in detail
below. However, it is not intended to limit the present
disclosure to specific disclosure, and it should be understood
that the present disclosure includes all the modifications,
equivalents or replacements thereof without departing from
the spirit and technical scope of the invention.

[0030] As used herein, the microparticle means that the
cross section of the particle is circular or elliptical, and the
ratio (sphericity ratio) of minor axis/major axis of the
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particle is in the range of 0.7 to 1.0. The length of the minor
axis and the major axis of the particles can be derived by
taking an optical picture of the particles and calculating the
average value of 30~100 arbitrary particles in an optical
picture.

[0031] In the present disclosure, the particle diameter Dn
means the diameter at n volume% point of cumulative
distribution of the particle numbers depending on the par-
ticle diameter. That is, D50 is the particle diameter at 50%
point of cumulative distribution of the particle numbers
when the particle diameter of the particles are accumulated
in ascending order, D90 is the particle diameter at 90% point
of cumulative distribution of particle numbers depending on
the particle diameter, and D10 is the particle diameter at
10% point of cumulative distribution of the particle numbers
depending on the particle diameter.

[0032] The Dn can be measured by using a laser diffrac-
tion method. Specifically, the powder to be measured is
dispersed in a dispersion medium and then introduced into
a commercially available laser diffraction particle size mea-
surement instrument (Horiba [LA-960), a diffraction pattern
difference according to the particle size is measured when
the particles pass through a laser beam, and the particle size
distribution is calculated. The particle diameter at points of
10%, 50% and 90% of the particle number cumulative
distribution depending on the particle diameter can be
calculated in a measuring device to thereby measure D10,
D50, and D90. More specifically, in the present disclosure,
the particle diameter may mean DS50.

[0033] As used herein, the emulsion means a mixed phase
in which one or more liquids that are immiscible with an oil
phase or an aqueous phase are dispersed in another liquid
(dispersion medium) in a particulate form (dispersoid). The
emulsion can usually be divided into macroemulsions,
microemulsions and nanoemulsions, depending on the par-
ticle size of the dispersed phase.

[0034] Now, the present disclosure will be described in
more detail.

[0035] 1. Method of Preparing Polymeric Microparticles
[0036] According to one embodiment of the present dis-

closure, there can be provided a method of preparing poly-
meric microparticles comprising the steps of: subjecting a
mixture containing a biocompatible polymer in an emulsion
state and a first crosslinking agent to a primary crosslinking
reaction to form crosslinked particles; and extracting the
crosslinked particles and performing a secondary crosslink-
ing reaction in an organic solvent phase including a second
crosslinking agent.

[0037] The emulsion may mean a water-in-oil emulsion,
an oil-in-water emulsion, an oil-in-oil emulsion, or a mul-
tiple emulsion. Specifically, the emulsion of the one embodi-
ment may mean a water-in-oil type emulsion.

[0038] Inconventional polymer fine particles, as the cross-
linking reaction proceeds by adding the particles directly to
an organic solvent, the morphology of the particles is greatly
affected by the concentration of the polymer and the content
of the crosslinking agent. In particular, when the concentra-
tion of the polymer is low or the content of the crosslinking
agent is small, there was a problem that the morphology of
the particles cannot be maintained and so it is difficult to
form microparticles.

[0039] In view of the above, the present inventors have
found through experiments that as the crosslinking reaction
proceeds over two steps as in the method of preparing
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polymeric microparticles of the one embodiment, the cross-
linking density is maximized even with the same amount of
crosslinking agent and, at the same time, the mechanical
strength and stability of microparticles are significantly
improved, thereby completing the present disclosure.
[0040] In particular, it has also been found through experi-
ments that as a secondary crosslinking reaction among the
two-step crosslinking reaction proceeds in a solid phase,
spherical particles can be realized even with a small amount
of crosslinking agent, and the production yield is improved.
[0041] Specifically, the biocompatible polymer means a
polymer that can be injected directly into a human body for
effective drug delivery of drugs applied to the human body.
Specifically, the biocompatible polymer may be at least one
polymer selected from the group consisting of hyaluronic
acid (HA), carboxymethyl cellulose (CMC), alginic acid,
pectin, carrageenan, chondroitin (sulphate), dextran (sul-
fate), chitosan, polylysine, collagen, gelatin, carboxymethyl
chitin, fibrin, agarose, pullulan, polylactide, polyglycolide
(PGA), polylactide-glycolide copolymer (PLGA), polyan-
hydride, polyorthoester, polyetherester, polycaprolactone,
polyesteramide, poly(butyric acid), poly(valeric acid), poly-
urethane, polyacrylate, ethylene-vinyl acetate polymer,
acrylic substituted cellulose acetate, non-degradable poly-
urethane, polystyrene, polyvinyl chloride, polyvinyl fluo-
ride, poly(vinyl imidazole), chlorosulphonate polyolefins,
polyethylene oxide, polyvinylpyrrolidone (PVP), polyethyl-
ene glycol (PEG), polymethacrylate, hydroxypropylmethyl-
cellulose (HPMC), ethyl cellulose (EC), hydroxypropyl cel-
Iulose (HPC), cyclodextrin, poly(N-isopropylamide)
(PNIPAam), poloxamer, and polyacrylic acid copolymers,
and derivatives thereof.

[0042] More specifically, the biocompatible polymer may
be hyaluronic acid (HA), gelatin or a mixture of hyaluronic
acid and gelatin.

[0043] As used herein, the hyaluronic acid may mean
including both hyaluronic acid itself and a hyaluronic acid
salt. Therefore, the hyaluronic acid aqueous solution may be
a concept that includes both an aqueous solution of
hyaluronic acid, an aqueous solution of a hyaluronic acid
salt, and a mixed aqueous solution of hyaluronic acid and a
hyaluronic acid salt. The salt of hyaluronic acid may be
inorganic salts such as sodium hyaluronate, potassium
hyaluronate, calcium hyaluronate, magnesium hyaluronate,
zinc hyaluronate, cobalt hyaluronate, organic salts such as
hyaluronic acid tetrabutylammonium, and mixtures thereof.
[0044] In one embodiment of the present disclosure, the
molecular weight of hyaluronic acid is not particularly
limited, but is preferably 500 g/mol or more and 5,000,000
g/mol or less in order to realize various physical properties
and biocompatibility.

[0045] As used herein, the gelatin may mean a protein
obtained by treating collagen derived from an animal with
acid or alkali and subsequently extracting it.

[0046] In one embodiment of the present disclosure, the
molecular weight of gelatin is not particularly limited, but is
preferably 100,000 g/mol or more and 5,000,000 g/mol or
less in order to realize various physical properties and
biocompatibility.

[0047] In one embodiment of the present disclosure,
examples of the first crosslinking agent are not particularly
limited. Specifically, the first crosslinking agent may include
one selected from the group consisting of 1,4-butandiol
diglycidyl ether (BDDE), ethylene glycol diglycidyl ether
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(EGDGE), 1,6-hexanediol diglycidyl ether, propylene gly-
col diglycidyl ether, polypropylene glycol diglycidyl ether,
polytetramethylene glycol diglycidyl ether, neopentyl glycol
diglycidyl ether, polyglycerol polyglycidyl ether, diglycerol
polyglycidyl ether, glycerol polyglycidyl ether, tri-methyl-
propane polyglycidyl ether, 1,2-(bis(2,3-epoxypropoxy )eth-
ylene, pentaerythritol polyglycidyl ether, sorbitol polygly-
cidyl ether, divinylsulfone and glutaraldehyde.

[0048] In one embodiment of the present disclosure, the
step of subjecting a mixture containing a biocompatible
polymer in an emulsion state and a first crosslinking agent
to a primary cros slinking reaction to form crosslinked
particles may include adding an aqueous solution in which
the biocompatible polymer is dissolved to a hydrophobic
solvent to form an emulsion; and adding a first crosslinking
agent to the mixed solution containing the emulsion.
[0049] That is, the primary crosslinking reaction may be a
liquid phase reaction that proceeds by adding a first cross-
linking agent to an emulsion containing a biocompatible
polymer.

[0050] Further, in the step of subjecting a mixture con-
taining a biocompatible polymer in an emulsion state and a
first crosslinking agent to a primary crosslinking reaction to
form crosslinked particles, the first crosslinking agent may
be contained in an amount of 30 parts by weight or more and
300 parts by weight or less, 40 parts by weight or more and
250 parts by weight or less, or 50 parts by weight or more
and 200 parts by weight or less with respect to 100 parts by
weight of the biocompatible polymer. In the method of
preparing polymeric microparticles according to one
embodiment of the present disclosure, as a secondary cross-
linking reaction proceeds after a primary crosslinking reac-
tion as described above, polymeric microparticles that real-
ize sufficient mechanical strength and sphericity ratio can be
prepared even if a first crosslinking agent is added in a small
amount of 30 parts by weight or more and 300 parts by
weight or less with respect to 100 parts by weight of the
biocompatible polymer.

[0051] When the first crosslinking agent is added in a
content of less than 30 parts by weight with respect to 100
parts by weight of the biocompatible polymer, the degree of
crosslinking is low, making it difficult to form particles, and
when added in excess of 300 parts by weight, a technical
problem may occur in which an excess of unreacted cross-
linking agent is not purified but remains in the crosslinked
particles.

[0052] On the other hand, according to one embodiment of
the present disclosure, in the step of extracting the cross-
linked particles and performing a secondary crosslinking
reaction in an organic solvent phase including a second cros
slinking agent, the crosslinked particles and the second
crosslinking agent may proceed a crosslinking reaction in a
solid phase.

[0053] That is, according to the method of preparing the
polymeric microparticles of the present disclosure, a sec-
ondary crosslinking reaction that proceeds in a solid phase
in an alkaline organic solvent may be included. Further, the
secondary cros slinking reaction proceeding in the solid
phase may mean a secondary crosslinking reaction that
dehydrates the swollen polymer particles and proceeds in a
more aggregated state. As in one embodiment of the present
disclosure, when the secondary crosslinking reaction pro-
ceeding in a solid phase in an organic solvent is included,
that is, the secondary crosslinking reaction by dehydrating
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the swollen polymer particles and proceeding in a more
aggregated state is included, excellent crosslinking effi-
ciency is realized as compared with the case where it is not
s0, thereby capable of obtaining microparticles having high
strength.

[0054] In one embodiment of the present disclosure,
recovering the crosslinked particles may follow a method of
using a mesh sieve having a sieve size of 30 um or more. As
described above, by recovering the crosslinked particles
formed through the first crosslinking reaction, then redis-
persing them in an organic solvent and adding the second
crosslinking agent, a secondary crosslinking can proceed in
a more agglomerated solid phase.

[0055] In one embodiment of the present disclosure,
examples of the second cros slinking agent are not particu-
larly limited. Specifically, the second crosslinking agent may
include one selected from the group consisting of 1,4-
butandiol diglycidyl ether (BDDE), ethylene glycol digly-
cidyl ether (EGDGE), 1,6-hexanediol diglycidyl ether, pro-
pylene glycol diglycidyl ether, polypropylene glycol
diglycidyl ether, polytetramethylene glycol diglycidyl ether,
neopentyl glycol diglycidyl ether, polyglycerol polyglycidyl
ether, diglycerol polyglycidyl ether, glycerol polyglycidyl
ether, tri-methylpropane polyglycidyl ether, 1,2-(bis(2,3-
epoxypropoxy)ethylene, pentaerythritol polyglycidyl ether,
sorbitol polyglycidyl ether, divinylsulfone and glutaralde-
hyde. More specifically, the second crosslinking agent may
be 1,4-butandiol diglycidyl ether (BDDE).

[0056] In one embodiment of the present disclosure, the
first crosslinking agent and the second crosslinking agent
may each independently include one selected from the group
consisting of 1,4-butandiol diglycidyl ether (BDDE), ethyl-
ene glycol diglycidyl ether (EGDGE), 1,6-hexanediol digly-
cidyl ether, propylene glycol diglycidyl ether, polypropylene
glycol diglycidyl ether, polytetramethylene glycol digly-
cidyl ether, neopentyl glycol diglycidyl ether, polyglycerol
polyglycidyl ether, diglycerol polyglycidyl ether, glycerol
polyglycidyl ether, tri-methylpropane polyglycidyl ether,
1,2-(bis(2,3-epoxypropoxy)ethylene, pentaerythritol
polyglycidyl ether, sorbitol polyglycidyl ether, divi-
nylsulfone and glutaraldehyde. Preferably, both the first
crosslinking agent and the second crosslinking agent may be
1,4-butandiol diglycidyl ether (BDDE).

[0057] In addition, the second crosslinking agent may be
contained in an amount of 30 parts by weight or more and
300 parts by weight or less, 40 parts by weight or more and
250 parts by weight or less, or 50 parts by weight or more
and 200 parts by weight or less with respect to 100 parts by
weight of the biocompatible polymer. In the method of
preparing polymeric microparticles according to one
embodiment of the present disclosure, as a secondary cross-
linking reaction proceeds after a primary crosslinking reac-
tion as described above, the second crosslinking agent is
added in an amount of 30 parts by weight or more and 300
parts by weight or less with respect to 100 parts by weight
of the biocompatible polymer, thereby capable of preparing
polymeric microparticles realizing sufficient mechanical
strength and sphericity ratio.

[0058] When the second crosslinking agent is added in an
amount of less than 30 parts by weight with respect to 100
parts by weight of the biocompatible polymer, the degree of
crosslinking is low, making it difficult to form particles, and
when added in excess of 300 parts by weight, a technical
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problem may occur in which an excess of unreacted cross-
linking agent is not purified but remains in the crosslinked
particles.

[0059] On the other hand, in the step of extracting the
crosslinked particles and performing a secondary cros slink-
ing reaction in an organic solvent phase including a second
cros slinking agent, the organic solvent may be one selected
from the group consisting of ethanol, N,N-dimethylforma-
mide, N,N-dimethylacetamide, N-methyl-2-pyrrolidone,
N-methylcaprolactam, 2-pyrrolidone, N-ethylpyrrolidone,
N-vinylpyrrolidone, dimethyl sulfoxide, tetramethylurea,
pyridine, dimethyl sulfone, hexamethyl sulfoxide, gamma-

butyrolactone, 3-methoxy-N,N-dimethylpropanamide,
3-ethoxy-N,N-dimethylpropanamide, 3-butoxy-N,N-dim-
ethylpropanamide, 1,3-dimethyl-imidazolidinone, ethyl

amyl ketone, methyl nonyl ketone, methyl ethyl ketone,
methyl isoamyl ketone, methyl isopropyl ketone, cyclo-
hexanone, ethylene carbonate, propylene carbonate, dig-
lyme, 4-hydroxy-4-methyl-2-pentanone, ethylene glycol
monomethyl ether, ethylene glycol monomethyl ether
acetate, ethylene glycol monoethyl ether, ethylene glycol
monoethyl ether acetate, ethylene glycol monopropyl ether,
ethylene glycol monopropyl ether acetate, ethylene glycol
monoisopropyl ether, ethylene glycol monoisopropyl ether
acetate, ethylene glycol monobutyl ether, and ethylene gly-
col monobutyl ether acetate.

[0060] Further, in the step of extracting the crosslinked
particles and performing a secondary crosslinking reaction
in an organic solvent phase including a second crosslinking
agent, the organic solvent phase including the second cross-
linking agent may be an alkaline mixed solvent. That is, the
secondary crosslinking reaction of the present disclosure can
be performed in an organic solvent phase in which an
alkaline aqueous solution is mixed with ethanol, which is an
organic solvent. Examples of the alkaline aqueous solution
is not so limited, but may be, for example, a sodium
hydroxide aqueous solution.

[0061] As the organic solvent including the secondary cros
slinking agent is an alkaline mixed solvent, it is possible to
create an environment favorable for the nucleophilic sub-
stitution reaction (SN reaction) to increase the efficiency of
the crosslinking reaction.

[0062] 2. Polymeric Microparticles

[0063] According to one embodiment of the present dis-
closure, there can be provided polymeric microparticles
comprising a polymer matrix in a form in which a biocom-
patible polymer is crosslinked through a crosslinking agent.
[0064] The present inventors proceeded with research on
polymeric microparticles, and confirmed through experi-
ments that by passing through a secondary crosslinking
reaction that proceeds in a solid phase dehydrated and
aggregated after a primary crosslinking reaction with a
swollen emulsion as described above, the crosslinking den-
sity is maximized even with the same amount of crosslink-
ing agent and, at the same time, the mechanical strength and
stability of microparticles are significantly improved,
thereby completing the present disclosure.

[0065] In particular, it has also been found through experi-
ments that as a secondary crosslinking reaction among the
two-step crosslinking reaction proceeds in a solid phase,
spherical particles can be realized even with a small amount
of crosslinking agent, and the production yield is improved.
[0066] Specifically, in the polymeric microparticles of the
above embodiment, the polymeric matrix may include a first
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crosslinking region in which the biocompatible polymer is
crosslinked through a first crosslinking agent; and a second
crosslinking region in which the biocompatible polymer is
crosslinked through a second crosslinking agent.

[0067] The first crosslinking region means a crosslinking
region formed by the progress of the primary crosslinking
reaction of the emulsion containing the biocompatible poly-
mer and the first cros slinking agent, and the second cros
slinking region may mean a cros slinking region formed by
the progress of the secondary cros slinking reaction with the
second crosslinking agent without the progress of the pri-
mary crosslinking reaction with the first crosslinking agent
in the emulsion containing the biocompatible polymer, and
a crosslinking region in which the first crosslinking region
and the second crosslinking agent are formed by an addi-
tional secondary crosslinking reaction.

[0068] On the other hand, the polymeric microparticles
may have the average diameter in distilled water of 1 pm or
more and 650 pm or less, 100 pm or more and 600 pum or
less, or 200 um or more and 550 pm or less, or 300 um or
more and 500 pm or less. When the average diameter of the
polymeric microparticles satisfies the above-mentioned
range, cell adhesion and culture performance are excellent.

[0069] Further, the polymeric microparticles may have a
sphericity ratio of 0.9 or more and 1.0 or less, 0.95 or more
and 1.0 or less, 0.96 or more and 0.99 or less, or 0.97 or more
and 0.99 or less.

[0070] The sphericity ratio can be obtained by taking an
optical photograph of the polymeric microparticles and
calculating the average value of 30 to 100 arbitrary particles
in the optical photograph.

[0071] Further, the polymeric microparticle may have a
swelling degree of 55 or less, 0.1 or more and 55 or less, 0.1
or more and 50 or less, 0.2 or more and 50 or less, 0.5 or
more and 30 or less, 0.8 or more and 18 or less according to
the following Equation 1.

Swelling degree={(Average diameter in distilled
water)®~(Average diameter after drying)®}/(Av-

erage diameter after drying)®. [Equation 1]

[0072] When the swelling degree of the polymeric
microparticles exceeds 55, a technical problem may occur in
which the crosslinking density is low, the mechanical
strength is deteriorated, and the stability is reduced.

[0073] Further, the polymeric microparticles may have an
average compressive strength of 0.1 mN or more, 0.1 mN or
more and 100 mN or less, 0.11 mN or more and 100 mN or
less, 1 mN or more and 100 mN or less, 1 mN or more and
90 mN or less, 1 mN or more and 60 mN or less, when
deformed to a level of 50% of the average diameter.

[0074] The average compressive strength may be a value
in which a compressive strength when deformed to a level
of 50% of the average diameter for n polymeric micropar-
ticles is divided by n.

[0075] For example, in the present disclosure, the average
compressive strength may be a value in which a compressive
strength when deformed to a level of 50% of the average
diameter for 30 polymeric microparticles is divided by 30.

[0076] When the average compressive strength of the
polymeric microparticles is less than 0.1 mN, a technical
problem may occur in which the mechanical strength of the
polymeric microparticles is deteriorated and the cell culture
ability is significantly reduced.
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[0077] 3. Medical Composition

[0078] According to another embodiment of the present
disclosure, there can be provided a medical composition
comprising the polymeric microparticles of the other
embodiment and a pharmaceutically effective substance
contained in the polymeric microparticles. The content con-
cerning the polymeric microparticles may include all the
content described above in the other embodiments.

[0079] The pharmaceutically active substance may exist in
a state contained in the polymeric microparticles.

[0080] Examples of the pharmaceutically effective sub-
stance are not particularly limited, and an effective substance
suitable for the application can be applied without limitation
depending on the application of the polymeric micropar-
ticles of the one embodiment. That is, specific examples of
the pharmaceutically effective substance are not limited, and
examples thereof may include a drug selected from the
group consisting of ampetaminil, arecolin, atrophine, bupra-
nolol, buprenorphine, capsaicin, carisoprodol, chlorpromaz-
ine, ciclopirox olamine, cocaine, desipramine, dyclonine,
epinephrine, ethosuximide, floxetine, hydromorphine, imi-
pramine, lidocaine, methamphetamine, melproic acid, meth-
ylpenidate, morphine, oxibutynin, nadolol, nicotine, nitro-
glycerin, pindolol, prilocaine, procaine, propanolol,
rivastigmine, scopolamine, selegiline, tulobuterol, valproic
acid, Donepezil and the like, and a peptide or protein-based
drug selected from the group consisting of EPO (Erythro-
poietin), human growth hormone (hGH), Exenatide, GLP-1
(glucagon-like peptide-1), insulin, CSF (granulocyte
colony-stimulating factor), estrogen, progesterone, parathy-
roid hormone (PTH), and the like. All pharmacological
substances in which pharmacological effects are proven are
applicable without limitation.

[0081] The amount of the pharmaceutically effective sub-
stance added is also not particularly limited, and the content
can be used without limitation depending on the application
use and target. For example, the effective substance can be
contained in an amount of 0.0001 parts by weight or more
and 1000 parts by weight or less with respect to 100 parts by
weight of the polymeric microparticles. The effective sub-
stance may be contained in a small amount or an excessive
amount without limitation with respect to the polymeric
microparticles.

[0082] 4. Cosmetic Composition

[0083] According to yet another embodiment of the pres-
ent disclosure, there can be provided a cosmetic composition
comprising the polymeric microparticles of the other
embodiment and a cosmetically effective substance con-
tained in the polymeric microparticles. The content concern-
ing the polymeric microparticles may include all the content
described above in the other embodiments.

[0084] The cosmetically active substance may exist in a
state contained in the polymeric microparticles.

[0085] Examples of the cosmetically effective substance
are not particularly limited, and an effective substance
suitable for the application can be applied without limitation
depending on the application of the polymeric micropar-
ticles of the one embodiment.

[0086] The amount of the pharmaceutically effective sub-
stance added is also not particularly limited, and the content
can be used without limitation depending on the application
use and target. For example, the effective substance can be
included in an amount of 0.0001 parts by weight or more and
1000 parts by weight or less with respect to 100 parts by
weight of the polymeric microparticles. The effective sub-
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stance may be contained in a small amount or an excessive
amount without limitation with respect to the polymeric
microparticles.

[0087] 5. Medical Article

[0088] According to yet another embodiment of the pres-
ent disclosure, there can be provided a medical article
comprising the medical composition of the other embodi-
ment. The content concerning the medical composition may
include all the content described above in the other embodi-
ments.

[0089] Examples of the medical article are not particularly
limited, and in order to realize the characteristics of the
present disclosure, it is suitable when used by inserting it
into the body, or when strength must be maintained for a
long period of time. For example, the medical article may
include a body implant, an implantable drug delivery sys-
tem, a transdermal patch, a wound treatment, and the like.
[0090] 6. Cosmetic Article

[0091] According to a further embodiment of the present
disclosure, there can be provided a cosmetic article com-
prising the cosmetic composition of the other embodiment.
The content concerning the cosmetic composition may
include all the content described above in the other embodi-
ments.

[0092] Examples of the cosmetic article are not particu-
larly limited, and in order to realize the characteristics of the
present disclosure, for example, beauty creams, lotions, hair
gels, packs (face masks) and the like can be mentioned.
[0093] Although the structure of the cosmetic pack is not
particularly limited, it may include, for example, a support,
and a cosmetically effective substance delivery layer formed
on the support and including the polymeric microparticles of
another embodiment. Examples of the support may include
woven fabric, nonwoven fabric, silicone, polyethylene tere-
phthalate, polyethylene, polypropylene, polyurethane, metal
mesh, polyester, and the like.

Advantageous Effects

[0094] According to the present disclosure, a method of
preparing polymeric microparticles that can realize excellent
mechanical strength and stability as well as high crosslink-
ing efficiency and production yield, and polymeric micropar-
ticles using the same can be provided.

[0095] Hereinafter, the present disclosure will be
described in more detail by way of examples. However,
these examples are for illustrative purposes only, and the
scope of the present disclosure is not limited thereby.

EXAMPLE 1

Preparation of Polymeric Microparticles

[0096] 0.15 g of hyaluronic acid salt (weight average
molecular weight: 500 kDa, maker: SK Bioland) and 1 g of
gelatin (gel strength: 300 g Bloom, maker: Sigma-Aldrich,
product name G2500) were respectively dissolved in dis-
tilled water at 3 wt. % and 20 wt. % to prepare two solutions,
and these two solutions were mixed in a 1:1 volume ratio.
This mixed solution (11.15 g) was mixed with a liquid
paraffin solution (40 g) to prepare a mixed solution contain-
ing a water-in-oil (W/O) microemulsion. Then, 1.1 g (1 ml)
of 1,4-butandiol diglycidyl ether (BDDE) as a crosslinking
agent was added to the mixed solution, subjected to a
crosslinking reaction at room temperature for 5 days, and
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then washed in the order of acetone, dichloromethane, and
distilled water to prepare crosslinked particles. At this time,
the crosslinked particles were recovered using a mesh sieve
having a sieve size of 45 um.

[0097] 1.1 g (1 ml) of 1,4-butandiol diglycidyl ether
(BDDE) was added to a mixed solution of 31.56 g of ethanol
and 9.88 g of 0.1N aqueous NaOH solution to prepare a
solution, and the crosslinked particles were added to this
solution and subjected to a crosslinking reaction at room
temperature for 3 days to prepare polymeric crosslinked
particles. The prepared particles were washed in the order of
ethanol and distilled water, and then the prepared cross-
linked particles were recovered using a sieve with a mesh
size of 45 um. The recovered crosslinked particles were
filtered using a mesh sieve with a sieve size of 300 um, and
the remaining crosslinked particles were analyzed.

EXAMPLE 2

Preparation of Polymeric Microparticles

[0098] Polymeric microparticles were prepared in the
same manner as in Example 1, except that only 1 g of gelatin
was added without adding hyaluronic acid salt.

COMPARATIVE EXAMPLE 1

Preparation of Polymeric Microparticles

[0099] 0.15 g of hyaluronic acid salt (weight average
molecular weight: 500 kDa, maker: SK Bioland) and 1 g of
gelatin (gel strength: 300 g Bloom, maker: Sigma-Aldrich,
product name G2500) were respectively dissolved in dis-
tilled water at 3 wt. % and 20 wt. % to prepare two solutions,
and then these two solutions were mixed in a 1:1 volume
ratio. This mixed solution (11.15 g) was mixed with a liquid
paraffin solution (40 g) to prepare a mixed solution contain-
ing a water-in-oil (W/O) microemulsion. Then, 1.1 g (1 ml)
of 1,4-butandiol diglycidyl ether (BDDE) as a crosslinking
agent was added to 1.1 g (1 ml) of the mixed solution, and
subjected to a crosslinking reaction at room temperature for
5 days.

[0100] Then, 1.1 g (1 ml) of 1,4-butandiol diglycidyl ether
(BDDE) as a crosslinking agent was added to 1.1 g (1 ml)
of the mixed solution, and subjected to a crosslinking
reaction at room temperature for 3 days to prepare polymeric
microparticles. The prepared particles were washed in the
order of acetone, dichloromethane, and distilled water, and
then the crosslinked particles were recovered using a sieve
with a mesh size of 45 um. The recovered crosslinked
particles were filtered using a sieve with a mesh size of 300
pum, and the remaining crosslinked particles were analyzed.

COMPARATIVE EXAMPLE 2

Preparation of Polymeric Microparticles

[0101] 0.15 g of hyaluronic acid salt (weight average
molecular weight: 500 kDa, maker: SK Bioland) and 1 g of
gelatin (gel strength: 300 g Bloom, maker: Sigma-Aldrich,
product name G2500) were respectively dissolved in dis-
tilled water at 3 wt. % and 20 wt. % to prepare two solutions,
and then these two solutions were mixed in a 1:1 volume
ratio. This mixed solution (11.15 g) was mixed with a liquid
paraffin solution (40 g) to prepare a mixed solution contain-
ing a water-in-oil (W/O) microemulsion. Then, 1.1 g (1 ml)
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of 1,4-butandiol diglycidyl ether (BDDE) as a crosslinking
agent was added to 51.15 g of the mixed solution, and
subjected to a crosslinking reaction at room temperature for
5 days. The prepared particles were washed in the order of
acetone, dichloromethane, and distilled water, and then the
crosslinked particles were recovered using a sieve having a
mesh size of 45 pum.

[0102] The crosslinked particles were added to a mixed
solution of 31.56 g of ethanol and 9.88 g of 0.1N NaOH
aqueous solution, subjected to a crosslinking reaction at
room temperature for 3 days to prepare polymeric micropar-
ticles. The prepared particles were washed in the order of
ethanol and distilled water, and then the crosslinked particles
were recovered using a sieve with a mesh size of 45 um. The
recovered crosslinked particles were filtered using a mesh
sieve with a sieve size of 300 pm, and the remaining
crosslinked particles were analyzed.

COMPARATIVE EXAMPLE 3

Preparation of Polymeric Microparticles

[0103] 0.15 g of hyaluronic acid salt (weight average
molecular weight: 500 kDa, maker: SK Bioland) and 1 g of
gelatin (gel strength: 300 g Bloom, maker: Sigma-Aldrich,
product name G2500) were respectively dissolved in dis-
tilled water at 3 wt. % and 20 wt. % to prepare two solutions,
and then these two solutions were mixed in a 1:1 volume
ratio. This mixed solution (11.15 g) was mixed with a liquid
paraffin solution (40 g) to prepare a mixed solution contain-
ing a water-in-oil (W/O) microemulsion. Then, 1.1 g (1 ml)
of 1,4-butandiol diglycidyl ether (BDDE) as a crosslinking
agent was added to 51.15 g of the mixed solution, and
subjected to a crosslinking reaction at room temperature for
5 days. The prepared particles were washed in the order of
acetone, dichloromethane, and distilled water, and then the
crosslinked particles were recovered using a sieve having a
mesh size of 45 um. The recovered crosslinked particles
were filtered using a sieve with a mesh size of 300 um, and
the remaining crosslinked particles were analyzed.

EXPERIMENTAL EXAMPLE

Measurement of Physical Properties of Polymeric
Microparticles

[0104] For the polymeric microparticles prepared in the
above Examples and Comparative Examples, the swelling
degree, sphericity degree, strength, cell culture suitability,
and stability of the polymeric microparticles were evaluated
by the following methods.

[0105]

[0106] The average diameter of the polymeric micropar-
ticles of Examples and Comparative Examples in distilled
water was measured and the swelling degree was calculated
therefrom.

[0107] The swelling degree of the particles according to
the present disclosure was calculated according to the fol-
lowing Equation 1:

1. Average Diameter and Swelling Degree

Swelling degree={(Average diameter in distilled
water)3-(Average diameter after drying)*}/(Av-

erage diameter after drying)®. [Equation 1]
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[0108] At this time, the closer the swelling degree value to
0 means that swelling does not occur, and the closure the
value to 0 means that the particles are swelled and become
larger.

[0109] The average diameter in distilled water was mea-
sured using a laser particle size analyzer (Horiba, Partica
L.A-960), and the average diameter after drying was calcu-
lated from the diameters of 30 arbitrary particles in the SEM
(Hitach, S-4800) photograph of the dried microparticles.
[0110] 2. Sphericity Degree

[0111] Optical (Olympus, BX53) photographs of the poly-
meric microparticles of Examples and Comparative
Examples were taken, and the degree of sphericity degree
was calculated therefrom.

[0112] The degree of sphericity degree according to the
present disclosure was calculated as the average value of the
ratio of the longest diameter to the shortest diameter (major
axis/minor axis ratio) of 30 arbitrary particles in the optical
photograph.

[0113] At this time, as the sphericity degree value is closer
to 1, it refers to the closer to the spherical shape.

[0114] 3. Strength

[0115] For the polymeric microparticles of Examples and
Comparative Examples, the strength of the microparticles
was measured using a texture analyzer equipment. 30
microparticles swollen with distilled water were placed as a
single layer on the region under the flat cylindrical probe of
the equipment equipped with a 5 N load cell. The initial
trigger force was set to 1 mN, and the particles were
compressed at a rate of 1 mm/s. The force when the average
particle diameter was deformed to a level of 50% of the
original diameter was defined as the compressive force.
[0116] The average compressive strength is a value cal-
culated by dividing the compressive force by 30, which is
the number of microparticles to be measured.

[0117] 4. Cell Culture Suitability

[0118] A cell culture medium was filled in a 6-well plate,
polymeric microparticles and cells were added and the cells
were cultured by plate-rock method. At this time, the tem-
perature of the culture medium was maintained at 37° C.,
and the cells were cultured for 3 days, and the number of
cells cultured with the polymeric microparticles was con-
firmed.

[0119] At this time, the cell culture suitability was evalu-
ated based on the following criteria.

[0120] Suitable: when the number of cultured cells relative
to the number of injected cells is 150% or more

[0121] Unsuitable: when the number of cultured cells
relative to the number of injected cells is less than 150%
[0122] 5. Stability

[0123] The stability of the polymeric microparticles
placed in phosphate-buffered saline solution during the
sterilization process using a high-temperature and high-
pressure sterilizer (Autoclave) and the particle stability after
long-term culture were evaluated based on the following
criteria:

[0124] Suitable: when the weight reduction rate of the
dried polymeric microparticles before and after use of
autoclave is 10% or less

[0125] Unsuitable: when the weight reduction rate of the
dried polymeric microparticles before and after use of
autoclave exceeds 10%
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TABLE 1

Comparative Comparative Comparative
Category Example 1  Example 2  Example 1  Example 2  Example 3
Average diameter in 323 £ 24 471 = 10 482 + 62 497 =12 498 + 16
distilled water (um)
Average diameter 123 = 11 386 = 24 125 = 25 121 = 15 123 £ 21
after drying (um)
Swelling degree 17.19 0.82 56.51 132.43 127.79
Sphericity degree 098 £0.06 091 +0.17 099 =001 098 £0.09 098 =0.03
Average compressive 1.97 1.17 0.90 0.30 0.23
strength (mN)
Cell culture suitability Suitable Suitable Suitable Suitable Suitable
Stability Suitable Suitable Unsuitable  Unsuitable  Unsuitable
[0126] As shown in Table 1, it could be confirmed that in the swelling degree appear to be 132.43, indicating inferior

the polymeric microparticles of Examples, which are pre-
pared by the preparation method of the present disclosure
comprising the step of performing a primary crosslinking,
then recovering the particles and performing a secondary
crosslinking, not only the number of cultured cells is equal
to or higher than 150% compared to the number of cells
injected first which is thus suitable for cell culture, but also
the weight reduction rate of the dried polymeric micropar-
ticles before and after autoclave treatment appears to be 10%
or less, which is thus suitable for sterilization treatment and
long-term culture.

[0127] In addition, it could be confirmed that in the
polymeric microparticles of Examples, the sphericity degree
appears to be 0.9 or more, indicating a high sphericity
degree, and at the same time, the swelling degree appears to
be 0.82 or more and 17.19 or less, indicating an excellent
degree of crosslinking. Further, it could be confirmed that
the average compressive strength appears to be 1.17 mN or
more and thus, excellent mechanical properties are realized
and the particles have a high crosslinking density.

[0128] That is, it was confirmed that the polymeric
microparticles of Examples, which are prepared by the
present preparation method comprising the step of perform-
ing a primary crosslinking, then recovering the particles and
performing a secondary crosslinking, are suitable for cell
culture, sterilization treatment, and long-term culture, and
also can realize excellent cros slinking density and mechani-
cal properties.

[0129] On the other hand, it could be confirmed that in the
polymeric microparticles of Comparative Example 1, which
passed immediately through the secondary crosslinking
without recovering the particles after the primary crosslink-
ing, not only the weight reduction rate of the dried polymeric
microparticles before and after autoclave treatment appears
to be more than 10%, making it unsuitable for sterilization
and long-term culture, but also the swelling degree appears
to be 56.51, indicating inferior degree of crosslinking as
compared with Examples of the present disclosure. Further,
it could be confirmed that the average compressive strength
appears to be 0.9 mN, indicating inferior mechanical prop-
erties, and the particles have a low cros slinking density.
[0130] In addition, it could be confirmed that in the
polymeric microparticles of Comparative Example 2, which
recovered the particles after the primary crosslinking and
passed through only the dehydration process without the
addition of the secondary crosslinking agent, not only the
weight reduction rate of the dried polymeric microparticles
before and after autoclave treatment exceeds 10%, making
it unsuitable for sterilization and long-term culture, but also

degree of crosslinking as compared with Examples. Further,
it could confirm that the average compressive strength is 0.3
mN, indicating inferior mechanical properties, and the par-
ticles have a low crosslinking density.
[0131] Further, it could be confirmed that in the polymeric
microparticles of Comparative Example 3, which passed
through only the primary crosslinking and omitted the
secondary crosslinking step, not only the weight reduction
rate of the dried polymeric microparticles before and after
autoclave treatment appears to be more than 10%, making it
unsuitable for sterilization and long-term culture, but also
the swelling degree appears to be 127.79, indicating an
inferior degree of crosslinking compared to Examples of the
present disclosure. Further, it could confirm that the average
compressive strength appears to be 0.23 mN, indicating
inferior mechanical properties, and the particles have a low
crosslinking density.
1. A method of preparing polymeric microparticles com-
prising the steps of:
subjecting a mixture containing a biocompatible polymer
in an emulsion state and a first crosslinking agent to a
primary crosslinking reaction to form crosslinked par-
ticles; and
extracting the crosslinked particles and performing a
secondary crosslinking reaction in an organic solvent
phase including a second crosslinking agent.
2. The method of claim 1, wherein:
in the step of extracting the crosslinked particles and
performing a secondary crosslinking reaction in an
organic solvent phase including a second crosslinking
agent,
the crosslinked particles and the second crosslinking
agent proceed with the secondary a crosslinking reac-
tion in a solid phase.
3. The method of claim 1, wherein:
the step of subjecting a mixture containing a biocompat-
ible polymer in an emulsion state and a first crosslink-
ing agent to a primary crosslinking reaction to form
crosslinked particles comprises
adding an aqueous solution in which the biocompatible
polymer is dissolved to a hydrophobic solvent to form
an emulsion; and
adding the first crosslinking agent to the mixed solution
containing the emulsion.
4. The method of claim 1, wherein:
in the step of subjecting a mixture containing a biocom-
patible polymer in an emulsion state and a first cross-
linking agent to a primary crosslinking reaction to form
crosslinked particles,
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the first crosslinking agent is contained in an amount of 30
parts by weight or more and 300 parts by weight or less
with respect to 100 parts by weight of the biocompat-
ible polymer.

5. The method of claim 1, wherein:

in the step of extracting the crosslinked particles and
performing a secondary crosslinking reaction in an
organic solvent phase including a second crosslinking
agent,

the second crosslinking agent is contained in an amount of
30 parts by weight or more and 300 parts by weight or
less with respect to 100 parts by weight of the biocom-
patible polymer.

6. The method of claim 1, wherein:

in the step of extracting the crosslinked particles and
performing a secondary crosslinking reaction in an
organic solvent phase including a second crosslinking
agent,

the organic solvent including the second crosslinking
agent is an alkaline mixed solvent.

7. The method of claim 3, wherein:

the organic solvent is at least one selected from the group
consisting of ethanol, N,N-dimethylformamide, N,N-
dimethylacetamide, N-methyl-2-pyrrolidone, N-meth-
ylcaprolactam, 2-pyrrolidone, N-ethylpyrrolidone,
N-vinylpyrrolidone, dimethyl sulfoxide, tetramethyl-
urea, pyridine, dimethyl sulfone, hexamethyl sulfoxide,
gamma-butyrolactone, 3-methoxy-N,N-dimethylpro-
panamide, 3-ethoxy-N,N-dimethylpropanamide, 3-bu-
toxy-N,N-dimethylpropanamide, 1,3-dimethyl-imida-
zolidinone, ethyl amyl ketone, methyl nonyl ketone,
methyl ethyl ketone, methyl isoamyl ketone, methyl
isopropyl ketone, cyclohexanone, ethylene carbonate,
propylene carbonate, diglyme, 4-hydroxy-4-methyl-2-
pentanone, ethylene glycol monomethyl ether, ethylene
glycol monomethyl ether acetate, ethylene glycol
monoethyl ether, ethylene glycol monoethyl ether
acetate, ethylene glycol monopropyl ether, ethylene
glycol monopropyl ether acetate, ethylene glycol
monoisopropyl ether, ethylene glycol monoisopropyl
ether acetate, ethylene glycol monobutyl ether, and
ethylene glycol monobutyl ether acetate.

8. The method of claim 1, wherein:

the first crosslinking agent and the second crosslinking
agent are the same or different each other and each
independently comprise at least one selected from the
group consisting of 1,4-butandiol diglycidyl ether, eth-
ylene glycol diglycidyl ether, 1,6-hexanediol diglycidyl
ether, propylene glycol diglycidyl ether, polypropylene
glycol diglycidyl ether, polytetramethylene glycol
diglycidyl ether, neopentyl glycol diglycidyl ether,
polyglycerol polyglycidyl ether, diglycerol polygly-
cidyl ether, glycerol polyglycidyl ether, tri-methylpro-
pane polyglycidyl ether, 1,2-(bis(2,3-epoxypropoxy)
ethylene, pentaerythritol polyglycidyl ether, sorbitol
polyglycidyl ether, divinylsulfone and glutaraldehyde.

9. Polymeric microparticles comprising a polymer matrix

in which a biocompatible polymer is crosslinked through a
crosslinking agent.

10. The polymeric microparticles of claim 9, wherein:

the polymeric microparticles have an average diameter of
1 um or more and 650 um or less in distilled water.
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11. The polymeric microparticles of claim 9, wherein:
the polymeric microparticles have a swelling degree of 55
or less according to the following Equation 1:
Swelling degree={(Average diameter in distilled
water)’—(Average diameter after drying)®}/(Av-

erage diameter after drying)>. [Equation 1]

12. The polymeric microparticles of claim 9, wherein:

the polymeric microparticles have an average compres-
sive strength of 0.1 mN or more when deformed to a
level of 50% of the average particle diameter.

13. The polymeric microparticles of claim 9, wherein:

the crosslinking agent comprises a first crosslinking agent

and a second crosslinking agent,

the first crosslinking agent and the second crosslinking

agent are the same or different from each other,

the polymeric matrix comprises a first crosslinking region

in which the biocompatible polymer is crosslinked
through thee first crosslinking agent; and

a second crosslinking region in which the biocompatible

polymer is crosslinked through thea second crosslink-
ing agent.

14. The polymeric microparticles of claim 9, wherein:

the polymeric microparticles are prepared by the method

of preparing polymeric microparticles according to
claim 1.

15. A medical composition comprising the polymeric
microparticles of claim 9 and a pharmaceutically effective
substance contained in the polymeric microparticles.

16. A cosmetic composition comprising the polymeric
microparticles of claim 9 and a cosmetically effective sub-
stance contained in the polymeric microparticles.

17. A medical article comprising the medical composition
of claim 15.

18. A cosmetic article comprising the cosmetic composi-
tion of claim 16.

19. The method of claim 1, wherein the biocompatible
polymer is at least one polymer selected from the group
consisting of hyaluronic acid (HA), carboxymethyl cellulose
(CMC), alginic acid, pectin, carrageenan, chondroitin (sul-
phate), dextran (sulfate), chitosan, polylysine, collagen,
gelatin, carboxymethyl chitin, fibrin, agarose, pullulan,
polylactide, polyglycolide (PGA), polylactide-glycolide
copolymer (PLGA), polyanhydride, polyorthoester,
polyetherester, polycaprolactone, polyesteramide, poly(bu-
tyric acid), poly(valeric acid), polyurethane, polyacrylate,
ethylene-vinyl acetate polymer, acrylic substituted cellulose
acetate, non-degradable polyurethane, polystyrene, polyvi-
nyl chloride, polyvinyl fluoride, poly(vinyl imidazole), chlo-
rosulphonate polyolefins, polyethylene oxide, polyvinylpyr-
rolidone (PVP), polyethylene glycol (PEG),
polymethacrylate, hydroxypropylmethylcellulose (HPMC),
ethyl cellulose (EC), hydroxypropy! cellulose (HPC), cyclo-
dextrin, poly(N-isopropylamide) (PNIPAam), poloxamer,
and polyacrylic acid copolymers, and derivatives thereof.

20. The polymeric microparticles of claim 9, wherein:

the biocompatible polymer is at least one polymer

selected from the group consisting of hyaluronic acid
(HA), carboxymethyl cellulose (CMC), alginic acid,
pectin, carrageenan, chondroitin (sulphate), dextran
(sulfate), chitosan, polylysine, collagen, gelatin, car-
boxymethyl chitin, fibrin, agarose, pullulan, polylac-
tide, polyglycolide (PGA), polylactide-glycolide copo-
lymer (PLGA), polyanhydride, polyorthoester,
polyetherester, polycaprolactone, polyesteramide, poly
(butyric acid), poly(valeric acid), polyurethane, poly-
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acrylate, ethylene-vinyl acetate polymer, acrylic sub-
stituted cellulose acetate, non-degradable
polyurethane, polystyrene, polyvinyl chloride, polyvi-
nyl fluoride, poly(vinyl imidazole), chlorosulphonate
polyolefins, polyethylene oxide, polyvinylpyrrolidone
(PVP), polyethylene glycol (PEG), polymethacrylate,
hydroxypropylmethylcellulose (HPMC), ethyl cellu-
lose (EC), hydroxypropyl cellulose (HPC), cyclodex-
trin, poly(N-isopropylamide) (PNIPAam), poloxamer,
and polyacrylic acid copolymers, and derivatives
thereof.



