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(57) ABSTRACT

The present disclosure provides a carrier composition for
eye drops in which a substance to be delivered is loaded in
a carrier, wherein the substance to be delivered includes one
or more selected from the group consisting of an anti-
inflammatory agent, a glaucoma treatment agent, a calcium
channel blocker (CCB), an NMDA-receptor blocker, an
antioxidant, a nitric oxide synthase inhibitor, a heat shock
protein (HSP), a cystinosis treatment agent, and an antibi-
otic, the carrier has a spherical shape, the carrier includes a
multilayer shell in a region ranging from the center to the
surface of the carrier, the multilayer shell includes a core
located in the center of the carrier and including a carboxym-
ethyl cellulose (CMC)-based hydrogel having a degree of
substitution (D.S.) of 0.9, a first shell located on the surface
of the core and including a CMC-based hydrogel having a
degree of substitution of 0.8, a second shell located on the
surface of the first shell and including a CMC-based hydro-
gel having a degree of substitution of 0.6, and a third shell

(51) Int. CL including a CMC-based hydrogel having a degree of sub-
AG6IK 38/17 (2006.01) stitution of 0.65, and the multilayer shell includes the core
AGIK 9/50 (2006.01) having a radius equal to 25% of the radial length of the
AG6IK 9/06 (2006.01) carrier, the first shell having a thickness equal to 20% of the
A61K 31/573 (2006.01) radial length, the second shell having a thickness equal to
AG6IK 31/196 (2006.01) 40% of the radial length, and the third shell having a
AG6IK 31/407 (2006.01) thickness equal to 15% of the radial length, and a pharma-
AG6IK 31/575 (2006.01) ceutical composition including the same.
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CARRIER COMPOSITION FOR EYE DROPS
AND PHARMACEUTICAL COMPOSITION
INCLUDING THE SAME

TECHNICAL FIELD

[0001] The present disclosure relates to a carrier compo-
sition for eye drops and a pharmaceutical composition
including the same, and more particularly, to a carrier
composition for eye drops, which allows a substance to be
delivered to stay in the anterior segment of an eye for a long
time and slowly releases the substance to be delivered,
thereby maintaining the medicinal effect of the substance to
be delivered for a long period of time, and a pharmaceutical
composition including the same.

BACKGROUND ART

[0002] The use of medicines such as anti-inflammatory
drugs and antibiotics in small amounts and at low frequen-
cies is one of the important concerns in the art because it
helps in terms of drug abuse prevention, convenience and
cost effectiveness.

[0003] Meanwhile, in the case of eye drop drugs, the rate
of drug absorption after one administration is as very low as
5% or less of the amount administered, due to washing out
of the drug by tears and the loss of the drug by eye blinking
or the clarification of the drug by tears. Therefore, the eye
drop drugs should be frequently administered.

[0004] In particular, it is necessary to administer anti-
inflammatory eye drops to prevent infection and inflamma-
tion at the surgical site of the patient after cataract surgery
or other ophthalmic surgery. In this case, for example, there
is inconvenience in that an eye drop containing an anti-
inflammatory drug or an antibiotic should be frequently
applied dropwise to an eye 3 to 6 times a day for 1 month.
In addition, if the timing of eye drop application is missed,
side effects may occur. Therefore, there is a need to develop
a technology that can effectively deliver eye drops to an eye
and can maintain the efficacy of the eye drops for a long
time.

[0005] The present inventors have developed a carrier
composition, which is harmless and safe for the human body,
allows a substance to be delivered to penetrate into tissue
without pain, and enables the substance to be delivered to a
local site at a high concentration, and a pharmaceutical
composition including the same.

[0006] Korean Patent No. 10-0775065 relates to an eye
drop composition having a long-lasting effect and a method
for preparing the same, and merely discloses an eye drop
composition which contains a carboxyvinyl polymer in an
ophthalmic formulation, and thus exhibits prolonged drug
duration time while giving a comfortable feeling when
applied dropwise to an eye. However, it does not disclose a
technology in which a hydrogel is composed of multilayer
shell particles and is used as a drug carrier.

[0007] Korean Patent No. 10-0938500 relates to an eye
drop composition for preventing and treating ophthalmic
diseases, and merely discloses an eye drop composition
containing hyaluronic acid and a salt thereof as active
ingredients in addition to carboxymethyl cellulose. How-
ever, it does not disclose a technology in which a hydrogel,
which stays locally in the anterior segment of an eye and
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sustainedly releases the drug for a long period of time, is
composed of multilayer shell particles and is used as a drug
carrier.

[0008] Meanwhile, a pharmaceutical composition should
necessarily undergo a sterilization process. However, when
a suspension gel contained in the pharmaceutical composi-
tion undergoes sterilization with a filter, changes in the
contents of the excipient and the active ingredient are severe.
For this reason, the suspension gel may not be subjected to
sterilization with a filter.

[0009] Instead of sterilization with a filter, a high-tem-
perature sterilization method is used to maintain the com-
position in a sterile state. However, in the case of a steroid-
based drug or a derivative thereof, there is a fatal problem
in that the denaturation of the drug at high temperature
occurs. For this reason, technical development for this drug
is impossible.

[0010] The present inventors have found a pharmaceutical
composition which undergoes no change in the content of
the active ingredient and no change in the component and
content of the suspending agent phosphatidylcholine even
after sterilization with a filter, thereby completing the pres-
ent disclosure.

PRIOR ART DOCUMENTS

Patent Documents

[0011] (Patent Document 0001) Korean Patent No.
10-0775065
[0012] (Patent Document 0002) Korean Patent No.
10-0938500

DISCLOSURE

Technical Problem

[0013] The present disclosure is intended to solve the
above-described problems occurring in the prior art and
other technical problems that have yet to be resolved.
[0014] An object of the present disclosure is to provide a
carrier composition, which is capable of penetrating into a
local eye site at a high concentration, and a pharmaceutical
composition including the same.

[0015] Another object of the present disclosure is to
provide a carrier composition for eye drops, which stays in
the anterior segment of an eye for a long period of time and
sustainedly releases an effective amount of a drug, and a
pharmaceutical composition including the same.

[0016] Still another object of the present disclosure is to
provide a carrier composition, which may prolong the dura-
tion of a drug and drastically reduce the number of eye drop
applications, thereby increasing the patient’s convenience,
and a pharmaceutical composition including the same.
[0017] Yet another object of the present disclosure is to
provide a composition, which enables easy sterilization of
suspension eye drops, and a method for preparing the same.

Technical Solution

[0018] To achieve the above objects, the present disclo-
sure provides a carrier composition for eye drops in which
a substance to be delivered is loaded in a carrier, wherein the
substance to be delivered includes one or more selected from
the group consisting of an anti-inflammatory agent, a glau-
coma treatment agent, a calcium channel blocker (CCB), an
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NMDA -receptor blocker, an antioxidant, a nitric oxide syn-
thase inhibitor, a heat shock protein (HSP), a cystinosis
treatment agent, and an antibiotic, the carrier has a spherical
shape, the carrier includes a multilayer shell in a region
ranging from the center to the surface of the carrier, the
multilayer shell includes a core located in the center of the
carrier and including a carboxymethyl cellulose (CMC)-
based hydrogel having a degree of substitution (D.S.) 0f 0.9,
a first shell located on the surface of the core and including
a CMC-based hydrogel having a degree of substitution of
0.8, a second shell located on the surface of the first shell and
including a CMC-based hydrogel having a degree of sub-
stitution of 0.6, and a third shell including a CMC-based
hydrogel having a degree of substitution of 0.65, and the
multilayer shell includes the core having a radius equal to
25% of the radial length of the carrier, the first shell having
a thickness equal to 20% of the radial length, the second
shell having a thickness equal to 40% of the radial length,
and the third shell having a thickness equal to 15% of the
radial length.

[0019] In the present disclosure, the anti-inflammatory
agent may include one or more selected from the group
consisting of dexamethasone, diclofenac, ketorolac, rimex-
olone and difluprednate.

[0020] In the present disclosure, the carrier composition
may have an average particle diameter (D50) of 1 to 500 nm.
[0021] In the present disclosure, the carrier composition
may inhibit inflammation or infection after surgery for
ophthalmic disease.

[0022] In the present disclosure, the ophthalmic disease
may be cataract.

[0023] In the present disclosure, the carrier composition
undergoes no change in the contents of a hydrophobic drug
and an excipient (suspending agent) even after sterilization
through a 200 nm filter by imparting structural fluidity to the
hydrophobic drug or a composite carrier of the hydrophobic
drug.

[0024] The present disclosure also provides a pharmaceu-
tical composition including the above-described carrier
composition.

Advantageous Effects

[0025] The carrier composition according to the present
disclosure has the effect of maintaining the efficacy of the
substance to be delivered for a long time by slowly releasing
the substance to be delivered for a long time.

[0026] The carrier composition according to the present
disclosure has the effect of releasing a drug so that the drug
stays in, particularly, the anterior segment of an eye. Thus,
it is suitable for loading a drug that acts on the anterior
segment.

[0027] Inaddition, since the carrier composition according
to the present disclosure includes CMC-based hydrogel
particles as a carrier, it does not cause eye damage or
significant foreign body sensation even when applied drop-
wise to an eye, and thus gives comfortable feeling to the
user.

[0028] The carrier composition according to the present
disclosure enables the efficacy of the drug to be maintained
for a long time even when it is applied dropwise to an eye
once a day. Thus, the composition does not need to be
frequently applied dropwise to an eye by the user, and thus
may increase the user’s convenience and the effect of
treatment.
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[0029] The carrier composition according to the present
disclosure undergoes no change in the contents of a hydro-
phobic drug and an excipient (suspending agent) even after
sterilization through a 200 nm filter by imparting structural
fluidity to the hydrophobic drug or a composite carrier of the
hydrophobic drug.

[0030] In addition, according to the present disclosure, a
steroid-based drug having severe toxicity and side effects is
used in drastically reduced amounts, so that the amount of
the drug administered to the human body is reduced, thus
reducing the toxicity of the drug.

DESCRIPTION OF DRAWINGS

[0031] FIG. 1 shows results indicating the drug release
effects of Example 1 and Comparative Example 3.

[0032] FIGS. 2 and 3 show results indicating the particle
size distributions of carriers of Examples 1 and 2 before a
filter test.

[0033] FIG. 4 shows the results of measuring zeta poten-
tial for a carrier of Example 1.

[0034] FIG. 5 shows results indicating the particle size
distribution of a carrier of Example 2 after a filter test.
[0035] FIG. 6 is a graph showing the results of calibration
performed using the result values shown in Table 7 to
calculate the amount of drug released.

[0036] FIG. 7 is a graph showing drug release after
administering carrier compositions of Examples 1 and 2 of
the present disclosure and Comparative Example 1 to ani-
mals.

[0037] FIGS. 8 and 9 are graphs showing the concentra-
tion of pro-inflammatory protein (FIG. 8) and the counts of
inflammatory cells (FIG. 9) after administering a pharma-
ceutical composition including the carrier composition
according to the present disclosure to New Zealand rabbits.
[0038] FIGS. 10 and 11 are graphs showing the concen-
tration of pro-inflammatory protein (FIG. 10) and the counts
of inflammatory cells (FIG. 11) after administering pharma-
ceutical compositions including carrier compositions of
Examples 1 and 3 to New Zealand rabbits.

MODE FOR DISCLOSURE

[0039] Hereinafter, each configuration will be described in
more detail, but this is only one example, and the scope of
the present disclosure is not limited by the following con-
tents.

[0040] The present disclosure is directed to a carrier
composition including a carrier, composed of hydrogels, and
a substance to be delivered, in which the carrier composition
gives comfortable feeling when applied dropwise to an eye,
and at the same time, stays in the anterior segment of the eye
for a long time and sustainedly releases the drug.

[0041] Specifically, the carrier composition for eye drops
according to the present disclosure is a carrier composition
for eye drops in which a substance to be delivered is loaded
in a carrier, wherein the substance to be delivered includes
one or more selected from the group consisting of an
anti-inflammatory agent, a glaucoma treatment agent, a
calcium channel blocker (CCB), an NMDA-receptor
blocker, an antioxidant, a nitric oxide synthase inhibitor, a
heat shock protein (HSP), a cystinosis treatment agent, and
an antibiotic, the carrier has a spherical shape, the carrier
includes a multilayer shell in a region ranging from the
center to the surface of the carrier, the multilayer shell
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includes a core located in the center of the carrier and
including a carboxymethyl cellulose (CMC)-based hydrogel
having a degree of substitution (D.S.) of 0.9, a first shell
located on the surface of the core and including a CMC-
based hydrogel having a degree of substitution of 0.8, a
second shell located on the surface of the first shell and
including a CMC-based hydrogel having a degree of sub-
stitution of 0.6, and a third shell including a CMC-based
hydrogel having a degree of substitution of 0.65, and the
multilayer shell includes the core having a radius equal to
25% of the radial length of the carrier, the first shell having
a thickness equal to 20% of the radial length, the second
shell having a thickness equal to 40% of the radial length,
and the third shell having a thickness equal to 15% of the
radial length.

[0042] The carrier of the carrier composition according to
the present disclosure may be composed of hydrogels. In
particular, since CMC-based hydrogels having different
degrees of substitution have different elasticities and
strengths, they are characterized by having different drug
loading amounts and release rates. Based on this character-
istic, the present disclosure is characterized by using an
artificial hydrogel carrier having a multilayer shell structure.

[0043] Carboxymethyl cellulose (CMC) is a material
obtained from cellulose, a natural material, and is widely
known to have an excellent moisturizing effect. It is also
widely used as a material for insertion into the human body,
is harmless even when contained in eye drops, and is used
as a replacement material for the human body in various
medical fields.

[0044] In the present disclosure, the CMC, which has been
previously recognized to be useful as eye drops and safe, is
used intact, and fine hydrogel particles are produced using
the CMC and used as eye drops. Thus, the present disclosure
provides a carrier composition having guaranteed safety for
the human body.

[0045] In particular, the carrier according to the present
disclosure includes a multilayer hydrogel obtained using
CMC-based hydrogels having different degrees of substitu-
tion.

[0046] The degree of substitution of the CMC is a value
that affects the viscosity and physical properties of the CMC,
and refers to the average number of carboxymethyl groups
substituted per anhydroglucose unit.

[0047] Specifically, the carrier has a spherical shape so as
to cause no damage to an eye even after applied dropwise to
the eye. The carrier has a structure including a multilayer
shell in a region ranging from the center to the surface of the
carrier.

[0048] The multilayer shell includes a core located in the
center of the carrier and including a CMC-based hydrogel
having a degree of substitution of 0.9, a first shell located on
the surface of the core and including a CMC-based hydrogel
having a degree of substitution of 0.8, a second shell located
on the surface of the first shell and including a CMC-based
hydrogel having a degree of substitution of 0.6, and a third
shell including a CMC-based hydrogel having a degree of
substitution of 0.65.

[0049] The CMC-based hydrogel is a gel formulation
obtained by dissolving powdery CMC in water to increase
the viscosity, and is generally prepared in a patch or sheet
form, which is used as a mask pack or a patch. For use in the
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present disclosure, the CMC-based hydrogel is formed into
spherical particles which are then coated with shells to form
multilayer shell structures.

[0050] The viscosity of the CMC varies depending on the
degree of substitution of the molecule thereof and the
concentration of a solution containing the same. In the
present disclosure, there are used hydrogels prepared to have
different degrees of substitution while maintaining the con-
centration of the CMC in an aqueous solution at 10%.

[0051] Specifically, the third shell constituting the outer-
most layer is a first portion coming into contact with the
outside, and should allow the initial drug release to be
maintained at a predetermined level, and, at the same time,
should be prevented from being easily degraded. Since the
second shell having lower elasticity is located inside the
third shell, the maintenance time of the third shell greatly
influences the initial release and sustained release of the
substance to be delivered. This is because the second shell
loads the largest amount of the substance to be delivered,
and thus may come into contact with an eye or tears and
easily release the substance to be delivered.

[0052] Therefore, the third shell includes a hydrogel
obtained from a CMC having a degree of substitution of
0.65, and the second shell includes a hydrogel obtained from
a CMC having a degree of substitution of 0.6.

[0053] As the third shell having higher elasticity and
hardness is located at the outermost layer, even if the
hardness of the inner shell is weakened by absorbing water,
the third shell is relatively firmly held, thereby delaying the
time that the second shell is directly exposed to the outside.

[0054] After eye drop application, the hydrogel matrix of
the third shell is softened by the body temperature and
releases the substance to be delivered. When external tears
or the solvent of the pharmaceutical composition penetrates
into the second shell through the softened matrix, the second
shell is also softened and releases the substance to be
delivered through the third shell. Thus, the substance to be
delivered is released mainly from the third shell at an initial
stage and released from the third shell and the second shell
with the passage of time.

[0055] At about 4 to 5 hours after eye drop application, the
third shell constituting the outermost layer is swollen, sepa-
rated from the carrier, and degraded into small pieces. As the
second shell also releases the substance to be delivered
during the maintenance of the third shell, the release of the
substance to be delivered becomes 60 to 70% or more in a
state in which the third shell has been degraded and the
second shell is located at the outermost surface. When the
second shell becomes a state in which it is located at the
outermost surface, external water penetrates into the first
shell, the first shell is swollen, and the substance to be
delivered starts to be released slowly from the swollen first
shell.

[0056] As the second shell is composed of a hydrogel
having low hardness, it is swollen and degraded within about
3 hours, and a portion of the first shell starts to be exposed
to the outside.

[0057] In a state in which the first shell having a higher
elasticity and hardness than the third shell is exposed to the
outermost surface, the first shell slowly releases the sub-
stance to be delivered, and releases the substance to be
delivered for the longest times while the shape of the shell
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is maintained. The first shell is also degraded slowly while
releasing the substance to be delivered over about 8 to 9
hours.

[0058] The first shell may be formed by adding the sub-
stance to be delivered to a hydrogel during hydrogel prepa-
ration, followed by gelling. Specifically, the first shell may
be formed by adding 20 parts by weight of the substance to
be delivered to 100 parts by weight of a CMC-based
hydrogel having a degree of substitution of 0.8, followed by
gelling.

[0059] If the substance to be delivered is added in larger
amounts than the above-described amount, a problem arises
in that the amount of the substance to be delivered, which is
loaded in the first shell, is limited compared to the amount
of substance added, and thus the substance to be delivered
is consumed except for the loaded amount of the substance
to be delivered, thus reducing the efficiency with which the
carrier composition is produced. If the substance to be
delivered is added in smaller amounts than the above-
described amount, a problem arises in that the release time
of the substance to be delivered is shortened to about 3
hours, and thus the effect of releasing the substance to be
delivered is not maintained for a long time.

[0060] While a portion of the first shell starts to be
exposed to the outside, the first shell starts to be swollen and
external tear or the solvent penetrates into the core through
the first shell. The core is swollen and maintained inside the
first shell, and the substance to be delivered loaded in the
core is held without being released through the first shell.
[0061] At about 20 hours after eye drop application, a
portion of the first shell is degraded and a portion of the core
starts to be exposed. At this time, the substance to be
delivered starts to be released. The substance to be delivered
loaded in the core is released for about 4 to 5 hours, and as
the size of the core gradually decreases and the surface area
thereof decreases, the effect of releasing the substance to be
delivered becomes little after about 6 hours.

[0062] Like the first shell, the core is also loaded with the
substance to be delivered by adding the substance to be
delivered to a hydrogel during hydrogel preparation and
forming a gel.

[0063] The core may be formed by adding 40 parts by
weight of the substance to be delivered to 100 parts by
weight of the hydrogel to be included in the core, and gelling
the mixture.

[0064] The reason why the substance to be delivered is
added in a larger amount than the amount of substance to be
delivered added to the first shell is because the hardness of
the core is higher and the hydrogel matrix is densely formed,
and thus the release of the substance to be delivered may be
relatively easily achieved.

[0065] Even though the core has a dense hydrogel matrix,
the release rate of the substance to be delivered from the core
may be the same as the release rate from the first shell.

[0066] Therefore, if the substance to be delivered is added
in smaller amounts than the above-described amount, a
problem arises in that the release of the substance to be
delivered is small, and thus the substance to be delivered
cannot exhibit an effective pharmacological effect, and if the
substance to be delivered is added in larger amounts than the
above-described amount, a problem arises in that the hard-
ness of the core is reduced, making it not easy to introduce
the first shell to the surface of the core.
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[0067] Meanwhile, the multilayer shell may include the
core having a radius equal to 25% of the radial length of the
carrier, the first shell having a thickness equal to 20% of the
radial length, the second shell having a thickness equal to
40% of the radial length, and the third shell having a
thickness equal to 15% of the radial length.

[0068] This structure has a great influence on the release
rate of the substance to be delivered.

[0069] The configuration as described above is such that
the substance to be delivered loaded in the carrier is released
at a substantially constant level over a long time after
application to an eye. As the components of the carrier are
configured to have the above-described thicknesses, the
release rate of the substance to be delivered is maintained at
a constant level.

[0070] Specifically, since the third shell is located at the
outermost surface and has the largest contact area with the
outside, it is preferably configured to have the above-
described thickness. If the third shell has a smaller thickness
than the above-described thickness, a problem will arise in
that the third shell is swollen rapidly in an initial stage and
the initial release of the substance to be delivered greatly
increases, and thus the effect of releasing the substance to be
delivered for a long time is reduced. If the third shell has a
larger thickness than the above-described thickness, a prob-
lem will arise in that excessive time is required until the
second shell is swollen through the third shell and the
substance to be delivered is released.

[0071] In particular, this problem leads to a problem in that
the release of the substance to be delivered decreases rapidly
and the effect of the substance to be delivered greatly
decreases.

[0072] The second shell is a shell having the largest
thickness and is composed of the softest formulation.
Accordingly, the second shell is degraded simultaneously
with the release of the substance to be delivered, and thus the
thickness of the second shell decreases with the passage of
time. If the second shell has a larger thickness than the
above-described thickness, a problem will arise in that the
sizes of the first shell and the core relatively decrease, and
the late-stage release of the substance to be delivered
decreases rapidly.

[0073] The first shell constitutes the hardest shell except
for the core, and serves to release the substance to be
delivered for a long time in addition to the second shell. If
the first shell has a larger thickness than the above-described
thickness, a problem will arise in that the core is swollen and
releases the substance to be delivered through the first shell
and the release rate of the substance to be delivered
increases, and thus the release time of the substance to be
delivered becomes relatively short. As a portion of the first
shell is removed and the core is exposed to the outside, the
substance to be delivered is released early, and thus the
release per hour increases and the release time becomes
shorter.

[0074] According to one embodiment of the present dis-
closure, the carrier composition may have an average par-
ticle diameter (D50) of 1 to 500 nm. When the carrier
composition has an average particle diameter within this
range, it may easily pass through cells.

[0075] Meanwhile, the substance to be delivered is a
substance which is delivered to an eye through eye drops and
directly exhibits a pharmacological effect. Specifically, the
substance to be delivered may include at least one selected
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from the group consisting of an anti-inflammatory agent, a
glaucoma treatment agent, a calcium channel blocker
(CCB), an NMDA -receptor blocker, an antioxidant, a nitric
oxide synthase inhibitor, a heat shock protein (HSP), a
cystinosis treatment agent, and an antibiotic.

[0076] For example, the anti-inflammatory agent may
include at least one selected from the group consisting of
dexamethasone, diclofenac, ketorolac, rimexolone and dif-
luprednate. The glaucoma treatment agent may include at
least one selected from the group consisting of pilocarpine,
carbachol, epinephrine and dipivefrine, and the antibiotic
may include tobramycin. In terms of the effect of the present
disclosure, the anti-inflammatory agent is preferably dex-
amethasone.

[0077] The carrier composition according to one embodi-
ment of the present disclosure may be used to inhibit
inflammation or infection after surgery for ophthalmic dis-
ease, and the ophthalmic disease may preferably be cataract.

[0078] There is risk of inflammation and infection at the
surgical site after surgery of cataract, and hence treatment
with eye drops containing an anti-inflammatory agent, an
antibiotic or the like is essential for the prevention of the
inflammation or infection. However, frequent eye drop
application (about 3 to 5 times a day) is generally required,
and hence the user is inconvenient due to frequent eye drop
application. If the timing of eye drop application is missed,
the drug treatment efficiency may be lowered, and thus the
risk of occurrence of side effects by infection or inflamma-
tion after cataract surgery may increase.

[0079] The present disclosure is intended to solve the
above-described problems, and provides a carrier composi-
tion capable of exhibiting a medicinal effect of effectively
preventing inflammation or infection after glaucoma surgery
while improving the user’s convenience.

[0080] When the carrier composition according to the
present disclosure is used, it acts non-invasively, so there is
little risk of infection, and the user can easily use the carrier
composition.

[0081] The carrier composition according to the present
disclosure may be configured such that the surface is elec-
trically charged, if necessary. When the carrier composition
is configured to have a positive or negative charge rather
than a neutral state, the retention time of the carrier com-
position in the anterior segment of an eye may further
increase, and the carrier composition may easily penetrate
into the eye drop layer. As the carrier composition penetrates
into the eye drop layer, the effect of delivering the substance
to be delivered to an eye further increases.

[0082] The carrier composition of the present disclosure is
effective in that the residence time thereof in the anterior
segment of an eye is longer than that of a conventional
pharmaceutical composition. In a state in which the surface
composed of a human body-friendly hydrogel is somewhat
swollen by absorbing water, the carrier composition forms a
fine network on the eye surface by mutual attraction, thereby
preventing the carrier composition from easily moving to the
posterior segment.

[0083] The present disclosure also provides a pharmaceu-
tical composition including the above-described carrier
composition, an additive and an aqueous vehicle. Specifi-
cally, the additive may be one or more selected from the
group consisting of a solubilizing agent and a thickener. The
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solubilizing agent may be phosphatidylcholine, and the
thickener may be carboxymethyl cellulose (CMC) or glyc-
erol.

[0084] In addition, the additive may be used without
limitation, as long as it is an additive, such as a suspending
agent, an isotonic agent, an adsorption preventing agent, a
sulfur-containing reducing agent, a cryoprotective agent, or
the like, which is generally used in the art.

[0085] The aqueous vehicle refers to an aqueous medium
which is used to carry the carrier composition, and may be
any aqueous medium which is not harmless to the human
body. In this case, the formulation may be in the form of a
solution in an oily or aqueous medium, a suspension, a syrup
or an emulsion, and may further include a dispersing agent
or a stabilizer.

[0086] The aqueous vehicle may preferably be saline or
distilled water. The reason is to use an aqueous solvent in
consideration of the physical properties of the carrier com-
position.

[0087] Eye tissue includes not only corneal, sclera, iris,
ciliary body, choroid, inner coat, lens, vitreous body, and
retina, but also the surrounding tissue of the eye. Examples
of the surrounding tissue of the eye include, but are not
limited to, conjunctivas such as upper eyelid conjunctiva,
ocular conjunctiva, lower eyelid conjunctiva, superior con-
junctiva, eyeball conjunctiva, upper eye periphery skin
conjunctiva, lower eye periphery skin conjunctiva, eyeball
conjunctiva, and inferior conjunctiva, sclera, sub-Tenon’s
space, and the like.

[0088] The eye tissue may be anterior segment tissue,
specifically conjunctiva, sub-conjunctiva, superior fornix,
inferior fornix, subconjunctival limbus, or the like, but is not
limited thereto.

[0089] Penetration into eye tissue includes not only pen-
etration into eye tissue, but also spreading to the surrounding
tissue of the eye. For example, “penetration into eye tissue”
may be penetration on or within the sclera (episcleral),
beneath or within overlying tissues such as the subconjunc-
tival tissue, e.g. at or near the limbus, within the periocular
region, within the conjunctival cul-de-sac, within the sub-
Tenon’s space either anterior and/or posterior, but is not
limited thereto.

[0090] The release of the substance to be delivered from
the carrier composition may occur after the carrier compo-
sition penetrates into eye tissue.

[0091] The release rate of the substance to be delivered
may be adjusted by the mixing ratio between the carrier and
the substance to be delivered contained in the carrier com-
position.

[0092] The release rate may increase as the proportion of
the substance to be delivered contained in the carrier com-
position increases, and may decrease as the proportion of the
substance to be delivered decreases.

[0093] According to one embodiment of the present dis-
closure, the mixing ratio between the carrier and the sub-
stance to be delivered contained in the carrier composition
may be 1:0.1 to 1:5 by weight. For example, the mixing ratio
between the carrier and the substance to be delivered may be
1:1 or 1:2.

[0094] In this case, the substance to be delivered may be
loaded in the first shell layer by adding the substance during
synthesis of a hydrogel in the step of preparing the core and
the first shell, and may be loaded in the second shell and the
third shell by preparing the respective hydrogel layers and
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then immersing the hydrogel layers in the respective solu-
tions containing the substance to be delivered for 5 to 6
hours.

[0095]
property of the hydrogels, the substance to be delivered is

However, in consideration of the water absorption

loaded through a process of immersing the hydrogel layers
for 30 minutes and then drying the hydrogel layers for 5

minutes so as to prevent each shell from being degraded.

[0096] Hereinafter, the present disclosure will be
described in detail with reference to examples. These
examples are merely examples of the present disclosure, and
the scope of the present disclosure is not limited thereto.
[text missing or illegible when filed]
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thereby preparing a final carrier. The obtained carrier had a
diameter of about 190 nm (a radial length of 100 nm). The
carrier was sectioned vertically and the particle size thereof
was examined by SEM images, interfaces resulting from the
difference in molecular weight and the difference in texture
were confirmed, and it was confirmed that a carrier having
a multilayer shell structure was prepared in which a core
having a diameter of about 50 nm, a first shell having a
thickness of 20 nm, a second shell having a thickness of
about 40 nm and a third shell having a thickness of about 15
nm were sequentially stacked. [text missing or illegible
when filed]

[0100] Using the CMCs shown in Table 1 below, carriers
having a multilayer shell structure according to Examples
and Comparative Examples were prepared in the same
manner as Preparation Example 1.

TABLE 1
Degree of
substitution Comparative Comparative Comparative Comparative
of CMC Example 1 Example 2 Example 1  Example 2 Example 3 Example 4
Core 0.9 0.92 0.9 0.6 0.9 0.65
First shell 0.8 0.8 0.6 0.8 0.8 0.8
Second shell 0.6 0.6 0.8 0.9 0.65 0.6
Third shell 0.65 0.65 0.65 0.65 0.6 0.9
Remarks — — — — — Carrier was
collapsed after
freeze diying
Preparation Example 1 Preparation of Carrier [0101] Unlike other Examples and Comparative

Composition

[0097] CMCs were added to and dissolved in water at a
concentration of 10 wt %. Then, when gel formulations were
formed, they were freeze-dried to form a spherical carrier
having a multilayer shell structure. Specifically, a CMC
having a degree of substitution of 0.9 for preparation of a
core, a CMC having a degree of substitution of 0.8 for
preparation of a first shell, a CMC having a degree of
substitution of 0.6 for preparation of a second shell, and a
CMC having a degree of substitution of 0.65 for preparation
of a third shell, were used to prepare the respective hydro-
gels.

[0098] The core was prepared by adding 40 parts by
weight of dexamethasone sodium phosphate to 100 parts by
weight of a hydrogel in a stirring step for homogenization of
the hydrogel, and the first shell was also prepared by adding
20 parts by weight of dexamethasone sodium phosphate to
100 parts by weight of a hydrogel in the same step. [text
missing or illegible when filed]

[0099] After a hydrogel carrier precursor was prepared by
sequentially stacking the first shell, the second shell and the
third shell on the surface of the core, it was freeze-dried,

Examples, in Comparative Example 2, core particles were
not produced, and hence a spherical multilayer shell struc-
ture was not formed.

Preparation Example 2—Carrier Composition and
Pharmaceutical Composition

[0102] With reference to Preparation Example 1 and Table
1 above, a hydrogel precursor intermediate including a core,
a first shell and second shell was prepared. Next, the
hydrogel precursor intermediate was immersed in a solution
containing dexamethasone sodium phosphate dissolved
therein (a solution having a concentration of 20%) for about
30 minutes, and then freeze-dried. Then, a third shell was
stacked on the freeze-dried hydrogel precursor which was
then immersed again in a solution containing dexametha-
sone sodium phosphate dissolved therein (a solution having
a concentration of 20%), thereby preparing a carrier com-
position. [text missing or illegible when filed]

[0103] With reference to Table 2 below, anti-inflammatory
eye drop compositions including the carrier compositions of
the Examples and the Comparative Examples, respectively,
were prepared.

TABLE 2

Per g of pharmaceutical composition

Component names

Active ingredient

Amount (mg)
Dexamethasone sodium
phosphate content: about

Thickener
Base material
Base material

Carrier composition 1.00 mg (loading amount) Remarks
Carboxymethyl cellulose 3.00

Zinc sulfate heptahydrate 0.200 200 ppm concentration
Phosphatidylcholine 0.600 600 ppm concentration
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TABLE 2-continued
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Per g of pharmaceutical composition

Amount (mg)
Dexamethasone sodium
phosphate content: about
1.00 mg (loading amount)

Component names

Active ingredient Carrier composition

Remarks

Thickener Glycerin 25.00

Preservative Chlorobutanol 2.50

pH adjusting agent  Hydrochloric acid q.s.

pH adjusting agent  Sodium hydroxide q.s.

Solvent Purified water q.s.
1,000 (1.0 g)

Medical grade
GMP (permissible range:
0.25 to 0.5%)

Preparation Example 3—Carrier Composition and
Pharmaceutical Composition

[0104] With reference to Table 3 below, an anti-inflam-
matory eye drop composition of Example 3, which includes
the carrier composition of Example 1, was prepared in the

same manner as Preparation Example 2.

TABLE 3

[0110] [Operation and Calculation]
[0111] System Suitability Determination
[0112] When the standard solution prepared by the above-

described method is repeatedly measured 6 times, the rela-
tive standard deviation (RSD) of the main peaks is 1.5% or
less.

Active ingredient

Per g of pharmaceutical composition

Component names
Carrier composition

Amount (mg)
Dexamethasone sodium
phosphate content: about
1.00 mg (loading amount)

Remarks

Thickener
Base material
Base material
Thickener
Preservative

pH adjusting agent
pH adjusting agent
Solvent

Carboxymethy! cellulose
Zine sulfate heptahydrate
Phosphatidylcholine
Glycerin

Chlorobutanol

Hydrochloric acid
Sodium hydroxide
Purified water

3.00

0.600
25.00
2.50

q.s.
q.s.

q.s.
1,000 (1.0 @)

600 ppm concentration
Medical grade

GMP (permissible range:
0.25 to 0.5%)

Test Example 1—Drug Release Test

[0105] [Test Method]
[0106] Analysis Instrument

TABLE 4
Instrument Agilent 1260 HPLC systems with RI and DAD detector
Column L1, 4 mm x 300 mm or a column similar thereto
Eluent Methanol (0.01M potassium dihydrogen phosphate

Analysis time

solution):water = 1:1

30 min

Calibration Agilent easyvial systems

Standard Dexamethasone sodium phosphate (USP grade)
materials

Injection 20 pl

volume

Detector 254 nm (measurement wavelength)

Flow rate 1.6 ml/min

[0107] *Test standard: in accordance with USP method

“Dexamethasone Sodium Phosphate Ophthalmic Solution”.

[0108]

Standard solution preparation: a mobile phase solu-

tion was added to 9 mg of dexamethasone sodium phosphate
to make a volume of 100 ml.

[0109]

Preparation of test solution: a mobile phase was

added to 4 mg of dexamethasone phosphate to make a
volume of 50 ml.

[0113] [Calculation Equation]
% of dexamethasone phosphate=[(ATxCS)x472.44]/
[(ASxCT)x516.40]
[0114] A,: the peak area of the main peak in the test
solution
[0115] C.: the amount (mg) of standard product collected
[0116] A, the average peak area of the main peaks in the

standard solution

[0117] Cj the amount (mg) of test sample collected
[0118] P: the purity of the standard product

[0119] 472.44: the molecular weight of dexamethasone
phosphate

[0120] 516.40: the molecular weight of dexamethasone

sodium phosphate [text missing or illegible when filed]
[0121] [Release Test]

[0122] 1 ml of eye drops prepared according to a prepa-
ration process was filled in Float-A-lyzer® (spectra/Por®,
RC membrane, MWC0=1,000) which was then immersed in
the drug release medium saline solution (100 ml). Then, a
drug release test was performed for predetermined times of
0,05,1, 2,3, 4,6, 8, 12 and 24 hours.
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[0123] 100 ml of the drug release medium was completely
freeze-dried to obtain solid powder, and the drug was
extracted by adding ethanol to the powder and analyzed. The
results are shown in FIG. 1.

[0124] [Test Results]

[0125] FIG. 1 shows the results of the drug release test for
Example 1 (O) and Comparative Example 3 (@). The test
results were obtained for the carrier composition having a
fast drug release rate in vitro due to the property of the eye
drop drug which is rapidly washed out by tears, and for the
carrier composition that can slowly release the drug for 24
hours.

[0126] In particular, in the case of Comparative Example
3, the release of the drug increased rapidly while the surface
of'the carrier was degraded fast. [text missing or illegible
when filed]

Test Example 2—Test for Analysis of Particle Size
Distribution and Particle Size Change after Filter
Test

[0127] [Test Method]

[0128] Particle size measurement instrument: Malvern
Nano ZS model

[0129] Content measurement instrument: the same as that
in Test Example 1

[0130] Measurement condition: a sterilized sample was
treated at a concentration of 0.1% (on a drug basis), and the
particle size thereof was measured.

[0131] Zeta potential: zeta potential was measured using a
disposable cell (Malvern) for zeta potential measurement.
[0132] [Measurement Results]

[0133] The particle size distributions of Examples 1 and 2
were measured by the Korea Testing & Research Institute
(KTR), and the results are shown in FIGS. 2 and 3. It was
confirmed that the average particle size was maintained at
about 190 nm even after sterilization with a filter.

[0134] The zeta potential was measured to be -32.5 mV,
and the results of measuring the zeta potential are shown in
FIG. 4. It was confirmed that the particles were nanopar-
ticles having a strong anionic charge. Therefore, it can be
seen that the nanoparticles were uniformly dispersed without
entanglement in the suspension formulation and exhibited a
very stable potential value.
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TABLE 5
Instrument Agilent 1260 HPLC systems with RI and DAD detector
Column L1, 4 mm x 300 mm or a column similar thereto
Eluent Methanol (0.01M potassium dihydrogen phosphate
solution):water = 1:1
Analysis time 30 min
Calibration Agilent easyvial systems
Standard Dexamethasone sodium phosphate (USP grade)
materials
Injection 20 pl
volume
Detector 254 nm (measurement wavelength)
Flow rate 1.6 ml/min
[0136] *Test standard: in accordance with USP method

“Dexamethasone Sodium Phosphate Ophthalmic Solution”.
[0137] Standard solution preparation: a mobile phase solu-
tion was added to 9 mg of dexamethasone sodium phosphate
to make a volume of 100 ml.

[0138] Preparation of test solution: a mobile phase was
added to 4 mg of dexamethasone phosphate to make a
volume of 50 ml.

[0139] [Operation and Calculation]
[0140] System Suitability Determination
[0141] When the standard solution prepared by the above-

described method is repeatedly measured 6 times, the rela-
tive standard deviation (RSD) of the main peaks is 1.5% or
less.

[0142] The change in the drug content between before and
after the filter test was measured in the same manner as Test
Example 2, and the change values relative to the content
before the test are shown in Table 6 below.

[0143] Test Substances: Pharmaceutical Compositions of
Examples and Comparative Examples

[0144] Test method: quantitative analysis was performed
using a LabAssay phospholipid test kit (Fujifilm Wako Pure
Chemical Corporation). (Code number=997-01801).

[0145] Test instrument: Microplate reader (Biotek, Epoch-
2)
[0146] Test method: the test substances were analyzed

using the test method (Phospholipids C, Choline oxidase-
DAOS method) and procedure provided by Wako.

TABLE 6
Comparative Comparative Comparative Comparative

Example 1 Example 2 Example 3 Example 1 Example 2 Example 3 Example 4
Change (%) -0.5=0.1 -0.4 0.2 -0.3 = 0.08 -6 = 4.0 -22+56 -15x78
in content
of active
ingredient
Change (%) -1.14+0.2 -1.01+05 -057=0.1 -13.0 £2.9 — -24.0+38 -18x6.1
in content of
suspending
agent

[0135] The carrier composition of Example 2 was steril- [0147] Referring to Table 6 above, in the case of the

ized with a filter, and then the particle size distribution
thereof was analyzed in-house using the Malvern instru-
ment. The results of the analysis are shown in FIG. 5. It was
confirmed that the carrier composition showed a uniform
particle size distribution even after the sterilization with a
filter.

Examples, only the change within the error range was
confirmed, but in the case of the pharmaceutical composi-
tions including the carrier compositions of Comparative
Examples 1, 3 and 4, respectively, it can be seen that the
content of the drug after the filter test decreased greatly.

[0148] In addition, in the case of the Examples, only the
change in the content of the suspending agent within the
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error range was confirmed, suggesting that there was little or
no change in the content of the suspending agent, whereas
in the case of the Comparative Examples, it can be seen that
the content of the suspending agent decreased greatly. [text
missing or illegible when filed]

Test Example 4—Drug Release Test and
Pharmacokinetic Test Using Rabbits

[0149] A test for confirming the drug release effect of the
anti-inflammatory eye drop composition prepared according
to Preparation Example 2 was conducted.

[0150] [Test Method]

TABLE 7

Species and lineage New Zealand white rabbits (clean animals)

Number and body
weight (when
purchased) of
animals

Number and body
weight (when
administered) of
animals

17 animals (male), 1.941 to 2.459 kg

14 animals (male), 2.199 to 2.687 kg

[0151] 1. Quarantine and Acclimation

[0152] NZW rabbits were selected because these rabbits
are an animal species that make it possible to predict
outcomes in humans due to their similarity of eye size and
structure to those of humans and many comparable studies
thereon are accumulated.

[0153] When the animals were carried in, visual inspec-
tion of the animals was performed and the body weights
thereof were measured. General symptoms of the animal
were observed once daily during the acclimation period. All
the animals were allowed to acclimate for 5 days to accli-
mate to the laboratory environment.

[0154] 2. Individual Identification

[0155] For individual identification, the animal number
was written on the inside of the left ear canal using a red
marker pen during the acclimation period. To each breeding
cage, a cage identification card containing the test number,
test substance, test item, date of acquisition, test period,
sex/animal number and the person in charge of the test was
attached.

[0156] 3. Individual Selection

[0157] The body weights were measured on the day of
start of administration, and then among the animals having
a body weight of 2.0 to 3.0 kg, healthy animals with clean
eyes were selected after eye inspection.

[0158] 4. Treatment of Remaining Animals

[0159] Remaining animals were excluded from the test
system after grouping, anesthetized by administering
Zoletil50® intravenously after the day of start of the con-
firmation test, and then euthanized by cardiac arrest induced
by KC1 administration.

[0160] 5. Ethics Committee

[0161] All experimental procedures were approved by the
Animal Care and Use Review Committee of Hoseo Univer-
sity (HUACUC) (approval number: HUACUC-18-66).
[0162] 6. Breeding Conditions

[0163] Breeding conditions were the same for all the
animals, and the animals were housed in an animal room
maintained at a temperature of 18.5 to 24.0° C., a relative
humidity of 35.8 to 69.8%, 10 to 15 ventilations/hour, a
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12-hr light/12-hr dark cycle/day (7 am to 7 pm), and an
illumination density of 150 to 300 lux. Each animal was
housed and bred in a breeding cage having a size of
570x650x335 mm.

[0164] Solid feed (Altromin 2013) was put into a feeder,
and Asan-si tap water was placed in a drinking water bottle
after sterilized by UV light. The animals were allowed to
freely access the feed and the water.

[0165] 7. Eye Drop Application

[0166] The amount of test substance was 1 drop when a
vial containing the test substance was used. The test sub-
stance was applied dropwise to both eyes of each test animal
in equal amounts. The lower eyelid was pulled to make a cup
shape, and then the test substance was applied dropwise to
the eye. After the eye drop application, the upper and lower
eyelids were held together for 3 to 5 seconds such that the
test substance would not be lost.

[0167] 8. Test Method

[0168] At 0.5, 1,2, 6, 12, 18 and 24 hours after the test
substance was applied dropwise to the eye, the aqueous
humor was collected. The test animals were anesthetized by
administering a 3:1 mixture of ketamine (Yuhan ketamine
50®) and xylazine (Rompun, Bayer) into the ear vein. At 5
minutes after the anesthesia, the aqueous humor was col-
lected using a 30G syringe needle. About 150 plL of the
aqueous humor was collected from each eye.

[0169] [Analysis of Results]
[0170] 1. Pretreatment of Test Sample
[0171] 100 wl of the collected aqueous humor and 100 pl

of acetonitrile were mixed with each other, and then vor-
texed using a vortex mixer for 1 minute. Then, the mixture
was centrifuged at 3,000 rpm and 4° C. for 20 minutes, and
100 ul of the supernatant was collected and used in analysis.

[0172] 2. Analysis Instrument and Conditions
TABLE 8
Instrument LC (Waters UPLC)
used
MS/MS (Thermo Scientific TSQ Quantum Ultra)
Column Phenomenex Kinetex 2.6 um, C18 1004, 100 x 2.1 mm
Mobile phase 0.1% MeOH:5 mM ammonium acetate = 20:80
Flow rate 0.2 mL/min
m/s 472.8 —435.14
Tube lens 78
Collision E 18
Ton mode Positive ion
Spray voltage 4,500
[0173] [Analysis Results]
TABLE 9
Standard Area RT (minutes)
10 1,573 1.45
50 24,746 1.63

100 61,612 1.55

200 136,868 1.53

500 385,737 1.53
[0174] The results in Table 9 above are shown in FIG. 6,

and the test results for Examples 1 and 3 and Comparative
Example 1 are shown in FIG. 7.

[0175] [Test Results]

[0176] At 0.5, 1, 2, 6,12, 18 and 24 hours after each of
Examples 1 and 3 and Comparative Example 1, which
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contained dexamethasone sodium phosphate (DSP) as an
active ingredient, was applied dropwise to both eyes of each
rabbit, the change in the concentration of the DSP was
analyzed.

[0177] As a result, it was confirmed that in the case of
Examples 1 and 3, the DSP concentration was maintained up
to about 24 hours. At this time, it was confirmed that the
Cmax was 4 hours after the eye drop application, and the
Tmax was 40.17 ng/ml. In the case of Comparative Example
1, the DSP concentration was maintained up to 4 hours. At
this time, it was confirmed that the Cmax was 2 hours after
the eye drop application, and the Tmax was 14.08 ng/ml.
[0178] These results show that the test substances of
Examples 1 and 3 are maintained at a higher concentration
in the aqueous humor compared to that of Comparative

Example 1, and are long-lasting. [text missing or illeg-
ible when filed]

Test Example 5—Test for Evaluation of
Pharmacological Effect

[0179] Using preclinical models secured by phacoemulsi-
fication and human intraocular lens implantation using New
Zealand rabbits, a test was performed to examine the
increases in anterior inflammatory cells and pro-inflamma-
tory protein after intraocular lens implantation. Each of the
anti-inflammatory eye drop compositions of Examples 1 and
3 and Maxidex (Alcon Inc. Switzerland; drug content: 1.0%
(1 mg/mL)) as a reference example was administered.
[0180] FIG. 8 shows the results of measuring the concen-
tration of pro-inflammatory protein, and FIG. 9 shows the
results of counting inflammatory cells.

[0181] Referring to FIGS. 8 and 9, it can be seen that even
when the eye drop composition of Example 1 is adminis-
tered once a day, it significantly reduces the concentration of
pro-inflammatory protein and also significantly reduces the
number of inflammatory cells.

[0182] It can be confirmed that the eye drop composition
of Example 1 has a particularly excellent effect even com-
pared to when Maxidex of the reference example, which
contains the same amount of the drug, was administered four
times a day. This is an effect obtained because the carrier
composition of the Example sustainedly releases the drug,
so that the efficacy of the drug is maintained for a long time
even when applied dropwise to the eye once. [text missing
or illegible when filed]

Test Example 6—Test for Comparative Evaluation
of Pharmacological Effects

[0183] According to the same method as Test Example 5,
a test was performed to evaluate the pharmacological effects
of Examples 1 and 3, a negative control (saline), and a
positive control (Maxidex).

[0184] FIG. 10 shows the results of measuring the con-
centration of pro-inflammatory protein, and FIG. 11 shows
the results of counting inflammatory cells.

[0185] Each of the negative and positive controls was
applied dropwise to the eye four times a day, and each of
Examples 1 and 3 was applied dropwise to the eye once a
day. On days 0, 1 and 3, the aqueous humor was collected,
and inflammatory cells and inflammation-related protein in
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the collected aqueous humor were analyzed. The results of
the analysis are shown in FIGS. 10 and 11.

[0186] Referring to FIGS. 10 and 11, it can be confirmed
that even when Examples 1 and 3 were administered once a
day, they significantly inhibited inflammatory cells and
significantly reduced the concentration of pro-inflammatory
protein, compared to the positive control Maxidex admin-
istered four times a day according to the currently commer-
cially available treatment method.

1. A carrier composition for eye drops in which a sub-
stance to be delivered is loaded in a carrier,

wherein the substance to be delivered comprises one or

more selected from the group consisting of an anti-
inflammatory agent, a glaucoma treatment agent, a
calcium channel blocker (CCB), an NMDA-receptor
blocker, an antioxidant, a nitric oxide synthase inhibi-
tor, a heat shock protein (HSP), a cystinosis treatment
agent, and an antibiotic,

the carrier has a spherical shape,

the carrier comprises a multilayer shell in a region ranging

from the center to the surface of the carrier,

the multilayer shell comprises a core located in the center

of the carrier and comprising a carboxymethyl cellulose
(CMC)-based hydrogel having a degree of substitution
(D.S.) of 0.9, a first shell located on the surface of the
core and comprising a CMC-based hydrogel having a
degree of substitution of 0.8, a second shell located on
the surface of the first shell and comprising a CMC-
based hydrogel having a degree of substitution of 0.6,
and a third shell located on the surface of the second
shell and comprising a CMC-based hydrogel having a
degree of substitution of 0.65, and

the multilayer shell comprises the core having a radius

equal to 25% of a radial length of the carrier, the first
shell having a thickness equal to 20% of the radial
length, the second shell having a thickness equal to
40% of the radial length, and the third shell having a
thickness equal to 15% of the radial length.

2. The carrier composition of claim 1, wherein the anti-
inflammatory agent comprises one or more selected from the
group consisting of dexamethasone, diclofenac, ketorolac,
rimexolone and difluprednate.

3. The carrier composition of claim 1, wherein the carrier
composition has an average particle diameter (D50) of 1 to
500 nm.

4. The carrier composition of claim 1, wherein the carrier
composition inhibits inflammation or infection after surgery
for ophthalmic disease.

5. The carrier composition of claim 1, wherein the oph-
thalmic disease is cataract.

6. A pharmaceutical composition comprising: the carrier
composition of claim 1; and an additive.

7. The pharmaceutical composition of claim 6, wherein
the pharmaceutical composition is applied dropwise to an
eye once a day.

8. A method for preparing the pharmaceutical composi-
tion according to claim 6, the method comprising a process
of'sterilizing the carrier composition with a filter, wherein an
absolute value of content change between before and after
the process of sterilizing the carrier composition with the
filter is less than 1%.
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