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COMPOSITION FOR REPATRING CARTILAGE TISSUE, METHOD FOR
PRODUCING SAME, AND USE THEREOF

Technical Field

[1] The present invention relates to a composition for
cartilage tissue repair, a method for preparing the
same, and a method for wusing the same, and more
particularly, a composition based on collagen as a
biomaterial is prepared 1in an injectable form that can
be transplanted into cartilage defect regions, and thus,
the composition is directly inserted into the
application sites through a syringe needle without a
surgical incision to enable the promotion of tissue
repair, thereby inducing effective cartilage tissue
regeneration, and thus inducing relatively easy and
prompt cartilage repair and regeneration while reducing
surgery-related stress on animals excluding human
beings, so that the quality and reliability of a product
can be significantly improved, thereby satisfying
various desires (needs) of consumers as users thereof

and thus giving a good impression to patients.

Background Art

[2] As well known, cartilage damage 1is caused by
traumatism such as a fall, a direct hit, or a turning
force, or disease such as arthritis, osteonecrosis,
inflammatory arthritis, or osteochondritis dissecans.
Articular cartilage is the tissue that has no
neurovascular distribution, 1is remarkably 1low in the
self-healing capacity compared with the other tissues,
and exhibits different effects due to various surgical
operations depending on the size and location of lesion.

[3] The articular cartilage 1s a smooth, extremely
slippery, and shiny white material, and is maintained by

minimizing friction and wear resistance at the time of



10

15

20

25

30

35

2

joint movement. It has been known that once damaged, the
articular cartilage does not regenerate. The damage of
cartilage as a tissue in the Dbody 1is accompanied by
severe pain, causing difficulties in daily 1life, and if
chronic, the damaged cartilage proceeds to degenerative
arthritis. Therefore, the treatment for regenerating the
damaged cartilage tissues needs to be carried out at the
time of the damage of <cartilage, to ©prevent the
proceeding to degenerative arthritis.

[4] For the treatment of the damaged cartilage defect
region, medications injection, physical therapy, intra-
articular injection of steroids or hyaluronic acid, or
the 1like 1s performed as a non-operative treatment
method, which only palliates symptoms and pain but has
no effect on the treatment of disease. Alternatively,
marrow stimulation and side osteochondral
transplantation are performed as an operative treatment
method. After primary bone stimulation is performed on a
site where the cartilage is damaged to be softened or
the bone is exposed, the damaged cartilage 1is repaired,
thereby relieving pain and preventing the blood flowing
from the bone to synovia from decomposing the synovia
and degrading the capacity of synovia. However, the bone
stimulation is insufficiently effective, and the
hyaluronic acid temporarily reduces pain but does not
bring about the induction into appropriate new cartilage
tissues. Moreover, osteochondral transplantation
requires surgery, and 1s more difficult and is
burdensome in view of cost. Recently, in order to treat
the damaged articular cartilage, autologous chondrocyte
implantation has been carried out such that the
cartilage tissue of a patient is collected to isolate
and culture cartilage cells therefrom, which are then
again transplanted. This procedure takes a long time to

perform two times of operation and tissue collection,
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and therefore is not easily accessible through the cost
burden on patients and health care providers.

[5] Therefore, a novel method of transplanting a
biomaterial, which 1is a mixed composition based on
collagen, 1s required as a simple procedure for the
cartilage defect region. This method 1is wuseful 1in
treating the cartilage defect region at the early time,
and can decrease the number of patients requiring
serious surgeries, such as chondrocyte transplantation
and artificial joint surgery, afterward.

[6] Recently, there are several attempts in that
biomaterials are applied to the cartilage defect region.

[7] The structure of the human body consists of cells
and biologically generated polymers. Proteins found in
the human body are representative materials. If they are
used as natural materials, they can be applied in a form
similar to a natural state, and the regeneration of
human tissues can be expected. Natural tissues can be
used as medical Dbiological tissues, which can provide
biological functions that artificial materials cannot,
so that the natural tissues are inserted into the human
body to provide a biocompatible environment between
surrounding tissues, and further function as biological
tissues such as natural tissues.

[8] In particular, collagen is a component of
structural proteins, and accounts for 1/3 of the overall
proteins of a mammal, which constitute soft tissues,
such as dermis, tendon/ligament, Dblood vessel, and
cartilage, and hard tissues of the human body.

[9] Collagen 1is currently used for various medical
purposes, such as a styptic, a wound dressing, and
wrinkle improvement. Collagen products which have been
medically used for a long time have been used without
safety problems so far.

[10] Collagen has advantages, such as low antigenicity,
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high biocompatibility and bioabsorbablity, adhesion to
cells, cell growth, cell differentiation induction,
blood coagulation, a styptic effect, and
biocompatibility with other polymers.

[11] In addition, as a material based on collagen, a
composition in which collagen, hyaluronic acid, and a
fibrin glue are mixed can exhibit remarkable effects in
the repair and regeneration of cartilage.

[12] Hyaluronic acid as a biomaterial is high-viscosity
polysaccharide material which is one kind of biopolymer,
and has been found in chicken combs, synovial fluid,
skin, and the 1like. The hyaluronic acid has been
currently used as an adjurvant for ophthalmology surgery
and a treatment agent of arthritis deformans due to high
lubricant force.

[13] A product with a hyaluronic acid concentration of
10 mg/mL which is currently available on the market is a
joint function improving agent that eliminates the pain
caused by gonarthrosis and frozen shoulder disease, and
temporarily reduces the pain but causes problems in the
case of severe inflammation.

[14] In order to solve the above problems, some prior
arts have been filed and registered. That 1is, prior art
1 has been registered with Korean Patent Registration
No. 1114773 (2012.02.02, Patent Application No. 2009-
0101388, “Method for Preparing Composition for Articular
Cartilage Repairer”).

[15] Also, prior art 2 has been published with Korean
Patent Publication No. 2004-0008125 (2004.01.28, Patent
Application No. 2003-7010108, “Compositions and Methods
for Treatment and Repair of Defects or Lesions in
Articular Cartilage Using Synovial-Derived Tissue or
Cells”).

[16] Also, prior art 3 has been registered with Korean
Patent Registration No. 0684932 (2007.02.13, Patent
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Application No. 2005-0030837, “Method for Cartilage
Regeneration Using Mesenchymal Stem Cells and Ultrasound
Stimulation”)

[17] However, the above-mentioned techniques of the
prior art have the following defects.

[18] That is, the prior art has a serious problem that
a composition mixed with biocompatible collagen for new
cartilage regeneration cannot be provided.

[19] Moreover, the prior art causes inconvenience since
a mixed composition 1is not applied in an injectable
form, thereby having a serious problem that damaged
cartilage tissue sites cannot be conveniently and
effectively stabilized and thus the induction of

cartilage regeneration cannot be promoted.

Detailed Description of the Invention

Technical Problem

[20] The present invention has been made 1in order to
solve the above-mentioned problems in the prior art, and
the ©present invention provides a composition for
cartilage tissue repair, a method for preparing the
same, and a method for using the same. Accordingly, a
first aspect of the present invention is to provide a
composition for cartilage tissue repair, the composition
being prepared by mixing collagen having a diluted
concentration of 5-60 mg/mL excepting water or a
physiological phosphate buffer solution; and hyaluronic
acid having a diluted concentration of 5-20 mg/mL
excepting water or a physiological phosphate buffer
solution using a two-way syringe or a mixer. Through the
above-described technical feature, a second aspect of
the present invention is that, when a composition based
on collagen as a Dbiomaterial 1s ©prepared in an
injectable form that can be transplanted into cartilage

defect regions to promote tissue repair, cartilage
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tissue regeneration can be effectively induced, thereby
inducing relatively easy and prompt cartilage repair and
regeneration while reducing surgery-related stress on
animals excluding human beings. Further, a third aspect
of the ©present invention is to develop a mixed
composition with biocompatible collagen for new
cartilage regeneration. In particular, a fourth aspect
of the present invention is that the mixed composition
is applied in an injectable form, thereby conveniently
and effectively stabilizing damaged cartilage tissue
sites without surgery. Further, a fifth aspect of the
present invention 1is that the pain due to cartilage
defect can be reduced. Further, a sixth aspect of the
present invention 1is that the induction of cartilage
regeneration can be promoted. Further, a seventh object
of the present invention is that quality and reliability
of the product can be significantly improved, thereby
satisfying various desires (needs) of consumers as users

thereof and thus giving a good impression to patients.

Technical Solution

[21] In accordance with an aspect of the present
invention, there is provided a composition for cartilage
tissue repailr, the composition being prepared by mixing
collagen having a diluted concentration of 5-60 mg/mL
excepting water or a physiological phosphate buffer
solution; and hyaluronic acid having a diluted
concentration of 5-20 mg/mL excepting water or a
physiological phosphate buffer solution using a two-way
syringe or a mixer.

[22] In accordance with another aspect of the present
invention, there is provided a method for preparing a
composition for <cartilage tissue repair, the method
including: preparing collagen having a diluted

concentration of 5-60 mg/mL excepting water or a
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physiological phosphate buffer solution; preparing
hyaluronic acid having a diluted concentration of 5-20
mg/mL excepting water or a physiological phosphate
buffer solution; mixing the collagen and the hyaluronic
acid using a two-way syringe or a mixer; and deaerating
the mixed composition for cartilage tissue repair using
a centrifuge.

[23] In accordance with another aspect of the present
invention, there 1is provided a method for wusing a
composition for cartilage tissue repair, the method
including: fixing a pig leg on a mount, damaging the
articular cartilage by using a surgical tool, and then
inducing defect regions of 2~4C by wusing a drill;
connecting a syringe needle to a syringe container
filled with collagen; and suturing the cut site with a
suture thread, and directly injecting the glenoid cavity
(a space filled with synovia) of the pig knee with
collagen with a concentration of 5 ~ 60 mg/mL contained
in the syringe, hyaluronic acid with a concentration of
5 ~ 20 mg / mL contained in the syringe, and a
composition for cartilage tissue repair in which the

collagen and the hyaluronic acid are mixed.

Advantageous Effects

[24] As set forth above, the present invention provides
a composition for cartilage tissue repair, the
composition being prepared by mixing collagen having a
diluted concentration of 5-60 mg/mL excepting water or a
physiological phosphate buffer solution; and hyaluronic
acid having a diluted concentration of 5-20 mg/mL
excepting water or a physiological phosphate buffer
solution using a two-way syringe or a mixer.

[25] Through the above-described technical feature,
according to the present invention, when a composition

based on collagen as a biomaterial is prepared in an
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injectable form that can be transplanted into cartilage
defect regions, cartilage tissue regeneration can be
effectively induced, thereby inducing relatively easy
and prompt cartilage repair and regeneration while
reducing surgery-related stress on animals excluding
human beings.

[26] Further, according to the present invention, a
mixed composition with Dbiocompatible collagen for new
cartilage regeneration can be provided.

[27] 1In particular, according to the present invention,
the mixed composition is applied in an injectable form,
thereby conveniently and effectively stabilizing damaged
cartilage tissue sites.

[28] Further, according to the present invention, the
pain due to cartilage defect can be reduced.

[29] Further, according to the present invention, the
induction of cartilage regeneration can be promoted.

[30] According to the present invention, dquality and
reliability of the product can be significantly improved
due to the above effects, thereby satisfying wvarious
desires (needs) of consumers as users thereof and thus
giving a good impression to patients. Thus, the present

invention is very useful.

Brief Description of the Drawings

[31] FIG. 1 is an image 1illustrating the mixing in a
composition for cartilage tissue repair.

[32] FIG. 2 is an image illustrating the mixing using a
two-way syringe 1in a composition for cartilage tissue
repair.

[33] FIG. 3 1is an 1image illustrating a cartilage
repairing material prepared in an injectable type.

[34] FIG. 4 1is an 1image illustrating a cartilage
repairing material stained in blue 1in order to verify

post-injection effects.
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[35] FIG. 5 is an image illustrating cartilage defects
induced for verifying the effect of an injectable
cartilage repairing material.

[36] FIG. 6 is an image 1illustrating the connection of
a syringe needle for direct injection into the body.

[37] FIG. 7 1s an image illustrating the direct
injection into a cartilage defect region of a pig knee.
[38] FIG. 8 1is an 1image illustrating the cartilage
defect region filled with a cartilage repairing material
as a result of verifying post-injection effects.

[39] FIG. 9 1is an 1image illustrating the filling
composition which is conserved without being washed in
water.

[40] FIG. 10 is an image illustrating the morphology of
a transplantation after the transplantation of a
collagen and fibrin glue-mixed composition.

[41] FIGS. 11 and 12 are fluorescent microscopic images
illustrating cartilage cell proliferation in a fibrin
glue.

[42] FIGS. 13 and 14 are fluorescent microscopic images
illustrating cartilage cell proliferation in a collagen
and fibrin glue-mixed composition.

[43] FIGS. 15 and 16 are fluorescent microscopic images
illustrating cartilage cell proliferation 1in a 6%

collagen and fibrin glue-mixed composition.

Mode for Carrying Out the Invention

[44] Hereinafter, a preferred embodiment of the present
invention for attaining the above effects will be
described in detail with reference to the accompanying
drawings.

[45] A composition for <cartilage tissue ©repair, a
method for preparing the same, and a method for using
the same according the present invention are as shown in
FIGS. 1 to 10.
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[46] 1In the following descriptions, when it is
determined that detailed descriptions of known functions
or constitutions associated with the present invention
obscure the gist of the present invention, detailed
descriptions thereof will be omitted.

[47] In addition, the terms to be later described are
defined in consideration of functions in the present
invention, and thus the definitions of the terms are to
be interpreted throughout the ©present specification
since the terms may be interpreted by the intention of
the producer or custom.

[48] First of all, the present invention provides a
composition for cartilage tissue repair, the composition
being prepared Dby mixing collagen having a diluted
concentration of 5-60 mg/mL excepting water or a
physiological phosphate buffer solution; and hyaluronic
acid having a diluted concentration of 5-20 mg/mL
excepting water or a physiological phosphate buffer
solution using a two-way syringe or a mixer.

[49] The composition for cartilage tissue repair 1is
prepared by including the steps: preparing collagen
having a diluted concentration of 5-60 mg/mL excepting
water or a physiological phosphate buffer solution;
preparing hyaluronic acid having a diluted concentration
of 5-20 mg/mL excepting water or a physiological
phosphate buffer solution; mixing the collagen and the
hyaluronic acid using a two-way syringe or a mixer; and
deaerating the mixed composition for cartilage tissue
repair using a centrifuge.

[50] In particular, centrifugal separation Dby the
centrifuge 1s characterized Dby being performed at
2,000~5,000 G while the room temperature 1is maintained
at 1-30T.
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[51] The composition for cartilage tissue repair
prepared as above 1s used by going through the steps:
fixing a pig leg on a mount, damaging the articular
cartilage by using a surgical tool, and then inducing
defect regions of 2~4CT by using a drill; connecting a
syringe needle to a syringe container filled with
collagen; and suturing the cut site with a suture
thread, and directly injecting the glenoid cavity (a
space filled with synovia) of the pig knee with collagen
with a concentration of 5 ~ 60 mg/mL contained in the
syringe, hyaluronic acid with a concentration of 5 ~ 20
mg / mL contained in the syringe, and a composition for
cartilage tissue repair in which the collagen and the
hyaluronic acid are mixed.

[52] Meanwhile, according to the present invention, the
composition for cartilage tissue repair can be prepared
by including the steps of: preparing collagen having a
diluted concentration of 5-60 mg/mL excepting water or a
physiological phosphate buffer solution; preparing
hyaluronic acid having a diluted concentration of 5-20
mg/mlL  excepting water or a physiological phosphate
buffer solution; and preparing a sample in which 60
mg/mL of collagen and 5 mg/mL of hyaluronic acid are
mixed at a ratio of 9:1 to 1:9 or a sample in which 60
mg/mL of collagen and 20 mg/mL of hyaluronic acid are
mixed at a ratio of 5:5.

[53] Further, according to the present invention, the
composition for cartilage tissue repair is used by going
through the steps:

[54] (1) preparing a collagen solution contained in a
syringe container and a fibrin glue product;

[55] (2) fixing a pig leg on a mount, damaging the
articular cartilage by using a surgical tool, and then
inducing defect regions of 2~4CW by using a drill;

[56] (3) injecting the collagen product contained in
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the syringe into the cartilage defect region of the pig
knee to £fill the cartilage defect region with the
collagen product, and allowing the fibrin glue to cover
the collagen and then be gelled, thereby firmly fixing
the collagen;

[57] (4), on the contrary to step (3), coating the
fibrin glue on the cartilage defect region of the pig to
be gelled, and then injecting collagen into the fibrin
glue gel to fill the cartilage defect region; and

[58] (5) sprinkling sterile injection water downward at
a position of 10 cm above the injection site by using a
syringe (25 mL), to verify the resistance against the
flowing water and observe the gel state.

[59] Further, according to the present invention, the
composition for cartilage tissue repair 1is used such
that high-viscosity collagen and hyaluronic acid, or a
collagen and hyaluronic acid-mixed composition, as a
composition for cartilage repair, 1is injected into a
pre-filled syringe, thereby being used in an injectable
form.

[60] Further, according to the present invention, the
composition for <cartilage tissue repair is used such
that a syringe needle is connected to an injectable type
cartilage injection agent, and the syringe needle 1is
inserted 1into an application site wusing the syringe
needle without surgical incision, thereby directly
injecting the composition for cartilage repair into the
glenoid cavity (a space filled with synovia) of the pig
knee.

[61] Finally, according to the present invention, the
composition for cartilage tissue repair is used such
that a specimen is prepared by artificially forming a
cartilage defect region of 2~4CW; a composition for
cartilage repair is stained in blue and injected into

the specimen; and then the transplanted site is opened,
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thereby verifying morphology of the composition filling
the cartilage defect region and verifying the water
washability of the composition through the degree of
adhesion to the cartilage defect region.

[62] Meanwhile, the present invention can be modified
in various ways and embodied in many different forms for
the application of the above components.

[63] However, it shall be noted that it is not intended
to limit the present invention to specific embodiments
described in the detailed description, but intended to
cover all the modifications, equivalents or
substitutions belonging to the technical idea and
technical scope of the present invention, which are
defined by the accompanying claims.

[64] The composition for cartilage tissue repair, the
method for preparing the same, and the method for using
the same will be described below.

[65] First of all, according to the present invention,
when a composition based on collagen as a biomaterial 1is
prepared in a type of an injection capable of being
transplanted into <cartilage defect regions, cartilage
tissue regeneration can be effectively induced, thereby
making 1t possible to reduce surgery-related stress on
animals excluding human beings while inducing relatively
easy and prompt cartilage repair and regeneration.

[66] Further, according to the present invention, the
cartilage defect treatment is possible through a simple
procedure, and through a convenient procedure in which
simple injection type composition transplantation 1is
performed without surgical incision surgery, the
cartilage defect treatment is possible at an early time,
thereby decreasing the number of patients requiring
joint surgery. Further, the above preventive treatment
can lead to a decrease in the number of patients with

osteoarthritis.
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[67] Examples of the present invention therefor are as
follows.

[68]

[69] (Example 1)

[70] Application of collagen and hyaluronic acid -mixed
product to cartilage defect region of animal

[71] Purpose: Verification on applicability of
injectable type collagen and hyaluronic acid-mixed
composition to cartilage defect region of pig knee

[72] 1. Collagen having concentrations of 5, 10, 20,
30, and 60 mg/mL and hyaluronic acid having
concentrations of 5, 10, and 20 mg / mL are prepared.
[73] Collagen concentration: For the cartilage repair
as a use of the present product, the <collagen 1is
required to have a concentration of 5 mg/mL or more in
order to keep a state in which the cartilage defect
region 1is filled with collagen. Due to the process
characteristics (aseptic preparation) in preparing a
product for a medical purpose (injectable form), it is
difficult to prepare collagen of above 60 mg/mL with
ultra-high wviscosity, and actually use and apply such
collagen. Due to the reason, the concentration of
collagen is set to be 5 mg/L to 60 mg/L inclusive.

[74] Hyaluronic acid concentration: It is difficult to
prepare (aseptically prepare) hyaluronic acid of 20
mg/mL for a medical purpose due to natural
characteristics of hyaluronic acid (viscosity, etc.),
and the mixing of the hyaluronic acid with collagen is
not easy. In addition, the hyaluronic acid is required
to have a concentration of at least 5 mg/mL in order to
maintain the feature (viscosity) required for the
product. In addition, the hyaluronic acid added to the
collagen base acts on the cartilage site and thus
improves the lubrication force, thereby helping the

bending of cartilage. Due to the above reasons, the
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hyaluronic acid 1is added to collagen, and  the
concentration of hyaluronic acid is set to be 5 mg/L to
20 mg/L inclusive.

[75] Preparation of collagen and hyaluronic acid-mixed
composition and collagen

[76] Mixing method A: Method of mixing collagen
solution and raw material solution

[77] 1) The prepared collagen is diluted with water or
a physiological phosphate buffer solution to prepare a
collagen solution having a desired concentration.

[78] 2) The prepared hyaluronic acid (a powder type) is
diluted with water or a physiological phosphate buffer
solution to have an appropriate concentration.

[79] 3) The prepared solutions are mixed by using a
two-way syringe enabling mixing for a short time or
using a mixer (rolling) (FIGS. 1 and 2).

[80] 4) In the case where the raw materials and
solutions used for the mixing are stored in a
refrigeration condition (2 ~ 8°Q in advance, the mixing
is easily and smoothly performed.

[81] Mixing method B: Method of directly mixing raw
material (powder) with collagen solution

[82] 1) The prepared collagen is diluted with water or
a physiological phosphate buffer solution to prepare a
collagen solution having a desired concentration.

[83] 2) The hyalunoic acid (power type) is put in the
collagen solution having an appropriate concentration,
followed by mixing.

[84] 3) The prepared solution 1s directly mixed by
using a two-way syringe enabling mixing for a short time
or using a mixing stick.

[85] 4) The above mixing manner is needed to prepare a
high-concentration product, and the mixing is easily and
smoothly performed while the surrounding environment is

maintained at a low temperature at the time of mixing.
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[86] Preparation of composition based on collagen into
injectable form

[87] 1) Collagen and a mixed composition based on
collagen are deaerated using a centrifuge.

[88] 2) The centrifuge conditions are that the room
temperature (1~ 30°C ) is maintained and the centrifuge
effect (G value) is 2,2000 to 5,000 G.

[89] 3) A syringe container 1s filled wusing a high-
viscosity pump. Here, a precaution is taken not to
generate empty spaces by gradually raising a nozzle from
the bottom upward.

[90] 4) A gasket 1is put 1in a rear surface of the
syringe container using a vacuum to completely seal the
syringe, thereby preventing the leakage of a liquid from
the syringe container.

[91] 5) The filled syringe container is stored at room
temperature to conserve the characteristics unique to
the collagen (1-30°C).

[92] The solution needs to be neither frozen nor
denatured by high temperature.

[93] 2. For the wverification of effect after the
injection into the body, a prepared sample is stained
with a small quantity of a blue staining agent (Trypan
blue, binding to protein) (FIG. 4).

[94] 3. Use method and effect verification

[95] 1) After a pig 1leg 1is fixed on a mount, the
articular cartilage of the knee is damaged by using a
surgical tool, and large (about 4 cm?) and small (about 2
cm?) defect regions are induced by using a drill (FIG.
5).

[96] 2) A syringe needle 1is connected to a syringe
container filled with collagen or the like. Here, the
syringe needle is at least 1 1/2 inch(38 mm) in length.

[97] 3) The cut site is sutured with a suture thread,



10

15

20

25

30

35

17

and the product with each concentration contained in the
syringe is directly injected into the glenoid cavity (a
space filled with synovia) of the pig knee (FIG. 7).

[98] 4) The knee Jjoint movement (continuous passive
motion (CMP)) is performed to promote the action of the
injected material which naturally fills the defect
regions. In addition, the sutured site is cut to expose
the cartilage ©portion into which the product 1is
injected, for observation.

[99] 4. Results: The  product injected into the
cartilage defect regions naturally fills defect inducing
regions, thereby showing an effect preferred by an
operator (FIG. 8).

[100]

[101] (Example 2)

[102] Experiment for verifying adhesiveness of collagen
and hyaluronic acid-mixed composition

[103] 1. Collagen having concentrations of 10, 30, and
60 mg/mL (1, 3, and 6%) and hyaluronic acid having
concentrations of 5, 10, and 20 mg / mL (0.5, 1.0, and
2.0%), which are contained in the syringes, are prepared
by the same method as in Example 1. In addition, a
sample in which 60 mg/mL of collagen and 5 mg/mL of
hyaluronic acid are mixed at a ratio of 9:1 to 1:9 and a
sample in which 60 mg/mL of collagen and 20 mg/mL of
hyaluronic acid are mixed at a ratio of 5:5 are
prepared. Here, the effect of the collagen and
hyaluronic acid-mixed composition corresponds to
additions of an effect due to characteristics of
collagen (biocompatible cartilage components and
biodegradation) and an effect due to characteristic of
hyaluronic acid (lubrication force), and thus, a
composition suitable for cartilage repair is prepared.

[104] 2. Measurement of viscosity depending on mixing
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[105] The viscosity of each sample is measured by using
a Viscometer (DV-1 + PRO).
[106] Measurement item: wviscosity
[107] Measurement temperature: 4°C
[108] Measurement RPM: 0.5
[109] Spindle: # SC4-15
[110] [Table 1]
Viscosity
Sample (CP, 1073) Note
Maximum
6% collagen 147 . .
vliscosility
6% collagen + 0.5% hyaluronic acid
142 -
(9:1)
6% collagen + 0.5% hyaluronic acid
106 -
(8:2)
6% collagen + 0.5% hyaluronic acid
79 -
(7:3)
6% collagen + 0.5% hyaluronic acid
64 -
(6:4)
6% collagen + 0.5% hyaluronic acid
57 -
(5:5)
6% collagen + 0.5% hyaluronic acid
46 -
(4:06)
6% collagen + 0.5% hyaluronic acid
22 -
(3:7)
6% collagen + 0.5% hyaluronic acid
15 -
(2:8)
6% collagen + 0.5% hyaluronic acid
3 —
(1:9)
. . Mini
0.5% hyaluronic acid 0.5 Hnrmum
v1iscosity
[111] 3. Test of adhesiveness depending on mixing ratio

of collagen and hyaluronic acid

[112]

a material adhesive distance for each
(CR-500 DX).

Rheometer
[113]
[114]

Sample holder moving speed

(10 mm/sec)

Adhesiveness comparison is conducted by measuring

sample using a

The moving distance to a site where adhesion is
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broken during the moving of the sample holder 1is

measured.
[115] [Table 2]
Material
adhesive
Sample distance Note
(mm)
1% collagen 19 -
3% collagen 477 -
6% collagen 61 Max imum
’ d adhesison
6% collagen + 0.5% hyaluronic acid
55 -
(9:1)
6% collagen + 0.5% hyaluronic acid
49 -
(8:2)
6% collagen + 0.5% hyaluronic acid
42 -
(7:3)
6% collagen + 0.5% hyaluronic acid
39 -
(6:4)
6% collagen + 0.5% hyaluronic acid
36 -
(5:5)
6% collagen + 0.5% hyaluronic acid
35 -
(4:6)
6% collagen + 0.5% hyaluronic acid
32 -
(3:7)
6% collagen + 0.5% hyaluronic acid
25 -
(2:8)
6% collagen + 0.5% hyaluronic acid
19 -
(1:9)
6% collagen + 2.0% hyaluronic acid
43 -
(5:5)
0.5% hyaluronic acid 13 Mlnlmum
adhesion
1.0% hyaluronic acid 19 -
2.0% hyaluronic acid 23 -

[116] Results: The adhesion of the collagen and
hyaluronic acid-mixed composition was confirmed, and it
was observed that the higher the collagen concentrate,

the higher the viscosity.
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[117]

[118] (Example 3)

[119] Test for verifying water washability of collagen
and hyaluronic acid after tranplantation thereof

[120] Purpose: Verification on resistance against a
factor that interrupts continuous adhering (fixing) and
filling of injected product with respect to defect
regions

[121] [121] 1. Collagen having concentrations of 30 and
60 mg/mL (3 and 6%) and hyaluronic acid having
concentrations of 10 and 20 mg/mL (1.0 and 2.0%), which
are contained in the syringes, are prepared by the same
method as in Example 1.

[122] 2. After a pig leg 1is fixed on a mount, the
articular cartilage is damaged by using a surgical tool,
and large (about 4 cm?) and small (about 2 cm?) defect
regions are induced by using a drill.

[123] 3. A product with each concentration filling the
syringe 1is injected into and fills the cartilage defect
regions of the pig knee.

[124] 4. 1Injection water 1is sprinkled downward at a
position of 10 cm above the injection site by using a
syringe (25 mL) .

[125] 5. The «resistance of the product filling the
cartilage defect regions against flowing water 1is
observed by the naked eye.

[126] 6. Results: The product filling the cartilage
defect regions resisted the flowing water (unwashable),
and thus continuously adhered to the defect regions,
thereby maintaining a state in which the defect regions
were filled with the product (FIG. 9).

[127]

[128] (Example 4)
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[129] Application method of collagen and fibrin glue to
cartilage defect regions and test on cell proliferation
in composition

[130] Purpose: Verification on applicability of
injectable type <collagen and fibrin glue and on
cartilage defect repair by application of collagen and
fibrin glue

[131] 1. A 6% collagen solution contained in a syringe
container 1s prepared by the same method as in example
1, and a fibrin glue product 1is prepared. The basic
specifications of the fibrin glue produced and wused
herein are a fibrinogen concentration of 71~127 mg/mL
and a thrombin concentration of 400~600 IU/mL (common
commercial product specifications).

[132] 2. After a pig leg 1is fixed on a mount, the
articular cartilage of the knee is damaged by using a
surgical tool, and large (about 4 cm?) and small (about 2
cm?) defect regions are induced by using a drill.

[133] 3. The collagen product with a concentration of 6%
contained in the syringe 1is injected into and fills the
cartilage defect regions of the pig knee, and then the
fibrin glue 1s allowed to cover the collagen and then
gelled, thereby firmly fixing the collagen.

[134] 4. On the contrary to item “3”, the fibrin glue is
coated on the cartilage defect regions of the pig and
then gelled, and then 6% collagen is injected into the
fibrin glue gel to fill the cartilage defect regions.
[135] 5. Sterile injection water 1is sprinkled downward
at a position of 10 cm above the injection site by using
a syringe (25 mL), to verify the resistance against the
flowing water and thus the gel state.

[136] Results: The product filling the cartilage defect
regions maintained a firm gel form, and resisted the
flowing water, and thus continuously adhered to the

defect regions, thereby maintaining a state in which the
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defect regions were filled with the product (FIG. 10).
[137] 6. A test on the proliferation of cartilage cells
in the collagen and fibrin glue-mixed composition 1is
carried out.

[138] Prepared cartilage cells (1.2 X 1070 cells/2mL) are
mixed with the mixed composition.

[139] CO2 culture is carried out at 37°C for 7 days.

[140] The ©proliferation of cartilage <cells through
Calcein-AM analysis 1is observed by a fluorescent
microscope.

[141] (From the 1left, fibrin glue, 3% collagen/fibrin
glue mixed composition, and 6% collagen/fibrin glue
mixed composition)

[142] Table 3

Number (Day 0) | FIG. 11 |FIG. 13 |FIG. 15

Day 7 FIG. 12 |FIG. 14 |FIG. 16

[143] Results: As a result of verifying cell
proliferation in the composition, it was observed that
the cell proliferation was higher in the 3% collagen and
fibrin glue-mixed composition and the 6% collagen and
fibrin glue-mixed composition rather than in the fibrin

glue only.

Industrial Applicability

[144] Within technical sprits of the composition for
cartilage tissue repair, the method for preparing the
same, and the use thereof according to the present
invention, the same results are substantially
reproducible. Particularly, the present invention is
carried out to promote the technological development and
contribute to the industrial development, and thus the
rights of the present invention should be protected

under the patent law.
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Claims

1. A composition for cartilage tissue repair,
the composition being prepared by mixing collagen having
a diluted concentration of 5-60 mg/mL excepting water or
a physiological phosphate buffer solution; and
hyaluronic acid having a diluted concentration of 5-20
mg/mL excepting water or a physiological phosphate

buffer solution using a two-way syringe or a mixer.

2. A method for preparing a composition for
cartilage tissue repair, the method comprising:
preparing collagen having a diluted concentration of 5-
60 mg/mL excepting water or a physiological phosphate
buffer solution; preparing hyaluronic acid having a
diluted concentration of 5-20 mg/mL excepting water or a
physiological phosphate buffer solution; mixing the
collagen and the hyaluronic acid using a two-way syringe
or a mixer; and deaerating the mixed composition for

cartilage tissue repair using a centrifuge.

3. The method of claim 2, wherein centrifugal
separation by the centrifuge is performed at 2,000~5,000

G while the room temperature is maintained at 1-30°C

4. A method for using a composition for
cartilage tissue repair, the method comprising: fixing a
pig leg on a mount, damaging the articular cartilage by
using a surgical tool, and then inducing defect regions
of 2~4cn by using a drill; connecting a syringe needle to
a syringe container filled with collagen; and suturing
the cut site with a suture thread, and directly
injecting the glenoid cavity (a space filled with

synovia) of the pig knee with <collagen with a
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concentration of 5 ~ 60 mg/mL contained in the syringe,
hyaluronic acid with a concentration of 5 ~ 20 mg / mL
contained 1in the syringe, and a composition for
cartilage tissue repair in which the collagen and the

hyaluronic acid are mixed.

5. A method for preparing a composition for
cartilage tissue repair, the method comprising:
preparing collagen having a diluted concentration of 5-
60 mg/mL excepting water or a physiological phosphate
buffer solution; preparing hyaluronic acid having a
diluted concentration of 5-20 mg/mL excepting water or a
physiological phosphate buffer solution; and preparing a
sample in which 60 mg/mL of collagen and 5 mg/mL of
hyaluronic acid are mixed at a ratio of 9:1 to 1:9 or a
sample in which 60 mg/mL of collagen and 20 mg/mL of

hyaluronic acid are mixed at a ratio of 5:5.

6. A method for wusing a composition for
cartilage tissue repair, comprising: (1) preparing a
collagen solution contained in a syringe container and a
fibrin glue product; (2) fixing a pig leg on a mount,
damaging the articular cartilage by using a surgical
tool, and then inducing defect regions of 2~4cm by using
a drill; (3) injecting the collagen product contained in
the syringe into the cartilage defect region of the pig
knee to fill the cartilage defect region with the
collagen product, and allowing the fibrin glue to cover
the collagen and then be gelled, thereby firmly fixing
the collagen; (4), on the contrary to step (3), coating
the fibrin glue on the cartilage defect region of the
pig to be gelled, and then injecting collagen into the
fibrin glue gel to fill the cartilage defect region; and
(5) sprinkling sterile injection water downward at a

position of 10 cm above the injection site by using a
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syringe (25 mL), to verify the resistance against the

flowing water and observe the gel state.

7. A  method for using a composition for
cartilage tissue repair, wherein high-viscosity collagen
and hyaluronic acid, or a collagen and hyaluronic acid-
mixed composition, as a composition for <cartilage
repair, 1s injected into a pre-filled syringe, thereby

being used in an injectable form.

8. A  method for using a —composition for
cartilage tissue repair, wherein a syringe needle 1is
connected to an injectable type cartilage injection
agent, and the syringe needle 1is inserted into an
application site using the syringe needle without
surgical incision, thereby directly injecting the
composition for cartilage repair into the glenoid cavity

(a space filled with synovia) of the pig knee.

9. A method for wusing a composition for
cartilage tissue repair, wherein a specimen 1is prepared
by artificially forming a cartilage defect region of
2~4cn; a composition for cartilage repair is stained in
blue and injected 1into the specimen; and then the
transplanted site is opened, thereby verifying
morphology of the composition filling the cartilage
defect region and verifying the water washability of the
composition through the degree of adhesion to the

cartilage defect region.





