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(57) ABSTRACT

The present invention relates to a raw material for a bio-3D
printing support and, more specifically, to a novel type
bio-3D printing support material for tissue engineering, a
method for manufacturing a three-dimensional support by
using the same, and a 3D-printing three-dimensional support
manufactured thereby, the raw material: being non-toxic and
implementing excellent biocompatibility and cell adhesion
since a raw material for a tissue engineering support (scaf-
fold) produced by bio-3D printing technology, a specific
fatty acid and a fatty alcohol (phase change material)
derived from a natural source having a low melting point and
a low molecular weight are used; and, in particular, allowing
a phase change to easily occur at a temperature similar to
body temperature such that a process is simplified and cells
or growth factors can be mixed.
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SCAFFOLD MATERIALS MANUFACTURED
VIA BIO 3D PRINTING TECHNIQUE, AND
PREPARATION METHOD OF
THREE-DIMENSIONAL SCAFFOLDS USING
THE MATERIALS

FIELD OF THE INVENTION

[0001] The present invention relates to a raw material for
a bio-3D printing support and, more specifically, to a novel
type bio-3D printing support material for tissue engineering,
a method for manufacturing a three-dimensional support by
using the same, and a 3D-printing three-dimensional support
manufactured thereby, the raw material: being non-toxic and
implementing excellent biocompatibility and cell adhesion
since a raw material for a tissue engineering support (scaf-
fold) produced by bio-3D printing technology, specific fatty
acid and fatty alcohol (phase change material) derived from
a natural source having a low melting point and a low
molecular weight are used; and, in particular, allowing a
phase change to easily occur at a temperature similar to body
temperature such that a process is simplified and cells or
growth factors can be mixed.

BACKGROUND OF THE INVENTION

[0002] Tissue engineering is a technology enabling main-
tenance of biological function, improvement and recovery
by implanting biological substitutes into a body based on
basic principles and technique of life science, medicine and
engineering.

[0003] For example, the implementation of tissue engi-
neering starts to collect required tissues from a patient and
separate cells from the tissues. Additionally, the required
amounts of the cells are cultured and proliferated and
transplanted into a biodegradable support (e.g. Scaffold)
with multiple pores. After the transplantation, the cells are
cultured for a fixed period and the support is implanted into
the patient. After the implantation, oxygen and nutrients for
the cells are supplied from diffusion of body fiuid until new
blood vessels are created in a tissue or an organ. The cells
are proliferated and thus form new tissues and organs when
blood is provided by the new blood vessel. Further, the
biodegradable polymer support is degraded and disappeared.
[0004] The requirements of material used for the support
are as follows. A tissue cell should attach to the surface of
the support and the support should have a mechanical
strength as a support which enable the tissue cell to form a
tissue with three dimensional structure. Further, the support
should be biocompatible without toxicity where blood
coagulation or inflammation does not occur after implanta-
tion. Moreover, the support should be biodegradable, which
means that the support is completely decomposed and
disappeared within a desired time when the implanted cells
play a role as a new tissue.

[0005] 3D bio-printing technology related to the produc-
tion of a support for tissue engineering have been rapidly
developed.

[0006] However, the raw materials used in the bio-3D
printing technology for producing a three-dimensional sup-
port is limited to synthetic polymers and research for a new
raw material hardly proceeds.

[0007] Specifically, most of the supports manufactured by
the bio 3D printing technology are decomposable synthetic
polymers approved by the FDA, namely, PLGA (Poly (lac-
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tic-co-glycolic acid)), PCL (Poly(caprolactone)), PLA (Poly
(lactic acid)), PGA (Poly(glycolic acid)).

[0008] Synthetic polymers such as PLGA and PCL have
more excellent properties and higher biocompatible than
other synthetic polymers. However, the polymers can induce
inflammation in a tissue, which is caused by acidic by-
products made in degradation of the polymers.

[0009] Additionally, extrusion molding should be made by
injecting liquid material in a cylinder when manufacturing a
support based on 3D printing technology, and thus a process
for melting solid polymers is required. The melting is made
over 80° C. and thus it is difficult to mix growth factors or
cells susceptible to temperature into the polymer support.

DETAILED DESCRIPTION OF THE
INVENTION

Problems to be Solved

[0010] The present invention aims to solve the existing
problems, and thus the technical goal of the present inven-
tion is to provide a raw material for a new type of a support
used in bio 3D printing, which has properties of excellent
cell-adhesion, biocompatibility (non-toxicity) and biode-
gradability. Additionally, phase change of the material arises
easily in temperature similar to body temperature compared
to existing synthetic polymers and thus can simplify a
process for bio 3D printing as well as implement injection of
cells and growth factors susceptible to temperature.

Solution

[0011] In order to solve the problem, the present invention
provides a raw material for a support used in bio 3D printing,
comprising one or more of fatty acid and fatty alcohol, the
fatty acid and the fatty alcohol are phase change materials
(e.g., lauric acid (Dodecanoic acid) and 1-tetra-decanol)
which are solid state at room temperature and melting points
of the fatty acid and the fatty alcohol are 35~45° C., and
which is used for producing a support (scaffold) using bio
3D printing technology.

[0012] Further, in another aspect, the present invention
provides a method for preparing a three-dimensional support
using bio 3D printing technology, comprising S1) manufac-
turing a solution by melting the raw material at the range
from room temperature to 45° C.; S2) injecting the solution
into a receiving part; and S3) discharging the solution
through a nozzle capable of moving in three dimensions by
applying pressure to the receiving part, and stiffening the
solution.

[0013] In another aspect, the present invention provides a
three-dimensional support manufactured by the method,
which is based on fatty acid and fatty alcohol.

Benefits of the Invention

[0014] A certain fatty acid (e.g., lauric acid) and fatty
alcohol (e.g., l-tetra-decanol) proposed by the present
invention are a material obtained from natural materials and
thus are non-toxic. Additionally, the fatty acid and the fatty
alcohol have an excellent biocompatibility and high biode-
gradability.

[0015] Further, melting points of the fatty acid and the
fatty alcohol are around 35~40° C. and thus the phase
change arises easily in temperature similar to body tempera-
ture. As a result, the fatty acid and the fatty alcohol liquefies
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and promotes simplification of a process, and enables tem-
perature-susceptible factors such as cells and growth factors
to be injected into a support.

[0016] Additionally, cell adhesion of the fatty acid and the
fatty alcohol is remarkable due to hydrophobic property and
thus cells are attached easily to a support, and the price is
very affordable.

[0017] Consequently, the fatty acid and fatty alcohol of the
present invention can be used suitable for a raw material of
a support used in bio 3D printing.

DETAILED DESCRIPTION FOR
IMPLEMENTING THE INVENTION

[0018] Hereinafter, the present invention will be described
in details.
[0019] A raw material for a support used in bio 3D printing

in the present invention comprises one or more of fatty acid
and fatty alcohol, wherein the fatty acid and the fatty alcohol
are phase change materials which are solid state at room
temperature and melting points of the fatty acid and the fatty
alcohol are 35~45° C., and which is used for producing a
support (scaffold) using bio 3D printing technology.
[0020] The fatty acid and the fatty alcohol are low molecu-
lar-weight materials which are solid state at room tempera-
ture and liquefy easily at low temperature around body
temperature compared to existing synthetic polymers.
Therefore, the fatty acid and the fatty alcohol can be used
simply and are non-toxic as natural materials. As a result,
biocompatibility of the fatty acid and the fatty alcohol is
outstanding.

[0021] In a preferred embodiment, the fatty acid can be
lauric acid (Dodecanoic acid), and the fatty alcohol can be
1-tetra-decanol.

[0022] The lauric acid is a normal 1 basic saturated fatty
acid having twelve carbons (C,,H,,0,; Molecular Weight
200) and exist in status of glyceride in coconut oil, palm oil
or pulp oil of laurel. The lauric acid has a state of white
powder at room temperature and the melting point of lauric
acid is 43.5~44° C.

[0023] The 1-tetra-decanol is normal saturated fatty alco-
hol (C, H,,0; Molecular Weight 214) having fourteen car-
bons, and exist in status of fatty acid ester in fruit oil of
nutmeg, fruit fat of lady palm, milk fat and sperm oil. The
1-tetra-decanol has a state of white crystalline, and the
melting point of the 1-tetra-decanol is 37.6~38° C.

[0024] Additionally, the fatty acid and the fatty alcohol are
non-toxic and the price is affordable as well as the purchase
is easy.

[0025] One of the fatty acid and the fatty alcohol or the
mixture thereof can be used in the present invention.
[0026] In the mixture, the fatty acid and the fatty alcohol
can be mixed in weight ratio of 1:9~9:1 but not limited
thereto.

[0027] A synthetic polymer used normally in conventional
bio 3D printing can be combined with the fatty acid and/or
the fatty alcohol for the purpose of reinforcing physical
properties such as mechanical strength.

[0028] In an embodiment, the synthetic polymer can be
one or more selected from a group consisting of PLGA
(Poly(lactic-co-glycolic acid)), PCL (Poly(caprolactone)),
PLA (Poly(lactic acid)) and PGA (Poly(glycolic acid)).
Further, another synthetic polymer such as PU and PEG; or
proteins such as collagen, albumin and gelatin can be used.
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[0029] When mixing the synthetic polymer with the fatty
acid and/or the fatty alcohol, the mixing ratio by weight of
the fatty acid and/or the fatty alcohol: the synthetic polymer
can be 8:2~9:1. The property might not be reinforced when
too small amounts of the synthetic polymer not within the
range are combined, and inflammation in a tissue might arise
or high temperature might be required for melting when too
much amounts of the synthetic polymer not within the range
are combined, which hinder the achievement of the purpose
of the present invention.

[0030] Particularly, a raw material in the present invention
further comprises one or more selected from a group con-
sisting of a cell, a growth factor and a drug, preferably, both
of a certain cell and a growth factor enabling the cell to
Srow.

[0031] A form of a preferable support known so far is that
a cell becoming to a tissue and growth factor enabling the
cell to grow exist together in a three-dimensional support. In
other words, when using the fatty acid and the fatty alcohol
of the present invention, a three-dimensional support with
high biocompatibility can be manufactured by comprising
both of a cell and a growth factor at low temperature through
bio 3D printing technology. Therefore, the support is non-
toxic when implanting into a body and the efficiency of
tissue regeneration can be improved significantly.

[0032] A method for preparing a three-dimensional sup-
port through bio 3D printing based on the raw material of the
present invention is not limited and a normal process and a
normal bio 3D printing technology in the art such as 3D
Plotting can be used for preparing a three-dimensional
support.

[0033] For example, a support for bio 3D support printing
in the present invention can be manufactured by a bio 3D
printing technology, comprising:

[0034] S1) manufacturing a solution by melting a raw
material mentioned above at the range from room tempera-
ture to 45° C.; S2) injecting the solution into a receiving
part; and S3) discharging the solution through a nozzle
capable of moving in three dimensions by applying pressure
to the receiving part, and stiffening the solution.

[0035] The step S1) is to liquefy a raw material consisting
of fatty acid and/or fatty alcohol by heating the raw material
at moderate temperature which is beyond melting point of it.
[0036] In other words, phase change of the raw material in
the present invention arises easily at temperature similar to
body temperature, and thus mixing susceptible factors such
as a cell, a growth factor and a drug can be incorporated in
a process of bio 3D printing.

[0037] The step S2) is to inject the raw material produced
in the step S1) into a receiving part (e.g., cylinder) connected
to a nozzle.

[0038] The step S3) is to form a three-dimensional shaped
scaffold by pushing the raw material injected from the
receiving part by air pressure through the nozzle.

[0039] More specifically, a cylinder head is placed for
moving freely to XYZ direction according to adjustment of
a moving part, and the melted raw material is discharged
through the nozzle. Then, the raw material is stiffened soon
after contacting to a surface of the formed scaffold or a
bottom and thereby a three-dimensional shape can be manu-
factured. At this time, a moving path of the moving part can
be pre-programmed and a scaffold with complicated shape
can be manufactured in the way.
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[0040] In the step, a skilled person in the art can manipu-
late pressure on the receiving part (e.g., 10~300 kPa), a
diameter of a nozzle output (e.g., 0.1~0.5 mm) and moving
rate of the nozzle (e.g., 50~400 mm/min), considering
constant discharge of the raw material, accuracy of the
three-dimensional shape, good stiffness and productivity.
[0041] Additionally, in the method for preparing a three-
dimensional support of the present invention, it is preferable
that sterilization of the manufactured three-dimensional sup-
port is performed further for the purpose of tissue engineer-
ing. The sterilization method is not limited and a normal
sterilization method in the art can be used.

[0042] Hereinafter, the present invention will be described
in details based on examples. However, the examples are
only for helping understand the present invention and the
present invention is not limited thereto.

EXAMPLE 1

[0043] After earning lauric acid as raw material, it was
melted at 44° C.

[0044] The melted raw material was injected into a cyl-
inder equipped with a movable nozzle in three dimensions.
[0045] Pressure (200 kPa) was applied to the cylinder and
then the melted raw material was discharged through the
nozzle (diameter:

[0046] 0.3 mm) moving (200 mm/min) along a pro-
grammed path in three dimensions. Moreover, a three-
dimensional support with laminated structure was formed by
stiffening the raw material and then sterilized.

EXAMPLE 2

[0047] Procedure was the same as Example 1 except using
1-tetra-decanol as raw material and melting the raw material
at 38° C.

EXAMPLE 3

[0048] Procedure was the same as Example 1 except using
a compound as raw material that lauric acid and 1-tetra-
decanol were mixed with the same weight ratio.

EXAMPLE 4

[0049] Procedure was the same as Example 1 except
mixing lauric acid with haematopoietic stem cell counted to
the predetermined numbers and growth factor (SCF), and
then melting the raw material.

INDUSTRIAL UTILITY

[0050] The present invention provides a non-toxic new
raw material replacing synthetic polymers (e.g., PLGA and
PCL) used as a support for conventional bio 3D printing.
[0051] The fatty acid and/or the fatty alcohol according to
the present invention is a material whose phase change arise
easily and thus a process for bio 3D printing can be
simplified and the cost can be saved.

[0052] Additionally, The fatty acid and/or the fatty alcohol
according to the present invention is affordable but can be a
raw material for a support based for bio 3D printing, which
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is a valuable product. Consequently, much applications and
marketability can be anticipated in tissue engineering.

1. A raw material for a support used in bio 3D printing,
comprising one or more of fatty acid and fatty alcohol,
wherein the fatty acid and the fatty alcohol are phase
change materials which are solid state at room tem-
perature and melting points of the fatty acid and the
fatty alcohol are 35~45° C.,

wherein the raw material is used for manufacturing a
three-dimensional support (Scaffold) using bio 3D
printing technology.
2. The raw material of the claim 1, wherein the fatty acid
is lauric acid (Dodecanoic acid).
3. The raw material of the claim 1, wherein the fatty
alcohol is 1-tetra-decanol.
4. The raw material of the claim 1, wherein the raw
material comprises one of fatty acid or fatty alcohol.
5. The raw material of the claim 1, wherein the raw
material comprises both of fatty acid and fatty alcohol, and
the fatty acid is mixed with the fatty alcohol in weight ratio
of 1:9~9:1.
6. The raw material of the claim 1, wherein the raw
material further comprises a synthetic polymer.
7. The raw material of the claim 6, wherein the synthetic
polymer is one or more selected from a group consisting of
PLGA (Poly(lactic-co-glycolic acid)), PCL (Poly(caprolac-
tone)), PLA (Poly(lactic acid)) and PGA (Poly(glycolic
acid)).
8. The raw material of the claim 7, wherein one or more
of the fatty acid and the fatty alcohol are mixed with the
synthetic polymer in weight ratio of 8:2~9:1.
9. The raw material of the claim 1, wherein the raw
material further comprises one or more selected from a
group consisting of a cell, a growth factor and a drug.
10. The raw material of the claim 9, wherein the raw
material comprises both of a cell and a growth factor
enabling the cell to grow.
11. A method for preparing a three-dimensional support
using bio 3D printing technology, comprising:
S1) manufacturing a solution by melting a raw material
according to claim 1 at the range from room tempera-
ture to 45° C.;

S2) injecting the solution into a receiving part; and

S3) discharging the solution through a nozzle capable of
moving in three dimensions by applying pressure to the
receiving part, and stiffening the solution.

12. The method of the claim 11, wherein the melting in the
S1) is made by mixing one or more of fatty acid and fatty
alcohol with one or more selected from a group consisting
of a cell, a growth factor and a drug.

13. The method of the claim 11, wherein the method
further comprises a step of sterilizing the manufactured 3D
support.

14. A 3D support based on fatty acid and fatty alcohol,
manufactured by a method according to claim 11.
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