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(57) An object is to produce a collagen vitrigel, which
has a high film strength even without performing a
crosslinking treatment, and is easily produced and proc-
essed industrially and mechanically, and is also easy to
handle and is highly safe, from collagen, and a purified
product thereof. In order to achieve the object, it is di-
rected to a method for producing a collagen vitrigel char-
acterized by gelling collagen with a gelling agent contain-
ing an inorganic carbonate and a compound selected
from the group consisting of an inorganic chloride and
an inorganic phosphate, subsequently vitrifying the ob-
tained collagen gel, and further subjecting the vitrified
collagen gel to a hydration treatment; a method for pro-
ducing a purified collagen vitrigel characterized by de-
salting, equilibrating, and further drying the collagen vit-
rigel; and a collagen vitrigel and a purified collagen vitrigel
obtained by these methods.
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Description

Technical Field

[0001] The present invention relates to methods for producing a collagen vitrigel and a purified product thereof. More
particularly, it relates to a collagen vitrigel that is obtained by fibril formation of collagen and can be utilized for medical
use or the like, a purified collagen vitrigel, and production methods therefor.

Background Art

[0002] Collagen is a protein present in the living body. Collagen makes up about 30% of the whole-body protein content
in humans, and is particularly abundant in a skin, a bone, a cartilage, a tendon, and a blood vessel wall. Collagen has
a molecular weight of about 300,000, and a triple helical structure composed of three polypeptide chains having a
molecular weight of about 100,000 is formed. In the collagen, there exist many molecular species having a different
amino acid sequence order and a different amino acid composition ratio depending on an animal from which the collagen
is derived and a tissue thereof.
[0003] It is known that collagen plays a role of a scaffold for cells as an extracellular matrix in vivo, and also has an
effect on proliferation, differentiation, and morphogenesis, and collagen has been utilized as a cell culture carrier for a
long time, and has also been applied as a biological graft material recently.
[0004] As the cell culture carrier among these, various collagen-coated culture dishes and flasks are commercially
available, and also an embedded culture method in which cells are dispersed and cultured in a collagen gel is known.
On the other hand, as the biological graft material, there exist a collagen gel material having cells carried thereon, an
injectable gel that is grafted in a solution state and gelled in vivo, a material processed into a film shape or a sponge
shape by drying a collagen gel, and the like.
[0005] Further, as the biological graft material composed of collagen, NPL 1 discloses a cartilage graft material, PTL
1 discloses a gelling material for in vivo injection, and PTL 2 discloses an artificial skin material, and the like. In such a
manner, the biological graft material composed of collagen is various in shape, but there are lots of materials processed
and shaped by applying a collagen gel.
[0006] It is known that such a collagen gel can be obtained by placing a collagen solution under physiological salt
concentration, hydrogen-ion concentration, and temperature conditions, and therefore, as a gelling agent, various cell
culture solutions, physiological saline, a buffer solution having a buffer capacity in a neutral region is generally used.
[0007] Incidentally, there is a "collagen vitrigel" as a novel collagen material expected to be applied as a biological
graft material. The "vitrigel (Registered Trademark No. 5602094)" is a novel academic term named by Takezawa et al.
and is defined as a gel in a stable state obtained by rehydration after vitrification of a conventional hydrogel such as an
extracellular matrix (NPL 2). The collagen vitrigel formed from collagen that is an extracellular matrix is composed of
high-density collagen fibrils.
[0008] A thin film utilizing the collagen vitrigel has characteristics that it is thinner than a conventional plate-shaped
collagen gel material and has a high strength, and its application as a biological graft material is expected, and for
example, NPL 3 discloses a cartilage graft material composed of a collagen vitrigel thin film obtained using porcine skin-
derived atelocollagen as a raw material. Further, a collagen vitrigel dried body thin film obtained using bovine skin-
derived native collagen as a raw material has already been commercialized as a substratum for cell culture (Kanto
Chemical Co., Inc., # ad-MED vitrigel (trade name)).
[0009] In the production of the collagen vitrigel, first, it is necessary to prepare a collagen gel. Conventionally, in the
preparation of a collagen gel, as described above, a general cell culture solution, for example, Dulbecco’s modified
Eagle’s medium (DMEM) is used as a gelling agent. Further, NPL 4 discloses a method for preparing a collagen vitrigel
from porcine skin-derived atelocollagen using DMEM supplemented with HEPES (4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid) as a gelling agent.
[0010] However, a method for obtaining a collagen gel using DMEM as a gelling agent is a preparation method that
has been conventionally used in an embedded culture method in an in vitro test, but is not preferred as a method for
preparing a biological graft material. The reason is that in DMEM, more than 30 types of compounds are contained,
however, only a few compounds among them are involved in the gelling of collagen, and in order to use DMEM for
preparing a collagen vitrigel as a biological graft material, it is necessary to confirm the safety of more than 30 types of
compounds and to set a residual tolerance limit thereof so as to impose a heavy burden on a manufacturer.
[0011] As one example of a method for solving the above problem, the above NPL 4 discloses a collagen vitrigel
obtained using a phosphate buffered saline (PBS) supplemented with HEPES as a gelling agent. However, the collagen
vitrigel prepared using the solution as the gelling agent has a problem that the strength is low and it is not suitable as a
biological graft material, and also it has been pointed out that there is also a safety concern about HEPES itself.
[0012] Further, the collagen vitrigel is not limited to one obtained by the above-mentioned method, and as a method
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for compensating the low strength of the collagen vitrigel, a method for increasing the film strength through chemical
crosslinking by addition of a crosslinking agent or through physical crosslinking by irradiation with a UV ray or a gamma
ray is known. However, when it is assumed to be used as a biological graft material, there is a concern about the
biotoxicity of the added compound in the crosslinking with the compound, and also there is a concern about the dena-
turation of collagen by the irradiation with a UV ray or a gamma ray, and therefore, it is desired not to perform such a
crosslinking treatment.
[0013] In view of the above, the development of a method capable of preparing a collagen vitrigel having a sufficient
strength in the end by selecting a highly safe compound as a component of a gelling agent and while simplifying the
composition as much as possible has been demanded.
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Summary of Invention

Technical Problem

[0016] In view of the above circumstances, a task of the present invention is to develop a gelling agent that is composed
of only a highly safe compound for the living body and has a simple composition, and to produce a collagen vitrigel,
which has a high film strength even without performing a crosslinking treatment, and is easily produced and processed
industrially and mechanically, and is easy to handle, from collagen, and a purified product thereof.
[0017] That is, an object of the present invention is to provide a collagen vitrigel obtained by fibril formation of collagen
using a gelling agent that is composed of only a highly safe compound for the living body and has a simple composition,
a purified product thereof, and production methods therefor, and the collagen vitrigel and the purified product thereof
having a high film strength, being easily produced and processed industrially and mechanically, being easy to handle,
being biologically highly safe, and being usable also for medical purposes, and the production methods therefor at low cost.

Solution to Problem

[0018] The present inventors made intensive studies for a gelling agent to be used in the production of a collagen gel,
and as a result, they found that a collagen gel can be produced even without using a conventional medium component
or organic buffer component by using a solution containing at least one compound of inorganic carbonates such as an
inorganic carbonate and an inorganic bicarbonate, and at least one compound of an inorganic chloride and an inorganic
phosphate as a gelling agent, and moreover, the obtained collagen gel does not contain a component other than the
above-mentioned inorganic components, and therefore is highly safe. Moreover, they found that a collagen vitrigel
derived from the collagen gel and a purified product thereof have a high film strength, are easily produced and processed,
and are easy to handle, and thus completed the present invention.
[0019] That is, the present invention is directed to a method for producing a collagen vitrigel characterized by gelling
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collagen with a gelling agent containing an inorganic carbonate and a compound selected from the group consisting of
an inorganic chloride and an inorganic phosphate, subsequently vitrifying the obtained collagen gel by drying, and further
subjecting the vitrified collagen gel to a hydration treatment.
[0020] Further, the present invention is directed to a method for producing a purified collagen vitrigel (hydrated body)
characterized by desalting and equilibrating a collagen vitrigel prepared by the above-mentioned production method,
and a purified collagen vitrigel (dried body) characterized by further drying and revitrifying the purified collagen vitrigel
(hydrated body).
[0021] Still further, the present invention is directed to a collagen vitrigel and a purified collagen vitrigel obtained by
the above-mentioned methods.

Advantageous Effects of Invention

[0022] According to the method of the present invention, a medium component or an organic compound such as an
organic buffer component is not blended in a gelling agent for collagen, and only an inorganic salt is used, and therefore,
a collagen gel in which the amount of a residual component in a produced gel is small, and also its composition is clear,
and a problem caused by a contaminant is less likely to occur is obtained.
[0023] Accordingly, a collagen vitrigel produced from the collagen gel and further a purified collagen vitrigel derived
therefrom are highly safe for the living body, and for example, can be advantageously used for medical applications
including biological graft.

Brief Description of Drawings

[0024] [Fig. 1] Fig. 1 is a view simply showing a production method for a collagen vitrigel and a purified collagen vitrigel
of the present invention, a relationship thereof, etc.

Description of Embodiments

[0025] In the present description, the collagen vitrigel means a material obtained by rehydrating a collagen gel dried
body (collagen xerogel) resulting from vitrification of a collagen gel by drying as shown in Fig. 1. Further, the purified
collagen vitrigel means a material obtained by equilibrating the collagen vitrigel after a desalting treatment, a material
obtained by revitrification by further drying the equilibrated collagen vitrigel, and a rehydrated material thereof.
[0026] The collagen vitrigel of the present invention is obtained by mixing collagen with an aqueous solution containing
an inorganic carbonate and a compound (inorganic salt) selected from the group consisting of an inorganic chloride and
an inorganic phosphate, thereby preparing a collagen gel, subsequently vitrifying the obtained collagen gel by drying,
thereby obtaining a collagen gel dried body, and further hydrating the collagen gel dried body.
[0027] More specifically, the collagen vitrigel is produced in the following manner. That is, first, a collagen solution
and an aqueous solution containing the above-mentioned inorganic carbonate and a compound selected from the group
consisting of an inorganic chloride and an inorganic phosphate (hereinafter sometimes abbreviated as "gelling agent"),
thereby forming a collagen sol, and the collagen sol is heated to cause fibril formation, whereby a collagen gel is formed.
Subsequently, a collagen gel dried body obtained by drying and vitrifying the collagen gel is subjected to a hydration
treatment, whereby a collagen vitrigel is obtained.
[0028] Further, the purified collagen vitrigel is obtained by further desalting (washing) and equilibrating a collagen
vitrigel obtained as described above, and further drying and revitrifying the equilibrated collagen vitrigel, followed by
rehydration as needed.
[0029] In order to prepare a collagen vitrigel by the method of the present invention, first, it is necessary to prepare a
collagen gel by mixing collagen with a gelling agent.
[0030] The collagen to be used in the present invention is not particularly limited with respect to an animal species
from which it is derived, and various species can be used. For example, as its origin, mammalian-derived collagen (for
example, bovine-derived collagen, porcine-derived collagen, goat-derived collagen, sheep-derived collagen, or monkey-
derived collagen), avian-derived collagen (for example, chicken-derived collagen, goose-derived collagen, duck-derived
collagen, or ostrich-derived collagen), fish-derived collagen (for example, salmon-derived collagen, sea bream-derived
collagen, tuna-derived collagen, tilapia-derived collagen, or shark-derived collagen), reptil-derived collagen (for example,
crocodile-derived collagen), amphibian-derived collagen (for example, frog-derived collagen), or invertebrate-derived
collagen (for example, jellyfish-derived collagen) can be used. Further, a site from which the collagen is derived is not
particularly limited, and for example, a skin, a bone, a cartilage, a muscle, or a scale can be exemplified.
[0031] In the present invention, the collagen to be preferably used is collagen that is stable without denaturation at a
temperature not higher than 37°C that is the human body temperature. The denaturation temperature of collagen is
associated with the habitat of an organism from which it is derived, and collagen of an aquatic organism such as a fish
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has a denaturation temperature in a lower temperature range than that of a human. Therefore, collagen derived from a
terrestrial organism having a denaturation temperature close to that of a human is preferred, and it is preferred to obtain
collagen from a livestock animal from the viewpoint of industrial stable supply. Examples of the livestock animal include
cattle and swine, however, there is a risk that cattle may have a pathogen of BSE (bovine spongiform encephalopathy)
or the like, and therefore, cattle is not preferred, and swine is preferred.
[0032] Further, the collagen to be used in the present invention is not limited also with respect to its molecular structure
as long as it is fibrous collagen, and examples of a molecular species (type) include type I collagen, type II collagen,
type III collagen, and type V collagen. In particular, collagen constituted by type I collagen or type III collagen as a main
component is produced in an industrially high yield and can be supplied relatively inexpensively and stably, and thus is
preferred. Further, a non-helical structure region (telopeptide) present at the end of a collagen molecule has antigenicity,
and therefore, it is more preferred to use atelocollagen obtained by removing the telopeptide by an enzymatic treatment
(conversion into atelocollagen).
[0033] The collagen is preferably used in a state of a solution in which the collagen is dissolved in a solvent such as
water at the time of gelling, and is more preferably an acid-soluble collagen solution at a pH of 2.0 to 6.0. When the pH
is lower than 2.0, a collagen molecule may be hydrolyzed, and when the pH is higher than 6.0, collagen may not be
sufficiently solubilized, and therefore both pH ranges are not preferred.
[0034] Further, the collagen concentration in the collagen solution at the time of gelling is not limited as long as the
solubility of collagen and the viscosity of the collagen solution do not hinder the production of the collagen gel, and the
physical properties of the obtained collagen vitrigel are sufficient for its application, however, the final concentration after
mixing with the gelling agent is preferably within a range of 0.05 w/v% to 5.0 w/v%, and more preferably within a range
of 0.2 w/v% to 2.0 w/v%.
[0035] On the other hand, the gelling agent to be used in the gelling of collagen is an aqueous solution containing an
inorganic carbonate (an inorganic carbonate or an inorganic bicarbonate) and a compound selected from the group
consisting of an inorganic chloride and an inorganic phosphate (hereinafter sometimes abbreviated as "inorganic salt")
as described above.
[0036] In the present invention, the inorganic carbonate to be used as a component of the gelling agent is not limited
with respect to its molecular structure as long as it is easily soluble in water, and for example, an inorganic carbonate
such as sodium carbonate or potassium carbonate or an inorganic bicarbonate such as sodium bicarbonate or potassium
bicarbonate can be used.
[0037] Further, as the inorganic salt to be used as another component of the gelling agent is not limited with respect
to its molecular structure as long as it belongs to an inorganic chloride or an inorganic phosphate, and is easily soluble
in water, and for example, an inorganic chloride such as sodium chloride, potassium chloride, magnesium chloride, or
calcium chloride, or an inorganic phosphate such as sodium phosphate, potassium phosphate, disodium hydrogen
phosphate, dipotassium hydrogen phosphate, sodium dihydrogen phosphate, potassium dihydrogen phosphate, or cal-
cium dihydrogen phosphate can be used.
[0038] The types of the inorganic carbonate and the inorganic salt (the inorganic chloride or the inorganic phosphate)
and the combination thereof in the gelling agent are not particularly limited as long as fibril formation (self-assembly) of
collagen can be caused when mixing the collagen solution therewith, however, it is necessary to contain at least one
inorganic carbonate and at least one compound of an inorganic chloride and an inorganic phosphate.
[0039] Further, the pH at 25°C of the solution (collagen sol) after mixing the gelling agent and the collagen solution is
preferably within a range of 6.2 to 9.8, and more preferably within a range of 6.8 to 9.0. In addition, as the concentrations
of the inorganic carbonate and the inorganic salt in the gelling agent, the ionic strength in the collagen sol is preferably
within a range of 0.07 to 0.22, and more preferably within a range of 0.07 to 0.18.
[0040] In the present invention, the collagen sol prepared by mixing the gelling agent and the collagen solution is
heated to cause fibril formation of collagen, whereby a collagen gel is formed, however, the temperature at that time is
preferably determined based on the denaturation temperature of the collagen to be used. The fibril formation of collagen
is caused at a temperature in the vicinity of the denaturation temperature of the collagen, and fibril formation is not
caused at a temperature much lower than the denaturation temperature. That is, the temperature is preferably within a
range that is -20°C or higher with respect to the denaturation temperature and the denaturation temperature or lower.
For example, the denaturation temperature of porcine-derived collagen is 41°C, and therefore, the temperature is pref-
erably within a range of 21°C to 41°C.
[0041] The collagen gel obtained as described above is subsequently subjected to drying and vitrification, thereby
forming a collagen gel dried body (collagen xerogel). The "vitrification" means, for example, a phenomenon in which a
hydrogel of a thermally denatured protein such as a hen egg protein (egg white) is dried to sufficiently remove water,
thereby converting it into a glass-like material that is hard and has high transparency (Takushi Eisei, "Edible eyeballs
from fish", Nature, 1990, Vol. 345, pp. 298-299).
[0042] In the method of the present invention, as a drying method for vitrification of the collagen gel, it is preferred to
use air drying, and further, the temperature in the air drying is preferably the denaturation temperature of the collagen



EP 3 689 901 A1

6

5

10

15

20

25

30

35

40

45

50

55

or lower.
[0043] More specifically, preferably, in the air drying, a constant temperature and humidity machine is used, and for
example, it is preferred to perform the vitrification of the collagen gel by leaving the collagen gel to stand under the
temperature and humidity conditions of about 10°C and 40% RH for 2 days.
[0044] The thus obtained collagen gel dried body is subsequently rehydrated, whereby a collagen vitrigel can be
formed. As a solution to be used for the rehydration of the collagen gel dried body, an aqueous solution in a neutral pH
range (for example, about pH 6.0 to 8.0) such as physiological saline, a phosphate buffer solution, or purified water
containing the components to be contained in the gelling agent of the present invention can be exemplified. The solution
to be used for the rehydration does not need to have the same composition and concentration as those of the gelling
agent when producing the collagen gel, and is not limited thereto.
[0045] In the rehydration, it is preferred to hydrate the collagen gel dried body by immersing it in the above D-PBS(-)
in an amount of 1 mL or more per 10 mg of the collagen gel dried body for 30 minutes or more. The temperature of the
aqueous solution to be used for the hydration is preferably a temperature much lower than the denaturation temperature
of the collagen to be used, and is preferably -20°C or lower with respect to the denaturation temperature.
[0046] The collagen vitrigel as a hydrated material is prepared as described above. The collagen vitrigel has a high
strength itself, and is easily produced and processed industrially and mechanically, and is easy to handle. Then, in the
collagen vitrigel, only inorganic compounds such as an inorganic carbonate, an inorganic chloride, or an inorganic
phosphate are used as a component of a gelling agent or a rehydrating agent to be used in the production step, and
medium components or organic materials that are conventionally used are not used, and therefore, the collagen vitrigel
can be used, for example, as a biologically highly safe collagen vitrigel for medical purposes.
[0047] Note that by further subjecting the collagen vitrigel to a desalting treatment and an equilibration treatment,
followed by drying, a purified collagen vitrigel (dried body) can be formed.
[0048] The above-mentioned collagen gel dried body (collagen xerogel) is obtained by drying the collagen gel, and
therefore, the inorganic compounds contained in the used gelling agent is concentrated by drying and is apt to be
deposited as crystals in some cases. The crystals are unevenly deposited on the surface of the collagen vitrigel dried
body, and therefore, the appearance is deteriorated, and also a problem in uniformity of products may occur.
[0049] On the other hand, by subjecting the collagen vitrigel to a desalting treatment and an equilibration treatment,
a purified collagen vitrigel (hydrated body) having high uniformity and good appearance can be obtained. The desalting
treatment performed here is carried out by immersing the collagen vitrigel in an aqueous solution in a neutral pH range
(for example, about pH 6.0 to 8.0), but is preferably carried out by immersing it in D-PBS(-). Specifically, for example,
the collagen gel dried body is hydrated by immersing it in D-PBS(-) in an amount of 1 mL or more per 10 mg of the
collagen gel dried body, thereby forming a collagen vitrigel, and thereafter, D-PBS(-) around the collagen vitrigel is
removed, and further the collagen vitrigel is immersed in D-PBS(-) twice of more, whereby desalting of the collagen
vitrigel and equilibration thereof with D-PBS(-) can be carried out.
[0050] The temperature of the aqueous solution in the operation is preferably a temperature much lower than the
denaturation temperature of the collagen to be used, and is preferably -20°C or lower with respect to the denaturation
temperature.
[0051] Further, in the drying for revitrification of the purified collagen vitrigel (hydrated body), it is preferred to use air
drying, and further, the temperature in the air drying is preferably the denaturation temperature of the collagen or lower.
More specifically, it is preferred to use a constant temperature and humidity machine in the air drying, and for example,
it is preferred to perform the drying by leaving the purified collagen vitrigel (hydrated body) to stand in a constant
temperature and humidity machine under the temperature and humidity conditions of 10°C and 40% RH for 1 day.
[0052] The collagen vitrigel and the purified collagen vitrigel prepared by the method described above have a high
strength per se, and are highly safe as described above, and therefore, can be used particularly as a device for medical
purposes such as a cell carrier for regenerative medicine, a wound dressing, an artificial skin, or an adhesion preventive
material. Further, as for its shape, it can be processed into an arbitrary shape according to its application, for example,
a plate shape, a film shape, a rod shape, a thread shape, a cylindrical shape, a tubular shape, a bag shape, or the like.

Examples

[0053] Hereinafter, the present invention will be further specifically described by showing Examples, however, the
present invention is not limited to the Examples, and various changes can be made within the scope being not deviated
from the technical idea of the present invention.
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Example 1

(Preparation of Collagen Solution)

[0054] 2 g of porcine skin-derived atelocollagen (NH Foods Ltd. # NMP collagen PS) was dissolved in 200 mL of sterile
water, whereby a 1 w/v% collagen solution was prepared.

(Preparation of Gelling Agent)

[0055] To 500 mL of phosphate-buffered saline (D-PBS(-), Wako Pure Chemical Industries, Ltd. # 045-29795), 1.85
g of sodium bicarbonate (Wako Pure Chemical Industries, Ltd. # 191-01305) was added and dissolved therein, whereby
a gelling agent was prepared.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0056] In a 50-mL conical tube (Corning # 352070), 20 mL of each of the gelling agent and the 1 w/v% collagen solution
was taken and uniformly mixed, and the resulting mixture was used as a collagen sol. The preparation of the collagen
sol was performed under ice cooling. Subsequently, an acrylic cylindrical mold (Cosmos Vid, 38.8 mm (outer diameter)
3 34.8 mm (inner diameter) 3 30.0 mm (height)) was placed in a polystyrene rectangular dish (AS ONE Corporation #
D210-16), and 10 mL of the collagen sol was filled in the mold. The dish was left to stand in a constant temperature
machine at 37°C for 2 hours to cause fibril formation of collagen, whereby a collagen gel was obtained.
[0057] The collagen gel was vitrified by drying in a constant temperature and humidity machine (the temperature and
humidity conditions: 10°C and 40% RH) for 2 days, whereby a collagen gel dried body was obtained. Further, the collagen
gel dried body was hydrated by immersing it in D-PBS(-) in an amount of 1 mL per 10 mg of the collagen gel dried body,
whereby a collagen vitrigel was obtained.
[0058] The collagen vitrigel was washed twice with D-PBS (-) to remove the excess salt, and the inside of the collagen
vitrigel was equilibrated with D-PBS (-), and thereafter the collagen vitrigel was dried again in a constant temperature
and humidity machine (the temperature and humidity conditions: 10°C and 40% RH) for 2 days, whereby a purified
collagen vitrigel (dried body) was obtained.

Example 2

(Preparation of Gelling Agent)

[0059] 3.21 g of sodium chloride (Wako Pure Chemical Industries, Ltd. # 191-01665), 3.40 g of potassium dihydrogen
phosphate (Wako Pure Chemical Industries, Ltd. # 169-04245), and 1.85 g of sodium bicarbonate were taken and
dissolved in 500 mL of sterile water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0060] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 3

(Preparation of Gelling Agent)

[0061] 3.21 g of sodium chloride and 1.85 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile
water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0062] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.
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Example 4

(Preparation of Gelling Agent)

[0063] To 500 mL of phosphate-buffered saline, 0.42 g of sodium bicarbonate was added and dissolved therein,
whereby a gelling agent was prepared.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0064] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 5

(Preparation of Gelling Agent)

[0065] To 500 mL of phosphate-buffered saline, 0.84 g of sodium bicarbonate was added and dissolved therein,
whereby a gelling agent was prepared.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0066] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 6

(Preparation of Gelling Agent)

[0067] To 500 mL of phosphate-buffered saline, 2.27 g of sodium bicarbonate was added and dissolved therein,
whereby a gelling agent was prepared.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0068] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 7

(Preparation of Gelling Agent)

[0069] To 500 mL of phosphate-buffered saline, 0.42 g of sodium bicarbonate and 0.53 g of sodium carbonate (Wako
Pure Chemical Industries, Ltd. # 196-01595) were added and dissolved therein, whereby a gelling agent was prepared.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0070] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 8

(Preparation of Gelling Agent)

[0071] To 500 mL of phosphate-buffered saline, 1.85 g of sodium bicarbonate and 0.53 g of sodium carbonate were
added and dissolved therein, whereby a gelling agent was prepared.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0072] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
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1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 9

(Preparation of Gelling Agent)

[0073] To 500 mL of phosphate-buffered saline, 2.94 g of sodium bicarbonate was added and dissolved therein,
whereby a gelling agent was prepared.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0074] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 10

(Preparation of Gelling Agent)

[0075] 3.21 g of sodium chloride and 0.46 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile
water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0076] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 11

(Preparation of Gelling Agent)

[0077] 3.21 g of sodium chloride and 0.84 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile
water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0078] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 12

(Preparation of Gelling Agent)

[0079] 3.21 g of sodium chloride and 2.52 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile
water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0080] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 13

(Preparation of Gelling Agent)

[0081] 3.21 g of sodium chloride and 2.94 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile
water, and the resulting solution was used as a gelling agent.
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(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0082] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 14

(Preparation of Gelling Agent)

[0083] 3.21 g of sodium chloride and 3.36 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile
water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0084] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 15

(Preparation of Gelling Agent)

[0085] 3.21 g of sodium chloride, 0.10 g of potassium chloride (Wako Pure Chemical Industries, Ltd. # 163-03545),
0.10 g of calcium chloride (Wako Pure Chemical Industries, Ltd. # 039-00475), 0.07 g of sodium dihydrogen phosphate
monohydrate (Millipore # 10049-21-5), 0.42 g of sodium bicarbonate, and 0.53 g of sodium carbonate were taken and
dissolved in 500 mL of sterile water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0086] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 16

(Preparation of Gelling Agent)

[0087] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, 1.85 g of sodium bicarbonate, and 1.59 g of sodium carbonate were taken and dissolved in
500 mL of sterile water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0088] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 17

(Preparation of Gelling Agent)

[0089] 1.17 g of sodium chloride and 4.62 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile
water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0090] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.
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Example 18

(Preparation of Gelling Agent)

[0091] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 0.42 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile water, and
the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0092] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 19

(Preparation of Gelling Agent)

[0093] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 0.84 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile water, and
the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0094] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 20

(Preparation of Gelling Agent)

[0095] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 1.68 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile water, and
the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0096] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 21

(Preparation of Gelling Agent)

[0097] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 2.52 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile water, and
the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0098] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 22

(Preparation of Gelling Agent)

[0099] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 3.36 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile water, and
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the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0100] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 23

(Preparation of Gelling Agent)

[0101] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 4.20 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile water, and
the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0102] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 24

(Preparation of Gelling Agent)

[0103] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 0.53 g of sodium carbonate were taken and dissolved in 500 mL of sterile water, and the
resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0104] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 25

(Preparation of Gelling Agent)

[0105] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 1.06 g of sodium carbonate were taken and dissolved in 500 mL of sterile water, and the
resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0106] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 26

(Preparation of Gelling Agent)

[0107] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, 0.84 g of sodium bicarbonate, and 0.27 g of sodium carbonate were taken and dissolved in
500 mL of sterile water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0108] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.
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Example 27

(Preparation of Gelling Agent)

[0109] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, 0.84 g of sodium bicarbonate, and 0.53 g of sodium carbonate were taken and dissolved in
500 mL of sterile water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0110] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 28

(Preparation of Gelling Agent)

[0111] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, 0.84 g of sodium bicarbonate, and 1.06 g of sodium carbonate were taken and dissolved in
500 mL of sterile water, and the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0112] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 29

(Preparation of Gelling Agent)

[0113] To 500 mL of phosphate-buffered saline, 0.21 g of sodium bicarbonate was added and dissolved therein,
whereby a gelling agent was prepared.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0114] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 30

(Preparation of Gelling Agent)

[0115] To 500 mL of a Hanks’ Balanced salt solution (HBSS(-), Wako Pure Chemical Industries, Ltd. # 085-09355),
0.85 g of sodium carbonate was added and dissolved therein, whereby a gelling agent was prepared.

(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0116] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Example 31

(Preparation of Gelling Agent)

[0117] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 0.27 g of sodium carbonate were taken and dissolved in 500 mL of sterile water, and the
resulting solution was used as a gelling agent.
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(Preparation of Collagen Vitrigel and Purified Collagen Vitrigel)

[0118] A collagen vitrigel and a purified collagen vitrigel (dried body) were prepared in the same manner as in Example
1 except that the gelling agent was changed to the above-prepared gelling agent.

Comparative Example 1

(Preparation of Gelling Agent)

[0119] To 490 mL of Dulbecco’s modified Eagle’s medium (DMEM), 10 mL of 1 mol/L HEPES (4-(2-hydroxyethyl)-1-
piperazine ethanesulfonic acid), Thermo Fisher Scientific # 15630-080) was added and uniformly mixed therein, and
the resulting mixture was used as a gelling agent.

(Preparation of Collagen Vitrigel and Collagen Vitrigel Dried body)

[0120] In a 50-mL conical tube, 20 mL each of the above-prepared gelling agent and the 1 w/v% collagen solution of
Example 1 was taken and uniformly mixed, and the resulting mixture was used as a collagen sol. The preparation of the
collagen sol was performed under ice cooling. Subsequently, an acrylic cylindrical mold was placed in a polystyrene
rectangular dish, and 10 mL of the collagen sol was filled in the mold. The dish was left to stand in a carbon dioxide gas
incubator (CO2 5%) at 37°C for 2 hours to cause fibril formation of collagen, whereby a collagen gel was obtained.
[0121] The collagen gel was dried and vitrified in a constant temperature and humidity machine, whereby a collagen
gel dried body was obtained. Further, the collagen gel dried body was hydrated by immersing it in D-PBS (-) in an amount
of 1 mL per 10 mg of the collagen gel dried body, whereby a collagen vitrigel was obtained. The collagen vitrigel was
washed twice with D-PBS(-) to remove the excess salt and other components, and the inside of the collagen vitrigel was
equilibrated with D-PBS(-), followed by drying again, whereby a corresponding dried body of the collagen vitrigel was
obtained.

Comparative Example 2

(Preparation of Collagen Vitrigel)

[0122] Preparation of a collagen vitrigel was attempted by the method of Example 1 except that the gelling agent was
changed to D-PBS(-). However, the once gelled collagen gel was dissolved and transformed into a sol in the subsequent
step, and therefore, the material could not be recovered as a collagen gel dried body, and a collagen vitrigel could not
be obtained.

Comparative Example 3

(Preparation of Gelling Agent)

[0123] 8.77 g of sodium chloride was taken and dissolved in 500 mL of sterile water, and the resulting solution was
used as a gelling agent.

(Preparation of Collagen Vitrigel)

[0124] Preparation of a collagen vitrigel was attempted by the method of Example 1 except that the gelling agent was
changed to the above-prepared gelling agent. However, the once gelled collagen gel was dissolved and transformed
into a sol in the subsequent step, and therefore, the material could not be recovered as a collagen gel dried body, and
a collagen vitrigel could not be obtained.

Comparative Example 4

(Preparation of Gelling Agent)

[0125] 1.75 g of sodium chloride, 0.14 g of sodium dihydrogen phosphate monohydrate, and 1.35 g of disodium
hydrogen phosphate (Wako Pure Chemical Industries, Ltd. # 197-02865) were taken and dissolved in 500 mL of sterile
water, and the resulting solution was used as a gelling agent.
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(Preparation of Collagen Vitrigel)

[0126] Preparation of a collagen vitrigel was attempted by the method of Example 1 except that the gelling agent was
changed to the above-prepared gelling agent. However, the once gelled collagen gel was dissolved and transformed
into a sol in the subsequent step, and therefore, the material could not be recovered as a collagen gel dried body, and
a collagen vitrigel could not be obtained.

Comparative Example 5

(Preparation of Collagen Vitrigel)

[0127] Preparation of a collagen vitrigel was attempted by the method of Example 1 except that the gelling agent was
changed to HBSS(-). However, collagen was not gelled, and therefore, a collagen gel could not be obtained, so that a
collagen vitrigel could not be obtained.

Comparative Example 6

(Preparation of Gelling Agent)

[0128] To 500 mL of HBSS(-), 2.12 g of sodium carbonate was added and dissolved therein, whereby a gelling agent
was prepared.

(Preparation of Collagen Vitrigel)

[0129] Preparation of a collagen vitrigel was attempted by the method of Example 1 except that the gelling agent was
changed to the above-prepared gelling agent. However, collagen was not gelled, and therefore, a collagen gel could
not be obtained, so that a collagen vitrigel could not be obtained.

Comparative Example 7

(Preparation of Gelling Agent)

[0130] To 500 mL of HBSS(-), 4.24 g of sodium carbonate was added and dissolved therein, whereby a gelling agent
was prepared.

(Preparation of Collagen Vitrigel)

[0131] Preparation of a collagen vitrigel was attempted by the method of Example 1 except that the gelling agent was
changed to the above-prepared gelling agent. However, collagen was not gelled, and therefore, a collagen gel could
not be obtained, so that a collagen vitrigel could not be obtained.

Comparative Example 8

(Preparation of Gelling Agent)

[0132] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, and 0.07 g of sodium
dihydrogen phosphate monohydrate were taken and dissolved in 500 mL of sterile water, and the resulting solution was
used as a gelling agent.

(Preparation of Collagen Vitrigel)

[0133] Preparation of a collagen vitrigel was attempted by the method of Example 1 except that the gelling agent was
changed to the above-prepared gelling agent. However, collagen was not gelled, and therefore, a collagen gel could
not be obtained, so that a collagen vitrigel could not be obtained.
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Comparative Example 9

(Preparation of Gelling Agent)

[0134] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 0.21 g of sodium bicarbonate were taken and dissolved in 500 mL of sterile water, and
the resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel)

[0135] Preparation of a collagen vitrigel was attempted by the method of Example 1 except that the gelling agent was
changed to the above-prepared gelling agent. However, collagen was not gelled, and therefore, a collagen gel could
not be obtained, so that a collagen vitrigel could not be obtained.

Comparative Example 10

(Preparation of Gelling Agent)

[0136] 3.21 g of sodium chloride, 0.10 g of potassium chloride, 0.10 g of calcium chloride, 0.07 g of sodium dihydrogen
phosphate monohydrate, and 2.12 g of sodium carbonate were taken and dissolved in 500 mL of sterile water, and the
resulting solution was used as a gelling agent.

(Preparation of Collagen Vitrigel)

[0137] Preparation of a collagen vitrigel was attempted by the method of Example 1 except that the gelling agent was
changed to the above-prepared gelling agent. However, collagen was not gelled, and therefore, a collagen gel could
not be obtained, so that a collagen vitrigel could not be obtained.

Test Example 1

Measurement of Physical Properties:

[0138] The concentrations of the inorganic compounds contained in the collagen sols of Examples 1 to 31 and Com-
parative Examples 1 to 10, and the ionic strengths and pH thereof, and the film strengths of the purified collagen vitrigels
(hydrated bodies) of Examples 1 to 3, Example 8, Example 10, Example 12, Example 18, Examples 23 to 25, Example
27, Examples 29 to 31, and Comparative Example 1 were measured by the following methods. The results are shown
in Table 1 to Table 7.

(pH Measurement)

[0139] The pH was measured for the collagen sols before gelling of Examples 1 to 29 and Comparative Examples 1
to 10. The pH measurement was performed by placing 0.5 mL of each collagen sol in a measurement electrode dish of
a pH meter (HORIBA, Ltd. # LAQUAtwin AS-712) and measuring the pH.

(Calculation of Ionic Strength)

[0140] When the molar concentrations (mol/L)of ion species A, B, C, ... of the compounds (except for collagen) con-
tained in a collagen sol are represented by mA, mB, mC, ..., respectively, and the charge numbers thereof are represented
by ZA, ZB, ZC, ..., respectively, the ionic strength I of the collagen sol is defined by the following formula. 
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(Measurement of Film Strength)

[0141] The film strengths of the purified collagen vitrigels (hydrated bodies) of Examples 1 to 3, Example 8, Example
10, Example 12, Example 18, Examples 23 to 25, Example 27, Examples 29 to 31, and Comparative Example 1 were
measured. The film strengths of the purified collagen vitrigels (hydrated bodies) were measured by the following method.
That is, the purified collagen vitrigel (dried body) having a diameter of 34.8 mm was rehydrated by immersing it in 8 mL
of D-PBS(-) for 1 hour. The purified collagen vitrigel (hydrated body) obtained by hydration was fixed by being sandwiched
between two acrylic plates with a diameter of 50 mm having a hole with a diameter of 5 mm at the center. The fixed film
exposed from the hole with a diameter of 5 mm was vertically pierced with a needle made of stainless steel with a
diameter of 1.0 mm at a rate of 3.0 mm/min, and the maximum stress (N) before the needle penetrated through the
purified collagen vitrigel (hydrated body) was measured using a small desktop testing machine (Shimadzu Corporation
# EZ-SX, load cell maximum load 5 N) . The measurement was performed at three sites per purified collagen vitrigel
(hydrated body), and the average was taken as the maximum stress (N). The operation was performed for three purified
collagen vitrigels (hydrated bodies), and the average of the three maximum stresses was taken as the membrane strength
(N).

[Table 1]

Example 1 Example 2 Example 3 Example 4 Example 5 Example 6

Concentration 
(mmol/L)

NaCl 68 55 55 68 68 68

KCl 1.4 - - 1.4 1.4 1.4

CaCl2 - - - - - -

MgSO4 - - - - - -

NaH2PO4 - - - - - -

KH2PO4 0.8 5 - 0.8 0.8 0.8

Na2HPO4 4 - - 4 4 4

NaHCO3 22 22 22 5 10 27

Na2CO3 - - - - - -

Components other than 
inorganic salts

Absence Absence Absence Absence Absence Absence

Ionic strength 0.165 0.151 0.121 0.113 0.128 0.179

pH 7.5 7.3 7.4 7.2 7.2 7.4

Film strength (N) (average 6 
standard deviation)

0.021 6 
0.002

0.025 6 
0.002

0.028 6 
0.003

No data No data No data

Remarks
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[Table 2]

Example 7 Example 8 Example 9
Example 

10
Example 11

Example 
12

Concentration 
(mmol/L)

NaCl 68 68 68 55 55 55

KCl 1.4 1.4 1.4 - - -

CaCl2 - - - - - -

MgSO4

NaH2PO4 - - - - - -

KH2PO4 0.8 0.8 0.8 - - -

Na2HPO4 4 4 4 - - -

NaHCO3 5 22 35 5.5 10 30

Na2CO3 5 5 - - - -

Components other than 
inorganic salts Absence Absence Absence Absence Absence Absence

Ionic strength 0.128 0.179 0.203 0.072 0.085 0.145

pH 9.0 8.6 7.7 7.0 7.0 7.4

Film strength (N) (average 6 
standard deviation)

No data 0.067 6 
0.013

No data 0.024 6 
0.003

No data 0.025 6 
0.004

Remarks

[Table 3]

Example 
13

Example 
14

Example 
15

Example 
16

Example 
17

Example 18

Concentration 
(mmol/L)

NaCl 55 55 55 55 20 55

KCl - - 2.6 2.6 - 2.6

CaCl2 - - 0.9 0.9 - 0.9

MgSO4 - - - - - -

NaH2PO4 - - 0.5 0.5 - 0.5

KH2PO4 - - - - - -

Na2HPO4 - - - - - -

NaHCO3 35 40 5 22 55 5

Na2CO3 - - 5 15 - -

Components other than 
inorganic salts

Absence Absence Absence Absence Absence Absence

Ionic strength 0.160 0.175 0.093 0.174 0.185 0.078

pH 7.5 7.7 9.0 9.4 7.9 6.3

Film strength (N) (average 6 
standard deviation) No data No data No data No data No data

0.01960.0 
02

Remarks
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[Table 4]

Example 19 Example 20 Example 21 Example 22
Example 

23
Example 

24

Concentration 
(mmol/L)

NaCl 55 55 55 55 55 55

KCl 2.6 2.6 2.6 2.6 2.6 2.6

CaCl2 0.9 0.9 0.9 0.9 0.9 0.9

MgSO4 - - - - - -

NaH2PO4 0.5 0.5 0.5 0.5 0.5 0.5

KH2PO4 - - - - - -

Na2HPO4 - - - - - -

NaHCO3 10 20 30 40 50 -

Na2CO3 - - - - - 5

Components other than 
inorganic salts Absence Absence Absence Absence Absence Absence

Ionic strength 0.093 0.123 0.153 0.183 0.213 0.078

pH 6.7 7.1 7.2 7.8 8.5 9.3

Film strength (N) (average 6 
standard deviation)

No data No data No data No data 0.033 6 
0.005

0.042 6 
0.005

Remarks

[Table 5]

Example 
25

Example 26 Example 
27

Example 28 Example 
29

Example 
30

Concentration 
(mmol/L)

NaCl 55 55 55 55 68 68.5

KCl 2.6 2.6 2.6 2.6 1.4 2.7

CaCl2 0.9 0.9 0.9 0.9 - -

MgSO4 - - - -

NaH2PO4 0.5 0.5 0.5 0.5 - -

KH2PO4 - - - - 0.8 0.2

Na2HPO4 - - - - 4 0.2

NaHCO3 - 10 10 10 2.5 2.1

Na2CO3 10 2.5 5 10 - 8.0

Components other than 
inorganic salts

Absence Absence Absence Absence Absence Absence

Ionic strength 0.093 0.101 0.108 0.123 0.106 0.104

pH 9.8 8.1 8.6 9.3 6.6 9.6

Film strength (N) (average 6 
standard deviation)

0.053 6 
0.008 No data

0.053 6 
0.005 No data

0.011 6 
0.002

0.054 6 
0.005

Remarks
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[0142] As apparent from Table 1 to Table 6, the purified collagen vitrigels obtained according to the method of the
present invention had a sufficient film strength, and also did not substantially contain residual components other than
the inorganic salts, were biologically highly safe, and were of practical use.

Industrial Applicability

[0143] As described above, according to the production methods of the present invention, a collagen vitrigel and a
purified product thereof that are biologically highly safe are obtained easily at low cost.
[0144] Moreover, the obtained collagen vitrigel and purified collagen vitrigel have a sufficient film strength, are easily
produced and processed industrially and mechanically, are easy to handle, and are highly safe, and therefore, are useful
as various biological graft materials, for example, a cell carrier for regenerative medicine, a wound dressing, an artificial
skin, an adhesion preventive material, and the like.

Claims

1. A method for producing a collagen vitrigel, characterized by gelling collagen with a gelling agent containing an
inorganic carbonate and a compound selected from the group consisting of an inorganic chloride and an inorganic
phosphate, subsequently vitrifying the obtained collagen gel, and further subjecting the vitrified collagen gel to a
hydration treatment.

2. The method for producing a collagen vitrigel according to claim 1, wherein the collagen is porcine skin-derived
atelocollagen.

3. The method for producing a collagen vitrigel according to claim 1 or 2, wherein the pH at 25°C of a mixture of the
collagen and the gelling agent is 6.2 to 9.8.

4. The method for producing a collagen vitrigel according to any one of claims 1 to 3, wherein the ionic strength of a

[Table 7]

Comparative 
Example 6

Comparative 
Example 7

Comparative 
Example 8

Comparative 
Example 9

Comparative 
Example 10

Concentration 
(mmol/L)

NaCl 68.5 68.5 55 55 55

KCl 2.7 2.7 2.6 2.6 2.6

CaCl2 - - 0.9 0.9 0.9

MgSO4 - - -

NaH2PO4 - - 0.5 0.5 0.5

KH2PO4 0.2 0.2 - - -

Na2HPO4 0.2 0.2 - - -

NaHCO3 2.1 2.1 - 2.5 -

Na2CO3 20 40 - - 20

Components other than 
inorganic salts

Absence Absence Absence Absence Absence

Ionic strength 0.140 0.200 0.063 0.071 0.123

pH 10.0 10.5 3.2 4.4 10.2

Film strength (N) (average 6 
standard deviation)

Remarks
Could not be 

produced
Could not be 

produced
Could not be 

produced
Could not be 

produced
Could not be 

produced
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compound contained in the mixture of the collagen and the gelling agent is 0.07 to 0.22.

5. The method for producing a collagen vitrigel according to any one of claims 1 to 4, wherein the inorganic carbonate
is an inorganic carbonate or an inorganic bicarbonate.

6. The method for producing a collagen vitrigel according to claim 5, wherein the inorganic carbonate is sodium car-
bonate or potassium carbonate.

7. The method for producing a collagen vitrigel according to claim 5 or 6, wherein the inorganic bicarbonate is sodium
bicarbonate or potassium bicarbonate.

8. The method for producing a collagen vitrigel according to any one of claims 1 to 7, wherein the inorganic chloride
is one or more types selected from the group consisting of sodium chloride, potassium chloride, magnesium chloride,
and calcium chloride.

9. The method for producing a collagen vitrigel according to any one of claims 1 to 8, wherein the inorganic phosphate
is one or more types selected from the group consisting of sodium phosphate, potassium phosphate, disodium
hydrogen phosphate, dipotassium hydrogen phosphate, sodium dihydrogen phosphate, potassium dihydrogen phos-
phate, and calcium dihydrogen phosphate.

10. The method for producing a collagen vitrigel according to any one of claims 1 to 9, wherein the gelling agent does
not contain an organic component derived from a medium component and an organic buffer component.

11. A method for producing a purified collagen vitrigel hydrated body, characterized by desalting and equilibrating a
collagen vitrigel prepared by the production method according to any one of claims 1 to 10.

12. A method for producing a purified collagen vitrigel dried body, characterized by further drying and revitrifying a
purified collagen vitrigel hydrated body prepared by the production method according to claim 11.

13. A method for producing a purified collagen vitrigel hydrated body, characterized by further rehydrating a purified
collagen vitrigel dried body prepared by the production method according to claim 12.

14. A collagen vitrigel obtained by the method according to any one of claims 1 to 10.

15. A biological graft material, comprising at least the collagen vitrigel according to claim 14.

16. The biological graft material according to claim 15, wherein cells are not carried before use.

17. A medical artificial skin, comprising at least the collagen vitrigel according to claim 14.

18. A purified collagen vitrigel hydrated body obtained by the method according to either claim 11 or claim 13.

19. A biological graft material, comprising at least the purified collagen vitrigel hydrated material according to claim 18.

20. The biological graft material according to claim 19, wherein cells are not carried before use.

21. A medical artificial skin, comprising at least the purified collagen vitrigel hydrated material according to claim 18.

22. A purified collagen vitrigel dried body obtained by the method according to claim 12.

23. A biological graft material, comprising at least the purified collagen vitrigel dried body according to claim 22.

24. The biological graft material according to claim 23, wherein cells are not carried before use.

25. A medical artificial skin, comprising at least the purified collagen vitrigel dried body according to claim 22.

26. A collagen gel dried body obtained by gelling collagen with a gelling agent containing an inorganic carbonate and
a compound selected from the group consisting of an inorganic chloride and an inorganic phosphate, subsequently
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vitrifying the obtained collagen gel.
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