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ABSTRACT
To provide an agent for hypodermic injection that is unlikely to cause
inflammation and to provide an injector containing the agent for hypodermic injection.
There is provided a method for producing an agent for hypodermic injection,
wherein the agent includes a hydrogel containing sintered hydroxyapatite particles, and

the production method includes a deacration step for removing air contained in the

agent.
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DESCRIPTION
AGENT FOR HYPODERMIC INJECTIONS AND PRODUCTION METHOD FOR
INJECTORS CONTAINING AGENT FOR HYPODERMIC INJECTIONS

Technical Field
[0001]

The present invention relates to an agent for hypodermic injection.
Background Art
[0002]

In the cosmetic medical field, a filling material (filler) containing
hydroxyapatite is injected under the skin as a means for improving beauty.
Hydroxyapatite has various effects including biocompatibility, and is a material which is
expected to have an excellent effect for improving beauty even by hypodermic
injection.

[0003]
Patent Literature 1, for example, discloses a biomaterial composition which

uses particles containing calcium hydroxyapatite with a particle diameter of 80 to 200

pm.

Citation List

Patent Literature

[0004]

Patent Literature 1: JP 3559565 B2

[0005]
However, with respect to biomaterial compositions and general cosmetic fillers
as described in Patent Literature 1 above, when a product thereof is directly used,
problems in the safety aspect have remained in some cases, for example inflammation
can occur.
[0006]
Therefore, a subject of the present invention is to provide an agent for
hypodermic injection that is unlikely to cause inflammation and an injector containing

the agent for hypodermic injection.

Solution to Problem
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[0007]
The inventors diligently repeated investigations to solve the above problem.

As a result, the inventors found that inflammation could be suppressed by a production
method including a specific step, thereby completing the present invention. That is,
the present invention is as follows.
[0008]

The present invention (1) is a method for producing an agent for hypodermic
injection, wherein

the agent comprises a hydrogel containing sintered hydroxyapatite particles,
and

the production method comprises a deaeration step for removing air contained
in the agent.

The present invention (2) is

a method for producing an injector containing an agent for hypodermic
injection, wherein

the agent comprises a hydrogel containing sintered hydroxyapatite particles,
and

the production method comprises

a deaeration step for removing air contained in the agent, and

a step for filling the agent after the deaeration step in a syringe.

The present invention (3) is

the production method according to the invention (1) or (2), wherein the
deaeration step is a step in which deaeration is carried out by applying the agent to a
centrifuge under reduced pressure.

The present invention (4) is

the production method according to any of the inventions (1) to (3), wherein
the hydrogel is a carboxymethylcellulose gel.

The present invention (5) is

the production method according to any of the inventions (1) to (4), wherein
the viscosity of the agent is 50 to 15000 mPa-s.

The present invention (6) is

the production method according to any of the inventions (1) to (5), wherein an
average particle diameter of the sintered hydroxyapatite particles is 15 um or less.

The present invention (7) is

the production method according to the inventions (1) to (6), wherein 90% or
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more of the sintered hydroxyapatite particles have a particle diameter of 15 um or less.

The present invention (8) is

the production method according to any of the inventions (1) to (7), wherein
the sintered hydroxyapatite particle content is 1 to 60% by mass based on the total mass
of the agent.

The present invention (9) is

the production method according to any of the inventions (1) to (8), wherein

the agent passes through a hollow needle with an internal diameter of 0.20 mm or less.

Advantageous Effects of Invention
[0009]

According to the present invention, it is possible to provide an agent for
hypodermic injection that is unlikely to cause inflammation and an injector containing

the agent for hypodermic injection.

Brief Description of Drawings
[0010]
Figs. 1(a) and (b) are figures (photographs) showing the filler according to

Example before and after the deaeration step.

Description of Embodiments
[0011]
An agent for hypodermic injection according to a preferred embodiment of the
present invention will be described in the following order:
(1) the composition of the agent for hypodermic injection,
(2) a method for producing the agent for hypodermic injection,
(3) the action of the agent for hypodermic injection,
(4) a method for using the agent for hypodermic injection, and
(5) the physical properties of the agent for hypodermic injection.
[0012]
<<Composition>>
The components of the agent for hypodermic injection according to the present
embodiment and the amounts blended will now be described in detail.
[0013]

<Components>
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The agent for hypodermic injection according to the present embodiment
includes hydroxyapatite particles and a hydrogel and furthermore may include other
components. It should be noted that hydroxyapatite particle aggregates are aggregates
of hydroxyapatite particles.

[0014]
(Hydroxyapatite Particles)

First, the hydroxyapatite (calcium phosphate hydroxide) particles according to
the present embodiment will be described about their composition, functions and
characteristics, acquisition method, sintering, and particle diameter. It should be noted
that the physical properties (particularly, the particle diameter) of hydroxyapatite
particles described herein indicate the physical properties of hydroxyapatite particles
contained in an agent for hypodermic injection (the physical properties of
hydroxyapatite particles contained in the agent for hypodermic injection and the
physical properties of hydroxyapatite particles, a constituent of the agent for
hypodermic injection, are not necessarily identical because, for example, their forms
can be changed in the production stage.)

[0015]
- Composition

Hydroxyapatite (HAp) is basic calcium phosphate represented by the chemical
formula Caio(PO4)s(OH)z2, and exists as the main component of teeth and bones and also
occurs naturally as an ore.

[0016]
- Functions and Characteristics

Hydroxyapatite particles show high biocompatibility. In particular, when
using them as an agent for hypodermic injection, hydroxyapatite particles existing as
nanoparticles in a filler stimulate fibroblasts to promote collagen production. In
addition, hydroxyapatite particles existing as microparticles in a filler physically
function as a spacer.

[0017]
-Sintering

As the hydroxyapatite particles according to the present embodiment, sintered
hydroxyapatite particles (hereinafter, “hydroxyapatite particles” mean “sintered
hydroxyapatite particles” unless otherwise specified) are used. By sintering
hydroxyapatite particles (e.g. at 800°C for an hour), the crystallinity of particles

increases, and a plurality of aggregates of primary particles are fused due to heat to
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obtain more solid and stable particles. In particular, sintering by a dispersion-sintering
method is appropriate, and apatite nanoparticles which are not easily aggregated and
have high crystallinity can be obtained by sintering using a fusion preventing agent.

As described above, the concept of “hydroxyapatite particles” described in the present
invention includes not only sintered hydroxyapatite particles with a primary particle size
but also aggregates in which a plurality of primary particles are fused unless otherwise
specified.

[0018]

Using such sintered apatite particles, a filler having a high effect for
stimulating fibroblasts to promote collagen production can be obtained. That is, by
changing hydroxyapatite particles into sintered hydroxyapatite, the action of promoting
collagen production is significantly improved compared to that of unsintered
hydroxyapatite. Furthermore, sintered hydroxyapatite has high crystallinity and low
solubility in the body compared to those of amorphous hydroxyapatite. Therefore,
bioactivity can be maintained in the body for a long period of time, and thus the effect
of promoting collagen production is easily shown for a long period of time. ’
[0019]

Sintered hydroxyapatite particles are obtained by sintering amorphous
hydroxyapatite. More particularly, sintered hydroxyapatite can be obtained, for
example, by sintering amorphous hydroxyapatite in a dispersion-sintering method. In
addition, hydroxyapatite particles with high crystallinity, high-crystalline
hydroxyapatite particles, are appropriately used.

[0020]

The lower limit of sintering temperature is more preferably 500°C or higher.
When the sintering temperature is lower than 500°C, sintering is insufficient in some
cases. On the other hand, the upper limit of sintering temperature is more preferably
1800°C or lower, further preferably 1250°C or lower, and particularly preferably
1200°C or lower. When the sintering temperature is higher than 1800°C,
hydroxyapatite can be decomposed. Therefore, hydroxyapatite which is not easily
dissolved in the body (high crystallinity) can be produced by adjusting the sintering
temperature to the above range. In addition, sintering time is not particularly limited,
and can be suitably set. It should be noted that particles can be fused by sintering, and
in this case, particles after sintering can be pulverized and used.

[0021]
It can be determined whether hydroxyapatite particles are sintered or not by the
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degree of crystallinity of such particles. The degree of crystallinity of hydroxyapatite
particles can be measured by an X-ray diffraction method (XRD). It can be said that
as the half width of each crystal plane peak is narrower, crystallinity is higher. More
particularly, the sintered hydroxyapatite particles in the present embodiment are high
crystalline hydroxyapatite particles in which the half width of the peak of the (300)
plane around 26 = 32° in X-ray diffraction (CuK a line) is appropriately 0.8 or less
(more appropriately 0.5 or less).

[0022]

As described above, apatite nanoparticles which are not easily aggregated and
have high crystallinity can be obtained by sintering using a fusion preventing agent.
The fusion preventing agent is not particularly limited as long as fusion between
hydroxyapatite particles can be prevented, and the fusion preventing agent is preferably
nonvolatile at the above sintering temperature. However, it is only required that the
fusion preventing agent be nonvolatile to the extent that 10% or more of the fusion
preventing agent remains after completion of the sintering step. The fusion preventing
agent can be also one which is chemically decomposed by heat after completion of the
sintering step. Furthermore, the fusion preventing agent is preferably a substance
which is dissolved in a solvent, particularly a water-based solvent. This is because the
fusion preventing agent can be removed only by suspending hydroxyapatite particles
mixed together with the fusion preventing agent in a water-based solvent.

[0023]

Specific examples of such fusion preventing agents include calcium salts (or
complexes) such as calcium chloride, calcium oxide, calcium sulfate, calcium nitrate,
calcium carbonate, calcium hydroxide, calcium acetate and calcium citrate, potassium
salts such as potassium chloride, potassium oxide, potassium sulfate, potassium nitrate,
potassium carbonate, potassium hydroxide and potassium phosphate, sodium salts such
as sodium chloride, sodium oxide, sodium sulfate, sodium nitrate, sodium carbonate,
sodium hydroxide and sodium phosphate, and the like.

[0024]
- Acquisition Method

A general method for producing hydroxyapatite particles is for example a
solution method (wet process). This is a method in which a calcium ion and a
phosphate ion are allowed to react in a neutral or alkaline aqueous solution to synthesis
hydroxyapatite particles, and there are a method by neutralization and a method in

which a calcium salt and a phosphoric salt are allowed to react.  As described above,
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crystalline apatite particles with a little aggregation are obtained by sintering in the
coexistence of a fusion preventing agent.

[0025]

- Particle Diameter

The particle diameter (average particle diameter) of hydroxyapatite particles
according to the present embodiment is 15 um or less, appropriately 5 pm or less, more
appropriately 1 um or less and further appropriately 100 nm or less. By adjusting the
particle diameter to such range, fibroblasts are stimulated to promote collagen
production. By adjusting the particle diameter to such range, because of the size
which is not easily recognized as a foreign substance in the body, macrophages are not
easily induced. The lower limit of particle diameter (average particle diameter) of
hydroxyapatite particles is not particularly limited, and for example, 10 nm or more. It
should be noted that the average particle diameter of hydroxyapatite particles (including
aggregates) in a filler described herein is determined from an average diameter obtained
by measuring the particle diameter of particles (e.g. 50 particles) in an image taken by a
microscope. The average particle diameter can be also determined from an average
diameter obtained by swelling a filler with e.g. water, dissolving a hydrogel therein and
measuring the particle diameter of particles (e.g. 50 particles) of hydroxyapatite taken
therefrom.

[0026]

With respect to the particle diameter of hydroxyapatite particles in the agent
according to the present embodiment, it is only required that the particle diameter of
almost all particles be in a desired range as a practical issue, and the particle diameter of
some particles can be outside the desired range without inhibiting the effect of the
invention. More particularly, 90% or more of particles are preferably in a desired
range (15 pum or less, appropriately 10 um or less, more appropriately 5 pm or less, and
particularly appropriately 1 um or less), more preferably 95% or more of particles are in
the desired range, further preferably 97% or more of particles are in the desired range,
and particularly preferably 99% or more of particles are in the desired range. An agent
thus produced can be stably used even in thin needles, for example with an internal
diameter of 0.20 mm or less. The range of particles described herein is based on the
measurement results of particle diameter of particles (e.g. 100 particles) in an image
taken by a microscope.

[0027]
Herein, when hydroxyapatite particles have a nano order particle diameter, the
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viscosity of an agent for hypodermic injection can increase. Such increase in viscosity
is advantageous in the respect that an agent for hypodermic injection remains under the
skin; however, when the viscosity increases too much, injection from an injection
needle can be difficult. From such viewpoint, the particle diameter of hydroxyapatite
particles is appropriately 15 nm or more, more appropriately 20 nm or more, and
particularly appropriately 100 nm or more.

[0028]

As described above, hydroxyapatite particles in the agent for hypodermic
injection according to the present embodiment function, for example, as a component
having the action of promoting collagen production and a component which improves
viscosity, and furthermore can be a component which induces macrophages. The
particle diameter of hydroxyapatite particles is appropriately 10 nm to 8 um in the
respect that all of these functions are made suitable.

[{0029]
(Hydrogel)

The hydrogel is not particularly limited as long as it can be used for an agent
for hypodermic injection, and examples thereof include carboxymethylcellulose gels
(CMC), polyvinyl alcohol gels, sodium polyacrylate gels [e.g. Carbopol (registered
trademark) etc.] A carboxymethylcellulose gel is preferred, for example, because
cellulose, a material, is safe and cheap.

[0030]
- Carboxymethylcellulose gel

Carboxymethylcellulose (CMC) is a cellulose ether in which a carboxymethyl
group is introduced into a hydroxy group of cellulose. In the present embodiment,
CMC is not particularly limited and is preferably sodium carboxymethylcellulose
(Na-CMC) which is a sodium salt of CMC.

[0031]

The degree of etherification of commercially available CMC is about 0.5 to 1.0.
In addition, CMC with a degree of etherification of 3, in which all the three hydroxy
groups per cellulose unit are etherified, can be produced, and CMC with a degree of
etherification of 1.0 or more is also commercially available. The degree of
etherification of CMC can be obtained by a mineral alkaline method published by CMC
Kogyokai. In the present embodiment, the degree of etherification is preferably 0.5 or
more, more preferably 0.8 or more, and further preferably 1.0 or more. It should be

noted that the degree of etherification generally indicates the average number of
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hydroxy groups substituted with a carboxymethyl group or a salt thereof among
hydroxy groups in a glucose residue forming cellulose.
[0032]

The molecular weight of CMC is preferably 50,000 to 500,000. When this
molecular weight is less than 50,000, viscosity becomes low and thixotropic properties
deteriorate. On the other hand, when the molecular weight is above 500,000, viscosity
becomes too high, and the amount of injectable apatite blended becomes insufficient.

It should be noted that the molecular weight described herein indicates weight average
molecular weight and can be measured by gel permeation chromatography.
[0033]

The method for producing a carboxymethylcellulose gel is not particularly
limited, and for example a carboxymethylcellulose gel can be produced by blending
carboxymethylcellulose, glycerin and water. The weight ratio of components blended
is not particularly limited, and is preferably carboxymethylcellulose : glycerin : water =
1:51t020:30 to 60, and further preferably 1 : 7 to 15 : 40 to 55 due to an appropriate
range of viscosity as described below.

[0034]

A carboxymethylcellulose (CMC) gel is a physical gel having thixotropic
properties, and behaves as an elastic body when a shear stress is zero or near zero, and
shows a behavior as a fluid as a shear rate increases. This indicates that an agent for
hypodermic injection can be easily injected as a fluid with a small force when injected
from a needle of a syringe. That is, it can be said that a treatment is easy and the load
of patients by the treatment is very light. However, after injected under the skin, the
agent for hypodermic injection maintains a shape as an elastic body, and thus remains at
a specific site under the skin and has the effect of smoothing wrinkles.

[0035]

The viscosity of a hydrogel is preferably 50 to 15000 mPa-s, more preferably
55 to 10000 mPa-s, still more preferably 60 to 1000 mPa-s, further preferably 65 to 500
mPa-s, and particularly preferably 70 to 300 mPa-s. When the viscosity of a hydrogel
is low, an agent for hypodermic injection cannot maintain a shape after injected under
the skin and does not remain at a specific site under the skin. When the viscosity of a
hydrogel is high, it is difficult to disperse a sufficient amount of hydroxyapatite particles
(hydroxyapatite particles with a small diameter according to the present embodiment)
and an agent for hypodermic injection cannot pass through a hollow needle with an

internal diameter of 0.20 mm or less. The viscosity can be measured using, for
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example, a vibration type viscometer in accordance with JIS Z 8803, and more
particularly is a value measured by Viscomate MODEL VM-10A.
[0036]

Hydroxyapatite particles in the range of particle diameter according to the
present embodiment have a stronger interaction with a gel skeleton than that of particles
beyond the range of particle diameter according to the present embodiment, and thus
have the action of suppressing the dissolution of a filler under the skin.

[0037]
(Other Components)

As other components, known additives such as viscosity modifiers (e.g.
glycerin etc.) and dispersing agents (e.g. polyacrylic acid etc.) can be suitably added
without inhibiting the effect of the present embodiment.

[0038]
<Amount to be Blended>

In the agent for hypodermic injection according to the present embodiment, the
hydroxyapatite particle content is 1% by mass or more, appropriately 15% by mass or
more, more appropriately 20% by mass or more, and further appropriately 30% by mass
or more based on the total mass of agent for hypodermic injection. By adjusting the
hydroxyapatite particle content to such range, high elasticity is shown and furthermore
separation due to precipitation of apatite particles blended in a filler can be prevented.
When the hydroxyapatite particle content is less than 1% by mass (particularly less than
15% by mass), the separation between apatite particles and a gel due to storage for a
long period of time can be apparent.

[0039]

The upper limit of the hydroxyapatite particle content is not particularly limited,
and is 60% by mass or less, appropriately 50% by mass or less, appropriately 45% by
mass or less, and particularly appropriately 40% by mass or less based on the total mass
of agent for hypodermic injection. When the hydroxyapatite particle content is above
this upper limit, injection from a fine needle with an internal diameter of 0.20 mm or
less (furthermore, an internal diameter of 0.18 or less) is difficult, and thus the load of
patients at the time of a treatment becomes greater.

[0040]
Herein, as described above, when hydroxyapatite particles with a small particle
diameter are used in the agent for hypodermic injection according to the present

embodiment, the viscosity of the agent for hypodermic injection can be higher.

10
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However, for example, even when using hydroxyapatite particles with a particle
diameter of 100 nm or less (the lower limit is not particularly limited, and for example
20 nm), which have particularly excellent action for promoting collagen production and
action in which macrophages are not induced, it is easy to make the viscosity of an
agent for hypodermic injection optimum by adjusting the amount of hydroxyapatite
particles blended to 40% by mass or less (more appropriately 35% by mass or less)
(consequently, the agent for hypodermic injection can be used even in thinner injection
needles).

[0041]

In addition, the hydrogel (particularly a carboxymethylcellulose gel) content is
not particularly limited, and is appropriately 0.5% by mass to 2.0% by mass, more
appropriately 0.6% by mass to 1.5% by mass, and further appropriately 0.7% by mass to
1.0% by mass in terms of solid matter based on the total mass of agent for hypodermic
injection.

[0042]

It should be noted that the other component content is not particularly limited,
and is appropriately 5.0% by mass to 10% by mass, more appropriately 6.0% by mass to
9.0% by mass, and further appropriately 6.5% by mass to 8.8% by mass based on the
total mass of agent for hypodermic injection.

[0043]
<<Production Method>>

Next, a method for producing the agent for hypodermic injection according to
the present embodiment will be described.
[0044]

The agent for hypodermic injection according to the present embodiment can
be also adjusted by suitably blending and mixing (stirring) the above materials, and the
production method is not particularly limited.

[0045]
<<Action>>

After subcutaneous injection of the agent for hypodermic injection according to
the present embodiment, first, a hydrogel is absorbed and decomposed. The sintered
hydroxyapatite particles according to the present embodiment have a small particle
diameter and thus the sintered hydroxyapatite particles are released. Fibroblasts are
stimulated by the sintered hydroxyapatite particles to promote collagen production. As

described above, because of the size which is not easily recognized as a foreign
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substance in the body, macrophages are not easily induced, and because of high
crystallinity, bioactivity can be maintained in the body for a long period of time. Asa
result, a collagen-rich tissue remains under the skin.

[0046]

On the other hand, when the average particle diameter of hydroxyapatite
particles is larger than that of the present embodiment, apatite acts passively. As the
mechanism, because the surface of apatite particles is gradually covered with collagen
under the skin due to biocompatibility and furthermore apatite particles have a size
which is recognized as a foreign substance, apatite is phagocytized by macrophages,
and the collagen layer covering the surface remains, and thus the effect of smoothing
wrinkles is sustained.

[0047]
<<Method of Use>>

The method for using the agent for hypodermic injection according to the
present embodiment is not particularly limited, and the agent for hypodermic injection
is filled in a syringe of a general injector, and then can be used for subcutaneous
injection. In particular, the agent for hypodermic injection can be used as an injectable
for an injector having a hollow needle with an internal diameter of 0.20 mm or less.
Herein, as specific methods for using the agent for hypodermic injection according to
the present embodiment, an appropriate method for producing an injector containing the
agent for hypodermic injection according to the present embodiment, and a method for
applying the agent for hypodermic injection according to the present embodiment will
be described. It should be noted that these are just examples and the method for using
the agent for hypodermic injection according to the present embodiment is not
particularly limited thereto.

[0048]
<Method for Producing Injector>

The method for producing the injector containing a agent for hypodermic
injection according to the present embodiment is a method including the deaeration step.
Each step will now be described.

[0049]
(Deaeration Step)

For the agent for hypodermic injection according to the present embodiment,

first, air contained in an agent for hypodermic injection is removed by the deaeration

step. Due to the characteristics of the agent for hypodermic injection according to the

12
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present embodiment, a method by a centrifuge is appropriate as the deaeration step of
the agent for hypodermic injection, and a method by a centrifuge under reduced
pressure is most appropriate. More particularly, when using a filler having thixotropic
properties, for example, having a carboxymethylcellulose (CMC) gel as a main
component, the viscosity of the filler can be reduced by adding a shearing force to the
filler by centrifugation and the efficiency of deaeration can be raised. Furthermore, by
centrifugation under reduced pressure along with the principle of such deaeration, the
efficiency of deaeration can be further raised.

[0050]

The conditions of deaeration are not particularly limited, and include for
example the following recipe examples.

- Recipe 01 High viscosity standard deaeration

1.3 KPa 9/3 90 sec (Pressure Revolution/Rotation ratio Time)
- Recipe 02 Metal filler deaeration

1.3 KPa 3/9 120 sec

1.3 KPa 7/5 90 sec

1.3 KPa 9/2 60 sec
- Recipe 03 Ceramic filler deaeration

1.3 KPa 2/5 60 sec

1.3 KPa 5/5 60 sec
[0051]

By including such deaeration step, air contained in an agent for hypodermic
injection having a hydrogel containing sintered hydroxyapatite particles can be removed,
and thus inflammation during subcutaneous injection can be suppressed.

[0052]
(Filling Step)

Next, the agent for hypodermic injection after the deaeration step is filled in a
syringe to obtain an injector according to the present embodiment.
[0053]

(Disinfection Step)

Furthermore, the agent for hypodermic injection according to the present
embodiment can be disinfected and sterilized as needed. A method for disinfection
and sterilization is for example high pressure steam sterilization.

[0054]
<Application Method>

13
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The methods for applying the agent for hypodermic injection and the injector
containing an agent for hypodermic injection according to the present embodiment are
same as of, for example, conventional agent for hypodermic injections and injectors
containing an agent for hypodermic injection and are not particularly limited.

[0055]
<<Physical Properties>>

The agent for hypodermic injection according to the present embodiment can
be used even in thin needles, for example with an internal diameter of 0.20 mm or less,
by using a carboxymethylcellulose gel as a main component and sintered
hydroxyapatite particles with an average particle diameter of 15 pm or less, even when
blending 1 to 60% by mass or more of sintered hydroxyapatite particles based on the
total mass of the agent for hypodermic injection. Needles with an internal diameter of
0.20 mm correspond to an injection needle 30 G with a large internal diameter. The
agent for hypodermic injection according to the present embodiment can be used in
injection needles equal to or thinner than an injection needle 32 G with a large internal
diameter (internal diameter 0.18 mm) and in injection needles equal to or thinner than a
normal injection needle 30 G (internal diameter 0.14 mm), and can be also used in
injection needles equal to or thinner than a normal injection needle 32 G (internal
diameter 0.12 mm).

[0056]
<Thixotropic Properties>

In order to further enhance the effect of the invention, the agent for hypodermic
injection according to the present embodiment has appropriately a thixotropic index at
36 to 37°C (body temperature) of 0.1 to 0.5 and more appropriately 0.1 t0 0.3. The
thixotropic index is a value measured in the injection characteristics described below.
[0057]
<Injection Characteristics>

A method for evaluating the injection characteristics of a filler filled in a
syringe from a needle will be described. A flow tester according to the present
embodiment is used for the method for evaluating injection characteristics. The
injection characteristics can be easily evaluated by this flow tester.

[0058]

More particularly, the flow tester is a flow tester for viscous liquid to evaluate

injection characteristics when a viscous liquid filled in an injection cylinder is injected

from an injection needle connected to the injection cylinder, the flow tester for viscous
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liquid including a load applying means for applying a fixed load to the plunger of the
injection cylinder in which the viscous liquid is filled, a measuring means for measuring
the time dependency of the load when the viscous liquid is injected from the injection
needle by the load applying means, and obtaining a flow curve when the viscous liquid
is injected from the injection needle from the measurement results by the measuring
means. The details of this flow tester will now be described.

[0059]

First, a 30 G needle with an internal diameter of 0.159 mm and a length of 0.5
inches, for example, is attached to a syringe, and the syringe is then fixed, and a load of
3 kg for example is instantaneously applied to the plunger part. This means for
applying a load, i.e. a load applying means for applying a fixed load to the plunger of an
injection cylinder in which a viscous liquid is filled is not particularly limited, and for
example, a syringe pump is used.

[0060]

At this time, the filler is discharged from the needle, and the load applied to the
plunger decreases over time with the discharge of the filler, and weight scale readings
are measured. This is a measuring means for measuring the time dependency of the
load when the viscous liquid is injected from the injection needle by the load applying
means.

[0061]

The shear rate is obtained from weight scale readings, i.e. time derivatives of
measurement results by the measuring means. A flow curve, which can be generally
evaluated by a rheometer, can be obtained by plotting weight scale readings, i.e. shear
stress to this shear rate. That is, a flow curve when a viscous liquid is injected from an
injection needle can be obtained from the measurement results by the measuring means.
From the obtained flow curve, the fluidity of the viscous liquid can be evaluated.

[0062]

As the evaluation of fluidity, the thixotropic properties of a gel and the
equilibrium constant for the formation of a gel network are obtained from the slope and
intercept of double logarithmic plot, the logarithm of shear stress and the logarithm of
shear rate. When the slope of double logarithmic plot is near 1, the fluid is Newtonian
fluid (a normal liquid in which resistance increases depending on applied force), and
when the slope is less than I, thixotropic properties (properties of behaving as a solid
when not applying force, but behaving like a fluid when applying force) are shown, and

when the slope is greater than 1, dilatant properties (properties of behaving like a fluid
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when not applying force, but increasing rigidity depending on force) are shown.
[0063]

The filler according to the present embodiment shows thixotropic properties,
and is almost solid in a syringe, but is easily discharged from a needle when applying
force to a plunger.  After subcutaneously injected, the filler is solidified and remains at
the site into which the filler is injected, and quickly shows the effect of smoothing
wrinkles.

[0064]

Herein, the present invention can be the following embodiments (a) to (j).

The present embodiment (a) is an agent for hypodermic injection including

a hydrogel containing sintered hydroxyapatite particles, wherein

a content of the sintered hydroxyapatite particle is 1 to 60% by mass based on
the total mass of the agent, and

an average particle diameter of the sintered hydroxyapatite particles is 15 um
or less.

The present embodiment (b) is the agent according to the embodiment (a),
wherein 90% or more of the sintered hydroxyapatite particles have a particle diameter
of 15 pm or less.

The present embodiment (c) is the agent according to the embodiment (a) or
(b), wherein the hydrogel is a carboxymethylcellulose gel.

The present embodiment (d) is the agent according to any of the embodiments
(a) to (c), wherein the viscosity of the hydrogel is 50 to 15000 mPa-s.

The present embodiment (e) is the agent according to any of the embodiments
(a) to (d), wherein the agent passes through a hollow needle with an internal diameter of
0.20 mm or less.

The present embodiment (f) is a method for producing an agent for hypodermic
injection, wherein

the method includes the step of mixing sintered hydroxyapatite particles and a
hydrogel,

a content of the sintered hydroxyapatite particle is 1 to 60% by mass based on
the total mass of the agent, and

an average particle diameter of sintered hydroxyapatite particles in the agent is
15 pum or less.

The present embodiment (g) is the production method according to the

embodiment (f), wherein 90% or more of sintered hydroxyapatite particles in the agent
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have a particle diameter of 15 um or less.

The present embodiment (h) is the production method according to the
embodiment (f) or (g), wherein the hydrogel is a carboxymethylcellulose gel.

The present embodiment (i) is the production method according to any of the
embodiments (f) to (h), wherein the viscosity of the hydrogel is 50 to 15000 mPa:s.

The present embodiment (j) is the production method according to any of the
embodiments (f) to (i), wherein the agent passes through a hollow needle with an
internal diameter of 0.20 mm or less.

[0065]

Common agents for hypodermic injection have not necessarily had good flow
characteristics. ~ As a result, it has been required to select a needle with a large needle
diameter (internal diameter 0.21 mm or more) as an injection needle, which has caused
problems in that, for example, pain occurs during injection. In addition, in the case of
the particle diameter of calcium hydroxyapatite particles which are commonly used,
there have been problems in that, for example, the particles are recognized as a foreign
substance by macrophages to cause inflammation. However, according to the above
embodiments (a) to (j), it is possible to provide an agent for hypodermic injection that
has excellent flow characteristics, can be used particularly even in thin injection needles,
for example with an internal diameter of 0.20 mm or less, and is unlikely to cause pain
and inflammation during injection.

Examples

[0066]

<<Production of Agent for hypodermic injection>>
<Materials>

- CMC-Na

- Glycerin

- Sintered hydroxyapatite aggregates

- Sterile water

[0067]

<Steps>

Instruments used were sterilized.

Next, 50 g of glycerin was stirred at 300 rpm by a motor-driven propeller shaft.
With stirring for above 2 minutes, 5 g of CMC-Na was blended in glycerin and the
obtained mixture was stirred for 15 minutes to obtain a solution.

The obtained solution was stirred for above 10 minutes, and the obtained
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CMC-Na paste was cut into a 1.5 cm square, which was blended in 204 ml of sterile
water. This sterile water was stirred for 120 minutes to obtain a CMC-Na hydrogel
(viscosity 208 mPa-s).

To 28.0 g of the obtained CMC-Na hydrogel, 12.0 g of sintered hydroxyapatite
aggregates were blended in 3 batches and the obtained mixture was stirred for 10
minutes to obtain a crude filler.

Using a propeller, 30.0 g of the obtained crude filler was stirred to obtain an
agent for hypodermic injection (HAp blended rate 30% by mass).

[0068]

Furthermore, agents for hypodermic injection were prepared in the same
manner as above except that sintered hydroxyapatite aggregates used were selected
from those with a particle diameter of 40 nm, 200 nm, 3 um, 7 um, and 25 um, and a
carboxymethylcellulose gel was selected from those with a viscosity of 67.3 mPa-s, 208
mPa-s, and 514 mPa-s, and the HAp blended rate was changed.

[0069]
<<Evaluation>>

Next, it was evaluated whether the above agents for hypodermic injection were
able to pass through a 30 G needle. More particularly, an agent for hypodermic
injection was deaerated and then filled in an injector. Next, the obtained injector was

pushed and the syringeability for 30 G needle of the agent for hypodermic injection in

the injector was confirmed. The evaluations were carried out using © when the agent

for hypodermic injection passes smoothly, o when there is a little resistance to push, A

when the strong force is needed to push, and x when it is impossible to push or it is
impossible to produce a filler itself. The results are shown in Table 1.

[0070]

[Table 1]
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[Table 1]
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The samples indicated by >< in Table above were further evaluated, and it was

verified that the samples evaluated as © could pass through an injection needle with an

internal diameter of 0.12 mm.
[0072]

The thixotropic index of an agent for hypodermic injection according to each
Example was measured by the method described above, and was verified to be 0.1 to
0.3. Thatis, it is found that the agent for hypodermic injections according to
Examples can pass through thin needles and retain under the skin for a sufficient time.
It should be noted that, when considering the properties of remaining under the skin, a
case having a gel viscosity of 208 mPa-s was better than a case having a gel viscosity of
67.3 mPa-s.

[0073]

Furthermore, the particle diameters of 100 sintered hydroxyapatite particles
(particles in an image taken by a microscope) contained in an agent for hypodermic
injection according to each Example were measured, and it was verified that all the
particles had a particle diameter of 15 um or less.

[0074]

Besides, it was verified that, particularly, in particles with a particle diameter of
less than 100 nm, apatite with a smaller particle diameter had a strong tendency to have
higher thixotropic properties, i.e. a lower thixotropic index, even in a small amount.
[0075]

Herein, when the above agent for hypodermic injection was subjected to
centrifugal deaeration at (pressure, revolution/rotation ratio, time) = (1.3 KPa, 9/3, 90
sec), deaeration in the agent for hypodermic injection was confirmed. In the
evaluation of syringeability for 30 G needle, deaeration properties were higher in the

order of ©, o, A and x. Figs. 1(a) and (b) are photographs before and after the

deaeration step in the case of hydroxyapatite 1, CMC-Na 1 and the HAp blended rate
30% [(a) before deaeration and (b) after deaeration], and the ranges surrounded by

circles indicate remaining air.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method for producing an agent for hypodermic injection, wherein

the agent comprises a hydrogel containing sintered hydroxyapatite particles,

the production method comprises a deaeration step for removing air contained in the
agent,

the deaeration step is carried out by applying the agent to a centrifuge under reduced
pressure, and

the hydrogel is a carboxymethylcellulose gel.

2. A method for producing an injector containing an agent for hypodermic injection,
wherein

the agent comprises a hydrogel containing sintered hydroxyapatite particles, the
hydrogel being a carboxymethylcellulose gel, and wherein

the production method comprises

a deaeration step for removing air contained in the agent, the deaeration step being
carried out by applying the agent to a centrifuge under reduced pressure, and

a step for filling the agent after the deaeration step in a syringe.

3. The production method according to claim 1 or 2, wherein the viscosity of the agent

1s 50 to 15000 mPa-s.

4. The production method according to any one of claims 1 to 3, wherein an average

particle diameter of the sintered hydroxyapatite particles is 15 pm or less.

5. The production method according to any one of claims 1 to 4, wherein 90% or more

of the sintered hydroxyapatite particles have a particle diameter of 15 um or less.
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6. The production method according to any one of claims 1 to 5, wherein the sintered

hydroxyapatite particle content is 1 to 60% by mass based on the total mass of the agent.

7. The production method according to any one of claims 1 to 6, wherein the sintered

hydroxyapatite particles are for promoting collagen production.

8. The production method according to any one of claims 1 to 7, wherein the agent

passes through a hollow needle with an intemal diameter of 0.20 mm or less.
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[FIG. 1]
[Fig. 1]

(a) . (b)
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