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INJECTION BAG AND INJECTION PREPARATION ASSEMBLY

TECHNICAL FIELD
The present invention relates to an injection bag that is formed of a multilayer
film that exhibits an excellent gas barrier capability, and an injection preparation

assembly.

BACKGROUND ART

A pouch (bag) that is formed of a film produced using a flexible material such as
polyvinyl chloride, polyethylene, or polypropylene has been known as an injection
container. A pouch allows easy drainage of a fluid contained therein at atmospheric
pressure, and is highly safe due to flexibility. Therefore, a pouch has been generally
used as an infusion container. A multilayer film that forms a pouch is required to
exhibits excellent flexibility, transparency, heat resistance, hygienic properties,
mechanical strength, gas barrier capability, workability, and the like from the viewpoint
of a material.

In recent years, a reduction in the amount of waste has been desired to deal with

environmental issues and hospital issues, and a reduction in volume has been required

o

for medical containers. Therefore, an injection bag that meets the above quality
requirements, and can be disposed of in a non-bulky manner has been desired.

Soft polyvinyl chloride to which a plasticizer is added has been used as a
material for forming a pouch. Soft polyvinyl chloride exhibits excellent flexibility,
heat resistance, transparency, workability, gas barrier capability, and the like. However,
a plasticizer, a stabilizer, a residual monomer, and the like included in polyvinyl
chloride may be eluted into a fluid contained in a pouch, and it has been pointed out that
dioxine may be produced during incineration after disposal. In order to deal with the

above problems, a pouch formed of a polyolefin-based resin instead of polyvinyl
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chloride has been proposed from the viewpoint of hygienic properties and safety.

However, since a polyolefin-based resin exhibits a poor gas barrier capability,
oxygen in air may pass through the pouch, and the drug solution may change in quality.
The water vapor pressure that has been saturated inside the pouch normally causes a
difference in partial pressure of nitrogen and partial pressure of oxygen between the
inside and the outside of the pouch. When using a pouch formed of a polyolefin-based
resin that exhibits a poor gas barrier capability, the volume inside the pouch may
increase due to the differential pressure (osmotic pressure), and the drainage capability
and the like may deteriorate due to expansion of the pouch. It is known that the
burden imposed on the body can be reduced by adjusting the pH of an injection or a
peritoneal dialysis fluid using bicarbonate ions that are normally present in the body.
However, since a polyolefin-based resin exhibits a poor gas barrier capability, carbonic
acid is removed during heat sterilization at a temperature of more than 100°C.

As a pouch-forming material that may solve the above problems, an infusion bag
formed of a four-layer film consisting of polyolefin-based resin layer/adhesive resin
layer/polyamide layer/low-water-permeable resin layer (where “/” indicates the
boundary between two layers (hereinafter the same)) has been proposed (see
JP-A-60-55958, for example). An injection bag formed of a multilayer film in which a
polyamide resin is used for an intermediate layer has also been proposed (see
JP-A-2002-35084, for example).

However, an injection bag has not been known that exhibits a practical gas
barrier capability, and meets the maximum UV absorbance standard of the Test Methods
for Plastic Containers (elution test) specified in the Japanese Pharmacopoeta. Thisis
because a water-soluble monomer such as epsilon-caprolactam énd a water-soluble
low-molecular-weight polymer are eluted from the polyamide resin used for the
intermediate layer or the like of the multilayer film. When the thickness of the

polyamide resin layer is increased to achieve a practical barrier capability, a large



10

15

20

25

amount of monomer and low-molecular-weight polymer is eluted into the fluid
contained in the injection bag, and the maximum UV absorbance measured by the Test

Methods for Plastic Containers specified in the Japanese Pharmacopoeia exceeds 0.08.

SUMMARY OF INVENTION
TECHNICAL PROBLEM

The invention was conceived in view of the above situation. An object of the
invention is to provide an injection bag that is formed of a multilayer film that exhibits
an excellent gas barrier capability due to the use of a polyamide resin for an
intermediate layer, and meets the standard of the Test Methods for Plastic Containers
(elution test) specified in the Japanese Pharmacopoeia, and an injection preparation

assembly using the same.

SOLUTION TO PROBLEM

The inventors of the invention conducted extensive studies in order to achieve
the above object, and completed the invention.

According to one aspect of the invention, there is provided an injection bag that
is formed of a multilayer film, and includes:

an innermost layer that is formed of a polypropylene-based resin;

an outermost layer that is formed of a polypropylene-based resin;

an intermediate layer that is situated between the innermost layer and the
outermost layer; and

two adhesive layers that are situated on either side of the intermediate layer,

the intermediate layer including a mixture of 60 to 90 mass% of a crystalline
polyamide resin and 10 to 40 mass% of a noncrystalline polyamide resin,

the crystalline polyamide resin having a combined content of a monomer and a

low-molecular-weight polymer of 0.8 mass% or less,
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the noncrystalline polyamide resin including a semi-aromatic polyamide, and

the injection bag having a maximum UV absorbance measured in accordance
with the Test Methods for Plastic Containers specified in the Japanese Pharmacopoeia
16th Edition of 0.08 or less.

In the injection bag, the polypropylene-based resin of at least one of the
outermost layer and the innermost layer may contain a polyolefin-based resin other than
the polypropylene-based resin.

In the injection bag, the polypropylene-based resin may have a flexural
modulus of 300 to 700 MPa.

In the injection bag, the polypropylene-based resin may contain a
polyolefin-based elastomer.

In the injection bag, the intermediate layer may include a mixture of 65 to 80
mass% of the crystalline polyamide resin and 20 to 35 mass% of the noncrystalline
polyamide resin.

In the injection bag, the intermediate layer may have a thickness of 20 to 42
micrometers.

In the injection bag, the crystalline polyamide resin may be a polyamide 6-66
copolymer.

In the injection bag, the noncrystalline polyamide resin may be an isophthalic
acid/terephthalic acid/hexamethylenediamine polycondensate.

According to another aspect of the invention, there is provided an injection
preparation assembly that includes the above injection bag, and a drug solution that is

contained in the injection bag.

ADVANTAGEOUS EFFECTS OF INVENTION
The injection bag according to one aspect of the invention that is formed of the

multilayer film exhibits a practical barrier capability due to the use of the



polyamide resin
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for the intermediate layer, and meets the maximum UV absorbance standard of the Test

Methods for Plastic Containers specified in the Japanese Pharmacopoeia 16th Edition.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a cross-sectional view schematically illustrating a multilayer film
according to one embodiment of the invention.

FIG. 2 is a graph illustrating the relationship between the noncrystalline
polyamide resin content (ratio) in the intermediate layer and the UV absorbance in
Examples 1 to 6 and Comparative Examples 1, 2, 5, and 6.

FIG. 3 is a graph illustrating the relationship between the noncrystalline
polyamide resin content in the intermediate layer of the multilayer film and the carbon
dioxide permeability at a temperature of 40°C and a relative humidity of 80% in
Examples 1, 2, and 5 and Comparative Example 6.

FIG. 4 is a graph illustrating a change in pH of a mixture of a buffer solution and
a glucose solution in the test bags relative to the elapsed time in Examples 1 and 2 and

Comparative Example 4.

DESCRIPTION COF EMBODIMENTS

Exemplary embodiments of the invention are described in detail below. The
following exemplary embodiments illustrate examples of the invention. Note that the
invention is not limited to the following exemplary embodiments. The invention
includes various modifications that may be implemented without departing from the
scope of the invention. Note also that all of the elements described below in
connection with the following exemplary embodiments should not be necessarily taken
as essential elements of the invention.

An injection bag according to one embodiment of the invention is formed of a

multilayer film, and includes an innermost layer that is formed of a



polypr op¥lene-based
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resin; an outermost layer that is formed of a polypropylene-based resin; an intermediate
layer that is situated between the innermost layer and the outermost layer; and two
adhesive layers that are situated on either side of the intermediate layer, the intermediate
layer including a mixture of 60 to 90 mass% of a crystalline polyamide resin and 10 to
40 mass% of a noncrystalline polyamide resin, the crystalline polyamide resin having a
combined content of a monomer and a low-molecular-weight polymer of 0.8 mass% or
less, the noncrystalline polyamide resin including a semi-aromatic polyamide, and the
injection bag having a maximum UV absorbance measured in accordance with the Test
Methods for Plastic Containers specified in the Japanese Pharmacopoeia 16th Edition of

0.08 or less.

1. Injection bag

FIG. 1 is a cross-sectional view schematically illustrating the configuration of a
multilayer film according to one embodiment of the invention. An injection bag
according to one embodiment of the invention includes a multilayer film F that
sequentially includes an innermost layer 10, an adhesive layer 12, an intermediate layer
14, an adhesive layer 16, and an outermost layer 18. The innermost layer 10 forms an
inner wall surface that comes in contact with a solution contained in the injection bag.

The outermost layer 18 forms the outer wall surface of the injection bag.

1.1.  Innermost layer and outermost layer
The innermost layer 10 and the outermost layer 18 according to one embodiment
of the invention are formed of a polypropylene-based resin that includes propylene as

the main component.

1.1.1. Polypropylene-based resin

Examples of the polypropylene-based resin include a propylene homopolymer, a
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propylene copolymer, a polypropylene-based thermoplastic elastomer, and a mixture
thereof. The content of propylene in the polypropylene-based resin may be 50% or
more on molar basis. The polypropylene-based resin may further contain a
polyolefin-based resin other than the polypropylene-based resin within a range in which
the whole content of propylene is not less than 50% on molar basis. Examples of the
propylene copolymer include a random copolymer or a block copolymer of propylene
and ethylene or an alpha-olefin that is copolymerizable with propylene, a block
copolymer or a graft copolymer that includes a rubber component, and the like. The
alpha-olefin that is copolymerizable with propylene is preferably an alpha-olefin having
4 to 12 carbon atoms. Examples of the alpha-olefin having 4 to 12 carbon atoms
include 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 4-methyl-1-pentene,
1-decene, and the like. These alpha-olefins may be used either alone or in combination.
The alpha-olefin is normally used in a ratio of about 1 mass% to about 30 mass%
relative to propylene. For example, a copolymer disclosed in JP-A-2001-226435 that
is produced by subjecting propylene and an alpha-olefin to multistage polymerization,
or the like may be used as the copolymer of propylene and the alpha-olefin. Examples
of the polyolefin-based resin other than the polypropylene-based resin include a
homopolymer of polyolefin-based resin such as an ethylene homopolymer, a polyclefin
copolymer having a propylene content less than 50 mol% such as a copolymer of
ethylene and propylene, a polyolefin-based thermoplastic elastomer such as a
polyethylene-based thermoplastic elastomer, and a mixture thereof. A compound of
such a homopolymer or copolymer and an additional polyolefin or resin may also be
used. In particular, a relatively flexible compound that has a flexural modulus of 300
to 700 MPa and is widely used for an injection bag may be used to improve the
flexibility of the multilayer film. It is also possible to use polypropylene having a melt

flow rate (MFR) of 1 to 10 g/10 min from another point of view.
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1.1.2. Polypropylene-based resin used for innermost layer

The polypropylene-based resin used for the innermost layer 10 rarely affects the
gas barrier capability and prevention of elution of a monomer or a
low-molecular-weight polymer from the intermediate layer 14. A polypropylene-based
resin widely used for an injection bag may be appropriately selected as the
polypropylene-based resin used for the innermost layer 10 from the
polypropylene-based resins mentioned above in Section 1.1.1.  Examples of such a
polypropylene-based resin include a copolymer of propylene and ethylene or an
alpha-olefin, a copolymer of propylene, ethylene, and an alpha-olefin, and a compound
resin of such a copolymer and a polyolefin-based elastomer or a propylene
homopolymer. Examples of a commercially available product of such a copolymer
and compound resin include ZELAS (registered trademark) manufactured by Mitsubishi
Chemical Corporation. In particular, ZELAS 7023, ZELAS 7025, or ZELAS MC752

that has an MFR of | to 4 g/10 min may be used.

1.1.3. Polypropylene-based resin used for outermost layer

The polypropylene-based resin used for the outermost layer 18 rarely affects the
gas barrier capability and prevention of elution of a monomer or a
low-molecular-weight polymer from the intermediate layer 14. A polypropylene-based
resin widely used for an injection bag may be appropriately selected as the
polypropylene-based resin used for the outermost layer 18 from the
polypropylene-based resins mentioned above in Section 1.1.1.  Examples of such a
polypropylene-based resin include a copolymer of propylene and ethylene or an
alpha-olefin, a copolymer of propylene, ethylene, and an alpha-olefin, and a compound
resin of such a copolymer and a polyolefin-based elastomer or a propylene
homopolymer. Examples of a commercially available product of such a copolymer

and compound resin include ZELAS (registered trademark) manufactured by Mitsubishi
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Chemical Corporation. In particular, ZELAS 723 or ZELAS MC753 that has a

melting peak temperature of 160 to 170°C may be used.

1.2.  Intermediate layer

The intermediate layer 14 according to one embodiment of the invention
includes a mixture of 60 to 90 mass% of a crystalline polyamide resin and 10 to 40
mass% of a noncrystalline polyamide resin.  When the ratio of the noncrystalline
polyamide resin is 10 mass% or more, the amount of monomer or low-molecular-weight
polymer eluted from the multilayer film can be significantly reduced while improving
the gas barrier capability of the multilayer film (see FIG. 2 (described later)). Itis
generally known that a nonerystalline polyamide resin and a crystalline polyamide resin
do not have mutual solubility. It is considered that particles of a noncrystalline
polyamide resin that are dispersed in a crystalline polyamide resin suppress diffusion of
a monomer or a low-molecular-weight polymer included in the crystalline polyamide
resin.  [f the ratio of the noncrystalline polyamide resin exceeds 40 mass%, the
intermediate layer may become fragile, and may break when the intermediate layer is
bent.

In order to reduce gas permeability at a high temperature and a high humidity,
the mixture included in the intermediate layer 14 may be a mixture of 65 to 85 mass%
of the crystalline polyamide resin and 20 to 35 mass% of the noncrystalline polyamide
resin.  When the ratio of the noncrystaliine polyamide resin is 35 mass% or less, the
multilayer film exhibits moderate flexibility. If the ratio of the noncrystalline
polyamide resin is less than 20 mass%, the carbon dioxide permeability of the
multilayer film at a high temperature and a high humidity may increase. f the ratio of
the noncrystalline polyamide resin is less than 10 mass%, it may be difficult to suppress
volatilization of bicarbonate ions during heat sterilization at 121°C (see FIGS. 3 and 4

(described later)).



1.2.1L

Crystalline polyamide resin

9a



10

20

25

The crystalline polyamide resin used for the intermediate layer 14 has a
combined content of a monomer and a low-molecular-weight polymer of 0.8 mass% or
less. Specific examples of the crystalline polyamide resin include a
polycaproamide-polyhexamethylene adipamide copolymer (polyamide 6-66),
polycaproamide (polyamide 6), polytetraethylene adipamide (polyamide 46),
polyhexamethylene adipamide (polyamide 66), polyundecamide (polyamide 11), a
polycaproamide-polyundecamide copolymer (polyamide 6-11), polydodecanamide
{polyamide 12), a polycaproamide-polydodecanamide copolymer (polyamide 6-12),
polyhexamethylene sebacamide (polyamide 610), polyhexamethylene dodecanamide
(polyamide 612), polyundecamethylene adipamide (polyamide 116), mixtures thereof,
copolymers thereof, and the Iike. In particular, a polyamide 6-66 copolymer may be
used as the crystaliine polyamide resin used for the intermediate layer 14. Note that a
small amount of an additional crystalline polyamide resin may be mixed with a
polyamide 6-66 copolymer as long as the advantageous effects of the invention are not
impaired. Such a mixture is considered to be a polyamide 6-66 copolymer.

Polyamide 6 or a polyamide 6-66 copolymer is obtained by polycondensation of
10 to 100 parts by mass of epsilon-caprolactam and 0 to 90 parts by mass of an
equimolar salt of adipic acid and hexamethylenediamine (total amount=100 parts by
mass). Polyamide 6 1s obtained when using only epsilon-caprolactam. The content
of repeating units derived from epsilon-caprolactam in polyamide 6 or a polyamide 6-66
copolymer may be 10 to 100 mass%. If the content of repeating units derived from
epsilon-caprolactam is too low, the mechanical strength and the formability
(moldability) of the polyamide layer tend to deteriorate. The content of repeating units
derived from epsilon-caprolactam may be 30 to 100 mass%, or may be 50 to 100
mass%. Polyamide 6 or a polyamide 6-66 copolymer may be terminated with a
monocarboxylic acid or a monoamine. For example, polyamide 6 or a polyamide 6-66

copolymier may be terminated with a monocarboxylic acid or a monoamine having 2 to

10
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22 carbon atoms.

The relative viscosity of the crystalline polyamide resin is not particularly
limited. The relative viscosity of the crystalline polyamide resin measured in 96
mass% concentrated sulfuric acid at a concentration of 1% and a temperature of 25°C in
accordance with JIS K 6833 may be 2.0 to 5.5.  When the relative viscosity of the
crystalline polyamide resin is 2.0 or more, the intermediate layer exhibits moderate
mechanical strength. 'When the relative viscosity of the crystalline polyamide resin is
5.5 or less, the intermediate layer exhibits moderate formability. The relative viscosity
of the crystalline polyamide resin may be 2.2 to 4.8, or may be 2.7 to 4.0.

The crystalline polyamide resin can be synthesized by a known polyamide
production method using the above raw material. A commercially available product
may be used as the crystalline polyamide resin.

Examples of a commercially available product of the crystalline polyamide resin
include a polyamide 6-66 copolymer (“Novamid 2430J” manufactured by DSM Japan
Engineering Plastics K.K.}, polyamide 6 (“Akron F136” manufactured by DSM Japan
Engineering Plastics K.K.), polyamide 66 (“A125” manufactured by Unitika Ltd.),
polyamide 46 (“C2000” manufactured by Teijin Ltd.), polyamide 11 (“BMNO”
manufactured by ARKEMA K K.), polyamide 12 (“AMNO” manufactured by
ARKEMA K K.), and the like. In particular, transparency and flexibility can be

obtained by utilizing a polyamide 6-66 copolymer.

1.2.1.1. Monomer and Low-molecular-weight polymer
The crystalline polyamide resin has a combined content of a monomer and a
low-molecular-weight polymer of 0.8 mass% or less.
In this invention, a monomer is a unit substance for generating a polymer. For
example, epsilon-caprolactam, adipic acid, and hexamethylenediamine are monomers of

a polycaproamide-polyhexamethylene adipamide copolymer (polyamide 6-66) which is

11
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a crystalline polyamide resin.

The term ‘a low-molecular-weight polymer’ is a generic term for low
polymerization degree polymers with a degree of polymerization 2 and with a degree of
polymerization higher order. The molecular weight of polymer with a degree of
polymerization higher order is under 1,000 or 10,000.

The term “a combined content of a monomer and a low-molecular-weight
polymer content” used herein refers to a value measured in accordance with JIS K 6810.
Specifically, the total organic carbon is measured using an extract obtained by extraction
with boiling purified water (6 hours) using a total organic carbon analyzer, and the
low-molecular-weight polymer content is calculated from the total organic carbon on a

caprolactam basis. Polyamide 6 or a polyamide 6-66 copolymer generally used for

* food and medical applications has a combined content of a monomer and a

low-molecular-weight polymer of about 1.5 mass%. Since the crystalline polyamide
resin used in one embodiment of the invention has a combined content of a monomer
and a low-moelecular-weight polymer of 0.8 mass% or less, elution of a monomer and a
low-molecular-weight polymer into a solution contained in the bag rarely occurs.
Moreover, since a proper quantity of the noncrystalline polyamide resin is mixed, it is
possible to meet the standard of the Japanese Pharmacopoeia. In order to reliably
reduce elution of a monomer and a low-molecular-weight polymer from the
intermediate layer, the crystalline polyamide resin may have a combined content of a
monomer and a low-molecular-weight polymer of 0.1 to 0.8 mass%, or may have a
combined content of a monomer and a low-molecular-weight polymer of 0.1 to 0.7
mass%o.

The combined content of a monomer and a low-molecular-weight polymer in the
crystalline polyamide resin may be reduced by repeating an operation that immerses the
resin in a pellet state in boiling purified water to extract a monomer and a

low-molecular-weight polymer until the combined content of a monomer and a

12
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low-molecular-weight polymer decreases to the desired value.

1.2.2. Noncrystalline polyamide resin

The noncrystalline polyamide resin that may be used for the intermediate layer
14 includes a semi-aromatic polyamide. When the intermediate layer 14 includes a
semi-aromatic polyamide, elution of a monomer and a low-molecular-weight polymer
from the intermediate layer 14 rarely occurs.  Specific examples of the noncrystalline
polyamide resin include an isophthalic acid/terephthalic acid’/hexamethylenediamine
polycondensate, an isophthalic acid/terephthalic
acid/hexamethylenediamine/bis(3-methyl-4-aminocyclohexyl)methane polycondensate,
a terephthalic
acid/2,2 4-trimethylhexamethylenediamine/2 4 4-trimethylhexamethylenediamine
polycondensate, an isophthalic
acid/bis(3-methyl-4-aminocyclohexyl)methane/omega-laurolactam polycondensate,
an i1sophthalic
acid/2,2 4-trimethylhexamethylenediamine/2 4,4-trimethylhexamethylenediamine
polycondensate, an isophthalic acid/terephthalic
acid/2,2 4-trimethylhexamethylenediamine/2 4 4-trimethylhexamethylenediamine
polycondensate, an isophthalic
acid/bis(3-methyl-4-aminocyclohexyl)methane/omega-laurolactam polycondensate, and
the like. The benzene ring of the terephthalic acid component and/or the isophthalic
acid component that forms these polycondensates may be substituted with an alkyl
group or a haiogen atom. These noncrystalline polyamide resins may be used in
combination. For example, an isophthalic acid/terephthalic
acid/hexamethylenediamine polycondensate, an isophthalic acid/terephthalic
acid/hexamethylenediamine/bis(3-methyl-4-aminocyclohexyl)methane polycondensate,

a terephthalic

i3
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acid/2,2 4-trimethylhexamethylenediamine/2 4 4-trimethythexamethylenediamine
polycondensate, or a mixture of an isophthalic acid/terephthalic
acid/hexamethylenediamine/bis(3-methyl-4-aminocyclohexyl)methane polycondensate
and a terephthalic

acid/2,2 4-trimethylhexamethylenediamine/2,4,4-trimethylhexamethylenediamine
polycondensate may be used as the noncrystalline polyamide resin.  In particular, the
noncrystalline polyamide resin may be an isophthalic acid/terephthalic
acid/hexamethylenediamine polycondensate.

The relative viscosity of the noncrystalline polyamide resin is not particularly
limited. The relative viscosity of the noncrystalline polyamide resin measured using a
96 mass% concentrated sulfuric acid as a solvent at a temperature of 25°C and a
concentration of 1 g/dl in accordance with JIS K 6833 may be 1.0 to 3.5 or 1.3 to 2.8.
When the relative viscosity of the noncrystalline polyamide resin is 1.0 or more, the
noncrystalline polyamide resin exhibits moderate viscosity, and the take-up capability
after polymerization or melt-mixing tends to be improved. When the relative viscosity
of the noncrystalline polyamide resin is 3.5 or less, moderate fluidity is obtained during
forming.

The noncrystalline polyamide resin can be synthesized by a known polyamide
production method using the above raw material. A commercially available product
may be used as the noncrystalline polyamide resin.  Examples of a commercially
available product of the noncrystalline polyamide resin include the X21 series

manufactured by DSM Japan Engineering Plastics K. K., and the like.

1.2.3. Additional component
A small amount of silica, talc, kaolin, and the like may be added to the
polyamide resin used for food and medical applications other than injection bag

applications in order to improve formability and the like as long as the object of the

i4
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invention is not impaired. A small amount of various resin additives (e.g., pigment,
dye, thermal stabilizer, and antistatic agent) that have been generally used may be added

to the polyamide resin as long as the object of the invention is not impaired.

1.3.  Adhesive layer

An adhesive that forms the adhesive layers 12 and 16 according to one
embodiment of the invention is not particularly limited as long as the adhesive can
reliably bond the polyamide resin included in the intermediate layer 14 and a layer (e.g.,
innermost layer 10 or outermost layer 18) situated on the outer side of the adhesive
layer 12 or 16.  Aresin used for an injection bag may be appropriately used as the
adhesive. For example, a modified polyolefin resin or a compound resin thereof may

be used as the adhesive.

1.3.1. Modified polyolefin resin

The term “modified polyolefin resin” used herein refers to a polyolefin resin that
is modified with an alpha,beta-unsaturated carboxylic acid. Specific examples of the
modified polyolefin resin include a copolymer (a) of an olefin that includes ethylene,
propylene, 1sobutylene, and styrene as the main components, and an
alpha,beta-unsaturated carboxylic acid or a derivative thereof, a graft polymer (b)
obtained by grafting an alpha,beta-unsaturated carboxylic acid or a derivative thereof
onto a polymer of an olefin that includes ethylene, propylene, and styrene as the main
components, and the like.

Examples of the alpha,beta-unsaturated carboxylic acid or a derivative thereof
used for the copolymer (a) include acrylic acid, methacrylic acid, methyl methacrylate,
sodium acrylate, zinc acrylate, vinyl acetate, glycidyl methacrylate, and the like.
Specific examples of the copolymer (a) include an ethylene-vinyl acetate copolymer, an

ethylene-acrylic acid copolymer, an ethylene-ethyl acrylate copolymer, an

I5



10

15

20

ethylene-sodium acrylate copolymer, and the like.

Examples of the polymer of an olefin used as the graft base of the graft polymer
(b) include polyethylene, polypropylene, an ethylene-propylene copolymer, an
ethylene-butene-1 copolymer, an ethylene-vinyl acetate copolymer, an ethylene-acrylic
acid copolymer, an ethylene-ethyl acrylate copolymer, an ethylene-sodium acrylate
copolymer, a styrene-isoprene copolymer, a styrene-isobutylene copolymer, and the
like.

Examples of the alpha,beta-unsaturated carboxylic acid or a derivative thereof
that is grafted onto the polymer of an olefin include acrylic acid, methacrylic acid,
ethacrylic acid, maleic acid, fumaric acid, acid anhydrides thereof, esters of these acids
and tetrahydrofurfuryl alcohol or the like, and the like.

The modified polyolefin resins that include propylene as the main component
may have an MFR of 1 to 20 g/10 min, for example. When the MFR is equal to or less
than the above upper limit, moderate film strength tends to be obtained, and the
film-forming capability tends to be stabilized. When the MFR is equal to or more than
the above lower limit, extrudability tends to be relatively stabilized.

The modified polyolefin resin can be synthesized by a known modified
polyolefin production method using the above raw material. A commercially available
product may be used as the modified polyolefin resin. Examples of a commercially
available product of the modified polyolefin resin include MC721AP and MC756AP

manufactured by Mitsubishi Chemical Corporation, and the like.

1.3.2. Additional component

An unmodified polyolefin resin or an unmodified thermoplastic elastomer, or
both, may be mixed into the modified polyolefin resin in a total amount of 0 to 95
mass%. When the content of the unmodified polyolefin resin or the unmodified

thermoplastic elastomer, or both, is 95 mass% or less, moderate adhesion can be
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obtained. Various resin additives (e.g., pigment, dye, thermal stabilizer, and antistatic
agent) that have been generally used may be added to the modified polyolefin resin as

long as the object of the invention is not impaired.

2. Method for producing multilayer film

The multilayer film used to produce the injection bag according to one
embodiment of the invention may be produced by a circular die method. A tube-like
multilayer film formed using a circular die may be subjected to biaxial stretching using
a tubular stretching method that can implement simultaneous stretching in the
lengthwise direction and the breadthwise direction. Examples of the circular die
method include a water-cooling inflation method that cools a material with water, an
air-cooling inflation method that continuously extrudes a material from a circular die,
and cools the material with air, and the like. In particular, the water-cooling inflation

method that ensures excellent transparency and flexibility may be used.

2.1.  Configuration of multilayer film

Configuration examples of the multilayer film used to produce the injection bag
according to one embodiment of the invention are described below. The following
configuration examples of the multilayer film illustrate a configuration from the
innermost layer to the outermost layer. PP refers to a polypropylene-based resin, and
PA refers to a polyamide resin mixture (i.e., a mixture of crystalline polyamide resin and
noncrystalline polyamide resin). PP(1) and PP(2) are different polypropylene-based
resins provided that the flexural modulus of the polypropylene-based resin PP(1) is
higher than that of the polypropylene-based resin PP(2).  PA(1) and PA(2) are different
polyamide resin mixtures.

PP/adhesive layer/PA/adhesive layer/PP, PP/adhesive
layer/PA(1)/PA(2)/adhesive layer/PP, PP(1)/PP(2)/adhesive layer/PA/adhesive
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layer/PP(2)/PP(1), PP(1)/PP(2)/adhesive layer/PA(1)/PA(2)/adhesive layer/PP(2)/PP(1),
PP/adhesive layer/PA/adhesive layer/PA/adhesive layer/PP, PP/adhesive
layer/PA(1)/adhesive layer/PA(2)/adhesive layer/PP, PP(1)/PP(2)/adhesive
layer/PA/adhesive layer/PA/adhesive layer/PP(2)/PP(1), PP(1)/PP(2)/adhesive
layer/PA(1)/adhesive layer/PA(2)/adhesive layer/PP(2)/PP(1)

2.1.1. Thickness of multilayer film

The thickness of the multilayer film may be appropriately selected from a range
applied to an injection bag.  The thickness of the multilayer film may be 80 to 300
micrometers. When the thickness of the multilayer film is 80 micrometers or more,
moderate massive quality can be obtained. When the thickness of the multilayer film
1s 300 micrometers or less, moderate flexibility can be obtained. In particular, the
thickness of the multilayer film may be 100 to 300 micrometers. When the thickness
of the multilayer film is 100 micrometers or more, moderate thrust strength can be
obtained.

The thickness of the innermost layer (polypropylene-based resin layer) of the
multilayer film may be 10 to 100 micrometers. When the thickness of the innermost
layer is 10 micrometers or more, moderate seal stability can be obtained. When the
thickness of the innermost layer is 100 micrometers or less, moderate flexibility and
transparency can be obtained. When the multilayer film has a five-layer structure
consisting of PP/adhesive layer/PA/adhesive layer/PP, the thickness of the innermost
layer may be 15 to 60 micrometers. If the thickness of the innermost layer exceeds 60
micrometers, fall strength may deteriorate. If the thickness of the innermost layer is 15
micrometers or less, it may be difficult to stably produce the innermost layer.

The thickness of the intermediate layer (polyamide resin mixture layer) of the

multilayer film may be 15 to 45 micrometers. When the thickness of the
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intermediate layer is 15 micrometers or more, moderate mechanical strength, oxygen
barrier capability, and the like can be obtained. If the thickness of the intermediate

layer



10

i5

20

25

19

exceeds 45 micrometers, the total amount of monomer and low-molecular-weight
polymer included in the intermediate layer 14 may increase, and the maximum UV
absorbance may increase when subjecting the multilayer film to the Test Methods for
Plastic Containers specified in the Japanese Pharmacopoeia 16th Edition. When the
multilayer film has a five-layer structure consisting of PP/adhesive layer/PA/adhesive
layer/PP, the thickness of the intermediate layer may be 20 to 42 micrometers or 23 to
37 micrometers. When the thickness of the intermediate layer is 20 micrometers or
more, the multilayer film exhibits low carbon dioxide permeability, and volatilization of
bicarbonate ions during heat sterilization at a temperature of more than 100°C can be
suppressed. When the thickness of the intermediate layer is 23 micrometers or more,
volatilization of bicarbonate ions during heat sterilization in an injection preparation
assembly even at 121°C can be suppressed, and the pH can be adjusted within the
intracorporal injection allowable range. When the thickness of the intermediate layer
is 42 micrometers or less, the multilayer film exhibits moderate flexibility When the
thickness of the intermediate layer is 37 micrometers or less, the edge of the injection
bag in which a drug solution is contained according to one embodiment of the invention
exhibits flexibility (i.e., it is comfortable for the user).

The thickness of the adhesive layer of the multilayer film may be 10 to 100
micrometers. When the thickness of the adhesive layer is 10 micrometers or more, the
adhesive layer exhibits adhesion. When the thickness of the adhesive layer is 100
micrometers or less, moderate flexibility and transparency can be obtained. When the
multilayer film has a five-layer structure consisting of PP/adhesive layer/PA/adhesive
layer/PP, the thickness of the adhesive layer may be 15 to 60 micrometers.

The thickness of the outermost layer (polypropylene-based resin layer) of the

multilayer film may be 10 to 100 micrometers. When the thickness of the
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outermost layer is 10 micrometers or more, moderate heat resistance can be obtained.
When the thickness of the outermost layer is 100 micrometers or less, moderate

flexibility and
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transparency can be obtained. When the multilayer film has a five-layer structure
consisting of PP/adhesive layer/PA/adhesive layer/PP, the thickness of the outermost
layer may be 15 to 60 micrometers. When the thickness of the outermost layer is 60
micrometers or less, the desired fall strength can be obtained. When the thickness of
the outermost layer is 15 micrometers or more, it is possible to stably produce the
outermost layer.

The thickness of the part of the multilayer film situated on the inner side of the
intermediate layer may be 70 micrometers or more. When thickness of the part of the
multilayer film situated on the inner side of the intermediate layer is 70 micrometers or
more, a low maximum UV absorbance is obtained when subjecting the multilayer film
to the Test Methods for Plastic Containers specified in the Japanese Pharmacopoeia 16th

Edition.

3. Bag production method and applications

The injection bag according to one embodiment of the invention may be
produced using the multilayer film by utilizing a known method that produces a bag
using a film. The injection bag according to one embodiment of the invention that is
formed of the multilayer film is a bag that holds an injection. Examples of the
injection include an infusion, an artificial kidney dialysis fluid, a peritoneal dialysis
fluid, blood, and the like. The injection bag may also suitably be used as a medical
container for injecting, discharging, or storing a body fluid, a drug solution, and the like.
The bag may be a multi-chamber container (e.g., double bag) structure, a
single-chamber container (single bag) structure, or the like depending on the
application.

The injection bag according to one embodiment of the invention that is formed

of the multilayer film has a maximum UV absorbance measured in accordance with the

Japanese Pharmacopoeia 16th Edition of 0.01 to 0.08 although a polyamide
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resin is used for the intermediate layer. Therefore, the injection bag according to one

embodiment
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of the invention meets the maximum UV absorbance standard of the Test Methods for
Plastic Containers specified in the Japanese Pharmacopoeia 16th Edition.

Since the injection bag according to one embodiment of the invention that is
formed of the multilayer film exhibits an excellent gas barrier capability, the injection
bag can reduce the possibility that a drug solution changes in quality, and can reduce a
change in drainage capability and the like due to a differential pressure (osmotic
pressure).  Since the injection bag according to one embodiment of the invention that
is formed of the multilayer film exhibits an excellent gas barrier capability, it is possible

to use bicarbonate ions for adjusting the pH of an injection or a peritoneal dialysis fluid.

4. Examples and comparative examples
The invention is further described in detail below by way of examples. Note

that the invention is not limited to the following examples.

4.1.  Raw material

The materials shown in Tables 1 and 2 were used as the raw materials in the
examples and comparative examples.

PP(A) to PP(E) used for the innermost layer and the outermost layer are
polypropylene-based resins manufactured by Mitsubishi Chemical Corporation. The
grade, the MFR (g/10 min) (measured in accordance with JIS K 6758), and the melting
peak temperature (measured in accordance with JIS K 7121) of each
polypropylene-based resin are shown in Table 1.

AP(A) and AP(B) used for the adhesive layer are modified polyolefin resins
(ethylene-propylene copolymer) manufactured by Mitsubishi Chemical Corporation (a
mixture with a styrene-based elastomer). The grade, the MFR (g/10 min) (measured in
accordance with JIS K 6758), and the melting peak temperature (measured in

accordance with JIS K 7121) of each modified polyolefin resin are shown in Table 1.
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TABLE 1

Grade MFR Melting peak (°C)
PP(A} ZELAS 7023 2.0 165
PP(B) ZELAS 7025 1.6 162
Innermost layer and PP(C) MC752 33 163
outermost layer PP(D) MC723 18 162
PP(E) MC753 3.5 161
PP(F) MC704 1.8 162
. AP(A) MCT721AP 3.1 158
Adhestve layer AP(B) MC756 21 161

PA(A) to PA(C) used for the intermediate layer are mixtures of Novamid 2430]
(crystalline polyamide resin manufactured by DSM Japan Engineering Plastics K.K.}
and Novamid X21-F07 (noncrystalline polyamide resin manufactured by DSM Japan
Engineering Plastics K.K.) (see Table 2). Three types of Novamid 2430] differing in
low-molecular-weight polymer content (1.49 mass%, 0.77 mass%, or 0.67 mass%) were
used. For example, PA(A10) (see Table 2) is a mixture of 90 mass% of Novamid
24307J having a low-molecular-weight polymer content of 1.49 mass% and 10 mass% of
Novamid X21-F07. Note that Novamid 2430J having a low-molecular-weight
polymer content of 0.8 mass% was used as PA(B00). The low-molecular-weight

polymer content in Novamid 2430J was measured in accordance with JIS K 6810.

TABLE 2
Novamid 24307J {mass%)
N - Novamid X21-F07
Low-molecular-weight polymer content (rass%})
(mass¥%)
1.49 0.77 0.67

PA(A10) 90 10

PA(A3(D) 76 30

PA(AS0) 50 50

PA(BOG) 100 ¢

. PA(BIO) 90 10
Intermediate PA(B30) 70 30
layer PA(B35) 65 35
PA(B40) 60 40

PA(C20) 80 20
PA(C30) 70 30
PA(C35) 65 35

22
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4.2.

Multilayer film production method

23

A film consisting of each combination of the raw material resins shown in Tables

3 to 5 was produced using a water-cooling inflation forming machine (5-type/5-layer

configuration) provided with a multilayer film production die at the end. The

thickness of each layer (innermost layer/inner adhesive layer/intermediate layer/outer

adhesive layer/outermost layer) was set as shown in Tables 3 and 4 (40 micrometers/45

micrometers/30 micrometers/45 micrometers/40 micrometers), or set as shown in Table

5.

TABLE 3
Inner adhesive Intermediate Outer adhesive
Tnnermost layer Outermost layer
layer layer layer
40 micrometers | 45 micrometers | 30 micrometers | 45 micrometers | 40 micrometers
Example 1 PP(A} AP(A) PA(B10) AP(A) PP(D)
Example 2 PP(A) AP({A) PA(B30) AP{A) PP(D)
Example 3 PP(A) AP(A) PA(B35) AP(A) PP(D)
Example 4 PP(A) AP(A) PA(B40) AP(A) PP(D)
Example 5 PP(A) AP(A) PA(C20) AP(A) PP(D)
Example 6 PP(A)} AP(A) PA(C30) AP(A) PP(D)
Example 7 PP(A) AP(A) PA(C35) AP(A) PP(D)
Example 8 PP(B) AP(A) PA(B30) AP(A) PP(E)
Example 9 PP(B) AP(B) PA(B30) AP(B) PP(E)
Example 10 PP(C) AP(B) PA(B30) AP(B) PP(E)
TABLE 4
Inner adhesive Intermediate Outer adhesive
Innermost layer Qutermost layer
layer layer layer

40 micrometers

45 micrometers

30 micrometers

43 micrometers

40 micrometers

Comparative

Example 1 PP(A) AP(A) PA(AID) AP(A) PP(D)
Comparative
3
Example 2 PP(A) AP(A) PA(A30) AP(A) PP(D)
Comparative PP(A) AP(A) PA{ASD) AP(A) PP(D)
Example 3
C?lnparative PP(A) AP(A) PA(BO0) AP(A) PP(D)
Example 4
Comparative PP(A) PPE) o)

Example 5
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TABLE 5
Thickness of Thickness of inner Thickness of Thickness of outer ‘Thickness of
inmermost layer adhesive layer intermediate layer adhesive layer outermost layer
{micrometers) (micrometers) {(micrometers) {micrometers) (micrometers)
PP(C) AP(A) PA(B30) AP(A) PP(E)
Example 11 40 45 23 52 40
Example 12 PP(C) AP(A) PA(B30) AP(A) PP(E)
40 45 37 38 40
. PP(D) AP(A) PA(B35) AP(A) PP(A)
Example 13 40 45 38 37 40
Example 14 PP(D) AP(A) PA(B40) AP(A) PP(A)
40 45 45 30 40
Example 15 PP(A} AP(A) PA(B40) AP(A) PP(D)
40 30 45 45 40
Comparative PP(A) AP(A) PA{A30) AP(A) PP(D)
Example 6 55 55 30 55 50
Comparative PP(A) AP(A) PA(A30) AP(A) PP(D)
Example 7 75 55 30 55 50

4.3.  Evaluation method
The multilayer film obtained as described above (see Section 4.2), and a bag
produced using each multilayer film were evaluated using the following methods. The

evaluation results are shown in Tables 7 and 8 and FIGS. 2, 3, and 4.

4.3.1. Film-forming capability

A case where a film-forming failure did not occur during water-cooling inflation
forming (see Section 4.2) was evaluated as “A”, and a case where a film-forming failure
occurred during water-cooling inflation forming (see Section 4.2) was evaluated as “B”

(see “Film-forming capability” Tables 7 and 8§).

4.3.2. Haze (%)

Six specimens were sampled from each multilayer film obtained as described
above (see Section 4.2), and subjected to measurement in accordance with JIS K 7105.
A case where the haze value was 12 or less (i.e., a case where excellent transparency

was obtained) was evaluated as “A”, and a case where the haze value was
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more than 12
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(i.e., a case where the transparency was poor) was evaluated as “B” (see “Haze” in

Tables 7 and 8).

4.3.3. Heat resistance

A tube-like (cylindrical) (stacked) multilayer film formed by water-cooling
inflation forming (see Section 4.2) was cut to dimensions of 210x210 mm, and
heat-sealed on three sides to form abag. The bag was charged with 700 ml of purified
water (Millipore Milli-Q), and the remaining side was heat-sealed. A sample bag thus
obtained was placed in a high-temperature/high-pressure cooking pasteurization tester
(“RCS-40RTG” manufactured by Hisaka Works Ltd.), and pressurized. After
increasing the atmospheric temperature to 121°C, the temperature was maintained at
121°C for 60 minutes, and lowered to 25°C. The sample bag was removed from the
tester, and allowed to stand at 5°C for 24 hours. A case where the sample bag did not
wrinkle, or a deterioration in transparency did not occur, was evaluated as “A”, and a
case where the sample bag wrinkled, or a deterioration in transparency occurred, was

evaluated as “B” (see “Heat resistance” in Tables 7 and 8).

4.3.4. Strength

The sample bag sterilized at 121°C for 60 minutes (see Section 4.3.3) was
allowed to stand at 5°C for 24 hours, and dropped three times from a height of 1.6 m
(parallel falling). A case where the sample bag did not break was evaluated as “A”,

and a case where the sample bag broke was evaluated as “B”™ (see “Strength” in Tables 7

and 8).

4.3.5. Maximum UV absorbance
A tube-like (cylindrical) (stacked) multilayer film formed by water-cooling

inflation forming (see Section 4.2) was cut to dimensions of 150x100 mm,
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and heat-sealed on



10

i5

20

25

26

three sides to form abag. The bag was charged with 100 ml of purified water, and the
remaining side was heat-sealed. The resulting sample bag was immersed in purified
water in accordance with the Test Methods for Plastic Containers specified in the
Japanese Pharmacopoeia 16th Edition in the same manner as in Section 4.3.3, and the
maximum UV absorbance was measured. Specifically, a test solution was prepared in
accordance with the Test Methods for Plastic Containers (elution test) specified in the
Japanese Pharmacopoeia 16th Edition, and the maximum UV absorbance at 220 to 240
nm was measured using a UV spectrophotometer “UV-2450” (manufactured by
Shimadzu Corporation). The results are shown in Tables 7 and 8.  The Japanese
Pharmacopoeia requires that the above value be 0.08 or less. A case where the average
maximum UV absorbance of the sample bags was 0.08 or less was evaluated as “A”,
and a case where the average maximum UV absorbance of the sample bags was more
than 0.08 was evaluated as “B” (see “Absorbance” in Tables 7 and 8). FIG. 2 (line
chart) shows the average maximum UV absorbance (see the solid lines) relative to the
low-molecular-weight polymer content in the crystalline polyamide resin used for the
intermediate layer. The dotted line indicates the standard deviation of the maximum
UV absorbance (3sigma). In FIG. 2, the horizontal axis indicates the ratio (content)
{mass%) of the noncrystalline polyamide resin used for the intermediate layer, and the
vertical axis indicates the maximum UV absorbance of the sample bag. Reference sign
20 indicates the results obtained in Examples 5 to 7, reference sign 22 indicates the
results obtained in Comparative Example 4 and Examples 1 to 4, and reference sign 24

indicates the results obtained in Comparative Examples 1 to 3.

4.3.6. CO, permeability
Three specimens were sampled from each multilayer film obtained as described
above (see Section 4.2). The CO; gas permeability {cc/day/ atm/mz) was measured at

an atmospheric temperature of 40°C and a relative humidity of 80% using a



10

15

20

25

27

differential-pressure gas permeability measurement device (“GTR-10XACT”
manufactured by GTR Tec Corporation). A case where the permeability was less than
400 cc/day/atm/m* was evaluated as “A”, a case where the permeability was 400 or
more and less than 800 cc/day/atm/m* was evaluated as “B”, a case where the
permeability was 800 or more and less than 1200 cc/day/atm/m® was evaluated as “C”,
and a case where the permeability was 1200 or more cc/day/ atm/m? was evaluated as
“D”.  Asmall CO, gas permeability value indicates a high CO, gas barrier capability.
FIG. 3 shows the CO; gas permeability measurement results. In FIG. 3, the horizontal
axis indicates the ratio (content) (mass%) of the noncrystalline polyamide resin used for
the intermediate layer, and the vertical axis indicates the CO, gas permeability
(cc/day/atm/m®).  In Example 5 and 6, the low-molecular-weight polymer content in
the crystalline polyamide resin used for the intermediate layer was 0.67 mass%. In
Comparative Example 4 and Examples 1 and 2, the low-molecular-weight polymer
content in the crystalline polyamide resin used for the intermediate layer was 0.77

mass%e.

4.3.7. Change in pH

A tube-like (cylindrical) (stacked) multilayer film(width: 18 cm) formed by
water-cooling inflation forming (see Section 4.2) was heat-sealed to have an inner
dimension of 28 cm to obtain a plurality of test bags having a chamber A charged with
637 ml of a buffer solution (see Table 7), and a chamber B that was heat-sealed to have
an inner dimension of 18 c¢m, charged with 363 ml of a glucose solution (see Table 7),
and divided from the chamber A by a weak seal. Each test bag was sterilized at 121°C
for 40 minutes, and allowed to stand at a temperature of 40°C and a relative humidity of
80%. Afier the passage of a specific period (immediately after sterilization, after 1
month, after 2 months, after 4 months, or after 6 months), the weak seal was opened,

and the pH of a mixture of the buffer solution and the glucose solution was measured.



The results are shown in FIG. 4. In FIG. 4, reference sign 40 indicates the results
obtained in Example I, reference sign 42 indicates the results obtained in Example 2,

and reference sign 44 indicates the results obtained in Comparative Example 4.

TABLE 6

Buffer solution 637 ml in total (w/v%)
Sodium bicarbonate 3.62
Sodium chloride 4.94
Sodium hydroxide 0.176

Glucose sotution 363 ml in total (w/v%)
Anhydrous glucose 62.6
Sodium chloride 0.610
Anhydrous_ calcium 0.071

chloride

Magnesium hexahydrate 0.014
Sodium lactate 0.309
Hydrochloric acid 0.145

4.4.  Evaluation results
The evaluation results obtained in each example and comparative example are

shown in Tables 7 and 8 and FIGS. 2 to 4.
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The following were confirmed by the results shown in Tables 7 and 8 and FIGS.
2t04.

The sample bags respectively formed of the multilayer films of Examples 1 to
15 met the maximum UV absorbance standard (0.08 or less) of the Test Methods for
Plastic Containers specified in the Japanese Pharmacopoeia 16th Edition although a
polyamide resin was used for the intermediate layer of the multilayer film. The
maximum UV absorbance of the sample bag of Examples 1 to 7 was less than the
standard deviation (3sigma) (see FIG. 2). The multilayer films of Examples 1 to 15
had an excellent film-forming capability, and exhibited excellent heat resistance, haze
value, and fall strength. In particular, the multilayer films of Examples 2 to 15 had a
CO, permeability measured at a temperature of 40°C and a relative humidity of 80% of
400 cc/day/atm/m? or less.  When the CO, permeability measured at a temperature of
40°C and a relative humidity of 80% was 400 cc/day/atm/m” or less, a change in pH
could be suppressed to 0.3 or less when sterilization was performed at 121°C in a state
in which the bag was charged with a drug solution including bicarbonate ions in an
amount of 27 mEq/l or more, followed by storage at a temperature of 40°C and a
relative humidity of 80% for 6 months.

In contrast, the sample bags of Comparative Examples 1 and 2 formed of the
multilayer film in which the crystalline polyamide resin having a low-molecular-weight
polymer content of 1.5 mass% was used for the intermediate layer in an amount of 70 to
90 mass%, did not meet the maximum UV absorbance standard. The sample bag of
Comparative Example 4 formed of the multilayer film in which the crystalline
polyamide resin having a low-molecular-weight polymer content of 1.5 mass% was
used for the intermediate layer, but the noncrystalline polyamide resin was used in an
amount of 50 mass%, met the maximum UV absorbance standard, but a film-forming

failure occurred. The
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sample bags of Comparative Examples 6 and 7 formed of the multilayer film in which

the low-molecular-weight polymer content in the intermediate layer was 1.5
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mass%, and the thickness of the innermost layer and the adhesive layer situated on the
inner side of the intermediate layer was increased, did not meet the maximum UV
absorbance standard, When using the multilayer film of Comparative Example 4, the
CO, permeability measured at a temperature of 40°C and a relative humidity of 80%
exceeded 800 cc/day/atm/m? or less, and a change in pH exceeded 0.45 when
sterilization was performed at 121°C in a state in which the bag was charged with a drug
solution including bicarbonate ions in an amount of 27 mEq/l or more, followed by

storage at a temperature of 40°C and a relative humidity of 80% for 6 months.

INDUSTRIAL APPLICABILITY

The injection bag according to the embodiments of the invention that is formed
of a multilayer film meets the maximum UV absorbance standard (0.08 or less) of the
Test Methods for Plastic Containers specified in the Japanese Pharmacopoeia 16th
Edition although a polyamide resin is used for the intermediate layer, and may be used
for medical applications. Moreover, the injection bag according to the embodiments of
the invention that is formed of a multilayer film can suppress a change in pH due to
permeation of carbonic acid even when bicarbonate ions are used for a drug solution

mamberaie ned £l mgeny
contained therein.

REFERENCE SIGNS LIST

10 Innermost layer

12 Adhesive layer

14 Intermediate layer

16 Adhesive layer

18 Outermost layer

20 Results obtained in Examples 5 to 7 in which PA(C) was used for intermediate

layer
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22 Results obtained in Examples 1 to 4 and Comparative Example 4 in which
PA(B) was used for intermediate layer

24 Results obtained in Comparative Examples 1 to 3 in which PA(A) was used for
intermediate layer

40 Results obtained in Example 1

42 Results obtained in Example 2

44 Results obtained in Comparative Example 2

F Multilayer film
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CLAIM
1. An injection bag that is formed of a muitilayer film, the injection bag
comprising:

an innermost layer that is formed of a polypropylene—based resin;

an outermost layer that is formed of a polypropylene—based resin;

an intermediate layer that is situated between the innermost layer and the
outermost layer: and

two adhesive layers that are situated on either side of the intermediate
layer,

the intermediate layer including a mixture of 60 to 90 mass% of a crystalline
polyamide resin and 10 to 40 mass% of a noncrystalline polyamide resin,

the crystalline polyamide resin having a combined content of a monomer and
a low—molecular-weight polymer of 0.8 mass% or less,

the noncrystalline polyamide resin including a semi—aromatic polyamide, and

the injection bag having a maximum UV absorbance measured in accordance
with the Test Methods for Plastic Containers specified in the Japanese
Pharmacopoeia 16th Edition of 0.08 or less.

2. The injection bag according to claim 1,

wherein the polypropylene—-based resin of at least one of the outermost
layer and the innermost layer contains a polyolefin—based resin other than the
polypropylene—based resin.

3. The injection bag according to claim 1 or 2,

_ wherein the polypropylene—based resin has a flexural modulus of 300 to 700
MPa.
4. The injection bag according to any one of claims 1 to 3,

wherein the polypropylene—based resin contains a polyolefin~based
elastomer.

5. The injection bag according to any one of claims 1 to 4,
wherein the intermediate layer includes a mixture of 65 to 80 mass% of the
crystalline polyamide resin and 20 to 35 mass% of the noncrystalline polyamide resin.

6. The injection bag according to any one of claims 1 to 5,
wherein the intermediate layer has a thickness of 15 to 45 micrometers.

7. The injection bag according to any one of claims 1 to 6,
wherein the intermediate layer has a thickness of 20 to 42 micrometers.
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8. The injection bag according to any one of claims 1 to 7,
wherein the intermediate layer has a thickness of 23 to 37 micrometers.

9. The injection bag according to any one of claims 1 to 8,
wherein the crystalline polyamide resin is a polyamide 666 copolymer.

10. The injection bag according to any one of claims 1 to 9,
wherein the noncrystalline polyamide resin is an isophthalic
acid/terephthalic acid/hexamethyienediamine polycondensate.

11. The injection bag according to any one of claims 1 to 10,
wherein the multilayer film has a thickness of 100 to 300 micrometers.

12. The injection bag according to any one of claims 1 to 11,
wherein the outermost layer has a thickness of 15 to 60 micrometers.

13. The injection bag according to any one of claims 1 to 12,
wherein the innermost layer has a thickness of 15 to 60 micrometers.

14. The injection bag according to any one of claims 1 to 13,
wherein part of the multilayer film on the inner side of the intermediate layer
has a thickness of 70 micrometers or more.

15. The injection bag according to any one of claims 1 to 14,
wherein the adhesive layers each of which has a thickness of 10 to 100
micrometers,

16. The injection bag according to any one of claims 1 to 15,

wherein the multilayer film has a five—layer structure consisting of a
polypropylene-based resin/an adhesive layer/a polyamide resin/an adhesive
layer/and a polypropylene—based resin.

17. The injection bag according to claim 16,
wherein the adhesive lavers each of which has a thickness of 15 to 60
micrometers,

18. The injection bag according to any one of claims 1 to 17,
wherein the content of repeating units derived from epsilon—caprolactam in

the crystalline polyamide resin is 30 to 100 massh.

19. The injection bag according to any one of claims 1 to 18,
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wherein the crystalline polyamide resin having a combined content of a
monomer and a low—molecular—weight polymer of 0.1 to 0.7 massh.

20. The injection bag according to any one of claims 1 to 19,
wherein the multilayer film is a film manufactured by using the water~cooling
inflation method.

21. An injection preparation assembly comprising the injection bag according to
any one of claims 1 to 20, and a drug solution that is contained in the injection bag.

22. The injection preparation assembly according to claim 21, wherein the
injection bag is a multi~chamber container structure.

23. The injection preparation assembly according to claim 21 or 22, wherein the
drug solution contains bicarbonate ions.

24, The injection preparation assembly according to any one of claims 21 to 23,
wherein the drug solution includes bicarbonate ions in an amount of 27 mEqg/I or
more.

25. The injection preparation assembly according to any one of claims 21 to 24,
wherein the drug solution is sterilized at 121°C while being contained in the injection
bag.
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INJECTION BAG AND INJECTION PREPARATION ASSEMBLY
ABSTRACT

An injection bag is formed of a multilayer film, and includes an intermediate layer
that includes a mixture of 60 to 90 mass% of a crystalline polyamide resin and 10 to 40
mass% of a noncrystalline polyamide resin. The crystalline polyamide resin has a combined
content of a monomer and a low-molecular-weight polymer of 0.8 mass% or less. The
noncrystalline polyamide resin includes a semi-aromatic polyamide.
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