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G housed and sealed in an outer bag having an oxygen barrier property together with a deoxygenating agent.
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DRUG SOLUTION CONTAINER PACKAGE AND METHOD FOR MANUFACTURING

THE SAME

Technical Field

[0001] This invention relates to a drug solution container
package, arranged by making a drug solution container, which
is sealed after being filled with a drug solution, contained
and sealed in an outer pouch, and a method for manufacturing
this drug solution container package.

Background Art

[0002] In recent years, plastic containers, which are
lightweight, pliable, good in handling properties, and readily
disposable, are widely used as containers for containing drug
solutions, and as a plastic that forms such a plastic container,
polyethylene, polypropylene, or other polyolefin is often used
from the standpoint of stability with respect to drug solutions
and medicinal safety.

[0003] However, due to being a material of a high oxygen
gas transmissionrate, polyolefins are not necessarily suitable
inapplications of containing and preservingdrug solutions that
readily undergo oxidative decomposition from the standpoint of
quality maintenance of drug solutions, etc.

{0004] On the other hand, Patent Document 1 describes a
package for infusion in which an infusion, made up of an aqueous

solution containing amino acids, is filled in a primary medical




container that hasagastransmitting property, and the infusion,
filled in the primary medical container, is then contained along
with an oxygen scavenger in a secondary packaging container that
is substantially impermeable to oxygen.

[0005] Also, Patent Document 2 describes a drug solution
container film having an inorganic compound film formed on at
least one sideof aplastic filmandhaving the followingphysical
properties (1) through (4):

(1) an ‘oxygen gas transmission rate of not more than
lcc/m?:24hr-atm;

(2) amoisture transmissionrate of not more than 1g/m?-24hr-atm;
(3) a light transmittance of not less than 80%; and

(4) a hue b value of not more than 5.

[0006] Further, Patent Document 3 describes an infusion
container having a gas barrier property and formed of a resin
container having a flexible wall and at least an outlet formed
therein, and in which the above-mentioned container wall is
formed of multiple layers that are divided into an inner layer
andanouter layerwithanintermediate layerofpolyvinyl alcohol
as a boundary, the above-mentioned innermost layer is a
polyolefin layer with a thickness in a range of 50 to 800um,
and the above-mentioned outer layer is provided so that the
above-mentioned outer layer has a moisture transmission amount
So (g/m?-24hrs at a temperature of 40°C and 90%RH) of not less

than twice a moisture transmission amount Si (g/m?-24hrs at a




temperatureof 40°Cand 90%RH) of the above-mentioned inner layer;
anddescribesaninfusioncontainer, inwhich the above-described
container is packaged alongwith a drying agent inside a package.
The same document also describes that, in the above-described
infusion container, the gas barrier property of the container
wall recovers immediately even after performing autoclave
sterilization.

Patent Document 1: Japanese Unexamined Patent Publication
No.63-275346

Patent Document 2: Japanese Unexamined Patent Publication
No.11-285520

Patent Document 3: Japanese Unexamined Patent Publication
No.10-80464
Disclosure of the Invention
Problem to be solved by the Invention
[0007] When, asintheinventiondescribedinPatent Document
1, the primary container is oxygen gas transmissible, however,
oxidative degradation of the solution contained in the primary
container cannot be prevented if the primary container is left
standing after the secondary container is opened. Moreover,
if microbes, etc., become mixed into the drug solution by error
when another drug solution is mixed into the primary container
from the exterior, proliferation of microbes may be accelerated
by the transmission of oxygen into the primary container from

the exterior.




[0008] Meanwhile, as examplesofafilmofaplasticprovided
with an oxygen barrier property (referred to hereinafter simply
as “oxygen barrier plastic”), plastic films using inorganic
materials, such as plastic films on which silica or alumina is
vapor deposited and plastic films on which an aluminum film is
laminated, have been known.

[0009] However, in a drug solution container formed using
an oxygenbarrier plastic filmsuchas in the invention described
in Patent Document 2, because of the excellent oxygen barrier
property of the above-mentioned film, it is inevitable that the
contents undergo oxidative degradation with time or microbes
erroneously mixed into the drug solution proliferate if the drug
solution container is sealed with oxygen being contained in a
head space thereof. It thus becomes necessary to perform a
process of lowering an amount of dissolved oxygen in a drug
solution before filling and sealing the drug solution in the
drug solution container and a process of replacing the
above-mentioned head space with nitrogen or other inert gas and
bringing the replacement rate infinitely close to 100%. This
causes manufacturing equipment to become large and complex and
leads to increased cost. Moreover, in the above-mentioned
oxygen barrier plastic, pinholes may form due to impacts
resulting from vibration during transport, etc.

[0010] Further, asplasticswithanoxygenbarrier property,

polyvinylidenechloride, polyacrylonitrile, polyvinylalcohols,
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ethylene-vinyl alcohol copolymers, etc., are known, and films
formed from such plastics are also supplied.

[oo11} However, because these plastic films are not
adequate in heat resistance, impact resistance, pliability,
transparency, etc., are not suitable for incineration
disposal, or may give rise to eluted matter upon contact with
a drug solution, they cannot be used appropriately as they
are to form drug solution containers. In particular,
polyvinyl alcohols and ethylene-vinyl alcohol copolymers have
the problem of changing greatly in oxygen barrier property
depending on a change in humidity.

[0012] Meanwhile, though Patent Document 3 describes that
the gas barrier property of the infusion container recovers
immediately after autoclave sterilization, because no
consideration is made on oxygen present inside the infusion
container, the issues of oxidative degradation of the
contents with time, proliferation of microbes, etc., are not
resolved.

[0013] It would therefore be advantageous if at least
preferred embodiments of this invention provide a drug
solution container package, in which degradation of a drug
solution, proliferation of microbes, etc. accompanying the
transmission of oxygen can be restrained in a high degree
while maintaining characteristics required of plastic drug

solution containers, such as heat resistance, impact

2810120_1 (GHMaters) P74388. AU
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resistance, pliability, transparency, and resistance against
elution of plastic forming material; it would also be
advantageous if at least preferred embodiments of this
invention provide a method for manufacturing the drug
solution container package.

Means for Solving the Problem

[0014] The present invention provides:

(1) a drug solution container package comprising: a
plastic drug solution container containing a drug solution,
the container being sealed and sterilized by steam or hot
water; an oxygen scavenger; and an outer pouch having an
oxygen barrier property for containing and sealing the
above-mentioned plastic drug solution container and the
above-mentioned oxygen scavenger, wherein a plastic forming
the plastic drug solution container has an oXygen gas
transmission rate of not less than 200cm®/m?-24h-atm at a
temperature of 25°C and a humidity of 60%RH within twelve
hours after being subjected to steam sterilization or hot
water sterilization and has an oxygen gas transmission rate
of not more than 100cm’/m?-24h-atm at a temperature of 25°C
and a humidity of 60%RH when the oxygen gas transmission rate
is in a steady state,

wherein the plastic forming the plastic drug solution
container is a multilayer film having a sealing layer at an

inner surface side of the plastic drug solution container, a

2810120_1 (GHMatters) P74388 AU
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protective layer on an outer surface side of the plastic drug
solution container, and an intermediate layer between the
sealing layer and the protective layer,

wherein the steam sterilization is carried out in an
atmosphere of a temperature of 100 to 121°C and in a steam
saturated state for a heating time of 10 to 60 minutes, and
the hot water sterilization is performed under condition of
injecting or spraying hot water of 100 to 121°C, for 10 to 60
minutes at atmospheric pressure or under a pressurized
atmosphere,

wherein the intermediate layer is formed of a plastic
which has an oxygen gas transmission characteristic under a
condition of a steady state lower than that under a condition
after the steam sterilization or hot water sterilization, and

wherein the multilayer film includes a 1low water
absorption layer, formed of a low water absorption plastic
having a water absorption rate of not more than 0.01%,
between the sealing layer and the intermediate layer;
(2) the drug solution container package according to (1), in
which the above-mentioned steam sterilization is a process of
heating the above-mentioned plastic drug solution container
for 10 to 60 minutes under an inert gas atmosphere at a
temperature of 100 to 121°C in a steam saturated state;
(3) the drug solution container package according to (1),

wherein the intermediate layer is formed from a polyol-based

2810120_1 (GHMatters) P74388.AU
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plastic that is an ethylene-vinyl alcohol copolymer with an
ethylene content of 10 to 45 mole %;

(4) the drug solution container package according to (1),
wherein, of the above-mentioned multilayer film, a water
vapor transmission rate of the entirety of layers disposed at
the outer surface side of the above-mentioned plastic drug
solution container with respect to the above-mentioned
intermediate layer is 1 to 50g/m®-24h at a temperature of
25°C and a humidity of 90%RH;

(5) the drug solution container package according to (1),
wherein the above-mentioned low water absorption plastic is a
cyclo olefin polymer;

(6) the drug solution container package according to (1),
wherein the plastic forming the above-mentioned plastic drug
solution container has an oxygen gas transmission rate of 500
to 1000cm’/m?-24h-atm at a temperature of 25°C and a humidity
of 60%RH within twelve hours after being subjected to steam
sterilization or hot water sterilization;

(7) the drug solution container package according to (1),
wherein the plastic forming the above-mentioned plastic drug
solution container has an oxygen gas transmission rate of 0.5
to 70cm®/m?-24h-atm at a temperature of 25°C and a humidity of
60%RH when the oxygen gas transmission rate is in a steady

state;

2810120_1 (GHMatters) P74388 AU
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(8) the drug solution container package according to (1),
wherein the above-mentioned plastic drug solution container
is formed of a plastic that requires at least two days for
the oxygen gas transmission rate to attain the steady state
after steam sterilization or hot water sterilization;
(9) the drug solution container package according to (1),
wherein the drug solution contained and sealed in the
above-mentioned plastic drug solution container is a drug
solution that contains an oxidizable substance;
(10) the drug solution container package according to (1),
wherein the above-mentioned outer pouch has a water vapor
transmission rate of 0.5 to BOg/mﬂ24h at a temperature of
25°C and a humidity of 90%RH;

(11) a method for manufacturing a plastic drug solution
container package,

wherein plastic forming the plastic drug solution
container is a multilayer film having a sealing layer at an
inner surface side of the plastic drug solution container, a
protective layer on an outer surface side of the plastic drug
solution container, and an intermediate 1layer between the
sealing layer and the protective layer,

wherein the steam sterilization is carried out in an
atmosphere of a temperature of 100 to 121°C and in a steam
saturated state for a heating time of 10 to 60 minutes and

the hot water sterilization is performed under condition of

2810120_1 (GHMatters) P74388.AU
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injecting or spraying hot water of 100 to 121°C, for 10 to 60
minutes at atmospheric pressure or under a pressurized
atmosphere,

wherein the intermediate layer is formed of a plastic
which has an oxygen gas transmission characteristic under a
condition of a steady state lower than that under a condition
after the steam sterilization or hot water sterilization,

wherein the multilayer film includes a low water
absorption layer, formed of a low water absorption plastic
having a water absorption rate of not more than 0.01%,
between the sealing layer and the intermediate layer, and

wherein after making a drug solution contained and
sealed in the plastic drug solution container formed of the
plastic, which has an oxygen gas transmission rate of not
less than 200cm’®/m?:-24h-atm at a temperature of 25°C and a
humidity of 60%RH within twelve hours after being subjected
to steam sterilization or hot water sterilization and an
oxygen gas transmission rate of not more than
100cm’/m?-24h-atm at a. temperature of 25°C and a humidity of
60%RH when the oxygen gas transmission rate is in a steady
state, the plastic drug solution container is steam
sterilized or hot water sterilized, and then the sterilized
plastic drug solution container and an oxygen scavenger are

contained and sealed in an outer pouch having an oxygen

2610120_1 (GHMatters) P74388.AU
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barrier property to form a plastic drug solution container
package;

(12) the method for manufacturing a drug solution container
package according to (11), wherein the above-mentioned steam
sterilization is a process of heating the above-mentioned
plastic drug solution container for 10 to 60 minutes under an
inert gas atmosphere at a temperature of 100 to 121°C in a
steam saturated state;

(13) the method for manufacturing a drug solution container
package according to (11), wherein the above-mentioned outer
pouch has a water vapor transmission rate of 0.5 to
30g/m?-24h at a temperature of 25°C and a humidity of 90%RH;
and

(14) the method for manufacturing a drug solution container
package according to (11), wherein before the above-mentioned
plastic drug solution container and the above-mentioned
oxygen scavenger  are contained and sealed in the
above-mentioned outer pouch, a space between the
above-mentioned plastic drug solution container and the
above-mentioned outer pouch is filled with an inert gas.
[0015] In this invention, an oxygen gas transmission rate
(0,GTR) of a plastic is measured according to Method B (Equal
Pressure Method) defined in JIS K 7126.,957 “Testing Method
for Gas Transmission Rate through Plastic Film and Sheeting,”

and a water vapor transmission rate of a plastic is measured

2810120_1 (GHMatters) P74388.AU
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according to A method (Humidity sensor method) defined in JIS
K 7129.,99; “Testing methods for water vapor transmission rate
of plastic film and sheet (instrument method) .”

[0016] In this invention, the following are defined as
oxygen gas transmission rates of the plastic that forms the
plastic drug solution container:

(a) a value measured after subjecting the plastic to steam
sterilization [(heating under an atmosphere in a steam
saturated state; steam sterilization, or high-pressure steam
sterilization (autoclave), for example] or hot water
sterilization (hot water shower sterilization or hot water
spray sterilization, for example) and removing water attached
to the surface of the steam-sterilized or
hot-water-sterilized plastic and letting the plastic stand to

cool, at a temperature of 25°C

2810120_1 (GHMatters) P74388.AU
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and a humidity of 60%RH (generally, an environment of a room
temperature and relatively moderate humidity) within twelve
hours after steam sterilization or hot water sterilization; and
(b) a value measured at a temperature of 25°C and a humidity
of 60%RH in the state in which a variationwith time of an oxygen
gas transmission rate is no longer observed, that is, the oxygen
gas transmission rate is in a steady state.

[0017] The above-mentioned oxygen gas transmission rate is
preferably the value measured within eight hours after the steam
sterilization or hot water sterilization and more preferably
the valuemeasuredwithinsix hoursafter the steamsterilization
or hot water sterilization. Normallyanelapseof approximately
four hours is required for a temperature of a plastic subjected
to steam sterilization or hot water sterilization to drop to
the oxygen gas transmission rate measurement temperature of 25°C
by letting the plastic stand to cool.

[0018] Also, theabove-mentioned steamsterilizationor hot
water sterilization is preferably performed at atmospheric
pressure or under a pressurized atmosphere of a barometric
pressure of not more than 4000hPa and more preferably performed
under a pressurized atmosphere of a barometric pressure of 2000
to 3500hPa.

[0019] The above-mentioned steady state refers to a state
in which a variation with time of an oxygen gas transmission

rate (an oxygen gas transmission rate measured under fixed
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conditions, such as a temperature of 25°C and a humidity of 60%RH)
is within +5% per hour and more preferably within +3% per hour.
[0020] Normally, to return an oxygen gas transmission rate
of a plastic used for forming a drug solution container to the
steadystateafter steamsterilizationorhotwatersterilization
by letting the plastic stand to cool, an elapse of two days,
preferably threedays, andmorepreferably fourdays, after steam
sterilizationorhotwater sterilizationis requiredin general.
Effect of the Invention

[0021] Because the plastic drug solution container of the
drug solution container package according to this invention is
formed of a so-called low oxygen gas transmission plastic with
anoxygengas transmissionrateof not more than100cm®/m?-24h-atm

under the environment of a temperature of 25°C and a humidity

of 60%RH when the oxygen gas transmission rate is in the steady
state, even when the drug solution container is left standing
after opening the outer pouch of the above-mentioned drug
solution container package, according to this invention,
transmission of oxygen into the drug solution container can be
restrained toprevent oxidative degradationof the drug solution
contained in a drug solution container.

[0022] Also, the plastic forming the above-mentioned
plastic drug solution container has an oxygen gas transmission

rate of not less than 200cm®*/m?-24h-atm at a temperature of 25°C

and a humidity of 60%RH after the steam sterilization or hot
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water sterilization, and exhibits an extremely high oxygen gas
transmission in comparison to when the oxygen gas transmission
rate is in the steady state. Moreover, the oxygen gas
transmission rate of the plastic after steam sterilization or
hot water sterilization normally does not return rapidly to the
statebefore the steamsterilization or hot water sterilization.
Thus, with the method for manufacturing the drug solution
container package according to this invention, in which the drug
solution container subjected to the steam sterilization or hot
water sterilizationis contained and sealedalongwith the oxygen
scavenger in the outer pouch with the oxygen barrier property
before the oxygen gas transmission rate of the plastic drops
significantly, the oxygen that remains inside the
above-mentioneddrug solutioncontainer (for example, theoxygen
remaining in the head space of the drug solution container and
the dissolved oxygen in the drug solution) can be removed from
inside the drug solution container.

[0023}] Thus, with the above-described drug solution
container package and the method for manufacturing the same,
oxidative degradation of the drug solution contained in a drug
solutioncontainer canberestrainedinahighdegree. Moreover,
even when a small amount of microbes become mixed into a drug
solution by error, proliferation of the microbes can be
restrained in a high degree.

Brief Description of the Drawings
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FIG. 1 is a schematic sectional view of an embodiment of
a plastic that forms a plastic drug solution container;

FIG. 2 is a schematic sectional view of another embodiment
of a plastic that forms a plastic drug solution container;

FIG. 3 is a schematic sectional view of yet another
embodiment of a plastic that forms a plastic drug solution
container;

FIG. 4 is a front view of an embodiment of a drug solution
bag;

FIG. 5 is a graph of a variation with time of an oxygen
gas transmission rate of a multilayer film obtained in Example
1;

FIG. 6 is a graph of variations with time of dissolved
oxygen concentrations in drug solution container packages
obtained in Examples and Comparative Examples;

FIG. 7 is a graph of variations with time of dissolved
oxXygenconcentrations indrugsolutioncontainers (drugsolution
bags) obtained in Examples and Comparative Examples; and

FIG. 8 is a graph of a variation with time of an oxygen
gas transmissionrate of themultilayer filmobtained in Example
1 in the state of being contained in an outer pouch.
Description of the Numerals
1 sealing layer
4 intermediate layer

5 protective layer
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10 plastic drug solution container

Modes for Carrying Out the Invention

[0024] A drug solution container package according to this
invention includes: a plastic drug solution container, in which
a drug solution is contained and sealed and which is steam
sterilized or hot water sterilized; an oxygen scavenger; and
an outer pouch for containing and sealing the above-mentioned
plastic drug solution container and the above-mentioned oxygen
scavenger.

[0025]) In the drug solution container package according to
this invention, the plastic drug solution container is formed
of a plastic having an oxygen gas transmission rate of not less
than 200cm®/m?-24h-atm at a temperature of 25°C and a humidity
of 60%RH within twelve hours after steam sterilization or hot
water sterilization, and having an oxygen gas transmission rate
of not more than 100cm®>/m?-24h-atm at a temperature of 25°C and
a humidity of 60%RH when the oxygen gas transmission rate is
in the steady state.

[0026] Particularly in the above-mentioned range, the
oxygen gas transmission rate of the above-mentioned plastic at
a temperature of 25°C and a humidity of 60%RH within twelve hours
after steam sterilization or hot water sterilization is
preferably not less than 500cm’/m?:24h-atm, more preferably not
less than 700cm’/m?-24h-atm, and even more preferably 700 to

1000cm®/m?-24h- atm.




16

[0027] In the above-mentioned plastic, when the oxygen gas
transmission rate at a temperature of 25°C and a humidity of
60%RHwithin twelve hours after steam sterilization or hot water
sterilization falls below the above-mentioned range, the effect
of removing the oxygen contained in the head space of the plastic
drug solution container, the dissolved oxygen in the drug
solution, etc. from the drug solution container to the exterior
is lowered after performing steam sterilization or hot water
sterilization on the plastic drug solution container, which
reduces the effect of restraining and preventing oxidative
degradation of a drug solution. Meanwhile, though the upper
limit of the oxygen gas transmission rate after steam
sterilization or hot water sterilization is not restricted in
particular, the upper limit is approximately 1000cm®/m?:24h-atm
in terms of the properties of a plastic used in a plastic drug
solution container.

[0028] Particularly in the above-mentioned range, the
oxXygen gas transmission rate of the above-mentioned plastic at
a temperature of 25°C and a humidity of 60%RH when the oxygen
gas transmission rate is in the steady state is preferably not
more than 70cm®/m?:24h-atm, more preferably not more than
30cm’/m?-24h-atm, and even more preferably 0.5 to
10cm®/m?-24h-atm.

[0029] If the oxygen gas transmission rate of the

above-mentioned plastic at a temperature of 25°C and a humidity
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of 60%RH when the oxygen gas transmission rate is in the steady
state exceeds the above-mentioned range, the transmission of
oxygen into the drug solution container cannot be restrained
when the above-mentioneddrugsolutioncontainerisleftstanding
after the outer pouch of the drug solution container package
is opened, for example, and this brings about oxidative
degradation of a drug solution contained in the drug solution
container. On the other hand, though the lower limit of the
oxXygen gas transmission rate when the oxygen gas transmission
rate is in the steady state is preferably zero, the lower limit
is preferably approximately 0.5cm’/m?-24h-atm in terms of the
properties of the plastic used in the plastic drug solution
container. The lower limit of the oxygen gas transmission rate
can also be approximately lcm?/m?-24h-atm or approximately
5cm’/m?-24h- atm.

[0030] As mentioned above, the oxygen gas transmission rate
of the plastic is the oxygen gas transmission rate (0,GTR)
measured according to Method B (Equal Pressure Method) defined
inJISK7126.19g7 “"TestingMethod for Gas TransmissionRate through
Plastic Film and Sheeting.” Examples of measuring equipment
used for measuring the oxygen gas transmission rate include a
product of the trade name “OX-TRAN (registered trademark)” made
by MOCON, Inc., and a product of the trade name “OPT-5000” made
by Lyssy AG.

[0031] The process conditions of the steam sterilization
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or hot water sterilization performed on the plastic drug
solution container are not restricted in particular and may
be set as suited according to general process conditions for
sterilization of containers containing a drug solution, and
specifically, for example, according to a type and amount of
a drug solution contained, a material quality and thickness
of a plastic that forms the container, and other conditions
as well as in consideration that the sterilization of the
drug solution fits to the predetermined conditions.

[0032] The steam sterilization 1is carried out in an
atmosphere of a temperature of 100 to 121°C and in a steam
saturated state for a heating time of 10 to 60 minutes.
Though the pressurization condition during the steam
sterilization is not restricted in particular, the steam
sterilization is preferably performed at atmospheric pressure
or under a pressurized atmosphere of a barometric pressure of
not more than 4000hPa and more preferably performed under a
pressurized atmosphere of a barometric pressure of 2000 to
3500hPa.

[0033] On the other hand, the hot water sterilization is
performed under condition of injecting or spraying hot water
of 100 to 121°C (e.g. 120°C), for 10 to 60 minutes at
atmospheric pressure or under a pressurized atmosphere.

[0034] The steam sterilization or hot water sterilization

2810120_1 (GHMaters) P74388.AU
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is preferably performed under an inert gas atmosphere. In this

case, the head space of the drug solution container prior to

being contained and sealed in the outer pouch can be replaced

in some degree by the above-mentioned inert gas during the steam

sterilization or hot water sterilization, and the amount of

oxygen contained in the drug solution container prior to being

contained andsealed inthe outerpouchcanbe lessenedinadvance.

Also, an amount of oxygen scavenger necessary for removing the

oxygen in the drug solution container after containing and
sealing the drug solution container in the outer pouch and time

required for the deoxygenation process can be lessened, and the
effectsofrestrainingandpreventingtheoxidativedegradation
of a drug solution can be improved further.

[0035] Though the above-mentioned inert gas is not
restrictedinparticular,itispreferablyagas,suchasnitrogen,
argon, etc., that does not readily cause (or that prevents)

oxidation and other alterations of a drug solution.

[0036] In the plastic that forms the plastic drug solution
container, the oxygen gas transmission rate after the steam
sterilization or hot water sterilization and the oxygen gas
transmission rate in the steady state can be set respectively
to suitable values by changing the type, thickness, etc. of the
above-mentioned plastic, or by changing a layer arrangenment,

thickness, etc. in the case where the above-mentioned plastic
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is a multilayer film. In the present invention, the plastic
forming the plastic drug solution container is a multilayer
film having a sealing layer at an inner surface side of the
plastic drug solution container, a protective layer on an
outer surface side of the plastic drug solution container,
and an intermediate layer between the sealing layer and the

protective layer.

2810120_1 (GHMatters) P74388.AU
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[0037] In regard to the oxygen gas transmission rate of the
plastic that forms the plastic drug solution container, inorder
toprovide a significant difference between a value of the oxygen
gas transmission rate after the steam sterilization or hot water
sterilization and a value of the oxygen gas transmission rate
in the steady state, use of a polyol-based plastic as the plastic
that forms the drug solution container is preferable, for
example.

[0038] Ethylene-vinyl alcohol copolymers can be cited as
examples of the polyol-based plastic, although the polyol-based
plastic is not restricted thereto.

[0039] In particular, an ethylene-vinyl alcohol copolymer
with an ethylene content of 10 to 45 mole % can be cited as a
preferable example.

[0040] When the ethylene content of the ethylene-vinyl
alcohol copolymer falls below 10 mole %, it may not be possible,
for example, to secure an adequate water resistance for
withstandingthe steamsterilizationorhotwater sterilization.
Also, it may not be possible that the oxygen gas transmission
rate increased by the steam sterilization or hot water
sterilization returns to the original value even after a
temperature of the plastic is lowered.

[0041] On the other hand, when the ethylene content of the
ethylene-vinyl alcohol copolymer exceeds 45 mole %, whitening

occurs due to the steam sterilization or hot water sterilization
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and transparency of the container thus drops significantly.

Also, the oxygen gas transmission rate.in the steady state may
exceed the above-mentioned range under the conditions of the
temperature of 25°C and humidity of 60%RH, and consequently,

it may not be possible to restrain the transmission of oxygen
into the drug solution container when, for example, the
above-mentioned drug solution container is left standing after
the outer pouch of the drug solution container package is opened.

Particularly in the above-mentioned range, the above-mentioned
ethylene content is preferably 25 to 35 mole $%.

[0042] For the purpose of improving the heat resistance of
the drug solution container, a polyamide-based resin (such as
nylon-6, etc.) or a phosphorus-based antioxidant [for example,

tris(2,4-di-t-butylphenyl) phosphate], for example, may be
blended into the above-mentionedpolyol-basedplastic, if needed.
A blending amount of such a polyamide-based resin or
phosphorus-based antioxidant may be set within a range in which
a drug solution contained in the drug solution container is not
affected.

[0043] From the standpoint of maintaining basic properties
as adrug solution container, the plastic that forms the plastic
drug solution container is preferably a plastic film with a
multilayer structure having a polyol-based plastic as an
intermediate layer, a sealing layer (innermost layer) formed

of a polyolefin-based plastic at an inner surface side of the
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drug solution container with respect to the intermediate layer,
and a protective layer (outermost layer) on an outer surface
side of the drug solution container with respect to the
intermediate layer.

[0044] When,forexample,peripheralportionsoftheplastic
filmareweldedto formaninfusionbag, etc., the above-mentioned
sealing layer (innermost layer) forms welded surfaces, and
becomes an inner surface of a drug solution container to become
a surface that directly contacts the drug solution. Theplastic
that forms the above-mentioned sealing layer (innermost layer)
is thus required, for example, to be heat-sealable and be
confirmed in terms of safety with respect to the drug solution.
[(0045] Polyolefin-based plastics can be cited as specific
examples of the plastic for forming the above-mentioned sealing

layer (innermost layer).

[0046] Examples of polyolefin-based plastics include
polyethylene (ethylene homopolymer), ethylene-a-olefin
copolymers, polypropylene (propylene homopolymer),

propylene-a-olefin random copolymers, and propylene-a-olefin
block copolymers. Examples of the «o-olefin of the
above-mentionedethylene-a-olefincopolymers includepropylene,
l-butene, l-pentene, l-hexene, 4-methyl-l-pentene and other
o-olefinswith three to six carbons, and examples of the a-olefin
of the above-mentioned propylene~-a-olefin random copolymers and

propylene-a-olefin block copolymers include ethylene and
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l-butene, l-pentene, l-hexene, 4-methyl-l-pentene and other
o-olefins with four to six carbons.

[0047] Among the examples given above, polyethylene,
polypropylene, and mixed resins of these can be cited as being
preferable as the polyolefin-based plastic used in the sealing
layer.

[0048] In a case of, for example, preparing a bag-like drug
solution container having a plurality of container chambers
(so-called multiple-chamber bag) that are partitioned by
barrierswithaneasilypeelingproperty (easilypeelablesealing
portions), the sealing layer is preferably formed of a plastic
made of a mixed resin of polyethylene and polypropylene to
facilitate forming of the easily peelable sealing portions.
[0049] The above-mentioned protective layer (outermost
layer) is a layer that forms an outer surface of the plastic
drug solution container. The plastic that forms the
above-mentioned protective layer (outermost layer) is thus
selected as suited, for example, from the standpoint of
preventing the intermediate layer formed of the above-mentioned
polyol-based plastic, frombeing affected directly by moisture
and from the standpoint of being able tomaintain a predetermined
strength according to a shape, application, etc. of the drug
solution container during steam sterilization or hot water
sterilization.

[0050] The above-mentioned protective layer (outermost
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layer) or the entirety of layers of the above-mentioned
multilayer film that are disposed at the outer surface side of
the plastic drug solution container with respect to the
above-mentioned intermediate layer is required to prevent the
intermediate layer, formed of the above-mentioned polyol-based
plastic, from being directly affected by moisture and yet to
have a water vapor transmission rate of some degree in order
to provide the actions and effects of the present invention.
Though the water vapor transmissionrate of the protective layer
(or the entirety of layers of the above-mentioned multilayer
film that are disposed at the outer surface side of the plastic
drug solution container with respect to the above-mentioned
interﬁediate layer) is not restricted in particular, the water
vapor transmission rate at a temperature of 25°C and a humidity
of 90%RH is preferably 1 to 50g/m?-24h, more preferably 3 to
30g/ m?-24h, and even more preferably 3 to 10g/m?-24h.
[0051] The above-mentioned water vapor transmission rate
is measured according to A method (Humidity sensor method)
defined in JIS K 7129.5992, “Testing Methods for water vapor
transmission rate (instrument method) of Plastic Film and
Sheeting.”

[0052] Specific examples of the plastic for forming the
above-mentioned protective layer (outermost layer) include
polyolefin-based, polyamide-based, and polyester-based

plastics. As examples of the above-mentioned polyolefin-based
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plastic, the same plastics givenas examples above canbe cited.
Nylons such as nylon-6, nylon-6,6, and nylon-6,10 can be cited
as examples of the above-mentioned polyamide-based plastic.
Polyethyleneterephthalate,polybutyleneterephthalate,etc.,
can be cited as examples of the above-mentioned polyester-based
plastic.

{0053} In the case where the plastic that forms the plastic
drug solution container is a multilayer film, the multilayer
fihnwiththethree—layerstructurehaving,asnwntionedabove,
the sealing layer formed of the polyolefin-based plastic as the
innermostlayerthatmakesuptheinnersurfacesideoftheplastic
drug solution container, the protective layer as the outermost
layer that makes up the outer surface side of the plastic drug
solution container, and the intermediate layer formed of the
polyol-basedplasticbetweentheaboveﬂmxmionedsealinglayer
and the above-mentioned protective layer can be cited as a

specific embodiment.

[0054] The above-mentioned multilayer film has furthermore
a low water absorption layer, formed of a low water absorption
plastic having a water absorption rate of not more than 0.01%,
at the immer surface side (sealing layer side) of the plastic
drug solution container with respect to the above-mentioned
intermediate layer. In this case, the intermediate layer
formed of the above-mentioned polyol-based plastic can be made

less likely affected by the water content in the drug solution.
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[0055] Examples of the above-mentioned lowwater absorption
plastic include cyclo olefin polymers, etc.

[0056] A cyclo olefin polymer has an extremely low water
absorption rate, specifically of not more than 0.01%, and is
thus favorable for lessening the effects of moisture on the
intermediate layer formed of the polyol-based plastic.
[0057] The above-mentioned water absorption rate is
measured in accordance with Method B (water absorption after
immersion in boiling water) defined in JIS K 7209_,000 “Plastics
— Determination of water absorption.”

[0058] Specific examples of cyclo olefin polymers include
such cyclo olefin polymers as copolymers (and hydrogenates
thereof) of ethylene and dicyclopentadiene-based compounds,
copolymers (and hydrogenates thereof) of ethylene and
norbornene-based compounds, ring-opened polymers (and
hydrogenates thereof) of cyclopentadiene-based compounds, and
ring-opened copolymers formed of two or more types of
cyclopentadiene compounds (and hydrogenates thereof).

[0059] The above-mentionedmultilayer filmmay furthermore
be provided with a layer formed of a plastic containing an
elastomer for the purpose of adding pliability, transparency,
and impact resistance to the plastic drug solution container.
[0060] Examples of the above-mentioned elastomer include
polyolefin-based elastomers such as polyethylene-based

elastomers and polypropylene-based elastomers, and other, and
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styrene-based elastomers such as

styrene-ethylene/butylene-styrene block copolymers (SEBS),

styrene-butadiene-styrene block copolymers (SBS) ,

styrene—isoprene-styreneblockcopolymers(SIS),modifiedSEBS
modified by maleic acid, etc.,
styrene-ethylene/propylene-styrene block copolymers (SEPS),
styrene-ethylene/butylene block copolymers (SEB) and
styrene-ethylene/propylene block copolymers (SEP). Among
these,polyethylene—basedelastomerscanbeciteﬂaspreferable
examples.

[o061] Though not restricted thereto, plastics formed to
a film form by an extrusion method such as the T-die method,
inflation method, etc. can be cited as egamples of the plastic
that forms the plastic drug solution container. By forming the
above-described drug solution container using such a plastic
film, a plastic drug solution container with excellent

flexibility and pliability can be formed.

[0062] FIGS. 1 to 3 are schematic sectional views of
preferred embodiments of layer arrangements of the multilayexr
film in cases where the plastic forming the plastic drug solution
container is the multilayer film. Embodiments include, for
example:

(I) a multilayer film with a seven-layer structure having, in the
order from an innermost layer making up an inner surface side I

of a plastic drug solution container to an outermost layer
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making up an outer surface side O of a plastic drug solution
container, a sealing layer 1 formed of a mixed resin of
polyethyleneandpolypropylene, alayer?2 formedofpolyethylene,
a low water absorption layer 3 formed of a cyclo olefin polymer,
an intermediate layer 4 formed of an ethylene-vinyl alcohol
copolymer, and a protective layer 5 formed of polyethylene, and
further having adherent layers 6 and 7 each formed of an adherent
resin (for example, an adherent polyolefin, etc.) and disposed
between the low water absorption layer 3 and the intermediate
layer 4 and between the intermediate layer 4 and the protective
layer 5, respectively (see FIG. 1);

(IT) a multilayer film with a six-layer structure having, in
the order from the innermost layer making up an inner surface
side I of the plastic drug solution container to the outermost
layermakingupanouter surfacesideOof theplasticdrugsolution
container, sealinglayer 1l formedofamixedresinofpolyethylene
and polypropylene, layer 2 formed of polyethylene, an
intermediate layer 4 formed of an ethylene-vinyl alcohol
copolymer, and a protective layer 5 formed of polyethylene, and
further having adherent layers 8 and 7 each formed of an adherent
resin (for example, an adherent polyolefin, etc.) and disposed
between the layer 2 formed of polyethylene and the intermediate
layer 4 and between the intermediate layer 4 and the protective
layer 5, respectively (see FIG. 2); and

(III) amultilayer film with a four-layer structure having, in
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the order from the innermost layer making up an inner surface
side I of the plastic drug solution container to the outermost
layermakingupanouter surfacesideOof theplasticdrugsolution
container, a sealing layer 1’ formed of polyethylene, a lowwater
absorption layer 3 formed of a cyclo olefin polymer, an
intermediate layer 4 formed of an ethylene-vinyl alcohol
copolymer, and a protective layer 5 formed of polyethylene (see
FIG. 3).

[0063] With the multilayer film described above in (III),
adhesionof the lowwater absorptionlayer 3withthe intermediate
layer 4 and the intermediate layer 4 with the protective layer
5 can be accomplished by applying an adhesive agent between the
respective layers. Or, adherent layers formed of an adherent
resin may be interposed in the same manner as in the multilayer
films described in (I) and (II) above. Meanwhile, in the
multilayer films described in (I) and (II) above, adhesion of
the low water absorption layer 3 with the intermediate layer
4 and the intermediate layer 4 with the protective layer 5 can
be accomplished by simply applying an adhesive agent without
interposing the adhesion layers (6, 7, and 8) between the
respective layers.

[0064] In the above-described multilayer films, the
thickness of the respective layers is not restricted in
particular and may be set such that, as one plastic drug solution

container, the oxygen gas transmission rate after steam
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sterilization or hot water sterilization and the oxygen gas
transmission rate in the steady state satisfy the ranges given
above.

[0065] When the plastic drug solution container is formed,
for example, as a pliable drug solution bag, preferably, the
thickness of the above-mentioned intermediate layer is set to
3 to 20pum and the thickness of the entirety of the multilayer
film is set to approximately 180 to 300um.

[0066] The form of the plastic drug solution container is
not restricted in particular and may, for example, be a bag-like
drug solution container with excellent flexibility and
pliability such as an infusion bag as menticned above (see FIG.
4), or may be a drug solution container, such as an infusion
bottle, that has a strength to maintain the container shape on
its own while having flexibility and pliability. The
above-mentioned bag-like drug solution container such as an
infusion bag may be a single-chamber drug soclution bag or a
so-called multiple-chamber bag having a plurality of container
chambers partitioned by easily peelable sealing portions.
[0067] Methods for forming such infusion bags, infusion
bottles, etc. are not restricted in particular, and various
methods, such as lamination, coextrusion, etc., may be selected
and used as suited according to a form of the drug solution
container.

[0068] In the drug solution container package according to
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this invention, a drug solution contained in the plastic drug
solution container is not restricted in particular, and various
drug solutions canbe cited as examples. Inparticular, because
inthe above-describedplasticdrugsolutioncontainer, theentry
of oxygen from the exterior is restrained under a normal
environment in which the drug solution container is used and
because the oxygen remaining in the head space and the dissolved
oxXygen in the drug solution are removed with time due to the
drug solution container being contained and sealed after steam
sterilization or hot water sterilization along with the oxygen
scavenger in the outer pouch having the oxygen barrier property,
aninfusion, especiallyaninfusioncontainingareadilyoxidized
substance such as L-cysteine, L-tryptophan, fat, vitamin A,
vitamin B;, or vitamin C, is favorable as a drug solution to
be contained in the plastic drug solution container.

[0069] In the drug solution container package according to
this invention, the outer pouch, having an oxygen barrier
property, has an oxygen gas transmission rate of preferably not
more than 0.5cm’/m?:24h-atm and more preferably not more than
0.lcm’/24h-m?-atmat a temperatureof 25°C and ahumidity of 60%RH.
[{0070] When the oxygen gas transmission rate of the outer
pouch exceeds the above-mentioned range, it becomes difficult
to obtain the effect of ex-post removal of the oxygen remaining
in the head space of the plastic drug solution container and

the dissolved oxygen in the drug solution.
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[0071] Also, the outer pouch preferably has a water vapor
transmitting property in some degree. In this case, moisture
inside the outer pouch can be released to the exterior and the
oXygen gas transmission rate of the plastic drug solution
container can be made to reach the steady state readily.
[0072] A preferable range of the water vapor transmission
rate of the outer pouch is around 0.5 to 30g/m?-24h, though this
will depend on the combinationwith the oxygen barrier property.
[0073} The material for forming the outer pouch is not
restricted in particular and examples thereof include:

- a multilayer film having a melt adhesion layer, forming an
inner surface of the outer pouch, and being formed of a
heat-sealable plastic (for example, a polyolefin such as
polyethylene, polypropylene, etc.) and an aluminum foil
laminated onto an outer surface side of the outer pouch with
respect to the melt adhesion layer:; and

- a film comprising a vapor-deposited film, having the
above-mentioned melt adhesion layer and a vapor-deposited film
of an inorganicmaterial (suchas aluminum, etc.) or an inorganic
oxide (such as alumina, etc.) formed on an outer surface side
of the outer pouch with respect to the melt adhesion layer.
[0074] Examples of the inorganic oxide in the
vapor-deposited film of inorganic oxide include alumina
(aluminum oxide), silica (silicon oxide), magnesium oxide, and

titaniumoxide. Amongthese, aluminacanbecitedasapreferable
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example from the standpoint of transparency of the
vapor-deposited film.

[0075] As amaterial for forming the outer pouchwith awater
vapor transmitting property of some degree, a multilayer film,
in which a plastic layer formed of polyvinyl alcohol,
polyvinylidene chloride or the like and having a suitable oxygen
barrier property and water vapor transmitting property is
laminated on the outer surface side of a melt adhesion layer,
can be cited as an example.

[0076] A material forming the outer pouch of the
above-mentioned examples may furthermore have light-blocking
printing using an ink containing a colorant or an ultraviolet
absorber, on the outer surface side of the outer pouch, or may
have a protective film formed of polyester or polyolefin, etc.
on the outer surface side of the outer pouch.

[0077] In the drug solution container package according to
this invention, the oxygen scavenger is not restricted in
particular, and various oxygen scavengers can be cited as
examples. Specifically, oxygen scavengers containing an iron
compound such as iron hydroxide, iron oxide, iron carbide, etc.
as the effective component, and oxygen scavengers using
low-molecular-weight phenol and activated carbon can be cited
as examples. Examples of commercially available oxygen
scavengers include “Ageless (registered trademark)” made by

Mitsubishi Gas Chemical Company, Inc., “Modulan (registered
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trademark) ” made by Nippon Kayaku Company, Inc., “Secule (trade
name) ” made by Nippon Soda Co., Ltd., and “Tamotsu (registered
trademark)” made by 0ji Kako, Co., Ltd.
[0078] The oxygen scavenger may, for example, be contained
along with the steam-sterilized or hot-water-sterilized drug
solution container in the above-mentioned outer pouch in a state
that the oxygen scavenger is filled in a bag formed of a plastic
filmwithahighoxygengas transmissionrate(suchasapolyolefin
film).
[0079] By the drugsolution container package and themethod
for manufacturing the same according to this invention, a drug
solution that even contains a readily oxidized substance, for
example, can be preserved with stability and without oxidative
degradation over a long time. Moreover, oxidative degradation
of a drug solution can be prevented during use of a drug solution
bag.
Examples
{0080] Though this invention shall now be described based
on examples and comparative examples, this invention is not
restricted by the following examples.
<Preparation of Plastic Drug Solution Container>

Respective components that make up plastics (multilayer
films) for forming plastic drug solution containers are as
follows.

- PE(1l): ethylene-l-butene copolymer [density: 0.940g/cn’,
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water vapor transmission rate: 7g/m?-24h (25°C, 90%RH, 20um),

tradename: “Ultzex (registered trademark) 4020B, ” made by Prime

Polymer Co., Ltd.]

- PE(2): mixture of 45 weight % of ethylene-1l-butene copolymer

[density: 0.920g/cm®, trade name: “Ultzex (registered
trademark) 2010, ” made by Prime Polymer Co., Ltd.}, 50 weight %

of ethylene-l-butene copolymer (density: O.885g/cm3, trade

name: “Tafmer (registered trademark) A0585X,” made by Prime

Polymer Co., Ltd.}, and 5 weight % of polyethylene homopolymer

[density: 0.965g/cm®>, trade name: “Hi-zex (registered
trademark) 65150B,” made by Prime Polymer Co., Ltd.]

- EVOH(1l): ethylene content: 27 mole %, trade name: “Eval

(registered trademark) L101,” made by Kuraray Co., Ltd.

- EVOH(2): ethylene content: 44 mole %, trade name: “Eval

(registered trademark) E105,” made by Kuraray Co., Ltd.

- COP: norbornene-based ring-opened polymer hydrogenate [water

absorption percentage: less than 0.01%, trade name: “Zeonor

(registered trademark) 1020R,” made by Zeon Corporation]

- PP: polypropylene (density: 0.900g/cm% trade name: “B355,”

made by Prime Polymer Co., Ltd.)

- NY: nylon-6 [trade name: “Amilan (registered trademark)

CM1017,” made by Toray Industries Inc.]

- PE-PP: mixture of 85 weight % of the above-mentioned PE (1)

and 15weight $of polypropylene homopolymer (density: 0.910g/cm®,

trade name: “J103WA,” made by Prime Polymer Co., Ltd.)
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- adherent PE: unsaturated carboxylicacidmodifiedpolyethylene
[density:0.905g/cm% watervaportransmissionrate:10g/m2-24h
(25°C, 90%RH, 20um) , adherentpolyolefinof the tradename: “Admer
(registered trademark),” made by Prime Polymer Co., Ltd.]
- PBT: polybutylene terephthalate [water vapor transmission
rate: 23g/m2'24h (25°C, 90%RH, 10um), made by Mitsubishi
Engineering-Plastics Corporation]

Example 1
[0081] Respective layers shown in Table 1 were coextrusion
molded so as to be laminated in the order indicated in Table
1 to obtain a multilayer film for forming a drug solution bag
(plastic drug solution container) 10 shown in FIG. 4. This
multilayer film is a film with the seven-layer structure shown
in FIG. 1. Awater vapor transmission rate of a laminate, formed
of aprotective layer 5 and an adherent layer 7of thismultilayer
film, was 4.1g/m?-24h (25°C, 90%RH).
[0082] The two above-described multilayer films were then
overlappedandperipheral portions ll wereheat sealedbyanormal
method to prepare the drug solution bag 10 shown in FIG. 4. A
port-type mouth member, molded using the above-mentioned PE (1),
was used as a mouth member 12.

Example 2
{0083] Respective layers shown in Table 1 were coextrusion
molded so as to be laminated in the order indicated in Table

1 to obtain a multilayer film for forming a drug solution bag




37

10. Thismultilayer filmisa filmwith the six-layer structure
shown in FIG. 2.
[0084] Then, except for using two these multilayer films,
the drug solution bag 10, shown in FIG. 4, was prepared in the
same manner as Example 1.

Comparative Example 1
[0085] Respective layers shown in Table 1 were coextrusion
molded so as to be laminated in the order indicated in Table
1l to obtain a multilayer film for forming a drug solution bag
10. This multilayer film is a film with a similar seven-layer
structure as shown in FIG. 1.
[0086] Then, except for using two these multilayer films,
the drug solution bag 10, shown in FIG. 4, was prepared in the
same manner as Example 1.

Comparative Example 2
{0087] Respective layers shown in Table 1 were coextrusion
molded so as to be laminated in the order indicated in Table
1 to obtain a multilayer film for forming a drug solution bag
10. Thismultilayer filmis a filmwith a five-layer structure
that does not have an adherent layer.
[0088] Then, except for using two these multilayer films,
the drug solution bag 10, shown in FIG. 4, was prepared in the
same manner as Example 1.
[0089] The layer arrangement of the drug solution bag 10

and oxygen gas transmission rates of themultilayer film forming
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the drug solution bag 10 are shown for each of Examples 1 and

2 and Comparative Examples 1 and 2 in Table 1.

Table 1
Comparative Comparative
Example 1 Example 2 Example 1 Example 2
<Layer Arrangement of Multilayer Film>
JfQuter surface side O) e
Protective layer PE (1) PE (1) PE (1) PE (1)
e (20 ) (20 ) (20 wm) .. (20 pm) .
Adherent PE Adherent PE Adherent PE
Adherent layer -
e 20 ) (20 pm) ... (20 W)
Intermediate EVOH (1) EVOH (2) _ _
ayer (S wm) .. U
NY PE (2)
e O e (5.pm) (100 wm)
Adherent PE Adherent PE Adherent PE
Adherent layer -
S £ A ..) RN €100 ) SN (20 wm) .
Low water cop _ Ccop _
_absorption layer (10 wm) ... (10 pm) .
Other layer - - - PP
................................................................................................. (10 pm)
Layer formed of PE (2) PE (2) PE (2) PE (2)
_polyethylene (145 pm) (155 pm) (145 pm) (100 pm)
Sealing layer PE-PP PE-PP PE-PP PE-PP
(30 um) (30 pm) (30 pm) (30 pm)
{(Inner surface side I)
<Total thickness of multilayer film>
250 um 250 pm 250 um 260 um
<Oxygen gas transmission rate>
_Steady state ... 20270800
Six lfxogrs a}fter 800 800 _ _
sterilization

* The numerical values in the parentheses in the "“Layer
Arrangement of Multilayer Film” column are the thicknesses of
the respective layers.

* The unit of the oxygen gas transmission rate is cm*/m?:24h-atm.

<Evaluation Test of Plastic for Forming Plastic Drug Solution
Container>

[0090] The multilayer film obtained in Example 1 was
subjected to 30 minutes of high-pressure steam sterilization

inanitrogenatmosphereinasteamsaturatedstate (temperature:
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110°C, pressure: 2700hPa) and thereafter subjected to water
removal of a surface of the multilayer film by warm air of
approximately 40°C. After the steam sterilization, the
multilayer film was left standing for three weeks under an
atmosphere of a temperature of 25°C and a humidity of 60%RH to
observe a variation with time of the oxygen gas transmission
rate (temperature: 25°C, humidity: 60%RH). The product of the
name “OX-TRAN (registered trademark)” made by MOCON, Inc. was
used to measure the oxygen gas transmission rate.

[0091] FIG. S5isagraphofresultsofmeasuringthevariation
with time of the oxygen gas transmission rate. As shown in FIG.
5, after the above-described steam sterilization approximately
three days were required for the oxygen gas transmission rate
(temperature: 25°C, humidity: 60%RH) of the multilayer film to
reach the steady state.

<Preparation of Drug Solution Container Packages>

[0092] Eachof thedrugsolutionbags 10 prepared in Examples
1 and 2 and Comparative Examples 1 and 2 was filled with 300mL
of distilled water for injection and then sealed. A head space
volume was set to approximately 30mL and nitrogen replacement
(approximately 50%) was performed so that the oxygen
concentration of the head space became 10%.

[0093] The drug solution bag 10 was then set in an autoclave
and subjected to high-pressure steam sterilization by heating

for 30 minutes in a nitrogen atmosphere in a steam saturated




B——

40

state (temperature: 110°C, pressure: 2700hPa). The oxygen
concentration in this nitrogen atmosphere was adjusted to be
not more than 2%.

[0094] After the high-pressure steam sterilization, water
removal by blowing warm air of approximately 40°C was performed
toremovemoisture fromtheouter surfaceof theeachdrugsolution
bag 10, and then the each drug solution bag 10 was contained
and sealed, alongwith an oxygen scavenger [trade name: “Ageless
(registered trademark)” made by Mitsubishi Gas Chemical Co.],
in an outer pouch to obtain a drug solution container package.
[0095] The above-mentioned outer pouch is a pouch formed
of amultilayer film with a three-layer structure, in which an
inner surface layer is formed of polyethylene, an intermediate
layer is formed of polyvinyl alcohol, and an outer surface layer
is formed of stretched polypropylene, and the oxygen gas
transmission rate thereof at a temperature of 25°C and a humidity
of 60%RH was not more than 0.1lcm’/m?-24h-atm and the water vapor
transmission rate thereof at a temperature of 25°C and a humidity
of 90%RH was 0.5g/m?-24h. The volume of the inner space of the
outer pouch was set to approximately 300 to 500mL and the oxygen
concentration inside the outer pouch was adjusted to be not more
than 2% by nitrogen replacement.

[0096] The time taken tomake thedrugsolutionbagcontained
and sealed in the outer pouch after the high-pressure steam

sterilization was within one hour.
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<Evaluation Test 1 of Drug Solution Container Packages>
[0097] Eachof thedrugsolutioncontainer packagesobtained
in the above-described Examples 1 and 2 and Comparative Examples
1 and 2 was left standing under an environment of a temperature
of 25°C and a humidity of 60%RH, and on each day, the oxygen
concentration in a content liquid was measured using a
nondestructive oxygen concentration meter (trade name: “Fibox
3” made by PreSens GmbH) .

[0098] As a result, it was found as shown in FIG. 6 that,
with respect to the all drug solution container packages of
Examples 1 and 2 and Comparative Examples 1 and 2, the oxygen
concentration in the content liquid can be reduced to not more
than 1lppm by the elapse of approximately seven days from
containing and sealing in the outer pouch.

<Evaluation Test 2 of Drug Solution Container Packages>
[0099] Each of the drug solution container packages used
in the above-described Evaluation Test 1 was further left
standing for seven days from the preparation of the drug solution
container package to bring the oxygen concentration in the
content liquid close to Oppm. Then under an environment of a
temperature of 25°C and a humidity of 60%RH, the drug solution
bag 10 was taken out from the outer pouch, and while leaving
the bag under an environment of the temperature of 25°C and
humidity of 60%RH in a state of being hung on a hanging stand

for an infusion bag, the oxygen concentration in the content
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liquid was measured using the nondestructive oxygen
concentration meter (the above-mentioned “Fibox 3”) at each
predetermined time.

[0100] As a result, in the drug solution bags of Examples
land2, entryofoxygenintothecontent liquidcouldberestrained
as much as possible as shown in FIG. 7 even after being taken
out from the outer pouch. On the other hand, there was
significant entry of oxygen in the drug solution bags of
Comparative Example 1 and Comparative Example 2.
<Evaluation Test 3 of Drug Solution Container Packages>
[0101] Eachof thedrugsolutioncontainer packages obtained
in the above-described Example 1 (samples different from those
used in Evaluation Tests 1 and 2) was left standing for various
days under an environment of a temperature of 25°C and a humidity
of 60%RH, and with respect to each of the drug solution container
packages thus prepared, the drug solution bag was taken out,
and after cutting the film and wiping off moisture, the oxygen
gas transmission rate of the film was measured using the product
of the name “OX-TRAN (registered trademark)” made by MOCON, Inc.
The results are shown in FIG. 8.

{0102] As shown in FIG. 8, bybeingpacked in the outer pouch,
the multilayer film exhibited a high oxygen gas transmission
rate (temperature: 25°C, humidity: 60%RH) for approximately
three to four days after high-pressure steam sterilization. It

was also found that after steam sterilization approximately ten
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days are required for the oxygen gas transmission rate to reach
the steady state. The oxygen in the drug solution bag 10 could
thus be adequately absorbed by the oxygen scavenger before the
oxygen gas transmission rate returned to the steady state after
steam sterilization.
<Preparation of Plastic Drug Solution Containers>
Example 3
[0103] Using the plastics cited above as examples,
respective layers shown in Table 2 were coextrusion molded so
as to be laminated in the order indicated in Table 2 to obtain
amultilayer film for forming a drug solution bag (plastic drug
solution container) 10 shown in FIG. 4. This multilayer film
is a film with the seven-layer structure shown in FIG. 1. The
water vapor transmission rate of a laminaﬁe, formed of a
protective layer 5 and an adherent layer 7 of this multilayer
film, was 4.1g/m?-24h (25°C, 90%RH).
[0104] The two above-described multilayer films were then
overlapped and their peripheral portions 11 were heat sealed
by a normal method to prepare a drug solution bag 10 shown in
FIG. 4. A port-type mouth member, molded using the
above-mentioned PE(1l), was used as a mouth member 12.
Example 4
[0105] Respective layers shown in Table 2 were coextrusion
molded so as to be laminated in the order indicated in Table

2 to obtain a multilayer film for forming a drug solution bag
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10. Thismultilayerfilmisafilmwiththeseven-layer structure
shown inFIG. 1. Thewatervapor transmissionrateofalaminate,
formed of a protective layer 5 and an adherent layer 7 of this
multilayer film, was 7.0g/m?-24h (25°C, 90%RH).
[0106] Then, except for using two these multilayer films,
the drug solution bag 10, shown in FIG. 4, was prepared in the
same manner as Example 3.

Example 5
[0107] Respective layers shown in Table 2 were coextrusion
molded so as to be laminated in the order indicated in Table
2 to obtain a multilayer film for forming a drug solution bag
10. Thismultilayer filmisa filmwith the six-layer structure
shown in FIG. 2. The water vapor transmission rate of the
laminate, formed of a protective layer 5 and an adherent layer
7 of this multilayer film, was 5.1g/m?-24h (25°C, 90%RH).
[fo108] Then, except for using two these multilayer films,
the drug solution bag 10, shown in FIG. 4, was prepared in the
same manner as Example 3.

Example 6
[0109] Respective layers shown in Table 2 were coextrusion
molded so as to be laminated in the order indicated in Table
2 to obtain a multilayer film for forming a drug solution bag
10. Thismultilayerfilmisafilmwiththeseven-layer structure
shown in FIG. 1. Thewater vapor transmissionrateofa laminate,

formed of a protective layer 5 and an adherent layer 7 of this
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multilayer film, was 3.2g/m?:24h (25°C, 90%RH).

[0110] Then, except for using two of thesemultilayer films,
the drug solution bag 10, shown in FIG. 4, was prepared in the
same manner as Example 3.

[0111] The layer arrangement of the drug solution bag 10
and the oxygen gas transmission rates of the multilayer film
that forms the drug solution bag 10 are shown for each of Examples
3 to 6 in Table 2.

Table 2

Example 3 Example 4 Example 5 Example 6

<Layer Arrangement of Multilayer Film>
(Outer surface side O)

Protective layer PE (1) PBT (1) PE (1) PE (1)
A (20 pm) (10 pm) (16 wm) (30 pm)
Adherent PE Adherent PE Adherent PE Adherent PE
Adherent layer
.............................. (20 wm) (20 pm) (16 pm) (20 pm)
Intermediate EVOH (1) EVOH (1) EVOH (1) EVOH (1)
Jayer ... (15 wm) ... (Sopm) (4. pm) .. (S.pm) ..
Adherent PE Adherent PE Adherent PE Adherent PE
Adherent layer
.............................. (20 pm) (20 pm) (16 wm) (20 pm)
Low water COP COP _ COP
.absorption layer (10 wm) (X0 ) . (10 pm) .
Layer formed of PE (2) PE (2) PE (2) PE (2)
_polyethylene (130 pm) (155 pm) (124 ym) (175 pm)
Sealing laver PE-PP PE-PP PE-PP PE-PP
E (30 pm) (30 pum) (24 pm) (40 um)

{Inner surface side I)

<Water vapor transmission rate of
protective layer + adhesive layer>

4.1 7.0 5.1 3.2

<Total thickness of multilayer film>
250 pm 250 pm 200 pm 300 pm

<Oxygen gas transmission rate>
.Steady state L 2 eeeeeeeeenns 23 . D eeeeennnns
Six hours
after 500 200 1000 500
Sterilization

* The numerical values in the parentheses in the “Layer
Arrangement of Multilayer Film” column are the thicknesses of
the respective layers.

* The unit of the oxygen gas transmission rate is cm®/m?-24h-atm.
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* The unit of the water vapor transmission rate is g/m?:24h.

<Preparation of Drug Solution Container Packages>

[0112] Eachof thedrugsolutionbags 10 prepared inExamples
3 to 6 was filled with 300mL of distilled water for injection
and then sealed. A head space volume was set to approximately
30mL and nitrogen replacement (approximately 50%) was performed
so that an oxygen concentration of the head space became 10%.
[0113] The each drug solution bag 10 was then set in an
autoclave and subjected to high-pressure steam sterilization
by heating for 30 minutes in a nitrogen atmosphere in a steam
saturated state (temperature: 110°C, pressure: 2700hPa). The
oxygen concentration in this nitrogen atmosphere was adjusted
to be not more than 2%.

[0114] After the high-pressure steam sterilization, water
removal by blowing warm air of approximately 40°C was performed
for a minute to remove moisture from the outer surface of the
each drug solution bag 10, and then the each drug solution bag
l0wascontainedand sealed, alongwith anoxygen scavenger (trade

name: “Ageless (registered trademark),” made by Mitsubishi Gas

Chemical Co.), in an outer pouch to obtain a drug solution
container.
[0115] In each of Examples 3, 5, and 6, a pouch, formed of

amultilayer filmwith a three-layer structure in which an inner

surface layer is formed of polyethylene, an intermediate layer
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is formed of polyvinyl alcohol, an outer surface layer is formed
of stretched polypropylene, the oxygen gas transmission rate
at a temperature of 25°C and a humidity of 60%RH was not more
than 0.1cm®/m?-24h-atm, and the water vapor transmission rate
at a temperature of 25°C and a humidity of 90%RH was 0.5g/m?- 24h,
was used as the above-mentioned outer pouch.

[0116] On the other hand, in Example 4, a pouch, formed of
a multilayer film with a three-layer structure in which an
intermediate layer is formed of an ethylene-vinyl alcohol
copolymer, inner and outer layers are formed of polyethylene,
the oxygen gas transmission rate at a temperature of 25°C and
a humidity of 60%RH was 0.5cm>/m?-24h-atm, and the oxygen gas
transmission rate at a temperature of 25°C and a humidity of
90%RH was 3cm3/m2'24h-atm, was used as the outer pouch.
[0117] The volume of the inner space of each of the
above-described outer pouches was set to approximately 300 to
500nL and the oxygen concentration inside the outer pouch was
adjusted to be not more than 2% by nitrogen replacement.
<Evaluation Tests of Drug Solution Container Packages>
[0118] Whencarryingout the same test as theabove-described
Evaluation Test 1 oneachof the drug solution container packages
obtained in the above-described Examples 3 to 6, it was found
that, in all the cases, the oxygen concentration in the content
liquid could be reduced to not more than lppm by the elapse of

approximately sevendays fromcontaining andsealing in the outer
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pouch.
[0119] Whencarryingout thesame testas the above-described
Evaluation Test 2, it was found that in each of Examples 3, 4,
and 6, the oxygen concentration in the content liquid was less
than 0.5ppm after 96 hours (four days) from being taken out of
the outer pouch and that entry of oxygen into a content liquid
was thus restrained as much as possible. Meanwhile, in Example
5, it was found that the oxygen concentration in the content
liquid was less than 2ppm after 72 hours (three days) after being
taken out of the outer pouch and that entry of oxygen into a
content liquid was within an adequately allowable range.
[0120] Though in the abovedescriptionthepresent invention
isprovidedinthe formof exemplaryembodimentsof the invention,
these are simply examples and should not be interpreted as
restricting the invention. Modifications of this invention
that are obvious to those skilled in the art are included within
the scope of the Claims provided below.
Industrial Applicability

By the drug solution container package and the method for
manufacturing the same according to this invention, oxidative
degradation of a drug solution contained in a drug solution
container can be restrained in a high degree. This invention
is thus favorable for applications of medical containers, such
as drug solution containers and infusion containers, and is

particularly favorable for applications of medical containers
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containing a drug solution, etc. that contains a readily
oxidized substance.

[0121] It is to be understood that, if any prior art
publication is referred to herein, such reference does not
constitute an admission that the publication forms a part of
the common general knowledge in the art, in Australia or any

other country.

[0122] In the claims which follow and in the preceding
description of the invention, except where the context
requires otherwise due to express language Or necessary
implication, the word ‘“comprise” or variations such as
“comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but not
to preclude the presence or addition of further features in

various embodiments of the invention.

2810120_1 (GHMatters) P74383. AU
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A drug solution container package comprising: a plastic
drug solution container containing a drug solution, the
container being sealed and sterilized by steam or hot water;
an oxygen scavenger; and an outer pouch having an oxygen
barrier property for containing and sealing the plastic drug
solution container and the oxygen scavenger,

wherein a plastic forming the plastic drug solution
container has an oxygen gas transmission rate of not less
than 200cm®/m?-24h-atm at a temperature of 25°C and a humidity
of 60%RH within twelve hours after being subjected to steam
sterilization or hot water sterilization, and has an oxygen
gas transmission rate of not more than 100cm’/m?-24h-atm at a
temperature of 25°C and a humidity of 60%RH when the oxygen
gas transmission rate is in a steady state,

wherein the plastic forming the plastic drug solution
container is a multilayer film having a sealing layer at an
inner surface side of the plastic drug solution container, a
protective layer on an outer surface side of the plastic drug
solution container, and an intermediate layer between the
seéling layer and the protective layer,

wherein the steam sterilization is carried out in an
atmosphere of a temperature of 100 to 121°C and in a steam
saturated state for a heating time of 10 to 60 minutes, and

the hot water sterilization is performed under condition of

2810120_1 (GHMatters) P74368.AU
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injecting or spraying hot water of 100 to 121°C, for 10 to 60
minutes at atmospheric pressure or under a pressurized
atmosphere,

wherein the intermediate layer is formed of a plastic
which has an oxygen gas transmission characteristic under a
condition of a steady state lower than that under a condition
after the steam sterilization or hot water sterilization, and

wherein the multilayer film includes a low water
absorption layer, formed of a low water absorption plastic
having a water absorption rate of not more than 0.01%,
between the sealing layer and the intermediate layer.
2. The drug solution container package according to
Claim 1, wherein the steam sterilization is a process of
heating the plastic drug solution container for 10 to 60
minutes under an inert gas atmosphere at a temperature of 100
to 121°C and in a steam saturated state.
3. The drug solution container package according to
Claim 1, wherein the intermediate layer is formed from a
polyol-based plastic that is an ethylene-vinyl alcohol
copolymer with an ethylene content of 10 to 45 mole %.
4. The drug solution container package according to
Claim 1, wherein, of the multilayer £film, a water vapor
transmission rate of the entirety of layers disposed at the

outer surface side of the plastic drug solution container

2810120_1 (GHMatiers) P74388. AU
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with respect to the intermediate layer is 1 to 50g/m?-24h at
a temperature of 25°C and a humidity of 90%RH.

5. The drug solution container package according to
Claim 1, wherein the low water absorption plastic is a cyclo
olefin polymer.

6. The drug solution container package according to
Claim 1, wherein the plastic forming the plastic drug
solution container has an oxygen gas transmission rate of 500
to 1000cm®/m?:-24h-atm at a temperature of 25°C and a humidity
60%RH within twelve hours after being subjected to steam
sterilization or hot water sterilization.

7. The drug solution container package according to
Claim 1, wherein the plastic forming the plastic drug
solution container has an oxygen gas transmission rate of 0.5
to 70cm®/m?-24h-atm at a temperature of 25°C and a humidity of
60%RH when the oxygen gas transmission rate is in a steady
state.

8. The drug solution container package according to
Claim 1, wherein the plastic drug solution container is
formed of a plastic that requires at least two days for the
oxygen gas transmission rate to attain the steady state after
steam sterilization or hot water sterilization.

9. The drug solution container package according to

Claim 1, wherein the drug solution contained and sealed in

2810120_1 (GHMatters) P74388.AU
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the plastic drug solution container is a drug solution that
contains an oxidizable substance.
10. The drug solution container package according to
Claim 1, wherein the outer pouch has a water vapor
transmission rate of 0.5 to 30gﬂf-24h at a temperature of
25°C and a humidity of S0%RH.
11. A method for manufacturing a plastic drug solution
container package,

wherein plastic forming the plastic drug solution
container is a multilayer film having a sealing layer at an
inner surface side of the plastic drug solution container, a
protective layer on an outer surface side of the plastic drug
solution container, and an intermediate layer between the
sealing layer and the protective layer,

wherein the steam sterilization is carried out in an
atmosphere of a temperature of 100 to 121°C and in a steam
saturated state for a heating time of 10 to 60 minutes and
the hot water sterilization is performed under condition of
injecting or spraying hot water of 100 to 121°C, for 10 to 60
minutes at atmospheric pressure or under a pressurized
atmosphere, |

wherein the intermediate layer is formed of a plastic
which has an oxygen gas transmission characteristic under a
condition of a steady state lower than that under a condition

after the steam sterilization or hot water sterilization,

2810120_t (GHMatters) PT4388.AU
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wherein the multilayer film includes a low water
absorption layer, formed of a low water absorption plastic
having a water absorption rate of not more than 0.01%,
between the sealing layer and the intermediate layer, and

wherein after making a drug solution contained and
sealed in the plastic drug solution container formed of the
plastic, which has an oxygen gas transmission rate of not
less than 200cm®/m?-24h-atm at a temperature of 25°C and a
humidity of 60%RH within twelve hours after being subjected
to steam sterilization or hot water sterilization and an
oxygen gas transmission rate of not more than
100cm’/m?-24h-atm at a temperature of 25°C and a humidity of
60%RH when the oxygen gas transmission rate is in a steady
state, the plastic drug solution container 1is steam
sterilized or hot water sterilized, and then the sterilized
plastic drug solution container and an oxygen scavenger are
contained and sealed in an outer pouch having an oxygen
barrier property to form a plastic drug solution container
package.
12. The method for manufacturing a drug solution container
package according to Claim 11, wherein the steam
sterilization is a process of heating the plastic drug
solution container for 10 to 60 minutes under an inert gas
atmosphere at a temperature of 100 to 121°C in a steam

saturated state.

2810120_1 (GHMatters) P74388 AU
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13. The method for manufacturing a drug solution container
package according to Claim 11, wherein the outer pouch has a
water vapor transmission rate of 0.5 to 30g/m®-24h at a
temperature of 25°C and a humidity of 90%RH.

14. The method for manufacturing a drug solution container
package according to Claim 11, wherein before the plastic
drug solution container and the oxygen scavenger are
contained and sealed in the outer pouch, a space between the
plastic drug solution container and the outer pouch is filled
with an inert gas.

15. The drug solution container package according to
Claim 1, or the method for manufacturing a drug solution
container package according to Claim 11, substantially as

herein described with reference to any one of the Examples.

2810120_1 (GHMatters) P74388.AU
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