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ABSTRACT
An aspect of the present invention is a gas product including: a
gas container; and a gas composition filled in the gas container, in which
the gas composition includes nitrogen monoxide, hydrogen, and an inert
gas, and a concentration of the nitrogen monoxide 1s 20% by volume or

less based on a volume of the gas composition.
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DESCRIPTION

Title of Invention
GAS PRODUCT, METHOD FOR PRODUCING SAME AND
METHOD FOR PRODUCING MEDICAL INHALATION GAS
Technical Field
[0001] The present invention relates to a gas product, a method for
producing the same, and a method for producing medical inhalation gas.
Background Art
[0002] It has been reported that inhalation of a gas composition
containing nitrogen monoxide, hydrogen, and oxygen can effectively
reduce organ and tissue damage during ischemia-reperfusion (Patent
Literature 1).
Citation List
Patent Literature
[0003]

Patent Literature 1: Japanese Unexamined Patent Publication No.
2011-184398
Summary of Invention
Technical Problem
[0004] In medical practice using a gas composition containing a
combination of a plurality of kinds of gases as described in Patent
Literature 1, it is necessary to strictly control the supply amount of each
gas to administer the plurality of kinds of gases to a patient at the same
time by inhalation.  For that purpose, large-scale and expensive

equipment and complicated operations are required. In order to further
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improve safety and accuracy of a medical treatment, 1t 1s desired that a plurality
of kinds of gases can be administered by inhalation at the same time by a
simpler method.

[0005] Therefore, an object of an aspect of the present invention 1s to provide
a gas product that makes it possible to more simply perform a medical practice
of simultaneously administering nitrogen monoxide, hydrogen, and oxygen by
inhalation.

Solution to Problem

[0006] An aspect of the present invention relates to a gas product including: a
gas container; and a gas composition filled in the gas container. The gas
composition includes nitrogen monoxide, hydrogen, and an inert gas, and the
concentration of the nitrogen monoxide is 20% by volume or less based on a
volume of the gas composition.

[0006a] In some embodiments, the gas product is used for forming a medical
inhalation gas comprising nitrogen monoxide, hydrogen, and oxygen by
mixing the gas composition with a gas comprising oxygen.

[0007] Since the combination of the nitrogen monoxide and the hydrogen is a
combination of a combustion-supporting gas and a flammable gas, it is
generally considered difficult to stably store a mixed gas containing both for a
long period of time. In particular, in the case of a medical gas, extremely high
storage stability is required, such as a fluctuation range of the concentration of
each gas within + 5% in one year. However, it is usually difficult to expect the
mixed gas in which nitrogen monoxide and hydrogen coexist is such high to
have such high storage stability. However, according to the findings of the
present inventors, it has been found that when a concentration of nitrogen
monoxide is 20% by volume or less, the gas composition containing nitrogen

monoxide and hydrogen can be stably stored
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as a gas product, and the present invention has been completed. According to

the gas product, the gas composition can be

2a
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stably stored in the gas container of the gas product for a long period of
time. Further, by using the gas composition in the gas product according
to the present invention, a medical practice of administering three kinds
of gas, nitrogen monoxide, hydrogen, and oxygen to a patient at the same
time by inhalation can be carried out only by controlling a supply of two
kinds of gas, that is, the gas composition and a gas containing oxygen.
[0008] Another aspect of the present invention relates to a method for
producing the gas product. The method includes in the following order:
filling a gas container with a first raw material gas including nitrogen
monoxide and an inert gas; further filling the gas container with a second
raw material gas containing hydrogen and an inert gas; and further filling
the gas container with an inert gas to form a gas composition containing
the nitrogen monoxide, the hydrogen, and the inert gas, in which a
concentration of the nitrogen monoxide is 20% by volume or less based
on a volume of the gas composition. According to the method, the gas
product can be produced efficiently and with high accuracy.

[0009] Still another aspect of the present invention relates to a method
for producing a medical inhalation gas including nitrogen monoxide,
hydrogen and oxygen. The method includes mixing the gas
composition in the gas product with a gas containing oxygen.
According to the method, it is possible to simply and efficiently produce
a medical inhalation gas for performing a medical practice of
administering three kinds of gases, that is, nitrogen monoxide, hydrogen,
and oxygen to a patient at the same time by inhalation.

Advantageous Effects of Invention

[0010] According to one aspect of the present invention, there is
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provided a gas product that makes it possible to more simply perform a
medical practice of administering nitrogen monoxide, hydrogen, and
oxygen at the same time by inhalation. The gas product according to
one aspect of the present invention can also have excellent storage
stability for a long period of time without showing explosiveness in the
gas composition to be filled.

Brief Description of Drawings

[0011] Fig. 1 1s a schematic view showing an example of a filling device
for producing a gas composition.

Description of Embodiments

[0012] Hereinafter, some embodiments of the present invention will be
described in detail. However, the present invention is not limited to the
following embodiments.

[0013] A gas product according to an embodiment includes a gas
container and a gas composition with which the gas container 1s filled.
The gas composition is filled in the gas container to be stored and used.
The gas container may be a pressure-resistant gas cylinder having a gas
chamber. The gas chamber may have an inner wall surface made of
stainless steel. The inner wall surface may be treated by physical
polishing, chemical polishing, or electrolytic polishing from the
viewpoint of preventing a metal on the inner wall surface from acting as
a catalyst that promotes a reaction between nitrogen monoxide and
hydrogen.

[0014] The gas composition according to an embodiment includes
nitrogen monoxide, hydrogen, and an inert gas. By mixing the gas

composition with a gas containing oxygen, a medical inhalation gas
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including nitrogen monoxide, hydrogen, and oxygen can be formed.
That 1s, the gas product according to an embodiment is used for forming
a medical inhalation gas including nitrogen monoxide, hydrogen, and
oxygen. The medical inhalation gas is usually formed in a clinical site
and immediately administered to a patient by inhalation. The medical
inhalation gas can be used, for example, as a medicine for reducing
ischemia-reperfusion injury.

[0015] In the gas composition according to an embodiment, a
concentration of the nitrogen monoxide is 20% by volume or less based
on a volume of the gas composition. When the concentration of the
nitrogen monoxide is 20% by volume or less, the gas composition does
not exhibit explosiveness, and also the gas composition can be stably
stored as a gas product for a long period of time. From the same
viewpoint and from the viewpoint of efficient formation of the medical
inhalation gas, the concentration of the nitrogen monoxide may be 5% by
volume or less, or 1% by volume or less, and may be 10 volume ppm or
more, 50 volume ppm or more, 80 volume ppm or more, 100 volume ppm
or more, or 200 volume ppm or more.

[0016] From the viewpoint described above, the concentration of
nitrogen monoxide in the gas composition may be 10 volume ppm to 20%
by volume, 50 volume ppm to 20% by volume, 80 volume ppm to 20%
by volume, 100 volume ppm to 20% by volume, 200 volume ppm to 20%
by volume, 10 volume ppm to 5% by volume, 50 volume ppm to 5% by
volume, 80 volume ppm to 5% by volume, 100 volume ppm to 5% by
volume, 200 volume ppm to 5% by volume, 10 volume ppm to 1% by

volume, 50 volume ppm to 1% by volume, 80 volume ppm to 1% by
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volume, 100 volume ppm to 1% by volume, or 200 volume ppm to 1%
by volume, based on the volume of the gas composition.

[0017] From the viewpoints of the stability of the gas composition and
the efficient formation of the medical inhalation gas, the concentration of
hydrogen is 0.1% by volume or more, 1% by volume or more 2% by
volume or more, and may be 40% by volume or less, 10% by volume or
less, or 4.7% by volume or less, based on the volume of the gas
composition. From the viewpoint described above, the concentration of
hydrogen may be 0.1% by volume to 40% by volume, 0.1% by volume
to 10% by volume, 0.1% by volume to 4.7% by volume, 1% by volume
to 40% by volume, 1% by volume to 10% by volume, 1% by volume to
4.7% by volume, 2% by volume to 40% by volume, 2% by volume to
10% by volume, or 2% by volume to 4.7% by volume, based on the
volume of the gas composition.

[0018] The gas composition according to an embodiment may be a
mixed gas including nitrogen monoxide and hydrogen and an inert gas as
abalance. However, the gas composition may contain trace amounts of
inevitable impurities. The inert gas may be a gas that does not
substantially react with nitrogen monoxide and hydrogen. From an
economic point of view, the inert gas may be nitrogen.

[0019] A total pressure of the gas composition according to an
embodiment may be 0.1 MPa or more, or 10 MPa or more, mainly from
the economic point of view. Furthermore, the total pressure of the gas
composition may be required to be 15 MPa or less due to restrictions
under the High Pressure Gas Safety Act. From the viewpoint described

above, the total pressure of the gas composition may be 0.1 MPa to 15
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MPa or 10 MPa to 15 MPa.

[0020] The gas product described above can be produced by, for
example, a method including: in the following order: filling a gas
container with a first raw material gas including nitrogen monoxide and
an inert gas; further filling the gas container with a second raw material
gas containing hydrogen and an inert gas; and further filling the gas
container with an inert gas to form a gas composition containing the
nitrogen monoxide, the hydrogen, and the inert gas.

[0021] Fig. 1 1s a schematic view showing an example of a filling device
for producing a gas product according to an embodiment. The filling
device shown in Fig. 1 includes: a pipe 21; a valve V1 and a valve V2
respectively mounted on both ends of the pipe 21; a pipe 22 connected to
the valve V1; a pipe 23 connected to the valve V2; a valve V3, a valve
V4, a valve V5, and a valve V6 which are connected to the pipe 21 at a
position between the valves V1 and V2; a pressure gauge 7 connected to
the valve V6; and a platform scale 3 disposed near the pipe 22. The
pipes 21, 22, and 23 form a flow path for circulating a raw material gas
and the like. From the side of the valve V1, the valve V3, the valve V4,
the valve V6, and the valve V5 are connected to the pipe 21 in the
following order.

[0022] A gas container 1 filled with the target gas composition is
connected to the pipe 22 and placed on the platform scale 3. The gas
container 1 has a container valve 1A. A gas container 2 filled with the
raw material gas is connected to the pipe 23. The gas container 2 has a
container valve 2A. The container valve 1A and the container valve 2A

are provided to prevent flow between the gas chambers in the gas
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containers 1 and 2 and the outside (atmosphere). By replacing the gas
container 2, the raw material gas containing different components can be
sequentially supplied.

[0023] Temperatures of the raw material gas and the produced gas
composition are usually -92°C to 60°C. When the temperature is lower
than -92°C, there is a possibility that nitrogen monoxide will liquefy.
From the viewpoint of the High Pressure Gas Safety Act, the temperatures
of the raw material gas and the produced gas composition may be 40°C
or lower.

[0024] The gas container 1 and the gas container 2 are connected via
pipes 21, 22, and 23. The gas container 1 is filled with a target gas
composition by supplying the raw material gas from the gas container 2.
The pipes 22 and 23 may be flexible high pressure pipes.

[0025] A pipe for supplying a high-pressure inert gas (for example,
nitrogen gas) 1s connected to the valve V5. When the valve V5 is
opened, an inert gas as a diluting gas is supplied to the pipe 21. The
valve V4 1s connected to a detoxifying device. When the valve V4 is
opened, the gas existing in the pipe 21 at a pressure equal to or higher
than the atmospheric pressure is discharged to the detoxifying device
until the pressure reaches the atmospheric pressure. A pipe for
discharging a gas to the vacuum pump is connected to the valve V3.
When the valve V3 is opened, an inside of the pipe 21 can be made almost
vacuum.

[0026] The platform scale 3 has a weight indication part 5. The
platform scale 3 may be a so-called load cell type platform scale. A

filling amount of each raw material gas is adjusted by filling the gas
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container 1 with the raw material gas while measuring the weight of the
gas container 1 with the platform scale 3. The weight of each raw
material gas forming the produced gas composition can be calculated in
advance.

[0027] The pipe 22 is connected to the container valve 1A of the gas
container 1. The gas container 1 1s sealed by a container valve 1A.
The inside of the gas container 1 may be decompressed in advance.
Next, the container valve 2A of the gas container 2 filled with a first raw
material gas M1 containing nitrogen monoxide and an inert gas is
connected to the pipe 23. The first raw material gas M1 may contain
nitrogen monoxide having a concentration of about 1 to 20 times the
concentration in the produced gas composition.

[0028] Next, in order to discharge the air in the pipe, the valve V1, the
valve V2, and the valve V3 are opened, the valve V4 and the valve V5
are closed, and insides of the pipes 21, 22, and 23 are made almost
vacuum with the vacuum pump connected to the valve V3. After
closing V3, in order to dilute slightly remaining oxygen, the valve V5 is
opened and nitrogen gas is supplied to the pipes 21, 22 and 23 up to a
pressure of about 1 MPa. The valve V5 is closed, the valve V4 is
opened, and nitrogen gas is discharged up to near the atmospheric
pressure. After closing the valve V5, the valve V3 is opened, and the
insides of the pipes 21, 22, and 23 are made almost vacuum again by the
vacuum pump. These operations are repeated several times to dilute and
discharge the remaining oxygen. Finally, the valve V3 i1s closed in a
state where the insides of the pipes 21, 22, and 23 are made almost

vacuum by opening the valve V3.
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[0029] After that, the container valve 2A is opened and closed, and the
first raw material gas M1 is introduced into the pipes 21, 22, and 23 until
an indication of the pressure gauge 7 connected to the pipe 21 reaches
(the internal pressure of the gas container 1) + (0.5 MPato 2 MPa). The
valve V1 is closed and the container valve 1A 1s opened. At this time,
the weight indication part 5 of the platform scale 3 is reset to zero.
[0030] After opening the valve V1 and confirming that the indication of
the pressure gauge 7 is lowered, the container valve 2A is opened and
closed, and the gas container 1 is filled with the first raw material gas M1
having a weight calculated in advance. After filling, the container valve
1Aisclosed. The indicated pressure of the pressure gauge 7 at this time
1s recorded.

[0031] The first raw material gas M1 remaining in the pipes 21, 22, and
23 is discharged up to near the atmospheric pressure by opening the valve
V4. After discharging, the valve V5 1s opened to supply the inert gas to
the pipes 21, 22, and 23 up to a pressure of about | MPa. Thereafter,
the valve V5 is closed, the valve V4 is opened, and the inert gas is
discharged up to near the atmospheric pressure. Next, the valve V4 is
closed, the valve V3 is opened, and the insides ofthe pipes 21, 22, and 23
are made almost vacuum by the vacuum pump. These operations are
repeated several times to dilute and discharge the remaining nitrogen
monoxide gas. Thereafter, the valve V5 is opened and closed to
introduce an inert gas so that the insides of the pipes 21, 22, and 23 are at
atmospheric pressure or higher.  After closing the valve V1 and
removing the pipe 22 from the container valve 1A, the weight of the gas

container 1 1s measured and recorded.

10

Date Regue/Date Received 2021-09-10



10

15

20

25

FP20-0179-00

[0032] Subsequently, in a state where the valve V2 closed, the gas
container 2 is replaced with a container filled with a second raw material
gas M2 containing hydrogen and an inert gas. The container valve 1A
of the gas container 1 is connected again to the pipe 22. The second raw
material gas M2 may contain hydrogen having a concentration of about
1 to 20 times the concentration in the produced gas composition.

[0033] After diluting and discharging the oxygen remaining in the pipes
21, 22, and 23 by the same operations as described above, the valve V3
1s closed in a state where the insides of the pipes 21, 22, and 23 are made
almost vacuum by opening the valve V3.

[0034] Next, the container valve 2A is opened and closed, and the second
raw material gas M2 is introduced into the pipes 21, 22, and 23 until the
indication of the pressure gauge 7 connected to the pipe 21 reaches (the
internal pressure of the gas container 1) + (0.5 MPa to 2 MPa). The
valve V1 1s closed and the container valve 1A 1s opened. At this time,
the weight indication part 5 of the platform scale 3 is reset to zero.
[0035] After opening the valve V1 and confirming that the indication of
the pressure gauge 7 is lowered, the container valve 2A is opened and
closed, and the gas container 1 1s filled with the second raw material gas
M2 having a weight calculated in advance. After filling, the container
valve 1A is closed. The indicated pressure of the pressure gauge 7 at
this time 1s recorded.

[0036] The second raw material gas M2 remaining in the pipes 21, 22,
and 23 is discharged up to near the atmospheric pressure by opening the
valve V4. After discharging, the valve V5 1s opened to supply the inert
gas to the pipes 21, 22, and 23 up to a pressure of about 1 MPa.

11
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Thereafter, the valve V5 is closed, the valve V4 is opened, the inert gas is
discharged up to near the atmospheric pressure. Then, the valve V4 is
closed, the valve V3 is opened, and the insides of the pipes 21, 22, and 23
are made almost vacuum by the vacuum pump. These operations are
repeated several times to dilute and discharge the remaining hydrogen
gas. Thereafter, the valve V5 is opened and closed to introduce an inert
gas so that the insides of the pipes 21, 22, and 23 are at atmospheric
pressure or higher.  After closing the valve V1 and removing the pipe 22
from the container valve 1A, the weight of the gas container 1 is measured
and recorded.

[0037] Subsequently, the container valve 1A of the gas container 1 is
connected again to the pipe 22. After diluting and discharging the
oxygen remaining in the pipes 21, 22, and 23 by the same operations as
described above, the valve V3 is closed in a state where the insides of the
pipes 21, 22, and 23 are made almost vacuum by opening the valve V3.
[0038] Next, the valve V5 is opened and closed, and the inert gas is
introduced into the pipes 21, 22, and 23 until the indication of the pressure
gauge connected to the pipe 21 reaches (the internal pressure of the gas
container 1) + (0.5 MPa to 2 MPa). The valve V1 is closed and the
container valve 1A is opened. At this time, the weight indication part 5
of the platform scale 3 is reset to zero.

[0039] After opening the valve V1 and confirming that the indication of
the pressure gauge 7 1s lowered, the valve V5 is opened and closed, and
the gas container 1 is filled with the inert gas having a weight calculated
in advance. After filling, the container valve 1A is closed. The

indicated pressure of the pressure gauge 7 at this time is recorded.

12

Date Regue/Date Received 2021-09-10



10

15

20

25

FP20-0179-00

[0040] Thereafter, the valve V4 is opened, and the inert gas remaining in
the pipes 21 and 22 is discharged up to near atmospheric pressure. The
valve V5 is opened and closed, and nitrogen gas having the atmospheric
pressure or higher 1s introduced into the pipe 21. In this state, the pipe
22 is removed from the container valve 1A. The weight of the gas
container 1 at this time 1s measured and recorded.

[0041] By the above operations, a filled gas container filled with the gas
composition can be obtained, and the filled gas container can be used as
a gas product. A temperature at which the gas product (filled gas
container) is stored is usually -92°C to 60°C. When the temperature is
lower than -92°C, there is a possibility that nitrogen monoxide will
liquefy. From the viewpoint of the High Pressure Gas Safety Act, the
storage temperature may be 40°C or lower.

[0042] A medical inhalation gas including nitrogen monoxide, hydrogen,
and oxygen can be produced using the gas product described above.
The method for producing the medical inhalation gas according to an
embodiment includes mixing the gas composition in the gas product
described above with a gas containing oxygen.

[0043] In the method, the medical inhalation gas is obtained, for
example, by supplying the gas composition from the gas product
described above and supplying a gas containing oxygen and mixing the
supplied gases in a clinical site. The mixing of the gas composition with
the gas containing oxygen is preferably performed immediately prior to
inhalation by the patient.

Examples

[0044] Hereinafter, the present invention will be described in more detail

13
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with reference to examples. However, the present invention is not
limited to these examples.
[0045] 1. Explosion test of gas composition

A gas composition containing nitrogen monoxide, hydrogen, and
nitrogen having the concentrations shown in Table 1 below was
introduced into an explosive cylinder having an inner diameter of 55 cm
and a height of 100 mm and equipped with a discharge electrode and a
cork lid. A safety cover surrounding the explosive cylinder was closed
and a spark discharge was generated between the electrodes. It was
determined that there was an explosion in a case where the lid of the
explosive cylinder flew, and that there was no explosion in a case where
the lid of the explosive cylinder did not fly. The same test was
performed three times for each of the gas compositions of Examples 1 to
3.
[0046] Table 1

Concentration/% by volume

NO H> N>
Example 1 5 40 55
Example 2 20 20 60
Example 3 10 20 70

[0047] As aresult of the explosion test, it was confirmed that none of the
gas compositions exploded. From the result, it was confirmed that a
limit concentration of nitrogen monoxide at which the gas composition
containing nitrogen monoxide, hydrogen gas, and an inert gas can exhibit
explosiveness exceeds 20% by volume. From the fact, it can be said
that the gas composition containing nitrogen monoxide, hydrogen gas,

and an inert gas does not substantially exhibit explosiveness regardless of
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the hydrogen concentration as long as the concentration of the nitrogen
monoxide is 20% by volume or less.  In addition, it can be said that even
a gas product obtained by filling the gas container with the gas
composition does not substantially exhibit explosiveness.
[0048] 2. Stability test of gas composition

(1) NO/Nz gas

Five gas cylinders made of tempered manganese steel were
prepared. Each gas cylinder was filled with a gas composition including
about 9 volume ppm of nitrogen monoxide and nitrogen. The nitrogen
monoxide concentration 2 days after filling was measured, and a rate of
increase or decrease from an initial stage (at the time of filling) was
calculated.  As shown in Table 2, the concentration of nitrogen
monoxide decreased at a relatively large rate of about 3% to 4%.

[0049] Table 2

No. [NO concentration/volume ppm |Rate of increase or decrease/%
Initial stage 2 days after

1 [9.01 8.57 -4.9

2 19.03 8.78 -2.8

3 19.01 8.77 -2.7

4 19.01 8.62 -4.3

5 [9.02 8.75 -3.0

[0050] (2) NO/H2/N> gas

Three gas cylinders made of tempered manganese steel were
prepared. Each gas cylinder was filled with a gas composition including
about 144 volume ppm of nitrogen monoxide, 3.5% by volume of
hydrogen, and nitrogen as a balance. Nitrogen monoxide
concentrations were measured 1 month, 6 months, and 12 months after

filling. The rate of increase or decrease in the nitrogen monoxide

15
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concentration after 12 months from the initial stage (at the time of filling)
was calculated. As shown in Table 3, in a case of the gas composition
containing nitrogen monoxide, hydrogen, and an inert gas, the
concentration of nitrogen monoxide was stably maintained for a long
period of one year. From the fact, it can be said that the gas product
obtained by filling the gas container with the gas composition can be
stably stored for a long period of time.

[0051] Table 3

NO concentration/volume ppm Rate of
increase
No.|Initial After 1 After 6 After 12 or
stage month months months decrease
after 12
months/%
1 1442 1443 143.5 144.3 -0.1
2 [144.0 144 .4 143.1 143.2 0.6
3 1448 145.2 143.9 143.8 0.7

Reference Signs List

[0052] 1: Gas container, 1A: Container valve, 2: Gas container, 2A:
Container valve, 21, 22, 23: Pipe, 3: Platform scale, 5: Weight indication
part, 7: Pressure gauge, V1, V2, V3, V4, V5, V6: Valve.

16
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CLAIMS:

1. A gas product comprising:

a gas container; and

a gas composition filled in the gas container,

wherein the gas composition comprises nitrogen monoxide, hydrogen,
and an inert gas,

a concentration of the nitrogen monoxide is 20% by volume or less based
on a volume of the gas composition, and

the gas product is used for forming a medical inhalation gas comprising
nitrogen monoxide, hydrogen, and oxygen by mixing the gas composition with

a gas comprising oxygen.

2. The gas product according to claim 1, wherein a concentration of the
hydrogen is 0.1% by volume to 40% by volume based on the volume of the gas

composition.

3. The gas product according to claim 1 or 2, wherein a total pressure of the

gas composition is 0.1 MPa to 15 MPa.

4. The gas product according to any one of claims 1 to 3, wherein the inert gas

comprises nitrogen.

5. A method for producing the gas product according to any one of claims 1
to 4, comprising, in the following order:

filling a gas container with a first raw material gas comprising nitrogen
monoxide and an inert gas;

further filling the gas container with a second raw material gas
comprising hydrogen and an inert gas; and

further filling the gas container with an inert gas to form a gas
composition containing the nitrogen monoxide, the hydrogen, and the inert gas,

17
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a concentration of the nitrogen monoxide being 20% by volume or less based

on a volume of the gas composition.
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