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Description

Technical Field

[0001] The present invention relates to carbon dioxide for use as a muscle strengthening agent or a muscle strength
decrease inhibitor, by local administration.

Background Art

[0002] Patent Document 1 discloses that carbon dioxide is generally effective for the following symptoms (1) to (10)
(see Patent Document 1):

(1) itching accompanying mucocutaneous diseases or mucocutaneous disorders such as athlete’s foot, insect bite,
atopic dermatitis, nummular eczema, xeroderma, seborrheic eczema, urticaria, prurigo, housewives’ eczema, acne
vulgaris, impetigo, folliculitis, carbuncle, furunculosis, phlegmon, pyoderma, psoriasis, ichthyosis, palmoplantar ker-
atoderma, lichen, pityriasis, wound, burn, rhagades, erosion, and chilblain; mucocutaneous injuries such as decubitus
ulcer, wound, burn, angular stomatitis, stomatitis, skin ulcer, rhagades, erosion, chilblain, and gangrene;
(2) incomplete engraftment of skin grafts, skin flaps etc.;
(3) dental diseases such as gingivitis, alveolar pyorrhea, denture ulcers, nigricans gingiva, and stomatitis;
(4) skin ulcers, cryesthesia and numbness caused by peripheral circulatory disorders such as thromboangitis oblit-
erans, arteriolosclerosis obliterans, diabetic peripheral circulatory disorders, and lower limb varicosis;
(5) musculoskeletal diseases such as chronic rheumatoid arthritis, cervico-omo-brachial syndrome, myalgia, ar-
thralgia and lumbago;
(6) nervous system diseases such as neuralgia, polyneuritis, and subacute myelo-optic neuropathy;
(7) keratoses such as psoriasis, corns, calluses, ichthyosis, palmoplantar keratoderma, lichen, and pityriasis;
(8) suppurative skin diseases such as acne vulgaris, impetigo, folliculitis, carbuncles, furuncles, phlegmon, pyoder-
ma, and suppurative eczema;
(9) suppression of hair regrowth after depilation (treatment of unwanted hair); and
(10) cosmetic troubles with the skin or hair such as freckles, rough skin, loss of clarity of the skin, loss of elasticity
or luster of the skin, and loss of glossiness of the hair, and partial obesity.

[0003] In order to achieve an improvement of the above-mentioned symptoms, as a carbon dioxide supplying means,
a composition for preparing a carbon dioxide agent for external use (see Patent Documents 2 to 3), a carbon dioxide
composition for external use (see Patent Document 4), a composition for preparing a carbon dioxide gel for external use
(see Patent Document 5), a material for preparing a carbon dioxide agent for external use (see Patent Document 6),
and a carbon dioxide external administration device (see Patent Documents 7 to 8) are disclosed.
[0004] Furthermore, Patent Document 9 discloses reduction of pain involved in musculoskeletal disorders by transder-
mal introduction of carbon dioxide.
[0005] However, use of a carbon dioxide supplying means for muscle strengthening, and more particularly, a muscle
strengthening agent and a muscle strength decrease inhibitor containing carbon dioxide as an active ingredient, a muscle
training method and a method of increasing cattle meat which use the carbon dioxide supplying means have not been
known at all.
[0006] As a muscle strengthening method, muscle training in which a target muscle is contracted by the strength of
60% or more of the maximum muscle strength is common. In addition, kaatsu (pressure) muscle training is proposed,
which is said to be capable of enhancing muscle strength within a shorter period of time by pressurizing a target muscle
so as to inhibit the blood flow during the exercise.
[0007] The muscle strengthening method by the above-mentioned muscle training uses a phenomenon when muscle
fatigue of a certain level or more is generated, the muscle strength is increased after a certain period of time has passed.
In this case, recovery from fatigue is necessary because if the recovery from muscle fatigue is slow, fatigue accumulates,
thus not only reducing the effect of the muscle training but also tending to cause injury. Therefore, in order to increase
the efficiency of muscle strengthening, the recovery from fatigue is carried out by means of massage, lowfrequency
therapy apparatus, warm bath, and the like, after the muscle training. However, it is reported that massage does not
have an effect of promoting muscle strengthening (see Non-patent Document 1). Therefore, massage is not thought
useful for the recovery from fatigue.
[0008] As a method of increasing the amount of the muscle which does not need muscle training, a method of increasing
the amount of the muscle by externally applying a heat load to a living body has been proposed (see Patent Document
10). In the present invention, "muscle strengthening" and "increasing the amount of the muscle" are intended to have
the same meaning.
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[0009] However, the method of increasing the amount of the muscle by applying a heat load described in Patent
Document 10 requires accurate temperature management because the effective temperature for obtaining the effect of
increasing the amount of the muscle (38 °C to 41 °C) approximates to the temperature at which tissue cells are killed
(43°C). When a living body is warmed by the use of an external heat source, the temperature of the skin is the highest
and the temperature becomes lower toward the inside of the living body. Therefore, it is not easy to heat only the muscle
at the effective temperature for a certain period of time or more.
[0010] Furthermore, the increasing of the amount of the muscle by this method needs such a long period of time as
14 weeks in order to increase, for example, the biceps brachii by 4 % even when muscle training is carried out concurrently.
Thus, this method is extremely ineffective.

Patent Document 1: Japanese Unexamined Patent Application Publication JP-A-2000-319 187
Patent Document 2: WO 2002/080941
Patent Document 3: WO 2006/080398
Patent Document 4: WO 2003/057228
Patent Document 5: WO 2005/016290
Patent Document 6: WO 2004/004745
Patent Document 7: WO 2004/002393
Patent Document 8: WO 2008/047829
Patent Document 9: US Patent US 6 652 479 B2
Patent Document 10: Japanese Unexamined Patent Application Publication JP-A-2006-061 687
Non-patent Document 1: Sven Joenhagen et al., Sports Massage After Eccentric Exercise. The American Journal of

Sports Medicine. 2004; 6: 1499-1503

Disclosure of the Invention

Problems to be Solved by the Invention

[0011] The present invention has an object to provide carbon dioxide for use as a muscle strengthening agent or a
muscle strength decrease inhibitor, wherein the carbon dioxide is to be locally administered by one of the carbon dioxide
supplying means specified in claims 1 and 3. The present invention has a further object to concurrently provide an effect
of promoting muscle strengthening and an effect of promoting recovery from fatigue in muscle training.

Means for Solving the Problems

[0012] The present inventors have found that by allowing a living body on a target site to absorb carbon dioxide with
the use of a carbon dioxide supplying means for muscle strengthening, the muscle strength is enhanced or muscle
strength decrease is suppressed. The inventors have also found that a carbon dioxide supplying means containing
carbon dioxide as an active ingredient is useful as a muscle strengthening agent and a muscle strength decrease inhibitor.
In addition, the inventors have found a muscle training method and a method of increasing cattle meat which use the
carbon dioxide supplying means.
[0013] It is possible to promote muscle strengthening and recovery from fatigue in a target site concurrently.
[0014] According to the present invention, carbon dioxide for use as a muscle strengthening agent or a muscle strength
decrease inhibitor, wherein the carbon dioxide is to be locally administered by one of the carbon dioxide supplying means
specified in claims 1 and 3, is claimed.
[0015] Further, the present invention is directed to the non-medical use of carbon dioxide as a muscle strengthening
agent or a muscle strength decrease inhibitor, wherein carbon dioxide is locally administered by one of the carbon dioxide
supplying means specified in claims 1 and 3. Possible examples of a muscle strengthening agent may include gaseous
carbon dioxide, a carbon dioxide agent for external use, carbon dioxide contained in a viscous composition, carbonated
spring containing carbon dioxide, carbon dioxide dissolved in water of water vapor and carbon dioxide dissolved in a
solvent capable of dissolving carbon dioxide. Administration techniques thereof may include nebulization, application
and patch. The administration techniques are not particularly limited as long as they are methods by which carbon dioxide
can be supplied to a target site. Furthermore, the muscle strength decrease inhibitor containing carbon dioxide as an
active ingredient includes any carbon dioxide-containing agents for external use for suppressing the decrease in muscle
strength. Possible examples of a muscle strength decrease inhibitor may include gaseous carbon dioxide, carbon dioxide
contained in a viscous composition, carbon dioxide dissolved in water of water vapor and carbon dioxide dissolved in a
solvent capable of dissolving carbon dioxide. Administration techniques thereof may include nebulization, application
and patch. The administration techniques are not particularly limited as long as they are methods by which carbon dioxide
can be supplied to a target site.
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[0016] Claimed is the muscle strengthening agent and the muscle strength decrease inhibitor, wherein the carbon
dioxide is to be locally administered by using one or more carbon dioxide supplying means selected from the group
consisting of a carbon dioxide external administration device, a carbon dioxide agent for external use, and an intra-tissue
injection of carbon dioxide.
[0017] Preferred in the present invention is the muscle strengthening agent and the muscle strength decrease inhibitor,
wherein the carbon dioxide is to be transdermally administered by using the carbon dioxide external administration device.
[0018] Preferred is the present invention is the muscle strengthening agent and the muscle strength decrease inhibitor
using the above mentioned carbon dioxide external administration device, which is characterized by comprising a sealing
enclosure member capable of sealing a body surface from the outside air, supply means for supplying carbon dioxide
into the inside of the sealing enclosure member, and an absorption aid which assists transdermal or transmucosal
absorption of the carbon dioxide inside the sealing enclosure member.
[0019] According to the non-medical use of the present invention, the muscle is a muscle of cattle meat.
[0020] Described is a muscle training method including a combination of transdermal absorption of carbon dioxide
using one or more carbon dioxide supplying means selected from the group consisting of a carbon dioxide external
administration device, a carbon dioxide agent for external use, a carbonated spring, water vapor containing carbon
dioxide, and an intra-tissue injection of carbon dioxide, and applying a load to a target muscle and/or inhibiting the blood
flow to the muscle.
[0021] Further is described a muscle training method including a combination of a transdermal absorption of carbon
dioxide using a carbon dioxide external administration device characterized by including a sealing enclosure member
capable of sealing a body surface from the outside air, a supplying device for supplying carbon dioxide into the inside
of the sealing enclosure member, and an absorption aid for assisting transdermal or transmucosal absorption of the
carbon dioxide inside the sealing enclosure member; and applying a load to a target muscle and/or inhibiting the blood
flow to the muscle.
[0022] Also presented is a muscle training method including a combination of a transdermal absorption of carbon
dioxide using a carbon dioxide external administration device characterized by including a sealing enclosure member
capable of sealing a body surface of a human or an animal from the outside air, a supplying device for supplying carbon
dioxide into the inside of the sealing enclosure member, and a perspiration promoting means for promoting perspiration
on the body surface inside the sealing enclosure member; and applying a load to a target muscle and/or inhibiting the
blood flow to the muscle.
[0023] Described is a method of increasing cattle meat characterized by using one or more carbon dioxide supplying
means selected from the group consisting of a carbon dioxide external administration device, a carbon dioxide agent
for external use, a carbonated spring, water vapor containing carbon dioxide, and an intra-tissue injection of carbon
dioxide.

Advantages of the Invention

[0024] Carbon dioxide for use as a muscle strengthening agent or a muscle strength decrease inhibitor of the present
invention makes it possible to enhance the muscle strength or suppress muscle strength decrease within a short period
of time in an easy and simple manner when they are applied to aged persons whose muscle strength is weakened or
patients who have pain in the lower back, the elbow or the knee, who have difficulty in performing muscle training. The
enhancement of the muscle strength or suppression of muscle strength decrease increases the physical ability for
behavior, and therefore enables independence of behavior to be improved, the area of movement to be enlarged, and
the quality of life to be improved in aged persons or patients whose muscle strength is weakened.
[0025] Since the muscle strengthening agent and the muscle strength decrease inhibitor can be easily applied to
bedridden patients, they can promote recovery in such patients and prevent disorders such as disuse atrophy. The
muscle strengthening agent and the muscle strength decrease inhibitor can prevent muscle strength decrease and
arthrogryposis occurring at the time when a fraction site is fixed by applying a plastic cast with a function of a sealing
enclosure member described in Patent Document 7 (WO 2004/002393).
[0026] When the muscle strengthening agent and/or the muscle strength decrease inhibitor is applied during rehabil-
itation after fixing is completed, recovery of the muscle strength is promoted and the number of dates required for
rehabilitation can be shortened. In addition, the muscle strengthening agent and the muscle strength decrease inhibitor
are effective when the muscle strength is decreased at the time of numbness by cerebrovascular disorder, spinal cord
damage and bed rest after surgical operation.
[0027] As the muscle strengthening agent and the muscle strength decrease inhibitor, a portable carbon dioxide
transdermal absorption means such as a composition for preparing a carbon dioxide agent for external use and a carbon
dioxide external administration device can be used. Therefore, it is possible to enhance the muscle strength and/or to
suppress muscle strength decrease easily even if specific facilities such as a gymnasium and a rehabilitation room are
not available.
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[0028] The muscle strengthening agent and the muscle strength decrease inhibitor are not affected by the gravity.
Therefore, when, for example, astronauts use the muscle strengthening agent and the muscle strength decrease inhibitor
during a rest or sleeping time, the time required to do exercise for preventing deterioration of physical functions can be
shortened. Thus, they can spend more time in their tasks such as scientific experiments efficiently.
[0029] The muscle strengthening agent and the muscle strength decrease inhibitor not only promote muscle strength-
ening in a short period of time by muscle training but also promote recovery from fatigue in athletes, thus enabling their
physical abilities to be improved efficiently and safely.
[0030] Needless to say, since the muscle strengthening agent and the muscle strength decrease inhibitor can be
applied to animals, for example, running ability of racehorses can be improved efficiently and safely. Furthermore, use
of the carbon dioxide supplying means for muscle strengthening can also increase meat of cattle such as cow, pig, and
sheep safely and efficiently.

Brief Description of the Drawings

[0031]

Figure 1 is a graph showing the change of the muscle strength of the quadriceps femoris when the muscle strength
in the pre-ex (before an exercise load is given. The "ex" denotes a stretching exercise on isometric torque
of the quadriceps femoris. The same is true hereinafter.) is defined as 100 %;

Figure 2 is a graph showing the change of the muscle strength of the hamstrings when the muscle strength in the
pre-ex is defined as 100 %;

Figure 3 is a graph showing the muscle strength of the quadriceps femoris and the muscle strength of the hamstrings
seven days after an exercise load is given, when the muscle strength in the pre-ex is defined as 100 %;

Figure 4 is a graph showing the muscle strength after the three-months experiment in a case where an exercise load
is not given;

Figure 5 is a graph showing the ratio of lower limb muscle wet weight to body weight of rat after the three-months
experiment in a case where an exercise load is not given;

Figure 6 is a graph showing amounts of proteins extracted from the muscle of rat lower limb of the three-months
experiment in a case where an exercise load is not given; and

Figure 7 is a graph showing the grip strength on day 3 after kaatsu training has been carried out.

[0032] Use of a carbon dioxide supplying means for muscle strengthening is not particularly limited as long as it allows
a living body to absorb carbon dioxide. However, a local absorption means is claimed. An example of the carbon dioxide
supplying means for allowing a living body to absorb carbon dioxide may include the followings.

(1) A composition for preparing carbon dioxide agents for external use, for example, carbon dioxide agents for
external use obtained from the following a) and b): a) a composition for preparing a carbon dioxide agent for external
use characterized by comprising a substance generating an acid after being hydrolyzed, a carbonate, a thickener,
and water as essential components, and further comprising a gelating agent being gelated by calcium ion, and a
water-insoluble or poorly-soluble calcium salt (WO 2006/080398), or b) a composition for preparing a carbon dioxide
agent for external use comprising a granular material containing a water-soluble acid, a thickener, and a water-
soluble dispersant as the essential components in which the thickener is mixed with the water-soluble acid and the
water-soluble acid and the water-soluble dispersant; and a viscous composition containing a carbonate, water, and
a thickener as the essential components, which is to be mixed with the granular material at use (WO 2002/080941).
(2) A carbon dioxide composition for external use, characterized in that carbon dioxide is dissolved in a non-bubble
state in a viscous material comprising at least water and a thickener, or a carbon dioxide composition for external
use characterized by comprising at least a fermentation microbe, a metabolite of the fermentation microbe, a thick-
ener, water, and carbon dioxide (WO 2003/057228).
(3) A carbon dioxide agents for external use obtained from a composition for preparing a carbon dioxide gel for
external use characterized by comprising the following granular material (A) and viscous material (B) to be mixed
with the granular material (A):

(A) a granular material comprising a weak acid and a calcium ion trapping agent as essential components; and
(B) a viscous material comprising calcium carbonate, a gelling agent gelled by calcium ions and water as
essential components (see WO 2005/016290).

(4) A carbon dioxide external administration device, characterized by comprising a sealing enclosure member capable
of sealing a body surface from the outside air, a supply means for supplying carbon dioxide into the inside of the



EP 2 216 032 B1

6

5

10

15

20

25

30

35

40

45

50

55

sealing enclosure member, and an absorption aid comprised of a viscous material containing a thickener and water
which assists transdermal or transmucosal absorption of the carbon dioxide inside the sealing enclosure member
(WO 2004/02393).
(5) A carbon dioxide external administration device, characterized by comprising a sealing enclosure member capable
of sealing a body surface from the outside air, a supply means for supplying carbon dioxide into the inside of the
sealing enclosure member (WO 2008/047829).

[0033] In addition, a carbonated spring such as an artificial carbonated spring and water vapor containing carbon
dioxide are also disclosed. The water vapor containing carbon dioxide denotes, for example, natural vapor that contains
carbon dioxide and is erupted from underground, and water vapor white smoke that contains carbon dioxide, which is
generated when dry ice is put in the air. The water vapor containing carbon dioxide is used for hemorrhoid treatment in
for example, East Europe.
[0034] Furthermore, a use by injecting carbon dioxide directly into target tissue with the use of a syringe can be
employed. In the present invention the carbon dioxide external administration devices described in the above-mentioned
(4) or (5) are preferred.
[0035] The above-mentioned carbon dioxide supplying means may also be applied to muscle training. When the use
of the carbon dioxide supplying means for muscle strengthening is employed in muscle training, the absorption of carbon
dioxide may be carried out at any time from before, during or after the muscle training. However, the absorption of carbon
dioxide is preferably after the muscle training because an effect of recovery from fatigue is strong. The muscle training
includes so-called kaatsu training, that is, training while the muscle is pressurized by various methods.
[0036] As a concentration of carbon dioxide to be absorbed and absorption time may vary depending upon carbon
dioxide supplying means to be used. In the case where a carbon dioxide external administration device is used, the
carbon dioxide concentration of the present invention is preferably 300 ppm or more, and more preferably 1,000 ppm
or more. The absorption time may be preferably about five minutes or more, and more preferably ten minutes or more.
Since carbon dioxide has highly safety, its absorption for a long period of time does not matter. However, an expected
effect can be obtained in about 30 minutes.
[0037] When a carbon dioxide agent for external use, for example, the composition for external use mentioned above
(2) is used, the concentration of carbon dioxide to be dissolved is preferably 300 ppm or more, and particularly preferably
in the range from 1,000 ppm to the saturation concentration.
[0038] Absorption frequency of carbon dioxide is preferably once or more a week, and more preferably once or more
a day.
[0039] When use of the carbon dioxide supplying means for muscle strengthening is carried out concurrently with
muscle training, it is preferable that absorption of carbon dioxide is carried out every time muscle training is carried out.
However, expected effect can substantially be obtained even when the absorption of carbon dioxide is skipped once in
several times. It is preferable that the absorption of carbon dioxide is carried out even in days when muscle training is
not carried out because muscle strengthening and recovery from fatigue are promoted.

Examples

[0040] Hereinafter, the present invention will be specifically described with reference to Examples.

Example 1

[0041] Promotion of Muscle Strengthening by Stretching Exercise on Isometric Torque of Legs (a carbon dioxide
external administration device was used as a carbon dioxide supplying means for muscle strengthening)

Experiment Method

[0042] Eight subjects including two subjects who played sports three times or more a week (hereinafter, referred to
as "athlete") and six subjects who played sports two times or less a week (hereinafter, referred to as "non-athlete")
participated in the experiment. Each subject did warming-up by pedaling a gym bicycle for ten minutes. Next, each
subject did a stretching exercise on isometric torque of the quadriceps femoris 300 times or more by using training
machine MyoretRZ-450® (Kawasaki Heavy Industries, Ltd.). Thus, an exercise load was applied to the quadriceps
femoris. Then, the muscle strength of the quadriceps femoris and the muscle strength of the hamstrings to which an
exercise load was not applied were measured by using MyoretRZ-450®.
[0043] After the training was completed, the carbon dioxide absorption aid 4 described in Example 5 in Patent Document
7 (WO 2004/002393) was applied to one determined leg (hereinafter, referred to as a "treated leg"). The treated leg was
covered with an 80 cm-long polypropylene bag type sealing enclosure member equipped with a check valve. Then, the
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member was filled with carbon dioxide from a carbon dioxide gas cylinder and stood still for ten minutes. The carbon
dioxide concentration was set to 80 % (800,000 ppm). No treatment was given to the other leg (hereinafter, referred to
as a "non-treated leg"). The training was carried out only once, this time.
[0044] For three days from the next day after the training, each subject did not do a stretching exercise on isometric
torque of the quadriceps femoris. Each subject allowed the treated leg to absorb carbon dioxide for ten minutes once a
day as mentioned above by using the carbon dioxide supplying means for muscle strengthening of the present invention
(by using a carbon dioxide external administration device as the carbon dioxide supplying means). Thereafter, the muscle
strength of the quadriceps femoris and the muscle strength of the hamstrings were measured by using MyoretRZ-450®.
[0045] On day 4 and later after the experiment was started, neither absorption of carbon dioxide nor stretching exercise
on isometric torque of the quadriceps femoris was carried out. On day 7 after the experiment was started, the muscle
strengths of the quadriceps femoris and the hamstrings were measured by using MyoretRZ-450®.

Experiment Results

[0046] On the day of starting the experiment, about 25 % decrease of the muscle strength was observed in both legs
after the exercise load was applied (see post-ex in Figure 1) when the muscle strength before an exercise load was
applied (pre-ex) was defined as 100 %.
[0047] During the absorption of carbon dioxide after the exercise load was applied, blood pressure and heart rate of
the subjects did not change. After carbon dioxide was absorbed, when the muscle strength of the quadriceps femoris
was measured by using MyoretRZ-450®, recovery of the muscle strength was faster in the treated leg than in the non-
treated leg (see post-CO2 in Figure 1).
[0048] On days 2 to 4 of the experiment, when the muscle strength of the quadriceps femoris was measured by using
MyoretRZ-450®, muscle strengthening was observed in both legs. The muscle strengthening was promoted in the treated
leg as compared with in the non-treated leg (see on days 2, 3, and 4 in Figure 1).
[0049] On day 7 of the experiment, when the muscle strength of the quadriceps femoris was measured, only slight
muscle strengthening was observed in the non-treated leg. Meanwhile, in the treated leg, although the absorption of
carbon dioxide had been stopped, 20 % muscle strengthening was observed. In particular, in the non-athletes, about
30 % muscle strengthening was observed (see the result on day 7 in Figure 1).
[0050] On the other hand, also in the hamstrings to which an exercise load was not given, about 15 % muscle strength-
ening was observed in the treated leg while muscle strengthening of the hamstrings was not observed in the non-treated
leg (see the result on day 7 in Figure 2). As is apparent from Figure 3, the muscle strengthening was statistically significant
at P = 5 %. Furthermore, as is apparent from Figure 2, in particular, in the case of non-athletes, about 20 % muscle
strengthening was observed.

Example 2

[0051] Promotion of Muscle Strengthening with No Exercise Load Applied (a carbon dioxide external administration
device was used as a carbon dioxide supplying means for muscle strengthening)

Experiment Method

[0052] Thirteen subjects (all males, aged from 27 to 43) participated in the experiment. In each subjects, the absorption
aid 4 of carbon dioxide described in Example 5 in Patent Document 7 (WO 2004/002393) was given to one determined
leg (hereinafter, referred to as a "treated leg"). The treated leg was covered with an 80 cm-long polypropylene bag type
sealing enclosure member equipped with a check valve.
[0053] Then, carbon dioxide was filled in the member from a carbon dioxide gas cylinder and stood still for ten minutes.
The carbon dioxide concentration was set to 80 % (800,000 ppm). The treatment was carried out at least once a week
for three months. No treatment was given to the other leg (hereinafter, referred to as a "non-treated leg"). Before and
three months after the experiment was started, the muscle strengths of the treated leg and the non-treated leg were
measured (the muscle strengths of the quadriceps femoris and the hamstrings were measured by using MyoretRZ-450®).

Experiment Results

[0054] On month 3, about 15 % muscle strengthening was observed in the quadriceps femoris and the hamstrings in
the treated leg as compared with the non-treated leg. The muscle strengthening were statistically significant at P = 1 %
in the quadriceps femoris and P = 5 % in the hamstrings (see Figure 4).
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Example 3

[0055] Increase in Amount of Rat Muscle with No Exercise Load Applied (a carbon dioxide external administration
device was used as a carbon dioxide supplying means for muscle strengthening)

Experiment Method

[0056] Nine male Wister rats (5-week old at the time when the experiment was started) were used. The rats were
divided into two groups: a group of rats that underwent absorption of carbon dioxide (hereinafter, referred to as a "CO2
group") and a group of rats that did not undergo absorption of carbon dioxide (hereinafter, referred to as a "CONTROL
group").
[0057] In the CO2 group, the hair was removed from the right and left lower thighs of six rats under anesthesia. Then,
the absorption aid 4 of carbon dioxide described in Example 5 in Patent Document 7 (WO 2004/002393) was applied
to only the right lower thigh (hereinafter, referred to as a "treated limb"). Next, the rat lower body was covered with a
polyethylene bag type sealing enclosure member provided with a hole through which the left hind limb comes out so
that only the right hind limb absorbs carbon dioxide.
[0058] Then, carbon dioxide was filled in the sealing enclosure member by using a carbon dioxide gas cylinder so as
to inflate the sealing enclosure member. In order to always secure a sufficient amount of carbon dioxide in the sealing
enclosure member, carbon dioxide was added at any time, so that the sealing enclosure member was filled with carbon
dioxide for ten minutes. The carbon dioxide concentration inside the sealing enclosure member was set to 100 %. The
above-mentioned treatment was carried out twice a week for three months. To the left lower thigh, only removing of hair
was carried out and other treatment was not carried out (hereinafter, referred to as "non-treated leg").
[0059] In the CONTROL group, only anesthesia was carried out and absorption of carbon dioxide was not carried out.
[0060] Three months later, the rat body weights were measured and the muscle was collected from the right and left
lower thighs. The muscle wet weight of the collected muscle was measured, followed by detecting growth a acceleration
indicating proteins of muscle fibers, MyoD and Myogenin (see Atsuko HARA et al., "Expression of myosin heavy chain
isoforms, myogenin and MyoD in the course of regeneration of skeletal muscle," Journal of Health Sciences of Hiroshima
University, Vol.2 (1): 12-18, 2002), and IGF-IR [see Junichi SUZUKI et al., "Effect of endurance training with L-arginine
supplementation on expression of IGF-1 receptor in rat skeletal muscles" Research for Winter Sports, (the Proceedings
of Research and Education Center for Winter Sports, Hokkaido University of Education), Vol. 8 (1) 1-7, 2005], by Western
blotting. The resultant bands were analyzed on the analysis software (NIH-Image) so as to quantify each growth accel-
eration indicating protein. The resultant ratio of the muscle wet weight / body weight thus obtained is shown in Figure 5
and the amount of each protein is shown in Figure 6.

Experiment Results

[0061] As is apparent from Figure 5, when the muscle wet weight and the body weight were measured, an increase
in the muscle wet weight per body weight was observed in the CO2 group as compared with the CONTROL group.
Furthermore, in the CO2 group, a remarkable increase in the muscle wet weight was observed in the treated leg as
compared with the non-treated leg.
[0062] As is apparent from Figure 6, the amount of the growth acceleration indicating protein extracted from the muscle
of the CO2 group was increased as compared with that of the CONTROL group.
[0063] These experiment results show that the muscle wet weight is increased by the absorption of carbon dioxide,
and the increase is brought about by the growth acceleration of the muscle fiber.

Example 4

[0064] Promotion of Kaatsu Training Effect (a carbon dioxide external administration device was used as a carbon
dioxide supplying means for muscle strengthening)

Experiment Method

[0065] Two subjects (one male and one female) participated in the experiment. The experiment was carried out
according to Abe T. et al. (2006) Electromyographic responses of arm and chest muscle during bench press exercise
with and without KAATSU. Int. J. Kaatsu Training Res. 2:15-18. The grip strengths of both hands of each subject were
measured before the experiment was started. Next, the absorption aid 4 of carbon dioxide described in Example 5 in
Patent Document 7 (WO 2004/002393) was applied to the entire left arm of each subject, and the left arm was covered
with an 80 cm-long polypropylene bag type sealing enclosure member equipped with a check valve.
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[0066] A cuff of blood pressure manometer was worn on the upper arm with the sealing enclosure member applied.
Firstly, the upper arm was pressurized with a cuff pressure of 50 mmHg for 30 seconds. Next, the pressure was released
once for 10 seconds, and then the upper arm was pressurized while gradually increasing the cuff pressure to 70 mmHg.
When the cuff pressure reached 70 mmHg, the pressure was fixed. Then, carbon dioxide was filled in the sealing
enclosure member from a carbon dioxide gas cylinder so as to inflate the sealing enclosure member.
[0067] Immediately thereafter, the subjects carried out an exercise of opening and closing the palm 20 times quickly,
and then took a rest for 15 seconds. This exercise and rest were repeated three times (hereinafter, this arm is referred
to as a "treated arm"). In order to always secure a sufficient amount of carbon dioxide in the sealing enclosure member,
carbon dioxide was added at any time. Ten minutes after the initial pressurizing, the cuff pressure was released, and
the sealing enclosure member was removed.
[0068] In the right arm, only pressurizing and exercise of opening and closing the palm were carried out under the
same condition as in the left arm, and absorption of carbon dioxide was not carried out (hereinafter, this arm is referred
to as a "non-treated arm").
[0069] Three days after the experiment, the grip strength of both hands of each subject was measured.

Experiment Results

[0070] As is apparent from Figure 7, it was shown that absorption of carbon dioxide promoted the muscle strengthening
effect by pressurizing. As compared with the case in which only pressurizing was carried out by using a carbon dioxide
supplying means for muscle strengthening, almost two-times muscle strengthening rate was shown. Training of only
pressurizing and an exercise of opening and closing the palm accompanies a sever muscle pain or fatigue. However,
in the left hand, which had undergone the same training while allowing carbon dioxide to be absorbed with the use of
the carbon dioxide supplying means for muscle strengthening, the muscle pain and fatigue were reduced.

Claims

1. Carbon dioxide for medical use as a muscle strengthening agent or a muscle strength decrease inhibitor, wherein
the carbon dioxide is to be locally administered by using one or more carbon dioxide supplying means selected from
the group consisting of

a) carbon dioxide external administration device,
b) a carbon dioxide agent for external use, and
c) an intratissue injection of carbon dioxide.

2. Carbon dioxide for use according to claim 1, wherein carbon dioxide is to be transdermally administered by using
a carbon dioxide external administration device.

3. Non-medical use of carbon dioxide as a muscle strengthening agent or a muscle strength decrease inhibitor, wherein
carbon dioxide is locally administered by using one or more carbon dioxide supplying means selected from the
group consisting of

a) carbon dioxide external administration device,
b) a carbon dioxide agent for external use, and
c) an intratissue injection of carbon dioxide.

4. Non-medical use of carbon dioxide according to claim 3,
wherein carbon dioxide is transdermally administered by using a carbon dioxide external administration device.

5. Carbon dioxide for use according to claim 1 or
non-medical use of carbon dioxide according to claim 3,
wherein the carbon dioxide external administration device comprises a sealing enclosure member capable of sealing
a body surface from the outside air, a supply means for supplying carbon dioxide into the inside of the sealing
enclosure member, and an absorption aid that assists transdermal or transmucosal absorption of the carbon dioxide
inside the sealing enclosure member.

6. Carbon dioxide for use according to any of claims 1, 2 and 5,
which is to be used to promote muscle strengthening in muscle training.
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7. Non-medical use according to any of claims 3, 4, and 5,
wherein the muscle is a muscle of cattle meat.

Patentansprüche

1. Kohlendioxid für die medizinische Verwendung als Mittel zur Muskelstärkung oder als Inhibitor für die Abnahme der
Muskelstärke, wobei das Kohlendioxid lokal verabreicht werden soll, indem eine oder mehrere Kohlendioxid zufüh-
rende Maßnahmen angewendet werden, die aus der folgenden Gruppe ausgewählt werden:

a) einer Vorrichtung zur externen Verabreichung von Kohlendioxid,
b) einem Kohlendioxidmittel für die externe Anwendung und
c) der Injektion von Kohlendioxid in das Gewebe.

2. Kohlendioxid für die Verwendung nach Anspruch 1,
wobei das Kohlendioxid transdermal verabreicht werden soll, indem eine Vorrichtung zur externen Verabreichung
von Kohlendioxid verwendet wird.

3. Nichtmedizinische Verwendung von Kohlendioxid als Mittel zur Muskelstärkung oder Inhibitor für die Abnahme der
Muskelstärke, wobei Kohlendioxid lokal verabreicht wird, indem eine oder mehrere Maßnahmen zur Zuführung von
Kohlendioxid angewendet werden, die aus der folgenden Gruppe ausgewählt sind:

a) einer Vorrichtung zur externen Verabreichung von Kohlendioxid,
b) einem Kohlendioxidmittel für die externe Anwendung und
c) der Injektion von Kohlendioxid in das Gewebe.

4. Nichtmedizinische Verwendung von Kohlendioxid nach Anspruch 3, wobei Kohlendioxid transdermal verabreicht
wird, indem eine Vorrichtung zur externen Verabreichung von Kohlendioxid verwendet wird.

5. Kohlendioxid für die Verwendung nach Anspruch 1 oder nichtmedizinische Verwendung von Kohlendioxid nach
Anspruch 3,
wobei die Vorrichtung zur externen Verabreichung von Kohlendioxid ein abdichtendes umschließendes Element,
das die Körperoberfläche gegenüber der Außenluft abdichten kann, eine Zuführungseinrichtung zum Zuführen von
Kohlendioxid in den Innenraum des abdichtenden umschließenden Elementes und ein Absorptionshilfsmittel auf-
weist, das die transdermale oder transmukosale Absorption von Kohlendioxid in dem Innenraum des abdichtenden
umschließenden Elementes unterstützt.

6. Kohlendioxid für die Verwendung nach einem der Ansprüche 1, 2 und 5, das verwendet werden soll, um die Mus-
kelstärkung beim Muskeltraining zu fordern.

7. Nichtmedizinische Verwendung nach einem der Ansprüche 3, 4 und 5, wobei der Muskel ein Rindfleischmuskel ist.

Revendications

1. Dioxyde de carbone pour utilisation médicale en tant qu’agent de renforcement musculaire ou qu’inhibiteur de la
diminution de la force musculaire, dans lequel le dioxyde de carbone doit être administré localement en utilisant un
ou plusieurs moyens d’administration de dioxyde de carbone choisis dans le groupe constitué de

a) un dispositif d’administration externe de dioxyde de carbone,
b) un agent à base de dioxyde de carbone pour utilisation externe, et
c) une injection intratissulaire de dioxyde de carbone.

2. Dioxyde de carbone pour une utilisation selon la revendication 1, dans lequel le dioxyde de carbone doit être
administré par voie transdermique en utilisant un dispositif d’administration externe de dioxyde de carbone.

3. Utilisation non médicale de dioxyde de carbone en tant qu’agent de renforcement musculaire ou qu’inhibiteur de la
diminution de la force musculaire, dans laquelle le dioxyde de carbone est administré localement en utilisant un ou
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plusieurs moyens d’administration de dioxyde de carbone choisis dans le groupe constitué de

a) un dispositif d’administration externe de dioxyde de carbone,
b) un agent à base de dioxyde de carbone pour utilisation externe, et
c) une injection intratissulaire de dioxyde de carbone.

4. Utilisation non médicale de dioxyde de carbone selon la revendication 3, dans laquelle le dioxyde de carbone est
administré par voie transdermique en utilisant un dispositif d’administration externe de dioxyde de carbone.

5. Dioxyde de carbone pour une utilisation selon la revendication 1 ou utilisation non médicale de dioxyde de carbone
selon la revendication 3, dans lesquels le dispositif d’administration externe de dioxyde de carbone comprend un
élément formant enveloppe hermétique capable d’isoler une surface corporelle de l’air extérieur, des moyens d’ad-
ministration servant administrer le dioxyde de carbone à l’intérieur de l’élément formant enveloppe hermétique, et
un auxiliaire d’absorption favorisant l’absorption transdermique ou transmucosale du dioxyde de carbone à l’intérieur
de l’élément formant enveloppe hermétique.

6. Dioxyde de carbone pour une utilisation selon l’une quelconque des revendications 1, 2 et 5,
qui est destiné à être utilisé pour favoriser le renforcement musculaire dans le cadre d’un entraînement musculaire.

7. Utilisation non médicale selon l’une quelconque des revendications 3, 4 et 5,
dans laquelle le muscle est un muscle de viande bovine.



EP 2 216 032 B1

12



EP 2 216 032 B1

13



EP 2 216 032 B1

14



EP 2 216 032 B1

15



EP 2 216 032 B1

16



EP 2 216 032 B1

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2000319187 A [0010]
• WO 2002080941 A [0010] [0032]
• WO 2006080398 A [0010] [0032]
• WO 2003057228 A [0010] [0032]
• WO 2005016290 A [0010] [0032]
• WO 2004004745 A [0010]

• WO 2004002393 A [0010] [0025] [0043] [0052]
[0057] [0065]

• WO 2008047829 A [0010] [0032]
• US 6652479 B2 [0010]
• JP 2006061687 A [0010]
• WO 200402393 A [0032]

Non-patent literature cited in the description

• SVEN JOENHAGEN et al. Sports Massage After Ec-
centric Exercise. The American Journal of Sports
Medicine, 2004, vol. 6, 1499-1503 [0010]

• ATSUKO HARA et al. Expression of myosin heavy
chain isoforms, myogenin and MyoD in the course of
regeneration of skeletal muscle. Journal of Health
Sciences of Hiroshima University, 2002, vol. 2 (1),
12-18 [0060]

• JUNICHI SUZUKI et al. Effect of endurance training
with L-arginine supplementation on expression of
IGF-1 receptor in rat skeletal muscles. Proceedings
of Research and Education Center for Winter Sports,
2005, vol. 8 (1), 1-7 [0060]

• ABE T. et al. Electromyographic responses of arm
and chest muscle during bench press exercise with
and without KAATSU. Int. J. Kaatsu Training Res.,
2006, vol. 2, 15-18 [0065]


	bibliography
	description
	claims
	drawings
	cited references

