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ABSTRACT

There is provided an agent for preventing or improving decline in brain
function caused by diminished cerebral blood flow such as decreased memory learning
ability, decreased concentration, and decreased attention. This agent comprises

citrulline or a salt thereof and glutathione or a salt thereof as active ingredients.
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DESCRIPTION

USE OF A COMBINATION OF CITRULLINE AND GLUTATHIONE IN THE
TREATMENT OF BRAIN DAMAGE AND COGNITIVE DECLINE

Technical Field
The present invention relates to an agent for preventing or improving decline in
brain function, comprising citrulline or a salt thereof and glutathione or a salt thereof as

active ingredients.

Background Art

Brain is the most significant region of central nerve system for information
transmission via nerves such as motion and perception, and plays an important role in
human mental activity such as feelings, emotions, reasoning or the like. Higher brain
dysfunctions caused by cerebral trauma, cerebrovascular disorders, cerebritis, hypoxia
or the like include a wide range of defects in memory, attention, executive functioning,
social behavior and the like, and their characteristics vary depending on the part of the
brain damage. Further, it is also reported that decline in brain function can be caused by
fatigue (Non-Patent Literature 1), leading to decline in abilities such as memory
learning, attention concentration, judgment or the like.

Citrulline is one of amino acids present as free form and is not used as a
constitucnt for protcin synthesis in vivo. In the body, citrullinc scrves as a precursor of
arginine in arginine biosynthesis or an important component of NO cycle involved in
nitric oxide (NO) supply. Ingested citrulline is mostly converted to arginine in the
kidney and produced arginine is cfficiently supplied systemically (Non-Patent Literature
2).

Arginine is an amino acid to be a direct substrate of nitric oxide (NO) synthase.
Moreover, arginine is an intermediate in the urea cycle in the liver, and plays an
important role in detoxication of ammonia produced in the body. NO synthesized from
arginine as a substrate exerts a variety of physiological functions for maintaining normal
vascular functions, including vasodilatation, inhibition of LDL oxidation, inhibition of
platelet aggregation, anti-proliferation effect on smooth muscle cells, antioxidant effect
and the like.

Date Regue/Date Received 2020-09-08
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It is reported that ingestion of citrulline shows an anti-arteriosclerosis action
and improves blood circulation via the production of the vasodilator NO (Non-Patent
Literature 3), and citrulline is widely used around US as a food material for producing
NO to improve blood circulation. Citrulline is also used in Europe as an anti-fatigue
drug in the form of citrulline-malate.

Glutathione is a tripeptide composed of glutamic acid, cysteine, and glycine,
and plays a central role in removing reactive oxygen species in vivo. Glutathione is
also involved in the detoxification mechanism for removing xenobiotics from the body.

It is reported that ingestion of glutathione shows a hepatoprotective effect
(Non-Patent Literature 4), a whitening effect (Non-Patent Literature 5), or the like.
Owing to these functions, glutathione is used as a detoxifying agent when poisoned, as a
drug for improving liver function, or as an antioxidant food material.

It is known that ischemic cerebrovascular disease causes brain neuronal cell
death, leading to decline in brain function. The cause includes neurovascular damage,
endothelial dysfunction, diminished cerebral blood flow or the like (Non-Patent
Literature 6), and it is understood that a reduction of normal NO production in
endothelial cells and diminished cerebral blood flow cause brain neuronal cell death and
decline in brain function. In other words, it is expected that brain neuronal cells can be
protected and decline in brain function can be prevented or ifnproved by enhancing NO
production in endothelial cells and cerebral blood flow.

Until now, there have been reports about improvement of attention
concentration by oral ingestion of citrulline (Patent Literature 1) and improvement of
memory learning ability by intraperitoneal injection of arginine (Non-Patent Literature
7). Further, it is reported that glutathione is involved in maintaining homeostasis of
brain function (Non-Patent Literature 8), and decrease of brain tissue metabolism can be
protected by glutathione infusion (Non-Patent Literature 9). However, there have been
no reports that oral ingestion of glutathidne shows the effect of preventing or improving
decline in brain function, and a synergistic effect of preventing or improving decline in
brain function can be obtained by using citrulline or a salt thereof in combination with

glutathione or a salt thereof.
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Summary of Invention
Technical Problem

An objection of the present invention is to provide an agent for preventing or
improving decline in brain function such as decreased perception ability, decreased
memory learning ability, decreased thinking ability, decreased concentration, decreased
attention, decreased judgment ability, depression, and decreased exercise performance
caused thereby.
Solution to Problem

The present invention relates to the following (1) to (13):
(1) An agent for protecting brain neuronal cells, comprising citrulline or a salt thereof
and glutathione or a salt thereof as active ingredients.
(2) An agént for preventing or improving decline in brain function, comprising citrulline
or a salt thereof and glutathione or a salt thereof as active ingredients.
(3) The agent for preventing or improving decline in brain function described in (2),
wherein the decline in brain function is one or more selected from the group consisting
of decreased perception ability, decreased memory learning ability, decreased thinking
ability, decreased concentration, decreased attention, decreased judgment ability,

depression, and decreased exercise performance caused thereby.
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(4) A method for preventing or improving decline in brain function, wherein citrulline
or a salt thereof and glutathione or a salt thereof are orally ingested as active
ingredients.

(5) A method for preventing or improving decline in brain function, wherein an oral
preparation comprising citrulline or a salt thereof and glutathione or a salt thereof as
active ingredients is ingested.

(6) A method for preventing or improving decline in brain function, wherein citrulline
or a salt thereof and glutathione or a salt thereof are orally ingested as active
ingredients, provided that the prevention or improvement method does not include any
method of surgery, therapy or diagnosis of humans practiced by medical doctor.

(7) A method for preventing or improving decline in brain function, wherein an oral
preparation comprising citrulline or a salt thereof and glutathione or a salt thereof as
active ingredients is ingested, provided that the prevention or improvement method does
not include any method of surgery, therapy or diagnosis of humans practiced by medical
doctor.

(8) Citrulline or a salt thereof and glutathione or a salt thereof for use in protecting brain
neuronal cells.

(9) Citrulline or a salt thereof and glutathione or a salt thereof for use in preventing or
improving decline in brain function.

(10) The citrulline or a salt thereof and the glutathione or a salt thereof described in (9),
wherein the decline in brain function is one or more sélected from the group consisting
of decreased perception ability, decreased memory learning ability, decreased thinking
ability, decreased concentration, decreased attention, decreased judgment ability,
depression, and decreased exercise performance caused thereby.

(11) Use of citrulline or a salt thereof and glutathione or a salt thereof for the
manufacture of an agent for protecting brain neuronal cells.

(12) Use of citrulline or a salt thereof and glutathione or a salt thereof for the
manufacture of an agent for preventing or improving decline in brain function.

(13) The Use described in (12), wherein the decline in brain function is one or more
selected from the group consisting of decreased perception ability, decreased memory
learning ability, decreased thinking ability, decreased concentration, decreased
attention, decreased judgment ability, depression, and decreased exercise performance

caused thereby.
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There is also providcd:

An agent for preventing or reducing decline in brain function caused by

diminished cerebral blood flow, comprising citrulline or a salt thereof and

_ glutathione or a salt thereof.

The use of citrulline or a salt thereof and \glutathione or a salt thereof for
preventing or reducing decline in brain function caused By diminished
cerebral blood flow. . |

The use of an oral preparation comprising citrulline or a salt thereof and
glutathione or a salt thereof, for preventing or improving decline in brain .
function c'aus,ed by diminished cerebral Blood flow.

Citrulline or a salt thereof and glutathione or a salt thereof for use in
preventing or reducing decline in brain function caused by diminished
cerebral blood flow. ‘

The use of citrulline or a salt thereof and glutathione or a salt thereof for the
manufacture of an agent for preventing or improving decline in brain function

caused by diminished cerebral blood flow.

In these aspects of the invention, the citrulline or salt thereof and glutathione or salt

V cells.

thereof prevent or reduce the decline in brain function by protecting brain neuronal

4a

CA 2888791 2020-02-26
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Advantageous Effects of Invention

According to the present invention, a safe and effective agent for protecting
brain neuronal cells and a safe and effective agent for preventing or improving decline
in brain function, comprising citrulline or a salt thereof and glutathione or a salt thereof
as active ingredients can be provided.. According to the agent of the present invention,
memory behavior can be synergistically and effectively improved by using citrulline or
a salt thereof in combination with glutathione or a salt thereof, and excellent effect as

the agent for preventing or improving decline in brain function can be obtained.

Brief Description of Drawings

FIG. 1 shows spontaneous alternation behavior rate (Alternation) in the Y-
maze test after administration of each concentration of the sample to mice for 7 days.
Mean + standard error. N =5 to 7. There are significant differences between different
letters.

FIG. 2 shows the time spent in the light compartment (Latency time) in the
passive avoidance test after administration of each concentration of the sample to mice
for 7 days. Mean + standard error. N =5 to 7. There are significant differences (p <
0.05) between different letters.

FIG. 3 shows a ratio of the frequency of exploring the familiar and novel
objects in the novel object recognition test after administration of each concentration of
the sample to mice for 7 days. Mean =+ standard error. N = 5 to 7. ** indicates
significant differences (p < 0.01) between the familiar and novel objects.

FIG. 4 shows the viability of hippocampal nerve cells after administration of
each concentration of the sample to mice for 12 days. Mean =+ standard error. N = 4.

There are significant differences (p < 0.05) between different letters.

Description of Embodiments

Citrulline used in the present invention includes L-citrulline and D-citrulline.
Preferred is L-citrulline. Citrulline can be obtained by chemical synthesis, fermentation
or the like. Citrulline can be also obtained by purchasing a commercially available
product. A chemical synthesis method of citrulline includes the methods described in J.
Biol. Chem., 122, 477(1938) and J. Org. Chem., 6, 410(1941).
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A method for producing L-citrulline by fermentation includes the methods
described in Japanese Patent Publication Nos. 1978-075387 and 1988-068091. In
addition, L-citrulline and D-citrulline can also be purcha_lsed from Sigma-Aldrich Co., or
the like.

The salts of citrulline include acid addition salts, metal salts, ammonium salts,
organic amine addition salts, amino acid addition salts and the like. The acid addition
salt includes inorganic acid salts such as hydrochloride, sulfate, nitrate, phosphate and
the like, and organic acid salts such as acetate, maleate, fumarate, citrate, malate,
lactate, a-ketoglutarate, gluconate, caprylate and the like. The metal salt includes alkali
metal salts such as sodium salts, potassium salts and the like, alkaline earth metal salts
such as magnesium salts, calcium salts and the like, aluminum salts, zinc salts and the
like. The ammonium salt includes ammonium salts, tetramethylammonium salts and
the like. The organic amine addition salt includes morpholine salts, piperidine salts and
the like. The amino acid addition salt includes salts of glycine, phenylalanine, lysine,
aspartic acid, glutamic acid and the like. Among the above-mentioned salts of
citrulline, malate is preferably used. Other salts or two or more salts may be used in an
appropriate combination.

The glutathione used in the present invention includes a reduced glutathione
and an oxidized glutathione.

The reduced glutathione refers to a tripeptide having a structure of y-L-Glu-L-
Cys-Gly, and the oxidized glutathione refers to a glutathione dipeptide in which two
molecules of reduced glutathione are linked by an SS bond.

The reduced glutathione and the oxidized glutathione used in the present
invention may be obtained by any production process. The processes for the production
of reduced glutathione includes the extraction method from microorganisms such as
yeast and the like [Methods in Enzymology, 3, 603(1957)], the chemical synthesis
method [Bull. Chem. Soc. Jpn., 53, 2529(1980)], the enzymatic method (Japanese
Patent Publication No. 1986-74595) and the like. The process for the production of
oxidized glutathione includes the method of [Acta Biochim. Pol., 17, 175(1970)], and
the like. Reduced glutathione and oxidized glutathione can be also purchased from
Sigma—Aldrich'Co., or the like.
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The agent for preventing or improving decline in brain function of the present
invention includes either reduced glutathione or oxidized glutathione alone or includes
reduced glutathione and oxidized glutathione at the same time.

The reduced glutathione and the oxidized glutathione comprised in the agent
for preventing or improving decline in brain function of the present invention may exist
as a salt thereof in the agent. The salt of reduced glutathione and oxidized glutathione
may be the same salt as that of citrulline as mentioned above.

In the present invention, a compound which is metabolized into reduced
glutathione in vivo, for example, N-acetylcysteine or the like can be used instead of
glutathione.

A composition ratio of citrulline or a salt thereof to glutathione or a salt thereof

in the agent for preventing or improving decline in brain function of the present

| invention is 1:100 to 100:1, preferably 1:50 to 50:1, particulzirly preferably 10:1 to 1:10

by weight.

As the agent for preventing or improving decline in brain function of the
present invention, citrulline or a salt thereof and glutathione or a salt thereof can be
administered as such, but it is usually preferred to provide the agent as various kinds of
preparations.

The preparations comprise, as active ingredients, citrulline or a salt thereof and
glutathione or a salt thereof and further may include any active ingredients. The
preparations are produced according to any methods well known in the technical field of
pharmaceutics by mixing the active ingredients with one or more kinds of
pharmaceutically acceptable carriers.

Administration routes of the preparation may include oral administration and
parenteral administration such as intravenous administration, intraperitoneal
administration, subcutaneous administration or the like. Preferred is oral administration.

The preparation may be administered either in the form of oral preparations
such as tablets, powders, granules, pills, suspensions, emulsions, infusions/decoctions,
capsules, syrups, liquids, elixirs, extracts, tinctures, fluid extracts and the like, or
parenteral preparations such as injections, drops, creams, suppositories and the like.
Preferred are oral preparations.

Liquid preparations suitable for oral administration such as syrups can be

prepared by adding water, sugars such as sucrose, sorbitol, fructose or the like, glycols
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such as polyethylene glycol, propylene glycol or the like, oils such as sesamé oil, olive
oil, soybean oil or the like, antiseptics such as p-hydroxybenzoate ester or the like,

paraoxybenzoic acid derivatives such as methyl paraoxybenzoate, preservatives such as

~sodium benzoate or the like, flavors such as strawberry flavor, peppermint or the like, or

the like.

For example, tablets, powders, granules, or the like suitable for oral
administration can be prepared by adding excipients such as sugars such as lactose,
white sugar, glucose, sucrose, mannitol, sorbitol or the like, starch such as potato,
wheat, corn or the like, inorganic substances such as calcium carbonate, calcium sulfate,
sodium hydrogen carbonate, sodium chloride or the like, plant powders such as
crystalline cellulose, licorice powder, powdered gentian or the like, disintegrating
agents such as starch, agar, gelatin powder, crystalline cellulose, carmellose sodium,
carmellose calcium, calcium carbonate, sodium hydrogen carbonate, sodium alginate or
the like, lubricants such as magnesium stearate, talc, hydrogenated vegetable oil,
macrogol, silicone oil or the like, binders such as polyvinyl alcohol, hydroxypropyl
cellulose, methyl cellulose, ethyl cellulose, carmellose, gelatin, starch paste or the like,
surfactants such as fatty acid esters or the like, plasticizers such as glycerin or the like.

The preparations suitable for oral ingestion or administration includes additives
generally used in foods such as sweeteners, coloring agents, preservatives, thickening
stabilizers, antioxidants, color developers, bleaching agents, fungicides, gum bases,
bitter agents, enzymes, glazing agents, sour agents, seasonings, emulsitiers, enhanceré,
manufacture facilitating agents, flavors, spice extracts and the like.

The product forms or preparations suitable for oral ingestion or administration
may be processed to, for example, tablets, powders, granules, pills, suspensions,
emulsions, infusions/decoctions, capsules, drinks, liquids, elixirs, extracts, tinctures, or
fluid extracts in a unit packaging form per ingestion, depending on ingestion period,
ingestion frequency, ingestion dose and the like. For example, "unit packaging form per
ingestion" means that a pre-determined amount is packaged for each ingestion, and
"unit packaging form for 1 week to 3 months" means that an ingestion dose for 1 week
to 3 months is packaged. Examples of the unit packaging form include a form for
prescribing a predetermined amdunt, such as a pack, a package, a bottle or the like.

With respect to the "unit packaging form per ingestion", for example, if the

product form or preparation is a drink, 50 mg or more of citrulline or a salt thereof and
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glutathione or a salt thereof suspended or dissolved in a drink may be all packaged in a
bottle for one ingestion.

With respect to the "unit packaging form for 1 week to 3 months", for example,
it is ingested once a day to give a daily ingestion dose of 300 mg, 50 mg of citrulline or
a salt thereof and glutathione or a salt thereof are contained in a tablet, and 42 to 540
tablets are packaged in each packaging form.

With respect to preparations suitable for parenteral administration, for example,
injections preferably comprise a sterilized aqueous preparation containing citrulline or a
salt thereof and glutathione or a salt thereof, which is isotonic to the recipient’s blood.
In the case of an injection, for example, a solution for injection is prepared using a
carrier containing a salt solution, a glucose solution, or a mixture of a salt solution and a
glucose solution.

One or more of auxiliary components selected from the above-described
antiseptics, preservatives, excipients, disintegrating agents, lubricants, binders,
surfactants, plasticizers and the like for oral preparations can also be employed in these
parenteral preparations.

The concentrations of citrulline or a salt thereof and glutathione or a salt
thereof in the agent for preventing or improving decline in brain function of the present
invention are appropriately determined according to the kind of the preparation, the
effect expected by the administration of the preparation or the like. Citrulline or a salt
thereof is usually contained in an amount of 0.1 to 90% by weight, preferably 0.5 to
70% by weight, panicularly preferably 1 to 50% by weight. Glutathione or a salt
thereof is usually contained in an amount of 0.1 to 90% by weight, preferably 0.5 to
70% by weight, particularly preferably 1 to 50% by weight.

The administration dose and administration frequency of the agent for
preventing or improving decline in brain function of the present invention vary
depending on the administration form, the patient’s age and body weight, and the
characteristics or severity of the symptoms to be treated. Usually, the agent is
administered once to several times per day in an amount to give a daily dose of 50 mg
to 30 g, preferably 100 mg to10 g, particularly preferably 200 mg to 3 g per adult in
terms of citrulline or a salt thereof. Further, the agent is administered once to several

times per day in an amount to give a daily dose of 50 mg to 30 g, preferably 100 mg
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to10 g, particularly preferably 200 mg to 3 g per adult in terms of glutathione or a salt
thereof.

Ingestion or administration period is not particularly limited, but it is generally 1
day to 1 year, preferably 1 week-to 3 months.

The agent for preventing or improving decline in brain function of the present
invention can be used for protecting brain neuronal cells. The agent for preventing or
improving decline in brain function of the present invention can be used for preventing
or improving decline in brain function that is developed from brain neuronal cell death.
Examples of the effects expected by preventing or improving decline in brain function
includes prevention or improvement of decreased perception ability, decreased memory
learning ability, decreased thinking ability, decreased concentration, decreased
attention, decreased judgment ability, depression, decreased cognitive function and
decreased exercise performance caused thereby.

Therefore, the agent for preventing or improving decline in brain function of
the present invention is administered to a subject in need of preventing occurrence of
these symptoms or a subject having these symptoms, thereby preventing or improving
the symptoms.

Further, in the present invention, citrulline or a salt thereof and glutathione or a
salt thereof may be used in order to manufacture the agent for preventing or improving
decline in brain function.

Further, the present invention includes a method for protecting brain neuronal
cells. The method of the present invention comprises the step of ingesting or
administering citrulline or a salt thereof and glutathione or a salt thereof to a subject in
need of protecting the brain neuronal cells in amounts sufficient to protect the brain
neuronal cells of the subject.

Further, the present invention includes a method for preventing or improving
decline in brain function. The method of the present invention includes the step of
ingesting or administering citrulline or a salt thereof and glutathione or a salt thereof to
a subject in need of preventing or impfoving decline in brain function, in amounts
sufficient to prevent or improve decline in brain function of the subject.

Hereinafter, Experimental Examples regarding citrulline and glutathione for

preventing or improving decline in brain function will be described.

10
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Experimental Example: 10-week-old male C57BL/6J mice (CLEA Japan, Inc.
approximately 25 g of average body weight per mouse) were preliminarily acclimated
for 1 week, and provided for experiments. Citrulline and glutathione were obtained
from KYOWA HAKKO BIO CO., LTD.

CS57BL/6]J mice were divided into a sham-operation group (Group 1) and a
bilateral common carotid arteries occlusion group, which was performed under
halothane anesthesia for 20 minutes. One day after reperfusion, the bilateral common
carotid arteries occlusion group was further divided into a distilled water-treated group
(Group 2), a low-dose citrulline-treated group (40 mg/kg: Group 3), a low-dose
glutathione-treated group (40 mg/kg: Group 4), a high-dose citrulline-treated group (100
mg/kg: Group 5), a high-dose glutathione-treated group (100 mg/kg: Group 6), and a
combination treatment group of a low dose of citrulline and a low dose of glutathione
(each 40 mg/kg: Group 7). Each sample was orally administered for 12 days. One
week after starting administration, learning memory-improving effects were examined
by a Y-maze test, a passive avoidance test, and a novel object recognition test. After
evaluating learning memory functions, the hippocampus was removed and viability of
hippocampal nerve cells was evaluated. |

Y-maze test

In the Y-maze test, a Y-maze apparatus with three arms (50x16x32 cm) was
used. Mice were placed at any one arm of the Y-maze and were allowed to explore
freely through the maze for 8 minutes. The sequence of arm entries was recorded. The
number of cntries into each arm was counted during the measurement time, which was

defined as the total number of entries. Of them, the successive entry into the three

 different arms was examined, and this number was defined as the spontaneous

alternation behavior number. The spontaneous alternation behavior number was
divided by (the total number of arm entries minus two), and then muitiplied by 100,
which was defined as the spontaneous alternation behavior rate (Alternation) and used
as an index for spontaneous alternation behavior.

As shown in FIG. 1, a significantly low Alternation was observed in Group 2,
compared to Group 1. Compared to Group 2, a remarkably high Alternation was
observed in Group 7 that is a combination group of Group 3 and Group 4, in each of
which Alternation cannot be improved. A remarkably improved effect of memory

behavior was recognized in Group 7, equivalent to those of Group 5 and Group 6.

11
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Passive avoidance test

The passive avoidance test was performed using a box consisting of dark
(25x25%25 cm) and light compartments (14x10x25 cm) and being equipped with an
electrical stimulation apparatus at the bottom of the dark compartment. During training,
as soon as the mouse entered the dark compartment from the light compartment, the
door was closed, and an electrical stimulation (0.3 mA, for 2 seconds) was delivered.
Twenty four.hours after training, the mouse was placed again in the light compartment,
and the latency time spent in the light compartment was recorded with a maximum
latency of 300 seconds.

As shown in FIG. 2, a significantly low latency time was observed in Group 2,
compared to Group 1. Compared to Group 2, a significantly high latency time was
observed in Group 7 that is a combination group of Group 3 and Group 4, in each of
which the latency time cannot be improved. A remarkably improved effect of memory
behavior was recognized in Group 7, equivalent to those of Group 5 and Group 6.

Novel object recognition test

The novel object recognition test was performed after mice were individually
acclimated to the open field apparatus (35x25%35 cm) for 2 days. During training, mice
were allowed to explore freely for 10 minutes in an apparatus where two identical
objects were symmetrically placed. After 1 hour, one object was replaced by a novel
object, and mice were allowed to explore freely for 5 minutes. Object exploration was
defined as standing on the objects, touching the object with the nose, or sniffing the
object within 1 cm from the object. A ratio of the frequency of exploring the familiar or
novel object over the total exploration frequency was calculated, and used as an index
for visual recognition memory.

As shown in FIG. 3, the increase in the frequency of exploring the novel object
observed in Group 1 was not observed in Group 2. A significant ingreaée in the
frequency of exploring the novel object was observed in Group 7 that is a combination
group of Group 3 and Group 4, in each of which the frequency of exploring the novel
object cannot be increased. A remarkably improved effect of memory behavior was
recognized in Group 7, equivalent to those of Group 5 and Group 6.

Evaluation of viability of hippocampal nerve cells

Twelve days after bilateral occlusion of the common carotid arteries, mice were

anesthetized with pentobarbital sodium, and perfused with ice-cold phosphate buffer

12



10

15

20

25

30

CA 02888791 2015-04-20

WO 2014/069666 PCT/JP2013/080052

(PBS, pH 7.4) until the blood in the body was completely removed. Immediately, mice
were perfused with a fixative solution containing 4% paraformaldehyde. The brain
tissues were fixed at 4 °C for 24 hours, and coronal sections having a thickness of 50
pum were prepared. Serial sections containing the hippocampus were stained with
propidium iodide (PI; 5 pmol/L) dissolved in PBS and observed under a fluorescent
microscope. Surviving and non-surviving nerve cells in the CAl pyramidal cell layer of
the hippocampus were counted at 1.4 to 1.8 mm posterior to bregma, and cells with PI-
positive nuclei and typical morphological characteristics were defined as surviving
nerve cells. The cell viability was calculated from a ratio to the average number of
surviving nerve cells in Group 1.

As shown in FIG. 4, a significant reduction in the viability of hippocampal
neurons was observed in Group 2, compared to Group 1. Compared to Group 2, a
significantly high viability of hippocampal nerve cells was observed in Group 7 that is a
combination group of Group 3 and Group 4, in each of which the viability of
hippocampal nerve cells cannot be improved. A nerve cell-protecting effect was
recognized in Group 7, equivalent to those of Group 5 and Group 6.

Taken together, it was clarified that the memory behavior can be
synergistically and effectively improved by using citrulline in combination with
glutathione, suggesting that the agent of the present invention is excellent in the

prevention or improvement of decline in brain function.

Hereinafter, Examples of the present invention will be described.

[Example 1]

Preparation of tablet containing citrulline and glutathione

120 kg of L-citrulline, 120 kg of reduced glutathione, 19 kg of cyclic
oligosaccharide, 57 kg of cellulose, and 1 kg of pullulan were granulated using a fluid
bed granulator dryer. The granulated product thus obtained and 3 kg of calcium stearate
were mixed using a‘conical blender, and compression-molded in a rotary compression |
molding machine to give a tablet.

[Example 2]

Preparation of enteric tablet containing citrulline and glutathione

The surface of the tablet prepared in Example 1 was coated with a shellac

solution to give an enteric tablet.
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[Example 3]

Preparation of enteric capsule containing citrulline and glutathione

120 kg of L-citrulline, 120 kg of reduced glutathione, 19 kg of cyclic
oligosaccharide, 57 kg of celluldsé, 3 kg of calcium stearate and 1 kg of pullulan were
mixed using a conical blender. 20 kg of the obtained mixture and 0.2 kg of silicon

dioxide were mixed and stirred. ‘The obtained mixture was fed into a capsule filling

‘machine, and filled in hard capsules to give a hafd capsule. The surface of the obtained

hard capsule was coated with a zein solution to give an enteric capsule.

[Example 4] | |

Preparation of drink containing citrulline and glutathione (1)

1.28 kg of L-citrulline, 1.28 kg of oxidized glutathione, 3kgof erythritol, 0.05
kg of citric acid, 3 g of artificial sweetener, and 0.06 kg of flavor were dissolved in 50 L
of water at 70 °C under stirring, and the solution was adjusted to pH 3.3 with citric acid.
The mixture was sterilized by plate sterilization and filled in a bottle. Then, the bottle is
sterilized by pastéurizer to give a drink. |

[Example 5]

Preparation of drink containing citrulline and glutathione (2)'

20 mg of L-citrullihe, 20 mg of oxidized glutathiorie, 20 mg of L-arginine, a
proper amount of fructose glucose syfup, salt, citric acid, flavor, Na citrate, Ca lactate,
ferric pyrophosphate, Ca gluconate, K chloride, Mg chloride, and a sweetener were
blended to give a 555 mL of drink.

[Example 6]

Préparation of drink containing citrulline and glutathione (3)

100 mg of L-citrulline, 100 mg of oxidized glutathione, 100 mg of L-arginine,

2.5 mg of L-alanine, 2.5 mg of L-glycine, 2.5 mg of L-leucine, 1.3 mg of L-isoleucine,

1.3 mg of L-valine and a proper amount of a flavor and a sweetener were blended to
give a 300 mL of drink, -

Industrial Applicability
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According to the present invention, an agent for preventing or improving
decline in brain function such as decreased perception ability, decreased memory
learning ability, decreased thinking ability, decreased concentration, decreased
attention, decreased judgment ability, depression, and decreased exercise performance |
caused thereby, comprising citrulline or a salt thereof and glutathione or a salt thereof as
active ingredients is provided. According to the agent of the present invention, memory
behavior can be synergistically and effectively improved by using citrulline or a salt
thereof in combination with glutathione or a salt thereof, and excellent effect as the

agent for preventing or improving decline in brain function can be obtained.
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CLAIMS

1. An agent for preventing or reducing decline in brain function caused by cerebral
ischemia, comprising citrulline or a salt thereof and glutathione or a salt thereof,

wherein the decline in brain function is decrecased memory leaming ability.

2. The agent according to claim 1, wherein the agent is for oral administration.

3. Use of citrulline or a salt thereof and glutathione or a salt thereof for preventing or
reducing decline in brain function caused by cercbral ischemia, wherein the decline in

brain function is decreased memory learning ability.

4. The use of claim 3, wherein the citrulline or salt thereof and glutathione or salt

thereof are for oral administration.

5. Use of an oral preparation comprising citrulline or a salt thereof and glutathione or
a salt thercof, for preventing or improving decline in brain function caused by cerebral

ischemia, wherein the decline in brain function is decreased memory leaming ability.

6. Citrulline or a salt thereof and glutathione or a salt thereof for use in preventing or
reducing decline in brain function caused by cercbral ischemia, wherein the decline in

brain function is decreased memory learning ability.

7. The citrulline or salt thereof and glutathione or salt thereof for use according to
claim 6, wherein the citrulline or salt thereof and glutathione or salt thercof are for

oral administration

8. Use of citrulline or a salt thereof and glutathione or a salt thereof for the
manufacture of an agent for preventing or improving decline in brain function caused
by cerebral ischemia, wherein the decline in brain function is decreased memory

learning ability.

9. The use according to claim 8, wherein the agent is for oral administration.
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Fig. 2
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Fig. 3
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Fig. 4

120

100

(o]
(=]

(=2}
o

Cell Viability (%)
=
(=1

N
(=

Group1 Group 2 Group3 Group4 Group5 Group6 Group7

4/4



Alternation (%)
f =9
(=]

23]
o

Group 1 Group 2 Group 3 Group 4 Group § Group & Group 7



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - CLAIMS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - REPRESENTATIVE_DRAWING

