DESCRIPTION

TITLE OF THE INVENTION

COMPOSITION FOR AMELIORATION OF HYPOALBUMINEMIA

Technical Field
(o001}

The present invention relates to a composition for
ameliorating hypoalbuminemia, and particularly relates to
a composition for ameliorating  hypoalbuminemia for
preferred use in forms such as an infusion formulation, an

oral formulation and a food or drink.

Background Art
[0002]

Conventionally, amino-acid preparations containing a
branched-chain amino acids have been wicdely used for the
purpose of ameliorating hypoalbuminemia and the like
caused by a hepatic disease, etc. Such amino-acid
preparations for ameliorating hypoalbuminemia containing a
branched-chain amino acids are regquired to have an
albumin production promotive effect as an efficacy index
and reductions of side effects as a safety index. Three
amine acids, valine, leucine and iscleucine are branched-
chain amino acids. For example, Livact (registered trade
mark) is an example of amino-acid preparations containing
all of these waline, leucine and isoleucine as active
ingredients, and is widely used.

(0003]



Such conventional amino-acid preparations containing
all of the three branched-chain aminc acidg have not yet
satisfied reguirement of <clinical ©practice for the
hypoalbuminemia amelioraticn effect on a hepatic disease
patient. In view of the aforementioned efficacy,
development of a new medicinal drug and food further
amellorating hypoalbuminemia has been needed.

[0004]

Furthermore, conventional amino-acid preparatioﬁs
containing all of the three branched-chain amino acids may
develop side effects such as nausea, a feeling of fullness
in the abdomen, diarrhea, constipation, abdominal
digeomfort, abdominal pain, vomiting, inappstence and
heartburn. These gide effects are due to a heavy protein
lead in the body. Therefore, a conventional amino-acid
preparations containing a large amount of protein may
raduce compliance. Specifically, also from the
aforementioned safety point of view, it has been desired
to develop a drug and food for ameliocrating
hypoalbuminemia having few cide effects and good
compliance.

[0005]

Then, from the aforementioned efficacy and safety
points of wview, a technigque has been proposed in
consideration of interactions such as an additive éction,
a synergistic action and an antagonistic action between
active ingredients such as wvaline, leucine and iscleucine
in the above amino-acid preparation. For example,
Japanese Patent No. 3712539 discleoses a composition

containing L-valine alone as an active ingredient, for



improving or treating hypoalbuminemia associated with
deterioration in liver function. Such a composition is
characterized by containing no amino acids except L-valine
as an active ingredient, and gaid to have few side effects
and be able to e.g., improve a hepatic disease, etg,

[0006]

However, the above conventional aminc-acid
preparation and the composition disclosed in Japanese
Patent No. 3712532 cannot sufficiently exert an efficacy
that an aminc-acid preparation 1s expected to have,
particularly, an albumin production promotive effect. In
other wofds, a highly safe amino-acid preparation, etc.
having fewer side effects while exerting a high albumin

production promotive effect has not yet been provided.

Prior art Document
Patent Document
[0007]

Patent Document 1: Japanese Patent No. 3712539

Summary of the Invention
Object to be Solved by the Invention
[0008]

The present invention was made in view of these
disadvantages and is directed to providing a highly safe
composition for ameliorating hypoalbuminemia exerting a
high albumin production promotive effect as well as having
fewer side effects.

Means to Solve the Object

[0009]



The present inventors presumed that valine among the
branched-chain amino =acids, i.e., wvaline, leucine and
isoleucine, may have an antagonistic action (inhibitory
action) against the albumin production promotive effect of
leucine and iscleucine in human hepatocytes, and
conseguently found that a composition containing leucine
and/or isoleucine except valine as an active ingredient
has a particularly high albumin production promotive
effect in the level of human hepatocytes.

{0010}

As a result, the present disclosure Lo solve the above
problems is directed to

a héomposition for amelicorating hypoalbuminemia
containing a branched-chain amino acid a8 an active
ingredient, wherein

the composition contains leucine and/or isocleucine
and dcoes not contain valine as the active ingredient.

[0010al
In an aspect, there is provided a formulation for ameliorating
hypoalbuminemia, which contains leucine and isoleucine and deoes not

contain valine as an active ingredient.
foo11l

Since the composition for ameliorating
hypoalbumineria does not substantially contain valine, the
antagonistic action of valine against the albumin
production promotive effect of other active ingredients,
i.e. leucine and/or isoleucine, 1s eliminated. As &
result, other active ingredients except wvaline can
effectively exert a high albumin production promotive
effect. Furthermore, ince the compesition for
ameliorating hypoalbuminemia does. not substantially
contain wvaline as an active ingredient, the protein lcad
can be reduced Hust by the amount of wvaline, with the

result that side effects can be reduced and safety can be



improved. Particularly, the composition for ameliorating
hypoalbuminemia, which does not contain wvaline in an
amount corresponding to the amount of active ingredient,
can greatly reduce a substantial glucose lcad on a hepatic
disease patient, who 1s in the state of impaired gluccse
tolerance, and is also useful in blood glucose control.
i0012]

The composition for ameliorating hypoalbuminemia
preferably contains leucine and isoleucine ag the
branched-chain aminc acid. As described, since the
composition for ameliorating hypoalbuminemia containg beth
of leucine and isoleucine as the branched-chain amino acid,
the albumin production promotive effects that leucine and
iscleucine separately have can be exerted in an additive
manner.

[0013]

As described, in the case whexre leucine and
isoleucine are contained as the branched-chain amino acid,
the mass ratio of leucine to iscleucine is preferably from
0.1 to 10. By thus setting the mass ratio of leucine to
iscleucine within the above range, the afcorementioned
albumin production promotive effect improved in an
additive manner can be effectively exerted.

[0014]

Furthermore, the composition for ameliorating
hypoalbuminemia may cocntain either leucine or isoleucine
alone as the branched-chain amino acid. By thus preparing
the composition to contain either leucine or isoleucine
ajone, an Iin vivo protein load can be further more reduced

and the Dbalance between efficacy and safety can be



maintained, for example, depending upon the state of a

hepatic disease patient.

[0015]

The composition for ameliocrating hypcalbuminemia is
preferably used in a form of infusion formulation. By
thus preparing the composition for ameliorating

hypealbuminemia in a form of infusion formulation, the
composition for amelicrating  hypoalbuminemia can Dbe
rapidly and effectively administered intravascularly.
[ocls]

The composition for ameliorating hypoalbuminemia is
preferably used in a form of oral formulation. By thus
preparing the composition for ameliorating hypoalbuminemia
in a form of oral formulation, the composition for
ameliorating hypoalbuminemia can be easily and simply
administered in a noninvasive manner to a living body.
o017l

The compogition for ameliorating hypoalbuminemia can
be uzed in a form of food or drink. By thus preparing the
composition for amelicrating hypoalbuminemia in a form of
food or drini, the composition for ameliorating
hypoalbuminemia can be further more easily and simply
administered compared to the above oral formulation and

particularly can contribute to improvement of QOL (Quality

Of Life).
iools]

Herein, the term "branched-chain aminoe acid®, which
refers +to the three esgsential amine acids, leucine,

igoleucine and valine, is a concept including also these

salts peptides or derivatives thereof. The Yactive



ingredient” refers to a component contained in an amount
sufficiently to exert an albumin production promotive

effect, by itself.

Effect of the Invention
[0619]

As  explained 1in the above, the composition for
ameliorating hypoalbuminemia of the present invention
contains a branched-chain aminc acid as an active
ingredient. Since valine is not substantially contained
as the branched-chain amino acid, if the composition is
used in the form of e.g., a preparation, a high albumin
production promotive effect is exerted; at the same time,
high =safety 1is shown due to fewer side effects. In
particular, since a substantial glucose locad on a hepatic
disease patient, who is in the state of impaired glucose
tolerance, can be significantly reduced, the
aforementioned conventional problems can be sufficiently
solved.

[0020]

Specifically, the composition for ameliorating
hypoalbuminemia can prevent or improve hypoalbuminemia
caused by a reduction in exogenous intake of nutrition by
indigestion and malnutrition, low nutrient conditions
after surgical operations, a reductiomn in protain
production in hepatic diseases such as hepatitis and
cirrhosis; leakage of in vivo proteins out o©of the body
cbserved in e.g., nephrosis syndrome and protein-losing
gastroenteropathy and burn; hypercatabolism of in vivo

proteing observed in diseases such as serious infection,



fever, hyperthyroidism and malignant tumors; and a large
amount of pleural effusion and ascites fluid storage,
anasarca, and burn. Furthermore, the composition for
ameliorating hypoalbuminemia c¢an prevent or impxrove
symptoms such as leg cramps, lung edema, ascites fluid and

edema caused by the hypoalbumin state as mentioned above.

Brief Description of Drawing
(0021}
[Figure 1] Figure 1 is a graph showing the results

of Experiment 1.

Mode for Carrying Out the Invention
[o022]

Now, embodiments of the invention will be described

in detail, below.
[0023]
(Composition for ameliorating hypoalbuminemia)

The composition for ameliorating hypoalbuminemia
contains a branched-chain amino acid as an active
ingredient, wherein the composition contains leucine
and/ocr isoleucine and does not c¢ontain wvaline as the
active ingredient.

[0024]

As described above, since the c¢ompogition for
ameliorating hypoalbuminemia  does not substantially
contain valine as an active ingredient, although details
of the mechanism are unknown, it is considered that the
compesition has the following working effects (A) and (B).

[0025]



(A} Valine 1is an inhibiteory factor of other substances
serving as active i1ngredients guch as leucine, and
presumed to have an antagonistic action against an albumin
production promotive effect exerted by the active
ingredients such as leucine in wvivo. Accordingly, the
composition for amelicorating hypoalbuminemia substantially
contains no valine as an active ingredient, thereby
completely eliminating an antagonistic asction of wvaline
against an albumin production promotive effect of leucine
and/or isoleucine. As a result, it i1s considered that an
active ingredient except wvaline, such as leucine can
effectively exert a high albunin production prowmotive
effect in vivo.

[00z26]

(B) Since the composition for amelicrating hypealbuminemia
substantially contains no valine, & protein load can be
reduced Jjust by the content of wvaline, particularly when
it is used in a form of preparation. Because of this, the
composition for ameliorating hypoalbuminemia can reduce
side effects such as digestive-system symptoms and renal-
system symptoms, which are produced when a conventional
amino-acid preparation containing all of the three
branched-chain aminc acids is administered in vive, and
improve safety. Particularly wvaline in the three
branched-chain amino acids is only one glucogenic amino
acid enhancing a blood glucose level by taking it. When a
hepatic disease patient takes a conventional amino-acid
preparation containing such a glucogenic amino acid,
valine, the hepatic disease patlient may have a side effect

of further increasing a post-meal blood glucose level. In



contrast, since the composition for ameliorating
hypoalbuminemia substantially contains no valine as an
active ingredient, a substantial glucecse lcad on a hepatic
diseage patient, who is in an impaired glucose tolerance
condition, can be significantly reduced. This is also
useful in blood glucose control.
[0c27]

Examples of isomers of the above branched-chain
amino acid include, but not particularly limited to, L-
form, D-form and DL-form. Of these, an L-form branched-
chain aminc acid isomer, which has affinity for synthesis
of albumin protein in vivo, 1is preferably used.
[cozsj

The forms of the branched-chain amine acids as
mentioned above are not particularly limited and include,
for example, a free pure crystalline amino acid, a salt, a
peptide or a derivative thereof. Examples of the salt
form of the branched-chain amino acid include
pharmacologically acceptable salt formg such as a sodium
salt, a potassium salt, a hydrochloride and an acetate,
Furthermore, examples of the peptide form of the branched-
chain aminoc acids include a peptide of the branched-chain
amino acids such as a dipeptide and a tripeptide thereof.
As described, if the above branched-chain amino acids are
converted to peptides, these peptidegs are hydrolyzed by
the action of In vivo peptidase into free aminc acids,
which can be effectively used. Furthermore, examples of
the derivatives of branched-chain amino acids include N-
acetyl-DL-leucine, DL-nerleucine, N-acetyl-DL-isocleucine,

4-hydroxy-L-isoleucine and f-methylnorleucine. Thesge
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derivatives are decomposed by the action of in vivo
acylase, erc. inte free amino acids, which can be
effectively used.

(o029}

The compesition for ameliorating hypoalbuminemia
preferably contains both leucine and isoleucine as the
branched-chain aminoc acid. As described, since Dboth
leucine and isoleucine are contained as the branched-chain
amino acid, particularly when the composition for
ameliorating hypcalbuminemia i1is used 1in a form of
preparation, the albumin production actions of leucine and
izoleucine do not mutually antagonized and an albumin
production promotive effect In vive can be improved in an
additive manner.

{0030]

The composition for amelicrating hypoalbuminemia may
contain either leucine or iscleucine alone as the
branched-chain akino acid. By thus preparing the
composition for ameliocrating hypoalbuminemia to contain
either leucine or isoleucine alone, the composition,
particularly when it is used in a form of preparaticn, can
further reduce the protein load in vive and effectively
reduce side effects.

[0031]

Accordingly, the composition for ameliorating
hypoalbuminemia, 1f efficacy 1is ewmphasized when it is
administered to, for example, a hepatic disease patient,
may preferably contain both leucine and isoleucine with an
intention to improve the aforementioned albumin production

promotive effect in an additive manner. In contrast, if



safety 1s emphasized when it i1s administered to, for
example, & hepatic disease patient, the composition for
‘ameliorating hypoalbuminemia may contain only either
leucine or isoleucine alone with an intention to
effectively reduce side effects by decreasing the
aforementioned protein load. In short, the compcsition
for ameliorating hypoalbuminemia can maintain the balance
between efficacy and sgafety depending upon the state of a
hepatic disease patient.

[0032]

The mass ratic of leucine to isoleucine is
preferably from 0.1 to 10, and more preferably, from 0.5
to 3.0. By thus setting the mass ratio of leucine to
iscleucine within the above range, the composition for
ameliorating hypoalbuminemia can exert an effect of
improving the aforementioned albumin production promotive
effect in an additive manner without fail.
f0033]

{Optional components)

The composition for ameliorating hypoalbuminemia may
contain additives other than the aforementioned branched-
chain amino acid, if necessary, as long as they do not
damage the Effect of the Invention. Examples of the
additives include pharmaceutically or food hygienically
acceptable amino  acids, a stabilization agent, a
preservative, a solubilization agent, a pH regulator, a
thickener, an antioxidant, a coloring agent, a flavor and
an artificial sweetensr. The contents of these additives
may be appropriately set in accordance with the content of

the aforementioned branched-chain amino acid.
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[0034]
(Form of preparation)

The composition for ameliocrating hypoalbuminemia ié
preferably used in a form of preparation. Examples of the
form of such a preparation include, but not particularly
timited to, an infusion formulation, an oral formulation,
a transdermal absorption preparation, a suppository, an
adhegsive skin patch, an ointment, a poultice and a lotion.
[0035]

Particularly, the composition for ameliorating
hypoalbuminemia is preferably prepared in a form of
infusion formulation. RY thus preparing the composition
for ameliorating hypoalbuminemia in a form of infusion
formulation, the composition for ameliorating
hypoalbuminemia can be rapidly and effectively
administered intravascularly and the albumin production
promotive effect in vivo can be exerted most highly.

[0036]

Examples of types of the infusicn formulation
include, for example, an injection and an Iintravenous
fluid. When the composition for ameliorating
hypoalbuminemia is prepared in a form of injection or an
intravenous fluid, these are preferably sterilized and
contreolled to he isotonic to bloed. Furthermore, in
preparing the compesgition for ameliorating hypoalbuminemia
in a form of injection or an intravenous fluid, as a
diluent, for example, water, ethyl alcohcl, polyethylene
glycol, propylene glycol, ethoxylated isostearyl alcohol,
polycxyisostearyl alcohol and polyoxyethylene sorbitan

fatty acid ester can be used. Furthermore, a sufficient

i3



amount of salt, glucose oxr glycerin to control the
solution to be isotonic to the body fluid may be contained.
Note that, the above infusion fTormulation can be
cryopreserved or it can also be stored after removing a
moisture content by lyophilization or the like. When such
an infusion formulation lyophilized and stored is used,

distillation water, sterilized water, or the 1like £for

injection is added to dissolve it again and then put in

use.
[0037]

The composition for ameliorating hypoalbuminemia can
be also prepared in a form of oral formulation. By thus

preparing the composition for ameliorating hypoalbuminemia
in a form of oral formulation, the compoesition for
ameliocrating hypoalbuminemia can be easgily and simply
administered without invading a living body and an albumin
production promotive effect can be sufficiently exerted in
vive.
[0038]

Examples of types of the oral formulation include,
but not ?articulaxiy limited to, a tablet, a powder, a
grainr, a £fine grain, a pill, a capsule, a troche, a
chewable agent and a syrup. When the preparation is used
in a form of tablet, wvarious types of carriers known in
the field of Thypoalbuminemia amelicoration are used.
Examples of the carrier include excipients such as lactose,
white sugar, sodium chloride, glucose, urea, starch,
calcium carbonate, kaolin, crystal cellulose and silicate;
binders such as water, ethancl, propancl, simple syrup,

dextrose 1in water, starch liguid, gelatin solution,

14



carboxymethylcellulose, shellac, methylcellulose,

potassium phosphate and polyvinyl pyrrolidone;
disintegrators such as dry starch, sodium alginate,
powdered  agar, powdered laminaran, gsodium  hydrogen
carbonate, calcium carbonate, polyoxyethylene sorbitan

fatty acid ester, sodium lauryl sulfate, monoglyceride
stearate, starch and lactose; collapse suppressors such as
white sugar, stearin, cacao butter and hydrogenated oil;
absorption promcoters such as guaternary ammonium base and
godium lauryl sulfate; humectants such as glycerin and
starch; adsorbents such as starch, lactose, kaclin,
bentonite and colleidal silicate; and lubricants such as
purified talc, stearate, powdered boric acid and
polyethylene glyool. Furthermore, these tablets can be
prepared, if necesgsary, in the form of general coating
tablets such as a sugar coating tablet, a gelatin coating
tablet, an enteric coating tablet, a film coating tablet,
a double coating tablet and a multi-coating tablet.

[0039]

Furthermore, when the preparation is used in a form
of pill, wvarious types of carriers known in the field of
hypcalbuminemia amelioration are used. Exampies of the
carriers include excipients such as glucose, lactose,
starch, cacao butter, hyvdrogenated vegetable o0il, kaclin
and talc; bkinders such as powdered gum Arabic, powdered
tragacanth, gelatin and ethanol; laminaran and agar.

[0040]

The aforementioned oral formulaticn wmay further

contain additives. Examples of such additives include a

surfactant, an absorption promoter, a filler, an extending

15



agent, a moisturizer, a preservative, a stabilizer, an
emulsifier, a solubilization agent and a salt controlling
csmotilc pressure. Thaese can be appropriately selected
depending upon the dosage unit form of the oral
formulation and put in use.

[0041]

(Form of foocd or drink)

The composition for ameliorating hypoalbuminemia is
preferably used in a form of food or drink. By thus using
the composition for ameliorating hypoalbuminemia in a form
of food or drink, <the composition can be further more
easily and simply administered than the aforementioned
oral formulation and an albumin preoduction promotive
effect Iin viveo can be gufficiently exerted. Furthermore,
by preparing the composition for ameliorating
hypoalbuminemia in a form of food oxr drink, the
composition can be particularly easily and simply taken in
daily 1life, contributing to improvement of QOL (Quality Of
Life).

[0042}

Examples of the aforementioned food or drink include,
but not particularly limited to, a supplement, food with
nutrient function c¢laims, food £for specified health use
and food for sick person. Furthermore, examples of form
of the aforementioned food or drink include a powder, a
grain and a beverage such as a drink, capsule, a tablet
including a chewable agent and edible f£ilm. Note that, a
method for producing these foods and drinks is not

particularly limited as long as it may not damage the
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Effect of the Invention and a method those skilled in the
art employ in sach use can be employed.
[0043]

0f the aforementicned foods and drinks, in the case
of a granular food, the size of the grain is preferably
about 20 um or more and 2000 um or less, more preferably,
about 100 um or more and 1500 um or less and particularly
preferably, about 500 upm or more and 1000 pm or less.
Such a granular food can be taken in a granular state
together with a beverage such as water, tea and juice and
also taken by dissolving it in a beverage.

[0044]

Note that, the composition for amelicrating
hypoalbuminemia of the present invention is not limited to
the aforementioned embodiment. For example, if the form
of the composition for ameliorating hypoalbuminemia ocf the
present invention is an oral formulation or a food or
drink, if necessary, an adhesgive (thickening agent,
gelatinizer) may be added to prepare the composition in a
gelatin form or jelly form. By thus preparing the
composition for ameliorating hypoalbuminemiz of the
present invention in a gelatin form or Jelly form, oral
administration can be easily performed and
gastrointestinal absorption becomes satisfactory.
Examples of type of the adhesive include, but not
particularly limited to, agar, gelatin, carrageenan,
Arabian gum, guar gum, locust bean gum, Tara gum, gellan
gum, curdlan, xanthan gum, pullulan, pectin, sodium
alginate, carboxymethylcelluleose, and others such as a

polygaccharide that can be usually used as an adhesive.



These may be used alone or in combination ©of two or more.
Note that, as the blending ratioc of such an adhesive, &
ratio of 5 or less parts by mass relative to the
composition for ameliorating hypoalbuminemia (100 parts by

mass) prepared into gelatin form or jelly form.

Examples
[0045]

Now, the present inventicon will be more specifically
described based on Examples; however, the present
invention i1s not restrictively interpreted based on the
description of these Examples.

[0048]
<Effect on Albumin mRNA expression and albumin secretion
level of cultured human hepatocytess

In thig test,  human primary cultured hepatocytes
were cultured by each test solution to check a change of
albumin mWRNA expressional potency and a change 0f
secretion level of albumin. The test was performed as
follows.

[0047]

<Measurement item>

(1) 2lbumin mRNA and hypoxanthine
phosphoribosyltransferase 1 (hereinafter referred to
simply as "HPRT1Y) mRNA

Albumin mRNA and HPRT1 mRNA were measured. The
nucleotide sequences of albumin and HPRT1 are registered
in the GenBank as follows and each nucleotide seguence
follows the seguence registered.

2lbumin; GenBank accegsion number XM 031322

i8



HPRT1; GenBaﬁk accession number NM 000194
[o048]

Note that, HPR?L, which 1is a house keeping gens
serving as a control, was measured in the same test. The

sequences of primers and probes used in measurement of

albumin are made public in Nishimura, M., Yoshitsugu, H.,
Yokoli, T., Tateno, ., Katacka, M., Horie, T., Yoshizato,
K. and Naito, S.: EBEvaluation of mRNA expression of human

drug-metabolizing enzymes and transporters in chimeric
mouse with humanized liver. Xenobiotica, 35: 877-89%0
(2005). Furthermore, the seguences of primers and probes
.used in measurement of HPRT1 are wade public in Nishimura,
M., Naito, 8. and Yokoi, T.: Tissue-specific wmRNA
expression profiles of human nuclear receptor subfamilies.
Drug Metal. Pharmacokinet., 18: 135-149 (2004).
[0049]
(2) Albumin concentration in medium

Albumin concentration in a medium was measured by a
Human Albumin EIA Kit (manufactured by Takara Bio Inc.). .
[0050]
<Substances subjected to tests

The following substances were used.

Isoleucine {Tle): MW iBl.l?

Leucine (Leu}: MW 131.17

Valine {Val): MW 117.15
[0051]
<Hepatocytes subjected to tests

Ls hepatocytes, human normal hepatocytes (Human
Normal Hepatocytes, Lot.100, LMP, ONQ and VUA,

manufactured by In Vitro Technologies, Inc.) were used.

13



[0052]
<Reagents>

The following reagents and instruments were used.

Normal  hepatooyte sgpecific medium kit: Cambrex
Corporation (Takara Bio Inc.)

Hank's Balanced Salt solution Modified: Sigma
(company), 500 mL

HEPES Buffer (1 M): 100 mL

Sodium Pyruvate Solution (100 mM}: 100 mL

Acrodisc Syringe Filters: Pall Corpration, product
number 4187, 50 filters per set

Rneasy Mini Xit (50} : QIAGEN

QOIAshredder (50): QIAGEN

Yeast LRNA: GIBCO BRL

TagMan One-Step RT-PCR Master Mix Reagents Kit:
Applied Bicsystems

Fast 96-Well EReaction Plate (0.1 wmL): Applied
Biosystemns

Optical Adhesive Covers: Applied Biosystems

24 well flat-bottom plate (Collagen type I coat):
AGC Techno Glass Co., Ltd.

15 mL Conical Tube: Falcon

Trypan blue: Flow Laboratories LTD., 0.4% soclution
in 0.85% saline

B-mercaptoethanol: Sigma (company)

Human Albumin EIZ Kit: Takara Bio Inc.
[0053]

Furthermore, wmRNA was quantified by wuse o©f the
primer pairs and probe represented by individual sequences

(the position of initiation c¢odont £follows the each
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nucleotide

Table 1

guantitative

sequence
and in

reverse

registered)

accordancs

shown

with

in the

RT-PCR

transcription-polymerase

foliowing
(Real-time

reaction).

Each of the primers and probe was prepared by an automatic

DNA synthegizer.

[co54]
[Table 1]
Nucleotide Position from
Type Sequence initiation codon
Albumin  Torward primer SEQ ID NO: 1 1281 — 1302
reverse primer SEQIDNO: 2 1383 - 13563
probe SEGQIDNO: 3 1305 - 1334
HPRT1  forward primer SEQIDNQ: 4 139 ~ 159
reverse primer SEQIDNGO: 5 238 - 218
probe SEQ ID NO: 6 174 ~ 189
[0055]
<Preparation of sclutions

(1)

Preparation

of 50 pg/mL Yeast tRNA sclution

Yeast tRNA was diluted with RNase free water up to a

concentration of 50 upg/ml.

[0056]
(2)

containing a test substance.

{2-1) Buffer A

Preparation of various types of test solutions each

Zs Buffer A, Hank's Balanced Salt solution Modified,

HEPES Buffer

(1 M)

were blended in a ratio of 100:1:2.

(2-2)

Buffer B

21
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s Buffer B, Buffer A and a medium were Dblended in
the ratio of &:1.
(2-3} Test solution of the Livact composition

Zs the test szolution of the Livact composition, a
Livact composition wWas dissolved such that the
concentrations of Ile, Leu, and Val became 12.8 mM, 27.7
mM, and 18.5% mM, respectively after blending (60 mM as the
concentration of the Livact composition test solution).
Note that, in the dissolution procedure, a Liwvact
compogition was dissolved in Buffer A and then a medium
was added in an amount 1/10 as low as that of Buffer A.
(2-4) TIle, Leu or Val solution

Ags an Tle, Leu or Val solution, Ile, Leu or Val was
dissolved 80 as to have a concentration of 60 mM, HNote
that, in the dissolution procedure, Ile, Leu or Val was
dissolved in Buffer A and then a medium was added in an
amount 1/10 as low as that of Buffer A.
{2-5} Control

The Livact c¢omposition test solution prepared in
Section {2-3} and Ile, Leu or Val sclution prepared in
Section (2-4) were diluted 3 fold with Buffer B to prepare
a 20 mM solution.
foos7]
<Primary culture of human ncrmal hepatocytes

Accerding to a method of Nishimura et al. (Nishimursa,
M., Yoshitsugu, H., Naito, 8. and Hiracka, I.: Evaluation
of gene induction of drug-metabolizing enzymes and
transporters in primary culture of human hepatocytes using
high-sensitivity real-time reverse transcription PCR.

Yakugaku Zasshi, 122: 339-361 (2002)), 1 x 10° cells/400 pL
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was dispensed in each well of a 24 well plate and cultured
in a C0. incubator. After 3 hours, medium exchange was
performed. Further after 21 hours (24 hours after
inoculation), medium exchange was performed. Thereafter,
the medium was exchanged every 24 hourxs. Note that, the
amount of liquid medium to be exchanged was set at 400
ulL/well. Furthermore, exchange to each test solution was
performed at the after 48 hours at which medium exchange
was performed.
[0058]
<Experiment 1>

After human hepatocytes (1 x 10° viable cells/0.4
mL/well}) were inoculated, medium exchange was performed 3
hours and 24 hours after inoculation. Note that, the
viability at the inoculating time was 90.4% (Lot 100).
Then, 48 hours after inoculaticon, a test substance was
added and 24 hours after addition of the test substance
was initiated, Total RNA was extracted (using Rneasy Mini
Kig) . Quantification of mRNA of albumin and HPRT1I was
performed by real time RT-PCR. Note that, HPRT1, which is
& house keeping gene, was used as an internal standard.
[0059]
<Experiment 2>

after human hepatocytes (1 x 10° viable cells/0.4
mi/well) were inoculated, medium exchange was performed 3
hours and 24 hours after incculation. Note that, the
viability at the inoculating time were 93.6% (Lot 100},
84.2% (Lot IMP), 90.0% (Lot QN@) and 84.3% (Lot VUZ}.
Then, 48 hours after inoculation, a test substance was

added and 24 hours after addition of the test substance
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was initiated, the medium was taken and the secretion
level cf albumin was measured.
[0060]
<Preparation of Total RNA>

After the wedium was suctioned, Tectal RNA was
extracted by use of QIA shredder and Rneasy Mini Kit. Now,
a preparation method using the Kit will be described below.
At the time points of 3, 24, 48 and 72 hours after
initiation of culturing, medium was removed by suction
from each well of the 24 well plate. However, at the time
point of zero, i.e., initiation of culturing, hepatocytes
were taken in a 15 mL-Conical Tube so0 as to contain 2 x
10° cells/tube. After centrifuged, the medium was removed
by suction. Next, a [-mercaptoethanocl-containing RLT
gsolution (RLT soclution:B-mercaptoethancl = 1:100) was
added in an amount of 400 pL for each and pipetted.
Thereafter the total amount was transferred in a QIA
shredder column and centrifuged at 15,000 rpm £for 2
minutes. The eluate (350 plL) was taken and the eguivalent
amount of 70% ethanol solution was added. After stirring
for 10 seconds was repeated three times, the total amount
wag added to an Rneasy Mini spin column and centrifuged at
12,000 rpm for 30 seconds and the eluate within a
Collection tube was removed by suction. A RW1 sclution
{700 unlL} was added and centrifuged at 12,000 rpm for 30
seconds, and thereafter, the Collection tube was replaced.
A RPE solution (300 ul) was added and centrifuged at
12,000 rpm for 30 seconds and thereafter the eluate within
the Collection tube was removed by suction. A RPE

solution (50C uL) was added and centrifuged at 15,000 rpm
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for 2 minutes. Thersafter, the c¢ollection tube was
exchanged with a Collection tube (1.5 mL). Rnase free
water (50 pL) was added and centrifuged at 10,000 rpm for
1 minute to elute total RNA. The eluate was diluted with
a 50 ug/mL Yeast tRNA sclution 5 fold to prepare a Total
RENA sclution for measurement. Note that, extraction
operations were all performed at room temperature.
Furthermore, the 50 ug/mL Yeast tRNA sclution was prepared
by diluting a Yeast tRNA with RNase-free distillatiocn
water.

focel]

<Measurement of mRNA>

Applied Biosystems 7500 Fast Segquence Detection
System (Applied Biosystems) was used to quantify mRNA of
the house keeping gene (HPRT1) and albumin, as follows.
[0062]

RT-PCR was performed using TagMan One-Step RT-PCR
Master Mix Reagents Kit containing a 300 nM Forward Primer,
a 960 nM Reverse Primer and 200 nM TagMan Probe, in a
system of 20 pL/tube. Total RNA solution (3 uL) was used.
AS RT-PCR conditions, the reaction mixture was maintained
at 48°C for 30 wminutes and thereafter at 95°C for 10
minutes and then a cycle consisting of a reaction at 395°C
for 15 seconds and a reaction at 60°C for 1 minute was
repeated 40 times. Fluoreszscent intensity was measured
every cycle., Note that, as a reaction container, a Fast
96-Well Reaction Plate (0.1 mL) was used and as a cover,
Optical Adhesive Covers was used.

[0p63]

<Quantification ¢f albumin secretion levels
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The albumin c¢oncentration in the medium was measured
by a Human Albumin EIA Kit {(Takara Bic Inc.).
[0064]
«Calculation method and statistical process of results>
(1) Quantification of mRNA

HPRTLI mwRNA was used as an endogenous control.
Quantitative wvalues of mRNA were calculated by the ACt
method (Nishimura, M., Yaguri, H., Yoshitsugu, H., Naito,
g, & Satoh, T., {2003); Yakugaku Zasshi, 123, 269-375) and
a test was performed in triplicate. The expression level
of albumin mRNA was sexpressed by a ratio based on the
expression level o¢f HPRT1 mRNA (regarded as 1). The
average value {mean) % a standard deviation (SD) was shown
in Table 2 and Figure 1.
[0065]
<Quantification of albumin secretion levels

The results were shown as values for each Lot and as
an average value {(mean) * a standard deviation (&D}.
[0068&]
<Regults and Discussions

The obtained results are shown in Table 2, Table 3
and Figure 1.

[0067]
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{Tabhle 2]

Expression level of albumin
Test substance mRNA
{mean £ 8§D}
1/16 medium {Control} 148 =+ 30
20mM lle 174 = 33
GOmi lie 222 + 27
20mM Leu 215 £ 63
80mM Leu 255 4 53
20mM Vel 127 £ 17
§0mM Val 118 + 10
20mM Hie + Leu (10mi + 10mM) 184 £ 41
60mM He + Leu (30mM + 30mi) 217 + 1%
20mM He + Val (10mM + 10mid) 125 %+ 28
B0mM He + Val (30mM + 30mki) 155 £ 30
20mb Leu + Val {10mM + 10m) 18 = 2
80mi Leu + Val (30md + 30mM) 151 £ 20
2omi Livact compasition 136 = 8
60mM Livact composition ' 165 & 25

[0068]
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[Table 3]

1. Value of albumin secretion level in each Lot in Experiment 2

ng/well
Lot 100  60mM Livact composition 12.30
Lot 100 lte + Leu (30mM + 30mM) 20.88
Lot LMP 60mM Livact composition 208
Lot LMP  lie + Leu {30mM + 30mi) 3.22
Lot ONQ 60mM Livact composition 482
Lot ONQ He + Leu (30mdi + 30mi) .56
Lot VUA 60mM Livact composition 7.44
Lot VUA ile + Leu (30mid + 30mis) 8.86

2. Average value of albumin secretion levels in all Lots in Experiment 2

ng/well
{mean £ SD)
60mb Livact composition 868 £ 434
lle + Leu (30mM + 30miM) 1091 = 7.33

[0069]

From each table and graphs of Figure 1 showing the
regults of Table 2, the following facts are Ifound. That
igs, as shown 1in Table 2 and Figure 1, using human
hepatocytes, the effects of single use of Ile, Leu and Val,
whether a combination of Ile and Leu, a combination of Ile
and Val, and a combination of Leu and Val mutually produce
an additive effect, a synergistic effect or mutually
antagonize were investigated based an increase of albumin
mRNA expression level as an index. A single amino acid of
Tle, Leu and Val, combinations of Ile and Leu, Leu and Val,
Ile and Val, and the Livact composition (Ile:Leu:Val =

1:2:1.35, 20 mM, 60 mM) were compared. As a result, it
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was confirmed that in the cases of single aminc acids of
Ile and Leu and the combination cof Ile and Leu, albumin
mMRNA expression level increases in an additive manner. It
was found that the combination of Ile and Leu has an
additive effect o©f albumin mRNA expression level.
Furthermore, it was confirmed that i1in the cases of a
combination with Val an increase effect of the albumin
mMRNA expression level is reversed.

[cC70}

Furthermore, Experiment 2 shows the results of 4
lots of human hepatocytes. If Val was contained, the
secretion level decreased 1n the same manner as In
Experiment 1 (see Table 3).

[0071]

As described above, it is found that it is effective
to use the composition for ameliorating hypoalbuminemia to
increase an albumin synthetic ability.

[0072]
<Study of the effects on increase of the plasma albumin
concentration in hypocalbuminemia micex

In this test, the effects of each tegt substance on
plasma albumin concentration of mice which had onset of
hypcalbuminemia was measured. The test was performed as
foilows.
foc73l
<Experiment 3>

BALB/c, female mice were induced hypoalbuminemia by
fasting for 3 dayé. Each test szubstance was orally

administered for 7 days and the plasma albumin
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concentration was measured. The details of the experiment
will bhe shown below.

[0074]

<Preparation cf test substance»

Val (+):

L-leucine {(0.214 g), L-isoleucine (0.107 g} and L-
valine (0.129 g) {all obtained from the peptide
laboratory) were weighed and placed together with an
appropriate amount of distilled water for injection
{Otsuka Pharmaceutical Co., Ltd.) in a 15 mL-conical tube
(Japan, Becgton, Dickingon and Company) and mixed. They
were completely dissolved in the water to make 15 mbL.

Val ({-):

L-leucine ({0.214 g} and L-iscleucine (0.107 g) ({(all
cbtained from the peptide laboratory) were weighed and
placed together with an appropriate amount of distilled
water for injection (Otsuka Pharmaceutical Co., Ltd.) in a
15 mL-conical tube (Japan, Becton, Dickinson and Company)
and mixed. They were completely dissolved in the water to
make 15 mL.

[0875]
<Animal useds

In this Experiment, mice, BALB/cCr Slc, females, 7
weeks ©ld (body weight upon arrival: 18 g te 20 g} {(Japan
SLC, Inc.) were used.

[0076]
<Administration methods

The above mice were divided into the following three

groups. The following valine (+) group and Vval {(-) group

were fasted for 3 days, and each test substance prepared
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in the above was orally administered at a dose of 10
mL/kg/day, continuously for 7 days. Note that, the Val
(+) group and the Val (-} group were fed during the period
of administering each test substance. Furthermore, the
control group was only fed during the whole test period.
[0077]
(Val (+) group]

The group of mice fasted for 3 days and then Val (+)
was orally administered, n=3

isoleucine: 0.071 g/kg/day,

leucine: 0.143 g/kg/day,

valine: 0.086 g/kg/day
(Val (-) group)

The group of mice fasted for 3 days and then Val (-)
was orally administered, n=5

iscleucine: 0.071 g/kg/day,

leucine: 0.143 g/kyg/day
(Control group)

The group of mice fed during the whole test period,
n=>5
[0078]
<Sampling>

At the 3rd day after initiation of fasting and ist,
3rd and 7th days after initiation of administrating a test
substance, the above mice were scratched the eveground
with a heparin-treated Terumo Hemabtocrit capillary tube
(Terumo Corporation) without anesthesia to take blood
(about 20 pL). The collected kloocd was cooled on ice and

centrifuged at 12000 rpm for 10 minutes to separate the
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plasma, and was subjected to the plasma albumin
measurement.
[0079]
<Method for measuring plasma albumins

The plasma albumin concentration was measured by
using Fuji dry-chem slide ALB-P (FUJIFILM Medical, Inc.)
in an automatic analyzer DRI-CHEM fOOO (FUJIFILM Medical,
Inc.). The plasma albumin concentrations of mice to the
7th day after administrating the test substance were shown
in Table 4.
fo08c]
<Analysis methods

With respect to values of each measurement item, an

average value (mean) % standard deviation (8.D.) ©f each
group was obtained. Furthermore, statistical analysis
between the Val (+) group and the Val (-) group was

performed by the Student t-test and analysis of variance
of time-dependent changes. Note that, the significance
level of the test was 5% {both sides). Data counting was
performed by Microsoft Excel 2003 {(Microsoft Co., Ltd.).
As a statistical analysis software, EXSAS 7.6 (Arm Systex
Co., Ltd.) was used.

[0081]
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[Table 4]

Plasma albumin concentration {g~/dL)
Testgroup | arg day after After administration of {est substance
fasting 1st day 3rd day 7th day
Val(—) group| 1.65%0.26 | 2.62%x0.16 | 2.81+0. 18 | 2 98%0. 17
Val{+) group| 1.76%0.40 | 2.57£0.26 | 2.77%0.08 | 2 73%0.06
Control group| 2. 94z=0. 10 | 2. 89%0. 31 2,810 12 | 2.80x0.27

[0082]
<Regulte and Discussions
As shown in Table 4, a test substance was given for

7 days to the fasted mice under the above conditions, it

was observed that Val (-} group shows an upward tendency
of albumin (p = 0.0531) compared toe Val (+) group at the
7th davy. Furthermore, according to analysis of wvariance

of time-dependent changes supplementarily performed, a

significant difference was observed betwesen groups and

time periods. It was suggested that Val (-) can increase
plasma albumin concentration with time compared to Val (+).
it was considersed that

(-3

From the regults of this test,

removing val from BCAAR (Val can be expected the

effect on increase blood albumin concentration exceeding

that o©of a BCAA preparation (Val {+)) sugch as Livact
{registered trade mark) pregently used din clinical
practice.

Industrial Applicability
[0083]

As mentioned above, the composition for ameliorating

hypoalbuminemia of the present invention is preferably
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used, for example, in a form of preparation such as an
infusion formulation, an oral formulation and a food or

drink.
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Clzims

[{Claim 1]

A  formulation for amellorating hypozlbuminemia, which
contains leucine and Isocleucine and does not contain
valine as an active ingredient.

[Cleim 2)

The formulation for amelicrating hypocalbuminemia according
to claim 1, wherein a mass ratio of the leucine to ths
iscleucine is from 0.1 to 10.

{Claim 3}

The formulation for ameliorating hypoalbuminemia according
te claim 1, in a form of infusion formalation.

[Claim 41}

The formulation for amelicrating hypcaibuminemia accordin

to clagim 1, in a Zorm of orsl formulation.



COMPOSITION FOR AMELIORATION OF HYPOALBUMINEMIA

ABSTRACT

The present invention is directed to a compositicen
for ameliorating hypoalbuminemia containing a Dbranched-
chain amino acid{s}) as an active ingredient (s}, wherein
the composition contains leucine and/or iscleucine as the
active ingredient{s) and deces not contain valine. As the
above branched-chain amino acid{s), leucine and iscleucine
are preferably contained. The mass ratio of leucine to
isoleucine described above is preferably from 0.1 to 10.
As the above branched-chain amino acid(s), either leucine
or isoleucine alone may be contained. The present
invention is suitably used as an infusion formulation, an

oral formulation or a food or drink.
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