| ' ' | 109293
ANTI - :STRESS CCNPCSITICN BACKGROUND OF | NVENTI ON 1. Fi e} S qu

t he Inventlon ¢ The present invention relates to an anti-stre
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1. Field of the Invention H

The present invention relates to an anti-stress
composition comprising astaxanthin and/ox its ester, and a
food or beverage to which it is added. More specifically,
the present invention relates to a composition for preventing
or alleviating decreased immunological function, decreased
livex function and fatigue caused by stress as well as those
medical conditions due to decreased immunological function
caused by stress such as cancer metastasis, comprising
astaxanthin and/or its ester, and to a food or beverage
prepared by adding said composition to a food or beverage
material that essentially does not contain astaxanthin and/or
its ‘ester. | '

2. Related Art

Stress is quite prevalent in modern society, and
those diseases caused by stress, namely scmatic disorders as
well as stress disorders such as neurosis and depression, are
_increasing. Stress disorders and other related disorders are
believed to comprise a condition in which stress destroys the
ability to maintain homeostasis by the body. Alleviation and

~ treatment of these disorders consists of nosotropic therapy
for each symptom and disease.

In addition, drugs such as antianxiety agents and
sleeping pills for temporarily allevia:ing somatic reactions-
when exposed to stress are considered to be an effective
means of dealing with stress. HoOwever, there are no known
drugs that are able to fundamentally inhibit or reduce
stress. Moreover, various relaxation techniques for the mind
and body have been proposed as ways of effectively
controlling stress so prevent destruction of the body's
‘homeostasis. However, long-term efforts will most likely be
required due to pexrsconal differences and other factors.

_________*__L_________In addition, wvarious drugs and foods have been
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the presgnt invention relates to a conposition for preventing or

al l eviating decreased i munol ogi cal function, decreased |i ver é’Ql?ﬁN on- and
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acids and minerals lost due to perspiration. They do not
prevent or reduce stress and fatigue directly. Tonics, on
the other hand, contain extracts from several medical plants
in addition to vitamins and amino acids. These are expected
to have physiological effects such as central nervous system
stimulation, increased blood flow, cardiac effects and
activation of endocrine system. However, many of the
physiological effects of these natural drugs are based on old
legends, and none are known, ¢on a scientific basis, to
prevent or reduce stress. |
'~ More recently, there have been numerocus reports
which stated that stress, gifliction and numerous mental
disorders are all pronounced emotional disorders, indicating
research re_sults that show that these disorders are closely
‘linked with decreased immunological function of the body.
Although the concept of mental anguish being a cause of
illness is itself quite old, only recently has attention been
focused on this comncept in scientific fields as well.
Considerable immunological research has been conducted on the
relationship between stress ‘and cancer in particular.
However, there are no known specific¢ compounds that inhibit
the onset and metastasis of cancer caused by stress.
Astaxanthin is one of secondary carotenoids, and is
present in animals such as crustaceans including krill,
shrimp and crabs, the muscle and eggs of salmon and trout,
and the body surfaces of sea bream, carp and goldfish.
| "At present, although astaxanthin is used as a colox
restorer for cultured fish such as sea bream, salmon, trout
and yellowtail, recent research has clearly shown that
astaxanthin can become provitamin A as well as demonstrate
| remarkable antioxidative effects. It is thus expected to be
used in natural coloring agents, antioxidamts, nutritional
supplements, cosmetics and pharmaceuticals [Yamashita, E:
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for each synpt om and di sease. I n addi tion, drugs such as
anti anxiety agents and sleeping pills for tenporari I y Tais| SHEEAtHASPEEmat i ¢
reactions when exposed to stress are considered to be an BEPAGED) e neans of

deal i ng with stress. However, there are no known drug
fundanental |y inhibit or reduce stress. Mbreover, vari m%’%@a
techni ques for the m nd and body have beep proposed a fectively
controlling stress so prevent destruction of the body's honeost asi s.
However, long-termefforts will nost |ikely be required due to personal

di f f er ences Foull @riteDdvatvoment, Vol. 27, INo.addi(Consecutive éolima Nand

foods have bfd'ﬂ, D. 38-40 (1992)). In addition, Japanese Unexamined
Patent Publication No. 6€3-83017 discloses a sunburn-
preventive cosmetic containing astaxanthin, while Japanese
Unexamined Patent Publication No. 2-49091 discloses an
antioxidant having astaxanthin for its active ingredient
'along' with a pharmaceutical and an antiphlogistic for
defending against oxidative tissue disorders of the body.

_ In addition, astaxanthin is also known to have
cancer cell growth inhibitory activity ([Carotenoids of Marine
Life (Miki, W. ed.), p.105-113, Koseisha, Koseikaku (April
1993)] and antibody production activity [H. Jyonouchi et al.,
Nutrition and Cancexr, Vol. 19, No. 3, p. 269-280 (1993)].

However, astaxanthin is not known to have anti-
stress effects or be effective in the prevention or
alleviation of decreased immunological functicn, decreased
liver function and fatigue.

SUMMARY OF THE INVENTION

Thus, the present invention is intended to provide a
composition, and a food or beverage composed by adding said
composition, that has a high degree of safety, and is used
for the purpose of preventing or alleviating various symptoms
accompanying stress, and particularly decreased |
immunocompetency, decreased ‘liver function and fatigue caused
by stress as well as medical conditions and so forth due to
decreased immunological function caused by stress such as
cancer metastasis and cancer promotion.

As a result of earnest research conducted to solve the
above-mentioned problems, the inventors of the present
invention found that astaxanthin and/or its ester has effects
that prevent or alleviate various symptoms accompanying
stress, and particularly decreased immunological function,
decreased liver function and fatigue caused by stress as well
as medical conditions and so forth due to decreased
immunological function caused by stress such as cancer

metastasis, thus leading to completion of the present

invention.
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REPLACENENT SHEET -2 devel oped for the
pur pose “of preventi ng and redUC|ng stress or fatigue.. Typical exanples of

these include sports drinks and tonics. Sports drinks yRgyeHEET 1348 BEEN
noi sture absorption rate and are intended to.rapidly supMRﬂﬂMnEwitanins

amno acids and mnerals |ost due to perspiration. ent or
reduce stress and fatigue directly. Tonics, on the ot &iﬂ\ﬂ@l uﬁiﬂiﬁ
extracts from several nedical plants in addi4ion to v

acids. These are expected to have phyS|oIog|caI effects such as central
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anti-stress composition camprlslng astaxanthin and/or its

ester.

In addition, the present inventiomn relates to a
pharmaceutical or functional food for preventing or
alleviating decreased immunological function, decreased liver
function and fatigue caused by stress as well as medical
conditions due to decreased immuﬁological function caused by
stress sucl as cancer metastasis and infection, comprising
astaxanthin and/or its ester.

Morecover, the present invention is intended to provide a
food or beverage in which an anti-stress composition or a
composition for preventing or alleviating various symptoms
such as decreased immunological function caused by stress is
added to a food or beverage that essentially does not contain
astaxanthin and/or its ester.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the weight increasing effect
of astaxanthin on decreased thymus weight caused by restraint
stress. | '

Fig. 2 is a graph showing the improving effect of
astaxanthin on decreased lymphocyte number caused by stress.

Fig. 3 is a graph showing the improving effect of
astaxanthin on decreased NK cell activity caused by stress.

Fig. 4 is a graph showing the suppresive effect of
astaxanthin on the formation of lipid peroxide in the liver
caused by stress. |

Fig. 5 is a graph showing the weight increasing effect
of astaxanthin on decreased thymus weight caused by restraint
stress. '

Fig. 6 is a graph showing the improving'effect of
astaxanthin on decreased NK cell activity of liver origin
caused by stress.

Fig. 7 is a graph showing the inhibitory effect of
astaxanthin on increased node metastasis based on a decrease

in immunoactivity caused by stress. e
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physi ologi cal effects of these natural drugs are based_on old I|egends, and
none are known, on a scientific basis, to prevent or 53&§ﬁ§%ﬂﬂk&ﬁf£n
More recently, there have been nunerous reports which st at BEPYMED st ress,

affliction and. nunerous mental disorders are all pr onoypeed: e Dk f
di sorders, indicating research results that show t hat !tﬂ%%.dkggqggg are
closely linked with decreased inmunol ogi caP function of the on. hough

t he concept of nental angui sh being a cause of illness is itself quite old,
only recently has attention been focused on_this caoncept .in.scjentific '
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cancer cause stress, n i's one of Secon
car ot enoi ds, EZRRPARSe) s &esen SERRAE| 5aCHRTs as Athougheapsesscthepmy wasd | | |

first advocated by H. Selye, stress factors include physical
(cold, radiation, noise, etc.), chemical (drugs, vitamin
deficiency, hypoxia, etc¢.) and biological (bacterial
infections, etc.) factors as well as mental factors
(scholastic pressure, surgery, athletic competitions, etc.),
and include so-called emotional stress.

When the body is subjected to stress factors, a
biological response is known to occur mediated by the
autonomi.c nervous system and the endocrine system. In the
endocrine system in particular, adrenocorticotropic hozxmone
(ATCH) is secxeted.from the pituitary gland, causing the
secretion of adrenocortical hormones that affect the entire
body and result in a series of reactions (general adaptation
syndrome) . .

The first stage is known as the warning reaction stage.
This consists of passive disordexs ox signs of shock along
with aggressive defense symptoms in response to this during
exposure to stress. The second stage is the resistance
stage. The weight of the adrenal cortex increases, and
resistance to-stréss factors reaches its most potent and
stable state. However, resistance to other stress factors
conversely decreases. The third stage is the exhaustion
stage. AS stress factors persist for a lbng time at high
levels, the capabilities of the body finally grow tired
resulting in a loss of adaptive abilities (Nanzando _
Publishing, Medical Dictionary, pub. Feb. 1, 1990, 10th
edition, p. 4l1).

' Thus, although the stress response plays the useful role
of a defense reaction for the body, due to excessive
secretion of cortisol and adrenalin during this response,
there are harmful effects on numerous body tissues,
particularly in the case the body is subjected to loading by
excessive%{ﬂ&igfgigz§}§_32_§§;ess. As a result, the body is

heet Has Been Replaced

T



shrinp-and crabs, the nuscle and eggs of salnon and trout, and the body

surfaces of sea bream carp and gol dfi sh. At &Lﬁﬁtmé’éééwugh
g ear

astaxanthin is used as a color restorer for cultured fi ,&1‘[@5 sea
bream salnon, trout and yellowtail, recent research has y shown t hat

astaxanthin can becorme provitamn A as well as denons i %Eéﬁﬂﬁlgﬂle
anti oxi dat i ve effects. It is thus expex &l ~to be used1 J’éggﬁ r Wl or i ng
agents, antioxidants, nutritional supplenments, cosnetics and

pharmaceuticals [ Yamashita, E:
: longer able to maintain homeostasis and various‘diseases

,  caused 'by stress are thought to ocecur as a result of this

" process. WNamely, fatigue occurs due to consumption of large
amounts of proteins and lipids in muscle and other tissues
due to excessive secretion of cortisol. In addition, the
mucous membranes of the stomach and duodenum are destroyed
resulting in the occurrence of gastric and duodenal ulcers.
In addition, excessive secretion of ‘adrenalin tends to result
in hypertension and diseases of the circulatory system.

Moreover, there is also known to be a correlation
between stress, immunity and cancer (Imura, ¥Y.:
Neuroendocrinimmunology, Asakura Shobo Pub., pp. 299-305,
1593) . Namely, although stress affects nearly all
neurocendocrine functions, both sympathetic nerves and the
adrenal axis, and the hypothalamus and the pituitary axis are
affected by stress, bringing about reduced function of the
immune system by means of a complicated process. The effect
of stress is the result of modification by the nervous
system, endocrine system and immune system, and is
bidirectional. '

Thus, stress is considered to reduce the function of NK
cells and cell traumatizing Ry célls, which play an important
role in the immune defense mechanism against cancer, and as a
result, is intimately involved in the occurrence and progress

- of cancer. It has also been clearly shown that bioreaction
modifying substances modify the immune system and cause
changes in the interaction between the ‘neural, endocrine and
immune systems, thereby changing the responsiveness to stress
loading. This also suggests the possibility of defending
against cancer metastasis. Moxeover, infections also tend to
occur easily since stress inhibits immunological function.

Astaxanthin and/or its ester, which is the active
ingredient of the present invention, has been found in shrimp
eggs [Kuhn, et al.: Angew. Chem. 51, 465 (1938) or Ber., 71,
1879 (1938)], in animal oxgans {Kuhn, et al., Ber., 72, 1688
(1939)], in plants [Tischer, et al.: Z. Physiol. Chem., 267,
281 (1941)], in the petals of Amur adomis and buttercups
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-3- -Food and Devel opnent, Vol. 27, No. 3 (Conse‘cutinH,g %89), p.
38-40 (1992) ). In addition, Japanese Unexam ned Paten :ﬂg’gﬁg No.
63; 83017 di scl oses a sunburn- preventive cosnetic containing astaxanthin,
whi | e Japanese Unexam ned Patent Publication No. 2- 49Q%ﬁ£,§d|lg$§:wmﬂmn

anti oxi dant having astaxanthin for its actiye ingredi énlsalsampil a

phar maceutical and an antiphl ogistic for defendi ng agai nst oxidative tissue -
di sorders of the body. In addition, astaxanthin is also known to

hﬁﬂvg cancer d@@é;}b@r%wétlglhkbhheﬁﬁe&%u t 7 1£a10i5e) 9| %ggéhé/af%aewﬁ g
O %8 i Pea gl K381 SR 0ELC Y (AR} 13T pnd, ant Doy
No. 3, p. 269:28cydDIR)g been determined [Grangaud, Comt. Rend., 242,
1767 (1956), or Andrews, et al., Acta. Chem. Scand., B28, 730
(1974)). Methods for its synthesis have also been
established (Cooper, et al., J. Chem. Soc¢. Perkin Trans. I,
1975, 2195, Kienzle, et al., Helv. Chim. Acta, 61, 2609
(1978) , Widmer, et al., Helv. Chim. Acta., 64, 2405 (1%981),
Mayer, et al., Helv. Chim. Acta., 64, 2419 (198l1)], and
chemically synthesized products are easily available.
Chemically synthesized astaxanthin, an extract of
Phaffia, Tigriops, (red water flea), the shell of a
crustacean such as krill, green algae or microalgae
containing astaxanthin and/or its ester (which may be in the
form of a solvent-extracted extract or that which has been
appropriately purified as necessary), or a powder prepared by
grinding a crustacean or Haematococcus species green algae
containing astaxanthin and/or its ester, can be used for said
active ingredient of the preSent invention. _
For example, a method for extracting astaxanthin and/or
its ester from the shell of a crustacean using an alkyléster
- carboxylate is described in Japanese Unexamined Patent
Publication No. 58-88353, é. method for producing astaxanthin
‘and/or its ester by culturing green algae able to
biosynthesize astaxanthin, examples of which include
Clamvdomonas, Haematococcus, Chlorocvtrium, Chlorella,
Chlorococcum, Characium, Trebouxia, Rictvosphaerium,
Scenedesmus, and Hvdrodictyem, in .a medium containing Na
salt, K salt and Rb salt is described in Japanese Unexamined -
Patent Publication No. 1-187082, and a method for producing
astaxanthin and/or its ester by culturing astaxanthin-
producihg yveast cells such as phaffia species in Difco M
mediun under specified conditions following mutation
treatment is described in PCT Japanese National Publication

No. 2-504101.
A method for increasing the formation of astaxanthin by

Haematococcus pluvialis by adjusting the concentration ratio

; This Sheet Has Been Replaced




Howeves, astaxanthin is not known to have anti- stress effects or be
effective in the prevention or alleviation of decreased i munol ogi cal
fupction, decreased liver function and fatigue. -  SUMGERET ORS BREN
| NVENTI ON . Thus, the present invention is intended td* pﬂéGFBe a
conposition, and a food or beverage conposed by addi ngag-ap tion,
that has a high degree of safety, and is gsed for the pga;r’ ﬂmeventl ng
or alleviating various synptons acconpanyi ng stress, part | cul arl
decreased i mmunoconpet ency, decreased |iver functlon and fatigue caused by
stress as weCtNain mdte cadlmed rigdinm dudisng durﬁﬁecémi of. dher gaswtih

I mmunol ogi c. cl t C

cancer prom)a#’tll%%gI o %%s%%aéﬁ% "s?@%gé%e{% researc conguct e%ﬁta%agol ve

t he above- me¥atieRal prEvliaasionh 8oi.ndcRPbEE9 ofa TFEAte SEXRLRNPENYRBATLf ound
that astaxanhiin@eheratilsices e praguebl #6texanthin in high yield is

described in Japanese Unexamined Patent Publicatiom No. 3-
206880, and a method for manufacturing astaxanthin at a high
level by a mutant strain of phaffia rhodzyma is described in
Japanese Unexamined Patent Publication No. 4-228064.

In addition, a method for obtaining a large amount of
astaxanthin by inducing cyst formation in algae by a
specified method after aerobically culturing said
Haematococcus pluvialis is disclosed in Japanese Unexamined
Patent Publication No. 5-68585, and a method for extracting
astaxanthin from Adonis species plants is disclosed in
Japanese Published Patent Publication No. 5-509227. In the
present invention, an extract containing astaxanthin and/or
its ester obtained by any of these methods c¢an be used
(including that in the form of a solvent-extract or that
which has been appropriately purified as necessary). In
addition, that which has been cbrained by methods other than
those described above can also be used provided it can
eff ect'ively provide the properties of the active ingredient
of the present invention.

Morecver, although an astaxanthin-containing powder
cbtained by low-temperature drying followed by grinding ©of a
raw crustacean is discloséd in Japanese Unexamined Patent
Publication No. 1-186860, while a ground algae composition
obtained by W species green algae is disclosed in
Japanese Unexamined Patent Publication No. 3-83577, any
powder containing astaxanthin and/or its ester can also be
‘used in the present invention. In addition, any method other
than that indicated above can be suitably used provided it is
able to effectively provide the properties of the active
ingredient of the present invention.

In addition, although a method for synthesizing
astaxanthin by reacting a specific tertiary alcohol and
trifluoroacetic a.cid at low temperatures and without using

{
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that prevent or alleviate .vari ous synptons acconpanyi ng stress, and
particul arly decreased i munol ogi cal, function, decreasetHIBISHEETHABEEERN and
fajigue caused by Thit SieeiHasBecRbplaces ' Medi cal conditions and BEPUAGEDh due to
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excessive reagents by going through a novel intermediate is

¢ disclosed in Japanese Unexamined Patent Publication No. 4-
225933, astaxanthin and/or its ester chemically synthesized
by any method, including the above method, can also be used
in the present inventlon.

Moreover, a method for manufacturlng yvellow to reddish-
orange pigment astaxanthin is described in Japanese
Unexamined Patent Publication No. 60-4558 wherein the viable
form or dried form of krill is immersed in an organic solvent
such as acetone, n-hexane or ethyl acetate, the pH of the
resulting solvent extract, in which the pigment is eluted, is
neutralized, and lipase or base is added to decampose fatty -
acids and other impurities and create 2 liquid system
followed by super-criticél gas extraction, molecular
distillation ox washing using dilute base.

In addition, a method for manufacturing orange pigment
astaxanthin is disclosed in Japanese Unexamined Patent
Publication No. €1-281159 wherein, after selectively
hydrogenating unsaturated lipids other than the pigment with
a catalyst in a crude pigment solution in which dried krill
.are extracted with an organic solvent such as acetone or n-
hexane, lipase is added to hydrolyze the lipid, and the
dissociated fatty acid is removed by addition of urea and/or
molecular distillation followed, if necessary, by further
concentfation and purification by éolumn chromatography.

- Moreover, it is described in Yamashita, E.: Food and
Development, Vol. 27, No. 3 (Consecutive Volume No. 4039), p.
38-40 (1992) that astaxanthin diester, monoester and free
astéxanthin can be separated by performing high-performance
liquid chromatography (HPLC) on a organic solvent extract oxr
super-critical extract of krill.

Japanese Unexamined Patent Publication No. 5-1557236
describes the elution and recovery of pigment by performing
HPLC to remove triglycerides, polar lipids and so forth to
dramatically increase pigment concentration, the removal of
substances that are the source of the characteristic odor of
marine products, the use of, for example, silica gel, silicic




- 4- Thus, the present I nvention is intended to provi de an

anti-stress COHBGSFPFGH—GG#BF+S+HQ~aStaxanthln and/ or ' §§

addition, the pr e | nv nt | on I | ates to a phar rraceut I ca éd‘?&@]@%ﬁ“bnal
ﬁ :decr eased | mmunol ogi cal REOHEE N

decreased |iver fu

|gue caused by stress ! cal
conditions due to nuol ogi cal function caﬁgﬁigﬁgﬁ@ﬁr'm such

as cancer netastasis and |nfect|on conprisi Ag astaxanthin and/or its
ester. Mor eover, the present invention is intended to provide a food
or beverage in which an anti-stress conposition or a conposition for
preventing oRcdld oF ackavatedistinanfosnshsusdsesber rdite BeMMRM&ESogi cal

function cause@d BYatibfSsyi Shase packed into the column, the use of, for
example, n-hexane, cyclohexane or petroleum ether for the low
polar solvent that serves as the mobile phase, the use of,
for example, n-hexane, ethyl acetate or methanol for the
polar soivent, and elution of low polar lipids such as
triglycerides with n-hexane followed by increasing the
content of acetone in the n-hexane (the acetone content being
within a range of roughly 0.1-20% acetone/n-hexane) f£orx
purification of the pigmentr.

In the present invention, an extract containing
astaxanthin and/or its ester that has been purified with any
of the above methods c¢can also be used. In addition, methods
often than those above can also be suitably used provided
they are able to effectively provide the properties of the
active ingredient of the present invention.

Also in thé present invention, the previously described
crude extracts or powders containing astaxanthin and/or its
ester, that which has been suitably purified as necessary, or
that which has been chemically synthesized can be used alone
or in a suitable combination. :

In the present invention, esters of astaxanthin include
monoésters or diesters of saturated fatty acids such as

palmitic acid and stearic acid, or unsaturated fatty acids
such as oleic acid, linoleic acid, «-linolenic acid, y-

linolenic acid, bis-homo-y-linolenic acid, arachidonic acid,

food for prevent|

eicosapentaenic acid and docosahexaenic acid, and these
esters can be used alone or in a suitable combination. Since
the structure of astaxanthin is such that an excess OXO group
and a hydroxy group are present in the ff-caroteme skeleton on
both of its ends, the stability of the free molecule is low
in comparison with f-carotene. In contrast, that in which
the hyaroxy groups.on both ends are esterified with
unsaturated fatty acid and so forth (e.g., krill extract) is
more stable. . '

Although astaxanthin and/or its crude extract can be
used directly after being dissolved in ethanol and diluted



added to a foodrﬁkheﬂmgiggtséssential | y does not cOWISSSHEBETSHAKBEEN N
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by stress. Fig. 3 |s a ph show mg t-he i nproving effect of
astaxanthin on decreased NK cell activity caused by stress. Fig. 4is
a graph show ng the suppresive effect of astaxanthin on the formation of
lipid peromm iwatien Ii'rtveancaﬂisedbbypsepm into aFilgtes preparatidn
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i mpr ovi ng @q%ra@ﬂon can be easily prepared by adding gallic acid, L-
ascorbic acid (or its ester or salt), gum (e.g., locust bean_
gum, gua gum or gelatin), vitamin P (e.g., flavoids such as
hesperidin, lutin, quercetine, catechin, thianidine and
eliodictin or mixtures thereof) to the agqueous phase, or by
adding astaxanthin, astaxanthin crude extract or a mixture
thereof to the oily phase, and then adding glycerine fatty
acid ester or oil, e:éamples of which include vegetable seed
oil, soy bean oil, corm oil and other routimely used liquid
oils. When emulsifying, a high-speed agitator or homogenizer
should be used to mix and emulsify.

The astaxanthin of the present invention is inherently a
naturally-occurring substance. Since it has béen eaten, it
can be easily considered to have low toxicity and a high
degree of safety. It also has considerable significance as
an anti-stress 'c':omposition. In actuality, 2 g/kg of ASTAX
1700 (Itano Refrigated Food Co., Ltd., oil containing 1.7% by
waight of astaxanthin) , an astaxanthin-containing extract
obtained from krill shell and purified by HPLC, was given in
a single oral administration to 4 week old, male ICR mice to
assess its acute toxicity. As a result, there were mo
abnormalities observed with respect to general condition,
appearance, body weight changes and autopsy findings.

The astaxanthin ‘and/or its ester of the present
invention can be used in the form of a pharmaceutical,
cosmetic, functional fodd, nutritional supplement and
beverage or food.

The composition of the present invention is able to
prevent 'or improve various health disorders caused by stress.
Thus, the composition of the present in\fention can also be
used for mental or physical relaxation or for mental
stabilization.

In addition, the composition of the present invention is
able to prevent or alleviate decreases in inmunological
function caused by stress, such as physical stress caused by
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restraint, noise, surgical procedures or burns, disturbances
.in bioclogical rhythm or social stress, and mental stress such
as conditioning and passive avoidance. Thus, the composition
of the present invention can be used to prevent or alleviate
medical conditions caused by decreased immunological function
due to stress, examples. of which include infection, cancer
metastasis and cancer promotion. Furthermore, improvement of
conditions in the present invention includes the treatment of
disease. _ '

In addition, the composition of the present invention is
able to prevent or alleviate gastric and duodenal ulcers
‘brought about by destruction of mucous membrane in the
stomach and ducdenum caused by stress, decreased organ
funcrion such as that of the liver caused by stress, as well
as hypertension and diseases of the circulatory system.
Moreover, since the composition of the present invention is
also able to inhibit physical stress, mental stress and
various symptoms of fatigue caused by both, it can be used
before, during and after physical labor, mental work or
sports. Furthermore, alleviation of condition in the present
invention includes the treatment of disease.

In the case of using the active ingredient of the
present invention as a pharmaceutical, it may be administered
in any foxrmulation provided orxal administration or parenteral
administration can be suitably performed, examples of which
include injection solutions, parenteral fluid, powders,
granules, tablets, capsules, pills, enteric-coated pills,
txoaches, internal medicaticns, suspensions, emulsions,
syrups, extermal medications, fomentations, nasal drops, ear
drops, eye drops, inhalants, ointments, lotions, C
suppositories and enteral nutrients. They may'be used either
alone or in combination according to the symptoms. Each of
these formulations can be prepared using known adjuvants
routinely used in the field of. drug preparation technology
with the main drug according to the purpose of use in
accotdance with xroutine methods, examples of which include
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age, body weight and so forth), the normal adult dose as
astaxanthin in the case of oral administration is 0.1 mg to
10 g per day and preferably 0.1 mg to 1 § per day, while the
range for obtaining preventive effects is 0.1 mg to 100 mg
per day. In the case of parenteral administration, the
normal adult dose is 0.01 mg to 1 g per day and preferably
0.01 mg to 100 mg per day, while the range for obtaining
preventive effects is 0.01 mg to 10 mg per day.

In a food or beverage of the present invention prepared
by adding the composition of the present invention having for
its active ingredient'astaxanthin and/or its ester to a food
or beverage material essentially not containing astaxanthin
and/or its ester, "a food or beverage essentially not
containing astaxanthin and/or its ester" is, that in which
the total content of astaxanthin and/or its ester daily '
consumed is less than 0.1 mg since the amount of astaxanthin
and/or its ester contained in the finished product is
extremely éméll.

The food or beverage of the present invention can be
processed and manufactured by blending the prescribed amount
of astaxanthin and/or its ester, or an extract having this,
with the food or beverage raw material in accordance with
routine methods. Although the blending concentration varies
according to the form of the food, generally a concentration
of 0.001-10% is preferable, but there are no particular
limitations on this concentration. However, it should be !
prepdred so that it contains enough of the active ingredient
of the bresent invention per amount of daily consumption
required to demonstrate its anti-stress effect, or
demonstrate its effect of preventing or alleviating decreased
immunological function, decreased liver function and fatigue
caused by stress, Or preventing and improving medical
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form may be a solid or liquid. Examples of such foods
include margarine, butter, butter sauce, cheese (natural and
processed) , cream, shortening, lard, ice cream, yogurt,
coffee creamer, dairy products, sauces, soups, meat products,
fish products, popcorn, french fries, potato chips, rice
seasoning, rolled omelets, Japanese confeCtiohs (including
rice crackers), Western style confections (including pudding,
jelle, chewy candy, hard candy, drops, caramel, chocolate,
chewing gum and pastries), baked confections (including
custard, cake, doughnuts, biscuits, cookies and crackers),
macaroni, pasta, salad oil, instant soups, dressings, eggs,
mayonnaise, fermented bean curd, carbonated beverages, non-
carbonated beverages (including fruit drinks and nectar
drinks), soft drinks, sports drinks, tea, coffee, cocoa and
other non-alcoholic beverages, ligqueur, medicinal wine and
other alcoholic beverages.

In the cvase of using the active ingredient of the
present invention as a functional food or nutritional
supplement, it may be in the form of any of the above-
mentioned pharmaceutical preparations including capsules,
granules and enteral nutriehts. In addition, although
examples of fprocessed forms include natural fluid foods,
semi-digested nutritional foods, component nutritional foods
and drinks that are blended with proteins (although proteins
such as milk protein, soy bean protein and egg albumin having -
2 high nutritional value and balanced amino acids are most
widely used for the proteiln source, their degradation \
products, egg white oligopeptides, soy bean' hydrolysis '
products as well as mixtures of individual amino acids are
also used), sugars, fat, trace elements, vitamins,
emulsifiers and fragrances. there are no parxticular
limitations on the form prov:.ded the form is that of ordina:y
foeod products.
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In the case of providing in the form of a sports drink
or nutritiomal drink, easily digestible carbohydrates, amino
acids, vitamins, minerals and other nutritional additives as
well as sweeteners, spices, fragrances and pigments can also
be blended in order to provide nutritional balance as well as
further improve taste during ingestion.

' In addition, the active ingredient o6f the present
application can also be added to any foods when preparing
hospital meals under the supervision of a nutritionist based
on the instructions of a physician, and meals prepared at the
hospital can be given to patients. '

Since astaxanthin and/or its ester is insoluble in
water, it can be provided in capsules and so forth by
suspending in oil either directly or using an emulsifier,
astaxanthin and/or its ester can be dissolved in oil,
emulsified in an aqueous solution containing surface active
agent or polymer and so forth followed by dissolving the
resulting emulsion in water, or it can be spray dried and
provided in the form of a liquid or powdex. Since the
solubility of astaxanthin in oil is extremely low, although
congiderable time is reciui_red to dissolve crystals of
astaxanthin in oil, the dissolution rate can be increased by
using _finé crystals. The solubility of astaxanthin also
becomes extremely large when heated to 100°C or above.

Oon’ the other hand, esters qu astaxanthin are highly
.s8oluble in-oilé, and can be easily dissolved in oils.
Examples of such oils include vegetable oils such as soy bean
oil, corn oil, rape seed oil, palm o0il, olive o0il, safflower
oil, lemon o0il, orange 0il, peanut oil and sunflower oil,
hardened oils pi'oduced_ by hydrogenating these oils ,' natural !
waxes such as lanolin, whale wax and bees wax, animal fats
such as beef tallow, pork tallow and butter as well as wheat
germ oil and concentrated vitamin E oil. In addition,
glycerine fatty acid ester, sucrose fatty acid ester,
sorbitan fatty acid ester, soy bean phospholipid, propylene
glycol fatty acid ester and stearate diglyceride are used as
emulsifiers.



caused by stress—are thought to occur as a result of this process. Nanely,
fatlgue occurs due to consurrptlon of large anpunts of proteins and Iipi ds
in muscle and dff eet dt 0 excessive secretl'ﬂ'ﬂSGf-lEEﬁHﬁ\s§ E
addition, the nu Eﬂ of the stomach and duoderﬂﬂntaceo € %’royed
resultlng I n the gastrlc and duodenal I n addltlon
excessive secretion of adrenalin tends to result in Q% %@m&

: nown to

di seases of the circulatory system 6l\/breover
be a correlation between stress |mTun|ty and cancer (Imura, Y.:

Neur oendocr i ni mnal g iu 895?:1 el 10 adiPor 1982) estlrrel v,
f c_ts
& far cvst

I 'th h, st
Synpat het | IS e e bl v,

pituitary agElcddaadiggt edpbwdét-é@smcmsﬂm mnabe%bfeﬂn@@dcﬁamcea@n of

t he i mune ,sysi.em ans a conplicated process. The effect of stress
IS the res&?%/‘%‘f ﬁ%ﬁé’qryla {:I ©hy the nervous . _

Furthermore, since astaxanthin and/or its ester are
easily oxidized and@ decompose relatively easily in air, it is
desirable to add an antioxidant such as vitamin E, vitamin C,
glutathione, phytinic acid, catechin, flavoids or P-carotene

to the active ingredient of the present invention .to inhibit
its decomposition.

It is desirable to ingest the food or beverage,
functional £food or nutritional supplement of the present
invention in an amount of 0.1 mg to 10 g, and preferably 0.1
mg to 1 g, as astaxanthin for the purpose of preventing and
improving symptoms of stress and maintaining health, or 0.1
mg to 100 mg for preventive effects.

EXAMPLES

Although the follo&ing Examples prévide a detailed
explanation of the present invention, the presént invention
is not limited to these Examples.’

Example 1. Effect of Restraint Stress on Decreased

Thymus Weight o

'Six week old, male C57BL/6 mice were purchased from
Japan Clea Co., Ltd., and after preliminarily keeping for 1
week in an SPF (specific pathogen free) enviromment, were
used in the experiment at age 7 weeks.

The mice were divided into a restrained group (16 mice)
and a non-restrained group (5 mice). The unrestrained group
was used as a control group. The restrained group was
further divided into 4 groups of 4 mice each, and designated
as the restrained control group, vitamin E group, P-carotene
group and astaxanthin group. Tne' restrained groups were
restrained for 20 hours in metal restraint cages under
conditions of minimal body movement and access to drinking
water t£o induce restraint stress.

' ASTAX 5000 manufactured by Itano Refrigated Food Co.,
Ltd. (containing 3.57% astaxanthin diester and 1.53%
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in MCT, and MCT only was administered to the control group.
The test substances were given orally three times on the day
before restraint, immediately after restraint, and on the day
after restraint at a dose of 100 mg/kg, for each test
substance.

The mice were sacrificed by dislocation of the cervical
vertebra 48 hours after the start of restraint. The thymus
gland was excised and weighed. Those results are shown in
Fig. 1. Thymus weight decreased significantly due to
restraint stress loading. The decreast thymus weight is
suggesting decreased immunological function. In contrast,
this weight decrease was significantly inhibited by
administration of astaxanthin, thus confirming its stress
inhibitory effect. :

Example 2. Effect of Restraint Stress on Reduced

Spleen Iymphocyte Count and Decreased NK
_ Ce. ivit : _

The spleens were excised from those mice sacrificed

after 48 hours after the start of restraint of Example l:
The spleens were then finely sliced with a loose-fitting
glass homogenizer to prepare a free cell suspension. The
cells were then subjected to hypotonic treatment to remove
exythrocytes. After washing, the cells were suspended in
RPMI 1640 medium containing 10% fetal calf serum (FCS), and
the mumber of lymphocytes per spleen was counted. Those .
results are shown in Fig. 2. Although spleen lymphocyte
count significantly decreased due to stress loading,
administration of astaxanthin was confirmed to significantly
inhibit this decrease in lymphocyte count.

Next, the NK cell activity of the above-mentioned spleen
lymphocytes was calculated according to the method described
below.
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Namely, 2 x 106, 1 x 106 and 5 x 105 cells/well of spleen
lymphocytes were allocated to each well of a 96-well round-
bottom microplate followed by the addition of 1 x 104
cells/well of YAC-1 target cells labeled with 5iCr sodium
chromate. After incubating for 6 hours at 37°C, the
radiocactivity released in 0.1 ml) of supernatant was measured
to evaluate cell impairment. NK c¢ell activity was determined
as the number of cells impaizing the target cells by 30%
(LU3g) using the following equation.

% Cytolysis = (Experimental cpm - Spontaneous cpm)/

(Maximum cpm - Spontaneous cpm) X 100
Those results are shown in Fig. 3. Although NK cell activity
per spleen lymphocyte decreased due to stress, administration
of astaxanthin inhibited the decrease in cell impairment
activity of the NK cells, thus confirming that it exhibits an
inhibitory effect on decreased immunological function caused
by stress.

Example 3. Effcoct of Restraint Stress om Increased

Liver Lipid Peroxides

The livers were excised from those mice sacrificed after
48 hours from the start of restraint of Example 1. The lipid
peroxides contained in the liver tissue weré determined in
the form of the products of reaction with 2-thicbarbituric
acid (TBA) in accordance with the method of Uchiyama and
Mihara (Uchiyama, et al.: Anal. Biochem. 86, 271).

Namely, 9 volumes of 1.15% cold KCl solution were added
to each of the livers excised from each group of mice
followed by tephrohomogenization. 0.5 ml of a 5-fold
dilution of the homogenate was transferred to a capped Pyrex
test tube followed by the addition of 0.3 ml of 1% phosphoric
acid and 1.0 ml of 0.67% TBA solutlon and boiling for 45

‘minutes after sealing.

After rapid cooling, 4.0 ml of n-butanol wexe added
followed by shaking and centrifugal separation for 10 minutes
at 3000 rpm. The absorbance difference (A535-520) in the
resulting butanol layer was then measured. The amount of TBA
reaction product was calculated using 1,1,3,3-

_18-
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Astaxanthin (Roche) was dissolved in MCT to astaxanthin
concentrations of 0.04 mg/10 ml, 0.2 mg/10 ml, 1.0 mg/10 ml
and 5.0 mg/10 ml to prepare the test substance solutions.

Thymus weight and spleen-origin NK cell activity were
measured using the same procedures as described in Examples 1
and 2. Those results are shown in Figs. 5 and 6. Animals of
the astaxanthin group exhibited dose-dependent inhibitory
effects on significant decreases in thymus weight caused by
stress loading, and that effect was significant at doses of
1.0 mg/kg and above. With respect to NK cell activity, an
inhibitoxy trend was observed at doses of 0.04 mg/kg and
above on decreased activity caused by stress. These findings
suggest that the minimum effective dose of astaxanthin is
roughly 1.0 mg/kg.

e 5 fect_of Restraint Stre Promotion
of Cancer Metastasis

7 week old, male DBA/2 mice were purchased from Japan
Clea Co., Ltd., and after housing on a preliminary basis for
1 week in a specific pathogen free (SPF) atmosphere, the
animals were used in the experiment: at age 8 wecks .

The experimental mice were divided into three groups
consisting of a restraint stress non-loaded control group (8
mice), a restraint stress loaded control group (8 mice) and a
restraint stress loaded astaxanthin group (9 mice).
Astaxanthin was administered orally by gavage three times on
the day before restraint, immediately after the start of
restraint and the day after the start of restraint at a dose
of 1 mg/kg (MCT solution) each. Roche astaxanthin, a
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Mastocytoma subcultured in the abdominal cavities of
DBA/2 mice in this laboratory was used for the P815
mastocytoma (DBA/2 mouse cutanecus mastocytoma). 1 x 104
cells/animal were transplanted into the caudal vein of each _
animal. Furthermore, animals of the restraint stress groups
were transplanted with mastocytoma 24 hours after the start
of stress loading. The liver was excised 16 days after
transplantation and after Vaughn's fixation, the number of
transplanted nodes on the liver surface was measured. Those
results are shown in Fig. 7. As shown in Fig. 7, when a
decrease in immunocactivity (NK cell activity, etc.) occurred
due to stress 1oadin§, ‘metastasis of the transplanted liver.
cancer was significantly promoted because of this. It was
confirmed that administration of astaxanthin caused
remarkable inhibition of promotion of cancer metastasis due
to decreased immunological function caused by stress.
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Preparation F le 1. Capsules

Gelatin ' _ ' 70.0%
Glycerine 22.9%
Methyl paraoxybenzoate . _ 0.15%
Propyl pétao;cybenzoate 0.51%
Water . ' As necessary
Total | 100%

Krill extract oil (containing 3.57% astaxanthin diester
and 1.53% astaxanthin monoester) was filled into soft
capsules composed of the above-mentioned ingredients in
accordance with routine methods to cbtain soft capsules
weighing 180 mg per capsule. |

Preparation Example 2. Drink _

Flavoring: DL-sodium tarxtrate lg
Succinic acid 0.09 g

Sweetener: Liquid sugar 8 Xg

Sourness: Citric acid 120 g
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Vitamin: Vitamin C
Astaxanthin ethylester
Vitamin E
Cyclodextrin
Fragrance

Potassium chloride
Magnesium sulfate
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100 g
‘30 g
300 g
50 g
150 ml
10 g
5g

The above-mentioned ingredients were blended followed by
the addition of water to bring to a f£inal volume of 100

serving.

gfeparagign Example 3. Tonic

'Flavoring: DL-sodium tartrate

Succinic acid
Sweetener: Ligquid sugar
Sourness: Citric acid
Vitamins: Vitamin C
Vitamin Bl
Vitamin B2
Vitamin B6
Vitamin Bl12
Folic acid
Nicotinic acid
Vitamin E
Cyclodextrin

- Astaxanthin ethylester

liters.

Fragrance
Potassium chloride
Magnesium sulfate

Approximately 100 ml of this drink is consumed per

0.08 g

10g
Sg

The above-mentioned ingredients were blended followed by
the addition of water to bring to a final volume of 100

serving.

Approximately 100 ml of this tonic is comnsumed per
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' decreased immunological function caused by stress' comprising
at least one of astaxanthin and its ester, and a conventional
carrier. _ '
3. A composition for preventing or alleviating a
medical symptom due to decreased immunological function
caused by stress, comprising at least one of astaxanthin and
its ester, and a conventional carxier.
4. A composition according to claim 3 wherein said
medical smtoni due to decreased immunological function
caused by stress is cancer metastasis or cancer promotion.
5. A composition for preventing or alleviating
decreased liver function caused by stress comprising at least
cne of astaxanthin and its ester, and a conventiocnal carrier.
6. A composition for preventing or alleviating fatigue
caused by stress comprising at least one of astaxanthin and
its ester, and a conventiomal carrier.

| evel by a nu ain of Phaffia rhodzynma is described in Ja Eﬁéﬁ _
Unexam ned Pat ?Hg Publ i cati - 4-228064. | n addjdé GREERM od for

7. A composition according to any one of claims 1
through 6 wherein said composition is a pharmaceutical.
8. A composition according to any one of claims 1

through 6 wherein said composition is a functional food.
. A food or beverage prepared by the addition of a
composition according to any one of claims 1 through 5 to a
£00d. or beverage material essentially not containing
astaxanthin and/or its ester. :
10. Use of at least one of astaxanthin and its ester
for preparation of an anti-stress composition. ' _ i
11. Use of at least one of astaxanthin and its egter’
for preparation of a composition for preventing or
alleviating decreased immmnological function caused by

stress.
12. Use of at least one of astaxanthin and/or its ester

for preparation of a composition for preventing or improving
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symptom due to decreased immunological function caused by
stress is cancer metastasis or cancer promotion.

l4. Use of at least one of astaxanthin and its ester
for preparing a composition for preventing or alleviating
decreased liver function caused by stress.

15. Use of at least one of astaxanthin and its ester
for preparation o0f a composition for preventing or
alleviating fatigue caused by stress.

l6. Use according to any one of claims 10 through 15
wherein said composition is a pharmaceutical. ' _

17. Use according to any one of claims 10 through 15
wherein said composition is a functional food.

18. A method of preparing a food or beverage comprising
adding a composition according to any one of claims 1 through

6 to a food or beverage material essentially not containing
astaxantin and/or its ester. '

This Sheet Has

 IiiGis
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Japanese Unexani ned Patent Publication NO 4- 2259337 I'nand/ or
its ester chemi call y synt hesi zed by any nethod, incl udi the above net hod,

can al so be used in the present invention. “m“mm for
manuf acturing yell ow to reddi sh- orange pignent astm cri bed
i n Japanese Unexamni ned Patent -Publicatizpn No. 60-4558 wherein the viable

exce55|ve reagents b oing through a novel internedi ate i ed in
5 Latont 5 H@%«ég%%ég%lﬁ@ﬁ
I-STRESS SITT

T F_TH c

An anti-stress composition having for its active
ingredient astaxanthin and/or its ester. This composition
can be in the form of a pharmaceutical, functional food, food
or beverage and s¢o forth.

Sheet Has Been Replaced
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formor dried formof krill is imersed in an organic solvent such as
acetdne, n-hexane or ethyl acetate, the pH of t resultlng sol vent
extract, in which the pignent is eluted, is 1S9 %’d—lAmh}l pase or

" base is added to deconpose fatty acids and ot her | BMQEDBS and create 'a

liquid system followed by super-critical gas<¢am cul ar
distillation or washi ng using dilute base. #ﬁ#mg ﬂggbfa nmet hod for
manuf acturi ng orange pi gnment astaxanthin | dlsclosed In nese

Unexam ned Patent Publication No. 61-2814%9 wherein, after selectively

hydr ogenati ng unsaturated |ipids other than the pignent.mﬁth a catalyst in
a crude pignment solUtion in which dried krill are extracted with an organic
sol vent such as acetone or n- hexane, |ipase is added to hydrolyze the
lipid, and the dissociated fatty acid is renoved by addition of urea and/or
nol ecul ar distillation followed, if stecessary, by further concentration and

purification by colum chromatograpg
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Moreover, it is described in Yamashita, E.: Food and Devel opnent, Vol. 27,
No. 8 (Consecutive Volunme No. 409), p. 38-40 (1992) that astaxanthin
diester, monoester and free astaxanthin can be sepasatefl Y5 Egﬁforn1ng

hi gh- perfornance | i qui d chromat ography (HPLC) on a ®REpaBRcg€psSOlvent extract
or super-critical extract of krill. Japane nexan1ned Pat ent

Publ i cati on No. 5-155736 describes the elution ; 5&58@\1@’&“ pi gnment by
perform ng HPLC to renove trlglycerldesZ | ar orth to
dramatically increase pignent concentra , the renpval of substances that
are the source of the characteristic odor of marine produets, the use of,
for exanple, silica gel, silicic '
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10 acid or activated alumna for the adsorbent that serves as the

stationary phase packed into the colum, the use of, for exanple,

n- hexane, cycl ohexane or petrol eum et her for the | ow pol ar sol vent that

serves as the nobile phase, the use of, for exanple, n-TISSHEETBIABBEEEN -

acetate or methanol for the polar solvent, and elution of |REPYSERr |i pids

such as trigl ycerl des with n-hexane foll ovved by increasj t of
acetone in the n-hexane (the acetone corent bei ng V\nth”%“m mmr
roughly 0. 1-20% acet one/ n- hexane) for r7fication of tH
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In the present invention, an extract containing astaxanthin and/or its
ester that has been purified with any -of the above nethods can al so be
used. In addition, nmethods often than those above can al so be suitably used
provided they are able to effectively provide the properties of the active
i ngredient of the present invention. Al so in theHsrSHBETIHASBEEN | ON,
the previously described crude extracts powder s contaRﬁPhﬁxﬁBtaxanthln
and/or its ester, that which has been sgygébly purlfgﬁﬁ

t hat whi ch has been chem cal |l y synt hesi can be us ﬂjg% HE ﬂmL
sui t abl e conbi nati on. In the present invention, é%f xant hi n
i ncl ude nonoesters or diesters of saturated fatty aC|ds such as palmtic
aci d-and stearic acid, or unsaturated fatty acids such as ol eic aC|d

| i nol ei c acid, [err]-llnolenlc acid, y- linolenic acid,

bi s- hono-y-1inol enic acid, ar achi doni ¢ aci d, elcosapentaenic acid and
docosahexaeni ¢ acid, and t hese
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esterg can be used alone or in a suitable conbination. Since the structure
of astaxanthin is such that an excess oxo group and a hydroxy group are

present in the [err]-carotene skeleton on both of its endgsshBer SABEENTY
of the free nolecule is lowin conparison with [err]- caroteu&wLAoEgontrast

that in which the hydroxy groups on both en ds are esterified wt
unsaturated fatty acid and so forth (e.g i1 extrac gﬂ@ ﬁgﬁ lﬁaﬁh
Al t hough astaxanthin and/or its crude ext? t can be us

bei ng dissolved in ethanol and dil uted
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-11- with water, it can also be prepared into a | atex preparation as
necessary. In the preparing of a |l atex preparation, a preparation can be
easi |y prepared by.-adding gallic acid, L- ascor bi ¢ [Bfs HEOF HAS Beegt er or

;salt), gum(e.g., locust bean gum gua gun1or gelatln)puymnggmn P (e. g,
flavoi ds such as hesperidin, lutin, quercetine, catechin, thianidine

eliodictin or mixtures thereof) to the aqueous phai%éj&@?ﬁ“”?ﬂﬂln

ast axant hi n, .astaxanthin crude extractfbfya m Xt ur e oily
phase, and then adding glycerine fatty“a e7d ester or oil, exanples of which
I ncl ude vegetable seed oil, soy bean oil, corn oi
liquid oils. When enuIS|fy|ng

be used to m x and enul sify.

and ot her. routinely used
a hi gh- speed agi tator or honogeni zer should
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The astaxanthin of the present i nvention is inherent| y a _
natural | y-occurring substance. Since it has been eaten, it can be easily
It al so has

cosrsi dered to have lowtoxicity and a high degree of safety.
consi derabl e significance as an anti-stress conpositi on!H$SHEET HASBERN 2

g/ kg of ASTAX 1700 (Itano Refrigated Food Co., Ltd., oil cdHPAPRERg 1.7% by

wei ght of astaxanthin), an astaxanthin-containing ext {iﬁiggﬂgmﬂfﬂm ’om .
ylnasmg iy b eu!ratlon

krill shell and purified by HPLC, was gi
to 4 week old, male ICR mce to assess i Acute toxicity. aresult,
there were no abnornmalities observed with respect to geperal condition,
appear ance, body wei ght changes and autopsy fi ndi ngs. The astaxant hin
and/or its ester of the present invention can be used in the formof a
phar maceutical, cosmetic, functional food, nutritional supplenment and
beverage or food. The conposi ti onFc.)f the present invention is able to
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prevent or inprove various health di sorders caused by stress. Thus, 7%’ 727’3

gonposition of the present invention can also be used for
In addition, the gmpé

conposition of the present invention is able to prevent or aIIeV|ate

physi cal relaxation or for nmental stabilization.

decreases in inmunol ogi cal function caused by stress,

stress caused by

REPLACEMENT SHEET - 1
- MPOSITION

BACKGROUND OF INVENTION
1. Field of the Invention

such

nental or  (fst «epL)

th5|cal
REPLACEMENT'SHEET

07 JAN 1997

The present invention relates to an anti-stress
composition comprising astaxanthin and/oxr its ester, and a
food or beverage to which it is added. More specifically,
the present invention relates to a composition £or preventing
or alleviating decreased immunological function, decreased
liver function and fatigue caused by stress as well as those
medical conditions due to decreased immunological function
caused by stress such as cancer metastasis, comprising
astaxanthin and/or its ester, and to a food or beverage
prepared by adding said composition to a food or beverage
material that essentially does not contain astaxanthin and/or

its ester.
2. Related Art

Stress is quite prevalent in medern society, and
those diseases caused by stress, namely somatic disorders as

well as stress disorders such as neurosis and depression, are
increasing. Stress disorders and other related disoxders are
believed to comprise a condition in which stress destrovs the
ability to maintain homeostasis by the body. Alleviation and

treatment of these dlsorders cons;sts of nosotropic therapy

for each symptam and . disease.

SIn addltzon, drugs such as antianxiety agents and
sleeping pills for temporarily alleviating somatic reactions
when exposed to stress are considered to be"an effective
means of dealing with stress. However, there are no Known
drugs that are able to fundamentally inhibit or reduce
stress. Moreover, various relaxation techniques for the mind
and body have been proposed as ways of effectively
controlling stress so prevent destruction of the body's
homeostasis. However, long-term efforts will most 1likely be
required due to pexrsonal differences and other factors.

In addition, wvarious drugs=and foods have been




. &
restraint, noise, surgical procedures or burns, disturbances in biological

rhyt hm or social stress, and nental stress such as conditi ofi ig PaSSIve
avoi dance. Thus, the conposition of the present invention cpn é @3§®f§HEET
prevent or alleviate nedical conditions caused by decreased|i nol ogi cal

function due to stress, exanples of which igncl ude infectionf pabcRUAN 1997
met ast asi s and cancer pronotion. Furthernore, inprovenent conditions in
the present invention includes the treatnent of disease. N agartrom

the conpositidevelopéd fordhe gurpese of pseveneingy sudk abkeessat e
gastric and dﬁ pde %@i CeﬁﬁFBk%Hg%&ﬁﬁBQEg ¥ gg étgﬁd pEE?Q“&r rane
in the stomach an odenum cause stress, decrease orga unction such
as that of thénﬁl"d‘éﬂl"e%luse@%sstdlr s B3veet | Tarich MRdataTE ghsaRBtdPseases
of the circul 24€éYasd d¥Nintended to rapidly supplement vitamins, amino
acids and minerals lost due to perspiration. They do not
prevent or reduce stress and fatigue directly. Tonics, on
the other hand, contain extracts from several medical plants
in addition to vitamins and amino acids. These are expected
to have physiological effects such as central nervous system
stimulation, increased blood flow, cardiac effects and
activation of endocrine system. However, many of the
physiological effects of these natural drugs are based on old
legends, and none are known, on a scientific basis, to
prevent or reduce stress.

More recently, there have been numerous reports
which stated that stress, affliction and numerous mental
disorders are all pronounced emotional disorders, indicating
research results that show that these disorders are closely
linked with decreased immunological function of the body.
Although the concept of mental anguish being a cause of
illness 1s itself quite old, only recently has attention been
focused on this concept in scientific fields as well.
Considerable immunological research has been conducted on the
relationship between stress and cancer in particular.
However, there are no known specific compounds that inhibit
the onset and metastasis of cancer caused by stress. '

Astaxanthin is one of secondary carotenoids, and is
present in animals such as crustaceans including krill,
shrimp and crabs, the muscle and eggs of salmon and trout,
and the body surfaces of sea bream, carp and goldfish.

"At present, although astaxanthin is used as a colox
restorer for cultured fish such as sea bream, salmon, trout
and yellowtail, recent research has clearly shown that
astaxanthin can beccme provitamin A as well as demonstrate
remarkable antioxidative effects. It is thus expected to be
used in natural coloring agents, antioxidants, nutritional
supplements, cosmetics and phatmaceuticals [Yamashita, E:

e




.;
Mor eover, since the conposition of the present invention is_also able to
4 nhibit physical stress, nental stress and various synpto ; T3]
caused by both, it can be used before, during and after p F&-fPL eé%ﬁ SHEET

mental work or sports. Furthernore, alleviation of conditijorf in the present
i nvention includes the treatnent of disease. In the dage @ JANMEST h¢
active ingredient of the present i nventi dn "as a phar maceut]iqal, it nay be
adm ni stered in any fornulation provi ded oral adn1n|strat|on or parente

admi ni strat f, Pgihor d, NEX 4P| &S

I nj ection so?g?lons era fF& da?b waders, t ramﬁl1

are
capsul es; p&PPi, lént%; 140 cld90&d Ipi | £5, a8dbbions, qupnﬁéé@é&?ﬁons
suspensi OnSPaeéM:SP%ca%&Hipﬁo extesnoLy NalisHos NS demRRwat i ons, nasal

and ont or ol PFEPFYCITS, COMBE A g oBEAREHS F AT oL JBHBRAREI on
accordi ng tUnehamsqe¢nRauenﬁEaubldbation No. 2-49091 discloses an :
antioxidant having astaxanthin for its active ingredient
along with a pharmaceutical and an antiphlogistic for
defending against oxidative tissue disoxders of the body.

_ In addition, astaxanthin is also known to have
cancer cell growth inhibitory activity [Carotenoids of Marine
Life (Miki, W. ed.), p.105-113, Koseisha, Koseikaku (April
1993)]1 and antibody production activity [H. Jyonouchi et al.,
Nutrition and Cancer, vol. 19, No. 3, p. 269-280 (1993)].

However, astaxanthin is not known t0 have anti-
stress effects or be effective in the prevention or
alleviation of decreased immunological function, decreased
liver function and fatigue.

SUMMARY OF THE INVENTION

Thus, the present invention is intended to provide a
composition, and a food or beverage composed by adding said
composition, that has a high degree of safety, and is used
for the purpose of preventing or alleviating various symptoms
accompanying stress, and particularly decreased
imminocompetency, decreased liver function and fatigue caused
by stress as well as medical conditions and so forth due to
decreased immunological function caused by stress such as
cancer metastasis and cancer promotion.

As a result of earnest research conducted to solve the
above-mentioned proplems, the inventors of the present
invention found that astaxanthin and/or its ester has effects
that prevent or alleviate various symptoms accompanying
stress, and particularly decreased immunological function,
decreased liver function and fatigue caused by stress as well
as medical conditions and so forth due to decreased
immunological function caused by stress such as cancer
metastasis, thus leading to completion of the present
invention. '



..i

these formul ati ons can be prepared using known adjuvants r
the field of drug preparation technology with the main dru

O R ST

t he purpose of use in accordance with routine nmethods, exafples of which

i ncl ude
SHEET

REPJASENGST

-13- vehicles, binders, preservatives, oxidatioh ptabilizers,

_4_

Thus, the present invention is intended to provide an
anti-stress composition comprising astaxanthin and/or its
ester.

In addition, the present invention relates to a
pharmaceutical or functional food for preventing or
alleviating decreased immunological function, decreased liver
function and fatigue caused by stress as well as medical
conditions due to decreased immuhological function caused by
stress such as cancer metastasis and infection, comprising
astaxanthin and/or its ester.

Moreover, the present invention is intended to provide a
food or beverage in which an anti-stress composition or a
composition for preventing or alleviating various symptoms
such as decreased immunological function caused by stress is
added to a food or beverage that essentially does not contain
astaxanthin and/or its ester.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the weight increasing effect
of astaxanthin on decreased thymus weight caused by restraint
stress.

Fig. 2 is a graph showing the improving effect of
astaxanthin on decreased lymphocyte number caused by stress..

Fig. 3 is a graph showing the improving effect of
astaxanthin on decreased NK cell activity caused by stress.

Fig. 4 is a graph showing the suppresive effect of
astaxanthin on the formation of lipid peroxide in the liverxr
caused by stress.

Fig. 5 is a graph showing the weight increasing effect
of astaxanthin on decreased thymus weight caused by restraint
stress. _

Fig. 6 is a graph showing the improving effect of
astaxanthin on decreased NX cell activity of liver origin
caused by stress.

Fig. 7 is a graph showzng the inhibitory effect of
astaxanthin on increased node metastasis based on a decrease
in immunoactivity caused by stress.

DETAILED DESCRIPTION
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deconposi ng agents, lubricants and correctives. In ajoﬂﬁﬁwﬁgmmﬁ ﬁ@é L
the dose varies according to the purpose of adm nistrationfapd status of
the patient (sex, age, body weight and so forth), the norngl at‘@?ﬂﬁtb%"as
astaxanthin in the case of oral admnistrationis 0.1 ng t¢ 10 g per day
and preferably 0.1 ng to 1 g per day, whilke.the range for ¢btatrmmg
preventive effects is 0.1 ng to 100 ng per day. In the cas¢ of parenteral
adm ni stration, the nornmal adult dose is 0.01 ng to 1 g per day and
preferably 0.01 nsttesdfeffgrpao dagravki b2 dheromnign wdithdht ghei bgdy,
preventive i a r ver age
of the pr‘esgé&icllrﬁ/celrﬁqe%n%g?ﬁzggg%gﬁ}gi&ng%g'i?clrs]rggt (,Plcioer?pgs%lgﬁ %eggdgh% %resent
i nventi on haedy (shresss factors)i Agdedi defense peantion Sharopcrazs elter to

a food or bevas dRIE s L 88 SBEE AFA Y EE . cmtt@doﬁgagse%aéae&@é _ or
its ester, " ood or beverage_es egtlaJlg not contai nin aataxant i n
and/or its gt qi&oqﬁﬁﬁq.ga'ﬁhigﬁ ye, stress factors inZlude physical

(cold, radiation, noise, etc.), chemical (drugs, vitamin
deficiency, hypoxia, etc.) and bioclogical (bacterial
infections, etc.) factors as well as mental factors
(scholastic pressure, surgery, athletic competitions, etc.),
and include so-called emotional stress.

When the body is subjected to stress factors, a
biological respénse is known to occur mediated by the
autonomic nervous system and the endocrine system. In the
endocrine system in particular, adrenocorticotropic hormone
(ATCH) is secxeted. from the pituitary gland, causing the
secretion of adrenocortical hormones that affect the entire
body and result in a series of reactions (general adaptation
syndrome) .

The first stage is known as the warnihg reaction stage.
This consists of passive disordexs or signs of shock along
with aggressive defense symptoms in response to this during
exposure to0 stress. The second stage is the resistance
stage. The weight of the adrenal cortex increases, and
resistance to stréss factors reaches its most potent and
stable state. However, resistance to other stress factors
conversely decreases. The third stage is the exhaustion
stage. As stress factors persist for a long time at high
levels, the capabilities of the body finally grow tired
resulting in a loss of adaptive abilities (Nanzando
Publishing, Medical Dictionary, pub. Feb. 1, 1990, 10th
edition, p. 41).

Thus, although the stress response plays the useful role
of a defense reaction foxr the body, due to excessive
secretion of cortisol and adrenalin during this response,
there are harmful effects on numerous body tissues,
particularly in the case the body is subjected to loading by
excessively high levels of stress. As a result, the body is




5

the total content of astaxanthin and/or its ester daily cgn
than 0.1 ng since the anbunt of astaxanthin and/or its esteﬁggﬁﬂﬁyﬁwiﬁﬁﬁgT

the finished product is extrenmely small. The food or [bgverage of the
present invention can be processed and manufactured by bl ¢ndi t
prescri bed amount of astaxanthin and/or_ ists ester, or an ¢x{ract having

this, with the food or beverage raw material in accordance¢ wth roufine
met hods. Al though the bl ending concentration varies accoréng-ta the form

of the foodjoagasrably & wRAGRALLAhbABoSEad:d Und FérivuRr eieeabks, but
there are no particular limtations on this concentration. ver, it
shoul d be pF%B%?éob%OStﬁﬁfts W%Bﬁ?ﬁ?ﬁg ERA R %%@Pﬁ&eoﬁgﬁéﬁi ent of
t he present prowess i orlNgmwlygntartigot dachys oduss unptdomsumpgacnedft darge
demonst r at ea.tjnct)ﬁ%@é“éf ngf Eﬁ&t 1i ?d?ei‘i?'hﬂéﬁeeéntdso%h %%i@éu?éeve.”“ ng
or alleviating decreased 1 munol ogicC unction, decreased |iver_ tunction
and fatiguedue to excessive secretion of cortisel. In addition, the
mucous membranes of the stomach and duodenum are destroyed
resulting in the occurrence of gastric and duodenal ulcers.
In addition, excessive secration of ‘adrenalin tends to result
in hypertension and diseases of the circulatory system.
Moreover, there is also known to be a correlation
between stress, immunity and cancer (Imura, Y.:
Neurocendocrinimmunology, Asakura Shobo Pub., pp. 299-305,
1593). Namely, although stress affects nearly all
neurcendocrine functions, both sympathetic nerves and the
adrenal axis, and the hypothalamus and the pituitary axis are
affected by stress, bringing about reduced function of the
immune system by means of a complicated process. The effect
of stress is the result of modification by the nervous
system, endocrine system and immune system, and is
bidirectional.
Thus, stress is considered to reduce the function of NK
cells and cell traumatizing T cells, which play an important
role in the immune defense mechanism against cancer, and as a
result, is intimately involved in the occurrence and progress
of cancer. It has also been clearly shown that bioreaction
modifying substances modify the immune system and cause
changes in the interaction between the neural, endocrine and
immune systems, thereby changing the responsiveness to stress
loading. This also suggests the possibility of defending
against cancer metastasis. Moxeover, infections also tend to
occur easily since stress inhibits immunclogical function.
Astaxanthin and/or its ester, which is the active
ingredient of the present invention, has been found in shrimp
eggs [XKuhn, et al.: aAngew. Chem. 51, 465 (1938) or Ber., 71,
1879 (1938)], in animal organs {Kuhn, et al., Ber., 72, 1688
(1939)]. in plants ([Tischer, et al.: Z. Physiol. Chem., 267,
281 (1941)}, in the petals of Amur adonis and buttercups




caused by stress, or preventing and inproving nedical

REPLACEMENT SHEET - 14 - fondi tions due
t o decreased i munoconpet ency caused by stress such as cange uﬁ?qﬂﬂﬁﬁﬁg
-and cancer pronotion. In the food or beverage of the présent

REPLACEMENT SHEET

invention, its formmay be a solid or |rqWéid. Exanples of sych—foods

[Seybold, et al., Nature, 184, 1714 (1%59)] and the red wings
of birds [2. Physiol. Chem., 288, 20 (1951)]1, and its
structure has been determined (Grangaud, Comt. Rend., 242,
1767 (1956), or Andrews, et al., Acta. Chem. Scand., B28, 730
(1974)). Methods for its synthesis have also been
established [Cooper, et al., J. Chem. Soc¢. Perkin Trans. I,
1975, 2195, Kienzle, et al., Helv. Chim. Acta, 61, 2609
(1978), Widmer, et al., Helv. Chim. Acta., 64, 2405 (1981),
Mayer, et al., Helv. Chim. Acta., 64, 2419% (1%8l1)], and
chemically synthesized products are easily available.

Chemically synthesized astaxanthin, an extract of
Phaffia, Tigriops, (red water flea), the shell of a
crustacean such as krill, green algae or microalgae
containing astaxanthin and/or its ester (which may be in the
form of a solvent-extracted extract or that which has been
appropriately purified as necessary), or a powder prepared by
grinding a crustacean or Haematococcus species green algae
containing astaxanthin and/or its ester, can be used for said
active ingredient of the present invention.

For example, a method for extracting astaxanthin and/or
its ester from the shell of a crustacean using an alkylester
carboxylate is described in Japanese Unexamined Patent
Publication No. 58-88353, é method for producing astaxanthin
and/or its ester by culturing green algae able to
biosynthesize astaxanthin, examples of which include
Clamydomonas, Haematococcus, Chlorocvtrium, Chlorella,
Chlorococcum, Characium, Trebouxia, Dictvosphaerium,
Scenedesmus, and Hvdrodictvem, in a medium containing Na
salt, K salt and Rb salt is described in Japanese Unexamined
Patent Publication No. 1-187082, and a method for producing
astaxanthin and/or its ester by culturing astaxanthin-
producing yeast cells such as Phaffia species in Difco YM
mediunr under specified conditions following mutation
treatment is described in PCT Japanese National Publication

No. 2-504101.
A method for increasing the formation of astaxanthin by

Haematococcus pluvialis by adjusting the concentration ratio
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nutritional descrlbed in Japanese Unexamined Patent Publicatlon No. 3-
206880, and a method for manufacturing astaxanthin at a high
level by a mutant strain of Phaffia rhodzyma is described in
Japanese Unexamined Patent Publication No. 4-228064.

In addition, a method for obtaining a large amount of
astaxanthin by inducing cyst formation in algae by a
specified method after aercbically culturing said
Haematococcus pluvialis is disclosed in Japanese Unexamined
Patent Publication No. 5-68585, and a method for extracting
astaxanthin from Adonis species plants is disclosed in
Japanese Published Patent Publication No. 5-509227. In the
present invention, an extract containing astaxanthin and/or
its ester obtained by any of these methods can be used
(including that in the form of a solvent-extract or that
which has been appropriately purified as necessary). In
addition, that which has been obtained by methods other than
those described above can also be used provided it can
effectively provide the properties of the active ingredient
of the present invention.

Moreover, although an astaxanthin-containing powder
obtained by low-temperature drying followed by grinding of a
raw crustacean is disclosed in Japanese Unexamined Patent
Publication No. 1-186860, while a ground algae composition
obtained by Haematococcus species green algae is disclosed in
Japanese Unexamined Patent Publication No. 3-83577, any
powder containing astaxanthin and/ox its ester can also be
used in the present invention. In addition, any method other
than that indicated above can be suitably used provided it is
able to effectively provide the properties of the active
ingredient of the present invention.

In addition, although a method for synthesizing
astaxanthin by reacting a specific tertiary alcohol and
trifluorcacetic acid at low temperatures and without using

U
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nutrients. In addition, although exanples of processed form E%ﬁrﬁ% 298]
natural fluid foods, 'sem -digested nutritional foods, conpoheht ﬁi??zal
foods and drinks that are blended with prgtgins (al though pfoleins_such as
mlk protein, soy bean protein and egg album n having a high nutritional
val ue and bal anced ami no acids are nost wi dely used for the-preterr—setiee—
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in the present invention.

Moreover, a method for manufacturing vellow to reddish-
orange pigment astaxanthin is described in Japanese
Unexamined Patent Publication No. 60-4558 wherein the viable
form or dried form of krill is immersed in an organic¢ solvent
such as acetone, n-hexane or ethyl acetate, the pH of the
resulting solvent extract, in which the pigment is eluted, is
neutralized, and lipase or base is added to decompose fatty
acids and other impurities and create a liguid system
followed by super-criticél gas extraction, molecular
distillation or washing using dilute base.

In addition, a method for manufacturing orange pigment
astaxanthin is disclosed in Japanese Unexamined Patent
Publication No. 61-281159 wherein, after selectively
hydrogenating unsaturated lipids other than the pigment with
a catalyst in a crude pigment solution in which dried krill
are extracted with an organic solvent such as acetone or n-
hexane, lipase is added to hydrolyze the lipid, and the
dissociated fatty acid is removed by addition of urea and/or
molecular distillation followed, if necessary, by further
concentration and purification by column chromatography.
Moreover, it is described in Yamashita, E.: Food and
Development, Vol. 27, No. 3 (Consecutive Volume No. 409), p.
38-40 (1992) that astaxanthin diester, monoester and free
astaxanthin can be separated by performing high-performance
liquid chromatography (HPLC) on a organic solvent extract OX
super-critical extract of krill.

Japanese Unexamined Patent Publication No. 5-155736
describes the elution and recovery of pigment by performing
HPLC to remove triglycerides, polar lipids and so forth to
dramatically increase pigment concentration, the removal of
substances that are the source of the characteristic odor of
marine products, the:use of, for example, silica gel, silicic

- U UL
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case of providing in the formof a sports drink or nutriti n%EPLdCEMENT SHEET

easily digestible carbohydrates, am no acids, vitam ns, mpefa
nutritional additives as well as sweeteners, spices, fragrfa eg;anﬂ

pi gments can al so be blended in order to provide nutritional] bala cg 1327
wel | as further inprove taste during-inges{qon. —

dcid or activated alumina for the adsorbent that serves as
the stationary phase packed into the column, the use of, for
example, n-hexane, cyclohexane or petroleum ether for the low
polar solvent that serves as the mobile phase, the use of,
for example, n-hexane, ethyl acetate or methanol for the
polar solvent, and elution of low polar lipids such as
triglycerides with n-hexane followed by increasing the
content of acetone in the n-hexane (the acetone content being
within a range of roughly 0.1-20% acetone/n-hexane) fox
purification of the pigment.

In the present invention, an extract containing
astaxanthin and/or its ester that has been purified with any
of the above methods can alsoc be used. In addition, methods
often than those above can also be suitably used provided
they are able to effectively provide the properties of the
active ingredient of the present invention.

Also in the present invention, the previously described
crude extracts or powders containing astaxanthin and/or its
ester, that which has been suitably purified as necessary, or
that which has been chemically synthesized ¢an be used alone
or in a suitable combination.

In the present invention, esters of astaxanthin include
monoésters or diesters of saturated fatty acids such as

palmitic acid and stearic acid, or unsaturated fatty acids
such as oleic acid, linoleic acid, «-linolenic acid, y-

linolenic acid, bis-homo-y-linolenic acid, arachidonic acid,
eicosapentaenic acid and docosahexaenic acid, and these
esters can be used alone or in a suitable combination. Since
the structure of astaxanthin is such that an excess oOx0 group
and a hydroxy group are present in the f-carotene skeleton on

both of its ends, the stability of the free molecule is low
in comparison with B-carotene. In contrast, that in which
the hydroxy groups on both ends are esterified with
unsaturated fatty acid and so forth (e.g., krill extract) is
more stable.

Although astaxanthin and/or its crude extract can be
used directly after being dissolved in ethanol and diluted
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added to any foods when preparing hospital neals under the sppgrvistromof

nutritioni st based on the instructions of a physician, and a sopjgpg{ﬂ?
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at the hospital can be given to patients. Si nce astaxang hf n an

ester is insoluble in water, it can be provided in capsules ja

suspending in oil either directly or usi “an emul sifier, adtaxanthin
and/or its ester can be dissolved in oil, emulsified in an aqueouUs SUrut+er
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gum, gua gum or gelatin), vitamin P (e.g., flavoids such as
hesperidin, lutin, quercetine, catechin, thianidine and
eliodictin or mixtures thereof) to the agueous phase, or by
adding astaxanthin, astaxanthin crude extract or a mixture
thereof to the oily phase, and then adding glycerine fatty
acid ester or oil, examples of which include vegetable seed
0il, soy bean o0il, corn oil and other routinely used liquid
oils. When emulsifying, a high-speed agitator or homogenizer
should be used to mix and emulsify.

The astaxanthin of the present invention is inherently a
naturally-occurring substance. Since it has been eaten, it
can be easily considered to have low toxicity and a high
degree of safety. It also has considerable significance as
an anti-stressICQmposi;ion. In actuality, 2 g/kg of ASTAX
1700 (Itano Refrigated Food Co., Ltd., oil containing 1.7% by
weight of astaxanthin), an astaxanthin-containing extract
obtained from krill shell and purified by HPLC, was given in
a single oral administration to 4 week old, male ICR mice to
assess its acute toxicity. As a result, there were no
abnormalities observed with respect to general condition,
appearance, body weight changes and autopsy findings.

The astaxanthin and/or its ester of the present
invention can be used in the form of a pharmaceutical, \
cosmetic, functional food, nutritional supplement and
beverage or food.

The composition of the present invention is able to
prevant or improve various health disorders caused by stress.
Thus, the composition of the present invention can also be
used for mental or physical relaxation or for mental
stabilization.

In addition, the composition of the present invention is
able to prevent or alleviate decreases in immunological
function caused by stress, such as physical stress caused by




becones extrenely | arge when heated to 100[err] C or abovef '
~other hand, esters of astaxanthin are highly soluble in o &EPLQ%WTEQMET

easily dissolved in oils. Exanples of such oils include vegetable oils sucH
as soy bean oil, corn oil, rape seed oil, palmoil, olive|o| | 0&dAN
oil, lenon oil, orange oil, peanut oil _and sunflower oil,|hprdened oils

produced by hydrogenating these oils, natural waxes such ps™TanolrTn, whale
wax and bees wax, animal fats such as beef tallow, pork thllow and butter
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stearat e dig&smnﬂndﬁtumnangsaﬂdapassn#s|évqmdance. Thus, the CompOS1tlon
of the present invention can be used to prevent oxr alleviate
medical conditions caused by decreased immunological function
due to stress, examples. of which include infection, cancer
metastasis and cancer promotion. Furthermore, improvement of
conditions in the present invention includes the treatment of

disease.
In addition, the composition of the present invention is

able to prevent or alleviate gastric and duodenal ulcers
brought about by destruction of mucous membrane in the
stomach and duodenum caused by stress, decreased organ
function such as that of the liver caused by stress, as well
as hypertension and diseases of the circulatory system.
Moreover, since the composition of the present invention is
also able to inhibit physical stress, mental stress and
various symptoms of fatigue caused by both, it can be used
before, during and aftexr physical labor, mental work or
sports. Furthermore, alleviation of condition im the present
invention includes the treatment of disease.

In the case of using the active ingredient of the
present invention as a pharmaceutical, it may be administered
in any formulation provided oral administration or parenteral
administration can be suitably performed, examples of which
include injection solutions, parenteral fluid, powders,
granules, tablets, capsules, pills, enteric-coated pills,
troaches, internal medications, suspensions, emulsions,
syrups, external medications, fomentations, nasal drops, ear
drops, eye drops, inhalants, ointments, lotioas, i
suppositories and enteral nutrients. They may be used either
alone or in combination according to the symptoms. Each of
these formulations can be prepared using known adjuvants
routinely used in the field of. drug preparation technology
with the main drug according to the purpose of use in
accordance with routine methods, examples of which include
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cycl odextrin), a powdered inclusion can be obtained that cpn|be di ssolved
in water. Furthernore, since astaxanthin and/or its psfepRUANPIT! Y
oxi di zed and deconpose relatively easily in air, it is desjrjpble to add an
antioxidant such as vitamn E, vitamn Cj3 - )

vehicles, binders, preservatives, oxidation stabilizers,
decomposing agents, lubricants and correctives.

In addition, although the dose varies according to the
purpose of administration and status of the patient (sex,
age, body weight and so forth), the normal adult dose as
astaxanthin in the case of oral administration is 0.1 mg to
10 g per day and preferably 0.1 mg to 1 g per day, while the
range for obtaining preventive effects is 0.1 mg to 100 mg
per day. In the case of parenteral administration, the
normal adult dose is 0.01 mg to 1 g per day and preferably
0.01 mg to 100 mg per day, while the range for obtaining
preventive effects is 0.01 mg to 10 mg per day.

In a food or beverage of the present invention prepared
by adding the composition of the present invention having for
its active ingredient'astaxanthin and/or its ester to a food
or beverage material essentially not containing astaxanthin
and/or its ester, "a food or beverage essentially not
containing astaxanthin and/or its ester“ is, that in which
the total content of astaxanthin and/oxr its ester daily
consumed is less than 0.1 mg since the amount of astaxanthin
and/or its ester contained in the finished product is
extremely éméll.

The food or beverage of the present invention can be
processed and manufactured by blending the prescribed amount
of astaxanthin and/or its ester, or an extract having this,
with the food or beverage raw material in accordance with
routine methods. Although the blending concentration varies
according to the form of the food, generally a concentration
of 0.001-10% is preferable, but there are no particular
limitations on this concentration. However, it should be |
prepadred so that it contains enough of the active ingredient

.og the present invention per amount of daily consumption
reﬁuired to demonstrate its anti-stress effect, or
demonstrate its effect of preventing or alleviating decreased
immunological function, decreased liver function and fatigue
caused by stress, or preventing and improving medical
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nutritional supplenent of the present invention in an anouni ng to
10 g, and preferably 0.1 ng to 1 g, as astaxanthin for the pu pssc o
preventing and inproving synptons of stre and maintai ninglhealth, or 0.1

ng to 100 ng for preventive effects. EXAMPLES Al t hougm the
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the present invention is not |imt anple 1.
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and after pr |n1nar|%% keg Bigg ggrlfquzd Examples of such foods
include margarine, butter, butter sauce, chaeese (natural and
processed), ¢ream, shortening, lard, ice cream, yogurt,
coffee creamer, dairy products, sauces, soups, meat products,
fish products, popcorn, french fries, potato chips, rice
seasoning, rolled omelets, Japanese confections (including
rice crackers), Western style confections (including pudding,
Jjello, chewy candy, hard candy, drops, caramel, chocolate,
chewing gum and pastries), baked confections (including
custard, cake, doughnuts, biscuits, cookies and crackers),
macaroni, pasta, salad oil, instant soups, dressings, eggs.
mayonnaise, fermented bean curd, carbonated beverages, non-
carbonated beverages (including fruit drinks and nectar
drinks), soft drinks, sports drinks, tea, coffee, cocoa and
other non-alcoholic beverages, ligqueur, medicinal wine and
other alcoholic beverages.

In the case of using the active ingredient of the
present invention as a functional food or nutritional
supplement, it may be in the form of any of the above-
mentioned pharmaceutical preparations including capsules,
granules and enteral nutrients. In addition, although
examples of processed forms include natural fluid foods,
semi-digested nutritional foods, component nutritional foods
and drinks that are blended with proteins (although proteins
such as milk protein, soy bean protein and egg albumin having
a high nutritional value and balanced amino acids are most
widely used for the protein source, their degradation ‘
products, egg white oligopeptides, soy bean hydrolysis
products as well as mixtures of individual amino acids are
also used), sugars, fat, trace elements, vitamins,
emulsifiers and fragrances, there are no particular
limitations on the form provided the form is that of ordinaxy
food produdts.
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week in an SPF (specific pathogen free) environment, were used in the

experinent at age 7 weeks. The m ce were divided into Qb '
group (16 mce) and a non-restrained group (5 mce). The u1?aﬂﬁ$§ ﬁuﬁﬁgvgﬁB

was used as a control group. The restrained group was furthef divided into
4 groups of 4 mice each, and designated as the restrai ned foft Gl JAtbIS7
vitamn E group, [err]-carotene group andj@staxanthin group.|The restraingd
groups were restrained for 20 hours in netal restraint cagps under

conditions of mniml body novenent and access to drinkinglwater to induce
restraint stress.In theAH#X & Prowdingctinr edebfohand Redpowga ettimod

Co., Ltd. (cght ghdNgs cha’ %:AhX ALY dLE8LELL P dodrihifarates, amino
acids, vitamins, minerals and other nutritional additives as
well as sweeteners, spices, fragrances and pigments can also
be blended in order to provide nutritional balance as well as
further improve taste during ingestion.

In addition, the active ingredient of the present
application can also be added to any foods when preparing
hospital'meals under the supervision of a nutritionist based
on the instrﬁctions of a physician, and meals prepared at the
hospital can be given to patients.

Since astaxanthin and/or its ester is insoluble in
water, it can be provided in capsules and so forth by
suspending in oil either directly or using an emulsifier,
astaxanthin and/or its ester can be dissolved in oil,
emulsified in aﬁ agqueous solution containing surface active
agent or polymer and so forth followed by dissolving the
resulting emulsion in water, or it can be spray dried and
provided in the form of a liquid or powder. Since the
solubility of astaxanthin in oil is extremely low, although
considerable time is required to dissolve crystals of
astaxanthin in oil, the dissolution rate can be increased by
using fine crystals. The solubility of astaxanthin also
becomes extremely large when heated to 100°C or above.

On the other hand, esters of astaxanthin are highly
soluble in oils, and can be easily dissolved in oils.
Examples of such oils include vegetable oils such as soy bean
oil, corn oil, rape seed o0il, palm oil, oliwve o0il, safflower
oil, lemon o0il, orange ©0il, peanut oil and sunflower oil,
hardened ¢ils produced by hydrogenating these oils[ natural f
waxes such as lanoclin, whale wax and bees wax, animal fats
such as beef tallow, pork tallow and butter as well as wheat
germ oil and concentrated vitamin E oil. In addition,
glycerine fatty acid ester, sucrose fatty acid ester,
sorbitan fatty acid ester, soy bean phospholipid, propylene
glycol farty acid ester and stearate diglyceride are used as
emulsifiers.
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J4monoester), extracted and purified fromkrill, was used fof—gsteaxartitn
ASTAX 5000 was dissolved in mediumchain fatty acid triglykdtEPUACKMENT SHEETa
concentration of 100 ng/10 mM as astaxanthin content and used as the test
substance solution. Vitamn E and [err]-carotene were dissplpiegd gaNIHe7and
MCT only was adm ni stered to the contrel 1greup. The test sjubjstances were

given orally three tines on the day before restraint, i di ‘at-etiy—att-er
restraint, and on the day after restraint at a dose of 103 qg/kg, for each

t est In addition, by enclosing astaxanthin and/o
' using cyclic dextrin {(a-cyclodextrin, f-cyclodextrin and y-
cyclodextrin), a powdered inclusion can be cbtained that can
be dissolved in water.

Furthermore, since astaxanthin and/or its ester are
easily oxidized and decompose relatively easily in air, it is
desirable to add an antioxidant such as vitamin E, vitamin C,
glutathione, phytinic acid, catechin, flavoids or fi-carotene
to the active ingredient of the present invention to inhibit
its decomposition.

It is desirable to ingest the food or beverage,
functional food or nutritional supplement of the present
invention in an amount of 0.1 mg to 10 g, and preferably 0.1
mg to 1 g, as astaxanthin for the purpose of preventing and
improving symptoms of stress and maintaining health, or 0.1
mg to 100 mg for preventive effects.

EXAMPLES

Although the follo&ing Examples provide a detailed
explanation of the present invention, the present invention
is not limited to these Examples.

Example 1. Effect of Restraint Stress on Decreased

Thymus wWeight
Six week old, male C57BL/6 mice were purchased from

Japan Clea Co., Ltd., and after preliminarily keeping for 1
week in an SPF (specific pathogen free) environment, were
used in the experiment at age 7 weeks.

The mice were divided into a restrained group (16 mice)
and a non-restrained group (5 mice). The unrestrained group
was used as a control group. The restrained group was
further divided into 4 groups of 4 mice each, and designated
as the restrained comtrol group, vitamin E group, P-carotene
group and astaxanthin group. The restrained groups were
restrained for 20 hours in metal restraint cages under
conditions of minimal body movement and access to drinking
water to induce restraint stress.

ASTAX 5000 manufactured by Itano Refrigated Food Co.,
Ltd. (containing 3.57% astaxanthin diester and 1.53%
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subst ance. The m ce were sacrificed by dislocation of
wvertebra 48 hours after the start of restraint. The thynus

i
exci sed and wei ghed. Those results are shown in Fig. 1. Thyfrus wei ght
.

decreased significantly due to restraint stress |oading. Th
t hymus wei ght is suggesting decreased |nnﬁpolog|cal functio
this weight decrease was significantly I bited by adm ni s
astaxanthin, thus confirmng its Stress inhibitory effect.
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oose-fitting AR NTReERkESEnLS BLSPALS Ad L8ecCk! cRUspgRe! on The
substance solution. Vitamin E and f§-carotene were dissolved
in MCT, and MCT only was administered to the control group.
The test substances were given orally three times on the day
before restraint, immediately after restraint, and on the day
after restraint at a dose of 100 mg/kg, for each test

substance.

The mice were sacrificed by dislocation of the cervical
vertebra 48 hours after the start of restraint. The thymus
gland was excised and weighed. Those results are shown in
Fig. 1. Thymus weight decreased significantly due to
restraint stress loading. The decreast thymus weight is
suggesting decreased immunological function. In contrast,
this weight decrease was significantly inhibited by
administration of astaxanthin, thus confirming its stress

inhibitory effect.

Example 2. Effect of Restraint Stress on Reduced
Spleen Iymphocyte Count and Decreased NK

Cell lvit

The spleens were excised from those mice sacrificed
after 48 hours after the start of restraint of Example 1l:
The spleens were then finely sliced with a loose-fitting
glass homogenizer to prepare a free cell suspension. The
cells were then subjected to hypotonic treatment to remove
erythrocytes. After washing, the cells were suspended in
RPMI 1640 medium containing 10% fetal calf serum (FCS), and

the number of lymphocCytes per spleen was counted.

Those ‘

results are shown in Fig. 2. Although spleen lymphocyte
count significantly decreased due to strass loading,
administration of astaxanthin was confirmed to significantly

inhibit this decrease in lymphocyte count.

Next, the NK cell activity of the above-mentioned spleen
lymphocytes was calculated according to the method described

below.
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ctlI's were then subj ected to hypotonic treatnment to renove erfyip Vol -
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fetal calf serum (FCS), and the nunber of |ynphocytes per spljegn was
counted. Those results.are shown in Fig. 2. Al though spleen ljyfpHoéyiAN W97
count significantly decreased due to stresg Loadi ng, adm nisfrgti on of
astaxanthin was confirmed to significantly inhibit this decr¢ase I n

| ynphocyte count. Next, the NK cell activity of the abokesuentigpned
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lymphocytes were allocated to each well of a 96-well round-
bottom microplate followed by the addition of 1 x 104
celis/well of YAC-1 target cells labeled with 51Cr sodium
chromate. After incubating for 6 hours at 37°C, the
radioactivity released in d.l ml. of supernatant was measured
to evaluate cell impairment. NK cell activity was determined
as the number of cells impairing the target cells by 30%
(LU3g) using the following eguation.
% Cytolysis = (Experimental cpm - Spontaneous cpm)/

(Maximum cpm - Spontaneous cpm) X 100
Those results are shown in Fig. 3. Although NK cell activity
per spleen lymphocyte decreased due to stress, administration
of astaxanthin inhibited the decrease in cell impairment
activity of the NK cells, thus confirming that it exhibits an
inhibitory effect on decreased immunological function caused

by stress.

Example 3. Effect of Restraint Stress on Increased
Liver Lipid Peroxides

The livers were excised from those mice sacrificed after
48 hours from the start of restraint of Example 1. The lipid
peroxides contained in the liver tissue were determined in
the form of the products of reaction with 2-thiobarbituric
acid (TBA) in accordance with the method of Uchiyama and
Mihara (Uchiyama, et al.: Anal. Biochem. 86, 271).

Namely, 9 volumes of 1.15% cold KCl solution were added
to each of the livers excised from each group of mice
followed by tephrohomogenization. 0.5 ml of a 5-fold
dilution of the homogenate was transferred to a capped Pyrex
test tube followed by the addition of 0.3 ml of 1% phosphoric
acid and 1.0 ml of 0.67% TBA solution and boiling for 45

minutes after sealing.
After rapid cooling, 4.0 ml of n-butanol were added

followed by shaking and centrifugal separation for 10 minutes
at 3000 rpm. The absorbance difference (A535-520) in the
resulting butanol layer was then measured. The amount of TBA
reaction product was calculated using 1,1,3,3-
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for 6 hours at 37C, the radioactivity released in 0.1 m O
was neasured to evaluate cell inpairnment. NK cell activity was det er mi ne
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are shown in #Fg.SkowmimFigh AK céﬁlsh@tﬂhvin ¥ig. 4, although liver

1lipid peroxide increased significantly due to restraint
stress, administration of astaxanthin significantly inhibited
this increase, thus confirming that it exhibits an inhibitory
effect on decreased liver function caused by stress.
e dv_of ingd Effective Dose
& ti-Stre ect of Astaxanthi

Astaxanthin (Roche) was dissolved in MCT to astaxanthin
concentrations of 0.04 mg/10 ml, 0.2 mg/10 ml, 1.0 mg/10 ml
and 5.0 mg/10 ml to prepare the test substance solutions.

Thymus weight and spleen-origin NK cell activity were
measured using the same procedures as described in Examples 1
and 2. ThHose results are shown in Figs. 5 and 6. Animals of
the-astaxanthin group exhibited dose-dependent inhibitory
effects on significant decreases in thymus weight caused by
stress loading, and that effect was significant at doses of
1.0 mg/kg and above. With respect to NK cell activity, an
inhibitory trend was observed at doses of 0.04 mg/kg and
above on decreased activity caused by stress. These findings
suggest that the minimum effective dose of astaxanthin is
roughly 1.0 mg/kg.

e fect of Restraint Stre Promotion
of Cancer Metastasis '

7 week old, male DBA/2 mice were purchased from Japan
Clea Co., Ltd., and after housing on a preliminary basis for
1 week in a specific pathogen free (SPF) atmosphere, the
animals were used in the experiment at age 8 wecks.

The experimental mice were divided into three groups
consisting of a restraint stress non-loaded control group (8
mice), a restraint stress loaded control group (8 mice) and a
restraint stress loaded astaxanthin group (9 mice).
Astaxanthin was administered orally by gavage three times on
the day before restraint, immediately aftexr the start of
restraint and the day after the start of restraint at a dose
of 1 mg/kg (MCT solution) each. Roche astaxanthin, a
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DBA/2 mice in this 1aborétory was used for the P815
mastocytoma (DBA/2 mouse cutaneous mastocytoma). 1 x 104
cells/animal were tramsplanted into the caudal vein of each
animal. Furthermore, animals of the restraint stress groups
were transplanted with mastocytoma 24 hours after the start
of stress loading. The liver was excised 16 days after
transplantation and after Vaughn's fixation, the number of
transplanted nodes on the liver surface was measured. Those
results are shown in Fig. 7. As shown in Fig; 7, when a
decrease in immunoactivity (NK cell activity, etc.) occurred
due to stress loading, metastasis of the transplanted liver
cancer was significantly promoted because of this. It was
confirmed that administration of astaxanthin caused
remarkable inhibition of promotion of cancer metastasis due
to decreased immunological function caused by stress.

Prepazation Example 1. Capsules

Gelatin 70.0%
Glycerine 22.9%
Methyl paraosybenzoate 0.15%
Propyl paraoxybenzoate 0.51%
Water As necessary
Total 100%

Krill extract oil (containing 3.57% astaxanthin diester
and 1.53% astaxanthin monoester) was filled into soft
capsules composed of the abové-mentioned ingredients in
accordance with routine methods to obtain soft capsules
weighing 180 mg per capsule.

Preparation Example 2. Drink

Flavoring: DL-sodium taxtrate lg
Succinic acid 0.09 g

Sweetener: Liquid sugar 8 Xg

Sourness: Citric acid 120 g
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Vitamin: Vitamin C 100 g
Astaxanthin ethylestexr 30g
Vitamin E . 300 ¢
Cyclodextrin ' 50 g
Fragrance 150 ml
Potassium chloride : 10 g
Magnesium sulfate 5g

The above-mentioned ingredients were blended followed by
the addition of water to bring to a final volume of 100
liters. Approximately 100 ml of this drink is consumed per

serving.
Preparation Example 3. Tonic
Flavoring: DL-sodium tartrate 1g
' Succinic acid 0.09 g
Sweetener: Ligquid sugar 8 Kg
Sourness: Citric acid 120 g
Vitamins: Vitamin C 100 g
Vitamin Bl 20 ¢g
Vitamin B2 20 g
Vitamin B6 20 g
Vitamin Bl2 . 20 g
Folic¢ acid 10 g
Nicotinic acid 209
Vitamin E 300 g
Cyclodextrin 50 g
Astaxanthin ethylestexr 30 g
Fragrance . 150 ml
Potassium chloride 10 g
Magnesium sulfate 5g

The above-mentioned ingredients were blended followed by .
the addition of water to bring to a final volume of 100
liters. Approximately 100 ml of this tonic is consumed per

serving.
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inhibitory decreased immunological function caused by stress comprising
at least one of astaxanthzn and its ester, and a conventlonal
carrier.

3. A composition for preventing or alleviating a
medical symptom due to decreased immunological function
caused by stress, comprising at least one of astaxanthin and
its ester, and a conventional carrier.

4. A composition according to ¢laim 3 wherein said
medical symptom due to decreased immunological function
caused by stress is cancer metastasis Or cancer promotion.

5. A composition for preventing or alleviating
decreased liver function caused by stress comprising at least
one of astaxanthin and its ester, and a conventional carrier.

6. A composition for preventing or alleviating fatigue
caused by stress conmprising at least cne of astaxanthin and
its ester, and a conventional carrier.

7. ‘A composition according to any one of claims 1
through € wherein said composition is a pharmaceutical.
8. A composition according to any one of claims 1

through 6 wherein said compositi¢n is a functional food.

9. A food or beverage prepared by the addition of a
composition according to any one of claims 1 through 5 to a
food or beverage material essentially not containing
astaxanthin and/or its ester.

10. Use of at least ome of astaxanthin and its ester
for preparation of an anti-stress composition.

11. Use of at least one of astaxanthin and its eq;ef’
for preparation of a composition for preventing or
alleviating decreased immunological function caused by
stress.

12. Use of at least one of astaxanthin and/or its ester
for preparation of a composition for preventing or improving'
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l4. Use of at least ome of astaxanthin and its ester
for preparing a composition for preventing or alleviating
decreased liver function caused by stress.

15. Use of at least one of astaxanthin and its ester
for preparation of a composition for preventing or
alleviating fatigue caused by stress.

16. Use according to any one of claims 10 through 15
wherein said composition is a pharmaceutical.

17. Use according to any one of claims 10 through 15
wherein said composition is a functional food.

18. A method of preparing a food or beverage comprising
adding a composition according to any ¢one of c¢laims 1l through
6 to a food or beverage material essentially not containing
astaxantin and/or its ester.
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An anti-stress composition having for its active
ingredient astaxanthin and/or its ester. This composition
can be in the form of a pharmaceutical, functional food, food

or beverage and so forth.
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8. Use of at least one of astaxanthin and/or its ester for preparation

Pof a conposition for preventing or alleviating a nedical synptom due to
medi at ed i mmuno response caused by

decreased | ynphocyte- and NK-cell -
Use according to claim 12 wherein said nedical synptom

stress. 4.
due to decreased i munol ogi cal function caused by stress is cancer

net astasi s or cancer pronotion. 5. Use of at | eag -
astaxanthin and its ester for preparing & ¢gnposition fdr R% ﬁA\@Mﬁ“ﬁqs'ﬂﬁfT
al l eviating decreased liver function cau d7by stress. 6. Use of ] af
| east one of astaxanthin and its ester for preparation ¢f [a @@npaRiggon|f pr
preventing or alleviating fatigue caused by stress. L Use accor fi hg
to any one of clainms 10 through 15 wherein said conposifion s &
phar maceuti cal . 8. Use according to any one of claius 10 through 1p

wherein said conposition is a functional food.
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1. An anti-stress composition comprising at least one
of astaxanthin and its ester, and a conventional carrier.
2. A composition for preventing or alleviating

decreased immunological function caused by stress comprising
at least one of astaxanthin and its ester, and a conventional
carrier. _ '

3. A composition for preventing or alleviating a
medical symptom due to decreased immunological function
caused by stress, comprising at least one of astaxanthin and
its ester, and a conventional carrier. -

4. A composition according to claim 3 wherein said
medical symptom due to decreased immunological function
caused by stress is cancer metastasis or cancer promotion.

5. A composition for preventing or alleviating
decreased liver function caused by stress comprising at least
one of astaxanthin and its ester, and a conventional carrier.

6. A composition for preventing or alleviating fatigue
caused by stress comprising at least one of astaxanthin and
its ester, and a conventional carrier.

7. A composition according ﬁo any one of claims 1
through 6 wherein said composition is a pharmaceutical.

8. A composition according to any one of claims 1
through 6 wherein said composition is a functional food.

a. A food or beverage prepared by the addition of a
composition according to any one of claims 1 through 5 to a
food or beverage material essentially not containing
astaxanthin and/or its ester.

10. TUse of at least one of astaxanthin and its ester
for preparation of an anti-stress composition.

11. Use of at least one of astaxanthin and its egter’
for preparation of a composition for preventing or
alleviating decreased immunological function caused by
stress.

12. Use of at least one of astaxanthin and/or its ester
for preparation of a composition for preventing or alleviating
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symptom due to decreased immunoclogical function caused by
stress is cancer metastasis or cancer promotion.

l4. Use of at least one of astaxanthin and its ester
for preparing a ccmposition for preventing or alleviating
decreased liver function caused by stress.

15. Use of at least one of astaxanthin and its ester
for preparation of a composition for preventing or
alleviating fatigue caused by stress.

lé. Use according .to any one of claims 10 through 15
wherein said composition is a pharmaceutical.

17. TUse according to any one of claims 10 through 15
wherein said composition is a functional food.

19. A method for treating stress condition
comprising administrating at least one of astaxanthin and its
ester to a subject.

20. A method for preventing or alleviating
decreased immunological function caused by stress, comprising

administrating at least one of astaxanthln and its ester to a
subject.

21. A method for preventing or alleviating a
medical symptom due to decreased immunological function
caused by stress, comprising administrating at least one of
astaxanthin and its ester to a subject.

22. A method according to claim 21 wherein said
medical symptom due to decreased immunological function
caused by stress is cancer metastasis or cancer promotion.

23. A method for preventing or alleviating
decreased liver function caused by stress, comprising
administrating at least one of astaxanthin and its ester to a

subject. e
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subj ekt . 21. A nethod for preventing or alleviating a nedical
synptom due to decreased i mTunoI ogi cal function caused by stress,

conpri sing admnis j | east one of astaxanthin and its ester to a
subj ect . ccording to claim21 wherein said

cancer metastasis*0 ion. 23. ng:mggm:_m SHEET
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24. A method for preventing or alleviating fatigue
caused by stress comprising administrating at least one of
astaxanthin and its ester to a subject.

25. A method according to any one of claims 19
through 24, wherein said astoxantin and/or its ester is
incorporated into a food or drink."
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10. Use of at least one of astaxanthin and its ester
for preparation of an anti-stress composition.

11. Use of at least one of astaxanthin and its ester’
for preparation of a composition for preventing or
alleviating decreased immunological function caused by

stress.
12. Use of at least one of astaxanthin and/or its ester

for preparation of a composition for preventing or alleviating
a medical symptom due to decreased immunological function

(=8

caused by stress.
13. Use according to claim 12 wherein said medical

symptom due to decreased immunological function caused by
stress 1s cancer metastasis or cancer promotion.
l4. Use of at least ome of astaxanthin and its ester

for preparing a composition for preventing or alleviating

decreased liver function caused by stress.
15. Use of at least one of astaxanthin and its ester

for preparation of a composition for preventing or

alleviating fatigue caused by stress.
l6. Use according to any one of claims 10 through 15

wherein said composition is a pharmaceutical.
17. Use according to any one of claims 10 through 15

wherein said composition is a functional food.
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24. A nmethod for preventing or alleviating fati gue caused by stress 96[0929-3
conprisi'ng adm ni strati ast one of astaxanthin and its ester to Q}Hh)

subj ect . thod according to any one of clains 19 through
24 wherel n Uum”w "ﬁgmn"lmnd/or its ester is incorporated into a food or
dr _
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CLATMS

1. Use of at least one of astaxanthin and its ester
for preparation of an anti-stress composition.
2. . Use of at least one of astaxanthin and its esgter’

for preparation of a composition for preventing or
alleviating decreased lymphocyte- and NK-cell-mediated

immunoc response caused by stress.

3. - Use of at least one of astaxanthin and/or its ester
for preparation of a composition for preventing or alleviating
a medical symptom due to decreased .lymphocyte- and NK-cell-

mediated immund response caused by stress.

4.  Use according to claim 12 wherein said medical

symptom due to dédreased immunological function caused by

stress is cancer metastasis or cancer promotion.

5. Use of at least one of astaxanthin and its ester.
for preparing a composition for preventing or alleviating

decreased liver function caused by stress.
6. Use of at least one of astaxanthin and its ester

for preparation of a composition for preventing or

alleviating fatigue caused by stress.
7. Use according to any one of claims 10 through 15

wherein said composition is a pharmaceutical.
8. Use according to any one of claims 10 through 15

wherein said composition is a functional food.
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