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Technical Field of the Invention The present

invention relates to a preventive or inprovenent

agent for stress-induced brain function 10 inpairnent

and rel ated synptons or di seases, conprising as an

active ingredient arachidonic dcitd"and/ or a conpound
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alcohol esters, and triglycerides, phospholipids or

glycolipids wherein all or a portion of the constituent
fatty acid is arachidonic acid, as well as to a

25 composition with such a preventive or improvement effect
and a method for its production.
Background Art

Stress is recognized as a response which can lead to

brain disorders. After a recorded event in which the

30 death of apes resulted from overcrowding stress during
long-distance transport fifteen years ago, the dead apes
were examined and found to have signs of serious stress,
including gastric ulcers, immunodeficiency and
hypertrophic adrenal glands, while exfoliation of

35 pyramidal cells of the CA3 region of the hippocampus was
also reported (J. Neurosci. 9, 1705, 1989). Since

publishing of this report, researchers began to focus on



t he psychol ogi cal causes of brain disorders, and in
particul ar, advances have been nmade in research on

brain function inpairnent caused by stress. Highly
frequent stimulation of the brain hippocanpus 5 is

known to | ead to a phenonenon which includes synapse
excitation and subsequent highly persistent synapse
response. This is known as hipgo?agpal LTP (long-term
potentiation), a result of synapfic plasticity and

one of the indicators for brain function eval uation.
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has been reported in post-traumatic stress disorder
25 patients (Biol. Psychiatry 42, 345, 1997), and as the
relationship between IL-1B and neuropathy has attracted

researcher's attention, the possibility has been

suggested that glucocorticoid receptor-mediated IL-1(
increase in the hippocampus may contribute to neuropathy;
30 however, much still remains unknown at the current time.
Research and development are also progressing in the
area of discovering agents effective for the treatment of
brain disorders (cerebral circulation/metabolism
enhancers, anti-dementia drugs, etc.). Specifically,
35 studies have focused on methods of improving brain energy

metabolism through more efficient neuronal absorption of



nutrients for activation of cellular function

(increasing intracerebral glucose, for exanple),

net hods of inproving brain circulation with the aim

of nore adequately providing the necessary nutrients

and oxygen to neurons 5 (cerebral blood flow

enhancenent nethods, for exanple), nethods of

activating neurotransm ssion at _.the synaptic cleft

by neurotransmitters (providing~neurotransnitter
precursors (for exanple, choline or acetyl CoA
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25 for prevention or improvement of stress-induced brain
function impairment.

The progression of stress-related brain function
impairment can be slowed by removing the cause of stress,
and this is one obvious course for prevention and

30 improvement; however, such a method is difficult to
realize given the stressful nature of modern society.
Thus, absolutely no drug has existed which is safe enough
to be readily administered even to infants or the
elderly, and which has a preventive or improvement effect

35 on stress-related brain function impairment and its
associated symptoms or diseases.

The brain consists of a lipid mass-like tissue, with



- 4 phospholipids constituting about 1/3 of the

white matter and about 1/4 of the gray matter. The

pol yunsaturated fatty acids in phospholipids of the
various cell nenbranes in the brain consist

primarily of arachidonic 5 acid and docosahexaenoi c
aci d. However, arachidonic acid and docosahexaenoic
acid cannot be synthesized de novo in aninal bodies

and nust be directly or indirectiy obtained through
diet (for exanple, as the arachidonic acid and
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Publication No. 2003-048831, "Composition with preventive
or improvement effect on symptoms and diseases associated
25 with brain function impairment"”, describes as test
examples experiments wherein brain function decline in
aged rats is improved by arachidonic acid. Still, these
inventions are based on the conventional mode of
improving brain function, whereas nothing is indicated
30 regarding an effect of arachidonic acid against stress-
induced brain function impairment.
Patent document 1: Japanese Unexamined Patent
Publication HEI No. 10-101568
Patent document 2: Japanese Unexamined Patent
35 Publication No. 2003-048831
Non-patent document 1: J. Neurosci. 9, 1705, 1989
Non-patent document 2: J. Neurosci. 18, 2974, 1998



Non- pat ent document 2: J. Neurosci. 18, 2974, 1998 -
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42, 345, 1997 5 DI SCLOSURE OF THE | NVENTI ON Thus, a
strong demand exists for devel opnent of

phar maceuti cal s which prevent and inprove

stress-induced brain function inpairnment and its

rel ated synptons or 10 di seases,” as well as such
conmpounds which are highly suitable for consunption

and | acki myemgtadising dpdemendf Bect nn ANYa Acedul $ciof 512, 394,
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®s active ingredients arachidonic acid and/or

conpo ' [ [ ic acid as a
const??%é%ﬁ§$§{#§ gg??ﬁﬂﬁgﬁQBEresent i nventors found,
surpri si ngfBPs -t RaftE¥prg ZFmaed; ¢istigriedi eavel gmengeof

[ P}/enph@mzﬁ')@hithicblEW&I@ﬂbreb@hﬁVArﬂf amppbas nw@s@giiﬁduced
effec ' ] - ' ; siraint Less an
evalu%\t?aei 6§%§Eﬁ35r+§g%§$€%9n%é§ r*%é?%?%%dt%@%%?mg or
1G4 so SHRereded 2Pn rEhl 3 iSHGh RORAYICS Whielurts drighds

of a suwigibleerfodecemningitiiongaad 1&a89hglB&table side
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20 active ingredients of the invention exhibit apparent

behavioral pharmacoclogic effects in mice subjected to
restraint stress and evaluated by a Morris water maze
learning test.
We also succeeded in realizing industrial production
25 of a triglyceride containing at least 10% microorganism-
generated arachidonic acid, and supplied the triglyceride
for testing in order to elucidate the effect of the
invention.
Specifically, the present invention provides a
30 preventive or improvement agent for stress-induced brain
function impairment and related symptoms or diseases and
a composition with a preventive or improvement effect on
stress-induced brain function impairment and related
symptoms or diseases, comprising as an active ingredient
35 arachidonic acid and/or a compound comprising arachidonic
acid as a constituent fatty acid, as well as a method for

their production.



acid as a constituent fatty acid, as well as a nethod
for their production. - 6 Mre specifically, the

i nvention provides a preventive or inprovenment agent
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symptoms or diseases, comprising as an active ingredient

arachidonic acid and/or a compound comprising arachidonic

acid as a constituent fatty acid, as well as a method for
25 their production.

As "stress-induced brain function impairment and
related symptoms or diseases" there may be mentioned
memory and learning ability impairment, emotional
disorders (such as depression or melancholia), and the

30 like, but the symptoms and diseases are not limited to
these and include all symptoms and diseases associated
with stress-induced brain function impairment.

The active ingredient of the invention is
arachidonic acid, but any compound comprising arachidonic

35 acid as a constituent fatty acid may be used. As
compounds comprising arachidonic acid as a constituent

fatty acid there may be mentioned arachidonic acid salts,



35 acid as a constituent fatty acid nay be used. As
conpounds conprising arachidonic acid as a
constituent fatty acid there may be menti oned

arachi donic acid salts, - 7 such as calciumor
sodium salts. There may al so be nentioned

arachi donic acid | ower al cohol esters such as

arachi donic acid nmethyl ester and arachidonic acid
ethyl ester. There may al so be 'used triglycerides, 5
phosphol i pids or glycolipids wherein all or a portion
of thechoastidlgenin batsgdiagi dalss ar ddfeirdomee alciad be
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preventive or improvement effects for stress-induced
25 brain function impairment and related symptoms or
diseases, and that the effects are attributable to
arachidonic acid.
According to the invention, therefore, triglycerides
including a triglyceride wherein all or a portion of the
30 constituent fatty acid is arachidonic acid (arachidonic
acid-containing triglycerides) may be used as the active
ingredients of the invention. For application in foods,
the arachidonic acid-containing triglycerides are
preferably oils or fats (triglycerides) in a form wherein
35 the arachidonic acid content of the total constituent
fatty acid of the triglycerides is at least 10 wt% (w/w),

more preferably at least 20 wt%, even more preferably at



preferably oils or fats (triglycerides) in a form
wherein 35 the arachidonic acid content of the total
constituent fatty acid of the triglycerides is at

least 10 wt% (W w), nore preferably at |east 20 wt %
even nore preferably at 8 |east 30 wt% and nost
preferably at |least 40 wt % Thus, the present

i nvention may enpl oy any such cgnpounds which are

obt ai ned by cul turing m croorgahisns capabl e of

produci ng arachi donic acid-containing oils or fats 5
(triglsaeriddesy s, Andrimosbdopyalt i ycapabiastofi0 wts. Thus,
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these strains may be acquired without any
special restrictions from the Institute for Fermentation,
25 Osaka (IFO), American Type Culture Collection (ATCC) or
Centralbureau voor Schimmelcultures (CBS). There may
also be used the strain Mortierella elongata SAM0219
" (FERM-P 8703) (deposited under the provisions of the
Budapest Treaty on March 19, 1986 with the Patent
30 Microorganism Depository of National Institute of
Industrial Science and Technology at Chuo 6, 1-1, Higashi
l-chome, Tsukuba city, Ibaraki pref., Japan, as FERM BP-
1239), isolated from soil by the research group for the
present invention.
35 For culturing of a strain to be used for the
invention, spores, hypha or a pre-culture solution

obtained by pre-culturing the strain may be seeded in a



1239), isolated fromsoil by the research group for

the present invention. 35 For culturing of a strain

to be used for the invention, spores, hypha or a
pre-culture solution obtained by pre-culturing the

strain may be seeded ina - 9 liquid nediumor solid
medi um for culturing. In the case of liquid

culturing, the carbon source used nay be a comon

one such as glucose, fructose, “xylose, saccharose,

mal t ose, sol ubl e starch, nolasses, glycerol or

manni t biquis aktthowghr tshérié msdinon |fiom taltwidgo t hesSehe case

A_S ni térpgﬁr&;uggu[ﬁf@)rtih%_r,etﬁ@yc%o%sggupégarme% may be a
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soybeam (Hyughot gbre idethat t e sankean,and Lot ton seed
meal, or inorganic nitrogen sources such as sodi um
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m croar gani.sps, . For, most. pract.ica i cations _the
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of the njtrogen source during culturing. By
cont r S19HHE ERBPEHEn2EBUIUe PESRE Mt F Y GRSEFickal so long
the nmedi wheyt ars ipossnbéettarichtsavhich & abtf atsvent growth
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By controlling the carbon source concentration of
25 the medium it is possible to obtain oils or fats
(triglyceride) containing at least 45 wt% arachidonic
acid as the active ingredient of the invention. The cell
growth phase is the culturing period up to the 2nd-4th
day of culturing, while the fat/oil accumulation phase is
30 from the 2nd-4th day of culturing. The initial carbon
source concentration is 1-8 wt% and preferably 1-4 wt$%,
with successive supplemental addition of the carbon
source only between the cell growth phase and the early
fat/oil accumulation phase, for a total supplemental
35 carbon source addition of 2-20 wt% and preferably 5-15
wt$. The amount of carbon source added between the cell

growth phase and the early fat/oil accumulation phase



wi th successive suppl enental addition of the carbon
source only between the cell growth phase and the

early fat/oil accumul ati on phase, for a total

suppl enental 35 carbon source addition of 2-20 wt%

and preferably 5-15 wt% The anount of carbon source
added between the cell growth phase and the early
fat/oil accumul ati on phase - 10_ will depend on the
initial nitrogen source concent t%tTon, and if the

carbon source concentration in the mediumis 0 from
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acid-containing oils or fats (triglyceride), arachidonic

25 acid-rich oils or fats may also be obtained by selective
hydrolysis of the arachidonic acid-containing oils or
fats. Since lipases used for such selective hydrolysis
do not have specificity for triglycerides and the
hydrolytic activity decreases in proportion to the number

30 of double bonds, the ester bonds of the fatty acids other
than the polyunsaturated fatty acids are preferentially
hydrolyzed. Furthermore, ester-exchange reaction between
the produced PUFA glycerides may be used to produce
triglycerides with an increased polyunsaturated fatty

35 acid content ("Enhancement of Arachidonic Acid: Selective

Hydrolysis of a Single-Cell 0Oil from Mortierella with



than the pol yunsaturated fatty acids are

preferentially hydrolyzed. Furthernore,

est er-exchange reacti on between the produced PUFA

gl ycerides may be used to produce triglycerides with
an increased polyunsaturated fatty 35 acid content

(" Enhancenent of Arachi donic Acid: Selective

Hydrolysis of a Single-Cell Ql from Mortierella with

- 11 Candida cylindracea Lipast*:"J. Am Q| Chem

Soc., 72, 1323, 1998). Thus, 0|Is or fats

(tri gICyoéidajejyl\Mntihaaedwilgjpasebnt@ntAnof OcanacChemorice., 72,

aci d ebpai neghdyy sel ective 5 hydrolysis of
arachi doni ¢ aci d- gont aining oils or fat

prepared astte%alti Ve ﬁ%@réaféﬁy?ﬁ”{dﬁz Wilﬁ}?/e"’htm@ﬁ
The propoett eif efraahaddniidoraiccdachtth wietthbyr eghewiti vieo

ghe tQE/@J:ofyaéltSYOQChga@rQﬂ)to%@t: Qél&%nt@ﬁﬂ9h§dﬁl§ or fats

d t d
nventRorT SBRPER abTy IR GREF T 1 OIAERA CE Arapdnt
of el inveritiany t ke aeffartrtopnotherracatitlpnaci asid kwutth

it deespsdt teeeassesidly fla@w &@ub%oaltghghof the

proporti and in, . fact the abs | ute
ar achi do%?lcdoe?cllcda(é%\% POSE A" Priobt M oggip tfrlcgétyc%lde

1@ 0 soff flodsvenrian ors fpazte§e%[§b3(3t Mighpeeffefeshhe standpoint
cont abhni eirdhmathhgotme aFedtadr I&H&tr%faﬁty HEeser pbGanit

be su I e tri. rides

wher eaégglry %%geéé‘a%ﬁf};:] ?é ﬁo becong,1 gt’u%n?p ratlton’ and in
aci d f3chardehir8snt et acmeuascef oﬁl’rf:g:htlslonttﬁeaqlrﬁ/@mn ppse a

t her ephstyl dxe fUSde}incgityL@ﬁr tdesoavfiongs20 ol W fats

1§ha| n({ﬂéﬁlc%(fllgé gglﬁgn%ha?ra]ch%dm%%&:té@l%ﬁ a%n,dtfl wt% or

arachi doni ¢ aci d on e 2-position

or fafLYRT iCGPyReriUdSPYsBEENEY PShH EdWPTi se at
| east 5 o erpelygestidepr eherabl ynlat okeaspordilomobé the

per Ce@&nsﬂ@c&l‘éntpfﬂtﬁf %le §l§ é&ac‘}hd%glﬁvéc‘icp%rc“c%%mg to
and npst pref rabl east per ce

t,
trigl &‘&%rﬁ’&l h&V ntd‘erﬁgdf“aﬁw b%h‘%ﬁeﬁ Fétl%y%ecﬁ SbBﬁ‘dJe%P
2@t t heedidn ghsini brstvardidarkzeidagonitcthei U bovdetdians and

t he ﬁawiltdoamc dbey rmgkaaﬁw a@hﬁien 2f—§bEYt§&ri ds thendets or
at t ons Q e na e

sel ec)feedgf(r %%8%1 ld(?g 15 ?dté %(})é% c%msprlﬁsey aQ le‘_f‘St >

of Cerake ﬂ%trﬁ?“*acﬂd%efteﬁélgéynﬁy 1b?é‘5t 10 mole Percent more

preferably at least 20 mole percent and most preferably
25 at least 30 mole percent, of triglycerides having medium
chain fatty acids bonded at the 1,3-positions and
arachidonic acid bonded at the 2-position. The medium
chain fatty acids bonded at the 1,3-positions of the
triglyceride may be selected from among C6-12 fatty
30 acids. As examples of C6-12 fatty acids there may be
mentioned caprylic acid or capric acid, with 1,3-
capryloyl-2-arachidonoyl-glycerol (hereinafter, "8A8")
being particularly preferred.
Such triglycerides having medium chain fatty acids
35 bonded at the 1,3-positions and arachidonic acid bonded
at the 2-position are optimum oils or fats

(triglycerides) for elderly persons. Generally speaking,



menti oned caprylic acid or capric acid, with 1, 3-

capryl oyl - 2-arachi donoyl - gl ycerol (hereinafter,

"8A8") being particularly preferred. Such

triglycerides having nmediumchain fatty acids 35

bonded at the 1, 3-positions and arachi donic acid

bonded at the 2-position are optinun1oi|s or fats
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optimal oils or fats (triglycerides) for the elderly.

25 One specific production method for triglycerides
having medium chain fatty acids bonded at the 1, 3-
positions and arachidonic acid bonded at the 2-position
is a method using a lipase which acts only on the 1,3-
position ester bonds of triglycerides, in the presence of

30 arachidonic acid-containing oils or fats (triglyceride)
and a medium chain fatty acid.

The oils or fats (triglyceride) starting material
are a triglyceride comprising arachidonic acid as a
constituent fatty acid, but in the case of a high

35 proportion of arachidonic acid with respect to the total
constituent fatty acid of the triglycerides, reduced

reaction yield due to excess unreacted oils or fats (the



30 arachidonic acid-containing oils or fats
(triglyceride) and a nediumchain fatty acid. The

oils or fats (triglyceride) starting material are a
triglyceride conprising arachidonic acid as a

constituent fatty acid, but in the case of a high 35
proportion of arachidonic acid with respect to the

total constituent fatty acid of the triglycerides,
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reaction efficiency e | mobi | zing “suppori may
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temperature is 30°C or above and preferably 40°C or above
for increased reaction efficiency. The immobilizing
support may be a porous (highly porous) resin, for

25 example, an ion-exchange resin with pores of
approximately 100 A or greater such as Dowex MARATHON
WBA. However, this condition is not restrictive on the
immobilizing support, and any immobilizing support
capable of imparting heat resistance may be used.

30 The immobilizing support may be suspended in an
aqueous solution of a 1,3-specific lipase at a weight
proportion of 0.5-20 of the latter with respect to the
former, and a 2- to 5-fold amount of cold acetone (for
example, -80°C) may be slowly added to the suspension

35 while stirring to form a precipitate. The precipitate

may then be dried under reduced pressure to prepare the



capabl e of inparting heat resistance may be used. 30
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react 4@Pce Syt §Meh 8 O] QRNBGHET P& Alyi 18NGr Hlice
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water-free system. Also, selection of the type of enzyme
25 agent may allow the pretreatment step to be omitted.
Thus, by using a heat-resistant immobilized enzyme
and raising the enzyme reaction temperature, it is
possible to efficiently produce triglycerides having
medium chain fatty acids bonded at the 1,3-positions and
30 arachidonic acid bonded at the 2-position (8A8), without
lowering the reaction efficiency even for arachidonic
aclid-containing oils or fats (triglycerides) with low
reactivity for 1,3-specific lipases.
A method for production of a dietary product having
35 a preventive or improvement effect on stress-induced
brain function impairment and related symptoms or

diseases, involves adding arachidonic acid and/or a



medi um chain fatty acids bonded at the 1, 3-positions
and 30 arachi donic acid bonded at the 2-position
(8A8), without Ilowering the reaction efficiency even
for arachidonic acid-containing oils or fats
(triglycerides) with low reactivity for 1,3-specific
i pases. A nmethod for production of a dietary product
having 35 a preventive or inprovenent effect on
stress-induced brain functionm i'Rpairment and rel ated
synptons or diseases, involves adding arachidonic
aci d anmdipeund indBidiggnpoacididondlcuding e &Cleiodenittuent
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10 An unllglted n%he uses exi or o

(tri glyEEFPaRY) “Widei nv%\“’fl or &° %‘F?‘f%r?egf k‘Fﬁ%‘méer
l@onst i t uen®nfartipigeddnimbeyy a‘Pcfth@ﬁl%XJa:‘@l dorfeils or fats
exanpl @rigt heyrims)banuseth as1svar ki ﬁtgrtlmhebkahse and

addltlv%stl 5 f%%%%y g§¥§r%9%%ac§Q§ﬂ%&!%% g for example,
pharnaceut 1 0ses Oof use an&

of uséh§WemaYsQﬁ(ﬂﬂﬁ$ é?e?@arﬁhﬁﬂe§?F$¥ﬁ%%§ apg @@QﬂﬁﬂV@§ for
of fo&@oa@npnsvetﬁa@;rés t besmetiry bAd preivraceedi i1 namye

1%00dspquoggglo@' ugg&lg&ﬁ%ﬁedgﬁeaTeQHi aﬁ%gn%&qﬂetely

suppl ene foo *for speci th uses
pr et eMMPAFERESDr mul a, terminfant formula, infant
f oods, mat 2snetarfpdedsobr fget icatpbsifioods thAse exanplees

g; t l;gflre/n@hb?@aénlwéglﬁgg %&%iss tage{lglﬂ%s ggne@%mn%ods,
u |l - | | u
D i g P SoB A B0 380 St 23 (TER e uces,
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Oi | s Glohial Smaxseheat FBgds Mdigari SUEIL aSodeNUt Bs Qlahles of
3L|£ﬁ%§F(§ogr Ih%g“g?%by dF T889£Q%%§%%gm2999%u&9natural
fat/oil-containing foods such as meat, fish and nuts,
foods to which oils or fats are added during preparation,
25 such as soups, foods employing oils or fats as heating
media, such as donuts, oils or fats foods such as butter,
proceséed foods to which oils or fats are added during
processing, such as cookies, or foods which are sprayed
or coated with oils or fats upon finishing, such as hard
30 biscuits. Such compositions may also be added to
agricultural foods, fermented foods, livestock feeds,
marine foods and beverages which contain no oils or fats.
They may also be in the form of functional foods or
pharmaceuticals, and for example, in processed form such
35 as enteral nutrients, powders, granules, lozenges, oral
solutions, suspensions, emulsions, syrups and the like.

A composition of the invention may also contain



processi ng, such as cookies, or foods which are
sprayed or coated with oils or fats upon finishing,
such as hard 30 biscuits. Such conpositions may al so
be added to agricultural foods, fernented foods,
livestock feeds, marine foods and beverages which
contain no oils or fats. They may al so be in the
formof functional foods or fénaceuticals, and for
exanple, in processed formsuch 35 as entera
nutrients, powders, granules, |ozenges, ora
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derivatives, cat I'c” acl gossy
1dyr azPHE2 HETS \?@FFV@%lVGsSesﬁﬁ'ﬁPmojg'uaaua?‘éP°1gu‘&iad@caé‘%ld p-
p- Ccoudtamaridacicdd, nos €t inydiogual afeatiiccaacd d,stetrens| s,
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tic antioxidants incl
ascorBFEe'ﬁHFhFWPEh%%Vﬁa§§ﬁ8¥§dmﬁ§bdPSFEdﬁW%éFFEIB&?d
est er palibcloutayliHyestoensanesobeb{BRAraric acid esters,
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X
Ireofact ST e 2 P bR ey 2, -
a- t ocopheripitylppenoko@@dProl , y-tocopherol,

8- tOCOpheI‘A)A £ oo Qgp&l@ert?llereqha;%et 9\%9998}(&1 a~tocopherol,

r)-tocopherol and tocopherol esters (tocophero
acet aBetegrbherel} i képconke i, dasoerispiedr of-tocopherol, &-

2@nal 0g§e, d&%r@ianm@éc&ﬂhe@ee&oswoeod.%pha%f J@y Qe
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al so emle931 Apnewddilteisontt catdienadtsvehergymedi eat
of thﬁeﬁ{]éﬂga gncarotene, cantaxanthine, astaxanthine and the
like.

25 The composition of the invention may also contain,
in addition to the active ingredient of the invention,
supports such as carrier supports, extenders, diluents,
bulking agents, dispersing agents, excipients, binder
solvents (for example, water, ethanol and vegetable

30 oils), dissolving aids, buffering agents, dissolving
accelerators, gelling agents, suspending agents, wheat
flour, rice flour, starch, corn starch, polysaccharides,
milk protein, collagen, rice oil, lecithin and the like.
As examples of additives there may be mentioned vitamins,

35 sweeteners, organic acids, coloring agents, aromatic

agents, moisture-preventing agents, fibers, electrolytes,



supports such as carrier supports, extenders,

di luents, bul ki ng agents, dispersing agents,
exci pi ents, binder solvents (for exanple, water,

et hanol and vegetable 30 oils), dissolving aids,
buffering agents, dissolving accelerators, gelling
agents, suspending agents, wheat flour, rice flour,
starch, corn starch, polysaccharbdes, m |k protein,
collagen, rice oil, lecithin and’the like. As
exanpl es of addi tives there may be nentioned

vi t ammigerdbs swedterets, organiidants dpreseicuathges,
agent Ssra3-QABLE C huﬂr@:@:%ﬁts Wma&hlﬂﬁﬁ P&&d/%rﬁtlragtél,geﬁg%table

fibers, el ectrolyt ner nut.rie
ant OXPHEAEES TLCR A ke TP ahr il 1 oh Dfebimbhagion o
nat ur dlhefseod extracts, vegetable extracts and the
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I etary source rt 4
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and i Eigongakerat ion mf39$)e,dtame1d1no¢d>rsfs:mrerﬁat6nidntt alkeduced
and r%ﬂﬁ%egrpﬂﬂ%!qﬂkg z%&?%%dutgacgéég}ea@lEhfﬁpase

el derlfy a correspon gr eat er ‘anoun
ar achif#dft RN tﬁ’ﬁsﬁlﬂ%r %gé‘s?@ﬁresﬂﬂﬁhnﬁﬁé efqtyprp gmount
i nt akefohrabiei dmachiedodicusacivd ongédreecconpound the daily

p6onpr I1$k0de & a;‘}fél QQQle@&h@ aeid §ONSt EBEF&uJ@tJanprlsmg
acid acco dl%gl the i nvention for fan adu

exanp@éac b (%6ﬁ§' aéliﬂﬂ?PStétbe% Qﬂﬁy a01d accordlng to
pr ef ertdll yn@eddi-oh) fgr amradulpr éfer a¢3>faynp0e056% kp dedly
nmost peebrrably D.031224, g,bq&%%%bf-)@ d¢.ha-apaghigiori c
aci d Con%gggb VW%% t e, agt nms%ng Ien OB IQ? based on
i nventi oni1s Jty ac?ua deri‘aor a food Br
2Bever &§€ Bfmomphé“%mt@ﬂé amount of arachi donic
acid in theh@t auchct svanindridpoehandt fraet Ohverldowsy ek, to be

si nce fclesaépf04;;3;1??3”98epeﬁg,o@dgj%gv%éa%g ngr@cﬂsict he

beverages W I Ng, on
consuRPEPLRt BfaMWGEeOf RCIdACREG A Hfedr the product is an

important factor. However, since the absolute amount

25 added to foods and beverages will differ depending on the
amount of consumption of those foods or beverages,
triglycerides including a triglyceride wherein all or a
portion of the constituent fatty acid is arachidonic acid
may be added to food products in amounts of at least

30 0.001 wt%, preferably at least 0.01 wt$% and more
preferably at least 0.1 wt% in terms of arachidonic acid.
For addition to food and beverage products of
triglycerides having medium chain fatty acids bonded at
the 1,3-positions and arachidonic acid bonded at the 2-

35 position, the amount may be at least 0.0003 wt%,
preferably at least 0.003 wt% and more preferably at
least 0.03 wts%.



triglycerides including a triglyceride wherein all or
a portion of the constituent fatty acid is
arachidonic acid nay be added to food products in
anounts of at |east 30 0.001 wt% preferably at |east
0.01 wt% and nore preferably at least 0.1 wt% in
terms of arachidonic acid. For addition to food and
beverage products of triglycer]j ges havi ng nedi um
chain fatty acids bonded at t 1, 3-positions and
arachi doni c acid bonded at the 2 35 position, the
anount mayWise ghel eempo(.td0030Mm e iprvefitiablis 4o be used
| east 50. Q%é%n%b@ﬁ&é@lrel@rﬁ&?f}%" Blco@tjceiieé')c&torglgé to a

wt % - |on of the nventlon
Yo becalien MEEIgt ot (L CaFt tart HP a5 b odagggrac on
accor deagniaves, ecopmorr @echodin the ff‘ﬁ'éh@d gfescribed in
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Pharnacopela oFgg %°$ﬁq85% et i %dj“wﬁ- %105315 28 be used
conpod#t i omaghachet { gRdenthoncortang l@é tBedctdgegingredient

phar mag egid Qx@lmpotshel&omsentat Ofﬁa_u.tth%uaﬁtrllyeréi’cgﬁeﬁbﬁ%o long
in ”‘SSC ECQ”?E %Th%"%n%&{i ular Ly, [€s8d | %‘ﬁgdaﬁg
| ong e rnvention I's achi'eve d
1@ny 1@?%&@%%9@% &ft By B o¥Rft oyed. Wien the
conposi ti ameaf thbeconpeantion ¢85 the heveseibn d% @o be used

phar ng, eé":#h%glmacia&tié%]]pr ‘:*Efceiébéﬁ/ef%‘}%ﬂySécgr{j]%qsit@r&é‘gﬁ[n the

forn1o mnistr e unit especi in or
f or m TTHR YfoSagRIBIN ¥ 2RbRpYSi i GRY 0?5??ﬁ%ﬁ enti oFfl
15 wi férmli f frée depsydiofgtba egeosbodynwet gite, invention

18ynpt \9@1 %%fe&rgm of)n a&’(f@ n'b%ﬁgla;léPéht blé mfo@&ms and

exa e, the arac donlc acld nd/
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fattyaéﬁ&é% Q%BB?S&HHé%eQQ @8Q§Bho%19hgr once a day or
divided among multiple doses, such as three separate
doses.
25 The major fatty acid components of phospholipid
membranes in the brain are arachidonic acid and
docosahexaenoic acid, and therefore from the standpoint
of balance, a combination with docosahexaenoic acid is
preferred. Also, since the proportion of
30 eicosapentaenoic acid in brain phospholipid membranes is
very small, a combination of arachidonic acid and
docosahexaenoic acid containing virtually no
eicosapentaenoic acid is especially preferred.

Furthermore, the arachidonic acid/docosahexaenoic acid

35 ratio in the combination of the arachidonic acid and

docosahexaenoic acid is preferably in the range of 0.1-

15, and more preferably in the range of 0.25-10. Also,



menbranes in the brain are arachidonic acid and
docosahexaenoi ¢ acid, and therefore fromthe

st andpoi nt of balance, a conbination with
docosahexaenoic acid is preferred. Also, since the
proportion of 30 eicosapentaenoic acid in brain
phosphol i pid nenbranes is very small, a conbination
of arachidonic acid and docosahexaenoic acid
containing virtually no eicosa 2ntaenoic acid is
especially preferred. Furthernore, the arachi donic
aci d/ ¢beosatexaerortcasirki3senat ¢ ad¢id tihetbenbiathtoiron
of theecatashd donirerasi §l &d ndecosahexagpobe @ed d is
pr ef er abl o t he rgn e.ofto.l-.15, and nore

br of oPABFY T IhE T Angee G0 519D Al'so, - 19 the
anount of eicosapentaenoic acid in the food or

bever agevpred er abl y does not exceed 1/5 of the
arachidonighgcugsg%@i ht Qatio&.l EXA LES:Fhe d i
pr esent i nventi ' oR oW | T oW BE eip alfe eiﬁng%%Eﬁe%n
det ai Brbyteheldtgil oy ngheXadpresng dxamplhe, with the
under shasdthdihat the dHwentesPids iROhoti MAdRGd @0 these
theseexg%gﬂgges. 10 Exanple 1 Method for production
of arachidoni’c acid-containing triglycerides
1®prtierel | Bxanpdiend CEEARE dQrwasodigdd ogsof harachidonic

ar achibdoat coraiiai pg othticd Vg estid@s n. After preparing 6

kL of nedj taLning 1. 8Y% G T B ed

soybean 15%%§W%g%f?%.% oé%&%é%%ggﬁff§8§38§§%%%%§%%

0. 1% RE2SEIoTd. 0864 4 RSP 2 M 0S B0, 0864 Ry @EEPER2D9 6 kL

in a 20 kédiow tcontagnirank,. 8%t heudcadd,i al. 1pHiafas-ted soybean
AR I A A S A e

cul LUFRRY dhdbr EoRdPoF e ECa 500 Kt SEGFBE GRS cank,

26C, &heairfiiew ol @60 amBlktaddtare. 0i-nt &r HAIL poesson eof

of 200hkRarectN@usthg rddIGithidhewins raadirust &8 £ 8 days of

mei ntaln 2 dissalved oxvden conoentiation, of.  19-15

ppm AfSo, e "gl ucose Corcent Fat o was adfugked by
2@ he f eedpenptourket af 2676t had 4iorf lawgbficd®® m’/h and an

concephf@tinn p2askird e LapgdReof 2. 3% 1A A6 Aedi4m

up to the 4th day,. . .
P adghstedjto %élntaln a dissolved oxygen concentration of

10-15 ppm. Also, the glucose concentration was adjusted
by the feeding culture method for a glucose concentration
25 in the range of 1-2.5% in the medium up to the 4th day,
with 0.5-1% maintained thereafter (where the percentage
values are weight (W/V)$%).
After completion of the culturing, the cells
containing triglycerides having arachidonic acid as a
30 constituent fatty acid were collected by filtration and
drying, and the oils or fats portion was extracted from
the collected cells by hexane extraction and subjected to
dietary oils or fats purification steps (degumming,
deoxidation, deodorization, decolorizing) to obtain 150
35 kg of arachidonic acid-containing triglycerides
(triglycerides including a triglyceride wherein all or a

portion of the constituent fatty acid is arachidonic



with 0.5-1% nmai ntai ned thereafter (where the

percentage values are weight (WV)% . After

conpl etion of the culturing, the cells containing

triglycerides having arachidonic acid as a 30

constituent fatty acid were collected by filtration

and drying, and the oils or fats portion was

extracted from the collected cz%l I s by hexane

extraction and subjected to di€tary oils or fats

purification steps (degumm ng, deoxi dati on,

deodor¢dit-i ofihedelblinredziongy 2o febpail hrllﬂ)/c%lﬁgsbfwere
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res pe&iéa/etylylggeeﬁrﬁelal dond ceracird t 10 £OMd aithlyNge ot d:S
or fatst(utrr errdes
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ot hy BEEa PBTSRHY PRe v Aty RN CE Hg1 bgrayL ester was
m xt ureparrréleadiaﬁ@ mmlWabmﬁﬂ @@ﬁeelaﬁéﬁ%ﬂ tiaprrestmmance
was  separatadonsth Qubhli edciyy an estabt isheds arachidonic

i gh Qr.aBnC 4 quid chromatography nmethod to
15gbta %CJQC{) /Tagséc i 'doni c 15 acr d et hyI ester
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Exanpl e 2 2@ - a ACL
|eaStléasfﬁ)|5€mpEéCE&1’ttce&A88Mter suspendl ng 100 g of an
| on- eXCNange cLeshlberfiBhb! Bho (P VARATHIN ML - Dow

Chem cal ) 1 Rhi zopus del errar gag(e
aqueotRr SGrut Paret 1259419 W%S@Oﬁo%“@}uc ml of
20Phar nelceatriusableCong r Lltigaye #AGovs epleioian é@eﬁ%)nféallpase

(- 80Q o s, sthhsisd dhenawtids @ndcbhe M&hUr e4ves1 of cold

dried under reduced pressure to obtain the
IﬁﬁDb???Eﬁ&T rﬁ%ég was stirred therewith and the mixture was

dried under reduced pressure to obtain the immobilized
lipase.

25 Next, 80 g of the triglycerides containing 40 wt%
arachidonic acid (TGR40S) obtained in Example 1, 160 g of
caprylic acid, 12 g of the aforementioned immobilized
lipase and 4.8 ml of water were reacted for 48 hours at
30°C while stirring (130 rpm). Upon completion of the

30 reaction, the reaction solution was removed to obtain the
activated immobilized enzyme.

A 10 g portion of immobilized lipase (Rhizopus
delemar lipase, carrier: Dowex MARATHON WBA) was then
packed into a jacketed glass column (1.8 x 12.5 cm, 31.8
35 ml volume), and the reaction oils or fats comprising a

mixture of the TGA40S obtained in Example 1 and caprylic



25 Next, 80 g of the triglycerides containing 40 wt%
arachi donic acid (TGAM0OS) obtained in Exanple 1, 160

g of caprylic acid, 12 g of the aforenenti oned

i mobilized lipase and 4.8 ml of water were reacted

for 48 hours at 30C while stirring (130 rpm. Upon
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25 containing oils or fats (triglycerides) by an established
high-performance liquid chromatography method yielded 96
mole percent B8AS8.

Example 3 Evaluation of learning ability effect of

TGA40S by Morris water maze learning test

30 The experimental groups consisted of 56 two- to
three-month-old male ICR mice, divided into a control
diet group (27 mice) and a TGA40S-containing diet group
(29 mice), with the control diet or TGA40S-containing
diet shown in Table 1 being given to each group for 3

35 weeks. Each group was further divided into non-

restrained groups (non-restrained control diet group
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Morris water maze learning test 30 The experi nent al
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10TGA4GSCO§@ﬁttaPhF?ﬂJg“Qﬁ ép Wazmrlse 110 product obtained in
Exanple 1. Table 1 Experi mental diet Control diet

TGA40S- added di et Ln 0
DL- net hi onine 3 3 rn s]t g%ﬁ%ﬁ%&?%% Qjéucr ose 500

500 @ettutose pumucl 5FKRXNE&bE it ;PL Tém4d§J£aH§B diet

A!N'7’C38eﬁf WK@T” m—AIFN76 5 t0 ChotTe 500

b!tarrgglﬁefhfbniw tanmnTE-0-05 005 TGOS 0545

Si nce taeL gt I vy ngestion—was ﬂﬂpluxinbteiy 5 gopeT
Sucrose 500 500
Cellulose powder 50 50
Corn oil 50 45
Mineral AIN-76 35 35
Vitamin AIN-76 10 10
Choline bitartrate 2 2
Vitamin E 0.05 0.05
TGA40S 0 5

15 Since the daily ingestion was approximately 5 g per

mouse, the daily intake of TGA40S was 25 mg per mouse.
Also, since the total fatty acids bonded to the
arachidonic acid-containing oils or fats (triglycerides)
prepared in Example 1 included 40 wt% arachidonic acid,
20 the daily intake of arachidonic acid was 10 mg per mouse.
The 6-hour restraint with a wire mesh restraining
tube was immediately followed by a Morris water maze
learning test. The Morris water maze learning test is
widely used in Europe and the U.S., and is conducted by
25 pouring water blackened with India ink into a water tank
(100 cm diameter, 35 cm height) (liquid surface height:
20 cm), setting therein an escape platform of just a size

to allow a mouse to stand (the escape platform is
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25 or cognitive ability as a result of stress.

Example 4 Preparation of capsules comprising

arachidonic acid-containing oils or fats (triglycerides)

Water was added to 100 parts by weight of gelatin
and 35 parts by weight of food additive grade glycerin

30 for dissolution at 50-60°C, to prepare a gelatin coating
with a viscosity of 2000 cp. Next, 0.05 wt% of vitamin E
oil was>combined with the arachidonic acid-containing
oils or fats (triglycerides) obtained in Example 1 to
prepare filling 1. Vitamin E was also added to oils or

35 fats (triglycerides) containing 32 mole percent of the
8A8 obtained in Example 2 to prepare filling 2. Also, 50

wt% of the arachidonic acid-containing oils or fats
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40 nisgﬁaoaqdp¢y§@g§§;@g the mixture with a homogeni:zer,
distilled water for injection was added to make 4 liters.
25 This was emulsified with a high-pressure spray emulsifier
to prepare a lipid emulsion. The lipid emulsion was
dispensed into plastic bags at 200 ml per bag and then

subjected to high-pressure steam sterilization treatment

at 121°C for 20 minutes to prepare an oil infusion.

30 Example 6 Use for juice

A 2 g portion of B-cyclodextrin was added to 20 ml
of 20% aqueous ethanol, and then 100 mg of the
arachidonic acid-containing triglycerides obtained in
Example 1 (containing 0.05% vitamin E) were added thereto

- 35 while stirring with a stirrer, and the mixture was

incubated for 2 hours at 50°C. After room temperature



soda and di spersing the m xture with a honogeni zer,
distilled water for injection was added to nake 4
liters. 25 This was enulsified with a high-pressure
spray emulsifier to prepare a lipid enmulsion. The
lipid enul sion was dispensed into plastic bags at

200 m per bag and then subjected to high-pressure
steam sterilization treatnent 121C for 20 m nutes
to prepare an oil infusion. 30 anple 6 Use for

juice A 2 g portion of j3-cyclodextrin was added to
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clathrate conpound conprising arachidonic

aci d- EbT R GG ®Pri gl ycerides. A 1 g portion of this
powder was uniformy mxed into 10 L of juice to

prepare a juice conprising arachidonic

acid-containing triglycerides. - 26 - CLAIMS 1. A
conposition with a preventive or inprovenent effect

on stress-induced brain function inpairnent and

rel ated synptons or di seases, conprising arachidonic
acid 5 and/or a conpound conprising arachidonic acid

as a constituent fatty acid. 2. A conposition

according to claiml, wherein said conpound

conprising arachidonic acid as a constituent fatty

acid is an arachidonic acid al cohol 10 ester, or a
triglyceride, phospholipid or glycolipid wherein al

or a portion of the constituent fatty acid is

arachi doni c aci d.



3. A conposition according to claim2, wherein the
triglyceride in which all or a portion of the
constituent 15 fatty acid is arachidonic acid is a
triglyceride having nmediumchain fatty aci ds bonded
at the 1,3-positions and arachidonic acid bonded at
the 2-position. 4. A conposition according to claim
3, wherein said nmediumchain fatty acids are

sel ected fromamong C6- 20 12°f4atty acids. 5. A
conposition with a preventive or inprovenent effect
on stress-induced brain funct&bBhiNsmpai rnment and

rel ated syqpt o gk gé%%%e%mtﬁoé“mﬂéﬂeﬂglve or 1mprovement
triglycerides mhlcﬁ nclude a fri %erlde i n. whi
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Eghg:é%§rld%§13%r$$g0{£ %fede§§£1 fngc%i8§r£ﬁggirment and
related symptoms or diseases, comprising triglycerides
which include a triglyceride in which all or a portion of

25 the constituent fatty acid is arachidonic acid.

6. A composition according to claim 5,
characterized in that the arachidonic acid content of
said triglycerides which include a triglyceride in which
all or a portion of the constituent fatty acid is

30 arachidonic acid, is at least 10 wt% of the total fatty
acids of the triglycerides.

7. A composition according to claim 5 or 6,
wherein said triglycerides which include a triglyceride
in which all or a portion of the constituent fatty acid

35 is arachidonic acid, are extracted from a microorganism
belonging to the genus Mortierella, Conidiobolus,

Pythium, Phytophthora, Penicillium, Cladosporium, Mucor,



havi ng nedium chain fatty acids bonded at the 1, 3-
positions and arachi donic acid bonded at the

2-position. 10. A conposition according to claim9,
wherein 15 said nmediumchain fatty acids are sel ected
fromanmong C6- 12 fatty acids. 11. A conposition
according to any one of clains 1 to 10, wherein said
synptons related to stress-i nduc7ed brain function

i mpai rment i nclude nenory and |€arni ng 20 ability

I mpai rment. 12. A conposition according to any one of
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161 ai By fe@idf ML EaCRYPEESES decospheaenebs Arddh ce-

and/or_a 5 co ognd conpri si ng docosahexaenoi ¢ aci d

as a tondituéht®Sfatty acid. 18. A conposition

accordi ng lo chafemgcsitiher eteprdagdteompong of claims 1
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20 ability impairment.

12. A composition according to any one of claims 1
to 10, wherein said symptoms related to stress-induced
brain function impairment include cognitive ability
impairment.

25 13. A composition according to any one of claims 1
to 10, wherein said symptoms related to stress-induced
brain function impairment include depression.

14. A composition according to any one of claims 1
to 10, wherein said diseases related to stress-induced

30 brain function impairment include melancholia.

15. A composition according to any one of claims 1
to 14, wherein said composition is a food composition or
pharmaceutical composition.

16. A composition according to claim 15,

35 characterized in that said food composition is a common
food (food and drink), functional food, nutritional

supplement, food for specified health uses, preterm



wherein all or a portion of the constituent fatty
acid is docosahexaenoic acid. 19. A conposition
according to claim17 or 18, characterized in that

t he arachi doni c 15 aci d/ docosahexaenoic acid ratio
(by weight) in the conbination of said arachidonic
acid and docosahexaenoic acid is in the range of 0.1
to 15. 20. A conposition according to any one of
claims 1 to 19, characterized PA that the amount of
20 ei cosapentaenoic acid in the conposition does not
exceedinfkhbd 6britie arachi dofint dokdula, timgant food,
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25 diseases, the method being characterized by adding
arachidonic acid and/or a compound comprising arachidonic
acid as a constituent fatty acid alone, or in combination
with a dietary material containing substantially no
arachidonic acid or only a slight amount thereof.

30 22. A method for prevention or medical treatment of
stress—-induced brain function impairment and related
symptoms or diseases, which comprises administering
arachidonic acid and/or a compound comprising arachidonic
acid as a constituent fatty acid, to a patient in need of

35 its administration.



triglyceride in which all or a portion of the
constituent fatty acid is arachidonic acid is a
triglyceride having nediumchain fatty acids bonded
at the 1,3-positions and arachidonic acid bonded at
the 2-position. 26. The use according to claim 25,
wherein said nedium chain fé%%y acids are selected
fromanong C6-12 fatty acids. 27. Use of
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preventive or improvement effect on stress-induced brain
function impairment and related symptoms or diseases.

28. The use according to claim 27, characterized in
that the arachidonic acid content of said triglycerides
which include a triglyceride in which all or a portion of
the constituent fatty acid is arachidonic acid, is at least
10 wt% of the total fatty acids of the triglycerides.

29. The use according to claim 27 or 28, wherein said
triglycerides which include a triglyceride in which all or

a portion of the constituent fatty acid is arachidonic



synptons or diseases. 32. The use according to claim

31, wherein said nediumchain fatty acids are

sel ected fromanong C6-12 fatty acids. 33. The use
according to any one of clainms 31 to 32, wherein
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32. The use according to claim 31, wherein said

medium chain fatty acids are selected from among C6-12
fatty acids.

33. The use according to any one of claims 31 to 32,
wherein said symptoms related to stress-induced brain
function impairment include memory and learning ability
impairment.

34. The use according to any one of claims 23 to 32,
wherein said symptoms related to stress-induced brain
function impairment include cognitive ability impairment.

35. The use according to any one of claims 23 to 32,
wherein said symptoms related to stress-induced brain
function impairment include depression.

36. The use according to any one of claims 23 to 32,



characterized in that the arachidonic

aci d/ docosahexaenoic acid ratio (by weight) in the
conbi nati on of said arachidonic acid and
docosahexaenoic acid is in the range of 0.1 to 15.
42. The use according to any one of clainms 23 to 41,
characterized in that the amunt of ei cosapent aenoi c
acid in the conposition does not exceed 1/5 of the
wiregshiindowiic dHoiahses tdve admvpdgl titoress-induced brain

function impairment include melancholia.

37. The use according to any one of claims 23 to 36,
wherein said composition is a food composition or
pharmaceutical composition.

38. The use according to claim 37, characterized in
that said food composition is a common food (food and
drink), functional food, nutritional supplement, food for
specified health uses, preterm infant formula, term infant
formula, infant food, maternal food or geriatric food.

39. The use according to any one of claims 23 to 38,
which comprises docosahexaenoic acid and/or a compound
comprising docosahexaenoic acid as a constituent fatty
acid.

40. The use according to claim 39, wherein said
compound comprising docosahexaenoic acid as a constituent
fatty acid is a docosahexaenoic acid alcohol ester, or a
triglyceride, phospholipid or glycolipid wherein all or a
portion of the constituent fatty acid is docosahexaenoic
acid.

41. The use according to claim 39 or 40,
characterized in that the arachidonic acid/docosahexaenoic
acid ratio (by weight) in the combination of said
arachidonic acid and docosahexaenoic acid is in the range
of 0.1 to 15.

42. The use according to any one of claims 23 to 41,
characterized in that the amount of eicosapentaenocic acid
in the composition does not exceed 1/5 of the arachidonic

acid in the composition.



