- 1 - DESCRI PTI ON COVPOSI TI ON W TH PREVENTI VE OR

| MPROVEMENT EFFECT ON  SYMPTOMS OR DI SEASES

ASSQOCI ATED W TH STRESS- | NDUCED 5 BEHAVI OR DI SORDERS
Technical Field of the Invention The present
invention relates to a preventive or inprovenent
agent for synptons or diseases associated 10 with
stress-i nduced behavi or di sorderis,~ conprising as an
active ingredi ent arachidonic acid and/or a conpound
conpri sing arachi donic acidDégﬁﬁﬁ %qgﬁtltuent fatty
acid, as well as to a conposition™wth a preventive
or inprovenent effect on synptons or di seases

associ at eduiSs W idh tresSsrpveRtuced dehawrovrdh$Or#eEer on
and a method FOE o1 U5 RLAHLCHL B@%gﬁ%’;gbgg'—mmcm

the inve
agent for stress-induce®EHAYBPRSDESRAPERS fi nger
sucki ng and onychophagy, adjustnent disorder,
attentjon_def y ct|V|t di sorder, acute 20
stresélﬁgso? e%He#g ggﬁ??auna?%% *Ftress dlsorder :
conpri si ngThs Hﬂ?saet|wmyqnngpedréﬁﬁtQﬁ tbeasbrermntive or
sel Sctlagrofzér@éc}att RgeHt Oty l@%ﬁt&hé o @flsaaaééﬂaﬂéyacqated
ci ac oni.c .aci d,al cohol esters
?rlglycg% dg e éjbﬁm a%oﬁrg %ﬁ%ﬁFlbl%@?gﬁ%%ﬁgg as an
al | o@Célp@rﬂtn%ﬁdéﬁnfzsaJtah‘éuéeﬁm ﬂ@@htanfié@rw asimgpopgd
ar achicdaptrCsagj dradabid@ilc aa3sdtods & feAdt OfudrBVer=a89 acid,
Wi th c eyen I V, n ct_and a
thoagfcbg?fllpc{S a2 éu%sggﬁltkggc:uﬁgﬁné %%% Tess is
recogﬁWEéﬂW%ﬁ?Q& F§§%6%§§‘ﬁMWEﬁmEhﬁ”IQéae%%ﬁsiﬁ§5001ated
1behaviwoth dstsersterd sdueast behevsynplionsdasspcirat ed maithbd for

Stres§t5nﬁfﬁ&ﬂ%t@@haV|MerdEEQnggé%fEQ? kﬁéwwhﬁg%tlon relates
stress- related di sorders; these aré classified

sever af t@ﬁﬁﬁ?“&ﬁvgfﬁbﬁgﬁ§063§33:Gﬁepﬁof?%ﬁ?ﬁF§s fﬂ%uced
naturéabitQlﬁ@ChSﬁﬁeéEﬁQQidSPhbﬂQHfﬂ@@SpﬁY@thﬁ?gWheadJUStment
i ndi viagdsadaaxpakt eneidig a35ithe rgxpreersgtﬂm YRR, acute
2Pan. S MO8 JAR0R.LTAM-ALOPL S0 i) Ly SN 28 L n0C!

UCkIn or .onyc seen
|nfanF°TRﬁ%%ﬁ?9aﬁa §%§ﬁFﬂVﬁgl$gqﬁﬁlen2 at least one selected

from the group consisting of arachidonic acid,

arachidonic acid alcochol esters, and triglycerides,
phospholipids or glycolipids wherein all or a portion of
25 the constituent fatty acid is arachidonic acid, as well
as to a food or beverage 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
30 behavior disorders, and the symptoms associated with
stress-induced behavior disorders are known as stress-
related disorders; these are classified into several
types of symptoms based on two factors: the nature of the
stress and the disposition of the individual experiencing
35 the stress. The symptoms span a wide range from simple
habits such as finger sucking or onychophagy seen

primarily during the infant period and resulting from



light stress factors, to adjustnment disorder and
attention deficit hyperactivity disorder which are
considered to be highly influenced by individua
di sposition, and further to acute stress disorder or
5 posttraumatic stress disorder, which are associ ated
wWth extrenely intense stress beyond i ndividua
di sposition (Shindan to Chirye 91, 1333, 2003).
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vari ous cen¢ possible treatment for stress-related disorders
25 is to suppress their progression by removing the cause of
stress. However, given the modern environment it is very
difficult to eliminate the causative factors of stress.
Thus, to date no drug has existed which is effective
as a pharmaceutical agent having a preventive or
30 improvement effect on symptoms or diseases associated
with stress-induced behavior disorders. Furthermore,
applications to food products have been hampered by the
limitation to components which produce no side effects.
The brain consists of a lipid mass-like tissue, with
35 phospholipids constituting about 1/3 of the white matter
and about 1/4 of the gray matter. The polyunsaturated
fatty acids in phospholipids of the various cell



3 nmenbranes in the brain consist primarily of

arachi donic acid and docosahexaenoi c aci d. However,
arachi doni c acid and docosahexaenoi c acid (DHA)

cannot be synthesized de novo in aninmal bodies and
nmust be directly or indirectly 5 obtained through

diet (for exanple, as the arachidonic acid and
docosahexaenoi ¢ acid precursorsy Jdinoleic acid and
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for IL-1B induced stress anxiety behavior models (J Lipid

Res. 44, 1984, 2003). Also, Clements et al. describe
25 giving attention deficit hyperactivity disorder (ADHD)
models (spontaneously hypertensive rats, SHR) feed
containing 0.5% arachidonic acid and 0.9% DHA for 8
weeks, and reported increased DHA in the brain
phospholipids but no observable effect (Dev Psychobiol.
30 43, 57, 2003). No other reports indicate that
administration of arachidonic acid improves stress-
induced behavior disorders.
Thus, while it has been reported that arachidonic
acid levels in the body are lowered by stress, it has not
35 been clearly demonstrated whether arachidonic acid or

compounds including arachidonic acid as a constituent



- 4 fatty acid according to the invention are
effective for the prevention or inprovenent of
synptons or di seases associated with stress-induced
behavi or disorders, and in fact the experinents
conducted to date have been 5 definitively negative.
Non- pat ent docunent 1: Shindan to Chiryo 91, 1333,
2003 Non- pat ent docunent 2: BiLok.. Psychiatry 42, 345,
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20 diseases associated with stress-induced behavior
disorders, as well as such compounds which are highly
suitable for consumption and lacking notable side
effects.

As a result of much diligent research conducted with
25 the purpose of elucidating the preventive or improvement
effects on symptoms or diseases associated with stress-
induced behavior disorders by agents comprising as active
ingredients arachidonic acid and/or compounds comprising
arachidonic acid as a constituent fatty acid, the present
30 inventors found that the active ingredients of the
invention exhibit apparent behavioral pharmacologic
effects in a behavioral observation test using mice
subjected to restraint stress, which is considered to
approximate human emotional stress.
35 We also succeeded in realizing industrial production
of a triglyceride containing at least 10% microbially

generated arachidonic acid, and supplied the triglyceride



- 5 for testing in order to elucidate the effect of
the invention. Specifically, the present invention
provi des a preventive or inprovenent agent for
synptons or di seases 5 associated with
stress-induced behavi or disorders and a conposition
Wth a preventive or inprovenent effect on synptons
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BRIEF DESCRIPTION OF THE DRAWINGS
25 Fig. 1 is a graph showing the results for Example 3,

indicating the effect of arachidonic acid on the rearing
behavior of stressed mice.
Fig. 2 is a graph showing the results for Example 3,
indicating the effect of arachidonic acid on the
30 ultromotivity of stressed mice.
Best Mode for Carrying Out the Invention
The present invention relates to a preventive or
improvement agent for symptoms or diseases associated
with stress-induced behavior disorders and a composition
35 with a preventive or improvement effect on symptoms or
diseases associated with stress-induced behavior

disorders, comprising as an active ingredient arachidonic



di sorders, conprising as an active ingredient
arachidonic - 6 acid and/or a conpound conpri sing
arachidonic acid as a constituent fatty acid, as

well as a nmethod for their production. As "synptons

or di seases associated with stress 5 induced behavi or

di sorders” there may be nentioned habits such as
finger sucking and onychophagy, gadj ust ment di sorder,
attention deficit hyperactivity disorder, acute
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For application to food products, the arachidonic
acid is preferably in the form of a triglyceride or
phospholipid, and most preferably in the form of a
triglyceride. While virtually no natural sources of
30 arachidonic acid-containing triglycerides (i.e.,
triglycerides including a triglyceride wherein all or a
portion of the constituent fatty acid is arachidonic
acid) exist, the present inventors have been the first to
clearly demonstrate that it is possible to industrially
35 utilize triglycerides comprising arachidonic acid as a
constituent fatty acid, that the active ingredients of

the invention exhibit apparent behavioral pharmacologic



constituent fatty acid, that the active ingredients
of the invention exhibit apparent behaviora
pharmacol ogic 7 effects in mce subjected to
restraint stress and evaluated by a behaviora
observation test and have preventive or inprovenent
effects for synptons or diseases associated with
stress-i nduced behavi or 5 disorders, and that the
effects are attributable to arachidonic acid.
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IFOS%Z 1gf§) ff% g lgontalnlng arachidonic acid, there may be
mentioned microorganisms belonging to the genera
25 Mortierella, Conidiobolus, Pythium, Phytophthora,
Penicillium, Cladosporium, Mucor, Fusarium, Aspergillus,
Rhodotorula, Entomophthora, Echinosporangium and
Saprolegnia.
As examples of microorganisms belonging to the genus
30 Mortierella, subgenus Mortierella, there may be mentioned
Mortierella elongata, Mortierella exigua, Mortierella
hygrophila and Mortierella alpina. More specifically,
there may be mentioned the strains Mortierella elongata
IF08570, Mortierella exigua IF08571, Mortierella
35 hygrophila 1F0O5941, and Mortierella alpina IF08568,
ATCC16266, ATCC32221, ATCC42430, CBS219.35, CBS224.37,
CBS250.53, CBS343.66, CBS527.72, CBS529.72, CBS608.70,
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prevﬁ@%r&%éﬁ“é&urces including urea, and natural nitrogen
sources such as peptone, yeast extract, malt extract,

25 meat extract, casamino acid, corn steep ligquor, soybean
protein, defatted soybean and cotton seed meal, or
inorganic nitrogen sources such as sodium nitrate,
ammonium nitrate and ammonium sulfate. Trace nutrient
sources including inorganic salts such as phosphoric acid

30 salts, magnesium sulfate, iron sulfate and copper
sulfate, or vitamins, may also be used if necessary. The
medium components are not particularly restricted so long
as they are in concentrations which do not prevent growth
of the microorganisms. For most practical applications

35 the carbon source may be used at a concentration of 0.1-
40 wt% and preferably 1-25 wt%. The initial nitrogen
source addition may be at 0.1-10 wt$% and preferably 0.1-6
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of the m croorgani snms. For nost practical

applications 35 the carbon source nay be used at a
concentration of 0.1- 40 wt% and preferably 1-25 wt%
The initial nitrogen source addition may be at

0.1-10 wt% and preferably 0.1-6 9 w% wth further
feeding of the nitrogen source during culturing. By
controlling the carbon source concentration of the
mediumit is possible to obtain oils or fats 5
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medi um may, be. 4-10Q ;a5 A5 Rf8%aPEYfor the arachidonic acid-
producing cells will differ depending on the
microorganism used, but is 5-40°C, preferably 20-30°C,
while culturing at 20-30°C for proliferation of the cells
may also be followed by continued culturing at 5-20°C . to
produce unsaturated fatty acids. Such temperature
control can also be utilized to increase the proportion
of polyunsaturated fatty acids among the produced fatty
acids. The pH of the medium may be 4-10 and preferably
5-9, for jar fermentor culturing, shake culturing or
stationary culturing. The culturing is normally carried
out for 2-30 days, preferably 5-20 days and more
preferably 5-15 days.



5-9, for jar fermentor culturing, shake culturing or
stationary culturing. The culturing is normally

carried 35 out for 2-30 days, preferably 5-20 days

and nore preferably 5-15 days. 10 In addition to
controlling the carbon source concentration of the
medi um as a strategy for increasing the proportion

of arachidonic acid in the araghidonic

acid-containing oils or fats (triglyceride),
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CaSesrespect to the total fatty acid content of the
arachidonic acid-containing oils or fats (triglyceride)
of the invention is preferably higher from the standpoint
of eliminating the effect of other fatty acids, but it
does not necessarily have to be a high proportion, and in
fact the absolute amount of arachidonic acid can pose a
problem for application to some foods. Oils or fats
(triglycerides) . containing arachidonic acid at 10 wt% or
greater can be suitably used in most cases.

As triglycerides wherein all or a portion of the
constituent fatty acid is arachidonic acid according to
the invention, there may be used triglycerides having
medium chain fatty acids bonded at the 1,3-positions and

arachidonic acid bonded at the 2-position. The oils or



As triglycerides wherein all or a portion of the
constituent fatty acid is arachidonic acid according

to 35 the invention, there nay be used triglycerides
havi ng nedium chain fatty acids bonded at the

1, 3-positions and arachidonic acid bonded at the
2-position. The oils or - 11 fats (triglycerides)

used may al so conprise at |east;5_ nole percent,
preferably at |east 10 nole percent, nore preferably
at least 20 nole percent and nost preferably
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acid is generally considered to be better absorbed. 1In
addition, 2-MG dissolved in bile acid acts as a
surfactant and thus increases the absorption of the free
fatty acids. '

The free fatty acids and 2-MG then form bile acid
complex micelles together with cholesterol, phospholipids
and the like and are incorporated into the intestinal
epithelial cells where triacylglycerols are
resynthesized, being finally released into the lymph as
chylomicrons. However, the fatty acid specificity of
pancreatic lipases is higher for saturated fatty acids,
whereas arachidonic acid is not as easily cleaved.
Ancther problem is that pancreatic lipase activity

declines with age, and therefore triglycerides having
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resynt hesi zed, being finally released into the |ynph
as chylom crons. However, the fatty acid specificity
of pancreatic lipases is higher for saturated fatty
acids, 35 whereas arachidonic acid is not as easily
cl eaved. Another problemis that pancreatic |ipase
activity declines with age, and therefore
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| i paggo4 Tal i pase, Tanabe Pharnmaceutical 30 Co.

Ltd.), Rhazonucor m ehej . | i pase £R|boz ne INlCI\ki\iy on the

examples of lipases wh spec1f

1,3-position ester bonds of triglycerides there may be
mentioned lipases produced by microorganisms such as
Rhizopus, Rhizomucor and Aspergillus, as well as porcine
pancreatic lipases. Any such commercially available
lipases may be used. For example, there may be mentioned
Rhizopus delemar lipase (Talipase, Tanabe Pharmaceutical
Co., Ltd.), Rhizomucor miehei lipase (Ribozyme IM, Novo
Nordisk Co., Ltd.) and Aspergillus niger lipase (Lipase
A, Amano Pharmaceutical Co., Ltd.), although there is no
limitation to these enzymes and any 1,3-specific lipases
may be used.

The form of the lipase used is preferably an
immebilized form on an immobilizing support in order to

impart heat resistance to the enzyme, since the reaction



Nordi sk Co., Ltd.) and Aspergillus niger |ipase
(Li pase A, Amano Pharmaceutical Co., Ltd.), although
there is no limtation to these enzynes and any
1,3-specific lipases nay be used. 35 The form of the
| i pase used is preferably an inmmobilized formon an
i mobi |1 zi ng support in order to inpart heat
resi stance to the enzyne, sincei4he reaction - 13
tenperature is 30C or above and preferably 40C or
above for increased reaction efficiency. The
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absolutely no ester exchange activity ‘will be exhibited

in that state, pretreatment may be carried out in a

25 substrate containing 1-10 wt% (w/v) water and preferably
a substrate containing 1-3 wt% water, in order to
activate the immobilized enzyme to maximum efficiency
before it is provided for production.

The amount of water added to the reaction system is

30 extremely important depending on the type of enzyme,
because a lack of water will impede ester exchange while
an excess of water will cause hydrolysis and a reduced
glyceride yield (since hydrolysis will produce
diglycerides and monoglycerides). However, if the

35 immobilized enzyme used has been activated by
pretreatment the amount of water added to the reaction

system is no longer crucial, and an efficient ester
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30 extrenely inportant depending on the type of

enzyne, because a |ack of water will inpede ester
exchange while an excess of water will cause

hydrol ysis and a reduced glyceride yield (since
hydrolysis will produce diglycerides and

nmonogl yceri des). However, if the 35 immobilized
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An unlimited number of uses exist for oils or fats
(triglycerides) wherein all or a portion of the
constituent fatty acid is arachidonic acid: for example,
they may be used as starting materials and additives for
foods, beverages, cosmetics and pharmaceuticals. The
purposes of use and amounts of use are also completely
unrestricted.

As examples of food compositions there may be
mentioned ordinary foods, as well as functional foods,
nutritional supplements, food for specified health uses,
preterm infant formula, term infant formula, infant
foods, maternal foods or geriatric foods. As examples of

fat/oil-containing foods there may be mentioned natural



foods, beverages, cosnetics and pharmaceuticals. The
30 purposes of use and anounts of use are al so
conpletely unrestricted. As exanples of food
conpositions there may be nentioned ordinary foods,
as well as functional foods, nutritiona

suppl enents, food for specified health uses, 35
preterminfant fornula, terminpgant formula, infant
foods, maternal foods or geriatric foods. As exanples

of fat/ml-contalnlng ds t b e

nat urfglt/ 014 5o RGP EQR ‘?Sal%)ﬁcﬁ af’;o%%%t E&ﬁ a%n %Lfdc,s’

fi sh fapdsntib syhidhoods st or weteh a@EI gdagd foatrd ngr ereriied ion,
during pr an&?ﬁﬁson’fooégc&%ﬁ95p§1l§ Qﬁdga%@pbgy}ﬁélﬂ:lng
oils or fats as eatlng %JS—L ?Jjg aio donut s i butter
or f&C8iPoofLCR Fth 998 bt t BT pf e sSed f 584 ? '
5whi clhproickssed faids apewhiddedider pngfatr eeessidgd &duding

as ch%'c@%s:nq fQRAS JWhiGhy e SPr ay&skh w@lrlcﬁoéi’@dsprayed
with oil's or fats upon fin

shi n% S ch z}\] h hard
bi scfitt §°2882 i dmsd<rt Po 8'so* &Eaeds‘f% as har
agri aulstcutdak. f obdd Cbepmem@dlﬁ oersaldd @@stﬁddkdf@eds

10 'Taafglrfi%u&%?ﬁél %d@evgémewhE58d§ontlale@te@k OF deis,
or fat's functional

ma
10¢ oodé“aﬁﬁnepﬁ%¥%€é1ﬁ EDEXFJéageasna'thflSP %Onrgal e i A fats.
pr ocewgdmbpral sudle iasteatforal Oﬁufllﬂl‘ll@r%toﬁlalpém@? Lr
grap%}%%makgaﬁm% anal forﬁ@x‘é‘nb%@ﬁ,1r§¢&@@@§b@<ﬂ$ﬁo:}m such
emul si ons the |i QIpo
the iHvERLF 5%{ rfglift ents(:o%?WA(ers’ gf?%uﬁls@garﬁr%égg SO, oral
addi tioles iordi naridepsdsed ulsdaes. a%d’u@évéﬁég%%e like.
15phar maceuti anh;Slertl@hian thaigswvehniomddiyt k@Rot corthein

active rg)gr egg ghgdéﬁv%ts' 8RqinANLLOX5HANE S AR
particurarm erre as addi tives to 20 Jorevent

OXi dﬁqdoﬁ’eéifel?‘h? ARy BRF HYrEai Ent T ofv e AT PAY et on.
As exatjiltésnofo aritd exitdaat sndriedienheyf béde fpvenbred

nat ur]ﬁ’ltl%gltlﬁgﬁtgaen:tes p%k'@bc@ﬁaﬂl@cgpgﬁéﬂe% asf hayphdres to

derivative odul . aci d [ cid
2% er i V" \?é‘z gh‘%(ae 'nS; Fu |a|c%lgg ﬁngrédl%%é Fg tf%

pyr azinvendéphyathy @xaraieartd an@aaﬁh%ﬂmg& P& By oPe

p- COokdAfilo@eacChékuriar dnhbyskt ouaisaseth Gsacodppséesla,s,

terpe{%% on@USL§£44é¥%eQ?SS§y1f&@h@&?ﬁ@!Ckbjikigeﬁaﬁ éﬁYiic
the acid derivatives, catechins, fukiic acid, gossypol,

25 pyrazine derivatives, sesamol, guaiaol, guaiac acid, p-
coumaric acid, nordihydroguaiaretic acid, sterols,
terpenes, nucleotide bases, carotenoids, lignans and the

- 1like, and synthetic antioxidants including ascorbic
palmitic acid esters, ascorbic stearic acid esters,

30 butylhydroxyanisole (BHA), butylhydroxytoluene (BHT),
mono-t-butylhydroquinone (TBHQ) and 4-hydroxymethyl-2,6-
di-t-butylphenol (HMBP).

As tocopherols there may be mentioned a-tocopherol,

B-tocopherol, y-tocopherol, &-tocopherol, e-tocopherol, &-

35 tocopherol, m-tocopherol and tocopherol esters

(tocopherol acetate and the like), as well as tocopherol



i ke, and synthetic antioxidants including ascorbic
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0.19-0.20 g ih the Kansai region of Japan (Shishitsu
Eiyougaku 4, 73, 1995), and in consideration of reduced
oils or fats intake and reduced pancreatic. lipase
function in the elderly, a correspondingly greater amount
of arachidonic acid must be ingested. Thus, the daily
intake of the arachidonic acid or the compound comprising
arachidonic acid as a constituent fatty acid according to
the invention for an adult (for example, 60 kg body
weight) 1is 0.001-20 g, preferably 0.01-10 g, more
preferably 0.05-5 g and most preferably 0:1-2 g, based on
the arachidonic acid content.

When the active ingredient of the invention is to be

actually applied for a food or beverage product, the
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When the composition of the invention is to be used
as a pharmaceutical, it is preferably administered in the
form of an administrable unit,.and especially in oral
form. The dosage of the composition of the invention

30 will differ depending on age, body weight, symptoms and
frequency of administration, but for example, the
arachidonic acid and/or compound including arachidonic
acid as a constituent fatty acid according to the
invention may be administered at about 0.001-20 g,

35 preferably 0.01-10 g, more preferably 0.05-5 g and most
preferably 0.1-2 g (as arachidonic acid) per day for

adults (approximately 60 kg), either once a day or



as a pharmaceutical, it is preferably adm nistered in
the formof an adm nistrable unit, and especially in
oral form The dosage of the conposition of the
invention 30 will differ depending on age, body

wei ght, synptons and frequency of adm nistration,

but for exanple, the arachidonic acid and/or
conpound i ncl udi ng arachi donic 18aei d as a constituent
fatty acid according to the invention nmay be

adm ni stered_at about_.0.001-20 b

0. 01-% 1§ nBra" pret eREyls &‘bseossggugg Q%egé%e)‘;ﬁ% Sparate
pref etadslsy 0.1-2 g (as arachldonlc acid) per day for

adul ts (apREOXL &t eﬂavct@oalsga ,ccﬁipbhgﬁtgrwle pﬁho@@Monprd
18 divi ded anpng pl e_doses,

separdt®ra3g§es” %m%kﬁﬁlBra¥ Iﬁcgél n%%nponen?s of
5phosphukwpmeyaﬁeubr&ﬂe§/|ﬁn@Hﬁwﬁﬁépﬁeaf%ﬁbﬁé€h§H%WﬁRPlnt

aci d and, A decosahexasnakcomGiidn abdothenefpbect a6 is
t he standpoi ance, .a conbln tlon th

docoS%ﬂﬁﬁ&ﬁiﬁglc %iﬁ?j|%§ncﬁrgﬁ o=l hee Oég nce the
propo¢1qqnmp@ﬁtaem¢nssamnydta@rhﬁa}naéhésphp%ﬂﬂ%dnmembranes is
pPOSth}J %&n@lfﬂen@r%ﬂ%daﬁlol\{a{ﬂ/ aiaahidor&cﬁ(mfbblgaﬁdi on

oof arachi ic acjid and X i

10 ont a&fH ‘Fﬁﬁﬁﬁﬁ??ﬁ%}T AHS cg?ﬁ%ghpgngagﬁggbghgﬁd i's
espewmd%ﬂpﬁrléﬁélﬁ@?efd ac1|duw hesaasie L 1y her sfreacRPdoni c

aci d/ glocosahexapgnois @acicdidsmid actin/dbeocomianabiomncid

of the araghi gg”'gor?bc'ndatﬁpg LHUgsaaiRRLE aetd s

preferéﬁiy in e ran nor e

prefe¢%ﬁﬂ%ﬁﬁeﬁa?ﬁ%l?a%&ﬁ9 of EF%ﬁ??f@lyA&%the RGBT 1~
150f ei cHsapennaesoh e Boiathliynit hevef oedgerof Bovérage Also,

pr ege{]"f‘ebla\{vl']o%g%sofoél tg-ér%lQ:f akhe 1@r@@|f698| &r

acl

ight ratio S The 5 fﬁ?ht ﬁventlon
will ?ﬁﬁﬁqﬁgee?§F5?¥ﬁﬁ}y Oe@ﬂgé &Pcas ar1” By t
f ol | ost avgh ieyoanpl esid wivteighheratieder st andi ng that the
invention is not limted to these exanples. 25
Exanp thod for production of arachidonic
B

20%¢i d- ing triglycerides
The present invention will now be explained in

greater detail by the following examples, with the
understanding that the invention is not limited to these

examples.
25 Example 1 Method for production of arachidonic

acid-containing triglycerides
Mortierella alpina CBS754.68 was used as the

arachidonic acid-producing strain. After preparing 6 kL

of medium containing 1.8% glucose, 3.1% defatted soybean
30 powder, 0.1% soybean oil, 0.3% KHzPO4, 0.1% Na,S0O4, 0.05%

CaCl,-2H,0 and 0.05% MgClp:6H0 in a 10 kL culturing tank,

the initial pH was adjusted to 6.0.

A 30 L portion of the preculturing solution was

transferred for 8 days of jar fermentor culturing under
35 conditions with a temperature of 26°C, an airflow of 360

m3/h and an internal pressure of 200 kPa. The stirring

rate was adjusted to maintain a dissolved oxygen
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25 and 3.27% by weight, respectively. The arachidonic acid-
éontaining oils or fats (triglycerides) (TGA40S) were
also ethylesterified, and the fatty acid ethyl ester
mixture including 40 wt% arachidonic acid ethyl ester was
separated and purified by an established high-performance

30 liquid chromatography method to obtain 99 wt% arachidonic
acid ethyl ester.

Example 2 Production of triglycerides including at

least 5 mole percent B8AS8

After suspending 100 g of an ion-exchange resin
35 carrier (Dowex MARATHON WBA: Dow Chemical) in 80 ml of
Rhizopus delemar lipase aqueous solution (12.5% Talipase
powder, Tanabe Pharmaceutical Co., Ltd.), 240 ml of cold



containing oils or fats (triglycerides) (TGAOS) were
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subjected to dietary oils or fats purification steps

(degumming, deoxidation, deodorization, decolorizing) to
obtain 8A8-containing oils or fats (triglycerides).

25 The 8A8 proportion of the obtained 8A8-containing
oils or fats (triglycerides) was determined by gas
chromatography and high-performance liquid chromatography
to be 31.6 mole percent. (Incidentally, the proportions
of 8P8, 808, 8L8, 8G8 and 8D8 were 0.6, 7.9, 15.1, 5.2

30 and 4.8 mole percent, respectively. The fatty acids P,
0, L, G and D bonded at the triglyceride 2-position
represent palmitic acid, oleic acid, linoleic acid, y-
linolenic acid and dihomo-y-linolenic acid, respectively,
and therefore 8P8 represents 1,3~capryloyl—2—palmitbleih—

35 glycerol, 808 represents 1,3-capryloyl-2-oleoyl-glycerol,
8L8 represents 1,3-capryloyl-2-linoleoyl-glycerol, 8G8



25 The 8A8 proportion of the obtai ned SAS-contai ni ng
oils or fats (triglycerides) was determ ned by gas

chr omat ogr aphy and hi gh- performance |iquid

chromat ography to be 31.6 nole percent.

(I'ncidentally, the proportions of 8P8, 808, 8L8, 8C3
and 8D8 were 0.6, 7.9, 15.1, 5.2 30 and 4.8 nole
percent, respectively. The fatpy acids P, O, L, G

and D bonded at the triglyceride 2-position

represent palmtic acid, oleic acid, linoleic acid,
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25
Table 1 Experimental diet

Control diet TGA40S-added diet
Casein (g/kg) 200 200
DL-methionine 3 . 3
Corn starch 150 150
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




25 Table 1 Experinental diet Control diet

TGA40S- added diet Casein (g/kg) 200 200

DL-net hionine 3 3 Corn starch 150 150 Sucrose 500
500 Cellul ose powder 50 50 Corn oil 50 45 M neral
AIN-76 35 35 Vitamn AIN76 10 10 Choline
bitartrate 2 2 Vitamin E 0.05 0.05 TGAM0S 0 5 22
Since the daily ingestion was approximately 5 g per
nouse, the daily int ake of TGA40S was 25 ng per

nouse.  Al.sQ, aéago éggtld%tbx agﬁﬁg%gy%gégﬁyt9 g per

the ar achl aon c Aci s or
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W ¢ hOTP AP & i SrPeBs Yy :
rearing, indicating cautlous reaction, and reduced
spontaneous movements such as sniffing and circling,

20 compared to the non-restrained mice, whereas the mice
given TAG40S (arachidonic acid) recovered to the same
level of behavior as the mice without restraint stress
(Figs. 1, 2).

Thus, for the first time it has been clearly

25 demonstrated that administration of TGAR40S improves
behavioral patterns which have altered as a result of
stress, and that arachidonic acid exhibits an improving
effect against behavioral disorders.

Example 4 Preparation of capsules comprising

30 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
for dissolution at 50-60°C, to prepare a gelatin ceating
with a viscosity of 2000 cp. Next, 0.05 wt% of vitamin E

35 0il was combined with the arachidonic acid-containing
oils or fats (triglycerides) obtained in Example 1 to

prepare filling 1. Vitamin E oil was also combined at



(Figs. 1, 2). Thus, for the first tinme it has been
clearly 25 denonstrated that adm nistration of
TGA40S i nproves behavi oral patterns which have
altered as a result of stress, and that arachidonic
acid exhibits an inproving effect against behavioral
di sorders. Exanple 4 Preparation of capsul es
conprising 30 arachidoni c aci.dsgontaining oils or
fatsh(triglycerides) Wat er was added to 100 parts by
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After combining 400 g of the oils or fats

(triglycerides) containing 96 mole percent 8A8 obtained
25 in Example 2, 48 g of purified egg yolk lecithin, 20 g of
oleic acid, 100 g of glycerin and 40 ml of 0.1 N caustic
soda and dispersing the mixture with a homogenizer,
distilled water for injection was added to make 4 liters.
This was emulsified with a high-pressure spray emulsifier
30 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.

Example 6 Use for juice

35 A 2 g portion of PB-cyclodextrin was added to 20 ml
of 20% agqueous ethanol, and then 100 mg of the

arachidonic acid-containing triglycerides obtained in



Exanple 5 Use for oil infusion After conbining 400 g
of the oils or fats (triglycerides) containing 96
nol e percent HAS obtained 25 in Exanple 2, 48 g of
purified egg yolk lecithin, 20 g of oleic acid, 100 g
of glycerin and 40 M of 0.1 N caustic soda and

di spersing the m xture with a honogeni zer, distilled
water for injection was added-txy make 4 liters. This
was enmul sified with a high-pressure spray enul sifier

30 to_prepar | ipid.enmul.sion. .The.lipjd enul_si

was %Paﬂﬁgﬁszd??%?%lﬁ’llggt Fcb%%gvsig?lﬁo’g’ m < per. 8%3 thereto
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and | oggjlizegego obtain 1.8 g of a cyclodextrin

cl at hrat%e YE6fipotnd conpri si ng arachi doni ¢

acid-containing triglycerides. A1 g portion 10 of

this powder was uniformy nmixed into 10 L of juice to

prepare a juice conprising arachidonic

acid-containing triglycerides. - 25 - CLAIMS 1. A

conposition with a preventive or inprovenent effect

on synptons or di seases associated with stress-

i nduced behavi or disorders, conprising arachidonic

acid 5 and/or a conpound conprising arachidonic acid

as a constituent fatty acid. 2. A conposition

according to claim1, wherein



sai d conmpound conprising arachidonic acid as a
constituent fatty acid is an arachidonic acid al coho
10 ester, or a triglyceride, phospholipid or
glycolipid wherein all or a portion of the
constituent fatty acid is arachidonic acid. 3. A
conposition according to claim2, wherein the
triglyceride in which all or _ajgortion of the
constituent 15 fatty acid is arachidonic acid is a
triglyceride having nmediumchain fatty aci ds bonded

at the 1,3-positions and ar ~a8ni ¢ aci d bonded at

t he 2- posilti om dompAsdonposiitihon pceoehing o ThygWement
3, Wh eéa ?r oﬁaéﬂ%é&q{ ugl*cgﬁé&segt g¥s@&iad:%danv§th stress-

sel ecei om a atty. aci
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|nduced r s, conprising triglycerides
whi ch™1 ngcl%ugg g faddté’ ygg!ril de in which all or
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osition accordi to cI
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accor eerg(]qto any one of clfains 5 to 7, wherein said

% ri gl yed@tdesaGhith include a 5 triglyceride in which
aII or a portidncafpdsdi¢iconsitt gerreventivie i grprovement
ar achi gani:C caCkfmpadn® bkl Gl ¥&Byedsd@Ssociated with stress-

induced behavior disorders, 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,



containing virtually no eicosapentaenoic acid. 9. A
conposition with a preventive or inprovenent effect
on synptons or di seases associated with stress- 10

i nduced behavi or disorders, conprising triglycerides
of which at |least 5 nole percent consists of a
triglyceride having nediumchain fatty acids bonded
at the 1,3- positions and arachigleni ¢ aci d bonded at
the 2-position. 10. A conposition according to claim

9, wherein 15 ald ium ¢ ain, fatty r
sel ect®d FHBm ﬁ%ﬁ@gn%g ?a?(f%/orélczadsgg’i%# p%t%ora’
Conpo&iitinosrace oy tim et éaaﬁyl@melaof claims 1 to 10,

wherein said SX”@&I‘%;LQS.@QC&@&&LEH:L\Mgt hoséﬁeaﬁm bﬁd&:ll:&dns 5
behavi or di orders i ncl ude hablt as, f| nger

sucki Yy ant‘f 6h§ERopHAGY S 11Dy C K corrpoéllfl on accor‘al ng
S0 anfyrlcgie'ceﬁfldbalwhﬂcht al10or wherathor 1l tdies eagelsi tuent

aSSOCféﬁéyjd@hhh1§téﬁgﬁﬁudeQHQﬁﬁubeBa&I@flghyﬁy&daég
i ncl ude adj ust nent disorder ., and ttention deficit

hy per SR GAHEY IdV $br 'tfer'Y 58 iﬁcosﬁpe@nﬁgg?%l Sy
accordi ng %.o aﬁycwmoa;ftlehawmsh B preveltivhereifpsaysrent
di Seaé@i%cﬁs%gc's@&rﬁgon\/! th 8t E€8scs |a@@6@@é’t&ﬁhﬂ\th05tress—

di sorders include, acut.e stress di sor
1ost {1 EoBETEsS Hiosorahr, TAPIA GRAposITrSErides of
accordiinh 6 amysone wflecharagnty 0031@1?65 1‘?;E a\/\ﬁéﬁ@iwerlde

sai d GOMRRS eld@0mi éhat f @adt ¢oAPRE boABed@rat the 1,3-
phar maceyti cal cg ﬁafér}lldgﬁicl§C1dA‘b%ggggségItq‘lré spgpition.

accordthyg 8 °cfai aracterized In that
food compd$i-ti 6nCP‘§P%Slééﬁﬁoﬁcccf%d]9(F8oﬂladlﬁ‘d 9dr FRgyein
15 unct ionalnddand, chatn ifatopabec 35 suppkehentsd ffgod émeng Co6-

specr{éeidagrﬁaaggdgses preterm infant formula, term
i nf ant I nfant, food, f ood or

geriatric ¥ood? Co’?‘?"sﬂ%onAaE% gt %8na% Phgctyms
any one f, cihairgsnlsaid s¥Bptehs (ﬁﬁs@@ﬁ‘p??@éslth Stress-

dOCOS@hﬁ%ﬁﬁﬂQk%aaQbﬂ &My$&@ér§-1&6MﬂaaUﬁQb£EHﬂHUC&IBQ finger
docosahexaenm ¢ acigd é sn axconst ituent fatty acid. 5

207 ASR }fﬁ%qsmloﬁnc to claim16, wherein

A comp031t10n accordlng to any one of claims 1
to 10, wherein said diseases associated with stress-
induced behavior disorders include adjustment disorder
and attention deficit hyperactivity disorder.

25 13. A composition according to any one of claims 1
to 10, wherein said diseases associated with stress-
induced behavior disorders include acute stress disorder
and posttraumatic stress disorder.

14. A composition according to any one of claims 1

30 to 13, wherein said composition is a food composition or
pharmaceutical composition.

15. A composition according to claim 14,
characterized in that said food composition is a common
food (food and drink), functional food, nutritional

35 supplement, food for specified health uses, preterm
infant formula, term infant formula, infant focod,

maternal food or geriatric food.



sai d conmpound conpri si ng docosahexaenoic acid as a
constituent fatty acid is a docosahexaenoi c acid

al cohol ester, or a triglyceride, phospholipid or
glycolipid wherein all or a portion of the

constituent fatty acid is 10 docosahexaenoi c aci d.

18. A conposition according to claim16 or 17,
characterized in that the arachi;danic

aci d/ docosahexaenoic acid ratio (by weight) in the

conbi nation of said arachi donic gcid and ,
docosahexdénoi & 9B RASIGIPR FFEIHE"Pahfe® bt Fe10isciaims 1
19. A camfposhttoncagodrsds ndgotars adryaenei ofadldaeng/dr a
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105 di Aogapangtar?atc @Grtai ni ng substantial ly no
ar achi donilé . ach dcamposikyom astdagltinamountlaimed éobr 12L.

A method fecpreyent ik@at ofndredieak bk £at nent  of
synptons, or di seases assocj ate

W th stress-induced

S D G Pt trane Lo uR L "B (Rea AR S0 ering

ar ac hdaddmiine taen doarrd/idr ana elordsouindacbiTidsidagosahexaenoic
15ar achiddeniie iACtKE asngeCoONSEit-uent fatty acid, to a

patient : 9??3& égm JSE 'ggrgégéi%ﬁgél%FLaﬁigonggbflé%%ims 1

of arachi doni c acid an }or a conpound conprli Si ng

aracﬁﬂddﬁhcCh@¥%F9ﬁ§l&eéoH%ﬂPFﬁeggef@FFV“a@?d for the

pr odugitdogapeht @erconrpasitii 0N thie koapps viemt dves afot exceed

i mprovement £ fLCI QR SYOPLONS Qr Al SEASRS 1 8SSQCT at ed

2Ovvlth §tr%ss-|nduced b%haV|or %lsorq§€s. 23, Jhelg%%ct
accordi ng?lo &t &15hP28, TR EIWCEAPY O ShpdGhary P
conpriiagiing arpediaddnive ari dnrrpvamenhstiftaggnenfanproms or
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disorders, the method being characterized by adding
arachidonic acid and/or a compound comprising arachidonic
25 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.
21. A method for prevention or medical treatment of
symptoms or diseases associated with stress-induced
30 behavior disorders, which comprises administering
arachidonic acid and/or a compound comprising arachidonic

acid as a constituent fatty acid, to a patient in need of

its administration.



triglyceride, phospholipid or glycolipid wherein al

or a portion of the constituent fatty acid is

arachi donic acid. 24. The use according to claim 23,
wherein the triglyceride in which all or a portion

of the constituent fatty acid is arachidonic acid is

a triglyceride having medi umtchai n fatty acids

bonded at the 1, 3-positions and _ arachi donic acid
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arachidonic acid for the production of a composition with a
preventive or improvement effect on symptoms or diseases
associated with stress-induced behavior disorders.

27. The use according to claim 26, 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.

28. The use according to claim 26 or 27, wherein said

triglycerides which include a triglyceride in which all or

a portion of the constituent fatty acid is arachidonic



acid bonded at the 2-position for the production of a
conposition with a preventive or inprovenent effect
on synptons or di seases associated with
stress-induced behavior disorders. 31. The use
according to cl ai m 30, mherei@ said nedium chain
fatty acids are sel ected froﬁlanong C6-12 fatty
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medium chain fatty acids are selected from among C6-12
fatty acids.

32. The use according to any one of claims 22 to 31,
wherein said symptoms associated with stress-induced
behavior disorders include habits such as finger sucking
and onychophagy.

33. The use according to any one of claims 22 to 31,
wherein said diseases associated with stress-induced
behavior disorders include adjustment disorder and
attention deficit hyperactivity disorder.

34. The use according to any one of claims 22 to 31,

wherein said diseases associated with stress-induced

behavior disorders include acute stregs disorder and



acid. 39. The use according to claim 37 or 38,
characterized in that the arachidonic

aci d/ docosahexaenoic acid ratio (by weight) in the
conbi nation of said arachidonic acid and
docosahexaenoic acid is in tg range of 0.1-15. 40.
The use according to any one gf clains 22 to 39,
characterized in that_ the anount of eicosapentaenoic
PRELETIRALRE S6HEES GiieRTd6Es not exceed 1/5 of the

ar achizdonigg . agld JiR L8 COMROSIH Yhe of claims 22 to 34,
wherein said composition is a food composition or
pharmaceutical composition.

36. The use according to claim 35, 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.

37. The use according to any one of claims 22 to 36,
which comprises docosahexaenoic acid and/or a compound
comprising docosahexaenoic acid as a constituent fatty
acid.

38. The use according to claim 37, 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.

39. The use according to claim 37 or 38,
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 0.1-15.

40. The use according to any one of claims 22 to 39,
characterized in that the amount of eicosapentaenoic acid
in the composition does not exceed 1/5 of the arachidonic

acid in the composition.



