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DESCRIPTION PROCESS FOR PRODUCING POWDERED
COMPOSITION CONTAINING ASCORBIC ACID ESTER OF
POLYUNSATURATED FATTY ACID AND POWDERED COMPQOSITION
5 CONTAINING THE ESTERS TECHNICAL FIELD The present invention
relates to ascorbic acid esters of polyunsaturated fatty acids shown by the

following general formula 10 (I): REQ:ALH(4herein RCO- is an acyl
group originating from a polyunsaturated fatty acid; and A is an ascorbic
acid residue that is linked via "-0-" originating from the hydroxyl group of
ascorbic acid). The 15 esters of the present invention serve both as
PROOEfrNO6f pRyDUSatutatedWatiyr BoidSdlatizaver an inopeaserNgtaoilitp SCORBIC
against oxidation and are converted into polyunsaturated fatty acids once
ACDaSOtR dahd B pYoHferi s evitam irAC T ar pE0-DitaNin KOWAGkE:D COMPOSITION
specifically, the present invention relates to a processfor forming 20 the
ascorbic acid ester of pol{thSetdratf fatfyFacid iit8 & powder
composition that facilitates handling of the compound during its
production or use, as well as to a composition containing the powdered
%nrr%e specifically, the present invention relates to a 25
:

TE&?WEA%V et .
process for forming the ascorbic acid ester of polyunsaturatedfatty acid

showp-Ry fhe-genaral fopmyla (L (whigh may berefergdila @Scid esters of

"polyunsaturated fatty acid/ascorbic acid ester," hereinafter) 1 into a
po Pewrdes composiian by ymixdngithe sompeund vt anlasiueaySgeneral formula
(I):

RCO-A (1)
(wherein RCO- 1s an acyl group originating from a polyunsaturated
fatty acid; and A is an ascorbic acid residue that is linked via
"-0-" originating from the hydroxyl group of ascorbic acid). The
esters of the present invention serve both as pro-forms of
polyunsaturated fattyacids that have an increasedstabilityagainst
oxidation and are converted into polyunsaturated fatty acids once
in a body, and as pro-forms of vitamin C, or pro-vitamin C. More
specifically, the present invention relates to a process for forming
the ascorbic acid ester of polyunsaturated fatty acid into a powder
composition that facilitates handling of the compound during its
productionoruse, aswell astoacompositioncontaining the powdered
esters.
Even more specifically, the present invention relates to a

process for forming the ascorbic acidester of polyunsaturated fatty
acid shown by the general formula (I) (which may be referred to

as "polyunsaturated fatty acid/ascorbic acid ester," hereinafter)
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solution of a water-soluble polysaccharide, a type of excipient, to form an
emulsion, and dehydrating/drying the emulsion by spray-drying. The
present invention further relates to a 5 composition containing the
powdered polyunsaturated fatty acid/ascorbic acid ester produced by the
above process. BACKGROUND ART 1. Polyunsaturated fatty acid 10

. Polyunsaturated fatty acids (PUFAS) generally refer to fatty acids that
INEGNGiSPBI'ES To 29T atinS Bl RaVR%a HRGr&CBP UM G IFAtion Tf 2 queous

0.6..Specifically, PUEAS range fram Jinoleic .acid. (18 carbon atoms, s
o B e S0 o L6choat Saere, Ay (i (32 brsasciotent
£ o205 degres.of unsaturation 36 1hOf differentaolyunsaturaied B, by

acids, docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), a - or
spydipoterya agid, dihemeryiendlenis asick(RaL A Bdaraebiignissacid ase

not only known to play important roles as biological compounds, but also
comnpee vanions asefuh funictigns e derexamipis; BkuyaataiHabenl Zhiedy

"Brain Functions and Lipids" (1997) Gakkai Center Kansai; Sato Kiyotaka.
acgd/ apevshbiett ot FRRERsn R LRsldsed 997); WvataRmEe AR H.

"Hepatic Diseases and Therapeutic Nutrition" (1992) Dai-ichiShuppan.).

Some are already in use as pharmaceutical agents, food and nutritional

BA?M@?@” eral, these polyunsaturated 25 fatty acids occur in the
orm of glycerides or phospholipids rather than in the form of free acids,

1. apd Aransed asilsLanaiping, pelyunsaturated fatty acids. 2 2. Vitamin
C

Polyunsaturated fatty acids (PUFAs) generally refer to fatty

acids that consist of 18 to 22 carbon atoms and have a degree of
unsaturation of 2 to 6. Specifically, PUFAs range from linoleic
acid (18 carbonatoms, degree of unsaturation=2) to docosahexaenoic
acid (DHA) (22 carbon atoms, degree of unsaturation = 6).

Of different polyunsaturated fatty acids, docosahexaenoic
acid (DHA), eicosapentaenoic acid (EPA), o - or y-linolenic acid,
dihomo-y ~lenolenic acid (DGLA), and arachidonic acid are not only
known to play important roles as biological compounds, but also
have various useful functions {See, for example, Okuyama Hiromi.
ed., "Brain Functions and Lipids" (1997) Gakkai Center Kansai; Sato
Kiyotaka. ed., "Development of Functional Lipids" (1992); Watanabe
Akihiroet al., "Hepatic Diseases and Therapeutic Nutrition" (1992)
Dai-ichi Shuppan.). Somearealreadyinuseaspharmaceutical agents,
food and nutritional products. 1In general, these polyunsatufated
fatty acids occur in the form of glycerides or phospholipids rather
than in the form of free acids, and are used as oils containing

polyunsaturated fatty acids.
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Vitamin C exhibits various physiological activities: it facilitates synthesis of
collagen, the depletion of which causes 5 scurvy; it acts as a biological
antioxidant and eliminates free radicals generated in a body; and it is
involved in the oxidation/reduction of iron ions of cytochrome C. Other
important activities of vitamin C include anticancer activity, stimulation of
immune functions and suppression of cholesterol synthesis and 10
associating anti-arteriosclerosis activity. The antioxidation activity and the
- ability to facilitate collagen synthesis, along with the associating
‘antifp%vmagmg, anti-UV damage and anti-pigmentation activities, make
vitamip; € ardermeatelagially simparast sopppungsitablen fos ssen ties: it
cosmetics (See, for example, 15 "Fragrance Journal,” vol.25, March
f a (90N Special wditiors)i sVivdmin Clisedsn added die foackaneh cosmeticch causes
products as antioxidant. 3. Polyunsaturated fatty acids and pro-forms of
scyitaryiin CtDespite theiravide eadngd o dpplivations deolyursadumtéthiz@tes free
fatty acids and vitamin C are susceptible to oxidation. For this reason,
ragfehlSHACRES BEEA déloR B Hevefsifing bro-fordR st LVigshnincthe
gpgo-vjtam)n CJ, vi%amin Cfderivatives thatfare conyerted to vitamjn C once fant
°Xisite 8 hoHT “AMohg bfo-vitafiins B th s 18¥ pr6dic8Fare 6-0 paimitdyRor =2n
2cB29 SOt gSeabic apidesters; 23 L AEMIRIARB NI Bighu a5 on
solubility in lipid, 2-O-a-glucopyranosyl ascorbic acid having incfeased
o f Stabiify cagainst-axddatiam andhhose it phespherin add oF sulfsiigagis i s and
3 bound to position 2. Attempts have also been made to make pro-forms
as by coathinigg sanpdlyansaturiated iathoadd withtvitaimin C. Ohisuahtioxidation

activity and the ability to facilitate collagen synthesis, along
with the associating anti-photoaging, anti-UV damage and
anti-pigmentation activities, make vitamin C a dermatologically
important compound suitable for use in cosmetics (See, for example,
"Fragrance Journal,” wvol.25, March (1997) Special edition.).

Vitamin C is also added in food and cosmetic products as antioxidant.

3. Polyunsaturated fatty acids and pro-forms of vitamin C

Despite their wide range of applications, polyunsaturated
fatty acids and vitamin C are susceptible to oxidation. For this
reason, much effort has been devoted to developing pro-forms of
vitamin C (pro-vitamin C), vitamin C derivatives that are converted
to vitamin C once inside a body. Among pro-vitamins C thus far
produced are 6-O-palmitoyl—- and 6-O-stearyl-ascorbic acid esters,
which are antioxidants with high solubility in lipid,

2-0- a—-glucopyranosyl ascorbic acid having increased stability

against oxidation, and those with phosphoric acid or sulfuric acid
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pro-forms, the ascorbic acid derivatives in which an acyl group originating
from a polyunsaturated fatty acid is bound to position 5 6 via an ester
linkage are known to have higher stability against oxidation than the
original polyunsaturated fatty acid and are, thus, useful (See, for example,
J. Am. Oil Chem. Soc., 78(2001): 823). Aside from the functions

anticipated from the polyunsaturated 10 fatty acid and ascorbic acid,
bofiRLd BrETBITHL OF oty ACHEFREE RABFEREARTMITE s ek o-forns

by Qo '%;S'iyn%egv BB%?&%%%&%%%@PL%@% ‘Q%Pécﬁ{%&% g derivalives ¢ sicn
in"'which an acyl'group originating from a polyunsaturated fatty acid 1s

prByRG I POSHIAN 46 M5 AN ester {ipkaRs, 6;P:doeasanexarneyl-axroRale group
is known to 15 have anti-arrhythmia activity (Japanese Patent Laid-Opén

or Py bticationNer bieial @d BYaR4 ) calcits Aritagerisi activity Mbteraationsdsition
Patent Publication No. WO 94/20092), and anti-allergy activity (Japanese

6 PatentlakitOpehiPikaicationdNdnblen 6226237 hAlgber stability against
6-0-y-linoleyl-ascorbate has proven to have 20 an ability to inhibit aldose

oxjshifciase (hsPAtEAt N6 1606Fb P ahruRssHoWR teBe BifeEivegadaingnd are,
streptozotocin-induced diabetes model éDiabetoIogia. 39(1996): 1047)7'84('

ChY8chHigEEY to Mi&% pbREINSERIRLE fatly U7t iftd howtaP - 258 ils: 2001) =

5 2g§)ntaining polyunsaturated fatty acids are generally provided in the form
of liquid oil or semi-solid (paste) These oils are susceptible to oxidation

and g {herefpre dfcyn i A andie, {n ong Jechnigued faRHWINRISturated

problem, linoleic acid is mixed with a water-soluble polysaccharide, such
faaspalledextitd ascorbic acid, these pro-forms of polyunsaturated
fatty acid and vitamin C may exhibit completely new properties.
For example, of the ascorbic acid derivatives in which an acyl group
originating from a polyunsaturated fatty acid is bound to position
6 via an ester linkage, 6-O-docosahexaenoyl-ascorbate is known to
have anti-arrhythmia activity (Japanese Patent Laid-Open
Publication No. Hei 10-139664), calcium antagonist activity
(International Patent Publication No. WO 94/20092), and
anti-allergy activity (Japanese Patent Laid-Open Publication No.
Hei 6-122627). Also, 6-0-y-linoleyl-ascorbate has proven to have
an ability to inhibit aldose reductase (US Patent No. 6069168) and

is shown to be effective against streptozotocin-induced diabetes

model (Diabetologia. 39(1996): 1047).

4. Techniques to make polyunsaturated fatty acid into powder

Oils containing polyunsaturated fatty acids are generally
provided in the form of liquid oil or semi-solid (paste). These

oils are susceptible to oxidation and are therefore difficult to
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gum Arabic and soybean polysaccharide, in the presence of various
surfactants, and the mixture is spray-dried to form microcapsules 5
(powderization) . The resulting linoleic acid powder has higher stability
against oxidation than the original linoleic acid (See, for example, J. Agr.
Food Chem., 50(2002): 3984, J. Microencapsulation, 19(2002): 181).

Other techniques for forming polyunsaturated fatty acids into 10 owder ,
n25{ 1 Bos it Hve HEERTRAAH TP Sarol paraht oBBRbERs, FRro = 1e acid

i s%fglpé% 9 ARANG& g glent i‘lﬂ%}% %’1 Pélg "%%tgopi <!1\| eo,' lé'ﬁ Icg' %%81§§ ; ’g %)a%? ;( trin,

describes a technique for provi owder that cah be preserve
quRVek-aPIelongedsioragePeHad ¥albeHk fouRIngi peroxiles: £aBRereadibarious
dispersed in water, and is 15 easy-handling. In this technique, a
suwaterssolihe excipient ecmplsiagia pspteiyeda pelysaschartadamcapsules
alkaline metal salt thereof is used to form an ON type emulsion, which is
(popdsydrias 1P watéhsolubiexcipignt on tie surface df thewdsultédtoihigher

powder is modified with an acid or a metal with a valency of 2 into 20 a
st aidriih¥oRBie fotin, AAHiER T BiintB s pERAh B SGdtidATGL e1c acid (See,

‘ Water-solgblee cipient. The s Iuct'on is th m&&ri@d t§ form_a
Ohvard e SBidtie f il DO “AfechR L dscribed
Ml&#gggggig iﬂ@%haid'lg%r@) 5>éjplicaltgnp) No. Hei 7-313057 uses
erve as an.excipient” 25 and is particularly effective

in impreving the-siabllite of Rolyrosatrated fafracids agaiostaxdaligns ds into

Japanese Patent Laid-Open Publication No. Hei 10-99056 describes a
a techiégtieclonds picviding H=RA: ob &4tA-destaitibg pondes compositigasent

According to
applications. For example, Japanese Patent Laid-Open Publication
No. Hei 6-228589 describes a technique for providing a powder that
can be preserved stably over a prolonged storage period without
forming peroxides, can be readily dispersed in water, and is
easy-handling. In this technique, a water-soluble excipient
comprising a protein or a polysaccharide or an alkaline metal salt
thereof is used to form an O/W type emulsion, which is spray-dried.
The water—-soluble excipient on the surface of the resultant oil
powder is modified with an acid or a metal with a valency of 2 into
a water-insoluble form, which in turn is dispersed in a solution
of water-soluble excipient. The solution is then spray-dried to
form a water-soluble film on the surface of the oil powder.

Atechniquedescribedin Japanese Patent Laid-OpenPublication

No. Hei 7-313057 uses defatted soybean to serve as an excipient
and is particularly effective in improving the stability of

polyunsaturated fatty acids against oxidation. Japanese Patent

Laid-Open Publication No. Hei 10-99056 describes a technique for
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this technique, an oil-in-water-type emulsion is prepared by using DHA,
an oil containing IOwt% or more of DHA and/or 5wto or more of linoleic
acid, 2 to 20wt% of diet fiber as an excipient, 10 to 5 70wt o of hydrolysis
product of starch or lower sugar product obtained by reductive
degradation of starch, and 0.01 to 5wt% of antioxidant. The resulting
emulsion is dried under vacuum. Japanese Patent Laid-Open Publication

PrRBIALNE-55558% RHiHscHBES ah b RPBERBIF BBRGATd By Aldind6 @oBF 1ng to

to 1 parts 10 by weight of ascorbic acid, along with 0.00Q1 to 1 parts .
th%%ié’%ﬁé?aﬁ@%t ShetHectd ‘f’r%Fneéit?ch Baog,%ﬁ%té?r%% REIP St Y using

puinalalg, 1o 100 parts Hywelghbetan gl The reyingail J5 gMUISBRE 40 or more

obtain a W/O type emulsion, which in turn is dissolved in an agueous

ofphase 1@ ferna a wgter-inwibiype eraylsione g his bka-eaullsiondgs dhgri dried 10 to
to form a powder. The techniques described above are some of the known

7 Otechnif) iesd forliypakin @ potiunsat firated-fatty adidwcontainyag @ilsodtoct obtained
powder. Each of these techniques, however, concerns a polyunsaturated

by fagdusdid-cofiamirysit vhichthasaritéremish{sid! propefies frefppoxidant.
the ascorbic acid/polyunsaturated fatty acid ester of the present invention.

The hERFUE: Ha8h YrHE 468ve SeSiptidndiiRrs AR Hited teaching.

The .aﬂoéj"aeﬁdeesscripsget%%h.'}l%‘i%s—‘éa%@]h?‘é% ¢ different QUINOSEIONg 535544
making powcFer Composition: each Mvolves addition of extra additives or

deSthergraublesome copplicaied on RIPESITRRABY HHS £ARNGL BR GireEtY 1 parts

applied to making the ascorbic acid/polyunsaturated fatty acid ester into .
by Pewidet: SFeeificalyk ascariel acid estgrs of polyuwsaturated faly 6s by weight
of at least one selected from citric acid, citrate, malic acid,
and malate, to 100 parts by weight of an oil. The resulting oil
isemulsifiedtoobtainaW/0Otypeemulsion, whichinturnisdissolved
in an aqueous phase to form a water-in-oil-type emulsion. This
emulsion is then dried to form a powder.

The techniques describedabove are some of the known techniques
for making polyunsaturated fatty acid-containing oils into powder.
Each of these techniques, however, concerns a polyunsaturated fatty
acid-containing oil, which has different physical properties from
the ascorbic acid/polyunsaturated fatty acid ester of the present
invention. Therefore, each of the above descriptions offers only
limited teaching. The above-described techniques each have a
different purpose for making a powder composition: each involves
addition of extra additives or other troublesome complicated
processes and thus cannot be directly applied tomaking the ascorbic
acid/polyunsaturated fatty acid ester into powder.

Specifically, ascorbic acid esters of polyunsaturated fatty
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acid of the present invention having 3 or higher degree of unsaturation,

including DHA, arachidonic acid and DGLA, do not readily crystallize.

Rather, they tend to forma paste, making their handling difficult. Such

characteristics of the esters also make 5 themunsuitable for use in

pharmaceutical or foodproducts. Although preparations and compositions

using these compounds have been described in literatures, such as oral
aChfepatatidtfs &SiNG 6-6-dotoRaheaentT-ABEorbatd dBdGHs iegree of

Japanese.Patent Lajd-Open Publication No. Hei 10-139664 and
RS Pt 16 R SH N 03 BTS00 1 b oo o not
reSXARIPRAISfOF USE 11 Oral RIENALRtIoNS (6. 0o SIALCNEIAGIOSE ADALTYRANRG the i r

cellulose) are mentioned, no specific production process has been

hadesariied thet ovancomes the, praklems-eanised ystherphysicak tseRedBse make
of the compound. Nor can any specific description be 15 found in US.

thPatems Mot 6668 1fad; wikchrdelsetbes 6:0-7ckioteyEascoshaten cegardiidd t hough
excipients for making tablets containing the compound. Thus, no

Preihhidfues TV us FaRisednt tvaiabla in this pastcutereeHnidal fisld o een
forming a powder composition of polyunsaturated fatty acid/ascorbic acid

degstetPS6 ALRortiigly GF LGP objRbfife BFthRTLsBRSRISATOPRS prévias

_a simple process for making a powder compasition comprising a
6= SR TR Lo B LG o S iBa Rehor B o S5 Pagent

LaPESERAM BYRIPIE UpdESirRhle RRYSIGa PIaRRIESS, Iids IRRURELLRISHUME patent
of the present invention to provide such a powder 25 composition
PuBORMISHENA Relyunsatuateddatly acig/ascarhicasich@stexdipients for use
in oral preparations (e.g., starch, lactose and crystalline
cellulose) are mentioned, no specific production process has been
described that overcomes the problems caused by the physical
properties of the compound. Nor can any specific description be
found in US. Patent No. 60698168, which describes
6-0-y-linoleyl-ascorbate, regarding excipients for making tablets
containing the compound. Thus, no techniques have thus far been
available in this particular technical field for forming a powder
composition of polyunsaturated fatty acid/ascorbic acid ester.
Accordingly, it is an objective of the present invention to
provide a simple process for making a powder composition comprising
a polyunsaturated fatty acid/ascorbic acid ester, which otherwise
forms a paste and exhibits undesirable physical properties. It is
another objective of the present invention to provide such a powder

composition comprising a polyunsaturated fatty acid/ascorbic acid

ester.
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DISCLOSURE OF THE INVENTION Addressing the above-described
problems, the present invention comprises the followings: (1) A process
for making an ascorbic acid ester of a 5 polyunsaturated fatty acid into
powder, the ester represented by the following general formula (I): RCO-A
() (wherein RCO- is an acyl group originating from a polyunsaturated fatty
acid; and A is an ascorbic acid residue that is linked via 10 "-0-"

Dléﬁéﬁﬁﬁﬁﬁ ffdfn Whﬂgwl%%ﬁp of ascorbic acid), the process

comprising: mixing t ﬁasc rbic acjd ester of polyunsaturated fatty acid
G g R e B e e Sl L et

in@ggg{;&pr%}%gggége ewlsign ig)‘gg%rygte and dry the emulsion. (2)

The process according to (1) above, wherein the ascorbic acid ester of

polyupsatusaiedfatiy aciebef the gengralfomruard) is fystmixeskwith ar a
diluent, and the mixture is then mixed with the aqueous solution of the
polaterssdlultletexaifient: 20a(@) d henprocesg deeordihg te §2)eabovwpresented by
wherein the mixing ratio by weight of the compound of the general
thepririd oY i theamasatis i ¥ididehgelof:l : 1to 1 : 100. (4) The process
according to gff‘)[ above, wherein the mixing ratio by weight of the
compound of Q_gzéneral formdih (I) to the 25 diluentis in the range of 1 :

e S e o e A S0t S Y Bt
fatty acid; and A is an ascorbic acid residue that is linked via
"-0-" originating from the hydroxyl group of ascorbic acid), the
process comprising:

mixing the ascorbic acid ester of polyunsaturated fatty acid
with an agueous solution of a water-soluble excipient to form an
emulsion; and

spray-drying the emulsion to dehydrate and dry the emulsion.

(2) The process according to (1) above, wherein the ascorbic
acid ester of polyunsaturated fatty acid of the general formula
(I) is first mixed with a diluent, and the mixture is then mixed
with the aqueous solution of the water-soluble excipient.

(3) The process according to (2) above, wherein the mixing
ratio by weight of the compound of the general formula (I) to the
diluent is in the range of 1 : 1 to 1 : 100.

(4) The process according to (3) above, wherein the mixing
ratio by weight of the compound of the general formula (I) to the
diluent is in the range of 1 : 3 to 1 : 10.

(5) The process according to any one of (1) to (4) above,

wherein the mixing ratio by weight of the compound of the general

8
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8 formula (1) or the mixture of the compound of the general formula (I) and
the diluent to the aqueous solution of the excipient is intherange of 1: 1
to 1:100. (6) The process according to (5) above, wherein the mixing 5
ratio by weight of the compound of the general formula (I) or the mixture
of the compound of the general formula (I) and the diluent to the aqueous

solution of the excipient is in the rang\e;égf 12to1l:20.(7) The process
fozamibtaingltb %y bhe SHEE iy ) dbdRe FOTRRNEBR e WafedsigER: formula

xcipient is a water-soluble lysaccharide. (8).The process according ta .
R R B e At blent 1s

inm@ll}gd%tlrligegg@ Arabig, sqluble stargh, and soybean polysaccharide. 15

(9) The protess according to any one of (2) to (6) above, wherein the

diluentds alargwhaieiadtyacid pr apgester theyeab A sUrfagiant i9f & he mixing
liquid oil. (10) The process according to (9) above, wherein the diluent is

rasdlected fretngimetind deate; oleioasid, difotdie agish ofivé 20 oilpdeybEan or the
lecithin, a monoglyceride of a fatty acid and a sugar ester of a fatty acid.

migty mhe Prodessaourrding olfabhoreesidd o {eoradeve, I whsrgit Adndiluent
the compound of the general formula (1) is a residue originating from the 6

COhJoxFTSaR Bf 28¢HibiCRcial 25k e2Fhd Bistdssiatchifg fo BRY Bhe® L 1
gg( to (11) above, wherein RCO- in the compound of the general
ormuld (1) 1Is’selected

(7) The process according to any one of (1) to (6) above,
wherein the water-soluble excipient is a water-soluble
polysaccharide.

(8) The process according to (7) above, wherein the
water-soluble polysaccharide is selected from maltodextrin, gum
Arabic, soluble starch, and soybean polysaccharide.

(9) The process according to any one of (2) to (6) above,
wherein the diluent is a long-chain fatty acid or an ester thereof,
a surfactant, or a liquid oil.

(10) The process according to (9) above, wherein the diluent
is selected from methyl oleate, oleic acid, linoleic acid, olive
0il, soybean lecithin, a monoglyceride of a fatty acid and a sugar
ester of a fatty acid.

(11) The process according to any one of (1) to (10) above,
wherein A in the compound of the general formula (I) is a residue
originating from the 6 hydroxyl group of ascorbic acid.

(12) The process according to any one of (1) to (1ll) above,
wherein RCO- in the compound of the general formula (I) is selected
from acyl groups of arachidonic acid, dihomo-y-linolenic acid, and

9
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from acyl groups of arachidonic acid, dihomo-y-linolenic acid, and 9

docosahexaenoic acid. (13) A composition containing the powdered

compound represented by the general formula (I) and produced by the

process according to any one of (1) to (12) above. 5 BRIEF

DESCRIPTION OF THE DRAWING Fig. 1 is a graph showing the results

of Example 4. The symbols shown in the graph are as follows: a blank
dogRFARSHARRR theTeSult for a gum Arabic-based 10 powder

(microcapsule) of 6-0-arachidonoyl-ascorbate obtained in Example 1; a

ol Jae R 0 R g h B ab koD B i der gy tn
re %@M@i %%Vﬁléﬂeaéa% CPQHHhPabl }(Q@@%@M%QS& CligS Yrocess

or a soybean 15 polySaccharide(Soyafibe (registered trademark))-base
acbewdengf €-0-argchideneyt-asecorbate pbtajined,iExample 2; a solid
triangle indicates the result for a soybean polysaccharide(Soyafibe
(registered trademark))-based powder of arachidonic acid provided as a
control; 20 a blank circle indicates the result for maltodextrin (Pinedex
BREEO0 PB&SEd 8I0Laphchidoridy|-B8datbilfe obtained in Example 3; a solid
circle indicates the result fora (Pinedex #100) -based powder of

aracHiddhic heidPprovietPis RBHEBE aWlank 8k Pbidaiesies 4 -
resultor nonzpovyderefl 22 650, afachidonoyiascorbate: Anfh oy

a blank square indicates the result for a gum Arabic-based
powder (microcapsule) Qf 6-0O-arachidonoyl-ascorbate obtained in
Example 1;

a solid square indicates the result for a gum Arabic-based
powder of arachidonic acid provided as a control;

a blank triangle indicates the result for a soybean
polysaccharide (Soyafibe (registered trademark))-based powder of
6-O-arachidonoyl-ascorbate obtained in Example 2;

a solid triangle indicates the result for a soybean
polysaccharide (Soyafibe (registered trademark))-based powder of
arachidonic acid provided as a control;

ablank circle indicates the result formaltodextrin (Pinedex
#100) -based 6-O-arachidonoyl-ascorbate obtained in Example 3;

asolidcircle indicates the result fora (Pinedex #100) -based
powder of arachidonic acid provided as a control;

a blank diamond indicates the result for non-powdered
6-0O-arachidonoyl-ascorbate; and

a solid diamond indicates the result for non-powdered

arachidonic acid.

10
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a solid diamond indicates the result for non-powdered arachidonic acid.
10 BEST MODE FOR CARRYING OUT THE INVENTION As described
above, the present invention specifically provides a process that involves
mixing the polyunsaturated fatty 5 acid/ascorbic acid ester of the general
formula (1) with an aqueous solution of a water-soluble polysaccharide, a
type of excipient, to form an emulsion, and then drying the emulsion by
spray-drying. The resulting powdered (microcapsulated) polyunsaturated

e <1 Ao Lg/eks&gr?g Qﬁ%ﬁge&g%t %?%ébfgagam ighly handleable, but 10

also ows signifi improved s oxidation. The

powdgredipalyunsatyraied farty agid/gscadie acioestars; provided. | !Lnflcally

accordance with the present invention may be suitably mixed with other

preQIReneats 1o make taliatsi 5% Drbard LapsUleshaRd Oth@isaturated fatty
preparations and are expected to find practical 15 applications in the fields

acobiphareadeiticat produttsrfoddiredyetss rarid tosmeties( As déstribacaqueous
above, the present invention provides an effective process for making the
sopBlytfBakifafed RS asidladebibiekit aseh of iitegeRefay fsymdlagpcipient,

into powder. 20 The compound of the general formula (1) has the desirable

toptyEbIagiciNatfvitds A VRahlife %&ﬂ%ﬂtﬁ@@aﬁﬁ‘éj&rﬁéoﬁxmbl@]fﬁé/ ~drying.

hysiologjcal actlvm of polyunsaturated fatty ac ch
Tl )éarac idoricacid, eac ){nmporFarR%lo oé_‘lcrflflqclgmqL Nl o%%ed fatty

ac%@/g%é%]&?@%ﬁr@ akthe.genar %TPIEP%%&'MQSC%B%W”E%&%%%K but

"dual pro-form" that serves both as a pro-form
also shows significantly improved stability against oxidation.

The powdered polyunsaturated fatty acid/ascorbic acid esters
provided in accordance with the present invention may be suitably
mixed with other components to make tablets, soft or hard capsules,
and other preparations and are expected to find practical
applications inthe fields of pharmaceutical products, foodproducts,
and cosmetics.

As described above, the present invention provides an
effective process for making the polyunsaturated fatty
acid/ascorbic acid ester of the general formula (I) into powder.
The compound of the general formula (I) has the desirable
physioclogical activities of vitamin C and, at the same time, exhibits
the physiological activities of polyunsaturated fatty acids, such
as DHA, EPA, and arachidonic acid, each an important biological
compound. In other words, the compound of the general formula (I)
can be considered as a "dual pro-form" that serves both as a pro-form
of a polyunsaturated fatty acid that has high stability against

oxidation and as a pro-vitamin C. Thus, there has been a high
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of a polyunsaturated fatty acid that has high stability against oxidation and
as a pro-vitamin C. Thus, there has been a high 11 expectation for the
compounds of the general formula (1) to find a wide range of applications
in food products, cosmetics, pharmaceutical products, and various other
fields. Nonetheless, the compounds of the general formula (I) tend to form
a paste, the 5 characteristic that makes the compounds difficult to handle.

eXRftHeadotBe B hid BRIdFOMROpRIENPIVERfo It fothd eidtde (1) to find

compound of the genera| formula (I) can be formed into._ powder in a
2 e TAGHEN B e G DAL WS o BB o sa R =

ph§%¥é{é'l%ﬁ% f‘@aef‘%%SB &'é‘”ga'x‘}&"@a%ﬁéﬂgeS‘d%éQ ﬁpllléti%.'s()f tl}?onﬁtheless ’

water-soluble polysaccharidé to form an emulsion, and spray-drying the

t h&NMIRIORu RUEPHSINghE IhRas kuned Quhthat the polyinsaturled fat¥aste, the

acid is significantly more stable against oxidation in the resulting

chpowcieead saterialiban iathesorigiralcpagtedads of the pelyupsaivraieddle.
fatty acid/ascorbic acid ester. 15 It was these findings that ultimately led to
the pleseniténventione Tife piesesit ientibhavill rovebs deserbddwithas found
reference to specific embodiments, which are not intended to limit the

thatosboftRBRARIMioRTn BRG W TrRladrfie kid dérigaivae formed into

ented hy t ] 20 f 1) in which I
e L DT TR T —

po P 0Kage gands ghel i%aé'yar?y&%?fﬁzf %ith%i@%/i%%nqqtnﬁqﬁrydgkaaqueous

polyunsaturated fatty acid” with ascorbic acid using a common rating
so Bgenbsuelt am diualehexylisewesafRodjimide 0s Py JEealing 8rAcd emulsion,

chloride of
and spray-drying the emulsion. Surprisingly, it has turnedout that
the polyunsaturated fatty acid is significantly more stable against
oxidation in the resulting powdered material than in the original
paste form of the polyunsaturated fatty acid/ascorbic acid ester.
It was these findings that ultimately led to the present invention.

The present invention will now be described with reference
to specific embodiments, which are not intended to limit the scope
of the invention in any way.

The ascorbic acid derivatives represented by the general
formula (I) inwhichanacyl grouporiginating froma polyunsaturated
fattyacidisboundtoposition6viaanester linkage canbechemically
synthesized either by condensation of a polyunsaturated fatty acid
with ascorbic acid using a common dehydrating agent such as
dicyclohexylisourecarbodiimide or by treating an acid chloride of
a polyunsaturated fatty acid with ascorbic acid (See, for example,

US Patent No. 6069168). Alternatively, the ascorbic acid

derivatives can be enzymatically synthesized by treating a
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25 a polyunsaturated fatty acid with ascorbic acid (See, for example, US
Patent No. 6069168) . Alternatively, the ascorbic acid derivatives can be
enzymatically synthesized by treating a 12 polyunsaturated fatty acid and
ascorbic acid with iipase in an organic solvent such as acetone (See, for
example, J. Am. Oil. Chem. Soc. 78(2001): 823) . If necessary, the
resulting compounds may be purified by silica gel chromatography. 5 In

PomgkiRpHere5elAG bbly andal aatbySany RErASEdhid estepdmpoandrganic
of the general formula (I) into powder, the compound is preferably mixed
SOWRATC AT, 36cR SR HRNg!cvtn fﬁff;{ a%?@@%ﬁeﬁep%re%ﬁéelﬁ&w
lole r an.oll such as qlive ojl, prior to mixing with the agueous
8 B over Sl BT RO o e 1S B s IS ey be

put e polyynsaturated f x1a@ﬂ/@§ﬁg%%%§ﬁﬁ§9mpoundmaybe directly
e di

mixed withthe excipient without using uent depending on the
property phifeneprpeuNss I he mixipg 13tihdyrweighbditheraserrbie/ascorbic
acid derivative, or polyunsaturated fatty acid/ascorbic acid ester

e stem poumek tothe £16Hdi yentés-mltheorangesofl 1) I tdd pti@eand the compound
preferably in the range of 1 : 3to 1 : 10. Instead of a fatty acid ester or an

1 s gifr ef sk Wwasiehddifend nhieends, iagibassed asthelimdenfatty acid

Such a surfactant may be glyceryl monostearate, a monoglyceride of a ,
or @ SRt§ FoFB?EﬁPFB&&IBr%b?Hs% BEk R dar bR fatty 20 aRid St bps olive

oifucél‘%%eérort%%?%%'%e%}l s gﬂ% it OS5, %E%%hle Same Rl I _so1uble
rés ting mixture Is then mixed with the excipientto rorm an emuision.

polPeLxcipientdised isaWatgsaluble-ipient. The polyunsaturated fatty
acid/ascorbicester compoundmaybedirectlymixedwiththe excipient
without using the diluent depending on the property of the compound.

The mixing ratio (by weight) of the ascorbic acid derivative,
or polyunsaturated fatty acid/ascorbic acid ester compound, to the
diluent is in the range of 1 : 1 to 1 : 100, and preferably in the
range of 1 : 3 to 1 : 10. Instead of a fatty acid ester or an oil,
a surfactant, which can form micelles, may be used as the diluent.
Such a surfactant may be glyceryl monostearate, a monoglyceride
of a fatty acid for use in food products, or a sugar ester (fatty
acid ester of sucrose) or soybean lecithin, and may be used at the
same ratio.

The resulting mixture is then mixed with the excipient to
form an emulsion. The excipient used is a water-soluble
polysaccharide disscolved in water in advance. FExamples of such a
water-soluble polysaccharide include, but are not limited to,
dextrin, in particular maltodextrin, soluble starch, gum Arabic,

or polysaccharides derived from soybean, such as "soyafibe”
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polysaccharide dissolved in water in advance. Examples of such a 25
water-soluble polysaccharide include, but are not limited to, dextrin, in
particular maltodextrin, soluble starch, gum Arabic, or polysaccharides
derived from soybean, such as "soyafibe" 13 manufactured and marketed
by Fuji Oil, Co., Ltd. The mixing ratio (by weight) of the oil mixture, that is,
the polyunsaturated fatty acid/ascorbic acid ester compound or the .
Mapipha - gie poIYURRALRARY Rty Hdid/Qdcbrbicacidiéster cOhfpduting ratio
with the_5 diluent, to the excipient is in the range of 1 : 20 1 : 100, and
(Dt FEH41) Intho HhigR o 1 2481520 DG A HotfogRnigaR e o Cod Fatty

tesplt xture is then vigoyo ' to form an ion (AW, fype
acemﬁ%sgl;gﬁ%%thg%li?pggg ph%%ﬁl %%%%go%éroﬁgsfl t aej%)aem%unt of(%he
po?¥imlasgerthand rlin terms of/ 19 dbemixingIatiodby veighR i ihe with the
polyunsaturated fatty acid/ascorbic acid ester compound or the mixture of
dithe=polyunsattkated dathy aeid/dscorhiccacidestefecomnpouncewith the: 100, and
diluent, to the excipient, the mixture may not be successfully formed into
prpbdadebPreferabhe thesiee offthk oil drdplets in &fe.eniidsion 15 isdndlgenizer,
range of 0. 1 to 5 m. While the oil droplets may be smaller than this range, =
thenERyibiteqihKkicl of dredtBPthih ISRAH SdiYeSteht 6 HéstalsifFe pecmulsion
mulsion and are,thus not suitable, ,More preferably, the sjze of the ai
(0§ e i i d

PO 8RS SRS b oF 1.6 %0 F IR Shre R PG dptR it
smalleg sizg can lead 20.tp feﬂgagquoafsv%gggpo ley less, susceptible, o ¢

to oxidation. The resulting emulsion is then with a spray drier (100

thio AQQCK P give ROWASF ofdhgyAtgrosapsulatednoivunsaiuraiedd fatty

|
roplets).

acid/ascorbic acid ester compound or the mixture of the
polyunsaturated fatty acid/ascorbic acid ester compound with the
diluent, tothe excipient, themixturemaynot be successfully formed
intopowder. Preferably, thesizeoftheoildropletsintheemulsion
isintherangeocf 0.1 to 5 um. While the 0il droplets may be smaller
than this range, the droplets equal to, or greater than, 5um in
size tend to destabilize the emulsion and are thus not suitable.
More preferably, the size of the o0il droplets is in the range of
0.01 to 1 pm since the o0il droplets with a smaller size can lead
to formation of favorable powder less susceptible to oxidation.
The resulting emulsion is then dried with a spray drier (100
to 200°C) to give powder of the microcapsulated polyunsaturated
fatty acid/ascorbic acid ester. While the drying process may be
carried out using any technique, the spray drying using a spray
drier canmake the emulsion intopowder inasimpler manner as compared
to other drying measures, such as drumdrying, vacuum freeze drying,

and vacuum drying (drum-type and continuous belt-type), and is thus
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fatty acid/ascorbic acid ester. While the drying process may be carried out
using any technique, the spray drying using a spray 25 drier can make the
emulsion into powder in a simpler manner as compared to other drying
measures, such as drum drying, vacuum freeze drying, and vacuum
drying (drum-type and continuous belt-type), and is thus 14 most
preferred. The resulting microcapsulated powder of

mog o Bifehfdoroy-ascorbate was left in the air at 37 C and a humidity of

12% t[&g eSO %asys tgidnetermige Ct)hea stsaubi'lg oétheo %Vé/cljero %gainst 5
oxidation (§eeul':1xam8Ier%eFOV\5. uring e 3B ay period, samples were

6—@—@9&13&?{ 8‘3%8#? inegintanals %%g et hyorolyzed,into @?ﬁb’h' and a humidity

arachidonate, which in turn' was subjected to gas chromatography to
ofdetermine e amaiiniotRerexitized Reaghidenicacid o Ehentepidic@ie against

shown in Table 1. As shown, the stability of any 10 polysaccharides used
oxWwastinpnoveddyy Prsvdeting. Bdedrgreaseunitieg stebiity- dggipsiriod, samples

oxidation was particularly significant in gum Arabic and soybean
wepgljsdaihatider adeder fovin afld preser e rdoregio Vit s alpredetmgo methy 1

process to improve the physical properties of polﬁnsaturated fatty 15

AT AEIHHAVOE mcTH éSBrs! thalt ShBWHF SoitQ &arvitedryhatography

pql gnsaturateg fatt)éacid/%sco ic acid esters é)wdere by the process
to a ermine, the mourn Q, rbon—ox 12z arac l%onl .aCil . The
of the present invention provedto be " significantly more stable agains

re O¥i0AU0Y AS compared io g, nonppowgdereg, CoUNterRAIts WHIGh Wele o any

highly susceptible to 20 oxidation. Thus, the present invention facilitates
polRgsHse Bh hed polyunsaturated fattyacid/asgofieacidiesiers ohtheincrease in

thgeggzﬂility against oxidation was particularly significant in
gum Arabic and soybean polysaccharide.

As set forth, the present invention provides a powdering
process to improve the physical properties of polyunsaturated fatty
acid/ascorbic acid esters that show various physiological
activities. The polyunsaturated fatty acid/ascorbic acid esters
powdered by the process of the present invention proved to be
significantly more stable against oxidation as compared to the
non-powdered counterparts, which were highly susceptible to
oxidation. Thus, the present invention facilitates the use of the
polyunsaturated fatty acid/ascorbic acid esters of the general

formula (I) in pharmaceutical products, food products, nutritional

products, and cosmetic products.

Examples
The present invention will now be described in further detail

with reference to Examples, which are provided by way of example
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formula (l) in pharmaceutical products, food products, nutritional products,
and cosmetic products. 25 Examples The present invention will now be
described in further detail with reference to Examples, which are provided
by way of example 15 only and are not intended to limit the scope of the
invention in any way. As a reference, a production process is also
presented of an ascorbic acid derivative having an acyl group originating

Onfr¥nflifterdrt PAyurSHtGREEs 14 adidd bothd tBCtHB%o%ﬁr $ g UiEcHTion in

ester Irnkage Refergnce Example 1 %)(Jntges SQ - 21s0 presented
"¢.0'arachi onoyl ascorbate AracHidonic acrdp&B % gmmol) Was ©

ofd§§0L\'§969@§8238%d(29&9v5@£0§ selytion, %'Bél&?hor@fo@;ﬂ BYi 6Pnating

mmol) was 10 added and the mixture was stlrred at room temperature in a

f rBfiragens atreasphereyien 2 - hourscubseqyenti die waixiie was he position
concentrated under reduced pressure to obtain arachidonyl chloride as an

6 wilywpeodues tdeadwhikedeascorbic acid (1.4 g, 7.9 mmol) was added to a
mixture of N-methylpyrrolidone (15 ml) and 15 4N-HCl/dioxane (2.4 ml)
and the mixture was chilled on ice. To this solution, the arachidonyl

chlorlde in methylene chlorlde (aprox 2 mI) was added and the mixture
Refg z He O hARR LA J WS —ascorbate

reacttg)n atef was adde aczd tl;e mi t e wa extract dwrth ethél
in benzene
acetaté. The ethy acetatel ayer (?was wamﬁle Mh wa er wrce , was

(26ripd OVerTQﬁtEl‘ﬁrQUéd‘i'ﬁ%%?{U”&?é'H?tf anbyageongentipted ’?‘“g%nol was

reduced pressure. The resultlng residue was purified by silica geI
adebrmatDgraphyi tedwal was stirred at room temperature in a nitrogen

atmosphere for 2.5 hours. Subsequently, the mixture was
concentrated under reduced pressure to obtain arachidonyl chloride
as an oily product. Meanwhile, L-ascorbic acid (1.4 g, 7.9 mmol)
was added to a mixture of N-methylpyrrolidone (15 ml) and
4N-HCl/dioxane (2.4 ml) and the mixture was chilled on ice. To this
solution, the arachidonyl chloride in methylene chloride (approx.
2ml) was added, and the mixture was stirred overnight while chilled
on ice. Upon completion of the reaction, water was added and the
mixture was extracted with ethyl acetate. The ethyl acetate layer
was washed with water (twice), was dried over anhydrous magnesium
sulfate, andwas concentratedunder reducedpressure. Theresulting
residue was purified by silica gel chromatography (eluant =
methanol/methylene chloride (1% to 20% methanol gradient)) and was
dried under reduced pressure to give the desired product as a paste
(2.7 g, 90% yield).

PMR(® ppm.CDCl3); 0.87(3H, t), 1.2-1.4(6H, m), 1.73(2H, q),

2.0-2.2(4H, m), 2.36(2H, t), 2.8-2.9(6H, 4.2-4.3(3H, m), 4.79(1H,
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methanol/methylene chloride (1% to 20% methanol gradient) ) and was
dried under reduced pressure to give the desired product as a paste 25
(2.7 g, 90% vyield). PMR(5 ppm,CDC13); 0.87(3H, t), 1.2-1.4(6H, m),
1.73(2H, q), 2.0-2.2(4H, m), 2.36(2H, t), 2.8-2.9(6H, 4.2-4.3(3H, m),
4.79(1H, 16 s), 5.36(8H, m). Reference Example 2 : Synthesis of

6 O-dihomo-y-linolenoyl-ascorbate 5 Using dihomo-y-linolenic acid (2.0g,
S)g. 6?nr%8l§ fhe Eme procedure was followed as in Reference Example 1 to
give the desired product as a paste (2.43g, 80% yield). PMR (6
ppm,CDC13); 0.89(3H, t), 1.2-1.4(12H, m),1.63(2H, 1),

Re%&%&é@*i@a% PR, 2.4 %Aéém:) 4¢4-3(3H,m)4.79(1H, 10s),

. esis of 6-0-docosahexaenoyl

6~ ASTDHIAE ’,Jsmgqé%(%ﬁ?yhfxgge%@tté(Z 0 g, 6.1 mmol), the same
procedure was followed as in Reference Example 1 to give the desired 15
produss 88 RAsten3-59] 84Wyialty BMEA(6(ppdDE18nndl97 (Iret) same
2.07 (2H, q) , 2.43 (4H, q) , 2.8-2. 9 (10H, m), 4.76(1H, s), 5.2-5.4(10H,

prafedwrs. ¥@s fim), 1eBed Assin Rofm 5erpe ARap@ Exdniifedli ve the desired
Powderization of 6-0-arachidonoyl-ascorbate using gum Arabic Gum

PrAdHGE (8 75%)RAaT GissolvedIn 484 Wafit Water. Meanwhile, 1 part by

weight of 6-0-arachido oyI ascorbat was gnlformq mlxercrll W|th 4 garts by

M e b et ol 58, )

2.0-2.1(4H, m), 2.39(2H, t), 2.7-2.9(4H, m), 4.2-4.3(3H, m), 4.79(1H,

s), 5.2-5.4(6H, m).

Reference Example 3 : Synthesis of 6-0O-docosahexaenoyl —ascorbate

Using docosahexaenoic acid (2.0 g, 6.1 mmol), the same
procedure was followed as in Reference Example 1 to give the desired
product as a paste (2.5 g, 84% yield).

PMR (& ppm.CDC13); 0.97(3H, t), 2.07(2H, q), 2.43(4H, q), 2.8-2.9(10H,
m), 4.76(1H, s), 5.2-5.4(10H, m), 4.2-4.7(3H, m), 4.80(1lH, s),

5.2-5.5(12H, m).

Example 1 : Powderization of 6-O-arachidonoyl-ascorbate using gum

Arabic

Gum Arabic (6.75 g) was dissolved in 45 ml warm water.
Meanwhile, 1 part by weight of 6-0O-arachidonoyl-ascorbate was
uniformlymixedwith 4 parts by weight of methyl cleate. Themixture
(0.675 g) was added to the solution of gum Arabic (San-eigen,
manufactured by FFI) and the mixture was vigorously stirred in a

homogenizer (polytron PT20SK, manufactured by KINEMATICA) for 1
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25 (0.675 g) was added to the solution of gum Arabic (San-eigen,
manufactured by FFI) and the mixture was vigorously stirred in a
homogenizer (polytron PT20SK, manufactured by KINEMATICA) for 1 17
min to form an emulsion. The average size of the oil droplets present in
the resulting emulsion was 0.48 m (determined by particle size analyzer
. SALD-2100, manufactured by SHIMADZU CORP.). While gently stirred,
M1 ERARAGIGH WIS AfbihRed H{}"ﬁ BIRARRISSR AT 5PSE> bbE BWPATEAPresent

: s injected into an LB-8 spray driex (manufactured by, OOKAWARA) at .

o S RG] T RAGIACHRS o BB I SO0 kit ha PoTE Le Fe sz

ani@rperalsEg, p theneutighwas 100 e dd &G sTaapzlovotate Was while gently
approximately 7.5 m2/min. The resulting powder (microcapsule) was

st colleaied- by apyiclene aw fhedestedqaeduatc dtExanglel2sprayer at 30, 000
Powderization of 6-0-arachidonoyl-ascorbate using soybean starch Using

rpgoghbehnvstardn (& ¢5g)(Soyafiben, ABiablkprom BUIQILjmtmeisambured by
procedure was followed as in Example 1 to obtain 15 the desired powder

OOYMitrBapaiied. EXamplE 3 : PowdErizatiohh6f Benaraidui@laddsbird et was

using maltodextrin Using maltodextrin (6.75g) (Pinedex #100, . .
20 Gk ARELFBE By DOMAT SEFT AR RIGAKUR I8 R3me proeedhs fias The air

fca;low das in Example 1t obfain he desired ow? r (microcapsule).
L e T s T agbinet DAATDn of SEach e L powder

(m{RYBYF Ki9araghidlonoyraseurhals, in ugrocapsules 2h24UBg PE8aERoduct .

powder product (microcapsule) obtained in each

Example 2 : Powderization of 6-O-arachidonoyl-ascorbate using

soybean starch

Using soybean starch (6.75g) (Soyafibe®, available from
FUJIOIL), the same procedure was followed as in Example 1 to obtain

the desired powder (microcapsule).

Example 3 : Powderization of 6-O-arachidonoyl-ascorbate using

maltodextrin

Using maltodextrin (6.75g) (Pinedex #100, manufactured by
MATSUTANI KAGAKU), the same procedure was followed as in Example

1 to obtain the desired powder (microcapsule).

Example 4 : Test for the stability against oxidation of arachidonic

acid moiety of 6-O-arachidonoyl-ascorbate in microcapsules

240mg of each powder product (microcapsule) obtained in each
example was placed in a flat bottom glass container (1.5 cm inner

diameter, 3cmhigh). Usinganaqueoussolutionoflithiumchloride,
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example was placed in a flat bottom glass container (1.5 cm inner
diameter, 3cmhigh). Using an aqueous solution of lithium chloride, 18 the
humidity inside the container was maintained at 12% and the powder was
stored at 37 C . The cup was taken out at predetermined intervals and the
6-0-arachidonoyl-ascorbate encapsulated in the microcapsules was

zed, followed by esterification with 5 methyl groups. The amount of

hydrol ]
g Rl ardehidiR i BERAS HRETHES B)ga rBifidiraphy 2nd the
&%0-148, macnufac ur déayo%HlM,%EZU CORP.).. The sa Ieg were, ned
poanglf/z“éasusslné) e h?/% myristate as an SinteaT standard” The vahation B?rmlne

inteRrportion ot the arachidgpicagit igfhuwigxidized duripgdhg S0rd®ed in the

period was shown 10 in Fig. 1 (with respect to the amount of arachidonic
miaeidmpbayed (#h8))hhAsachitel, followed by esterification with
gumArabic,soybeanstarch(Soyafibe(registered trademark)) and
mefriaytbdexpin(Pinedde#200)uedin thenespectivecdxampledsweriyset-id was
in combination with arachidonic acid to make 15 arachidonic acid powder
de b RIdiels thitsr stap sie P Bal IHeE poMAdChrddiRisiiperefrastedtgdney SHIMADZU

same manner. Non-powdered arachidonic_ acid and non-powdere

d
COBFo)arach nog&: ST TR tsfed ShtfHe R haR¥Er SiREe as an
infesulis arg collectively s}fgg\évnvi_n ﬂga'tl'@é) A caq be seen from the resylis
Oe? ' f'th dofthe®

Fig. 1, as much as 80% of the arachidonic aci

ar 8rarpahidopneyl-n3earpale ;encaPsURted R U AraPicar SE¥Re Y was shown

starch remained unoxidized after 30 days, whereas only 30% of the
innPhecapsulaiedh6€=araebidanoyt-nacathsate, terainedawroxidized afiet theon Day
same
0 (=1.0)).

As acontrol, gumArabic, soybean starch (Soyafibe (registered
trademark)) and maltodextrin (Pinedex #100) used in the respective
examples were used in combination with arachidonic acid to make
arachidonic acid powder products (microcapsule), and the powder
products were tested in the same manner. Non-powdered arachidonic
acid and non-powdered 6~O-arachidonoyl—-ascorbate were also tested
in the same manner.

The results are collectively shown in Fig. 1.

As can be seen from the results of Fig. 1, as much as 80%
of the arachidonic acid of the 6-O-arachidonoyl-ascorbate
encapsulated by gum Arabic or soybean starch remained unoxidized
after 30 days, whereas only 30% of the non-capsulated
6—-0O-arachidonoyl-ascorbate remained unoxidized after the same
period. This indicates the high stability of microcapsulated

6-0-arachidonoyl-ascorbate against oxidation. In contrast,

non-capsulated arachidonic acid disappeared in a few hours.
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25 period. This indicates the high stability of microcapsulated
6-0-arachidonoyl-ascorbate against oxidation. In contrast, non-capsulated
arachidonic acid disappeared in a few hours. 19 INDUSTRIAL
APPLICABILITY As set forth, the present invention provides an effective
process for making powder products of polyunsaturated fatty 5
acid/ascorbic acid esters, compounds with potential applications in the
fields of pharmaceutical products, foodproducts, nutritional products, and

N %Sé‘&l%@%gr%sl ifically, the process involves mixing, if necessary,
e polyunsaturatéed fatty acid/ascorbic acid ester with a diluent, mixing

the mipdurewith 108N agueous sQlutien of 3ayatessolyble polysacehatiflee ot 1 ve

an excipient, to form an emuision, and spray-drying the emulsion to obtain

p r3 EovEler opraabirt that isoeamrtodiandle - i¥se proddesh by dhe present fatty
invention are polyunsaturated fatty acid/ascorbic acid ester having

acimpraved stalilitycdghiasteddaticvand anpevdettompositivhal5applications
comprising such esters. The powder composition of the present invention

inddmpristig aPoiunsareaiet famy adigdsesbictagd esefshéws nutritional
significantly improved stability against oxidation, so that it finds a wide

PrRghferor apBlidaffGi@ftthe MERE b biarmaReatidal (Rodiets G fduPces s
iyt huiional products, and cosmetle prodycis: 20, CLAINS. 1, &

process for maﬁ%g an ascorbic acid ester of%a pgfflunsaturate% at];y aci
acHHQQQ$6¥%ﬂ®eé$¥%f6§¥%§BWE9HBé diluent, mixing the mixture with
an aqueous solutionof awater-solublepolysaccharide, anexcipient,
to forman emulsion, and spray-drying the emulsion to obtain a powder
product that is easy to handle. Also provided by the present
invention are polyunsaturated fatty acid/ascorbicacidester having
improved stability against oxidation and a powder composition
comprising such esters.

The powder composition of the present invention comprising

a polyunsaturated fatty acid/ascorbic acid ester shows
significantly improved stabilityagainst oxidation, sothat it finds

awiderangeofapplicationsinthe fieldsofpharmaceutical products,

food products, nutritional products, and cosmetic products.
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5 the following general formula (I): RCO-A (1) (wherein RCO- is an acyl
group originating from a polyunsaturated fatty acid, that the fatty acid has
3 or higher degree of unsaturation; andA is an ascorbic acid residue that
is linked via "-0-" originating 10 from the hydroxyl group of ascorbic acid) ,
the process comprising: mixing the ascorbic acid ester of polyunsaturated
fatty acid with an aqueous solutio%gt %\ﬁ\éater-soluble polysaccharide to
form an emulsion; and spray-drying the emulsion to dehydrate and dry the
emulsion. 15 2. The process according to claim 1, wherein the ascorbic
acid ester of polyunsaturated fatty acid of the general formula (I) is first
1. mixed withoa diddertoand the mixtdre isdhenpiixed with the tagueors,
solution of the water-soluble polysaccharide. 3. The process according to
po lghaim 27 wheteid the tmixirg-ratiol 20 bypweidat of theecempeound @b thesented by
general formula () to the diluent isinarange of 1:1to1:100. 4. The
thepiorkss webordiroréaim Srivhérein the mixing ratio by weight of the
compound of the general formula (I) to the diluent isinarange of 1:3to
1:10. 25 S.Ffi& process acégr)ding to any one of claims 1 to 4, wherein
(un{iemixiag gatio by weighy pf the compound of the general formula, (1 of
" e mixtlre of the compo%ndgofotﬁg gene?alnfaormu g)tand 27 e ditdén

fat%tog% Agueous solutienof the polysacenaids 50, angeof & o 149 ration;

6. The process according to claim 5, wherein the mixing ratio
andA is an ascorbicacidresidue that is linkedvia "-0O-"originating

urated

from the hydroxyl group of ascorbic acid), the process comprising:
mixing the ascorbic acid ester of polyunsaturated fatty acid
with an agueous solution of a water-soluble polysaccharide to form
an emulsion; and
spray-drying the emulsion to dehydrate and dry the emulsion.
2. The process accordiﬁg to claim 1, wherein the ascorbic acid
ester of polyunsaturated fatty acid of the general formula (I) is
first mixed with a diluent, and the mixture is then mixed with the
aqueous solution of the water-soluble polysaccharide.
3. The process according to claim 2, wherein the mixing ratio
by weight of the compound of the general formula (I) to the diluent
is in a range of 1 : 1 to 1 : 100.
4, The process according to claim 3, wherein the mixing ratio
by weight of the compound of the general formula (I) to the diluent
is in a range of 1 : 3 to 1 : 10.
5. The process according to any one of claims 1 to 4, wherein
the mixing ratio by weight of the compound of the general formula

(I) or the mixture of the compound of the general formula (I) and
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by weight of the compound of the general formula (1) or the mixture 5 of
the compound of the general formula (I) and the diluent to the aqueous
solution of the polysaccharide isinarangeof 1:2to 1:20.7. The
process according to claim 1, wherein the water-soluble polysaccharide is
selected from maltodextrin, gum Arabic, soluble 10 starch, and soybean

the\?v%ll)ﬁa% ride. 8y Ihe pracess aceording fo 3y one Y ClAIMS 2.10.6.5 e 35 in

erein the diluentis along-chain fatty acid or an ester thereof, a

a raydactgnt, or a liguidoil. 9. Thegprocess according to claim 8, wherein the
diluent is 15 selected from methyl oleate, oleic acid, linoleic acid, olive oll,

6. soyhean lecthins a monoglyderide: of a fattynadid, and wesugartesteri @i ag ratio
fatty acid. 10. The process according to any one of claims 1 to 9, wherein

by weinothe cdmpoantboithergérelat fornmyglad€l ds af residuenofiginating: 120 mixture
from the 6 hydroxyl group of ascorbic acid. Il. The process according to

of BRY sieeraimS1 tb1D, Iierém REOMinlthe (Compband e the gerefalto the

formula (1) is selected from acyl groups originating from arachidonic acid,
ATGHGG A HOBRIC okl A O REH e heid D1 g e of L': 2 to

.Co position containing the powdered compound represented by the
"general formula (1) and produced by the process according to any one of

7. da“@%é—%&%%é%% according to claim 1, wherein the water-soluble
polysaccharide is selected from maltodextrin, gum Arabic, soluble
starch, and soybean polysaccharide.

8. The process according to any one of claims 2 to 6, wherein
the diluent is a long-chain fatty acid or an ester thereof, a
surfactant, or a liquid oil.

9, The process according to claim 8, wherein the diluent is
selected from methyl oleate, oleic acid, lincleic acid, olive oil,
soybean lecithin, a monoglyceride of a fatty acid, and a sugar ester
of a fatty acid.

10. The process according to any one of claims 1 to 9, wherein
A in the compound of the general formula (I) is a residue originating
from the 6 hydroxyl group of ascorbic acid.

11. The process according to any one of claims 1 to 10, wherein
RCO- in the compound of the general formula (I) is selected from
acyl groups originating from arachidonic acid, dihomo-y-linolenic
acid, and docosahexaenoic acid.

12. A composition containing the powdered compound represented
by the general formula (I) and produced by the process according

to any one of claims 1 to 11.
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