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DESCRI PTI ON 5 PROCESS FOR PRODUCI NG POWDERED
COVPCSI TI ONS CONTAI NI NG HI GHLY UNSATURATED FATTY ACI D
ESTERS OF ASCORBI C ACI D AND PONDERED COWVPCOSI Tl ONS
CONTAI NIl NG THE ESTERS TECHNI CAL FI ELD The present
invention relates to ascorbic acid esters of
pol yunsaturated fatty acids shown by the foll ow ng
general formula 10 (I):pRSERPetion(Wherein RCO is an
acyl group originating froma pol yunsaturated fatty
acid; and Ais an ascorbic acid residue that is |linked
via "-0-" originating fromthe hydroxyl group of
PRSCREYI corCPEPDUCTIG ASwmstEed scofpdHET PHES eMSNTAINING HIGHLY
i nvention serve both as pro-forns of pol yunsaturated

fasAyuretes thety havep anstmes ess egsstrRBid | AYT RN B SEOWDERED
oxi dation and are converted into polyunsaturated fatty

aci ds once icoMeosaditonandorsApNaNGoraE ekTrrkam n C,
or pro-vitamn C. Mre specifically, the present

invention relates toa processfor formng 20 the

ascorbic acid ester of polyunsaturated fatty acid into
TEGHROWNEr FIE€pppOSition that facilitates handling of the

conmpound during its production or use, as well as to

a COMROSHEEHEN €O Pt 16 t A€l Poykler 8Uas €SHSI S adEVENesters of
nore specifically, the present invention relates to a

po2buREQEeBSst EQrf FtalyThBYdE NEh AEE BKDE e 1D RSN g&heral formula
pol yunsaturated fatty acid shown by the genera

(tfoermula (1) (which may be referred to as

"“pol yunsaturated fatty acid/ascorbic acid ester,”

her ei naf t efdo-a (I)
(wherein 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
esters of the present invention serve both as pro-forms of
polyunsaturated fatty acids that have anincreasedstability against
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/thepresentinventionrelatestx)aprocessforfbrming
the ascorbic acid ester of polyunsaturated fatty acid into a powder
composition that facilitates handling of the compound during its
productionoruse, aswell astoacompositioncontainingthe powdered
esters.

Even more specifically, the present invention relates to a

process for forming the ascorbic acid ester 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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1 into a powder conposition by m xing the conpound
W th an aqueous solution of a water-sol uble
pol ysaccharide, a type of excipient, to forman
ermul si on, and dehydrating/drying the enul sion by
spray-drying. The present invention further relates to
a 5 conposition containing the powdered
inpe! ¥ ubsadan aletbdAattibn a6l diaseqr Bhe a6hBo@si8hith an aqueous
produced by the above process. BACKGROUND ART 1.
solPat yoAsat W aled rf-aldiynad @019 sBekyarsakyr @t%dpé at ¥xcipient,
acids (PUFAs) generally refer to fatty acids that
toCQB_SﬂnSénOémﬂﬁsl@nZzaﬁ@r@@lﬁy@ﬁ@lf@n?}'@rﬁﬂv@ ehdeghieesn by
unsaturation of 2 to 6. Specifically, PUFAs range from

spkholiel engacitthd B LRron miaiofledi®@ e relates to a
unsaturation = 2) to docosahexaenoic acid (DHA) (22

cofBbboni 8h 0OBBnt S881 88 Bhe g&?@f@f@&iwlyur@at@agd fatty
a

di fferent polyunsaturate ty acids, docosahexaenoic
acdg)dscOHMN ¢ &t LOSaPEHE aeRGiecagi By (BN abdve PFocess.
y-linolenic acid, dihonpo-y-Ilenolenic acid (DAA), and
arachidonic acid are not only known to play inportant
rol es as biol ogi cal conpounds, but also have various
paugerolnD useti ons (See, for exanple, Okuyama Hirom . 20
ed., "Brain Functions and Lipids" (1997) Gakkai Center

1. KegsphnsSah Lat &l yod k@ aety, "Devel opnent of

Functional Lipids™ (1992); Watanabe Akihiro et al.

" Hepad 1 gurkd steasese and t Thes anest(ipO ey rdd i @ra1 (1 992k r to fatty
Dai -i chi Shuppan.). Sone are already in use as

acPhariree Wdtals agents, tof 00dcafgoAUL £ bk 0N HYRAUCIRgree of
In general, these pol yunsaturated 25 fatty aci ds occur

unsfchhec { o8 ol gloyeeri gesc of i PAPSPHOBUIAAS diRfd&rom linoleic

than in the formof free acids, and are used as oils
acf@NUBIJYHbn atoms, 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), a- 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.). Somearealreadyinuseaspharmaceuticalagents,
food and nutritional products. In 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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pol yunsaturated fatty acids. 2 2. Vitamin C Vitamn C
exhi bits various physiological activities: it
facilitates synthesis of collagen, the depletion of
whi ch causes 5 scurvy; it acts as a biologica
antioxidant and elimnates free radicals generated in
a body; and it is involved in the oxidation/reduction
of iron ions of cytochrome C. O her inportant
activities of vitamn C include anticancer activity,
2.stvipdmhahi gan  of i mune functions and suppression of
chol esterol synthesis and 10 associ ati ng
ant i vat&def hoSCeRr 051 Bs aght voty . pAPei anddDxd Uaddtoivities: it
activity and the ability to facilitate coll agen
fagyNibeses, s@hogsiyidh ddd sagsqcicakl Bgpletion of which causes
anti - phot oagi ng, anti-UV damage and anti-pi gnentation
scaetriyyi itesctsake yibadl dgleal deitmdol @ptCaddd eliminates free
i nportant conpound suitable for use in cosnetics (See,
rafioeakxagpheraldd” Fhagriaseg; Jendnat , isvohvabvedbi€hthe
(1997) Special edition.). Vitamn Cis also added in
oxfagtiandreassei b di eduatiords o@indyoxdighedtie C3. Other important
Pol yunsaturated fatty acids and pro-fornms of vitamn C
acbesptiestdeivimntier rangelaticappt i €ahtOASactivity, stimulation
pol yunsaturated 20 fatty acids and vitamn C are
of siiffgd | flrect iorox it s0pprEesibhi §f ¢EEBOHLe MLEynthesis and
effort has been devoted to devel opi ng pro-forns of
as¥btagtng 4pto-yirtarivs€)eryéiamer Groeyi vathievesitikatidation
are converted to vitamn C once inside a body. Anobng
acPiPivytamd thlatius thato paoducedtareobydaldittidsis, along
and 6-0-stearyl -ascorbic acid esters, 25 which are
witht tiexi dandsiat { ig hhghi sehatbbddiyg) naht Ptolv damage and
2- O a- gl ucopyranosyl ascorbic acid having increased

antiapidméNtation activities, make vitamin C a dermatologically

important compound suitable for use in cosmetics (See, for example,
"Fragrance Journal,"”" vol.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- aa—glucopyranosyl ascorbic acid having increased stability

against oxidation, and those with phosphoric acid or sulfuric acid
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agai nst oxi dation, and those with phosphoric acid or
sulfuric acid 3 bound to position 2. Attenpts have
al so been made to nake pro-forns by conbining a
pol yunsaturated fatty acid with vitamn C. O such
pro-forns, the ascorbic acid derivatives in which an
acyl group originating froma polyunsaturated fatty
bodfHtd BoboENEnt0 pPAStEPRsThLre/hRsabest Rhdé itkAgRe Pr®-forms
known to have higher stability against oxidation than
byt fr i tdal pooh st vs et 8k Sty Mcaal Wi idzévin C. Of such
thus, useful (See, for exanple, J. Am Ol Chem Soc.
pro-f8rkdP0ine 823drpHSi deidirom ther feCtiORgich an acyl group
anticipated fromthe polyunsaturated 10 fatty acid
or@fiinas eek i oraai go1 § s oF O $ Q1R tQf 2808 YinsatiHbtat €¢hosition
fatty acid and vitamn C may exhibit conpletely new
6 PLORA Wseer 1FAkag¥adPt &indn thenhaseonPike A tthbility against
derivatives in which an acyl group originating froma
oxpahyubsat st €k fet{yi el dod By ot A ROHLHIN adB ViaRdd are,
an ester |inkage, 6-0-docosahexaenoyl-ascorbate is
thkBOWIsd A1 1 v e antikagbinyt B Anachi vidned Japaneses (2001) :
Pat ent Lai d- OQpen Publication No. Hei 10-139664),
g2gal ci um antagoni st activity (International Patent
Publ i cati on No. WO 94/20092), and anti-allergy

actindiye EdBRANRSEuRAE €Hh s laalit_qt@g%eatwdnc@hé ¥ 1Ndnsaturated
Hei 6-122627) . Also, 6-0-y-linoleyl-ascorbate has

faPEPVEM d QrAUE 80 naRk abhihl t YhEgei i bidrrdd dFS@olyunsaturated
reductase (US Patent No. 6069168) and is shown to be

fattfestiyedealNsin St repipz adacidyt iddipned diabete ties.
am)%el (EX%betaﬁoé?a. 39{%696)3_1047). 4. Tegﬁniquggo gr ves

FoPRK@nmpaley Uss 2hur 24 &h-1h 8¢ Ly 1aCh &r 1 1401 ROWEErywh 25 Bnl $cyl group
contai ning pol yunsaturated fatty acids are generally

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, 6-0O-y-lincleyl-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 o0il or semi-scolid (paste). These

0ils are susceptible to oxidation and are therefore difficult to
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provided in the formof liquid oil or sem-solid
(paste) These oils are susceptible to oxidation and
are therefore difficult to 4 handle. In one technique
to cope with this problem linoleic acid is mxed
with a water-sol ubl e polysaccharide, such
asmal todextrin, gum Arabic and soybean
hapallysactharedeschnigie 4 esprcei Oh thard Pu®blem, linoleic acid
surfactants, and the m xture is spray-dried to form
ismictaatapsHlL8abe £ pOviar 1 abilglh cchifte deesslhdh A maltodextrin,
linoleic acid powder has higher stability against
gufixhda i oeridanybkenopb iy satchandlie) ciraahd pbeeentdrof various
exanple, J. Agr. Food Chem, 50(2002): 3984, J.
subfateeneapsah@tinenmi 920029 spk@k)-dr@det ot E6ARiInUEScapsules
for form ng pol yunsaturated fatty acids into 10 a
(ppeudet zeenpasi t iTie hay keiely deslidied ddi SPEIRr has higher
patent applications. For exanple, Japanese Patent
sthBi Ui OpeqgLubdt eatiidan i Nothigi t16e 248%8%desenbbescaacid (See,
techni que for providing a powder that can be -
fopresenyed, stabhyroVEso@ PRehoNgS0l (3002 pgE3PRL) Odl.
wi t hout form ng peroxides, can be readi ly di spersed
MitRo¥MAtepsudadibsg, 1boeasyz handding. In this technique,
a water-soluble excipient conprising a protein or a
pol yseeshakictie iefuednt i kathNeg MRUgunsalturatther fofty cids into
used to forman ON type enulsion, which is
a ponayrdebgflosidhen Waies -isedniblies exthed et Sdvdhel patent
surface of the resultant oil powder is nodified wth
appDidst doRs. a Hert akawbll B, ararsd ey paf eAti D4 0d26pbén Publication
wat er-insoluble form which in turn is dispersed in a
NoSQdit isen 286k onas ekr s8¢ skl ecexaipuentor Provialitlg 8pdwder that
then spray-dried to forma water-soluble filmon the

caSUbé agee O rv @ @t’tébgpw\&rr A greciv gt fHestiddeddikd without
Japanese Patent Lai d- Qpen Publlcatlon

forming peroxides, can be readily dispersed in water, and is

easy-handling. 1In 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.
AtechniquedescribedinJapanese 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

5
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No. Hei 7-313057 uses defatted soybean to serve as an
excipient 25 and is particularly effective in
improving the stability of polyunsaturated fatty acids
agai nst oxi dation. Japanese Patent Laid-Open
Publication No. Hei 10-99056 describes a technique for
5 providing EPA or DHA-contai ni ng powder conpositions.

priGean dyrA 6r BHN - IrREIMH G oRBe Pidomipgdswati 8hst. Y PRccording to
emul sion is prepared by using DHA, an oil containing

thh O Serat 1 I € aff o DHA g ©f r S @huMBhen & plrieR@lr@idCoy using
acid, 2 to 20wt % of diet fiber as an excipient, 10 to

DHA, 791t 0 91 Of oy Sl 91 ¥§1 BOPE DIMEtmOf e IRIMHR GInd AWeISWwts or more
sugar product obtained by reductive degradation of

ofSt ah&hei @k, 0 ko DokPe obr antdoXd iR as dRe€xcipient, 10 to
resulting enmulsion is dried under vacuum Japanese

70084 @ h @ S PeNp PYBL E €t 9P N o HaiowR 238284 product obtained
descri bes an oil conposition obtai ned by addi ng 0.0001

by tredh d¥areSde dPadyt Weh gt s r ascanbi . ACtE 52088 aittibxidant.
0.0001 to 1 parts by weight of at |east one sel ected

Thérﬁ%ﬁi’éiﬁ% aehUsiSht{at §rid@l h€y@ci$hcu@nd nal ate, to
y

100 parts wei ght of an oil. The resulting oil is

enul $i54.e8sd opobd @i nrai WEH Ly Peel S Qh Whi afed M-235584
turn is dissolved in an aqueous phase to forma

de ¥t ehed NPidi-t ¥BRPEBYESbANeLTAL Sed 1, @RMIISIHOD. bSoLhed 1 parts
dried to forma powder. The techni ques descri bed above .

by 3§& AR rOh sEHEpkAOYY d eGhRINQUES thf roO®KitRY1 parts by weight
pol yunsaturated fatty acid-containing oils into

of POVOELa st Eaich af1ddhese RGN qUe; NAWEV RNt GQRRCEHAS id acid,
pol yunsaturated fatty acid-containing oil, which has

andihd BX €0l ROV EC Ha dHOREF Lie@Snkr 8M 2R $he. asgRy BicGsulting oil
aci d/ pol yunsaturated fatty acid ester of the present

is E@}AQBEEQBF tHss el oL 81w /a5 b Obmt g1 GPOVE 1 HBS 64 PEA ©8Siissolved
offers only

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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limted teaching. The above-described techni ques each

have a different purpose for neking a powder

conposition: each involves addition of extra

addi tives or other troubl esome conplicated 25

processes and thus cannot be directly applied to

meki ng the ascorbic acid/polyunsaturated fatty acid
acegt 8F LALOPPEWHRE. inwRRELEACRAYYngaSCOF bl LgRet diLst &L Sof

of polyunsaturated fatty 6 acid of the present
unkBY8RAt9BnhavhBoudiRg bhAhesir 691 86nPE adN§aiml At do not

i ncl udi ng DHA, arachidonic acid and DAA, do not

reb83di ¢ yeruatiald. Zera Rat hek helNdh d €8¢ ok R f 94 e PASkENg their
maki ng their handling difficult. Such characteristics

haffi11Rg &stefSurl SO siRiecRabhepupsytiablsr fok Hs€elB also make
phar maceutical or food products. Although

thBhepahathens RN, OIReakthapaudsERY Jriess) SASMAUS Although
have been described In literatures, such as ora

BpHEPAF abh 9NsnMSE 61 Ot 89§ 0sahex agnoyd - BHE n b
prd%scribed innJapgﬁ%%elPatent Lé?d-Cpen %%ﬁﬁ%cxﬂicnﬁve een

dederibiel 1R- 130664t apds) nternail ofah1 Rt&M rdQions using
Publ i cati on No. WO 94/20092, in which common

6-6XGbBLERESxAORoYBCastHr Vi B PESPAIIEA ONS f&pdhese Patent
starch, |actose and crystalline cellulose) are

LaTBObbOR Elin M- SPRSH L. Peqdy6Li 99 6BE 0SRSGSTMAS NA8M/nal Patent
descri bed that overcones the probl ens caused by the

pulBhYSi€ebn 16 OPRs td L5 @f o4 hei £ omPRUNGoriRIn @3 i@¥nts for use
specific description be 15 found in US. Patent No.

in6069168reyhighi gescidbes, $cOrdhn] i NOLEYLs aSEPTDAf&alline

regar di ng exci pients for making tablets containing

celDg SOOPUI nefRYSneR0 AU AUES RRVGUERY SN BFobEEN has been
available in this particular technical field for

def OFMHOY BhPOWIEL r c&ROPOSH | 19FL19f e POl YHNSAE Watadd fatdical
aci d/ ascorbic acid ester.
properties of the compound. Nor can any specific description be
found in US. Patent No. 6069168, 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.



10

15

20

25

20 Accordingly, it is an objective of the present
invention to provide a sinple process for making a
powder conposition conprising a polyunsaturated fatty
aci d/ ascorbic acid ester, which otherwise forns a
paste and exhi bits undesirabl e physical properties. It
is another objective of the present invention to

DIBCOYEJRESULhTAE PENWIERT 25 CONpPOSi tion conprising a
pol yunsaturated fatty acid/ascorbic acid ester. 7

Dl SGLESLKEs Oy THE: | MWENTL D AN E$Sh b 18, the present

above- descri bed probl ens, the present invention

inGeAPLbsesohPLi fOL | oMé NS 14dinds process for making an
ascorbic acid ester of a 5 polyunsaturated fatty acid

i nt o ppwaesroddies esd LmiePiesant £ebddbid ha-fpldoMmebr 4
general formula (1): RCO-A (I) (wherein RCO is an

po@GYhs G QHPL 8 | NS IRG J HemcapBahyunsaharaied: fiitdbented by
acid; and Ais an ascorbic acid residue that is I'i nked

th¥l 80118wing-ge@&i gl NAdiRGIA T oM t he hydroxyl group of
ascorbic acid), the process conprising: mxing the
ascor bi c agiglester of ol yunsaturated fatty acid
wi th an aqueous solution of a water-sol uble excipient

(whOrd Of ML ienyhsd o ;ﬂ%ri@ﬁﬁﬁtgﬁgiﬁﬁmﬁﬁ?p%q¥h%ggﬁurated
to dehydrate and dry the emul sion. (2) The procéss

faBeGOAEi Y 4 (1) s2BAVEscWhBE Bl Act Berastditha@Gid 1inked via
ester of polyunsaturated fatty acid of the genera

n_60f ekt By i fd il fridnStnil Xedrwkih gréih uehtas@nNdbitd@cid), the
m xture is then m xed
process comprising:

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

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

(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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with the aqueous sol ution of the water-soluble

exci pient. 20 (3) The process according to (2) above,
wherein the mxing ratio by weight of the conmpound of
the general fornula (1) to the diluent is in the
range of 1 : 1 to 1 : 100. (4) The process according
to (3) above, wherein the mxing ratio by weight of

fo&ﬁ%lﬁonppuﬂgtﬁﬁaHﬁ%t@%@e5§ltﬁé”dBM§bdﬂ3 d@othg eﬁ%&al formula

luent 1s in the range of : to 1

I@rgﬁﬁsﬁhQCQQEgbﬂg te any QﬂﬁeQus(é%l&@h&ﬁ)oﬁhﬁ%?e%c1plent is
wherein the mxing ratio by wei ght of the conpound of

int Reegenabal o8 formyl 8o(h) :ofgphe m xture of the
conpound of the general formula (1) and the dil uent

to the, aﬂH@%ﬁoé@éytdc@bﬁlﬁ$%o@?@' PLBBYel SyhéPeifehe mixing
range of : to : The process according

raﬁ:@o(l@} v@@ﬂj’k@c nyh%lh%l Bofhﬁ@umixd)f‘g:hé gre%te'r%lblfo%bggt of or the
t he conpound of the general formula ()

mlﬁkﬁEHr§fQﬁm§G%mﬁ%ﬁﬁ@uﬁﬂ19&3b@ﬁeggmeféimﬁpén@ﬂ aﬁﬁ)t@@thuent
the diluent to the aqueous solution of the ex0|p|ent

tol 8hkNabNeohang818fibn20E0che i eRlip{ddt THe PHQ9§§%ange of 1 :
according to any one of (1) to (6% above, 10 where

o> thejwat gp-sol ubl e excipient is a water-sol uble
pol ysaccharide. (8) The process according to (7)

abovey) WhgLebpotbes NeLEFa S0y ub) earppla/@wah de-d S(6) above,

selected from mal todextrin, gum Arabic, squI
whékéiﬁhthénga§8¥b§ému99éy§§§£ §éhgels1§ &Qﬁeﬁh§opﬁﬁf@33

according to any one of (2) to (6) above, wherein the
pog%gggggak§d@ l ong-chain fatty acid or an ester
er eof

{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
o0il, 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 (1l1l) 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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a surfactant, or a liquid oil. (10) The process
according to (9) above, wherein the diluent is
selected fromnethyl oleate, oleic acid, linoleic
acid, olive 20 oil, soybean lecithin, a nonoglyceride
of a fatty acid and a sugar ester of a fatty acid.
(11) The process according to any one of (1) to (10)

doeba¥Bexa®hgr el B-Agi n the conpound of the genera
formula (1) is a residue originating fromthe 6

hydr oxy| Are&RoOf i 8S6RT Bb &t ALk fing 26nd Twddie PreG8SSund
according to any one of (1) to (%1) above, wherein

reBeOsehPeting, caapoendrof tdiengengidl af@PRdR L blySthe process

selected from acyl groups of arachidonic acid,

ac8bhamRgytbi Ay ephe SEi d1) apd 91 dpcosehexaenoi ¢ acid.
(13) A conposition contalning the powdered conpound
represented by the general formula (I) and produced by

the process according to any one of (1) to (12)

BRARPVEE SR BRY By DESCR P ThARNy ffc THE DRAWNG Fig. 1 is a
graph show ng the results of Exanple 4. The synbols

showni 4 0 1 hes of apha i esidsw i) | s rSs bl @k saliaiipie 4.
indicg es th% resuléﬂfor alg%n1ﬁwé%ic-based 1OI§%&%er

(m CT}Q&%@J)S h &g~ & A -AC I hat s Rl ned

in Exanple 1; solid square indicates the result for
a gumpYahi GRased i npewdek ok har agbih 8oNi &r 8Cifhm Arabic-based

provided as a control; blank triangle indicates the
po&&éﬂltmféﬁoébﬁéﬁdg¥“bf 6-O-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;

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

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

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

a solid diamond indicates the result for non-powdered

arachidonic acid.
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15 pol ysacchari de( Soyafi be (registered
tradenmar k) ) - based powder of

6- 0- ar achi donoyl - ascorbate obtained in Exanple 2; a
solid triangle indicates the result for a soybean

pol ysacchari de( Soyafi be (regi stered trademark))-based
powder of arachidonic acid provided as a control; 20
abl ankcircle indicates the result formaltodextrin
(Pinedex #100)-based 6-0-arachi donoyl - ascor bate

BeSbt AOPEdrbR EXARPERG3ouT 8@ki tnekieteni ndicates the
result for a (Pinedex #100) -based powder of

ar ack dgaser aised MEOYE degh asp Be SO I Dhventdl ks @noinch11y
indicates the result for non-powdered 25

pr6v0das ac hirdenay + B5E0fhal Bie AR xA 130t hE %P%r@méjaturated fatty
C

i ndicates the result for non-powdered arachidonic

ac@@i/gscégbggsﬁ%i'\'@gtgg%@%ﬂ%@f%%ﬁuh%“/@ﬂh%h% aqueous

descri bed above, the present” invention specifically

soPhOYEAESE & HReesSshdl o pyolugecAbXiRE, t 8 ype of excipient,
pol yunsaturated fatty 5 acid/ascorbic acid ester of

totherganesmhl § o5 AUl d bheW &4hy By aglieams180bHIhPRREvAdrying.
wat er - sol ubl e poiysaccharlde, a type of ex0|p|enF, to

ThE OF 8381t ENY| 5bPfe r80d (hNeFfo diyd o {418 el piddhflYrated fatty
spray-drying. The resulting powdered

ac{8Y 8506858 | Al £d)e QY WREALHN 9t BE-bALE Vhi ¢l WSROI e, but
acid ester not only beconmes highly handl eabl’'e, but 10

al3bSOnSHOVSi gh OPi EAsany | ymﬁf@&@&e@ta%ﬁbi%} l¥g R0 N Yxidation.
oxi dati on. ~The powdered pol yunsaturate fé%ty

aci dmé9@5«@5%@%@;&{%@@@&/&%%iar&i%%r&%cl% Meidesters

the present invention may be suitably mxed with

pr%ﬁiﬁﬁii%?ﬁﬁ%%%&@%n&@ TRKE {RbkBlesentOfihvehthBhtnay be suitably
mixedxﬂith.éther 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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and ot her preparations and are expected to find
practical 15 applications in the fields of

phar maceuti cal products, food products, and
cosnetics. As described above, the present invention
provi des an effective process for making the

pol yunsaturated fatty acid/ascorbic acid ester of the

exgseggekomé@%e(laom u‘?lo%owe'f:hezge;m?afofg’ﬁﬁﬁ‘ﬁaoh to find
he general forrmula (1) has the deSirable

a 9@&{@9&9 Lcak @ﬁ%ﬂé&tféngf iy ESd %&&\E@Esatcéé}ﬁe%@?

tinme, |b|ts he physi ol ogi cal activities of

phé’%é(é'é‘éélé'éf‘t;?x%étﬁ%sy AGid$arsHah oé‘l%eP"i“ielﬁFsA fetheless,
arachidoni ¢ aci d, each an inportant bi ol ogical

th& PRBHhad BfoEﬂér SRSy Adigaampeynd of ttoh%ogﬁlngr;?alste the

formula (I) 25 can be considered as a "dual pro-f

chéPéétéﬂé!@f’c b@rﬁ a%a e PT O d AL P Alnds Qﬁﬂffﬁﬂﬁﬂtﬂ”@é ergandle
fatty acid that has high stability against oxidation

and A %@rc%u‘.‘z'stea@fnhgs E’EHéy,t?ﬁéepf@éerp@%%?eer&h hks found

expectation for the conpounds t he general fornmul

thgé)tﬂ;@ R0 ud vwecﬁ@ Of 2 apRldnkatd oS i Hf eed formed into

products, cosnetics, armaceut i cal products, an

poW@& i qLﬂlsaoéﬁﬁflé 'f%ls‘lj&onl\p?%terl%ceﬁ%g atﬂ?rﬁ%mpé&n%t% -soluble

t he general “fornul end to forma paste, the

pof}r/]§£@8}t1§fi(§é 'sfethi&Hg E@kgﬁ 48 comounds diy fEt%‘iEhtach aqueous

In the course of his study, the present

solﬁ%@%ﬁ(gf @ﬂé &&%@ELS$IEElérE%%y¥%§§ﬁ§ fﬁ% Egef&ﬁﬂéﬁﬁbmu151on,

forml a can be forned int In a sinple

ané@? ggg?g%ﬁ?ﬁﬁgéﬁﬁhé&@ﬁr“Sagggp|e r Sﬂngg%urned?ﬁtthat

€ serving as an e ) mX|ng|t W t

th@BoﬁgHﬁgﬁﬁu}Qté@f%ﬂﬁyheﬁdﬁﬂﬁfT?%fflégﬁﬁPy%orestableagalnst

pol ysacchari de t orman emul s and spray-dryl ng

oxf&@tf&ﬂ“ﬁf ?He I'_Sé’élﬁ)ﬂ:fﬁ&%é«udéfe&‘%t@%ﬁqutﬁgﬁ frlpacthe 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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the pol yunsaturated fatty acid is significantly nore
stabl e against oxidation in the resulting powdlered
material than in the original paste formof the
pol yunsaturated fatty acid/ascorbic acid ester. 15 It
was these findings that ultimately led to the present
invention. The present invention wll now be
. . f _ i fi e erhadi N '
e S S
[ t [ . a r i | d derivativye
o L et R, (008, PR Py e L e, soc.
Lo ri m at ur
TP oRE R AR e R SRR el ey be
: Lcally. esy j condensation of a
puggfggﬁgggu%g¥é%$¥§%?yéggﬁﬂaggﬁ?ﬁégggorbic acid using a
co . .
i cy ey St EhEr e deetad Ml e asprareg Fagrupcid/gecorbic
' I t fatt [ '
esE e §° (e HEP AT LB EEa Y oS Pl ehe compound
- . AL ivel y. a DI id . : ,
1o A AL SEIB S P RRPE 28 g-ppain tatey acic
ortafnegélcag &%MEMBTE%&H?%&& Ahh Y86 doxa'aﬂ FPLURKC,s olive
acld wth i1 pase I'n an organi sol'vent such as

oi?gg%%%er: £§g§5lerP%r r?%ﬂ%eeac%‘eot 5 SQ_Lllt 1 cg?%@ tt?ggfate Eisoluble

necessarvy, e resulting compounds

pogg%agghaﬁfﬁé feledk Dy §ild.£a, 08l GRYO ﬁ@{aé@?Mns?tﬁPated fatty
ing the resulting polyunsaturated Tatty

w26} oSBOL DLy okl SATBRUPHC o e Bl O kst
s34 S AELUERS S e B0 B, EREDLC2O1E, o Boour

as ﬂé’ﬁ\lxglnllg’ rg{ic?rébtyow&%llkgg o\@ H?e talg%o%%li%ogéid derivative,

solution o e water-soiu

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 1l : 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 dissolved in water in advance. Examples 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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10 pol ysaccharide to serve as an excipient. The

pol yunsaturated fatty acid/ascorbic ester
conmpoundmaybe directly m xed with the excipi ent

wi t hout using the diluent depending on the property of
t he compound. The mxing ratio (by weight) of the
ascorbic acid derivative, or polyunsaturated fatty

mafGdERaceR M %%'r@e%%ﬁ%y%ﬁﬁ%ﬂ £9. L heq 157HE eMing ratio
Is in the range of and preferabiy in

(byhee I @GR oH tie 0l h@xjcurelothéﬁsfseagh@fp@l3‘5@1%é/t@lcéﬁjed fatty

ester  or an oil, a surfactant whi'ch can form

ac08LLESH| BBy DE &é@graéow@uﬁaw@nﬁhe mHefife of the
surfactant may be gl yceryl nonostearate, a

poMNRLLYGeLtds £ Ofr @ Satd b aci.afOon kPt 00 mpound with the

products, or a sugar ester (fatty 20 acid ester of

di SHERPSE), q{hes%&@‘;% 1e|n%C!LEhirE‘ e Ry Be ¥sed @b 1he 100, and

same ratio. The résulting mxture is then nixed with
pré?@rgﬁﬁ%zpir?rghé Qanfg%r mran emulisiagn., Ibe xSl R 8Nt SR ni zer,
Is a water-sol ubl pol ysacchari de ‘di ssol ved in wat er

thé rke%‘i‘;‘@ﬂ%% m%ﬁpé ?% tor{e V&‘Bo?oaél?’asttﬁrrr%q E'Qlf%rm an emulsion

pol ysaccharide incl ude, ut are not limted t

(oL b A, erhi ) PRI 'w‘i%'ha%hgahﬁ Qgé}fééan?héé’é Lg:gl%g?'toquc Riroplets) .

gumArabic, or polysacchari der fromsoybean,

SUChIPSthé%drpte"oé%h rBJlflaClté”leéifg%}d ﬂ'lq?:{r}( tedib¥n terms of

Fuji oil, e mxing ratio (by MEIght) of

thd NEi 01 hg MXEHE €1 Nl i diSe) LHE 0l UNSAIA AL e dad tﬁ’atty

aC|d/ascorb|c acid ester conpound or the mxture of

aci@?a@@!aw{‘éﬁé‘fﬁté? Pchymﬁ&ﬁrﬁjA aSL AU G Aagh - 8Lt he

conpound w ent, to the excipient 1s in

poi%é%@a@éd ]fatt%/ ta%l%l({asjc le%ngc18r@gt%flbcl:&né&ﬁ{cb%ith the

range of Usi ng a honogeni zer

dlilﬁélg%ltglg:f{g &&'{ﬁléﬁtt RER Y8R Y nStIMd 84cL0sE LM y Formed
intopowder. Preferably, thesizeoftheoildropletsintheemulsion
isintherangeof 0.1 to 5 um. While the 0il droplets may be smaller
than this range, the droplets equal to, or greater than, 5Sum in
size tend to destabilize the emulsion and are thus not suitable.
More preferably, the size of the 0il droplets is in the range of
0.01 to 1 pm since the oil 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 drum drying, vacuum freeze drying,

and vacuum drying (drum-type and continuous belt-type), and is thus
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(01Wtype enulsion wth the di spersed phase being oi
droplets) . If the anount of the oil is |arger than
: 1linternms of 10 the mxing ratio (by weight) of
the pol yunsaturated fatty acid/ascorbic acid ester
conmpound or the m xture of the polyunsaturated fatty
aci d/ascorbic acid ester conpound with the dil uent,
mok® pherexekpgient, the mxture may not be successfully
formed into powder. Preferably, the size of the oi
droptgésrébul hen@mii st oPaddulistdd ddheasange of 0. 1 to
5jJAm Wile the oil droplets may be smaller than

6-bbh s ERNGENo Y N dEOPLEE S wvaQUAl £l P +AE OMeRt 87 °ENAMY 2 humidity
5pmin size tend to destabilize the enul sion and are

of t1us et 36 Wdabke. de R fd eher 3Phyi11he o 28eAbodder against
oil droplets’is in the range of 0.01 to 1 ~tm since

ox188t0bh (Pl Btsmyid b R 19W@l.| epusi 8 ttaMmdLdf, B0ri8d, samples
formati on of favorable powder | ess sSusceptible to

we P ikdabhent: prdfiec & eathdd D 8PVL Bk QR dIvie AP Ab 1 @M hRo methyl
a spray drier (100 to 200'C) to give powder of the

ar8ti 96aRes| afed-Rol iy unsat Urpd edipfatdan ad dRsedinatography
acid ester. Wile the drying process may be carried

to Odé t &8 NFe AN t SEHIHEUSE A SO @Yz &M VAL HSINE @ acid. The
spray 25 drier can nmake the enulsion into powder in a

re§hIPs €4 r SBHRSKN asn COAPBL ef.  17Q Qrhen , AN G tHBAIURES of any
such as drumdrying, vacuum freeze drying, and vacuum

poﬂ%éfé@@hégféﬂ@étﬂé’@da\% q%@ﬂo%@ug bebl,ab¥pgY ., B iivrease in
thus 14 nost preferred. The resuytlng m cr ocapsul at ed

thPoNees i Of ¢ v B2 s At A€ i gonoyd sraseRy ?ﬁ&i\@ﬁéﬁfﬁ diRrtif8 cant in
air at 377C and a humdity of 12%for 30 days to

quied 851 Deatdies s{sbih i b1 plad b poyder agai nst 5

oxi dation (See,” Exanple 4 below) . During the 30-day

periQd, sSamMbesh, 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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were taken at predeterm ned intervals andwere
hydrol yzed i ntonet hyl arachi donate, which in turn was
subj ected to gas chromatography to determ ne the
amount of non-oxidi zed arachidonic acid. The results
are shown in Table 1. As shown, the stability of any
10 pol ysacchari des used was inproved by powdering. The
onilRCERASEré Mot hightdraltid ity 1a@aikNshe0XEEBE1 &N MRS invention in
particularly significant in gum Arabic and soybean
anpowysacchard dereAensel, hoptBdubheoRr 8868Ess Vel presented
provi des a powdering process to inprove the physica
ofPEAPEEELES1 Of a POH YIS ad it ¥ €thd A Ay anlAgl HrasgPHiGinating
acid esters that show various physi ol ogi ca
framt 4vitéesnt The peldnsaitsated tfhatty 3ach A8 ¢ kie position
acid esters powdered by the process of the present
6 ynyenphi eprprovedkigebe significantly nore stable
agai nst oxi dation as conpared to the non-powdered
counterparts, which were highly susceptible to 20
oxi dation. Thus, the present invention facilitates the

Re H88e Rk et BRamPpDb YUNS at v ah 861 § abt Ve a6l H ASCI ISy P skorbate
esters of the general Tornmula (T) 1n pharmaceuti cal

pr odugd shideRte IAAIGES 0 Ut ¢ ingRAl) wRE0gUEES1véddin benzene
cosnetic products. 25 Exanples The present invention
(2Big) noweben desediiethd n kidntheendetaht (W4 h1, 7.9 mmol) was
reference to Exanples, which are provided by way of
adgXameths ot aar & NPted Hitepdef tdndd iturdtden a nitrogen
scope of the invention in any way. As a reference, a
atRESPNELE OF PI PCE SIS0l S5 8l SN RRMAY, @heahidseQkbits
acid derivative having an acyi group originating from
coflb&h F £t q RRIDANSAY Lk 8 4 datidre 85It RAUNEa R 488y chloride

position
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. Upocon 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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5 6 via an ester linkage. Reference Exanple 1 :

Synt hesi s of 6-0-arachi donoyl -ascorbate Arachi donic
acid (2.0 g, 6.6 mvl) was dissolved in benzene (20
m) . To this solution, oxalyl chloride (5.4 m, 7.9
mmol ) was 10 added and the mixture was stirred at
roomtenperature in a nitrogen atnosphere for 2.5
s)hoyr e (Bubsgguently, the m xture was concentrated
under reduced pressure to obtain arachi donyl chloride
as an oily product. Meanwhile, L-ascorbic acid (1.4 g,
7.9 mol) was added to a m xture of

RehePBHBY| ByEREl Edone (lhthtyiands15 4N-HCl/ di oxane (2.4
nm) and the mxture was chifled on ice. To this

6-80hhbRD- I ey arhy dondoghlar f de i et hyl ene

ded, and the m xture

éiﬁéegl Uﬁ I¥4¥¥n6M¥Hf% %@ﬂ& Q% d%nd§§§HML 9” the same

con‘p?etl on o € reaction, water was a

pr8EELUEE wfa@sfszte@@a%% t.ﬂhtrtéf%tﬂéytceacﬁgﬁg)fe 1The gqtvtéythe desired
acetate |layer 20 was washed with water (tw ce) , was

proahed Qves gabydr ppsisegnesi Wty fate, and was
concentrated under reduced preessure. Theresulting

PMﬁe%Sd%§m fjqug)PMiSH{ene c Iof?geﬂ?t%gr%pQ% i, )

et hanol~ 7 met’h "1%t0 20%

2. UEQh?U@ﬂi & adi e )on), @ﬁdz\/\@sz dr nﬁdand@leﬁdyFﬁﬂ , 4.79(1H,
pressure to give the desired product as a paste 5
(2572g5 @@&ﬁyllﬁj d). PVR(5 ppm CDC13); 0.87(3H, t),

1.2-1 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(IH 16 s),
5.36(8H, nm). Reference Exanple 2 : Synthesis of

ReBa L20EL¥RmYs1ld BO! eRWIHRSGOEBaE-Br-docosahexaenoyl -ascorbate

Using docosahexaencic 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.CDC15); 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-O-arachidonoyl-ascorbate was
uniformlymixedwith 4 parts by weight of methyl oleate. Themixture
(0.675 g) was added to the sclution 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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5 Using di hono-y-linolenic acid (2.0g, 6.6mol), the

sane procedure was followed as in Reference Exanple 1

to give the desired product as a paste (2.43g, 80%

yield). PVMR (6 ppm CDC13); 0.89(3H, t), 1.2-1.4(12H,

m,1l. 63(2H, t),

2.0-2.1(4H, m,2.39(2H,t),2.7-2.9(4H, m , 4. 2-4.3(3H, M, 4
min £ fdtm ad@me)ls 19nd- STHE Be iilye Refeperee 3XAAPbL1 8t s present

Synt hesi s of 6-0-docosahexaenoyl -ascorbate Using

ind9R0saREA2EAGI Em@rs ok 24 9. 46. &nmaearnltl%%dsﬁy%artlcle size

procedure was followed as in Reference Exanple

an@lyget RATMESI10O]) mdbu Pl Otuedd &y SHPasHE) CBRD. ¢, 8Mble gently
yield). PMR (6 ppm CDC13 ) ; 0.97 (3H, t) , 2.07 (2H

st Pred2th3 dnfttl si®n wa:_?,-a%ogl-i z8dkPhlcentl i fhgéb(s¥tay®s at 30,000
5.2-5.4(1OH, m, 4.2-4.7(3H, m, 4.80(1H, s)

rp@- 2n&- 5£§2fﬁj@ate@01£%@ﬂ@$eLQFS éﬁﬁ&&”dﬁ%ﬁﬂ(Hhéﬁufactured by
6- 0- ar achi donoyl - ascorbate usi ng gum Arabic Gum

COMARRE) (& £5rHe WES3 D 9&PINEd ITRedberiie MR M MVRICEhe inlet was
Nbanmhlle 1 part by weight of

206°8- §ﬁ@cénéieeapera§9%bﬁ %h\aﬁéutyetfvpgéﬂmor%qdmd h 4rhe air
parts by weigh nmet hyl ol eate. The m xture 25

£14W. BB Ga MNaspEesietnd €= 1hey solnft/iam  of TEM-&s @bt €ng powder

(San-ei gen, nmanufactured by FFI) and the m xture was
(m Ve BOE YIS Ve Stidd ed1ilBcaedheyngenicaehe( B8l ¥t e ARABKroduct .
manuf actured by KINEMATICA) for 1 17 min to forman
enmul sion. The average size of the oil droplets present
in the resulting enulsion was 0.48 m (determ ned by
Exf@bld Cb e spdpie RN VZ& SALP-CL00 cHmmiAct R date using
SHIVADZU CORP. ). WiilTe genily stirred, the emulsion
soyBSardt o Zad by a centrifugal sprayer at 30, 000

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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5 rpmand was injected into an LB-8 spray drier
(manufactured by OOKAWARA) at a rate of 3.0 kg/hr.
The tenperature at the inlet was 200C and the
tenperature at the outlet was 100 to 110C . The air
flow rate was approximately 7.5 n2/mn. The resulting
powder (m crocapsule) was collected by a cyclone as

thehpufegi t ¢di R 088 Cthe 10oEXaM: € Was MOWHELiZed ian 10fs and the
6- 0- ar achi donoyl - ascorbate using soybean starch Using

po%@é?%‘s stranely £6. 7P . ( SvaldReasavaidable £f YPedetermined
aL) , the sane procedure was followed as in

1nEé@ﬁ§l§ dnd aHbtcaionr a rbzhtiie ndg3i-ted opdwEer encapsulated in the
(mcrocapsule). Exanple 3 : Powderization of

miBrOcapashedongyl hageorhate, usbNPowsdl bedext &+ Nf Lsd#on with
mal t odextrin (6.759) (Pinedex #100, manufactured by

me2By VAFELIAN  KAAKA o urtthes 15 e {:06ad e avseHieldrawedicid was
as in Exanple 1 to obtain the desired powder

detgt@aiacapsyy e} .cHpaE &y rhphylest -1 08, ke staaltiddddyby SHIMADZU

agai nst oxi dation of arachidonic aci d noi ety of

coRp0 ar agtd dYll e ASE DA 1Iyrdl GIAGRP RS 1234 te as an

of each powder product (m crocapsul e) obtained in each

in€Xan®dl es¥@sdPracedrid v filati OtdomHE 35Sttt the
(1.5 cminner dianeter, 3cmhigh). Using an aqueous

ar§6h Ube0c ofcild 1 BF im0 4 ddBi hde Husd dild ¥ peSicdewas shown
the container was mai ntai ned at 12% and the powder

inWasg stored tf bdect thetgdpamesnt akem@ikthadonic acid on Day
predetermned intervals and the

0 6=D:@ypchi donoyl -ascorbate encapsul ated in the
m crocapsul es was hydrol yzed, followed by

est exd hiceatdrN WitMArabic, 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 6-0O-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—-O-arachidonoyl—-ascorbate remained unoxidized after the same
period. This indicates the high stability of microcapsulated
6-0O-arachidonoyl-ascorbate against oxidation. In contrast,

non-capsulated arachidonic acid disappeared in a few hours.
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5 met hyl groups. The amount of non-oxidized
arachi donic acid was determ ned by gas chromat ography
(GC-14B, nmanufactured by SH MADZU CORP.) . The
sanpl es were anal yzed using nethyl nyristate as an
internal standard. The variation of the proportion of
the arachidonic acid left unoxidized during the
30-day period was shown 10 in Fig. 1 (with respect to
t he anmount of arachidonic acid on Day O (=1.0)). Asa
INDOBTRORI, gupAtahiker s0eybeanst arch( Soyafi be(regi stered
trademark)) and nmal todextrin (Pinedex #100) used in
the AesPeet F¥yLth EXEHP| BSe MBI USRLh t 1b:C P iald PiMdTective
arachi donic acid to nmake 15 arachi doni c acid powder

prBEedyCESr (MhkEiAGAPSWHEY , p ABAuENE HOVEET yu s PEYEL ScdeFf £ty
tested in the same manner. Non- powdered arachi donic

ac@l dsapdpnens Poydeied H- Coabathiidonoyh - RSt bl € M8 cations

also tested in the sane manner. The results are

1inGeld Brd1 ¥eby phRewa cklthcdl dro RS, £664 Beoaaensf MMritional
the results of Fig. 1, as nmuch as 80% of the

prafaehsdonhg asiMe0fctheo8ubr ar addfdana1ascorbal @rocess
encapsul ated by gum Arabi ¢ or soybean starch renai ned

inWBo¥tdi gedingf t ef B0cdays$ry Wek&aso PPhYs 30 Hfed heatty

non- capsul ated 6-0-arachi donoyl -'ascorbate renai ned

acifpxbdbzBd-adfd £l de SR n2a Refledt, ThiRihgd Kat®Sture with
the high stability of m crocapsul at ed

an B Pednacdt AN - A8 GRItRM-& AGR NS o DX LN LM dd Nan excipient,
contrast, non-capsul ated arachi donic acid di sappeared

tolfdrdh 4€WnodLsn, Ehd Rh A1 AFRIEICARL 14 5Toh A8 s¥tain a powder
forth, the present invention provides an effective

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 stability against oxidation, sothat it finds

awiderangeofapplicationsinthe fieldsofpharmaceutical products,

food products, nutritional products, and cosmetic products.
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process for maki ng powder products of pol yunsaturated
fatty 5 acid/ascorbic acid esters, conpounds wth
potential applications in the fields of
pharmaceuti cal products, foodproducts, nutritiona
products, and cosnetic products. Specifically, the
process involves mxing, if necessary, the
pol yunsaturated fatty acidfas@ggrbic acid ester with a
diluent, mxing the mxture with 10 an aqueous
sol ution of a water-soluble polysaccharide, an
excipient, to forman enulsion, and spray-drying the
1.enul 8peBctesFIrandk thPOMEEorBiedUGld dadr 65 a@RSWUn®aturated
handl e. Al so provided by the present invention are
fapel yengati Ay sead At tie @%it@ﬂta_c%@i’fe@ie@lt@@i% €864 eb1h8yiNg general
i nproved stability agai nst oxidation and a powder
fog@APRStjon 15 conprising such esters. The powder
conposition of the present invention conprising a
pol yunsat us@ted fatty @gi d/ascorbic acid ester shows
significantly inproved stability agai nst oxidation, so
(whBAEihtRAINAS a8 NGB JraNge oefigapRkigat 688 d BJdIRRNnsaturated
fields of pharmaceutical products, 20 food products,
fabtfradi@nalndProducts, aapdrposnBti§ P OOWES Sth20 i@-AliMRed via
1. A process forma king an ascorbic acid ester of a
" QO yarst i et egl Fid ttheadhdrbRy® §P¥EEIof tEc®YBE acid), the
represented by the followng general "5 forrmula (I):
pr&&E&EA Ednptbergin RCO- is an acyl group originating
froma pd$yunsaturated fatty acid; and Ais an
ascaibtnpehd &8sbEbe-thaly bstbiedoYansat@rated fatty acid
originating fromthe hydroxyl group of ascorbic acid),

withein aqueous 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 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 excipient.
3. The process according to claim 2, whereiﬁ 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

21



10

15

20

25

10 process conprising: mxing the ascorbic acid ester
of polyunsaturated fatty acid wth an aqueous
solution of a water-soluble excipient to form an

emul sion; and spray-drying the enul sion to dehydrate
and dry the emulsion. 15 2. The process according to
claim1, wherein the ascorbic acid ester of

thPOhyURSR WAaked fgbdyuadsh ofidheroeneralcfigrdAd as(ih a range
is first mxed with a diluent, and the m xture is

oft hen m xgdiwtthhgphe aqueous sol ution of the
wat er - sol ubl e excipient. 3. The process according to

6.Cl ai e, pyhes £ iiddher diind MY akiig 520uRYr¥eh Hie ofi 4Ry ratio
conpounJ)of the general fornmula (1) to the diluent s

byl e BgHaBEet 98 donipchidPo¥ thd QRrnc4alThErPBhiPEESS or the mixture
according to claim3, wherein the mxing ratio by

o £ehgNofodrle cF0RRaUSEN F a1 N GRNES alT)f ahAUL Be (dd1d&ht to the
the diluent is in arange of 1 : 3to 1 : 10. 25 5.

aquB8upr 868861 86 COF NG égcﬁgyer@@ewfir@l@if&gle ¥4 : 2 to 1
wherein the mxing ratio by wei ght of the conpound of
2othe general formula (1) or the m xture of the
conpound of the general formula (1) and 21 the

7.di T ueRd gaoddies aqueaus mplty ia%gz ghet Be &Xgimienttd ,i Wherein
arange of 1 : 1to 1 :" 100. 6. The process according

thé Oyt &F D651 uWher &k i $ Nen i x& ng ¢ - sPyued Pi1 addiearide.
conpound of the general fornmula (1) or the mxture 5

g. of thee gapaundaetothengepsrala fpMuliBe (L) n &k WA er-soluble
di luent to the aqueous Solution of the excipient is in
poﬁyé@@@ﬁa@fdé—is 2efiB8cted?Prom maltodextrin, gum Arabic, soluble
starch, and soybean polysaccharide.
9. 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.
10. The process according to claim 9, wherein the diluent 1is
selected from methyl oleate, oleic acid, linoleic acid, olive o0il,
soybean lecithin, a monoglyceride of a fatty acid, and a sugar ester
of a fatty acid.
11. The process according to any one of claims 1 to 10, 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 claims 1 to 11, 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.

13. A composition containing the powdered compound represented
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7. The process according to any one of clains 1 to 6,
wherein the water-soluble excipient is a

wat er - sol ubl e pol ysaccharide. 10 8. The process
according to claim7, wherein the water-soluble

pol ysaccharide is selected frommaltodextrin, gum
Arabi c, soluble starch, and soybean pol ysacchari de.

by9thd f@e@éﬁ&ﬁsﬁoﬁﬁﬂ%{ d(lzr)g athi BRY%JAREd0hy Ct 18 M Fed ks Gccording
wherein the diluent is a lohg-chain fatty acid or an

toeaher ohBepeofi1a8ms1p gyriactant, or a liquid oil. 10.
The process according to claim9, wherein the diluent
is selected fromnethyl oleate, oleic acid, linoleic
acid, olive oil, soybean lecithin, a nonoglyceride of
a fatty acid, and a sugar ester of a fatty acid. 20
11. The process according to any one of clains 1 to
10, wherein A in the conmpound of the general fornula
(1) is aresidue originating fromthe 6 hydroxyl
group of ascorbic acid. 12. The process according to
any one of clains 1 to 11, wherein RCO in the
conmpound of the general fornula (1) is selected from
25 acyl groups originating from arachidonic acid,

di hono-y-linolenic acid, and docosahexaenoi c aci d.

13. A conposition containing the powdered conpound
represented 22 by the general formula (1) and produced
by the process according to any one of clains 1 to 12.
23

23



