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ANTI - OXI DANT CSI TI ONS The present invention r s@
qonpositid”?%ﬂg ?ising an anti-oxidant solubilised i'n éﬁ% rophoblc
solvent in 5 which it would not nornmally be soluble. In partlcular t he
present invention relates to conp05|t|ons gpnpr|5|ng ascorbic acid
sol ubilised in a hydrophobic sol vent. which it would not normally
be sol ubl e. 10 For many appllcatlons e.g. in the

phar maceut i cal ~ sciences, in food technol ogy or the cosmetics
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free-radical 25446 5§€V§89§&5notnﬁbEﬁSllQaBHr bipBAkl - oxi dants such as a-
tocopherol and [err]-carotene, as well as”synt etlc ones, e.g. BHA

and BHT. Ascorbic acid (Vitamn C) is a water- solubl e free-radica

scavengarp (and g&es whh nab@ib.'c)atlons, pefateidn the s pRemasbitifalhe
aqueous phase), but ort nt role as a.chelatin

t
anti - oxi dant . SClenégﬁt ﬁng?ﬂgrte°€§9$°gy BrF fit COSMEF16Ri 4BALSEL¥yi on

of it is desired (and in certain cases essential) to employ
anti-oxidants to limit oxidation of, for instance, an

active ingredient or food ingredient.

15 ' '

Anti-oxidants can be divided into two main functional
groups, thé chelating agents which act by sequestering
pro-oxidant ions, such as those of transition metals,
while the second group are the free radical scavengers
20 (chain-breakers), which have the effect of interrupting
' oxidative chain reactions. The latter may operate in a
hydrophilic (normaliy aqueous) or .a hydrophobic (e.g.
'lipid) environment, depending on their solubility
characteristics. Examples of lipid-soluble, free-radical
25 scavengers include natural anti-oxidants such as o-
tocopherol and QfB-carotene, as well as synthetic ones,
e.g. BHA and BHT. Ascorbic acid (Vitamin C) is a water-
" soluble free-radical scavenger (and thus will normally
operate in this mode only in the agueous phase), but it
30 also has an important role as a chelating anti-oxidant.
Yet another, .very important anti-oxidant action of
ascorbic acid is that it can interact synergistically
with a-tocopherol, thus resulting in a greatly increased
anti-oxidant activity which exceeds the sum of the
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a-tocophewm 967178995 resulting in a greatly increased ' gt
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anti-oxidant activities. In this relationshinp, a-t ocopherol
functions as the primary anti-oxi dant which Is able to repair a
lipid free radical, thus interrupting t he oxi dation chain reaction
while itself being converted 5 to a free radical in the process.
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15 soluble while o-tocophercl is 1lipid soluble. Such
interactions may occur in a living cell since tocopherols
are usually present in membranes which are in intimate
contact with the agqueous cytoplasmic phase. It is
therefore possible to duplicate this type of interaction
20 in wvitro using 1liposomes in place of bioclogical
membranes. A further available strategy is that of using
a lipid-soluble derivative of ascorbic acid such as
ascorbyl palmitate, which does interact synergistically
with a-tocophercl. However, ascorbyl palmitate is not
25 very soluble and can require heat to dissolve, which
paradoxically increases oxidative gusceptibility of
vulnerable compounds, for example polyunsaturates, and
this therefore mitigates against its use in situations
where these compounds are required to be protected, for
30 example in the preparation of certain foodstuffs.

Other approaches are possible, for example ‘using
microemulsions and reverse micelles. However, these will
usually scill involve the ascorbic acid being used in a
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certain conditions, the resultant .composition will 1 be readily
sol uble in Iipoﬁﬂ???écgoﬁegnksegugﬁsg °8FFgPr sugges%epr has now been
surprisingly found that such ~conpositions, conprising an
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soluble. The process relies on the surprising discovery
that if a hydrophilic species is mixed with an amphiphile
under certain conditions, the resultant composition will

15 be readily soluble in lipophilic solvents such as oils.

It has now been surprisingly found that such
compositions, comprising an anti-oxidant solubilised in
a hydrophobic solvent in which it would not normally be

20 soluble, are effective as anti-oxidant compositions.
Surprisingly it has been found that anti-oxidant species
retain their anti-oxidaht properties in such a non-
agueous environment.

25 Thus, in a first'aspect the present invention provides an
anti-oxidant composition comprising at least one anti-
oxidant species solubilised in a hydrophobic solvent in
which it would not normally be soluble.

30 In general, the compositions of the invention will be
anhydrous. Thus, an anti-oxidant preparation is provided

which does not contain water.

Suitably, the anti-oxidant species is selected from
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In a preferred enbodlnent anti - oxidant is, _sel'éc
ascor bic. aci PL1FYRREF nele- @-ut BidigNeine cApdgRidd verdin) pi puxrig gackds and

uric agid. Afreilifel acid, prehelled, 18nd Trabbk- oxi dant is ascorbic acid.
In the context of the present application "sol ubilised” ref ers to

the anti-oxi dant species being held in the
In a preferred embodiment, the anti-oxidant is selected

from ascorbic acid, cysteine, glutathione, conjugated
bile pigments and uric acid. A particularly preferred
10 anti-oxidant is ascorbic acid. '

In the context of the present application, "solubilised®

refers to the anti-oxidant species being held in the

hydrophobic solvent, in the absence of water, i.e.
15 without the need for any water to be present.

The compositions of the pfesent'invention thus provide an
anti-oxidant in a non-aqueous form to protect materials
from oxidation, since it has been surprisingly found that

20 such compositions are effective as a means of protecting
against oxidation notwithstanding that the anti-oxidant
is solubilised in a hydrophobic solvent.

A variety of anti-oxidants can suitably be solubilised to

25 produce compositions according to the invention. In
particular, the compositions of the present invention are
useful in that it is possible to provide lipid soluble
anti-oxidants, e.g. vitamin E, in combination with one or
more water soluble anti-oxidants, such as ascorbic acid,

30 which act synergistically with vitamin E, thus providing
an enhanced anti-oxidant composition.

Thus, in another aspect, the present invention provides
an anti?oxidanq composition comprising a lipid soluble



hydr ophobi ¢ sol vent, in the absence of water, i.e. 15 wi t hout the need

for any 965198&59. present. _ The conpositions of t%ﬂ?ﬁfﬁ(ﬁﬁss
knvention S provi-de an anti-oxidant in a non-aqueous formto

protect materials . fromoxidation, since it has been surprisingly
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tocopherols (e”g. . a-tocopherol),, [err]-carotene
oxidant spec1es is" a ~ tocophercl, par 1cularly a-

tocopherol, and the other anti-oxidant is one which can

act synergistically with a-tocopherol, resulting in

enhanced anti-oxidant activity, e.g. ascorbic acid,

cysteine, glutathione, conjugated bile pigments or uric
15 acid.

Suitably the compositions of the present invention can be
prepared using the processes described in UK patent
application No. 9323588.5.
20
Thus, in a further aspect the present invention provides
a process for the preparation of a single phase
‘hydrophobic anti-oxidant preparation comprising at least
one antioxidant species solubilised in a hydrophobic
25 solvent in which it would not normally be soluble, the
process comprising:

(i) associating the anti-oxidant species with an

amphiphile in a liquid medium such that, in the

30 liquid medium, there. is no chemical interaction
' between thé amphiphile and the anti-oxidant species;

(ii) removing the liquid medium to leave an array
of amphiphile molecules with their hydrophilic head
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pr obucol ably the lipid soluble anti- 10 oxi da gﬁiﬁﬁ Is a
t ocopherglogﬁkgd:’t ieularly a- . t ocopherol, and the %%@B -oxi dant
i s one which can act synergistically with a-tocopherol, resulting in
enhanced anti-oxidant activity, e.g: ascorbic acid, cyst ei ne,
gl ut at hi one, conjugated bile pignents or uric 15 .aci d.
Suitably the conpositions of the present invention can be pr epar ed
‘using the processes described in UK patent application No. =
9323588.5. 20  grougdUSriénticédr tbRArasPeRs AH@i%ﬁf?Qﬁc'Qé&EiéQ?
provides = a gﬁocess for.the preparation of a single phaSe ~
hydr ophobi ¢ anti - d%ﬁ?lﬁ?%£%¥ation conprising at | east one
anti oxi dant species solubilised in a hydrophobic 25 solvent in which it
woul d not normal | y; bey sol . b ...process € risin
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in a Biquid nedi ARticexidant spechessamphiphile arpayd nedium there is
no chemcal interaction bet ween t he anphi phile and the
anti - oxi dant_ speci es; (i) renmoving the liquid mediumto
| eave an arS@ttably, the pppcegBnfani be hailsed && wiheh endiof hgtagehilic
head (1iM0 908178R€ resulting material can be stored under
PCT/ GB95/ 02888 . ‘s vy s s . groups
orientated CHRHWF 1S SN WG itdsis needed to generate the
_ 10 single-phase preparation by providing a hydrophobic
solvent.
In the context of the present invention, the  term
"chemical interaction" relates to an interaction such as
.15 a covalent or ionic bond or a hydrogén bond. It is not
intended to include van der Waals forces or other
interactions of that order of magnitude.
This process can also be used tq'produce a cdmpbsition
20 comprising vitamin E together with one or more other
anti-oxidants which act synergistically with vitamin E, -
and which are not normally soluble in a hydrophobic
solvent, to enhance anti-oxidant activity. 1In this case,
vitamin E can be added at either or both of stages (i)
25 and (iii) described above.
There are numerous amphiphiles which may be used to
prepare the compositions of the present invention and
zwitterionic amphiphiles such as phospholipids are among
30 those which have been found to be especially suitable.

Phospholipids having a phosphatidyl choline head group'

have been used with particular success and examples of
such phospholipids include phosphatidyl choline (PC)

- itself, lyso-phosphatidyl choline (lyso-PC),

v



and optionally (itii) providing a hydrophobic sol vent around

the 5 ' anti - oxi dant speci es/ anphi phile array. | Y,
t.he proces§"‘33ﬁ‘f”ﬁ%9 lral ted at the end of stage (i) anﬂcpﬁig#’% ting
material can be stored under - appropriate conditions until it is
needed to generate the 10 si ngl e-phase preparation by providing a
hydr ophobi c sol vent . In the context of the present
invention, the term "chem cal interaction"” relates to an

i nteraction such as 15 ~a covalent or ionic bond or a hydrogen bond.. It
i s not | nsphiledotgelial, uderizatdee s\t sarfyrafstiésef hesr example

I nteractions of . ' : . This_process can_al so be
used to produce %Qg%%%%g???g%pgggﬂbigggnpriang vfwghfﬁBEEFSgethEPlKFFFsone
or nore other contazpindoxi depesphwtyh actchodioei stiand |y halbgehkasidn
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prepare the co sitions of th sent venti on and zwmtterionic

the pre i .
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itsel f, 10 |yso-pimsbant tgylthe chobene hydxdphmbikC)solvent and this is
discussed in greater detail below. '

The fact that 'the present inventors have found
zwitterionic amphiphiles such as phospholipids to be

15 particularly suitable for use in the process is a further
indication of the significant differences between the
present invention and the method of Okahata et al.
Sighificantly, the authors of that prior art document
concluded  that anionic and zwitterionic lipids were

20 completely unsuitable for use in their method and stated
that they obtained zero yield of their complex using
these lipids.

The hydrophobic soélvent of choice will depend on the

25 purpoée for which the composition is intended, on the
anti-oxidant spec_iés to be solubilised and on the
amphiphile. Suitable solvents include non-polar oils

such as mineral oils, squalane and squalene, long chain
- fatty acids with unsaturated fatty acids such as oleic
30 and linoleic  acids being 'preferred; alcohols,
particularly medium chain alcohols such as octancl and
branched long chain alcohols such as phytol, isoprenocids,
e.g. nerol and geraniol, other aicohols such as t-
butanol, terpineol, monoglycerides such as glycerol
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phosphor yl chol i ne and hal ogenat ed anphi philes, e.qg.
fluorinated phospholi pi ds. In the 5 present application, the terns
phosphati dyl choline (PC) - and | ecigt hi n are used interchangeably.
Sui t abl e nat ur al ' - lecithins may be derived fromany convenient

source, for - exanple egg and, in particular, soya. Ln nost cases, it
Is preferable to select an anphiphile which is chemcally 10 simlar to.
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si gnifican i ffer.ences ent, i nventi_on ‘an e net ho
of Okahata et® m:.x tx'berﬁ ﬁ'tall‘:getnﬁecoeﬁﬁlaﬁﬁﬁ@g&est R%: apYi of
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which the cogggufdégu|§11§t£ﬂgqg&eﬂgrfgg anti - oxi dant species to be
sol ubilised and on the" anphi phile. Suitable solvents include

non--pol ar oils such as mneral. oils, squal ane and squal ene, |ong
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o whereas the converse is true when the hydrophobic solvent
15 is a triglyceride.

In addition, in some cases it has been found to be

advantageous to add a quantity of the amphiphile to the

hydrophobic solvent before it is brought into contact

20 with the anti-oxidant species/amphiphile array. This

ensures that the amphiphile molecules are not stripped

away from their positions around the anti-oxidant species

because of the high affinity of the amphiphile for the
.hydronhoblc solvent.

25 : : :
It is very much p:efe:red_:hat the preparations cf the
invention are optically clear and this can be monitored
by measuring turbidity at. visual wave lengths and, in
‘some cases, by checking for sedimentation over a period
30 of time.

The.orientation of amphiphile molecules into an array
with their hydrophilic head groups facing the moieties of
an anti-oxidant species can be achieved in several ways
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triglycerides, particularly nmediumchain triglycerides and m xtures
t her eof , hal ogenat ed anal ogues of any of theg 5 above including

hal ogenated oils, e.g. long chain - fl uorocar bons, and

i odinated triglycerides, . e.g. | i pidiol. In particular

pol yunsaturated oils or saturated oils are preferred. 10
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sol vent and the .phLlesar propri.at el ' mat ched. For exanpl e,
with a sol vent sugﬁgggggheﬁg @8? ,dgEala y§85PC is a nore effective

choi ce of anphi phile than PC, whereas the converse is true when the -
hydr ophobi ¢ sol veRt 3 1Birst herfoli’ i ShY&gEk I8« reachBeaddi L L0, ROME
cases it has been f%unérfq be o agvantggégﬁgttgpgg Qg g%aﬁ?ggd ggtﬁhe
anphi phi | & to thd 3iSPerspghr Qs cmRitiRleinra hydrephibighsolnest,
cont act Zg hv\sﬁbht !&ﬁa&lntﬁhé)f(aﬂ@:ﬂipﬁﬂl?é' &Méﬁﬁﬂb@h'ﬂd&nﬁré@ksseﬂ@%§ in
ensures that the appni phi ecul.es are not strippe way from
their positions %ngﬁdEgﬁe%ﬁﬁ%qﬁ%ﬁ%ﬁﬁéh%ﬁé;ﬁ¥gpp5 Egceb%%ﬁﬂ%ﬁgﬁszﬂérﬁth
affinity of the enphihyddapHidrid¢ hphase whigkir ophehinssaheenant25oxidant |t
is very much pre t hat e L t4.00nS : L.nvention, are
optically clear %§%5¥%F§ caghge4¥§¥§§#¥e ¢ sgivggg ﬁﬁ%sﬁpﬁﬁgﬁﬁﬁ?¥%ﬂt§°at
vi sual weéMk | engl¢avand d¢yy composition in which the hydrophilic head
groups of the amphiphile molecules are orientated towards
the anti-oxidant species.

In this first method, it 1is preferred that the
15 hydrophilic solvent is water although other polar
solvents may be used..

The form taken by the amphiphile assembly may be
micelles, unilamellar vesicles, preferably small
20 unilamellar vesicles which are generally understood to
have a diameter of about 25 nm, multilamellar vesicles or
tubular structures, for example cochleate cylinders,
hexagonal phase, cubic phase or myelin type structures.
The form adopted will depend upon the amphiphile which is
25 - used and, for example, amphiphiles such as phosphatidyl
choline (PC) tend to form small unilamellar vesicles
whereas lyso-phosphatidyl ' choline forms micelles.
However, in all of these structures, the hydrophobic
tails of the amphiphile molecules face inwards towards
30 the centre of the structure while the hydrophilic head
groups face outwards towards the solvent in which the
-anti-oxidant species is dispersed. |

The weight rétio of amphiphile:anti-oxidant species will



sone cases, by checking for sedinentation over a period 30 of tine.

The orientation of anphiphile nolecules into an array - with their
hydr ophi WOP6HEHE groups facing the noieties of an HAHGBIS0388S
speci es can be achieved in several ways WO 96/ 17899

PCT/ GB95/ 02888 10 9 and exanpl es
of particularly suitable nethods are di scussed in nore detail bel ow
In a first nmethod, an anti-oxidant species is nmixed with 5 a

di spersion of an anphiphile in a hydrophilic solvent, - such that the

anphi phi |l e nobegekag 1 rﬁbanlﬁssgﬁgly & whi gh h drophi ) i.c head
groups face out rds ¥ h é]lo%r()mffllI|c phase mﬁﬁchqgﬁh |ns

the anti - oxi dBﬁF erab W?ﬁ@E‘l gsl t?h%o W&%MQﬁ% pxsfienabliy about Geroved

to 10 | eaferaPdr wneéorRpasifoironyisd-wai.ch the hydrophilic head _
groups of the anphiphile nolecules are orientated towards t he
anti - oxi dant speci es. In this first. method, it is preferred

that the 15 Thes@ydrxsthids c asel vendefdrredwat eaciobt h@#ﬂ. Oéﬁ@r Rl ar

vt e bl O SRR B U2 e L

may be m ce VEST C
uni | anel | ar vb§|éPésbWhﬁ@@ﬂﬂﬂé%ﬁﬂﬁﬂﬁﬂd%ﬁﬂﬁkﬂﬂ%twhmbhcmean thabaie as

diameter of appefezablel Bl t isdMeldry  VPSAGh&® Possible amount of
amphiphile. The lower limit is somewhat more critical
10 and it is likely that ratios of 2:1 or below would only
be used 1n cases where the anti-oxidant species has a
significant hydrophobic portion or is exceptionally
large. ’ '

15 Good performance is obtained when'the solvent is remo#ed
quickly and a convenient method for the removal of the
solvent is lyophilisation, although other methods can be

..used. '

20 A second method for the préparaticn of a composition
containing an array of amphiphiles with their head groups
pointing towards the anti-oxidant species is to co-
solubilise the anti-oxidant species and the'amphiphile in
a common solvent followed by removal of the solvent.

25
The solutions of the present invention may either be used
alone or they may be combined with an agqueous phase to
form an emulsion or similar two phase comp051tlon which
forms yet a further aspect of the invention.

30 _ : _

In this aspect of the invention there is provided a two
phase composicion'comprising a hydrophilic phase and a
hydrophobic phase, the hydrophobic phase comprising a
preparation of an anti-oxidant species as described



tubul ar structures, for exanple cochleate cylinders, hexagona

phase, cubic phase or nyelin-type structures. The for w | |
gepend upoWO%$878phi phile which is 25 used and, for ex ,9%}0%8
anphi phil es such as phosphati dyl choline (PC) tend to form snal

uni | anel | ar vesi cl es whereas |yso-phpsphati dyl choline forns

m cel | es. However, in all of these structures, the hydrophobic
tails of the anphiphile nol ecules face i nwards towards 30 the centre of
the structure while the hydrophilic head groups face outwards
towards the sol wWHeiin, Which the anti - oxi dant species is dispersed.
The weight ratio of anphiphile:anti-oxidant species wll WO

96/ 17899 PCT/ GB95/ 02888

10 gen@eridnaliey, iin thies tppeonf cbmpbsdmioh,l tHeo hyddibghobic

p-referabl y from %a]S%QNlZlQI. %}@n&s@%s &eir?r@llféyhg#’xoéghzglilc a?hase for PC and

4.1 for lyso- pcP 1 0S ~are i0s only
-and. inS particular, it should be p0|nted out that the upper limt

'S set by economg cops delaald %ﬂ%f@l@ﬁ@”mhg}atbétehﬁlsz.ons witihe e} e
to use the mninum possible, anount anphi phi | e. -‘The | over

lint is sonemh@ﬂqhﬁﬁaQﬁl??%%fliﬂt or §HGL}F i SePPRIANS: PR tha iRFRASS: 1
or bel ow woul d &dy which t usesl teqebeed. where the anti-oxi dant species

has a significant hydrophobic portion or is exceptionally
| ar ge. 15 CGood performance is obtained when the solvent is renoved
10 The average size of the emulsion particles will depend on

the exact nature of both the hydrophobic and the aqueous
phases. However, it may be in the region of 2 um

Dispersion of the hydrophobic preparation in the -aqueous
15 ‘phase can be achieved by mixing, for example either by
vigourous vortexing for a short time for example about 10
to 60 seconds, usually about 15 seconds, or by gentle
mixing for several hours, for example using an orbital
shaker. '
20
Emulsions containing the hydrophobic preparations of the
invention can also be wused in the preparation of
microcapsules. . If the emulsion is formed from a gelatin-
containing agqueous phase, the gelatin can be precipitated
25 from the solution by coacervation by known methods and
will form a £ilm around the droplets of the anti-oxidant-
containing hydrophobic phase. On removal of the
hydrophilic phase, microcapsules will remain. This
technology is known in the art, but has proved
30 particularly useful in combination with the preparations
of the present invention.

In other aspects the invention provides:



qui ckly and a conveni ent method for the renoval of the _ solvent is
| yophi li sation, although other nethods can be used

_ A
second PRSP, the preparation of a conposition . PES(@??F’R?% an

array of anphiphiles with their head groups poi nting towards the
ant i - oxi dant species is to co- salybilise the anti-oxidant species
and the anphiphile in a common sol'vent followed by renoval .of the
solvent. 25 The solutions of the present invention nay either be
used al one or they nmay be conbined with an aqueous phase to

forman emul 5ijgn or ghgl he t¥e raaassnggnaﬁa&hen Mﬁhluon okEOrdfe Yot a
further aspect of the |nventhon . In hIS ect of the_invention

there is protryERtLqToin i A%on ?@?ﬁﬁué?ﬁ§3rdﬁﬁlllc
phase and a cosmetJquﬁdnmuﬁnulqﬁmumxatfmndamhﬂmhobic phase conprising a
preparation of an anti-oxidant species as descri bed WO 96/ 17899
PCT/ GB95/ 02888 her ei n. Generally, in this type of
conposbtion, (iHe hpdmepholi for reducphgsexidation of wpahsarndceutical

hdrophi |10 BiasEoemfic fordifatinpiase sEAMRORE! ORLIRY dfmErided ons

whi ch may be transient or sta on tie purpose
for which thafddng rauapEd-oxidant composition of the lnventlon to

the pharmaceutlcal or cosmetic formulation or foodstuff;

10 (iii) a composition eomprising at least one anti-oxidant
species solubilised in a hydrophobic solvent in which it
would not normally be soluble, for use as an anti-
oxidation agent; and

15 (iv) the use of a composition of the invention in the
preparation of an anti-oxidation agent.

The invention will now be described with reference to the
following examples. Example 3 refers to the figures in
20 which:

FIGURE 1: shows a comparison of oxidation index
(ratio of non-saturated fatty acid remaining in oil
compared to amount of non-oxidisable interval
25 : - standard) for preparations with and without ascorbic
acid alone or in combination with «-tocopherecl.

FIGURE 2: shows a comparison of oxidation index for
preparations with and without ascorbic¢ acid in the

30 presence of linoleic acid and linoleic acid and Soy
PC. '

FIGURE 3: shows a comparison of oxidation index for
preparations with and without ascorbic acid alone



10 The average size of the emulsion particles will depend on t he
exact nature of both the hydrophobic and the aqueous hases..
However, i WO i-n the region of 2 [err]m Di sperGHaBYY02888:
hydr ophobi ¢ preparation in the aqueous 15 phase can be achi eved by

m xi ng, for exanple either by vi gourous vortexing for a short tine
for exanple about 10 to 60 seconds,lasually about 15 seconds, or by
gentle m xing for several hours, for exanple using an orbital

shaker. 20 ' Enmul si ons cont ai ni ng the hydrophobi c preparations of the
I nvention can also b sed, in.t .epar.ats on of m crocapsules. |If
the enmulsion is forngaafwgﬁbalégﬁggﬁg-QCQE' cont ai ni ng aqueous phase, the
gelatin can be precipitated 25 fromthe solution by coacervation by
known net hods aEﬂAMPLE 1 Wil forma filmaround the droplets of the

anti - oxi dant - cont ai ning hydrophobic phase. On renoval of

t he hydrophilic phase, mcrocapsules wll remain. This

technology is 2knws bE 4 hgma2ll tedtitudss wBkevesksOup, 4@dtockmar!y

useful in conmbination with_th reparati on f the present .
i nventi on. aliqupksor REr §s§écts7tﬁe iiéenPPgn SP id@g?°rglc- acyg
96/ 17899 solutions were added to tubes 1PQl/ GBand)a888spectively,

12 et ion 10 | FReTPEBhAEHe P D AL SHERRY, AT | et ge in
formul ati on or Bxawmpdlet @f,f was added to each tube in the front row, and
10 0.2 ml of distilled water to each tube in the second row.
The tube contents were shell-frozen in liquid nitrogen
and freeze-dried overnight. To each lyophilate in the
first row was added 200mg of Miglyol 818, while 200mg of
a solution comprising 10% soy PC in Miglyol 818 was added
15 to each_tﬁbe in the second row. All of the mixtures were
vortexed and left for several hours to disperse. At the
end of this time, all of the first row tubes contained
‘clear dispersions, while those in the second row were
turbid, despite containing exactly the same components as
20 the corresponding tubes in the front row.

EXAMPLE 2

250mg.of Soy phosphatidyl choline was dissol#ed in 5ml of
25 diethyl ether in a glass boiling tube with a ground glass
stopper. 80mg of ascorbic acid was dissolved in 1ml of
distilled water. 300 uL, of ascorbic acid solution was
added to the ethereal solution of phosphatidyl choline,
shaken well, stoppered, and the mixture sonicated in a
30 bath for two minutes to give an almost clear water-in-oil
emulsion. The ether was then removed in 'a rotary
evaporator at 37°C with a slight vacuum, and the residue
dried under a stream of nitrogen, followed by drying
under high vacuum at room temperature in a lyophiliser



5 (i1) a nmethod for reducing oxidation of a pharmaceuti cal or
cosnet i C\g;ﬂ?ﬂwﬁt i on or foodstuff which conprises W[é‘&sﬁ?sss
i dant "co t he pharnaceuti cal or

anti - ox nposition of the invention to

cosnetic fornulation or foodstuff; 10 (iii) a conposition conprising
at | east one anti-oxidant speci es 1ol ubi l i sed in-a hydrophobic
solvent in which it ~would not nornally be soluble, for use as an
anti - - oxidation agent; and 5 (1v) the use of a conposition

of the invention in the preparation of an anti-oxidation agent.
The inventi onob(FIanﬁgW ‘be GBEcEPHEPWIRGh B er nBd f tPkeic acidf miasowi ng

exanpl es. Exaspbed3 tef erise t xeiiduel gWLER idefle mi¥ing) to give a

FIGURE 1: sh . ison of oxidati I ndex ratiq of
non-saturatedgﬁgyﬁﬁggbﬁgh?|%¥§#rﬁfwéﬁ%ﬁéiy cfear._ Th@oﬁﬁ&F@&tFét&ﬁEUnt of
non- oxi di sabl efi aseordic2®cid in thesicdiddavad) Smy/mir.eparations with and -

Wi t houtg ascorbic acid alone or in-conmbination with
[err]-tocopherol. FIGURE 2: shows a conparison of oxidation
i ndex for EXAMPLE 3preparations with and without ascorbic acid in the 30
presence of linoleic acid and linoleic acid and Soy : PC.

IO S STOUR, AR | 00eLafih OB Fhvh BReSieiart choline (soy

PC) was prepared, containing 50mg/g of suspension,

10 flushed thoroughly with nitrogen, and sonicated in 3ml
aliquots at an amplitude of 8 microns peak to peak. Each (

aliquot was subjected to a total sonication time of 4

minutes, in pulses of 30 seconds interspersed by cooling

for 30 seconds in an ice slurry bath. The resulting

15 = opalescent dispersions' of small unilamellar vesicles

(SUV) were pooled and then centrifuged for 15 minutes to

remove particles of titanium.

0.56g of SUV were mixed with 0.372g of O.S%Iasccrbic acid
20 solution, shell-frozen and freeze-dried overnight. To the
resulting 1lyophilate was added 1.4g' éf trilinolein
containing 5% by weight of linoleic acid and the mixture
flushed with nitrogen, vortexed briefly and left to form
a clear dispersion. This is termed the high ascorbate

25 dispersion. Trilinolein is a model polyunsaturated
triglyceride while linoleic acid is a solubilization
facilitator. ' '

A _trilinoleiﬂ/linoleic'"acid/PC oil phase of similar

30 composition but lacking ascorbic acid was prepared by
. freeze-drying 0.7g of SUV and then Hdissolving the
lyophilate in 1.75g of the same trilinolein/linoleic acid
solution. A low ascorbate dispersion was "prepared by
diluting 0.25g of the high ascorbate one with 750mg of
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13 and with linoleic acid. ' EXAMPLE 1 r ows
of 4 smal | WR¥1B¥hes were set up, and 0.2n al i quot SPC'(I)‘I?M?%
7.5, 15 and' 30mM ascorbic acid solutions were added to tubes 1,
2, 3 and 4 respectively, acr oss eacf row. 0.2 ml of soy PC SUvs,
prepared as in Exanpl e 2, was added Po each tube in the front row,
and 10 0.2 mM of distilled water to each tube in the second row.

The tube contents were shell-frozen in liquid nitrogen and

freeze-dried ov i e yophitLagegj h ial &M wbréONGNEE
added 200ng of ﬁ*glgg%v§1§?lmgﬁngzogﬁsbo? shill §%a§3|ﬁ%?gﬁ c%ﬁprising 10%
soy PCin M gl yaligdgt@ascfddedé 15 0-6 tafihadh SM9pe FRFPERE 1¥ELYNdOE oV~ Al |

gf the m XtAUF eﬁt&@éﬁherol. Fb]?r texagnangs! ef:f:ui»faewe,u?;al wbﬁuaddég as a

i sperse. At the ~end.of this . time, .a the first row tubes

cont ai ned 0-6Fe§Fh&P§géﬁy%§L§t%ﬂﬂwf§ﬂﬁuﬁﬁbﬁqgirEF%%%oﬁHb?BﬁPﬁ%F%Y
turbid, despitereqstradnungeexactsyredre simicoogenentle &the20abovetgals
correspondi ng tubes in_ the n . : E ; of
Soy phosphatidyVeEﬁo#ﬁﬁﬁ %%éégié%éﬁqnxfiq%35ﬂa§gE§§g€E dgngfﬁﬁPnétﬁég n a
gl ass boiling tabe Wbwh asqpxhare giddiepersion andppROmBoMf ofthgscabave
aci d was di ssol ¥§g?kﬂa¥;\%§%e oil ggg'ggt %‘%E?ﬁg’é@%@ﬂ.y, 39Qihgr thbrefighly

ascorbic acid solufion et hef eal solutjon of £
phosphat i dyl chbpi r@issolve &gk &t GRIGPISRVppePedtTaRd Phe i ¥PUFe ©

sonicategoir a 3Pimpablat B1hes ae GhRvmasobPaphyevaalsl were skeaup and
wat er - i n- oi

emul siqQn. ., _The_ et her was__then.tenov ' ro
evaporator at 3%Per?i® \R’flltaﬁ'sa &P g?ﬁ"%aﬁﬁﬁn WERE 13 ?%Is)?é‘?%é{ﬁ&l 5Bhy
aliquots of the oil phases prepared above, according to
the following scheme. '

15

Row no. Contents of each vial

1 "Trilinolein/linoleic acid/PC oil phase
20 2 High ascorbate oil phase

3 Low ascorbate oil phase

4 High ascorbate oil phase + a-tocopherol
25

5 Low ascorbate oil phase + a-tocopherol

A 6  Trilinolein/linoleic acid/PC oil phase +
«-tocopherol '

30

-7 Triliholein/linoleic acid solution

One vial £from each row was retained as a zero time
control and the remainder were transferred uncapped to a



dried under a streamof nitrogen, followed by drying under hi gh

vacuum at room tenperature in a |yophiliser WO 96/p4%%

PCT/ GBISO@SATRES  _ _ 14 oag?ﬁ?ght

The followng day, 3 ml of oleic acid mas added to the residue with
gentle mxing, to give a sol uti oh®whi ch was conpletely clear. The
concentration of ascorbic acid in the oil was 8ng/m.

EXAMPLE 3 An aqueous dispersion of soy phosphatidyl choline (soy.

P s brebat od. s GONEALRLD R0 Mg s SUARENSIOD 1 dina ey Sl 808Togs

t hor oughl y h~ni"t'rogen, sonlca _
anpl i t ude ofsﬁbmmc¢wﬁslgé§k Ab paak. sggghlng intexnvaduof . &m& gfibiseted to a

total sonicaf ?ﬁﬁhé'?ﬁn@ilﬂlng 0, 019‘ﬂﬁfe§as'adaéas€é PEadfe urrgeﬁg S

i nt er spersed by_coo 0 seconds:in . an jce s
resul ting 15OX1d%%hY§s‘g%ﬂ¥ ﬂ?%%r stiféﬁlsc‘”%ﬂe%l“l“‘%l F&ﬁﬂ-leldaﬁnéeEFEI es

(SW) grere pepAEs aﬁéjnéheﬁréentbl ‘hugefug o020 18- freetes aAd storedrﬁﬁ’ﬁve
particles of titani

g SV, were m xed 372g_.0of O. 596
ascorbi ¢ aci'®P 28° Sleﬁﬁ cﬁiﬂ%ﬂeg? 07BN LY R 1 eext d%@d TS ngﬁ -
t he  resmpling, | gobhinlacf assodutibdnlvofigaod.125%i hepeadecanoic

containing SJapy vl gl plellinChghCoRehdsabte! Nentlxhlii Cstandaraf ! tihed

W th nltrogen rre and di sper si on.
This is ter mpm@tnnghwwc@d&de 5o eachvigdr angn mixad .| i Tee efatty¥s a

modely o POl yulSad Uicnfbnents it | GhoKerida Wakke |dnuh eicorieirtedds €o
solubl I zation faml&t at or.. '
methyl ester derivatives by standard procedures and (

measured by GC. Results were expressed in terms of an
Oxidation Index, which is defined here as the percentage
of remaining 18 : 2 fatty acids (derived from trilinolein

15 and linoleic acid) relative to 17 : 0 fatty acids
(heptadecanocic acid). '

Incubation Vial Row Number
time (days) 1 2 3 4 5 6 7
20 Day zero 44.5 43.8 42.2 42.8 41.5 43.1 44.5
Day 2 | 41.5 n/s n/s n/s n/s n/s 28.7
25 Day 4 . 31.7 40.4 39.0 37.8 40.0 29.8 21.7
Day 6 ~ 21.0 38.8 36.8 n/s n/s 33.7 7.2
Day 8 , ' ‘9.0 53.9 45.6 44.4 50.2 39.0 0.6
30 Day 10 | , 5.0 51.1 31.7 n/s n/s 46.4 0.6
Day 15 | 0 6.6 0 45.4 45.2 32.9 n/s
35  Day 20 ' o o 0 n/s n/s 15.9 n/s
Day 30 | n/s 0 0 41.535.90 n/s
Day 48 ' . . n/s nfs n/s 52.5 11.3 n/s n/s
40

Day 52 n/s n/s n/s 31.7 2.3 0.3 n/s



A trifinolein/linoleic acid/ PC oil phase of. simlar 30 conposition

but | acking ascorbic acid was prepared by freeze-dryin

and then dWes$I1789%g -t he | yophilate in 1.75g of the s 1Gby 2888
trilinolein/linoleic acid solution. A | ow ascorbate dispersion was
prepared by diluting 0.25g of the high ascorbate one with 750ng of
WD 96/ 17899 PCT/ GB95/ 02888

15 - the above oil -phase. Into 3 small glass vials were added
aliquots of 0.6, 0.6 and 0.5ng respectively of a- t ocopherol . " For
reasons of acaaydg ,this was added asnps n/s /6% ethanglic gpsuthpes,

t he et hanol being subsequently 5 renoved. under a stream of nitrogen. To
t he above vials wer e then added 600ng of high ascorbate dispersion,
600Ny of |IThesscrvepatesdaspepiovnedniinsBdgyreflt he above '
ascorbateSree oil phase respectively, mxing thoroughly to dissolve
the a-tocopherol. Atray of 7 rows of 10 crinpabl e gl ass gas

chromat ography vials were set up and to the vials in each row were
added identical BXMPLE 4 5/ jquots of the oil phases prepared above,
according to the foll om ng schene. 15 - Row no. Contents of
each ;;gg%at o i mpibold LML 2EiE00n PGS Frepared

containing 100mg soy PC/g and converted to SUV as
described in Example 3. Appropriate amounts of SUV were
mixed with aqueous 1% ascorbic écid solutions to provide
mixtures having PC : ascorbic acid ratios of 13.33 : 1,
15 and the mixtures were shell-frozen and freeze-dried. The
resulting lyophilates were mixed with refined fish oil
containing 2% w/w of linoleic acid (as a solubilisation
- enhancer) to give clear dispersions containing 1.5 or 3.0
mg ascorbic acid/g of oil phase. Control oil phases were
20 also prepared comprising pure fish oil, and also fish oil
containing 2% 1linoleic acid both in the absence and
presence of 2% w/w of dissolved soy PC (ie in the same
concentration as in the dispersion containing l.5m§
ascorbic acid/qg). '
25 .
The two ascorbic acid-containing dispersions, and the
three oil phase controls, were each distributed as 50mg
aliquots into crimpable glass chromatography vials as in
Example 3, and again stored uncapped in a 37 C incubator,
30 ie under conditions for accelerated oxidation of lipids.
At appropriate intervals, samples were removed from the
incubator and 1lml of a solution containing 10mg BHT and
625mg heptadecancic. acid in 200ml iso-octane was added
(see Example 3 <for ratiocnale). The vials were
35 sealed,shaken and stored in the freezer prior to GC
analysis of the remaining fatty acids. Lipid oxidation



3 LOM/ascorbate oi | phase 4 Hi gh ascorbate oil phase +

a-t ocopher ol 5 Low ascorbate oil phase + a- toc her o

6 Tri |Wﬂo‘1‘@. ??PI i Rol ei ¢ acid/ PC oil phase + ?P"Y‘Bﬁ”pherol
30 7 Trilinolein/linoleic acid solution Cne vial from:
each row was retained as a zero tine 18 control and the remai nder were
transferred uncapped to a PCT/ GB95/ 02888 WO 96/ 17899
16 37 C incubator and sanpled after the incubation periods

shown overleaf. At each _sampling jnterval, 0.5m of iso- oct ane
cont ai ni ng 0. §3% Bﬁ?l&/&§e§d@§d" S0 RQ $Rp tFake of disgppearmunge of

degradation, the @@néempcd yunsatursrald E =ty tdeids. Réé&iéstgggsgﬁgﬁﬁd to a
m nus 20 C fregz t d r r to GC anal ysis.
A the tine oft Fie@Pd 2 Bl ar8 agpin pYetBalaktEkE Byigarigy Tndex
heptadecanchhJ-Ch Jé%l@hQapgaFﬁn&aeé ofonremaiiningl @2 it Lavey ataddar d)

in 5 150-PE1 30vERE0 AW d-dnfh 19 g%/\ga‘%luﬁt%dn(ﬁgg Q’%’Tﬁt ?ét é87 .o acid

conponents in_each viaJ] were then c
derivatives bfAttYaRRdd pheRtddesancisy acid) .neBher ciiimy @ourResubfs were

expressed in 6ﬁiditﬂbnaaf pure fish oil was effectively identical to
that for fish oil + llnolelc acid and is not plotted. The

delayed oxidation of the soy'PC=containing control 6i1

10 phase, may well have been .due to the additional -
tocopherol present in the soy PC (over and:above that in (

the fish oil). - :

EXAMPLE 5

15 : o .
A lyophilate of soy PC and ascorbic acid was prepared as
described in Example 4 and then mixed with sunflower oil
containing 2% w/w of added linoleic acid to form a clear
‘dispersion containing l.5mg ascorbic acid/g of oil phase.
20 Oil phase controls were prepared comprising pure
sunflower oil and also sunflower oil containing 2%
linoleic acid, in the absence and presence of 2% w/w of

soy PC. 50mg aliquots of the ascorbic acid dispersion

and of the 3 oil phase controls, were incubated under

25 conditions for accelerated lipid oxidation as described
in Example 4, and were sampled periodically and analysed

in the same way. In this case however, the 18 : 2 facty

acid -(linoleic acid) content was monitored.Results are

plotted in Figure 3. The time course of oxidation of the

30 soy PC-containing control oil phase was  effectively
identical to the equivalent contrbl'lacking PC, and was

not plotted. The reason for the accelerated oxidation of

the oil controls containing free linoleic acid, compared

with pure sunflower oil where the endogenous  linoleic



Oxi dation Index, which is defined here as the percentage of renai ning
18 2 fattwgsiﬁjs (derived fromtrilinolein 15 and | i nol gi-fropodiiafs

rel ative 7899 - f at t y acids (hept adecanoi ¢ acid).

I ncubat i on Vi al Row Nunber time (days)

1 2 3.4 5 6 7 20 Day . z&Po 44.5 43.8
42.2 42.8 41.5 43.1 44.5 Day 2 41.5 n/s nls nls
nfs n/ls 28.7 25 Day 4 31.7 40.4 39.0 37.8°40.0 29.8
21.7 Day 6 e . 21.0d38.8 36.8 n/[s n/s_33.7 7.2

Day 8 acia 1s ynpd EINJUFBTE45°ME0lS B8 0C6=8T 30 Day 10
5,0 51.1 31.7 n/s n/ls 46.4 0.6 Day 15 0 6.6 O
45.4 45.2 32.9 n/s 35 Day 20 _ 0 0 0 n/s nl/s
15.9 n/s Day 30 nfs O 0O 41.53590 n/'s

Day 48 nfs n/s n/s 52.511.3 n/s n/s 40 Day 52
nf's n/s n/s 31.7 2.3 0.3 n/s WD 96/ 17899

PCT/ GB95/ 02888 17 Day 56

nf's n/ls n/ls 4.1 0.2 n/ls nls



These results are plotted in Figure 1. 5 EXAMPLE 4 10 An
agqueous “Pho%gholipid di spersion was prepared contalnln 100ny
soy PC/ gWeh¥ gﬁvefffmk11rf§ﬁ¢7m§—f— described in ExamFeVSB priate
anounts of SWV wer th aqueous 1% ascorbic acid soI utions to
provi de ﬂ”!ﬂ mm’ﬂig’ "ascordfl ¢ acid ratios of 13.33 : 1, 15
and the m xtures eh and freeze-dried. The resulting

| yophil ates were-m xed with refined fish oil contai ning 2% w w of

| i nol ei ¢ aci dm sol ubi li sation enhancer) to give clear .

di spersions ¢ +ttng 1.5 or 3.0 ng ascorbic acid/ g of oil phase.
Control oil phases were 20 al so prepared conprising pure fish oil, and
also fish oil 8ﬂ§ &%@ i nol eic. acid both .in the absence and -
presence of 2% w w8t a1 esd ve Soy PIFLE49R (GREARINT 3t leastc &% ati on
as in the di spatdi-gxisiantaispenies Sojubilisedasnoa tiyiruphtlg)c s2Avent

The twogascor RinC | §§ﬁ&g , t t hree oi
phase cgnt r ol lsih ﬁﬁegﬁﬁﬁ?%ﬁe as Jggﬁngbéa%l ari guots into -
crinpabl e gl ass chromat ography vials as in Exanpl e 3, and again
stored uncapped inpa 2émpoisitulal Oks 381aimede {RJEE1SOHRAI{ T QASIAY is
accel erated oxi |on of | i pids. At appropriate intervals, sanples
were renoved FP i ncubat or and 1m of a sol ution containing
10ng BHT and 625rrg hept adecanoi ¢ acid in 200m i so-octane was added
(see anpl e or ) . vi.al s re 35 se Ied haken
and st%erfed |n3t he cogéé‘&é?@f&ﬁ 5% ;’[Eglmed érﬂilﬁ Mot t RE r g
fatty acids. Ehsrélﬁmﬁhﬁlémtl OdeanV[BDGbLESQQS solublllsed in the (

PCT/ GB95/ 0288fydrophobic solvent to form a single phase.

4. A composition as claimed in any one of claims 1 to
1is 3 wherein  the anti-oxidant species is ascorbic acid,
phytic acid, pyrophosphate, EDTA, transferrin,
ceruplasmin, metallothionein, albumin, haptoglobin,
cysteine, glutathione, a conjugated bile pigment, uric
acid, vanillic acid, vanillin or trolox.
20 '
5. A composition as claimed in claim 4 wherein the
anti-oxidant species is ascorbic acid, cysteine,
glutathione, a conjugated bile pigment or uric acid.

25 6. An anti-oxidant composition comprising a 1lipid

soluble anti-oxidant species together with one or more

other anti-oxidant species, solubilised in an hydrophobic
solvent in which the one or more other anti-oxidant

. species would not normally be soluble.

30 |
7. A composition as claimed in claim 6 wherein the
lipid soluble anti-oxidant species is vitamin E and the
other anti-oxidant  species is one which acts
synergistically with vitamin E, resulting in enhanced



18 was nonitored according to the rate of disappearance of
the 22:6 pola/]unsaturat ed fatty acids. Results are shown P EH
and are agqM¥8M™ ed as the Oxidation Index whi ch i sSF¢H Dercent aqe
of remaining 22:6 fatty acids 5 relative to the remaining saturated
(non-oxidising) C17:0 fatty aci.d (haptadecanoic

course of oxi dation of pure fish oil was effectivezmllmml I“ﬁ"lllmlll

*

that for fish oil + linoleic acid and is not plotted. The “del ayfed *
oxi dation of the soy PC-containin control oil 10 phase, nmay vveII

have been due tcﬁﬁ%‘o’éﬂ‘aﬁPFoﬁﬁFl ic t ocopherol present in the soy PC
(over and above that in t he fISh oil). EXAMPLE 5 15

A lyophil ate of soy PC and ascor.bic aci epare descr.i bed -
in Exanple 4 and®the P SRR SR O%n??mﬁé‘ral&q%r q'36'5‘nt§;1| whegess, Whe of
added linol ei ¢ astiet oahaimoxidaaar species d:.spassocbxcoraicmml ngydt eine,

ascorblc 10 91.ulnRURSE s 2onyueSLie BIESCGGARLOLE LEE,cpRCDr OO

conprisin unf | owe ower hing 2%
linoleic acid, in the absence and presence of 2%\N/W of- soy PC.

50nmg aliquots ofgthe ﬂseeﬁtﬁbgléﬁbﬁ %5925&{1@3 in any e At té‘f‘aﬂ $é @aase
controls, were incubated, under condi tions for accel erate I pi d

oxi dation as deskr¥ibigh is anhy rEB%%npl e 4, and were sanpled periodically
and anal ysed in the sane way. In this case however, the 18 : 2 fatty
acid (li noI eic d) content was_noni ored Results are pl.otted in

Fi gure 31%mhe tlme r PFOSESSKi HRF i SiSorPTRRARREION Of a Pé"@@l:\‘Falgﬁl

control oil phdwadraphohiéeantuedn;ldant preparattoh tomphisingi aal .‘eeast
control |acki ngqﬁ% %&qfl.\’\@ﬁcldant s;ggé:lq.géms%q ::5.'195 AN foﬁ%&ﬂ??ho J.c

accel er at ed oxi control's contalnln
acid, conpared solvenyj iR phdehs i wmmonptmemaﬂw wmmased mlmeel c

process comprising:
15
(i) associating the anti-oxidant species with an
amphiphile in a ligquid medium such that in the
liquid medium there is no chemical interaction
between the amphiphile and the anti-oxidant species;
20 | o
(ii) removing the liguid medium to leave an array
of amphiphilic head groups orientated towards the
anti-oxidant species; and optionally -

25 -(iii) providing a hydrophobic solvent around the
anti-oxidant species/amphiphile array.

11. A process as claimed in claim 10 wherein the anti-
oxidant is ascorbic acid, phytic -acid, pyrophosphate,
30 EDTA, transferrin, ceruplasmin, metallothionein, albumin,
haptoglobin, cysteine, glutathione, a conjugated bile
pigment, uric acid, vanillic acid, vanillin or trolox.

12. A process as claimed in claim 11 wherein the anti-
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19 acid is i HI“IHH!ID!”H@HI Imr m is not clear. WD 96/ 17899
PCT/ GBOSW¥uys - "L aVSs  * 1. An anti-oxi BaHECBRUMEEi ti on

conprising at |east one anti - oxi dant species solubilised in a .

hydr ophobi ¢ sol vent 5 in which it wadd not normally be sol ubl e.

2. A conposition as clainmed in claim 1 which 1is -anhydr ous.
10 3. A conmposition as clainmed in claiml or claim?2 wher ei n
the anti-oxi dant species is solubilised in the : hydr ophobi ¢ sol vent
to forma si ng¥ddfgse. is ascorbig arisbnpowtstiednens glaitaghionsgny ane of

claims 1 to l3onjughtdensiile tkegmdid - o ity ies is ascorbic acid,.
phytic  acid, pyr ophosphat €, EDTA, transfterrin,. cerupl asm n,

nmet al | ot hi onein, al bum n, haptogl obin, cysteine, glutathione, a
conj ugat ed bi b8 .pi @mMprocess cas claimédi fh ¥APi bheCoacCicdaimaniily ivdy arp

ol ox. . . .o L
tr 5 wherein vitamin E is also present in the preparation.

l14. A process as claimed in claim 13 wherein vitamin E
is added at either or both of stages (i) and (iii).

10 15. A process as claimed in any one of claims 10 to 14
wherein the amphiphile is a phospholipid.

~16. A process as claimed in claim 15, wherein the
phospholipid has a phosphatidyl choline head group.
15 '
17. A process as claimed in claim 16, wherein the
phospholipid . is phosphatidyl choline (PC), 1lyso-
. phosphatidyl = choline = (lyso-PC), sphingomyelin, a
derivative of one of the .above such as hexadecyl
20 phosphocholine or an ' amphiphile polymer containing
phosphoryl choline. ' '

18. A process as claimed in any one of claims 10 to 17,
wherein the hydrophobic solvent comprises a long chain

25 fatty acid, a medium chain alcohol, a branched long chain
alcohol, a monoglyceride, diglyceride, medium chain
triglyceride or long chain triglyceride.

19. A process as claimed in any one of claims 10 to 18,

30 wherein the amphiphile comprises PC and the hydrophobic
solvent is a triglyceride or wherein ‘the .amphiphile
comprises lyso-PC and the hydrophobic solvent is oleic
acid.



:Zigt I - oxi daﬁi ? gglrrggm 3 Ona?io?tl)m'mml“ “Iﬂ“ﬁ!m i \r/]\Qfar o Thpe%,ﬁﬁo L ane,
anti-o

conj ugat edM28™Pgrent or uric acid’ 6. An

conposition conprising a lipid soluble anti - oxi dant species
together with one or nore . ot her ant 3oxi dant species, solubilised in
an hydr ophobi ¢ sol vent in which the one or nore other anti-oxidant
species would not normally be sol ubl e. 30 7. A conposition as
clainmed in ClaiEEG WQ?YEIH th pi.d sol ubl e a t|-0X|dant species is

vitanin E and t prOSFﬁérasaﬁHFl@?Fdéﬁtanyéﬁ@@l clpimsyiQ topdfen
acts synehg'rat:.ncaﬂﬂg/ ant b-okidanv/&mphtshile ngrrayerht'sinﬁsﬁned by WO
96/ 17899 . / GB95/.02888 .

21 an?l- 9daﬁ¥1act?%? g?xldant W1EET co 7%%%9Pas°%la?ﬁed
inclaimé \/\,herel'nphﬂ-r!blle in @& hhyduophibie daclvemdci apdi scemaainy cthei d,

cysteine,g 5 EBbﬁFﬂhQn%ol%eﬁﬂnJUQated bile pignment or uric acid.
9. A conp05|t|o as"claimed in any one of clains 6 to 8 which is

anhydr ous. 10 10. A process for the preparation of a single phase

hydr ophobi ¢ ant g1 oxi Aani rOEE9ar ads orrledmyd SiAY @lai®asio, wheredR€ the
Q

ant i - oxi dant spgcaggpﬁ gclgbied in.a h gr%phoblc

vent is

10 22. A process as .claimed in claim 20 or claim 21,
wherein the amphiphile assembly comprises micelles,
unilamellar vesicles, multilamellar vesicles or a tubular
structure such as cochleate cylinders, hexagonal phase,
cubic phase or myelin type structures.

15
23. A process as claimed in any one of claims 20 to 22,
wherein the hydrophilic = solvent ' is removed by
lyophilisation. '

20 24. A process as claimed in any one of claims 10 to 20,
wherein the antioxidant/amphiphile array is formed by co-
solubilising the anti-oxidant and the amphiphile in a
common solvent and subsequently remov1ng the common
solvent.

25
25. A process as claimed in any one of claims 10 to 19,
wherein the hydrophilic anti-oxidant/amphiphile array is
formed by emulsifying a solution of the amphiphile in a
'hydrophobic solvent with a solution of the anti-oxidant

30 in a hydrophilic solvent to give an emulsion and removing
the hydrophobic-éolvent.

26. A process as claimed .in claim 24 or claim 25,
wherein the weight ratio of amphiphile'to hydropnilic



solvent in which it Iy be soluble, the process
conpri si ng 15 ”“T““ﬂl"ﬂl“ ciating the anti-oxidant speci.es with
an WO 96/178%nphi phife i n"a i qti d medi um such that in RGEGBS/N2888
liquid nedlunlthere is no chem cal interaction bet ween t he
anphi phil e and the anti-oxi dant species; 220 : - (i1) renoving the
liquid nediumto | eave an array of anphi philic head groups
orientated towards the anti - oxi dant species; and optionally
25 (iii1) providing a hydrophobic sol vent around the

anti - oxi dant %RE%%%%/bﬁpﬁrﬁﬁlP€°HFréyl to 50:1. 11. A process as clained in-
claim 10 mhereln the anti - oxi dant is ascorbic acid, phytic acid,

pyr ophosphat e EDTA, transferrin, ceruplasmn, netallothloneln

al bumi n, 27. haﬁ’ot RFUIHIE  &st Siﬁéme@ uF Bt IF1eHE 26c0nphgaeda behe
pignent, uri cenacl ghiowais | Wacernein;ovbnemtiisien. t r ol ox. 12. A
process as clainmed in claim 11l wherein the anti - WO 96/ 17899

PCT/ GB95/ 02888 | 22 oxi dant is
ascor bi c aci &8 cysh eiprocefisut ashicheimed in cladmj 2@t ext bicllaimi gBBpt or
uric acid.  yherein l8he ﬁyﬂ&%@ﬁ%ﬁf@séHEV%ggiiQ QnidW“Béglfﬂéuﬁgi&Q to 12

5 wherein vitamin E s also present. in preparation
- organic solvent such as diethyl ether

10 29. A single phase hydrophobic preparation of an anti-
oxidant in a hydrophobic solvent, obtainable by a process (

as claimed in any one of claims 10 to 28.

30. A single phase hydrophobic preparation as claimed in
15 claim 29 which is anhydrous.

31. An array of amphiphilic head groups orientated
towards an anti-oxidant species in a lyophilised form.

20 32. A lyophilised array as claimed in claim 30 which is

obtainable by a process as defined in any one of claims
10 to 28. '

33. A lyophilised array as claimed in claim 30 or claim

25 31 wherein the anti-oxidant species is ascorbic acid
cysteine, glutathione, a conjugated bile pigment or uric
acid.

34. A lyophilised array as claimed in claim 33 wherein
30 the anti-oxidant species is ascorbic acid.

35. A two phase composition comprising a hydrophilic
phase and a hydrophobic phase, wherein the hydrophobic
phase comprises a composition as claimed in any one of



14. A process as clainmed in clai i s added at
either or both of stages (i)- andnjﬂﬂlnﬂﬂ ﬂ“E""I ﬂﬂ‘ A proc | med
in any ondVOP6AT88P s 10 to 14 . * fheteith tshe *anphi phil e?’i?ld}%ﬂﬂ&k
phOSphO|IpId 16. A process as clainmed in claim 15, wherein

t he phosphol i pi d has a phosphatidyl2ghol i ne head group. 15 :

17. A process as clained in claim16, wherein the phospholipid 1is
phosphati dyl choline (PO, lyso- phosphatidyl choline
(l'yso-PC), sphi ngonyel i n, derivative of one of the above
such as hexadd@ampol to &&5@&@?%@3‘3%@1 %ﬁl CJa#giPﬁ‘ﬁ)hWec PYR y#r

cont ai ni ng phosphoryl chol i ne. . A process as clained in
any one of claifts 10 to. wher h dr hob sol vent, caonpri ses
a iong chain 256- 4a??993§FHl°ﬁ Aedi ﬁ% g bMRSERER |

chai In . al QQ{&ﬁ'oplﬁomOglgl'mﬁel deisdi g:lm:rglai e unmnachaontinuous
triglyceride or ng yceri de. - 19. A process as clained
in any ofe of Jpgﬁ' ?ﬁﬁ%%:éﬁé wherei n the anphi phile conprises PC
and the hydrophobic _ solvent is atriglyceride or wherein the

anphi phi [ e \Rg.gg;@;gggﬁogﬁeoﬁca@dcwﬁnmdiﬂp@i@ﬁn S04 VEPL cinifl Si¢

aci d. ) . PCT/ (GB95/ 02888
23 : which is an emul51on

10 38. The use of an anti-oxidant composition as defined in
any one of claims 1 to 8, of a lyophilised array as
defined in any one of claims 31 to 34 or of a two phase
composition as defined in any one of claims 35 to 37 in
the preparation of a pharmaceutical or cosmetic

15 formulation or foodstuff.

39. A method for reducing oxidation of a pharmaceutical
or cosmetic formulation or of a foodstuff which coﬁprises
the stép of adding an anti-oxidant composition as defined
20 in any one of claims 1 to 8, of a lyophilised array as
defined in any one of claims 31 to 34 or a two phase
composition as defined in any one of claims 35 to 37 to
the pharmaceutical or cosmetic formulation or to the

foodstuff.
25
40. The use of an anti-oxidant composition as defined in
any one of claims 1 to 8, of a lyophilised array as
defined in any one of claims 31 to 34 or of a two phase
' composition as defined in any one of claims 35 to 37 in
30 the preparation of an anti-oxidation agent.

41. An anti-oxidant composition as defined in any one of
claims 1 to 8, a lyophilised array as defined in any one
of claims 31 to 34 or a two phase composition as defined



20. A process as clained in any one of claims 10 to 18, wherein the

anti - oxi dant/anphi phile array is fornmed by m xi ng the anti - oxi dant
with a di sweo9é/mm89Df~ an anphi phile in a hydrophilic sBFUERIS/QRE
removing the 5 hydr ophi | i c sol vent. 21. A process as clai ned
in claim?20, wherein the hydr ophi,lic solvent is water. 10 22.
A process as clainmed in claim 20 off eﬁln 21, wherein the

anphi phil e assenbly conprises mcelles, uni lanel | ar vesicles,

mul tilanmellar vesicles or a tubwyas structure such as cochl eate
cylinders, hexagonal phase, cubi c phasg or nyelin type structures. 15
23. A process as clainmed in any one.gf chrnﬁ 20 to |22, wherein the
hydrophilic sol vent is renoyed 8byE = gophllisation. 20 24.
A process as clained in any one|of cgaﬂﬁs§ﬂ0'10+20 wherein the

ant i oxi dant/ anphi phile array is ﬂbrnéd&by og ® sol ubi | i sing the
anti-oxi dant and the anphiphile}lila & z -g nmsn sl vent and subsequentl|y
renovi ng the common, - solve t, T = 5. 3A rjocess as clained in any
one of clainms 10 ®0~19, gein the +hydrophl ifc

anti - oxi dant/ anphi phile array i fo | sifying a solution of
t he anphi phile in(® hydr ophpbi ol sol ution of the
anti-oxi dant 30 sl N @ hydrophifi Iv nt to g| an emrul si on and
removi ng t hydr ophobi c qnlvpnr A process as
clainmed in claim or claim 25, wherein the meight rati o of

anphi phile to hydrophilic : T &

Incubation time (days)

Oxidation Experiment 1

60 1
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24 species is fromabout 1:1 to 50:1. 27 as
clainmed i nW9|9§5?ﬁ926,- wherei n the emul sion is water-i gg@f@%@ﬁgi on.

5 28. A process as clainmed in claim26 or claim?27, wherein
t he hydrophobic solvent -is a | ow boiling point organi ¢ sol vent such
as diethyl ether. 10 29. Aﬁlf% e phase hydrophobi c preparation of .
an anti - oxidant ip a hydrd Lc.salvent _aobtainable by 8 process
as clainmed|in any one of clainms 10 to 28. : 30. A sifgl e phase

hydr ophobi ¢ preparation as claimed in 15 =~ claim29 whichlfs anhydrous.’
31. An array of anphiphilic head groups orientated t rds an
anti - oxi dapt species in a |lyophilised form 20 32. yophi |l i sed

array as clainmed in claim30 which is . obt ai nabl e by
defined injany one of clains 10 to 28. ’ 33.
array as clained in claim30 or claim 25 31 wherein the
speci es islascorbic acid, cysteine, glutathion
pi gnent orjluric aci d.

r a@ess as
| ydBhi | i sed
nti - oxi dant
jugated bile
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B4, A | yophilised array as clainmed in claim33 wherein 30 t he

anti - oxi dant species is ascorbic acid. 35. Atw p
conposi ti orVe8ARTi ag a hydrophilic phase and a hydrgﬁ@?ﬂ”%ﬁ%se,
wherein the hydrophobic phase conprises a conposition as clainmed in
any one of WD 96/ 17899
PCT/ GB95/ 02888 . 25 clains 1 to 8
or a preparation as clainmed in clain§2 ' 36. A conposition as
clainmed in claim35, wherein the ,? aydrophobic phase is dispersed
in a continuous 5 hydr ophi |l i ¢ phase. 37. A conposition as
clainmed in cl grmm35—or—Trarm 306 WRTCh 1S _an_enur st on. 1 38.
The use of an}anti-oxidant conposition as defined in arly one of
claims 1 to 8] of a Iyophilised array as defined in any-one of clains
31 to 34 or off a two phase conposition.as defined in agy one of
clainms 35 to 37 in the preparation of a pharnmaceutijcal eor
cosnetic 15 forngl ati on or foodstuff. 39. A net Br
reduci ng oxi dati on off a pharnmaceuti cal or cosnetic fo | ation or of
a foodstuff which corprises the step of adding an antf oxi dant -
conposi.tion as , in any one-.of clainms 1 to 8, a Lgopﬂblised
array as = ~  ~ .
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dtafined-in any one of clainms 31 to 34 or a two p%é@é?éig"é

defined in any one of claims 35 to 37 to

_Cosnetic formP@on~or to wdrep (
an anti-oxi dant conposition as defi Augpat
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