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eniyﬁuinwm th the n-3 series of EFAs. is:- TABLE 1 n-6

n-3. 18:2 delta-9, 12 : ' 18:3 Qelta79,12,1ﬁ[f IDQLQhCii
aci d) : (al pha-linolenic acid) delt A (ii%a}ti JASE

18:3 delta-6, 9, 12 I 18: 4 delta-6,9, 12%

2
TABLE 1
n-6 : n-3
18:2 4delta-9,12 18:3 delta-9,12,15
(linoleic acid) (alpha-linolenic acid)
delta—é'desaturase
18:3 delta-6,9,12 18:4 delta-6,9,12,15
(gamma-linolenic acid) ' (stearidonic acid)
elongation
20:3 delta-8,11,14 . 20:4 delta-8,11,14,17
(dihomo-gamma-linolenic acid)
delta—sléesaturase
20:4 delta-5,8,11,14 20:5 delta-5,8,11,14,17
(arachidonic acid) ('eicosapentaencic acid')
elongation
22:4 delta-7,10,13,16 22:5 delta-7,10,13,16,19
(adrenic acid) '
'delta—4j?esaturase
22:% Gelta-4,7,10,13,:5 22:6 delta-4,7,.2,13,16,19

('docosahexaenoic acid')
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(génnai,,li nol eni c acid). (stearidonic acid) elongation
20: 3 delta 8,11, 14 : 20: 4 delta-8, 11, 14,

(di homo- gamma- | i nol enic acid) delta-5 desaturase 20:4 delta- S@M{M;N L
2Q: 5 delta-5, 8,11, 14, 17 (arachi doni c aci d) i

(' ei cosapent aenoic acid')

The above pathways are not normally reversible nor, in man, are n-3 and n-
6 series acids inter-convertible.

The acids, which in nature are of the all-cis configuration, are systematically
named as derivatives of the corresponding octadecanoic, eicosanoic or docosanoic
acids, eg. delta-9, 12-octadecadienoic acid or delta-4, 7, 10, 13, 16, 19
docosahexaenoic acid, but numerical designations such as, correspondingly, 18:2 n-
6 or 22:6 n-3 are convenient. Initials, for example, EPA for the 20:5 n-3 acid
(gicosapentaenoic acid) or DHA for the 22:6 n-3 acid (docosahexaenoic acid), are
also used but do not serve when n-3 and n-6 acids of the same chain length and
degree of unsaturation exist as for example with the 22:5 acids. Trivial names in
more or less common use in the n-6 series are as shown. Of the n-3 series only
18:3 n-3 has a commonly used trivial name, alpha-linolenic acid, though the name
stearidonic acid is coming into use for the 18:4 n-3 acid and the names
eicosapentaenoic acid and docosahexanenoic acid as such are also used. The alpha
isomer of linolenic acid was characterised earlier than gamma-linolenic acid and
reference in the literature simply to linolenic acid, especially in the earlier literature,
is to the alpha-acid. |

As is clear from the above, linoleic acid (LA) is an essential nutrient which,
like a vitamin, cannot be made within the body and so must be taken in the diet.
However, in order to be fully useful to the body, LA must be metabolised, first to
GLA and then to further metabolites.

LA has some functions which it can perform itself, particularly in the skin
and other membranes and in relation to cholesterol transport, but many of its effects
require conversion to GLA and beyond. The GLA and the furthér metabolites each
appear to have particular roles in the body and so this first metabolic step is of

_particular significance. Its importance is emphasised by the fact that it seems
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vulnerable to blockade in a number of situations. For
example, ageing, high cholesterol levels, high alcohol
intake, certain viral infections, atopic eczema, breast
pain, diabetic neuropathy and certain forms of cancer
all appear to be associated with a reduced ability to
make GLA. In these situations, and in any other
situation associated with a rate of GLA formation

- inadequate to supply the body's needs, it may be
advantageous to provide GLA directly.

Useful sources of GLA are relatively few. GLA is
found in moderate amounts in human breast milk, but
that is clearly not a practical commercial source. GLA
can be synthesised with some difficulty and it is
possible that the known synthetic routes could be
improved, or entirely new ones found. A number of plant
0ils contain GLA, the most important known examples to
date being the seed oils from the evening primrose
(Oencthera spp), from borage (Borago officinalis) and
from members of the Ribes family such as blackcurrants.
Some fungi and algae form GLA-rich lipid stores,
examples being strains of Rhizopus, Mortierella, Mucor .
and Spirulina.

The seed oil of the evening primrése (EPO) has
been widely used commercially as a component of foods,
as a nutritional supplement, as an ingredient of
cosmetic, skin care and hair care products, and as a
pharmaceutical. For example, it is used in Japan for
addition to artificial infant milks to make them more
like breast milk, while in the United Kingdom and some
other countries it is approved as a prescription drug
for the treatment of atopic eczema and of breast pain.
In many countries throughout the world it is used as a
nutritional supplement and as a skin product ingredient.

However, EPO contains only 8 to 10% of its fatty



-2 - The acids which in nature are of the all-cis configuration. are
Systematically naned as derivatives of the corre spondi ng octadecanoi c.
ei cosanoi ¢ or docosancic acids. eg. delta-9, 12-octadecadienoi
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such as. correspondingly, 18:2 n-6-or 22 6 n-3 are convenient.

acids as GLA. It has therefore been suggested that other sources such as borage oil,
which may contain over 20% of GLA, or blackcurrant or fungal oils which may
contain in the region of 15 to 25% of GLA may provide better sources. However,
it has somewhat surprisingly been found that clinically these oils appear to be less
effective than evening primrose oil, or not as effective as would be expected given
their GLA content. May patients who have experienced a clinical response to EPO,
for example in the case of atopic eczema or pre-menstrual breast pain, have relapsed
‘on switching to one of the other GLA sources, even though the amount of GLA |
consumed may be greater. Biological testing has subsequently shown that equal
amounts of GLA may indeed have very different effects when that GLA is supplied
as different oil sources. |

One of the most important biologicai consequences of administering GLA is
its conversion within the body, first to dihomo-gamma-linolenic acid (DGLA) and
then to prostaglandin (PGE1). PGEI has a wide range of desirable effects,
including being anti-inﬂammatory; vasodilator, anti-thrombotic, cholesterol-
lowering and anti-hypertensive, and its relation to the n-6 series EFAs is shown in

the following chart:-
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initials, for exanple, EPA for the 20:5 n-3 acid (ei cosagentaenoic acid) or
OHA for the 22:6 n-3 acid (docosahexaenoic acid), are also used but do not
serve when n-3 and n-6 acids of the same chain | ength and degreenafe~! i A
unsaturation exist as for exanple with the 22:5 acids. Trivia[?ﬁéﬁas]nﬁifX[_
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only 18:3 n-3 has a commonly used triviap nanme. al pha-linolenic acid,

t hough the nanme stearidonic acid is comng into use for the 18:4 n-3 acid
and the nanes ei cosapentaenoic aci d and docosahexanenoic acid as such are
al so used. The al pha isonmer of linolenic acid was characterised earlier
than gamma-linolenic acid and reference in the literature sinply to
linclenic acid, especialy in the earlier literature, is to the al pha-acid.
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As is cleé% fromthe above, linoleic acid (LA) is an essential nutrient
Mhich,L%EE’Q_MLLQHLD*_Qannot be made within the body and so nust be taken
in the diet However in order to be fully useful to the bodﬂiigﬁgqusnab '
net abol i§g@neet HasBeertReplded and then to further netabolites. i é&')s]dr’l‘:b:i\\'_
functions performitself, particularly in the skin and other
nenbraheslgﬁg I n to cholesterol transport but many of its effects
require com on to GLA and beyond. The GLA and the further netabolites
each appear to have particular roles in the body and so this first
nmetabolic step is of particular significance.lts inportance is enphasised
by the fact that it seens vul nerable to blockade in a nunber of situations.
For exanpl e. ageing. high

In order to test their ability to stimulate the

formation of PGEl, EPO, borage oil, blackcurrant oil
and microbial ocil were fed to'laboratory rats in amounts
which provided the same daily dose of GLA. After the
same period on the diet, the mesenteric vascular bed
was removed from the animals and its rate of production
of PGEl while being perfused with oxygenated buffer was
measured. The results are shown in Table 2.

TABLE 2

Amounts of PGEl in ng/hour prcduced by the
perfuseé superior mesenteric wvascular bed of rats fed
with equal amounts of GLA per day in the form of evening
primrose, fungal, blackcurrant or borage oils.

0il PGEl1l outflow
Evening primrose 14
.Fungal ' 6
Blackcurrant 2
Borage e

As can be seen, EPQ was much more effective than
the other oils at increasing PGEl cutflow and since
this effect of EPO is obviously not simply related to
the amount of GLA in the oil, it seemed to us that it
might depend on the detailed tri-glyceride étructure of
the oil. Fatty acids in vegetable oils are present not
as the free fatty acids themselves but primarily as
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and it is possible that the known syntligetic routes could be inproved, or
entirely new ones found. A nunber of plant oils contain GLA, the
i mportant known

components of trlglycerldes, a glycerol backbone

CH20H

CHOH

CH_OH
2

with three fatty acids attached to it by ester links.
It seemed to us possible that there might be a
particular triglyceride (TG) present in EPO which

nost

happened to be there in much larger quantities than in
the other oils, and that this TG might account for the

desirable biological effects of EPO. We therefore
quantitated the amounts of the various triglycerides
present in each of the common sources of GLA, with
results set out in Table 3 appended to this
specification.

The TGs in the oils were separated by reverse

phase high pressure ligquid chromatography (HPLC). We

initially synthesised four triglycerides, tri—gamha—
linolenyl~glycercl (tri-GLA), tri-linoleoyl-glycerol
(tri-LA),mono-linoleoyl-di-gamma-linolenyl-glycero1

(mono-LA-di~GLA) and di-linoleoyl-mono-gamma-linolenyl-

glycerol (DLMG). These were used to optimise the
conditions for analysis. The TGs were dissolved in
chloroform and then applied to a Beckman System Gold

(trade mark) programmable solvent module 126, with two

identical 250 mm reverse phase columns (Supelcosil LC-

(trade mark)) connected in series to increase the
resolution of the highly unsaturated TG species. The
eluted TG fractions were detected by a mass (light

18

scattering) detector supplied by Applied Chromatography -

Systems, Macclesfield, England. Each fraction was

AL



exanples to date being the seed oils fromthe evening prinrose (Cenothera
Spp), from borag(Borago officinalis) and fromnenbers of the Ribes famly
such as bl ackcurrants. Some fungi and algae formG.A-rich |ipi.d stores
exanpl es being strains of Rhizopus, Mrtierella, Micor and |meLﬂanTh4_
seed oil of the evening prinrose (EPO has been wi dely used commercially as
a conponent of foods. as a nutritional supplenent, as an ingredient of
cosnetic, skin care and hair care products. and as a pharmaceutical . For
exanple, it is used in Japan for addition to artificial infant mlks to
make them nore |ike breast mlk, whilegin the United Ki ngdom and sone other

countries it is approved as a prescription drug for the treatnent of atopic
eczema and of breast

collected manually. Each fraction was then mixed with a
known amount of internal standard (tri-heptadecanoin)
and the methyl esters of the fatty acids were generated
using BF_-methanol. The fatty acid methyl esters were
then analysed by gas chromatography using a 50 m fused
silica capillary column (Supelcomega (trade mark)) in an
HP 5890 gas chromatograph equipped with a flame
ionisation detector. This technique clearly separates
the triglyceride fractions and then identifies the fatty
acids present in each fraction but it does not identify
the positions of the fatty acids in the TG molecule.

Using this technique, thirty five peaks were
identified in borage oil, with the early peaks which
contained the highly unsaturated fatty acids being very
clearly separated. There were only eighteen readily
identifiable peaks in EPO. Blackcurrant and fungal oils
which contain more fatty acids than EPO or borage oil
contained many more peaks. Table 3 shows all the
identified peaks in EPO and borage oil.

Inspection of the table shows one particular GLA-
containing fraction which is present at a high level in
EPO but at a lower level in borage oil, the amount
in EPO being. substantially greater than the
amount present in borage, with even lower levels in
fungal and blackcurrant oils. This fraction contains
two moieties of linoleic acid and one of GLA (di-
linoleoyl-mono-gamma-linolenyl-glycerol, (DLMG)). No
other GLA-containing peak shows such an obvious
difference between the four oils. . DLMG makes up 18 to
19% of the triglvcerides in EPO, smaller amounts of

those in borage »2il, and much smaller amounts in fungal
‘'or blackcurrant oils.

is Sheet Has Been Replaued

|III MR-




pai n. In many Countries thr oughout the world it is used as a nutritional
'Q:etproduct I ngr edi ent However. EPO contains only 8 to
il

suppl ememhis Sieet (RSB, :
- GLA it has therefore been suggested that /qpygr

A

10% of it
sources s
bl ackcurr

P

whi ch may contain over 20% of GLA, or

S
,Eilé which may contain in the region of 15 to 25% of

|95

GLA may provide better sources. However, it has somewhat surprisingly been

found that clinically these oils appear
prinrose oil, or not as effective as wollf d be expected given their GA
content May patients who have experienced a clinical
exanple in the case of atopic eczema or pre-nenstrual breast pain, have
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amount of GLA e

positions, and have found these molecules to be similar in their effects on elevated
blood pressure in rats with spontaneous hypertension and on cholesterol levels in
animals fed cholesterol. While there may be small differences in biological effects
depending on the precise position of one GLA, it appears that the main beneficial
effect relates to the presence of two linoleic acid moieties and one GLA moiety on
the same trigly-ceride'. This is thought to be because such a triglyceride will provide
LA which is positioned before the rate-limiting delta-6 desaturase step in EFA
metabolism, and GLA which comes after this step. Therefore, LGG, present at low
levels in both EPO and borage oils is also expected to have desirable biological

effects. It is also expected that some effect may also be seen using TG's having one

- LA, one GLA and a different, third fétty acid residue, such as OLG and PLG, but

these are likely to be less valuable because of the presence of a moiety which hasno

" essential fatty acid activity.

We therefore believe that it is the presence of DLMG which explains the
usual biological potency of the GLA in EPO. This TG may have its GLA in either
the 2 position or in the 1 or 3 positions in the triglyceride molecule, with linoleic
acid occﬁpying the other two positions.

On this basis, any pharmacologically or nutritionally acceptable natural or
synthetic giyceride oil selectively enriched in or supplemented with DLMG is, in
view of the established value of GLA and the now-shown value of its presence as
DLMG, a valuable and normal pfoduct both as such_ and in use in the preparation of
a medicament or dietary composition for the purposes for which GLA is valuable.

‘GLA itself has extensive potential uses as a pharmaceutical and as a
nutritional supplement. Many of these uses have been documented in previous

patents and patent applications from the present applicants. These applications

0 be less effective than evening

response to EPO, for



consuned may be grater. Biological testing has subsequently shown that

equal anounts of GL.A may indeed have very different effects when that

is suppled as different oil sources One of the nost inport biologidads/b| 8%
consequences of adm nistering GLAis its conversion within the body first

to di hono-gamma-1inolenic acid (DGLA) and then to prostaglandin (PGE1).

PGE1 has a wi de range of desirable effects, including being

anti-inflammatory, vasodilator, anti-thrombotic. chol esterol -lowering and
anti-hypertensive. and its rel a-

relate to the use of GLA and other EFA's in the treatment of a variety of disorders,
including skin disorders such as atopic eczema, breast disorders including breast
pain, premenstrual syndrome, psychiatric disorders including alcoholism,
schizophrenia and Alzheimer's disease, cardiovascular disorders including the
prevention and treatment of coronary heart disease, peripheral vascular disease and
hypertension, disorders of inflammation including rheumatoid arthritis,
osteoarthritis, inflammatory bowel disease, connective tissue disorders and related
conditions, disorders of immunity including multiple sclerosis, Sjogren's syndrome,
systemic sclerosis and related conditions, diabetes and in particular the long term
complications of neuropathy, retinopathy, vascular disease and nephropathy, other
renal diseases, disorders of calcium and bone metabolism including osteoporosis and
excessive urinary calcium excretion, viral infections and post-viral fatigue
syndrome, cancers, and the complications following radiotherapy for cancer and
other disorders. Nutritional problems of particular importance include enteral and
parenteral supplementation for infants, specialist infant formulae, supplements for
the elderly, and supplements of various types for those with gastrointestinal
problems and malabsorption. This list of potentiél applications for the invention is
not exhaustive and is provided as an example of the possible utility of the invention.
Further, as far as we are aware, no evening primrose or other oil which has
been used to date for nutritional, skin care, pharmaceutical or other purposes has
contained more than 20% of DLMG. Accordingly, one aspect of the invention lies
in a natural or synthetic oil enriched or supplemented with DLMG comprising at
least 20% by weight of DLMG, desirably more than 25%, preferably more than
40%, very preferably more than 60%, more preferably more than 90% and ideally
more than 98%. A further aspect of the invention lies in the use of such oils in the

preparation of a medicament or dietary composition for the above purposes, in

i

which may be included:-
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(1).  Oils to be added to or used with any type of food for humans or animals,
including but not limited to margarines, modified butters, cheeses and cheese
spreads, milks, yogurts, chocolates, chocolate bars and any other types of sweet or
candy, snacks,_ salad oils, cooking oils, cooking fats, bakery products, pates, meats,
fish and seafood products, infant milks and infant foods of all sorts, canned or
bottled products such as whips or creams, solid forms such as powders or granules,

drinks of any sort and cereals.
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(2). Oils to be used in manufacturing any form of
nutritional supplement preparation, irncluding but not
limited to hard or soft gelatin capsules (whether
uncoated or for example enteric-coated), granules,
tablets, draguees, pastilles, canned or bottled liquids,
oils, whips, creams (whether or not in dosage-metered
containers) or any other dosage form appropriate to a
‘nutritional supplement, including ones for lingual or
sub-lingual administration.

(3). O0Oils to be used in formulae for special
nutritional purposes including foods and fluids for term
and pre-term infants, enteral, parenteral, rectal,
percutaneous compositions and foods or fluids for any
appropriate route of administration.

(4). Oils to be used in the treatment of any disease in
which GLA is beneficial by oral, lingqual and sub- ”
lingual, enteral, parenteral (sub-cutaneous, intra-
huscular,.intra—venous, intra-peritoneal or other
route), rectal, vaginal, percutaneous or other routes of
administration. The oil may be contained in any of the
dosage forms specified in (2) or in any other
appropriate dosage form.

(5). Oils to be used in any preparation applied to the
skin for the purpose of caring for ncrmal skin or for
treating rough, dry or ageing skin, or for treating
injured or burned skin, or skin affeczed by any disease
or trauma. "

(6). Oils tolbe used in any preparation applied to the
hair for the purpose of caring for normal hair, or for
stimulating hair growth, or for treating thinning,
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damaged, dry or greasy hair, or for treating hair or the scalp affected by any
disease. Preferred oils according to the invention comprise at least 20% by weight
of DLMG. |

The oils may be prepared by any method. The following are some examples

but do not exclude the use of other methods.

i. Any natural oil containing DLMG, especially EPO, but also borage,
blackcurrant or other plant oils, and microbial oils, may be treated to separate out
the DLMG. The separated DLMG may be used to enhance or supplement any oil,
natural or synthetic, to make a product containing 20%, desirably 25 % or more |
DLMG. Such separation techniques include, but are not limited to low temperature
_precipitation of less polyunsatufated triglycerides (T'Gs), enzymic digestion ﬁsing.
specific enzymes for TGs other than DLMG, differential sol_ution using solvents of
more or less polyunsaturated ’I‘Gs, or chromatography techniques using appropriate

column conditions, packing, temperatures and pressures and solvents.

ii. Any natural oil whether known or unknown to date, or developed from
known plants such as Oenothera or other appropriate species by plant breeding,

genetic engineering or other techniques, which contains 20%, desirably 25% or
more DLMG.

iii.  Any oil made synthetically from GLA and LA. GLA and LA may be
synthesised or prepared from any appropriate source. As examples, they may be
made by hydrolysis of natural oils, followed by concentration of the GLA and/or
LA by techniques known to those skilled in the art such as urea complexation, low.
temperature crystallisation, binding to materials such as zeolites which selectively

~concentrate poly-unsaturated fatty acids, differential solution in appropriate solvents



the nesanteric vascular bed was renoved fromthe animals and its rate of
producrion of PGEt while being perfused 4- with oxygenated buffer was
measur g@Hss%EHR laaerde shown in Table 2 TABLE 2

~ e . R
TR .'.;.-.‘
foor .]
La'i‘-‘.;-.ailu’\

15

selective for unsaturated or other fatty acids, or
concentration using enzymes which are selective for
particular fatty acids or groups of fatty acids.
Appropriate mixtures of GLA or LA or any appropriate
derivatives such as salts, alcohols,_amides or other
compounds, may then be converted to tri-glycerides by a
range of different techniques known to those skilled in
the art. Examples of such techniqﬁes include conven-
tional organic synthesis, using for example zinc as a
catalyst, or the use of the chlorides as starting
materials, in an appropriate organic solvent with
pyridine, or by using an appropriate enzyme system such
as lipozyme IM20 (available from Novo) or by using _
chemical techniques developed for specific placement of
- GLA or any other fatty acid in a specific position in
the tri-glyceride molecule. The DLMG or LGG resulting
from such synthetic procedures can then be concentrated
and purified as appropriate as outlined under (i) above.

It is to be understood that the concept of using
DLMG and/or LGG for nutritional, pharmaceutical, skin
care or other purposes is independent of the methods
which may actually be used for making DLMG or LGG in
appropriate forms.
EXAMPLES
1. An o0il to be made available fcr use by food manu-
facturers containing 30%, 45%, 70% , 95% or 99% of DLMG.

2.  An oil to be made available fcr use by manufac-
turers of skin care and hair care preparations
containing 30%, 45%, 70%, 95% or 99% of DLMG.

3. Ampoules prepared for addition to enteral foods or
to sterile lipid emulsions for intra-venous adminis-
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tration, each containing 10 or 20 mi of an oil
containing 95% or 99% DLMG.

I _ 4. Enteral foods or infant foods containing 1%, 2%,

5% or 10% of an oil containing 30%, 45%, 70%, 95% or 99% of
DLMG.

5. skin care preparations containing 0.5%, 1%, 2%, 5%

or 10% or 20% of an oil which contains 30%, 45%, 70%, 95%
or 99% of DLMG.

6. Preparations as in (5) but for hair care or scalp
care.
7. 0ils for direct ingestion or for mixing with other

foods such as salad oils containing 30%, 45%, 70%,-95% or
99% of DLMG.

8. Capsules for use as nutritional supplements
containing 100 mg, 200 mg, 500 mg or 750 mg of an oil
containing 25%, 50%, 75%, 90% or 99% DLMG.

9. Capsules as in (8) but for pharmaceutical use.

10. Whips, creams or other formulations contained in
bottles, cans or other appropriate containers containing
2%, 5%, 10%, 20% or 50% of oils containing 25%, 50%,
75%, 95% or 99% DLMG.

11. Granules, tablets or powders made with dextran,
agar, gum acacia, calcium salts or other appropriate-
vehicle containing oil containing 25%, 50%, 70%, 90% or

99 % DLMG. -

i



Aé can be seen. EPO was nuch nore effective than the other oils at
i ncreasing PGE1 outflow and since this effect of EPO is obviously not

sinply related to the anount of GLAin the oil. it seened to us that it
i ght depend on the detailed tri-glyceride structure of the ojl;.. Fatty 'L_
acids invegetable oils are presentnot as the free fatty

aci dst-hensel vesbutprimarily as conponents of triglycerides a glycerol
backbone CH err] OH CHOH CH OH

17

12. Formulations for lingual or sub-lingual adminis-
tration containing oil containing 25%, 40%, 60%, 80%,
95% or 99% DLMG.

I
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CHerrJ]OHwith three fatty acids attached to it by ester links It seenmed to
us possitbie that there mght be a particular triglyceride (TG present imj L.
EPO WH & BhdaRR 8oARepitePE there in nmuch larger quantities than in the _/(ﬁ,_ep__f"?‘j
oils. ' G mi ght account for the desirable biological effects ’
of EPO?H Mlmlur uquantitat ed the anpbunts of the various triglycerides
presentt : e common sources of LA with results set out in Table
3 appended to this specification. The & in the oils were separated by
reverse phase high pressure |iquid chromatography (HPLC). W initially
synt hesi sed four triglycerides. tri-ganma-I|inolenyl-glycarol (ti-GA).
tri-rinaolecyl-glycerol (ri-LA). nono-Ilinoleoyl -di-

CLAIMS

1. A natural or synthetic glyceride oil enriched or supplemented with di-
linoleoyl-mono-gamma-linolenyl-glycerol (DLMG) comprising at least 20% by
weight of DLMG, preferably at least 25%, most preferably at least 40% by weight.

2. An oil according to claim 1 which comprises at least 60% by weight of the

triglyceride, preferably at least 90%, and most preferably at least 98% by weight.

3. An oil according to claims 1 or 2 which is a pharmaceutically or

nutritionally acceptable oil.
4, Use of an oil according to claims 1 to 3 as, or as an addition to a food
additive, as or as an addition to a nutritional supplement or as, or as an addition to a

special food for infants, older children or adults.

5. A pharmaceutical composition comprising an oil according to claims 1 to 3,

together with a pharmaceutically acceptable carrier.

6. A cosmetic or skin care composition comprising an oil according to claims 1

to 3 for use in the treatment of normal, daméged or diseased skin.

7. The use of an oil according to claims 1 to 3 in a preparation for use in the

care or treatment of normal, damaged or diseased hair or scalp.

8. The use of an oil according to claims 1 to 3 in the preparation of a

WA

medicament for the treatment of GLA deficiency.



gama- | i nol enyl - gl ycerol (nono-LA-di-G.A) and

di -1inol eoyl - mono- ganma- | i nol enyl - gl ycerol .(DLMS). These were Use te'g)R laced
optim se the conditions for analysis. The TGs were di ssol

and then applied to a Beckman System Gol d (trade marKk) pro mant
nmodul e 126. with two identical 250 nmreverse phase col umm

LC-18 (trade mark)) connected in series to increase the resolution of the '
hi ghly unsatuated TG species. The elutd® TG fracti ons weredetected by amass
(I'ight scattering) detector supplied by Applied Chronatography Systens.
Macci esti el d. England. Each fraction was collected manual ly. Each fraction
was then m xed with a known anount of internal standard (tri-heptadecanoin)

and the nefhyl dhrease oban pilecterding taclaiws Udod igdhe peaperntigniof@

BF[ err] rmet hand. The fatty aid nethyl
medicament for the treatment of a disorder chosen from atopic eczema, breast pain

or premenstrual syndrome.
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esters were then anal ysed by gas chromatography using a 50 mfused silica
capillary colum (Supel conega (trade mark) in an HP 5890 gas chromat ograph
equi pped with a flanme ionusation detector. This technique dearly separates
t-he triglyceride fractions and then identifies the fatty acids present in
each fraction but it does not identify the positions of thg fatty. aC|d [4
the TG nol ecule. Using this technique. thirty five peaks et} dertli flifel
borage oil. with the early peaks which contained the highly unsaturated
fatty acids being very dearly separated. There were only eighteen readily

i dentitabl e peaks in EPO. Bl aCk- currari®0 and fungal ails which contain nore
fatty acids than EPO or borage oil contained many nore peaks. Table 3

. ABSTRA

FATTY ACID TREATMENT

A natural or synthetic glycerol oil which comprises at least 20% by weight,
preferably at least 25% of di—linoleoyl-mono-gamma-lipolenyl-glycerol (DLMG), is
used to supplement foods, nutritional compositions and in skin and hair care

compositions.

//
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' This Sheet Has Been Replaced
|dent|f|ed peaks in Eﬁgﬁﬁgd Qorage oiI. Inspection of the
e parti cul ar GLA-cont raction which is pgﬁaemt'hkei L-
' eve I n EPO but at a,lzower % a borage oil.. the ano ¢ It f%
belng subst ant i al Py LgL¥SEELAE RR2KRLaRRE LN P ERART| (PELREGSE andh even
| ower Ievel§°Fﬁ°P B-angig $CPEBFFaﬁFCBFI§n BRrS 934811 oR€BoARaI NS two
moi et es of EPPpBR Yca§é|GW§ﬁGYoﬁSVSF EEAPPHFQPlﬂﬁéByIs-
nMoNno- gana- | enyl - gEEeBaRLe IGRREIEV No At BBIEPPA- condabaragepeik shows
such an obvigus difference between the four 0|Is DLMG makes up 18 to 19%
of the trigl§cerides i B8P0 smal | er amounts 8f1%hose in bo?ag oil and
much smal | er £anount s iﬁgﬁungal or blackcurrané-%91s. 7

3 LLG 18.47 $.33
4 LGO/S/P . 0.70 1.71
5 GL/0/S/P 1.76 -
5a GGP - 2.21
6 LLL 43.19 7.24
7 OLG - 3.92 8.76
8 PLG 3.45 7.10
9 LG/O/B/S 3.75 -
SA SGG - 0.79
10 OLL 10.61 7.50
11 LLP 8.23 -
11A L20:1/G/0 - - 3.55
12 _ LSG/0/P 1.36 -
12a OLP/G - 7.25
13 LPS/0/G 0.20 -
13a POG - 5.25
14 LLO/S 0.26 -
14a PPG - 1.58
15 . LOO/S/P 1.10 -
15a LL20:1 ' - 2.68
16 LOP/S 3.67 -
l6a OLG/? - 5.50
17 LLO/P/S ' 0.07 -
17a OLG/22:1 © - 3.88
18 LPQO/S/G , 0.45 -
18a LOS/P - 3.88
19 LOP/G/20:1 - 1.65
20 PG20:1 - 1.85
21 PLS/G - 1.04
22 . PSG - 1.77
23 LL22:1 - 1.43
. 24 LG? - 2.74
25 SL/G/22:1 - 1.50
26 PL20:1 - 1.45
27 LP/S/0/20:1 - 2.33
28 OPL/G/S/22:1 - 0.59
29 POG/L/S/20:1/22:1 - 1.08
30 SP/L/G/20:1/22:1 - 0.43
31 PSL - 1.20
32 LL24:1 - 0.87
33 L022:1/20:1/8 - 0.90
34 SG20:1 - . 0.88
35 PG22:1 - 0.84
: In the Table G = gamma-linolenic acid, L = linoleic
acid, O = oleic acid, 2 = paimitic acid and S = stearic

acid.

Fatty acids not underlined are the major components,
usually making up 25 to 40% of the peak, .underlined fatty
acids belng present in the peak in smaller amounts. Fatty
acids making up less than 5% of a peak are not identified.
Pairs of neaks (e.g. 11 and 1la) elute at similar times but
have different compositions in the two oils.
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ave OM5G with its GLAin the 2 position or in the 1 or
3 pOSIfhﬁsgﬂétHé &¥fcejoUnd these nolecules to be simlar in their effects
on el ev ssure in. rats wth spontaneous hypertensj.on, and on
chol e’stElﬂﬂ”m animal's fed chol esterol. Wil.e there rreg pe srral ]‘J \
differe I cal effects depending on the precise po |t|6n SN

4
s

AL

10 | '\.o\bwp |
/ e el as

We have synthesized DLMG with its GLA in the 2 posmon orinthe 1 or3
posmons, and have found these molecules to be smul;r in their effects on elevated
blood pressure in rats with spontaneous hypertensio { and on cholesterol levels in
animals fed cholesterol. While there may be small differences in biological effects
depending on the precise position of one GLA, it appears that the main beneficial
effect relates to the presence of two linolei:; i.d moieties and one GLA moiety on

the same triglyceride. This is thought to be/ because such a triglyceride will provide

LA which is positioned before the rate-limiting delta-6 desaturase step in EFA

métabolism, and GLA which comes aftér this step. Therefore, LGG, present at low

. - /
levels in both EPO and borage oils is,also expected to have desirable biological
/

effects. It is also expected that sox?é effect may also be seen using TG's having one
_LA, one GLA and a different, thifr’d fatty acid residue, such as OLG and PLG, but

these are likely to be less valual:;l’e because of the presence of a moiety which has no

/

essential fatty acid activity. /

We therefore believe that it is the presence of DLMG which éxplains the
usual biological potency of éle GLA in EPO. This TG may have its GLA in either
the 2 position or in the 1 gr 3 positions in the triglyceride molecule, with linoleic
acid occupying the other/two positions.

Accordingly, the invention provides a triglyceride which is di-linoleoyl-
mono-gamma-linoleny{ glycerol (DLMG).

On this basis,/and herein lies one aspect of the invention, any

pharmacologically ¢r nutritionally acceptable natural or synthetic glyceride oil

selectively enriched in or supplemented with DLMG is, 1n view of the established

value of GLA anp the now-shown value of its presence as DLMG, a valuable and
/
normal product Jboth as such and in use in the preparation of a medicament or
I

dietary _composl'ition for the purposes for which GLA is valuable.



of one GLA, it appears that the main beneficial effect relates to the
presence_of two linelete—acrd noieties and one GLA noiety on the sane

triglyceride. This is hayeght to be because such a triglyceride wll A
provi de LA H Tagy Oned before the rate-limting deltaJe desat l,ﬂjéS\GL_
step in EFA |“ td GLA which cones after this step. sTherefore,
LGG presen i n both EPO and borage oils is also expected to
have desirabl e biological effects It is also expected that/sonme effect may
al so be seen using TG s having one LA lbne GLA and a différen _r,tﬁgil&dm‘d’tty
acid residue. such as OLG and PLG but these are likely £o0 be |ess val u7b| €

because of the presence of a noiety which has no essentdial fatty aéid 45
activi t_ Y GLA itself has extensive potential uses as a pharmaceug_iéfal and as a
nutritional‘supplement. Many of these uses have been docu_;n"lented in previous
patents and patent applications from the present appﬁcan§f ’ These applications
relate to the use of GLA and other EFA's in the treatn}ent of a variety of disorders,
including skin disorders such as atopic eczema; br&/st"idisorders including breast
pain, premenstrual syndrome, psychiatric disordex;s"igcluding alcoholism,
schizophrenia and Alzheimer's disease, cardiov§§cuhr disorders including the
prevention and treatment of coronary heart di§éase, peripheral vascular disease and
hypertension, disorders of inflammation inc;l{idiﬂg rheumatoid arthritis,
osteoarthritis, inflammatory bowel dlseas,e:{ connective tissue disorders and related
conditions, disorders of immunity inclm:{ing multiple sclerosis, Sjogren's syndrome,
' syétemic sclerosis and related conditighs, diabetes and in particular the long term
complications of neuropathy, retim/)ﬁ':zthy, vascular disease and nephropathy, other
renal diseases, disorders of calciu,r'h and bone metabolism including osteoporosis and
excessive urinary calcium excr?t'ion, viral infections and post-viral fatigue
syndrome, cancers, and the cojmplications fdllowing radiotherapy for cancer and
other disorders. Nutritional/problems of particular importance include enteral and
parenteral supplementation for infants, specialist infant formulae, supplements for
the elderly, and supplexr}'ents of various types .for those with gastrointestinﬂ
‘.problems and malabso;;f)tion. This list of potential applications for the invention is
not exhaustive and is /-6rovided as an example of the possible utility of the invention.
Further, as far as we are aware, no evening primrose or other oil which has
been used to date -f';r nutritional, skin care, pharmaceutical or other purpbses has
contained more léan 20% of DLMG. A further aspect of the invention is therefore
an oil containing more than 20% by weight of DLMG, desirably more than 25% ,
preferably mlpre than 40%, very preferably more than 60%, more preferably more

i
!



W therefore believe that it is the presence of OLMSG which expl ains the
usual bi ol ogi cal potency of the GLAin EPO. This TG may have its GLA in
either the 2 position or in the 1 or 3 positions in the triglyceride

nol ecule, with linoleic acid occupyi ng the other two positi ons. ~On .t hi.s;
basi s, anypharmacol ogically or nutritionally acceptable nat ura} r@r ;r‘\
synt het Ic glyceride oil selectively enriched in or suppl enent ed W t\ﬁ bL“h/G
is. in view of the established value of GA and the now shown value of its
presence as DLMG a val uabl e and nor nal2product both as su?ﬁe?@_ch se in
the preparation of a nedicanent ordietary corrp05|t|or1 for urpos for
which GLA is val uabl e. é: qs

than 90% and ideally more than 98%. Such oils may bt;._. used in the preparation of
a medicament or dietary composition for the above pufboses, in which may be

included:-

(). Oils to be added to or used with any type of food for humans or animals,
including but not limited to margarines, md&iﬁed butters, cheeses and cheese
spreads, milks, yogurts, chocolates, chpcolate bars and any other types of sweet or
candy, snacks, salad oils, cooking oils'; cooking fats, bakery products, pates, meats,
fish and seafood products, infant milks and infant foods of all sorts, canned or
bottled prodicts such as whips or creams, solid forms such as powders or granules,
drinks of any sort and cereals..

. ThlS Sheet Has Been Re ﬂ
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GLA itself has extensive potential uses as a pance | and as a nutritional
Suppl enent _Many of these uses have been docunented in previous patents and
pat enti appl i cations fromthe present applicants These applications rel ate

to 't He u ﬂlml(uﬂﬂ“mglu m EFA's in the treatnent of a variety of

di sorder di sorders such as atopic eczena. ea,st d;sor

i ncl udi ng *or Sast pai n. prerrenstrual syndr one. psyChI atrrc d (fr G‘LS Nrgi_
i ncl udi ng al cohol i sm schi zophreni a angk Af zhei ner' s di sease, cardi ovascul ar
di sorders including the prevention and treatnment of coronary heart disease,
peri pheral vascul ar di sease and hypertension, disorders of inpflanmmtion

I ncl udi ng rheumatoid arthritisc osteoarthritis infla muywt’)owel di sease,

connective tissue disorders and rel gIegmsndi tions, ordqrs 1of i mmunity
P iw ["‘\73

1. An oil which is a natural or synthetic glycerol oil comprising at least 20% by
weight of di-linoleoyl-mono-gamma-linolenyl-glycerol (DLMG), preferably at least
25%, most preferably at least 40% by weight.

2. An oil according to claim 1 which comprises at least 60% by weight of the
triglyceride, preferably at least 90%, and most preferably at least 98% by weight.

3. An oi] according to claims 1 or 2 which is a pharmaceutically or
nutritionally acceptable oil.

4. An oil according to claims 1 to 3 which is enriched or supplemented by
DLMG.

3. Use of an oil according to claims 1 to 4 as, or as an addition to a food
additive, as or as an additiqﬁ to a nutritional supplement or as, or as an addition to a

special food for infants, oIder children or adults.

6. A pharmaceutical composition comprising an oil according to claims 1 to 4,
together with a pharmaceutically acceptabie carrier.

7. A cosmetic or skin care composition comprising an oil according to claims 1

to 4 for use in the treatmeat of normal, damagéd or diseased skin.

Replaced
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‘i ncl udi S clerosis. Sjogrens syndrone, systernic sclerosis and
related ganditions. diabetés and in particular the long term conplications
of ne ro;m ﬂ"ﬂ"’mm, , vascul ar di sease. and nephropat hy. other renal
di seases, h mmgal ci um and bone netaboli*sm i ncl udi ng ost eoporosi s

and excessive urinary cal ciumexcretion, viral infections d.jops,t\-;yi:r al
fatigue syndrone, cancers. and the conplications follow ng@a‘*e{ Di-h lg"‘g: A If or
cancer and ot her disorders. Nutritional9problenms of particufar'l l’rf)g-l‘ t*dn

i ncl ude enteral and parenteral supplenentation for infants speci/al I st

i nfant fornul ae, supplenents for the elderly, and suppVW‘é"f"v%'i/Q_ys &<
types for those with gastrointestinal problens and nal absorption. if/s Ifi st

of potenti & ap@heyse obansoil aecording tomolsims bio #4n aprepaxationsfor use imthe s

provi ded as an exanpl e of the L
care or treatment of normal, damaged or diseased. hair or scalp.

,

9. The use of an oil according to claims. 1 to 4 in the preparation of a
medicament for the treatment of GLA deficiency.

10.  Di-linoleoyl-mono-gamma-linolenyl-glycerol (DLMG).

11.  The use of an oil according to claims 1 to 4 in the preparation of a
medicament for the treatment of a disorder chosen from atopic eczema, breast pain

or premenstrual syndrome.

-
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v . A . . 04,37.2,:1!03‘
possible utility of the invention. Further, as far as we are a no
evening prinrose or other oil which has been used to date for nutrltlonal,
skin care, pharmaceutical or other purposes has contained nore than 20%of
- DLMG Accordingly. one aspect of the invention li'es in a natural or
synthetic oil enriched or supplenented with DLMS conprising at l.east 20% by
wei ght of DLMG desirably aore than 25% preferably nore than %..very
preferably nmorgurhanI6R, MPHARMACESTIORE AdiDe LI %ﬁ%g/ nmore
than 98% A f WigNEXINENE M <L INOEEC YL MONQrCAMA - LENOLENYLAGHECERPK oi s in
t he preparaton of a nedi canent or dietary conposition for the above '
pur poses, in which may be included: -

Gamma-linolenic acid (GLA, 18:3 n-6) is of .
particular interest in nutrition, in skin care and in
the treatment of various diseases. GLA is a normal

| intermediate in human metabolism. It is derived by
delta-6-desaturation from the essential fatty acid (EFA)
lineleic acid, which is found in substantial amounts in
most diets. The conversion path, showing common enzymes
with the n-3 series of EFAs, is:-

REPLACED SHIETS 8G
W! Description : paged ...‘ ..... to paged ...
Wl Claim(s) tpaged ML to paged .1,
] Drawing(s) : paged ........ to paged ..........
Abstract :paged .22, to paged ...m....
DATE OF RECEIPT .ot

This Sheet Has Been R laced | : |
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(1). Gls to be added to or used with any type of food for humans or
animals, including but not limted to margarines, nodified butters, cheeses
and cheese spreads. m | ks. yogurts, chocol ates, chocol ate bars and any

ot her types of sweet or candy, snacks, salad oils. cooking oils, cooking
fats, bakery products, pates, neats, fish and seafood products. Infant
nllks and infant foods of all sorts, canned or bottled products such as
whi ps or creans. solid forns - such as powders or granules, drinks of any
sort and cereals. (2). OGls to be used in manufacturing any form of
nutritional supplenment preparation, including but not [imted to hard or
soft gelatin capsules (whether uncoateg or for exanple enteric-coated).
granul es. tablets, draguees, pastilles,

TABLE 1
n-6 n-3
18:2 delta-9,12 _ 18:3 delta-9,12,15
(linoleic acid) ' (alpha-linolenic acid)
delta-6 {desaturase
18:3 delta-6,9,12 18:4 delta-6,9,12,15
(gamma-linolenic acid) (stearidonic acid)
elongation
20:3 delta-8,11,14 ‘ 20:4 delta-8,11,14,17
{(dihomo-gamma-linolenic acid)
delta-Sléesaturase
20:4 delta-5,8,11,14 20:5 delta-5,8,11,14,17
(arachidonic acid) ('eicosapentaenoic acid')
elbngation
22:4 delta-7,10,13,16 . - 22:5 delta-7,10,13,15,19
(adrenic acid) '
delta-4¢ kesaturase
o |
22:5 delta-4,7,10,13,35  22:6 delta-4,7,.3,13,16,19

‘(‘docosahexaenoic acid’')

- This Sheet Has Been Re{ilaced
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canned or bottled liquids, oils. whips, creans (whether or not in
dosage-netered containers) or any other dosage formappropriate to a
nutritional supplenent, including ones for lingual or sub-Ilingual

adm nistration. (3). Gls to be used in fornulae for special nutritiona
pur poses including foods and fluids for termand pre-terminfants enteral
parenteral, rectal, percutaneous conposigions and foods or fluids for any
appropriate route of admin- istration. (4). Ols to be used in the
treatnment of any disease in which GLA is beneficial by oral, lingual and
sublingual. enteral. parenteral (sub-cutaneous. intranuscul ar,

i ntra-venous, i ntThe gbove pathealys are it mermaldyteversible adglin mang iareh-3 gndrreut ne-

6 series acids inter-convertible.

The acids, which in nature are of the all-cis configuration, are systematically
named as derivatives of the corresponding octadecanoic, eicosanoic or docosanoic
acids, eg. delta-9, 12-octadecadienoic acid or delta-4, 7, 10, 13, 16, 19
docosahexﬁenbic acid, but numerical designations such as, correspondingly, 18:2 n-
6 or 22:6 n-3 afe convenient. - Initials, for example, EPA for the 20:5 n-3 acid
(eicosapentaenoic acid) or DHA for the 22:6 n-3 acid (docosahexaenoic acid), are
also used but do not serve when n-3 and n-6 acids of the same chain length and
degree of ungaturation exist as for example with the 22:5 acids. Trivial names in
more or less common use in the n-6 series are as shown. Of the n-3 series only
18:3 n-3 has a commonly used trivial name, alph;—linolenic acid, though the name
stearidonic acid is coming into use for the 18:4 n-3 acid and the names
eicosapentaenoic acid and docosahexanenoic acid as such are also used. The alpha
isomer of linolenic acid was characterised earlier than gamma-linolenic acid and
reference in the liter_atu're simply to linolenic acid, especially in the earlier literature,
is to the alpha-acid.

As is clear from the above, linoleic acid (LA) is an essential nutrient which,
liké a vitamin, cannot be made within the body and so must be taken in the diet.
However, in order to be fully useful to the body, LA must be metabolised, first to
GLA and then to further metabolites.

LA has some functions which it can perform itself, particulaﬂy in.the skin
and other membranes and in relation to cholesterol transport, but many _of its effects
require conversion to GLA and beyond. The GLA and the furthér metaboiites each
appear to have particular roles in the body and so this first metabolic step is of

particular significance. Its importance is emphasised by the fact that it seems

This is the replacement sheet
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ous or other routes of adm nistration. The oil may be contained in any of
t he dosage forms specified in (2) or in any other appropriate dosage form
¢(5). Ols to be used in any preparation applied to the skin for the purpose
of caring for normal skin or for treating rough, dry or ageing skin, or for

treating injured or burned skin, or skin affected by any di sease or trauna.
- 4 )

vulnerable to blockade in a number of situations. For
example, ageing, high cholesterol levels, high alcohol
intake, certain viral infections, atopic eczema, breast
pain, diabetic neuropathy and certain forms of cancer
all appear to be associated with a reduced ability to
make GLA. In these situations, and in any other
situation associated with a rate of GLA formation
inadequate to supply the body's needs, it may be
advantageous to provide GLA directly.

Useful sources of GLA are relatively few. GLA is
found in moderate amounts in human breast'milk,' but
that is .clearly not a practical commercial source. GLA
can be synthesised with some difficulty and it is
possible that the known synthetic routes could be
improved, or entirely new ones found. A number of plant
oils contain GLA, the most important known examples to
date being the seed o0ils from the evening primrose
(Oenothera spp),' frcm borage (Borago officinalis) and
from members of the Ribes family such as blackcurrants.
Some fungi and algae form GLA-rich lipid stores,
examples being strains of Rhizopus, Mortierella, Mucor

" and Spirulina. '

The seed o0il of the evening primrose (EPO) has
been widely used commércially as a ccmponent of foods,
as a nutritional supplement, as an ingredient of
cosmetic, skin care and hair care products, and as a
pharmaceutical. For example, it is used in Japan for
addition to artificial infant milks to make them more
like breast milk, while in the United Kingdom and some
other countries it is approved as a prescription drug
for the treatment of atopic eczema and of breast pain.
In many countries throughout the world it is used as a
nutritional supplement and as a skin product ingredient.

However, EPO contains only 8 to 10% of its fatty

\
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(6). Gls to be used in any preparation applied to the hair for the purpose
of caring for normal hair, or for stimulating hair growmh, or for treating
thi nning. damaged, dry or greasy hair, or for treating hair or the scalp

af fected by .any disease. Preferred oils according.to the invention conprise
at | east 20% by weight of DLMG The-oils may be prepared by any nethod. The
follow ng are sone exanpl es but do not exclude the use of other nethods. i.
Any natural oil containing DLM5 especially EPO but al so borage. '

bl ackcurrant or other plant oils, and nPcrobi al oils. may be treated to

separate out the DLMG The separated DLMG may be used to enhance or
suppl enent any '

acids as GLA. It has therefore been suggested that other sources such as borage oil,
which may contain over 20% of GLA, or blackcurrant or fungal oils which may
contain in the region of 15 to 25% of GLA may provide better sourceS. However,
it has somewhat surprisingly been found that clinically these oils appear to be less
effective than evening primrose oil, or not as effective as would be expected given
their GLA content. May patients who have experienced a clinical response to EPO,
for example in the case of atopic eczéma or pre-menstrual breast pain, have relapsed
on switching to one of the other GLA sources, even though the amount of GLA

" consumed may be greater. Biological testing has subsequently shown that equal
amounts of GLA may indeed have very different effects when that GLA is supplied
as different oil sources. .

One of the most important biological consequences of administering GLA is
its conversion within the body, first to dihomo-gamma-linolenic acid (DGLA) and
then to prostaglandin (PGE1). PGEI1 has a wide range of desirable effects,
including being anti-inflammatory, vasodilator, anti-thrombotic, cholesterol-

lowering and anti-hypertensive, and its relation to the n-6 series EFAs is shown in

the following chart:-

—_—
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oil, natural or synthetic, to nake a product containing 20% desirably 25%
or nore DLMG Such separation tech- niques include, but are not limted to
Fow tenperature precipitalion of |ess polyunsaturated triglycerides (TGs).
enzym c digestion using specific enzynes for TGs ot her than DLMG
differential solution using solvents of nore or |ess pol yunsaturated TGs,

or chromat ography techni ques using approriate colum conditions, packing,
tenpera- tures and pressures and solvents ii. Any natural oil whether known
or unknown to date, or devel oped fromknown plants such as Cenot hera or

ot her appropriate species by plant breeding, genetic engineering or other

t echni ques. which contains 20% desirably 25%

CIS-LINOLEIC ACID
(912-0OCTADECADIENQIC ACID)

GLA

(GAMMA-LINOLENIC ACID LE.
6,9,12-0CTACECATRIENQIC ACID)

|
!

DGLA - DGLA — = 1 SERIES
ESTER RESERVES ———am{ DIHOMO-GAMMA -LINOLENIC ACID ENDOPEROXIDES
(SMALL) ~=e————1.£.8 11,14 -EICOSATRIENOIC ACID) \
1 SERIES
~ PG'S
| (PGE1)
LARGE. AA '
AA ESTZ= RESERVES

{AR C' #OONIC AGE, |LE.
3,11,16-ciCCSATETSAENQIC ACID)

-
-
-y

2 SERIES
ENDOPEROXICES

1
2 SERIES PG'S
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or nore DLMO iii. Any oil nade synthetically from GLA and LA GLA and LA
may be synthesised or prepared from any appropriate source. As exanples.
they may be nmade by hydrolysis of natural oils, followed by concentration
of the .GLA and/or LA by techni ques known to those skilled in the art such
as urea conplexation, |low tenperature crystallisation. binding to materials
such ‘as zeolites which selectively concentrate poly-unsaturated fatty
acids, differential solution in appropf?i ate solvents selective for
unsaturated or other fatty acids, or concentration using enzynes which are

selective for particular fatty acids or groups of fatty acids. Appropriate
m xtures of GLA or LA ordesy tepfesps itiedr ability to stimulate che

formation of PGEl, EPO, borage oil, blackcurrant oil
and microbial oil were fed to laboratory rats in amounts
‘which provided the same daily dose of GLA. After the
same period on the diet, the mesenteric vascular bed
was removed from the animals and its rate of production
of PGEl while'being perfused with oxygenated buffer was
measured. The results are shown in Table 2.

TABLE 2

Amounts of PGEl in ng/hour prcduced by the
perfused superior mesenteric vascular bed of rats fed
with equal amounts of GLA per day in the form of evening
primrose, fungal, blackcurrant or borage oils.

0il ,  BGE1l outflow
Evening primrose 14

~ Fungal N -
Blackcurfant 2
Borage 1

As can be seen, EPO was much more effective than
the other oils at increasing PGEl outflow and since
this effect of EPO is obviously not simply related to
the amount of GLA in the-oil, it seemed to us that it
might depend on the detailed tri-glyceride structure of
the oil. Fatty acids in vegetable oils are present not
as the free fatty acids themselves but primarily as

—
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derivatives such as salts, alcohols, am des or other conpounds. may then be
converted to tri-glycerides by a range of different techni ques known to
those skilled in the art Exanples of such techni ques include conventi onal
organi ¢ synthesis. using for exanple zinc as a catalyst, or the use of the
chlorides as starting materials, in an appropriate organic solvent with
pyrdi ne, -or by using an appropriate enzyne system such as |ipozyne | MO
(avail able from Novo) or by using chenBcal techni ques devel oped for
specific placenent of GLA or any other fatty acid in a specific position in
the tri-glyceride nolecule. The DLMG or LGG resulting fromsuch synthetic
procedur es campbhentbeofonregﬂyaEEddead pugilfrcedods baskbone at e as outllned

under (1) above.
CH OH
|

CHOH

. CH_OH
2

with three fatty acids attached to it by ester links.
It seemed to us possible that there might be a
particular triglyceride (TG) present in EPO which
happeneq to be there in much larger quantities than in
the other oils, and that this TG might account for the
desirable biological effects of EPO. We therefore
quantitated the amounts of the various triglycerides
present in each of the common sources of GLA, with
results set out in Table 3 appended to this
specification. |

The TGs in the o0ils were separated by reverse
phase high pressure liquid chromatography (HPLC). We
initially synthesised four triglycerides, tri-gamma-
linolenyl-glycerol (tri-GLA), tri-linoleoyl-glycerol
(tri-id), mono-linoleoyl-di-gamma-linolenyl-glycerol
(mono-LA-di-GLA) and di-linoleoyl-mono-gamma-linolenyl-
glycerol (DLMG). These were used to optimise the
conditions for analysis. The TGs were dissoclved in
chloroform and then applied to a Beckman System Gold
(trade mark) programmable solvent module 126, with two
identical 250 mm reverse phase columns (Supelcosil LC-18
(trade mark)) connected in series to increase the
resolution of the highly unsaturated TG species. 'The
eluted TG fractions were detected by a mass (light
scattering) detector supplied by Applied Chromatography
Systems, Macclesfield, England. Each fraction was

-_
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It is to.be understood that the concept of using DLMG and/or LGG for
nutritional. pharmaceuical.,, skin care or other purposes is independent of
the net hods which may actually be used for naking DLM5 or LGG in
appropriate forns.: EXAMPLES 1. An oil to be nade avail able for use by food
manuf acturers containing 30% 48% 70% 95%or 99% of DIMa 2. An oil to be
made avail able for use by manufactureas of skin care and hair care
preparations containing 30% 45% 70%g95% or 99% of DLMG 3. Anpoul es
prepared for addition to enteral foods or to sterile lipid enulsions for

i ntra-venous adm ni stration, each

collected manually. Each fraction was then mixed with a
known amount of internal standard (tri-heptadecanoin)
and the methyl esters of the fatty acids were generated
using BFs-methanol. The fatty acid methyl esters were
then analysed by gas chromatography using a 50 m fused
silica capillary column (Supelcomega (trade mark)) in an
HP 5890 gas chromatograph equipped with a flame
ionisation detector. This technique clearly separates
the triglyceride fractions and then identifies the fatty
acids'present in each fraction but it does not identify
the positions of the fatty acids in the TG molecule.

Uging this technique, thirty five peaks were
identified in borage oil, with the early peaks which
contained the highly unsaturated fatty acids being very
clearly separated. There were'only eighteen readily
identifiable peaks in EPO. Blackcurrant and fungal oils
which contain more fatty acids than EPO or borage oil
contained many more peaks. Table 3 shows all the
identified peaks in EPO and borage oil.

Inspection of the table shows one particular GLA-
containing fraction which is present at a high level in
EPO but at a lower level in borage oil, the amount
in EPO being . substantially greater than the
amount present in borage, with even lower levels in
fungal and blackcurrant oils. This fraction contains
two moieties of linoleic acid and one of GLA (di-
linoleoyl-mono-gamma-linoclenyl-glycerol, (DLMG)). No
other GLA-containing peak shows such an obvious
difference between the four oils. . DLMG makes up 18 to

19% of the triglyce:ides in EPO, smaller amounts of
those in borage 2il, and much smaller amounts in fungal
‘or blackcurrant oils.

R
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containing 10 or 20 m of .an oil contai.ning 95% or 99% DLMG 4. Enteral
foods or infant foods containing 1% 2% 5% or 10% of an oil containing
30% 45% 70% 95% or 99% of DMGM 5. Skin care preparations containing
0.5% 1% 2% 5% or 10% or 20% of an oil which contains 30% 45% 70% 95% or
99% of DLMG. 6. Preparations as in (5) ?aﬂt for hair care or scalp care. 7.
Ols for direct ingestion er for mxing*With other foods such as salad oils
containing 30% 45% 70% 95% or 99% '

We have synthesized DLMG with its GLA in the 2 position or in the 1 or 3
positions, and have found these molecules to be similar in their effects on elev_ated
blood pressure in rats with spontaneous hypertension and on cholesterol levels in
animals fed cholesterol. While tﬁere may be small differences in biological effects
depending on the precise position of one GLA, it appears that thé main beneficial
effect relates to the presence of two linoleic acid moieties and one GLA moiety on

- the same triglyceride. This is thought to be because such a triglyceride will provide
LA which is positioned before the rate-limiting delta-6 desaturase step in EFA
metabolism, and GLA. which comes after this step. Therefore, LGG, present at low
levels in both EPO and borage oils is also expected to have desirable biological
effects. It is also expected that some effect may also be seen using TG's having one
LA, one GLA and a different, third fatty acid residue, such as OLG and PLG, but
these are likely to be less valuable because of the presence of a moiety which has no
essential fatty acid activity.

We therefore believe that it is the presence of DLMG which explains the
usual biological potency of the GLA in EPO. This TG may have its GLA in either
the 2 position or in the 1 or 3 positions in the triglyceride molecule, with linoleic
acid occupying the other two position_S.

On this bésis, any pharmacologically or nutritionally aéceptable natural or
synthetic glyceride oil selectively enriched in or supplemented with DLMG is, in
view of the established value of GLA and the now-shown value of its presence as
DLMG, a valuable and normal product both as such and in use in the preparation of
a medicament or dietary composition for the purposes for which GLA is valuable.

. GLA itself has extensive poténtial uses as a pharmaceutical and as a
nutritional supplement. Many of these uses have been documented in previous

patents and patent applications from the present applicants. These applications

Sheet Has Been Replaced

T

This is the replacement sheet

170CT 1006




of DLMG 7 - 8. Capsules for use as nut ritianal suppl enments contai ni ng
100 ng. 200 ngy. 500 ng or 750 ng of an oil containing 25% 50% 75% 90% or
99% DLMG.

11

relate to the use of GLA and other EFA's in the treatment of a variety of disorders,
including skin disorders such as atopic eczema, breast disorders including breast
pain, premenstrual syndrome, psychiatric disorders including alcoholism,
schizophrenia and Alzheimer's disease, cardiovascular disorders including the
prevention and treatment of coronary heart disease, peﬁpheral vascular disease and
hypertension, disorders of inflammation including rheumatoid arthritis,
osteoarthritis, inflammatory bowel disease, connective tissue disorders and related
conditions, disorders of immunity including multiple sclerosis, Sjogren's syndrome,
systemic sclerosis and related conditions, diabetes and in particular the long term
complications of neuropathy, retinopathy., vascular disease and nephropathy, other
renal diseases, disorders of calcium and bone metabolism including -osteoporosis and
excessive urinary calcium excretion, viral infections and post-viral fatigue
syndrome, cancers, and the complications following radiotherapy for cancer and
other disorders. Nutritional problems of particular importance include enteral and
parenteral supplementation for infants, specialist infant formulae, supplements for
the elderly, and supplements of various types for those with gastrointestinal

- problems and malabsorption. This list of potential applications for the invention is
not exhaustive and is provided as an example of the possible utility of the invention.

Further, as far as we are aware, no evening primrose or other oil which has

been used to date for nutritional, skin care, pharmaceutical or other purposes has
contained more than 20% of DLMG. Accordingly, one aspect of the invention lies
in a natural or synthetic oil enriched or supplemented with DLMG comprising at
least 20% by.weight of DLMG, desirably more than 25%, preferably more than
40%, very preferably more than 60%, more preferably more than 90% and ideally
more than 98%. A further aspect of the invention lies in the use of such oils in the
preparation of a medicament or dietary composition for the .above purposes, in

which may be included:-
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9. Capsules as in (8) but for pharmaceuti cal use. 10. Wi ps. creans or
ot her fornulations contained in bottles, cans or other appropriate
containers containing 2% 5% 10% 20% or 50% of oils containing 25% 50%
75% 95% or 99% DLMG 11. Granules, tablets or powders made with dextran.
agar. gum acacia. calciumsalts or other appropriate vehicle containing oil
containing 25% 50% 70% 90% or 99 % QMG 12. Fornul ations for |ingual or
sub-lingual admnistration contining oil containg 25% .40% 60% 80% 95%
or 99% DLMG

(1).  Oils to be added to or used with any type of food for humans or animals,

including but not limited to margarines, modified butters, cheeses and cheese

spreads, milks, yogurts, chocolates, chocolate bars and any other types of sweet or

candy, snacks, salad oils, cooking oils, cooking fats, bakery products, pates, meats,

fish and seafood products, infant milks and infant foods of all sorts, canned or

bottled products such as whips or creams, solid forms such as powders or granules,

drinks of any sort and cereals.

—_—
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-8 - TABLE 3 Triglyceride peaks found in evening prinrose and borage oils.
Ei ght peaks occur in both oils, ten in

13
(2). Oils to be used in manufacturing any form of
nutritional supplement preparation, irncluding but not
limited to hard or soft gelatin capsules (whether
uncoated or for example enteric-coated), granules,
tablets, draguees, pastilles, canned or bottled liquids,
oils, whips, creams (whether or not in dosage-metered
containers) or any other dosage form appropriate to a
‘nutritional supplement, including ones for lingual or
sub-lingual administration. | |

(3). Oils to be used in formulae for special
nutritional purposes including foods and fluids for term
and pre-term infants,' enteral, parenteral, rectal,
percutaneous compositions and foods or fluids for any
appropriate route of administration.

(4). Oils to be used in the treatment of any disease in
which GLA is beneficial by oral, lingual and sub-
lingual, enteral, parenteral (sub-cutaneous, intra-
muscular, intra-venous, intra-peritoneal or other
route), rectal, vaginal, percutaneous or other routes of
administration. The oil may be contained in any of the
dosage forms specified in (2) or in any other
appropriate dosage form.

(5). Oils to be used in any preparation applied to the
skin for the purpose of caring for ncrmal skin or for
treating rough, dry or ageing skin, cr for treating
injured or burned skin, or skin affeczed by any disease
or trauma. '

(6). Oils to be used in any preparation applied to the
_hair for the purpose of caring for normal hair, or for
stimulating hair growth, or for treating. thinning,
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EPO only and twenty seveh i n borage only. Peak Probabl e Identity %

i n EPO % borage oil 1 GG 0.19

0.29 2 LGG 2. 00 2.87 3 LLG
18. 47 5.33 4 L&D S/ P _ 0.70 1.71 S
GL/QS/P 1.76 14 -

-

damaged, dry or greasy hair, or for treating hair or the scalp affected by any
disease. Preferred oils a.ccérding to the invention comprise at least 20% by weight
of DLMG. _

The oils may be prepared by a:iy method. The following are some examples

but do not exclude the use of other methods.

i. Any natural oil containihg DLMG, especially EPO, but also borage,
blackcurrant or other plant oils, and microbial.oils, may be treated to separate out -
the DLMG. The separated DLMG may be used to enhance or supplement any oil,
natural or synthetic, to make a product contaihing 20%, desirably 25 % or more
DLMG. Such separation techniqﬁes include, but are not limited to low temperature
precipitation of less polyunsaturated trigly?:erides (TGs), enzymic digestion using
specific enzymes for TGs other than DLMG, differential solution using solvents of
more or less polyunsaturated TGs, or chromatography techniques using appropriate

column conditions, packing, temperatures and pressures and solvents.

ii. Any natural oil whether known or unknown to date, or developed from
known plants such as Oenothera or other appropriate species by plant breeding,

genetic engineering or other techniques, which contains 20%, desirably 25% or
more DLMG. |

iii.  Any oil made synthetically from GLA and LA. GLA and LA may be
synthesised or prepared from any appropriate source. As examples, they may be
made by hydrolysis of natural oils, followed by concentration of the GLA and/or
LA by techniques known to those skilled in the art such as urea complexation, low_
temperature crystallisation, binding to materials such as zeolites which selectively

concentrate poly-unsaturated fatty acids, differential solution in appropriate solvents
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43. 19 7.24 7 OLG 3.92 8.76 8
PLG 3. 45 7.10 9 LG AP/S :
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OLL 10. 61 71§0 .

selective for unsaturated or other fatty acids, or
concentration using enzymes which are selective for
particular fatty acids or groups of fatty acids.
Appropriate mixtures of GLA or LA or any appropriate
derivatives such as salts, alcohols, amides or other
compounds, may then be converted to tri-glycerides by a
range of different techniques known to those skilled in
the art. Examples of such techniqﬁes include conven-
tional organic synthesis, wusing for example zinc as a
catalyst, or the use of the chlorides as starting
materials, in an appropriate organic solvent with
pyridine, or by using an appropriate enzyme system such
as lipozyme IM20 (available from Novo) or by using
chemical techniques developed for specific placement of
GLA or any other fatty acid in a specific position in
the tri-glyceride molecule. The DLMG or LGG resulting
from such synthetic procedures can then be concentrated
and purified as appropriate as outlined under (i) above.

It is to be understood that the concept of using
DLMG and/or LGG for nutritional, pharmaceutical, skin
care or other purposes is independent of the methods

which may actually be used for making DLMG or LGG in
appropriate forms.
EXAMPLES

1. An oil to be made available fcr use by food manu-
facturers containing 30%, 45%, 70% , 95% or 99% of DLMG.

2. An oil to be made available fcr use by manufac-
turers of skin care and hair care preparations .
containing 30%, 45%, 70%, 95% or 99% of DLMG.

3. Ampoules prepared for addition to enteral foods or
to sterile lipid emulsions for intra-venous adminis-

—~——————___________
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tration, each containing 10 or 20 ml of an oil
containing 95% or 99% DLMG.

4. Enteral foods or infant foods containing 1%, 2%,

5% or 10% of an oil contalnlng 30%, 45%, 70%, 95% or 99% of
DLMG.

5. skin care preparations containing 0.5%, 1%, 2%, 5%

or 10% or 20% of an oil which contains 30%, 45%, 70%, 95%
or 99% of DLMG.

6. Preparations as in (5) but for_héir care or écalp
care. '
7. 0ils for direct ingestion or for mixing with other

foods such as salad oils containing 30%, 45%, 70%, - 95% or
99% of DLMG.

8. Capsules for use as nutritional supplements
containing 100 mg, 200 mg, 500 mg or 750 mg of an oil
containing 25%, 50%, 75%, 90% or $99% DLMG.

9. Capsules as in (8) but for pharmaceutical use.

10. Whips, creams or other formulations contained in
bottles, cans or other appropriate containers containing
2%, 5%, 10%, 20% or 50% of oils containing 25%, 50%,
75%, 95% or 99% DLMG.

11. Granules, tablets or powders made with dextran,
agar, gum acacia, calcium salts or other appropriate
vehicle containing oil containing 25%, 50%, 70%, 90% or
99 % DLMG. |
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12. Formulations for lingual or sub-lingual adminis-
tration containing oil containing 25%, 40%, 60%, 80%,
95% or 99% DLMG.
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CLAIMS
1. A natural or synthetic glyceride oil enriched or supplemented with di-

linoleoyl-mono-gamma-linolenyl-glycerol (DLMG) comprising at least 20% by
weight of DLMG, preferably at least 25%, most preferably at least 40% by weight.

2. An oil according to claim 1 which comprises at least 60% by weight of the

triglyceride, preferably at least 90%, and most preferably at least 98% by weight.

3..  Anoil according to claims 1 or 2 which is a pharmaceutically or

nutritionally acceptable oil.

4. Use of an oil according to claims 1 to 3 as, or as an addition to a food
additive, as or as an addition to a nutritional supplement or as, or as an addition to a

special food for infants, older children or aduits.

5. A pharmaceutical composition comprising an oil according to claims 1 to 3,

together with a pharmaceutically acceptable carrier.

6. A cosmetic or skin care composition comprising an oil according to claims 1

to 3 for use in the treatment of normal, damaged or diseased skin.

7. The use of an oil according to claims 1 to 3ina preparation for use in the

care or treatment of normal, damaged or diseased hair or scalp.

8. The use of an oil according to claims 1 to 3 in the preparation of a

medicament for the treatment of IGLA deficiency.
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0. The use of an oil according to claims 1 to 3 in the preparation of a

medicament for the treatment of a disorder chosen from atopic eczema, breast pain

or premenstrual syndrome.
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ABSTRACT

NUTRITIONAL, PHARMACEUTICAL AND COSMETIC COMPOSITION
CONTAINING DI-LINOLEOYL-MONO-GAMMA-LINOLENYL-GLYCEROL

A natural or synthetic glycerol oil which comprises at least 20% by weight,
preferably e}t least 25% of di-linoleoyl-mono-gamma-linolenyl-glycerol (DLMG), is
used to supplement foods, nutritional compositions and in skin and hair care

compositions.
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aci-d. ;Fatty acids not under | i ned are the ITB.J or corrponent
up 25 to 40% of the peak.
in smaller anmounts. Fatty acids making up | ess than 5%
identified. Pairs of peaks (e.g. 11 and 1lla) elute at Si
have different conpositons in the two oils. /

NUTRITIONAL, PHARMACEUTICAL AND COSMETIC:; COMPOSITIONS
CONTA[NING DI-LINOLEOYL-MONO GAMMAoLINOLE\IYL GLYCEROL

Desc}iption

Gamma-linolenic acid (GLA, 18:3 n-6) is of particular interest in nutrition, in skin care and in the treatmem of various
diseases. GLA is a normal intermediate in human metabalism. it is derived by delta-6-desaturation from the essential
fatty acid (EFA) finoleic acid, which is found in substamal amounts in most diets. The convarsion path, showing common
enzymeswmmen-asenesof EFAs, is:-

ZABLE 1

n~6 ' _ ' ' n-3.
18:2 delta-9,12.. . | 18:3 delta-9,12,15
(linoleic acid) (alpha-linolenic acid)

delta-6 |desaturase

18:3 .delta-6,9,12 18:4 delta~6,9,12,15

(gamma-linclenic aqid)_ _ (stea;idggic acid)

'.:elongation-'
zo:3'de'31ta'-a',_11,_r;l.’f'_.'v  20is delta—B,li;14,17
(dihomo~gamma-linolenic acid)

&?lté-sj?esaturasé
20:4 delta-5,8,11,14 N : | 20:5 delta-5,8,11,14,17
(arachidoni; acid) _ ('eicosapen;éenoic acid') .
giongation'

22:4 delta-7,10,13,16 22:5 delta-7,: ,23,18,19

{adrenic acid)
delta-4 &:)esacurase

22:% gelta-4,7,10,23,.8 : 2236 celta.-«t 7,-3,13

13 :5
{ "‘occsahexaeno:.c aciag'

l
)
The above pathways are not normally reversible nor, in man, are n-3 and n-6 series acids mter-converﬁbla
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CLAIMS 1. A natural or synthetic glyceride oil enriched or supplenented

wi th di-linol eoyl - mono-game- | i ncl enyl qgl ycerol (DLM3 conprising at |east
20% by wei ght of DLMG preferably at |east 25% nost preferably at | east
40%ywei ght 2. An oil according to claim1l which conprises at |east 60% by
wei ght of the triglyceride. preferably at |east 90% and

-2-

The acids, which in nature are of the ali-cis configuration, are systematically named as derivatives of the corres
sponding octadecandaic, eicosanaic or docosanaic acids, eg. delta-9, 12-octadecadienoic acid or deita-4, 7, 10, 13, 18..
19 docosahexaencic acid, but numerical designations such as, correspondingly, 18:2 n-6 or 22:6 n-3 are convenient.
initials, for example, EPA for the 20:5 n-3 acid (gicosagentaencic acid) or DHA far the 22:6 n-3 acid {docosahexaencic
acid), are aiso used but do not serva when n-3 and n-6 acids of the same chain length and degree of unsaturation exist
as for example with the 22:5 acids. Trivial names in morae or less commoan usa in the n-6 series are as shown. Of the n-

"3 series only 18:3 n-3 has a commonly used frivial name, alpha-finclenic acid, though the name stearidonic acid is
coming into use for the 18:4 n-3 acid and the names eicosapentaenoic acid and docosahexanenoic acid as such are

" also used. The alpha isomer of finclenic acid was characterised earlier than gamma-finolenic acid and reference in the
literature simply to linclenic acid, aspecially in the earlier literature, is to the alpha-acid.

As is clear from the above, linoleic acid (LA) is an essential nutrient which, lika a vitamin, cannot be made within
the body and so must be takan in the diet. However, in order 1o be fully useful o the body, LA must be metabolised, first
to GLA and then to further metaboalites. - ' o :

LA has some functions which it can perform itseif, particularly in the skin and cther membranes and in relation to
cholesterol transport, but many of its effects require conversion to GLA and beyord. The GLA and the further metabolites
each appear to have particular roles in the body and so this first metabolic step'is of particular significance. its importance
is emphasised by the fact that it seems vuinerable to blockade in a number of situations. For examrple, ageing, high
cholesteral levels, high alcohol intake, certain viralinfections, atopic eczema, breastpain, diabetic neuropathy and certain
forms of cancer all appear to be assaciated with a reduced ability to make GLA. In these situations, and in any cther
situation assaciated with a rate of GLA formation inadequate to supply the body's needs, it may be advantagecus to

. provide GLA directly. . . -

Usaful sourcas of GLA are relatively few. GLA is found ift moderate amounts i human breast mill but that is clearly
not a practical commercial source. GLA can be synthesised with some difficulty and itis possible that the known synthetic
routes could be impraved, or entirely new ones found. A number of piant oils contain GLA, the most important known
examples to date being the seed cils from the evening primrose (Cenothera spp), from borage’(Borago officinalis) and
from members of the Ribes family such as blackcurrants. Some fungi and algae form GLA-rich lipid stores, examples
being strains of Rhizopus, Mortierella, Mucor and Spirulina. . '

The saed oil of the evening primrose (EPO) has been widely used commercially as a component of foods, as a
nutritional supplement, as an ingredient of casmetic, skin care and hair care products. and as a pharmaceutical. For
example, it is used in Japan for addition to artificial infant milks to make them more like breast milk, while in the United
Kingdom and some other countries it is approved as a prescription drug for the treatment of atopic eczema and of breast
pain. In many countries throughout the world it is used as a nutritional supplement and as a skin praduct ingredient.

However, EPO contains only 8 to 10% of its fatty acids as GLA, it has therefore been suggested that other sources

- such as borage oil, which may contain aver 20% of GLA, or blackcurrant or fungal oils which may contain in the region
of 15 tq 25% of GLA may provide better sources. However, it has somewhat surprisingly been found that clinically these
oils appear to be less effective than evening primrose oil, or not as effective as would be expected given their GLA
content. May patients who have experienced a clinical response to EPO, for example in the case of atopic eczema or
pre-menstrual breast pain, have relapsed on switching to one of the other GLA sources, even though th_e amount of GLA
consumed may be grater. Biclogical testing has subsequently shown that equal amounts of GLA may indeed have very

- different effects when that GLA is supplied as different oil sources. - . L

One of the most import biclogical consequences of administering GLA is its conversion within the_bod_y. first to
dihomo-gamma-finolenic acid (DGLA) and then to prostagiandin (PGE1). PGE1 has a wide range of desirable effects,
including being anti-inflammatory, vasodilatar, anti-thrombotic, cholesteral-lowering and anti-hypertensive, and itsrela- -
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In cher 13 tast thair ability to stimulate the formaticn of PGE 1, ERPQ, boragae qil, blackcurrant ¢il and mscroual oil
wera redtolabmryratsmamawswhodwprcwded the same daily dose of GLA. After the sama period an the diet.
the mesanteric vascular bed was ramaved from the animals and its rate of production of PGE1 while being parfused
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damaged or di seased skin. 7. The use of an oil according to clainms 1to 3
in a'preparation for use.in the care or treatnment of normal, danaged or
_diseased hair or scalp. 8. The use of an oil according to claims-.1 to3 in.

the preparation of a nedicanent for. the treatment :of GLA deficiency. 9. The
use of an oil accrding'to clains 1.to 34im the preparation of a nedicanent
.for the treatment of a disorder chosen .from atopic eczenm,  breast pain or
-pr emenstwith bxyganaed Guer.was measured. The results are shown in.Table 2. - . R

| | UTABLER | | | | |
.Pg;n'oums of PGE1 in ng/hour preduced by the _pgt'fu-sed superior mesenteric vascular bed of rats fed
with aqual amcunts of GLA per day in the form of evening primrasa, fungal, blackcurrant or borage oil§.
Tonr _  PGE! outfiow

Evening primrase _ . S B ' 14

Fungal '

Blackcurrant

Borage 1

As can ba saen, EPO was much mare effeciive than the other cils at increasing PGE!1 ouﬂlavg and sinca this efféct
of EPQ is cbviously not simply refated to the amount of GLA in the ¢il, it seemed to us that it might dépend cn the datailed

tri-glyceride structura of the cil. Fatty acids invegetable cils are presentnotas the free fatty acids themsalves butprimarily
as components aof triglycerides, a glycarol bacidone o

CH CH

R ]

I

CHOH
b

CH OH

with thrae fatty acids attached o it by ester links. It seemed to us possible that there might be a particular triglyceride
(TG) present in EPO which happened 1o be thera in much larger quantities than in the ather gils, and that this TG might
account for the desirable biclogical effects of EPQ. Wae therefore quantitated the amounts of the various triglycarides
present in each of the comman sources of GLA, with results set out in Table 3 appended to this specification.

The TGs in the oils were separated by reversa phase high pressure liquid chromatography (HPLC). We initially
synthesised four triglycerides, tri-gamma-linclenyl-glycaral (ti-GLA), tri-incleoyl-glyceral (tri-LA), monc-fincleoyl-di-
gamma-iinolenyi-glycerol (mono-LA-di-GLA)} and di-inclecyl-mono-gamma-linclenyi-glycerol (DLMG). These were used

. to optimise the concitions for analysis. The TGs wera dissolved in chioroform and then applied to a Beckman System
Gold (trade mark) programmable scivent module 126, with twa identical 250 mm reverse phase columns (Supelcasil
L.C-18 (trade mark)) connected in series to increase the resclution of the highly unsaturated TG species. The aluted TG
fractions wera detected by amass (light scattering) detector suppiied by Applied Chromatography Systems, Macclesfield,
England. Each fraction was collected manually. Each fraction was then mixed with a lnown amount of intemal standard
{tri-neptadecancin) and the methyl esters of the fatty acids were generated using 8Fy-mathancl. The fatty acid methyl
esters were then analysed by gas chromatography using a 50 m fused silica cagpillary column (Supeicomega (trade
mark)) in an HP 5890 gas chromatograph equipped with a flame ionisation detactor. This technique clearly separates
the triglyceride fractions and then identifies the fatty acids present in each fraction but it does not identify the pasitions
of the fatty acids in the TG molecule. :

Using this techniquae, thirty five peaks were identified in borage ail, with the early peaks which contained the highly
unsaturated fatty acids being very clearly separated. There were only eighteen readily identifiable peats in EPQ. Black-
cumant and fungal qils which contain more fatty acids than EPQ ar borage cil contained many more peals. Tablé 3
shows all tha identified peaks in EPQ and borage oil. _ .

Inspection of the table shows one particular GLA-containing fraction which is prasent at a high level in EPO but at
a lower level in borage oil, the amaunt in EPO baeing substantially greater than the amount presant in borage, with even
lower levels in fungal and blackcurrant ails. This fraction contains two moiaties of linoleic acid and ane of GLA (di-inoleoyl-
mena-gamma-linclenyl-glycaral, (DLMG)). No other GLA-containing peak shows such an obvious differance between

the four oils. OLMG makes up 18 to 19% of the frigiycerides in EPO, smaller amounts of those in barage oil, and much
smallar amounts in fungal or blackcurrant gils. '
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. Wae have synthesized DLMG with its GLA in the 2 position or in the 1 or 3 positions, and have found these malecules
to be similar in their effects on elevated blood pressure in rats witlt spontaneous hypartension and on cholesteral levels
in animals fed cholesterol. While there may be small differences in biclagical effects depending on the precise position
of ane GLA, it appears that the main beneficial effect relates to the presence of two linoleic acid moieties and one GLA
moiety on the same triglyceride. This is thought to be because such a triglyceride will provide LA which is positioned
before the rate-limiting delta-6 desaturase step in EFA metabolism, and GLA which comes after this step. Therefore,
LGG, present at low levels in both EPO and borage oils is also expected to have desirable biological effacts. Rt is also
expected that some effect may also be seen using TG's having one LA, one GLA and a different, third fatty acid residue,
such as OLG and PLG, but these are likely 1o bé less valuable because of the presence of a moiety which has no
essential fatty acid activity.

We therefore believe that itis the presenca of DLMG which explains the usual biological potency of the GLAin EPO.
This TG may have its GLA in either the 2 position or m the 1_or 3 positions in the triglyceride molecule, with Imoletc ac:d
occupying the other two positions.

On this basis, any pharmacologically or nutnhonally accepfable natural or synthetic glyceride cil selectively enriched
in or supplemented with DLMG is, in view of the established value of GLA and the now-shown value of its presence as
DLMG, a vaiuable and normal product both as such andinuse mmeprepafatmnofamedwamemard‘etary composmon
for the purposaes for which GLA is valuable.

_ GLA ifself has axtensive potential uses as a pl'mmacsmal andasa nutnhona! supplement. Many of these uses
have been documented in previous patents and patentiapplications from the present applicants. These applications
relate to the use of GLA and other EFA's in the treatment of a variety of disarders, including skin disorders such as atopic
eczema, breast disorders including breast pain, premenstrual syndrome, psychiatric disorders inciuding alcoholism,
schizophrenia and Alzheimer's disease, cardiovascular disorders including the prevention and treatment of coronary
heart disease, peripheral vascular disease and hypertension, disarders of inflammation including rheumatoid arthrits,
osteoarthritis, inflammatory bowel disease, connective tissue disorders and related conditions, disorders of immunity
including muitiple sclerosis, Sjogren's syndrome, systemic sclerosis and related conditions, diabetes and in particular
the long term complications of neuropathy, retinopathy, vascular disease and nephropathy, other renal diseases, disor-
 ders of calcium and bone metabolism including osteoporosis and excessive urinary calcium excretion, viral infections
and post-viral fatigue syndrome, cancers, and the complications following radictherapy for cancer and other disorders.
. - Nutritional probiems of particular importance inciude enteral and parenteral supplementation for infants, specialistinfant
formulae, supplements for the elderly, and supplements of various types for those with gastrointestinal problems and
malabsorption. This fist of potential applications for the invention is not exhaustive and is provided as an example of the
. possible utility of the invention.. :

Further, as far as we are aware, no’ svenmg primrose or, other oil which has been used to date for nutritional, sidn
care, pharmaceutical or other purposes has contained more than 20% of DLMG. Accordingly, one aspect of the invention
lies in a natural or synthetic oil enriched or supplemented with DLMG comprising at least 20% by weight of DLMG,
desirably more than 25%, preferably more than 40%, very preferably more than 6§0%, most preferably maore than 90%
and ideally more than 98%. A further aspectofthe invention liesin the use of suohoils inthe preparanon ofa medmrnent-

- or dietary compasition for the above purposes. in wh:oh may be xncluded - : .

{1). Olls tobe added to orused wnh anytype oHood for humans or ammals. mduding but not l‘mﬂed o margannss -
modified butters, cheeses and cheese spreads, milis, yogurts, chocolates, chocolate bars and any other types of
.swest or candy, snacks, salad oils, cooking oils, cooking fats, bakery products, pates, meats, fish and seafood.
products, infant milks and infant foods of ail sorts, canned or bottled products such as whlps or creams. solid forms -
such as powders or granules, drinks of any sort and cereals. - . g

2. Oils to be used mmanufactumganyformofmmﬁonalsupp!smentpreparauon mclud'ng butnotl‘nutedtohard "
or soft gelatin capsules (whether uncoated or for example enteric-coated), granules, tablets, draguees, pastilles, *
-canned or bottled liquids, oils, whips, creams (whether or not in dosage-metered containers) or any other dosage
form appropriate to a nutritional supplement. including ones for lingual or sub-l‘ngual administration. " v

{3). Qils to be used in formulae for special nutritional purposes including foods and fluids for term and pre-term
infants, enteral, paremeral rectal, percutaneous oomposmons and foods orﬂucds for any appropnate route of admin-
istration. "~ - ) S '

(4). Oils to be used in the treatment of any disease in which GLA is beneficial by oral. lingual and subiingual. enteral,’

parenteral (sub-cutanecus, intramuscular, intra-venous, intra-peritoneal or other route), rectal, vaginal, percutane- -
ous or other routes of administration. The oil may be, contamed in any of the dosage forms specified in (2) orinany
other appropriate dosage form.
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rough dry or agemg skin, or for treating injured or burned skm or skin affected by any disease or trauma.

(6). Qils to be used in any preparation applied to the hair for the purpose of rznng for normal hair, or lor snmulaﬂng
hair growth, or for treating thinning, damaged, dry or greasy hair, or for treating hair or the scalp affected by any
disease. Preferred oils according to the mventron corrprlse at least 20% by weight of DLMG.

. The ocils may be prepared by any method The following are some examples but do not exclude the use of other
methods.

'i. Any natural oil containing DLMG, especially EPQ, but also borage, blackeurrant or other plant ails, and microbial
ails, may be treated to separate out the DLMG. The separated DLMG may be used to enhance or supplement any
oil, natural or synthetic, to make a product containing 20%, desirably 25% or more DLMG. Such separation tech-
niques include, but are not limited to low temperature precipitation of less pelyunsaturated triglycerides (TGs),
enzymic digestion using specific anzymes for TGs other than DLMG, differential solution using solvents of more or
less polyunsaturated TGs, or chromatography techniques using appropriate column condlitions, pedcng. tempera-
tures and pressures and solvents.

il. Any natural oil whelher known or unknown to dafe. or developed from known plants such as Oenothera or other
appropnete species by plant breeding. genetic engineering or other techniques, which contains 20%, desirably 25%
or more DLMG. : _ .

iii. Any il made synthetu:any from GLA and LA. GLA and LA may be synthes:sed or prepared from any appropriate
source. As examples, they may be made by hydroiysis of natural cils, followed by concentration of the GLA and/or
LA by techniques known to those skilled in the art such as urea complexation, low temperature crystallisation, -
binding to materials such as zeclites which selectively concentrate poly-unsaturated fatty acids, differential solution
in appropriate solvents selective for unsaturated or other fatty acids, or concentration using enzymes which are
selective for particular fatty acids or groups of fatty acnds. Appropriate mixtures of GLA or LA or any appropriate
derivatives such as saits, alcohols, amides or other compounds, may then be converted to tri-glycerides by arange
of different techniques known to those skilled in the art. Examples of such techniques include conventional organic
synthesis, using for example zine as a catalyst, or the use of the ¢hlcrides as starting materials, in an appropriate
organic solvent with pyridine, or by using an appropriate enzyme system such as lipozyme IM20 (available from
Novo) or by using chemical techniques developed for specific placement of GLA or any other fatty acid in a specific
position in the tri-glyceride molecule. The DLMG or LGG resulting from such synthehc procedures can then be - .
concentrated end punf‘ed as appropriate as outlmed under (i) above

itis b be understood that the cencept of using DLMG andfor LGG for nutrmonal pharmaceutroel skin care or other
purposes is independent of the methods which may actually be used for making DLMG or LGG in appropnate forms. - -

1. Anoanobemadeava«lablehrusebyfoodmnulacmrersoontammqsms 45%, 70%, 95%or99%ofDLMG. _

2.Anoiltobemadeavmlaﬂebrusebymnmaamerscfslmweamm«roerepmpamansmmammgao% .
45%, 70%, 95% or 99% of DLMG. : . :

3. Ampoulee prepared for addition to enteral foods or to sterite lipid emulsions ior intra-venous administration, each
" containing 10 or 20 mi of an oil containing 95% or 99% DWwG.

'4 Enteralfoodsormfantfoodscomammg 1%, 2%, S%or1o%ofanoﬂoonmmngso%.45%.70%.95%or99% '
of OLMG. . :

S. Shnwepreparahonsoomammgo% 1%, 2%, S%or 10%or20%ofanoul which contains 30%, 45%.70%.
95% or 9% of DLMG. :

6. Preperanons as in (S) but for hair care or scalp care.

7. Qils for direct ingestion or for mixing with other foods such as salad oils contammg 30%. 45%, 70%, 95% or 98%

of DLMG.
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8. Capsulas for use as nutritional supplements containing 100 mg, 200 mg, S0G mg or 750 mg of an ail contining
25%, S0%., 75%, 90% or 939% DWMG. :

9. Capsules as in (8) but for pharmaceutical use.

10. Whips, creams or cther formulations contained in botties, cans or ather appropriate containers containing 2%,
§%. 10%. 20% or 50% of qils containing 25%. 50%, 75%, 95% or 99% DLMG. -

11. Granules, tablets or powders made with dextran, agar, gum acacia. calcium salts or other appropriate vehicle
containing ail containing 25%, 50%. 70%, 50% or 99 % DLMG.

12. Formuiations for lingual or sub-ingual administration containing ol containing 25%, 40%, 60%, 80%, 95% or
99% DLMG. S | - '

7
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- TABLE 3

Triglyceride peaks found in evening primrose and
borage oils. Eight peaks cccur in both oils, ten iz
EPC only and twenty seven in borage only.

Peal Probable ldentity % in E30 ~ % borage oil
1 GGG .0.19 0.29
2 LGG .00 2.87
3 LLG _ - 18.47 5.33
4 LGQ/S/P g.70 1.711
s GL70/S72 . 2.76 -
Sa GGP : - 2.21
6 LLL 43.19 7.24
7 : oLG 3.92 8.76
8 " PLG , o 3.4; 7.10
-9 LG/0/B/S 3.7 T -
SA sﬁ—(‘. - e 0.79
. 10 QLL 10.61 7.50
11 LLP 8.23 -
1A - L20:1/G6/0 e - - 3.88
.12 . LSG/Q/P - : 1.36 . - -
12a OLP/G - 7.25
13 LPS/0/G 0.20 -
13a. . P0G T - 5.25
14 LLO/S 0.26 -
14a PEG - . - 1.58
15 ’ LOQ/S/P ' 1.10 e -t
15a LL20:1 _ - 2.68
16 LOP/S o 3.87 -
1;; 0157?/ oo T - 5.50
17 - LLB/3/S 0.07 -
17a - OLG/Z2:1 - 3.88
18 - LPO/S7G 0.45 - - ;
. 18a - LGS/ - . 3.88 )
19 LOB/G/20:1 - ' 1.65 A
20 ‘PG2Q:) - 1.8
21 PLS/G - 1.04
22 " PSG - 1.77
23 © . LL22:2 - . 1.43
. 24 LG? . - - 2.74
28 SL/G/22:1 - .1.50
26 . pEZ0:L . - 1.45 7 .
27 : LP/S/Q/20:1 - 2.33.
28 OPL/G/S/22:1 _ - 0.59
T 29 . POG/L/S/20:1/22:1 - 1.08
30 ‘SP7L/G/20:1722:1 - - - - '0.43
21 PSL o - © 1.20
32 LL24:1 o - 0.87
33 L022:1/20:1/8 - © 0,90
34, $G20:1 - - 0.88 -
- . 8.84

s - PG22:1 .

: In the Tahle G = camma-iinolenic acid, 't = lincleic
acid, 0 = cleic acid, 2 = palmizic acid and S = Stearic
acd. . o

Pactty acids not underlined are the major compoaents,

usually making up 25 to 40% of the peak, underlined fatty

acids being present in the peak in smaller amounts. rFacty

acids making up less than 5% of a peak are noc identified.

. Pairs of peaks (e.g. 11 and lla) eiute ac similar times but
have differsnt composici in the two oils. '
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CLAIMS

1. A natural or synthetic glycaride ail enriched dr". supplemented with di-Iinoleoy'l-mno-gamma-ﬁnolenyl-glycerol
- {DWMG) comprising at least 20% by weight of OLMG, prafarably atleast 25%, most preferably at least {u)%by waight.

2. An ail according to claim 1 which comprises at least 60% by weight of the triglyceride, prefarably at least 90%, and .
most preferably at least 98% by weight. -

3. Anail according ta claims 1 or 2 which is a pharmacautically or nutritionally acceptable ail.

4. Use of an ail accarding to claims 10 3 as, ar as an addition to a food additive, as or as an addition to a nutritional
supplement or as, or as an addition to a special food for infants, older childran or aduits.

S. Apharmacautical composmon comprising an oil accandmg to claims. 1 to 3, together wﬂh a phamaceuucalty accept-
able carrier.

6. A cosmetic or skin cara composition comprising an il accarding to dlaims 1 to 3 for usa in the treatment of normal,
damaged or diseased sidn. '

7. Theuse of an oil according to claims 1 to 3 in a preparation for use in the care o treatment of narmal, damaged or
diseased hair or scaip.

8. Theuse of an oil according to claims 1 to 3 in the preparation of a medicament for the treatment of GLA deficiency.

9. Theusaofanail amrdng toclaims 1to3inthe preparauon of a medicament for the treatment of a disarder chosan
from atopic eczema, breast pain or premenstrual syndrome.
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ABSTRACT

NUTRITIONAL, PHARMACEUTICAL AND COSMETIC COMPOSITIONS
CONTAINING DI-LINOLEOYL-MONO-GAMMA-LINOLENYL-GLYCEROL

A natural or synthetic glycerol oil which comprises at least 20% by weight,
preferably at least 25% of di-linoleoyl-mono-gamma-linolenyl-glycerol (DLMG), is
- used to supplement foods, nutritional compositions and in skin and hair care

compositions.
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