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Thus Kaneko et al Arch. Biochm. Biophys. 304 No. 1,176-180, (1993) report protective
action against the cytoxicity of linoleic acid hydroperoxide in human cell cultures, shown
by 6-0-palmitoyl, 6-0-stearoyl and 2,6-0-dipalmitoyl ester and 2-0-octadecyl ether
derivatives of ascorbic acid. Similarly the preparation of ascorbyl docosahexaenoate has
been described. "

Further, unsaturated fatty acids have been protected from atmospheric oxidation
by ascorbic acid used with phosphorylated mono- "or di-fatty acyl glycerides, the ascorbic
acid optionally being in the form of a palmitate or stearate '(Cloughley, EPA
93304827.4, based on UK 92 13322.2).

Also, th'e idea of co-administering gamma-linolenic acid (GLA) or dihomo-
gamma-linolenic acid (DGLA) with ascorbic acid has been published in a number of
previous applications by the inventors, for example EPA 0 019 423 and EI_'A 0 085 579.



acid optionally being in the formof a palmtate or stearate (C oughley,
EPA 93304827.4, based on UK 92 13322.2). Also, the idea of co-adm nistering
gamma- | inolenic acid (GA) or diliom- gamg-linolenic acid (DGA) with
ascorbic acid has been published in a nunber of previous applications by
the inventors, for exanple EPA O 019 423 and EPA 0 085 579. Generally
however little attention has been paid to ascorbate esters of fatty acids.
-2- .Ascorbi c aci d Geneedliycliowever listlel attemdomnhasbeen paideto-ascirbite esterstafrfatty acids
essential for health. Less remarked is the fact that ascorbic acid is-able
to stinul at e theughdSanebo 3a dP-A062 D&1307 disqloses (GIA estelisrof [ascarbic[agid in dosmetici s a
short lived substance which has an exceptionally w de range of desirable
effects. It ompo8igons.ood vessel s and bronchi and

Ascorbic acid is of course well known as a water-soluble vitamin essential for
health. Less remarked is the fact that ascorbic acid is able to stimulate the conversion of
DGLA to prostaglandin E1 (PGEj). PGE; is a short lived substance which has an
exceptionally wide range of desirable effects. It dilates blood vessels and bronchi and
bronchioles, inhibits platelet aggregation, exerts anti-inflammatory effects, lowers
cholesterol levels, lowers blood pressure, and is believed to have a range of other

desirable actions including anti-cancer and anti-metastatic effects.

In view of the desirable effects of PGE{ optimum conditions should exist for its
- formation in the body. One way of seeking to ensure this is to increase intake of DGLA
or its immediate precursor GLA. Another is to provide appropriate levels of ascorbic

acid to encourage the formation of PGE{.

We now find that it is specifically advantageous to give GLA and DGLA as their
ascorbic-6-acid esters subsequently referred to as Ascorbyl GLA and Ascorbyl DGLA.
These compounds can be Synthesised by the reaction of the acid chloride or anhydride of
the fatty acid in the presence of a mineral acid catalyst i.e. hydrogen chloride, in a
suitable solvent e.g. dimethyl acetamide/dichloromethane at a temperature between
-10°C and 30°C as described herein. They have pharmaceutical uses in many conditions
and the invention extends to their use in such conditions and in the preparation of
medicaments for the purpose. The conditions include:-

(@ asthma and related disorders, where PGE] is an effective and safe

bronchodilator and anti-inflammatory agent and is likely to have a particularly



bronchi ol es, inhibits platel et aggregation, exerts anti-inflamuatory
effects, lowers cholesterol levels, |owers blood pressure, and is believed
to have a range of other desirable actions ifcluding anti-cancer and
anti-nmetastatic effects. In view of the desitable effects of [err] optinum
conditions should exist for its formation in the body. One way of seeking
to ensure this is to increase intake of DGA or its inmedi ate precursor

GLA. . Anot her is to AL [ ' ' e
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as Ascorbyl GLA and AsCorbyl DG.A. These conpounds can be synt hesi sed by
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presence of a mneral acid catalyst i.e. hydrogen chloride, in a suitable
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-10)-30C as described herein. They have pharnaceutical uses_.in many
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t he preparation of .

disorders

(d cancer

Uses also extend to cosmetic or skin care preparations and also to foods of any

type but particularly nutritional supplements.

The particular valve of ascorbyl DGLA is the provision at the same time and in
precisely the same place both the immediate substrate, DGLA, for PGE biosynthesis
and a stimulating agent, ascorbate which will enhance the conversion of the substrate
DGLA to PGEj. As far as we are aware the compound ascorbyl-DGLA has never

previously been described.

The ester may be administered orally, enterally or parenterally in capsules,
tablets, sachets, solutions, emulsions, powders, liposomes or other forms in doses of
0.1mg to 50g per day, -preferably 10mg to 10g and very preferably 100mg to 5g per day.
The ester may also be applied topically in creams, ointments, lotions, emulsions,
pessaries, suppositories, sticks or other appropriate forms in which the compound is
present in a concentration of 0.001% to 50%, preferably 0.1% to 20% and very
preferably 1% to 10% by weight. Similar concentrations may be used to deliver
aerosols, liposomes or othe;r appropriate delivery systems which will ensure delivery of
the drug directly to the airWays. =

A particular appropriate formulation is for the ester to be dissolved or dispersed
in free fatty acids or triglycerides in which one or more of GLA, DGLA and/or the



medi canents for the purpose. The conditions include:- (a) ast hma and
rel ated di sorders (b) cardi ovascul ar disorders associated with

at heroscl erosi s, and/or el evated chol estergl, and/or hypertension, and/or
excessive platelet aggregation (c) rheunatoid arthritis, osteoarthritis,
dermatitis and other inflammatory disorders (d) cancer Uses al so

extend to cosnetic or skin care preparations and also to foods of any type
but. parti cul gAner AtiifinfidRmaton | RIEBPA. is 2R ImBSitAtt TofstitudiR prcteiablyss % drd
orally, enterally or parent e{%m I n capsul es, "tablets, sachg?s, sy(s)slu't I ons,

enul si ons, pawee by Weighth Parficuiarly sukableafiglyeéridbs at€Bnésonfiining 1, 2 or 3 moieties
selected from GLA, DGLA and EPA.

Synthesis Fxample

The Preparation of
s scorbic acid 6-( loca-6,9. 12-tri )
(Ascorbyl GLA; Ascorbyl DGLA may be prepared in the same way)

Hydrpgen chloride gas (2.0g) was bubbled into N,N-dimethyl acetamide (26.5ml)
at 0°C. To the resultant slurry was added a slurry of ascorbic acid (9.69g) in
dichloromethane (13.25ml) aﬁd the mixture was stirred at 0°C until solution occurred.

- To this solution at 0°C under nitrogen, was added z,z,z-octadeca-6,9, 12-trienoyl
chloride (14.8g) over a period of 4 hours and the resulting mixture was allowed to stand
at the above temperature for 18 hours and room temperature for 1 hour. On cooling to
0°C, ethyl acetate (200mi) and water (100mi) was added and the mixture stirred for 1
hour. The organic layer was washed with brine (5 x 100ml), dried (NapS0O4) and
evaporated at 50°C/10mmHg then 50°C/0.1mm/4 hours to give ascorbic acid 6-[(z,2,2)-
octadeca-6,9, 12—trienoéte] (18.25g, 88%) as a pale yellow wax.

Use Examples

1. Tablets containing 50, 100, 250, 500 or 750mg of Ascorbyl GLA or Ascorbyl

DGLA either as such or with an appropriate excipient.

2. Soft gelatin or hard gelatin capsules containing 50, 100, 250 or 500mg Ascorbyl
GLA or Ascorbyl DGLA dissolved in free fatty acids enriched in GLA, DGLA or
'EPA



per day, preferably 10ng to | Qg and very preferably 100ng to 5g per day.
The esters nay also be applied topically in creans, ointnents, |otions,
enmul’si ons, pessaries, suppositories, sticks_ or other appropriate forms in
whi ch the conpound is present in a concentration of 0.001 %to 50%
preferably 0.1 %to 20% and very preferably 1%to 10% by wei ght. A
particul ar appropriate fornmulation is for the esters to be dissol ved or

di spersed in free ' ' I 0 Whi GLA,
DGLA andi or 't he. 1 o SHelBkides Tl Fhigicl 4 61 S By dipiie e Y86-8 A G, ¢
constituent prefergBiu o R’ nMore by weight. Particularly suitable
triglycerides are ones containing 1, 2 or 3 noieties selected from GA,
DGLA and EPA. Synthesis Exanpl e The Preparation of Ascorbic acid
6-(z.z.z-octadeca-6.9 . 12-.trienoate) (Ascorbyl GLA)

3. Emulsion, powders, liquids, slurries, or solutions for oral, enteral or parenteral

administration of Ascorbyl GLA or Ascorbyl DGLA in a concentration as
referred to herein. |

4. Ointments, creams, lotions, shampoos, or other appropriate formulations for the
topical application of Ascorbyl GLA or Ascorbyl DGLA in a concentration as
referred to herein.

S. Liposomes made using either phospholipids or glycolipids, for the oral, topical,
parenteral or direct airway delivery of Ascorbyl-DGLA.

6. Sprays, suspensions, inhalers or other reSpiratory delivery systems containing
Ascorbyl-DGLA.



Hydrogen chl oride gas (2.0g9) was bubbled into NN-di nethyl acetam de
(26.5nm) at [err]C. To the resul t ant slurry was added a slurry of asc
acid (9.6909) |nTh1s31d>bt(I-kadSeﬁIRe;ﬂMe (13. 25m6{] and the mi § §,$,§5IEBE@H at
[err]Cuntll soI To this solfution at [enr

was added [err]- glﬂ”ﬂﬂ mlnﬁ -trienoyl chloride (14%

4 hours and the r I'ng mxture was allowed to stand at the above
tenperature for 18 hours and roomtenperature for 1 hour. On cooling to 0OC,
ethyl acetate (200m ) and water (.100nm) was added and the m xture stirred
for 1 hour. The organic |ayer was washed with brine (5 x-100m ), dried
[err] and -- evaporated at 50[err]C/I1 OmHg then 50[err]C/0.nm 4 hours to
gi ve ascorbi CIXIMS6-[(z,z,z)- octadeca-6,9,12-trienoate] (18.25g, 88% as
a pale yell ow wax. Use Exanpl es

1. Use of Ascorbyl-GLA or Ascorbyl-DGLA in treatment of, or in preparation of a

medicament for treatment of:

(a) asthma and related disorders;

(b) cardiovascular disorders associated with atherosclerosis, and/or elevated
cholesterol, and/or hypertension, and/or excessive platelet aggregation;

(¢c)  rheumatoid arthritis, osteoarthritis, dermatitis or other inflammatory
disorders;

(d) cancer.

2. Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in claim 1, formulated for
administration of 0.1mg to 50g, preferably 10mg to 10g and very preferably 100mg to
5g of the ester daily.

3. Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in claim 1, formulated in a
concentration of 0.001% to 50%, preferably 0.1 to 20% and very preferably 1% to 10%

by weight of a composition.

4, Use of Ascorbyl-GLA or Ascorbyl-DGLA, as claimed in claim 1, 2 or 3 in
relation to asthma and_reléted disorders, formulated in a suspension, spray, aerosol,
liposomal or other form for the delivery of the compound to the respiratory passages.
5. Use of Ascorbyl-GLA or AScorbyl-DGLA as claimed in claim 1, 2 or 3,
formulated by mixing it with an oil which contains by weight 5% or more of GLA,
DGLA or EPA in the free fatty acid or triglyceride form.
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1. Tabl ets containing 50, 100, 250, 500 or 750ngy of Ascorbyl G.A or
Ascor byl DGLA either as such or with an appropriate excipient. 2. Sof t
gelatin or hard gelatin capsul es cont ai ni 50, 100, ZJOYKQgI%Z}L.@gg_;; E)gg@ I
GLA or DGLA dissolved in free fatty acids ‘enriched in GLA LAY 4 of
in triglycerides in which 1, 2 or 3 of the nvieties ard-selec N,
DA.A or EPA. 3. Emul si on, powders, liquids, slurries, or solutions for
oral, enteral or parenteral adm nistration of Ascorbyl G.A or DEA. -- 4.

QG ntnments, creans, |otions, shanpoos, or other appropriate fornulations for
}Ag‘goﬁ 85: ng_éippl A5B6rbYRDOLASE Qichand GefenGfor ¥d-#) therapy or in a 08siRetie)dr sldn® OF

care preparation or in a food of any type including a nutritional supplement.

7. Ascorbyl-GLA when for use in therapy or in a food of any type including a

nutritional supplement.

8. Ascorbyl-GLA or Ascorbyl-DGLA formulated in a suspension, spray, aerosol,
liposomal or other form for delivery of the compound to the respiratory passages.
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2. - Ascorbyl GLA or Ascorbyl DGA when for use in therapy. 3. Ascor byl
GLA or Ascorbyl DGLA when for use in a cosnetic or skin care preparation.
4, Ascor byl GLA and Ascorbyl DG.A when for use in a food of any type
including a nutritional supplenent. 5. l§se of Ascorbyl GLA or Ascor byl
DGLA in treatnent of or in preparation of a nedicanment for treatnent of:
(a) asthma and rel ated di sorders; (b) cardi ovascul ar di sorders

associ ated with atherosclerosis, and/or elevated chol esterol, and/or
hypertensi on, and/or excessive platel et aggregation; (c) rheumatoid -
arthritis, osteoarthritis, dermatitis or other inflammtory disorders; (d)
cancer. 6. Ascor byl G.A or Ascorbyl DG.A as clainmed, or used as clained,
above ABSTRA

Ascorbyl-GLA or Ascorbyl-DGLA in medicaments for treatment of asthma and

other disorders.



f or' mul af ed for admnistration of 0.1ng to SOy, preferably 10ng- i

very preferably 100ng to 5g of the ester daily. REPLACEMENT SHeET JUl 199
Use of Ascorbyl-G.A or Ascorbyl-DAA in preparation of a gedi cament for
treatment of: (a) asthma and rel ated disofders; (b) R rlich oves an
di sorders associ ated with atheroscl erosi €LAIMSOr el evated chol esterol,
and/ or hypertension, and/or excessive platelet aggregation; (c) '
rheumatoid arthritis, osteoarthritis, dermatitis or other inflamuatory
di sorders; (d) cancer.
1 Use of Ascorbyl-GLA or Ascorbyl-DGLA in preparation of a medicament for
~ treatment of:

@) asthma and related disorders;

(®) * cardiovascular dis_orders associated with atherosclerosis, and/or elevated

cholesterol, and/or hypertension, and/or excessive platelet aggregation;

© rheumatoid arthritis, osteoarthritis, dermatitis or other inflammatory

disorders;

(d cancer.

2. Useof Ascorbyl-GLA or Ascorbyl-DGLA as claimed in claim 1, formulated for
administration of 0.1mg to 50g of the ester daily.

3. Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in claim 1, formulated for
administration of 10mg to 10g of the ester daily.

4, Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in claim 1, formulated for
administration of 100mg to 5g of the ester daily. |

5. Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in claim 1, formulated in a

concentration of 0.001% to 50% by weight of a composition.

6.  Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in claim 1, formulated in a

concentration of 0.1% to 20% by weight of a composition.

7. Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in claim 1, formulated in a
concentration of 1% to 10% by weight of a composition.

This is the replacement sheet
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2. Use" of Ascor byl +EA—0¢--ASCOL h\/l DA A as clained in claim1;

fornul ated for adnini s {THAS iSHEE HTHAS, BERN { 0 50g of the ester daily. 3. Jlﬁe?
of Ascorbyl-G.A or As orbyIRMAﬁEBS clalmed in claim1, fornul ated for2 956
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9. Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in claim 1, 2 or 3,
formulated by mixing it with an cil which contains by weight 5% or more of GLA,
DGLA or EPA in the free fatty acid or triglyceride form.

10.  Ascorbyl-DGLA as such and when for use in therapy or in a cosmetic or skin

care preparation or in a food of any type including a nutritional supplement.

11.  Ascorbyl-GLA when for use in therapy or in a food of any type ihcludin_g a

nutritional supplement.

12. Asédrbyl-GLA or Ascorbyl-DGLA formulated in a shspension, spray, aerosol,

liposomal or other form.for delivery of the compound to the respix_'atory' passages.

13. A pharmaceutical, nutritional, cosmetic or skin-care composition comprising

ascorbyl-DGLA in association with a suitable diluent or carrier.

14. A pharmaceutical or nutritional composition comprising ascorbyl-GLA in

association with a suitable diluent or carrier.
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active principle formulated in a preparation suitable for oral delivery or

in a suspensi grassagesay, aerosol, |iposomal or other formfor delivery of
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9. Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in any one of claims
1 to 7, formulated by mixing it with an oil which contains by weight 5% or more of
GLA, DGLA or EPA in the free fatty acid or triglyceride form.

10. Ascorbyl-DGLA as such and when for use in therapy or in a cosmetic or

skin care preparation or in a food of any type including a nutritional supplement.

11. A medicament for treatment of asthma and related disorders containing
ascorbyl-GLA or ascorbyl-DGLA as active principle formulated in a preparation
suitable for oral delivery or in a suspension, spray, aerosol, liposomal or other form

for delivery of the compound to the respiratory passages.

12. A pharmaceutical, nutritional, cosmetic or skin-care composition
comprising ascorbyl-DGLA as active principle in association with a suitable diluent

Or carrier.

13. A pharmaceutical or nutritional composition comprising ascorbyl-GLA as

active principle in association with a suitable diluent or carrier.
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respiratory passages. 12. A pharmaceutical, nutritional, cosnetic or
skin-care conposition conprising ascorbyl- DGA as active principle in
association with a sui'table diluent or carrier.

-7-

8. Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in any one of claims 1 to 7 in
relation to asthma and related disorders, formulated in a suspension, spray, aerosol, liposomal

or other form for the delivery of the compound to the respiratory passages.

o/
9. Use of Ascorbyl-GLA or Ascorbyl-DGLA as claimed in any one of claims 1 to 7,
formulated by mixing it with an oil which contains by weight 5% or more of GLA, DGLA or
EPA in the free fatty acid or triglyceride form.
10.  Ascorbyl-DGLA as such and when for use in therapy or in a cosmetic or skin care
preparation or in food of any type including a nutritional supplement.
. 11. . A medicament for treatment of asthma and related disorders containing Ascorbyl-

DGILA as active pr_inciplé formulated in a preparation suitable for oral delivery orin a
suspension, spray, aerosol, liposomal or other form for delivery of the compound to the

respiratory passages.

12. A pharmaceutical, nutiﬁona_l, cosmetic or skin-care composition comprising ascorbyl-

DGLA as active principle in association with a suitable diluent or carrier.
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