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PROCESS FOR OBTAINING AN OIL THAT IS ENRICHED
IN HYDROXYOCTADECADIENOIC (HODE) FATTY ACIDS OR
ESTERS THEREOF, FROM AN OILY MIXTURE CONTAINING

LINOLEIC ACID OR ESTERS THEREOF

The present invention relates to a process for
preparing hydroxyoctadecadienoic acids, more
particularly 9-hydroxy-10,12-octadecadienoic acid and
13-hydroxy-9,1ll-octadecadienoic acid, and a mixture
thereof, as well as the isomers thereof such as 9(R/S)-
hydroxy-10E, 12Z-octadecadienoic acid, optionally in the
form of the esters thereof, more particularly in the
form of the ethyl ester thereof.

In the description which follows,
hydroxyoctadecadienoic acid is referred to as HODE.

The invention relates to a ©process for
preparing HODE by controlled oxidation of linoleic acid
and/or of linolenic acid, followed by reduction.

The invention also relates to a process for
preparing HODE from triglycerides that are rich in
linoleic acid and/or 1linolenic acid or from 1linoleic
acid and/or lenolenic acid in the form of free fatty
acid or in the form of an ester or salt, for example in
the form of the ethyl ester.

The invention also relates to a drug, in
particular for treating obesity, containing HODE as
active ©principle and pharmacologically acceptable
supports.

The invention also relates to a dietary
supplement containing HODE, in particular for treating
obesity.

The invention furthermore relates to a cosmetic
product containing HODE and cosmetically acceptable
supports, more particularly for the localized treatment
of excess weight and its consequences on the appearance
of the skin, such as “orange-peel” skin, nodes of fat
and steatomery.

It is generally accepted that the increase in
the ©prevalence of excess weight and obesity in
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developed countries is due to an unsuitable diet, both
as regards the excessive overall calorific intake and
as regards an excessive fat content in this calorific
intake. This very high fat content in the diet
(estimated on average at close to 50% of the energy
intake) may be reduced in the case of low-calorie diets
in which the fats are greatly reduced.

However, the fats cannot be reduced to less
than 30%'of the energy intake since, not only do they
play an important role in the texture and taste
perception of foods, but also a minimum amount is
necessary in the diet, in particular for the
biosynthesis of essential fatty acids and hormones, and
for the renewal of membrane phospholipids.

An essential axis of the research concerning
the treatment of obesity has for several decades thus
been the selection of “good fats”, i.e. fats which are
not stored in the body, but used as a source of energy.
In this context, it has been established that the
nature of the fatty acids of which fats are composed
plays a fundamental role in their metabolism. By way of
example, short-chain - fatty acids are more heat-
generating than long-chain fatty acids.

It has been possible to observe that the chain

‘length of fatty acids has a direct influence on the

energy expenditure and thus on their storage in the
body.

One of the objects of the invention is to find
a molecule for regulating the 1lipolytic activity of
adipocytes, i.e. a molecule capable of hydrolyzing the
triglycerides stored in adipocytes into free fatty
acids and glycerols.

It is known that adrenaline and caffeine are
two molecules that are known for their lipolytic
effects. These are, in particular, molecules which
increase the levels of cyclic adenosine monophosphate
(cAMP), which:is_the first step in the activation of
lipolysis.
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One of the aims of the invention is thus, inter
alia, to find a molecule which activates lipolysis to a
greater extent than caffeine or adrenaline, by wvirtue
of stimulating the production of cAMP by adipocytes.

Another aim of the invention is to provide a
lipolytic molecule synthesized, simply and efficiently,
from products commonly found in nature.

The inventors have discovered, surprisingly,
that hydroxyoctadecadienoic (HODE) fatty acid
derivatives have advantageous heat-generating
properties without resulting in toxicity, and in
particular 9-hydroxyoctadecadienoic acid in free acid
form or in the form of esters or salts.

The invention thus relates to a process for
obtaining an oil that is enriched in
hydroxyoctadecadienoic (HODE) fatty acid and in
particular in 9-hydroxyoctadecadienoic acid (9-HODE),
or esters or salts thereof, from an oily mixture
containing 1linoleic acid and/or 1linolenic acid, or
esters or salts thereof, characterized in that a
controlled oxidation of 1linoleic acid and/or of
linolenic acid, or of esters thereof, is carried out in
the presence of an oxidation catalyst, the oxidation
being stopped when the total content of HODE, or of
esters thereof, is greater than at least 5% and/or the
content of 9-hydroxy-10, 12-octadecadienoic acid
(9-HODE) isomer, or of esters thereof, is greater than
at least 1.5%, and in that the hydroperoxides formed
during the oxidation reaction are reduced with a
reducing agent. '

The starting | oily mixture is a plant oil
containing more than 40% by weight of 1linoleic acid
and/or of linolenic acid in the form of triglycerides,
such as corn oil, borage oil, safflower oil, soybean
0il, evening primrose oil, sunflower oil, blackcurrant
pip o0il, wheatgerm oil, hemp o0il, marrow seed o0il or
flax oil. _ )

The starting oily mixture is an oily mixture
containing more than 40% by weight of linoleic acid
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and/or of linolenic acid, and preferably containing 75%
ethyl linoleate.

The final content of total HODE or of 9-HODE in
the enriched oil is at least 5%, or 1.5% respectively,
by weight.

Preferably, the final content of total HODE or
of 9-HODE in the enriched o0il is respectively between
10% and 12% by weight and between 2.2% and 2.5% by
weight. _

The oxidation catalyst is an iron or copper
halide, preferably FeCl;.

The reducing agent is preferably NaBH;.

The invention also relates to the oil enriched
in hydroxyoctadecadienoic (HODE) fatty acid or esters
or salts thereof, obtained as described above.

Furthermore, the invention relates to a drug
for treating obesity, containing, as active principle,
9-hydroxyoctadecadienoic (9-HODE) fatty acid or
pharmacologically acceptable esters or salts thereof,
preferably in the form of enriched oil obtained as
described above.

The invention also relates to a dietary
supplement for treating obesity, containing, as active
principle, 9-hydroxyoctadecadienoic (9-HODE) fatty acid
or pharmacologically acceptable esters or salts
thereof, preferably in the form of enriched oil
obtained as described above.

The invention furthermore relates to a cosmetic
product for treating obesity, containing, as active
principle, 9-hydroxyoctadecadienoic (9-HODE) fatty acid
or cosmetologically acceptable esters or salts thereof,
preferably in the form of enriched oil obtained as
described above.

According to the invention, hydroxyocta-
decadienoic acid (HODE) is obtained by controlled
oxidation of 1linoleic acid and/or of linolenic acid.
These fatty acids are present in many plant oils.

For example, the following plant oils contain .
more than 40% linoleic acid in the form of
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triglycerides: borage oil, safflower oil, soybean oil,
evening primrose o0il, sunflower oil, blackcurrant pip
0il, wheatgerm oil, hemp o0il, marrow seed oil, flax
oil.

According to a first embodiment of the
invention, the HODE can be obtained from triglycerides
that are rich in linoleic and/or linolenic acid. This
process 1is advantageous since it allows the use of a
natural plant oil which is thus entirely suitable for
oral use, but has the drawback of considerably limiting
the final content of 9-HODE isomer. Specifically, the
fact that the linoleic and/or linolenic acid is in the
form of glycerides limits the oxidation effect, which
is the first step in the preparation of 9-HODE, but
above all the linoleic acid content of about 40 to 50%
among the mixture of fatty acids in the natural oil
limits the final content of 9-HODE.

The structure o¢f the starting material is a
linoleic acid triglyceride or a linoleic acid ester of
general formula (I) below:

13 9 COOX
Y S N e\ P g
12 i0 ()

in which X is a triglyceryl residue or an Et (ethyl)
residue or any other C;-Cgs lower alkyl residue.

Such a compound has a double bond in position
9,10 and a double bond in position 12,13. Controlled
oxidation produces, according to the invention, the
compounds of general formulae (II) and (III) below:

™. \ Coox

12 10 (m)

which is the glyceryl 'or alkyl ester of 9-hydroxy-
10,12-octadecadienoic acid,
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OH
13 9

AN COooX

12 10 (1)

which is the glyceryl or alkyl ester of 13-hydroxy-

- 9,11-octadecadienoic acid.

Controlled oxidation of (I) thus gives a
mixture of isomers (II) and (III).

Linolenic acid exists in two forms: o-linolenic
acid (or (Z,Z,Z)-9,12,15-octadecatrienoic acid) and ¥y-
linolenic acid (or (2,2,2)-6,9,12-octadecatrienoic
acid).

The oxidation reaction is carried out in the
presence of an oxygenation catalyst such as an iron or
copper halide, preferably FeCls. The reaction has a
duration ranging from 12 to 78 hours and a temperature
of between -20°C and 40°C, at atmospheric pressure
and/or under reduced pressure. The degree of oxidation
is monitored by different criteria:

— assay of the hydroxides formed by gas

chromatography;

— change in the ultraviolet absorbance at

235 = 5 nm;

— variation of the refractive index.

When the weight percentage of compound (II)
(9-HODE) or the weight percentage of the mixture of
compounds (II) and (III) reaches from 1 to 20%, the
mixture is reduced, i.e. the hydroperoxides formed
during the oxidation are reduced. An ethanolic solution
of NaBH; or an ethanolic solution of any other reducing
agent 1is wused, which is added portionwise to the
reaction mixture. The temperature of the mixture is
maintained between 4 and 25°C. The reduction is stopped
when the temperature becomes constant. The reaction
medium is neutralized to pH 6-7 by adding an acid
solution, preferably a solution of a pharmacologically
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and/or cosmetologically acceptable acid, for example
citric acid. '

Compounds (II) and (III) are extracted with
hexane or any other organic solvent capable of
dissolving them. The organic phase is washed with water
until neutral.

The organic phase is then dried over anhydrous
sodium sulphate or anhydrous magnesium sulphate.

The filtrate is then evaporated under vacuum.

The product obtained is a pale yellow oily
liquid having a slightly aromatic odor, It has a total
content of compounds (II) and (III) (determined by gas
chromatography) of greater than 5% by weight and a
content of compound (IT) [9(R/S)-hydroxy-10E, 12Z-
octadecadienoic acid or 9(R/S)-hydroxy-10E, 127~
octadecadienoic acid ester] of greater than 1.5% by
weight.

According to a second embodiment of the
invention, which is preferred, the starting material is
an oily mixture containing 75% by weight of ethyl -
linoleate.

The principle is the same as that described for
the first embodiment of the invention. A selective
oxidation of ethyl linoleate is carried out, followed
by a reduction of the hydroperoxides formed and a
purification by successive washes. A pale yvellow oil of
specific odor is obtained, containing about 2.5% by
weight of 9-hydroxy-10E,12Z-octadecadienoic acid (in
ethyl ester form) and 12% of a mixture of compounds
(IT) and (III) (in the form of ethyl esters). The
hydroxyl function may be in position 9 or 13 and the
double bonds in conjugated form at 10,12 (trans,trans
and cis,trans) and in position 9,11 (trans,trans and
cis, trans).
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Example for the preparation of an oil enriched
in HODE starting with a mixture containing 75% ethyl

linoleate

1. Oxidation _

500 g of 75% ethyl 1linoleate are introduced
into a thermostatically controlled reactor. 0.500 g of
anhydrous FeCl; (oxidation catalyst) is added and the
mixture is brought to a temperature in the region of
25-27°C and maintained under uniform stirring.

Oxygen (technical grade) is bubbled into the
reaction medium using a stainless-steel or bronze
filter with a porosity of 2 to 4 um (such as an HPLC
filter or a particle filter for gases). This fine
bubbling is maintained at a flow rate of 1 litre/min
for 48 to 72 hours.

The degree of oxidation is monitored either:

— by measuring the refractive index at 20°C on

the crude product in the reaction medium;

— by measuring the UV absorbance at 234 nm

(detection of the conjugated dienes); or

- by assay by gas chromatography after

reduction of the sample taken in the reactor.

The oxidation is stopped when the 9-HODE and/or
total HODE content are, respectively, from 2.2% to 2.5%
and from 10% to 12%.

2. Reduction

0.16 g of antioxidant such as Coviox T70 is
added to the hydroperoxide-containing mixture. Aan
ethanolic solution of NaBH; at a concentration of 2%
(weight/volume) is prepared and is cooled to about 4°C.
This reductive solution is added slowly and in several
portions to the hydroperoxide-containing mixture, while
maintaining the reaction medium at a temperature below
25°C (about 20°C).

' The reduction phase 1is stopped when the
temperature is constant when stirring is maintained at
room temperature (about 1 hour).

The reduction reaction releases hydrogen.
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3. Neutralization to pH 6-7

100 m1 of a 25% solution of citric acid in
ethanol are added slowly to the reaction mixture with
stirring. A release of hydrogen and occasionally a
precipitétion of sodium citrate may occur.

4. Extraction, separation by settling, washing
and drying

500 ml of n-hexane and then 500 ml of water are
added to the reaction medium, with rapid stirring, and
the mixture is allowed to separate by settling. After
separation of the two phases, the organic phase is
recovered.

This organic phase is washed until the washing
waters are néutral, and is then dried by filtration
over about 140 g of anhydrous sodium sulphate.

5. Evaporation

0.16 g of antioxidant (Coviox T70) is added to
the organic phase and the n-hexane is evaporated off
under vacuum at a temperature in the region of 50°C to
60°C.

6. Packaging and storage

The o0il obtained is stored in a brown glass
container or in a drum under nitrogen and at a
temperature below 10°C.

Pharmacological properties

The aim of the invention is to find a molecule
that is active on lipolysis, i.e. that is capable of
promoting the hydrolysis of triglycerides stored in
adipocytes, the free fatty acids thus released then
being metabolized. '

Pharmacological study on human adipocytes

The aim of this study is to study the effect of
9-HODE on the production of cAMP (cyclic adenosine
monophosphate) which is a lipolysis activator, in human
adipocytes. The effect of 9-HODE is studied relative to
that of adrenaline and caffeine which are two molecules
that are known_for their lipolysis-stimulating effects.

It was found that a 9-HODE concentration of
10* M leads to an increase in cAMP which is equivalent
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to that of caffeine 10° M and greater than that
obtained, irrespective of the concentration, by
adrenaline.

At a 9-HODE concentration of 1072 M, the
concentration of cAMP is 10 times greater than that
obtained with caffeine (7.940 femtomol of cAMP/million
adipocytes against 799).

These results make it possible to conclude that
9-HODE is, in wvitro, a powerful lipolysis activator by
means of stimulating the greater production of cAMP by
adipocytes than that of the caffeine and adrenaline

molecules.
Studies on rats

The study is carried out on twelve rats which
are first subjected to a restricted food intake
(simulation. of a diet) for two weeks, and then receive
a normal food intake (regain of weight) optionally
combined with the administration of a sunflower oil
treated according to the process of the present
invention and containing 2% by weight of 9-HODE. A
control group is used which receives sunflower oil
lacking 9-HODE. After treatment for eleven days, the
fat mass in the two groups is measured.

The results obtained show, in the group
receiving the sunflower o0il containing 2% by weight of
9-HODE, that the fat mass is significantly (p < 0.001)
25% less than that measured in the placebo group
(21.8 g compared with 29.5 g in the control group).

The oral administration of sunflower oil
containing 2% by weight of 9-HODE thus makes it
possible to statistically significantly reduce the fat
mass in rats treated with this plant oil.

Study of skin penetration

A study of skin penetration is carried out in
vitro on human skin with Franz cells. These cells
comprise a surface area of human skin of 1.76 cm? on
which is placed 800 pg of 9-HODE. After 6 hours of
contact, an assay of the 9-HODE is carried out by gas
chromatography at the surface of the human skin sample,
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in the epidermis, in the dermis and in the receiving

phase.
The distribution of the 9-HODE is as follows:
- surface of the skin: 33%
- epidermis: 11%
- dermis: _ 32%
- receiving phase: 24%

9-HODE thus has high skin-penetrating power,
thus allowing it to act directly on adipocytes.

Clinical studies of 9-HODE

Clinical study evaluating the efficacy of a

cosmetic gel containing 0.5% 9-HODE

A clinical study is carried out on twenty women
exhibiting an excess of adipose tissue on the thighs
(“*steatomery”). The volunteers applied a gel containing
0.5% 9-HODE onto each thigh, twice a day for one month.
The efficacy criterion is the measurement of the
circumference of the thigh at two levels.

The results obtained demonstrate the efficacy
of the product since a 6 mm reduction in circumference
at the upper level of the thigh and a 5.4 mm reduction
in circumference at the lower level of the thigh are
observed, these two reductions being statistically very
significant.

Clinical study evaluating the efficacy of a

cosmetic gel containing 1.5% 9-HODE

Another study was carried out on 21 women
exhibiting excess fat on the thighs. The product
studied was a cosmetic solution containing 1.5% HODE
and made it ©possible to show a statistically
significant reduction in the perimeter of the thighs of
7 mm by the 12th day of application and of 10 mm after
24 days of application. Moreover, 80% of the women
observed a marked improvement in the firmness of the
skin and a reduction in the “orange-peel” skin
appearance and in the nodes of fat.
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Clinical study evaluating the increase in heat

"generation after single oral intake of 9-HODE

A study is carried out on ten healthy
volunteers who ingested the following products at
random:

- sunflower oil: 20 g

- sunflower oil: 20 g containing 2% 9-HODE.

Each individual receives, at an interval of one
week, each of the products in a random order (cross-
over protocol). The volunteers spend two hours in a
calorimetric chamber (basal energy expenditure) and
then absorb one of the two products in the course of a
standardized 800 kcal meal and remain in the
calorimetric chamber for 6 hours (energy expenditure
after treatment).

The average energy expenditure (kjoule/minute)

with the two products is:

Basal energy Energy expenditure
expenditure after treatment
Sunflower oil 5.76 6.35
Sunflower oil
+2% 9-HODE 5.68 6.82

The difference in energy expenditure after
treatment is statistically significant (p < 0.01). This
increase in heat generation of close to 8% is
particularly advantageous for the treatment of obesity.

The invention thus makes it possible to treat
obesity wvia the oral route and localized weight excess
via the topical route. Via the oral route, 9-HODE can
be administered in acid form or in the form of
triglyceride. Via the topical route, 9-HODE is
preferably administered in free acid form.

' 9-HODE can be administered as a dietary
supplement in the form of gel capsules, tablets, a
drinkable solution, .lozenges, chewing gum, etc. and/or
in foods. 9-HODE can be used pure or diluted in creams,
gels, sticks, ointments, etc.
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When applied to areas of excess weight, it
makes it pbssible to have a direct action on
adipocytes. 9-HODE can be administered as a drug
systemically or topically for the treatment of obesity.
The administration doses are, for example, from 50 to

5000 mg/day via the oral route and from 0.1 to 100% via
the local route.
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CLAIMS

1. Process for obtaining an o0il that is enriched
in hydroxyoctadecadienoic (HODE) fatty acid or esters
thereof from an oily mixture containing linoleic acid
or esters thereof, characterized in that a controlled
oxidation of linoleic acid and/or of linolenic acid, or
of esters thereof, is carried out in the presence of an
oxidation catalyst, the oxidation being stopped when
the total content of HODE, or of esters thereof, is
greater than 5% and/or the content of 9-hydroxy-10,12-
octadecadienoic acid (9-HODE) isomer, or of esters
thereocf, is greater than 1.5%, and in that the
hydroperoxides formed during the oxidation reaction are
reduced with a reducing agent.

2. Process according to Claim 1, characterized in
that the starting oily mixture is a plant oil
containing more than 40% by weight of 1linoleic acid
and/or of linolenic acid in the form of triglycerides,
such as corn oil, borage oil, safflower oil, soybean
0il, evening primrose o0il, sunflower oil, blackcurrant
pip o0il, wheatgerm oil, hemp o0il, marrow seed oil or
flax oil.

3. Process according to Claim 1, characterized in
that the starting oily mixture is an oily mixture
containing more than 40% by weight of linoleic acid
and/or of 1linolenic acid, in the form of the ethyl
ester and preferably containing 75% ethyl linoleate.

4. Process according to any one of the preceding
claims, characterized in that the final content of
total HODE or of 9-HODE in the enriched oil is at least
5%, or 1.5% respectively, by weight.

5. Process according to any one of the preceding
claims, characterized in that the final content of
total HODE or of 9-HODE in the enriched o0il. is
respectively between 10% and 12% by weight and between

2.2% and 2.5% by weight.
-_

N O A
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6. Process according to any one of the preceding
claims, characterized in that the ox1datlon catalyst is
an iron or copper halide, preferably FeC13

7. Process according to any one of the preceding
claims, characterized in that the reducing agent is
preferably NaBH,.

8. 0il enriched in 9-hydroxyoctadecadienoic
(9-HODE) fatty acid or esters or sali:s thereof,
obtained by the process according to any one of Claims
1 to 7. |

9. Drug, in particular for treating obesity,
containing, as actlive principle, 9-hydroxyocta-
dé_cadienoic (9-HODE) fatty acid or pharmacologically
acceptable esters or salts thereof, preferably in the
form of enriched oil according to Claim 8.

10. Dietary supplement, in particular for treating
obesity, containing,” as active principle, 9-hydroxy-
octadecadienoic (S-HODE) fatty ~ acid or
pharmacologically acceptable esters or salts thereof,

. preferably in the form of enriched oil according to

Claim 8.

11. Cosmetic product, in particular for the
localized treatment of excess weight and of its
consequences on the appearance of the skin, such as
“orange-peel” skin, nodes of fat or steatomery,
containing, as active principle, 9-hydroxyocta-
decadienoic (9-HODE) fatty acid or cosmetologically
acceptable esters or salts thereof, preferably in the
form of enriched o0il according to Claim 8.
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