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(57) Des émulsions du type huile dans [’eau a phases de
cristaux hiquides lamellaires renferment un composant
huileux ou gras cosmetique, un emulsifiant hydrophile et
un co-¢mulsifiant lipophile qui est un lhipide de la

formule Rl-O-Rz, dans laquelle R1 désigne un groupe
alkyle, alcenyle ou acyle primaire lin€aire de 20 a 30

atomes de carbone, et R2 désigne ’hydrogene ou un
oroupe  hydroxyalkyle, hydroxyalkoxyalkyle ou
polyhydroxyalkyle. De préférence, on utilise 1’alcool
behénylique comme co-¢mulsifiant lipophile. Les
¢mulsions augmentent la lamellante et le degreé de
succession des structures lipidiques €pidermiques de la
peau.
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(57) O1l-mm-water emulsions with lamellar, liqud crystal
phases contain a cosmetic o1l or fat component, a
hydrophile emulsifier and a lipophile co-emulsifier

which is a lipid of the formula R'-O-R%, in which R’
stands for a primary, linear alkyl group, alkenyl group or

acyl group with 20 to 30 C-atoms and R2 stands for
hydrogen or a  hydroxyalkyl oroup, a
hydroxyalkoxyalkyl group or a polyhydroxyalkyl group.
Behenyl alcohol 1s preferably used as a lipophile
co-emulsifier. The emulsions enhance the lamellarity
and the degree of order of the epidermal lipid structures
of the skin.
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(57) Abstract

Oil-in-water emulsions with lamellar, liquid crystal phases contain a cosmetic oil or fat component, a hydrophile emulsifier and a
lipophile co-emulsifier which is a lipid of the formula R l-O-R2, in which R! stands for a primary, linear alkyl group, alkenyl group or
acyl group with 20 to 30 C-atoms and R2 stands for hydrogen or a hydroxyalkyl group, a hydroxyalkoxyalkyl group or a polyhydroxyalkyl
group. Behenyl alcohol is preferably used as a lipophile co-emulsifier. The emulsions enhance the lamellarity and the degree of order of
the epidermal lipid structures of the skin.

(57) Zusammenfassung

Ol-in-Wasser-Emulsionen mit lamellaren, flitssigkristallen Phasen enthalten eine kosmetische Ol- oder Fettkomponente, einen
hydrophilen Emulgator und einen lipophilen Coemulgator, der ein Lipid der Formel R!-O-R2 ist, in der R! ejne primére, lineare Alkyl-,
Alkenyl- oder Acylgruppe mit 20 bis 30 C—Atomen und R2 Wasserstoff oder eine Hydroxyalkyl-, eine Hydroxyalkoxyalkylgruppe oder eine

Polyhydroxyalkylgruppe ist. Bevorzugt ist als lipophiler Coemulgator Behenylalkohol enthalten. Die Emulsionen erhéhen die Lamellaritit
und den Ordnungsgrad der epidermalen Lipidstrukturen der Haut,
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Oil-in-water Emulsions for Reconstituting Lamellarity of the Lipid

Structure of Damaged Skin

This invention relates to so-called lamellar emulsions of which the
emulsion droplets are surrounded by a liquid-crystalline lamellar phase of
lipid molecules and water and are thus particularly stabilized and which are
particularly suitable for restoring the disturbed degree of order of damaged
skin.

It is known from the specialist literature that lamellar emulsions are
capable of favorably influencing the water metabolism of the skin and of
storing large amounts of moisture in the skin. According to G. Dahms,
Cosmetics & Toiletries, Vol. 101, November 1986, pages 113-115,
lamellar emulsions can be produced by using an oil with an emulsifier of
similar structure. EP-A-0 641 557 recommends the use of a lipophilic
surfactant, a hydrophilic surfactant and a free fatty acid as emulsifier
components. According to WO 94/17830, sorbitan and sucrose fatty acid
esters are used as emulsifiers while, according to WO 95/28913 A1, urea
is additionally used for the production of lamellar emulsions.

It has now been found that it is not so much the nature of the oil or
emulsifier as the choice of a suitable co-emulsifier which is crucial to the
production of oil-in-water emuisions containing anisotropic lamellar phases.

Accordingly, the present invention relates to an oil-in-water emulsion
with lamellar liquid crystalline phases containing a cosmetic oil or fatty
component, a hydrophilic emulsifier and a lipophilic co-emulisifier,
characterized in that the lipophilic co-emulsifier used is a lipid
corresponding to the general formula R'-O-R?, where R' is a primary linear
alkyl, alkenyl or acyl group cbntaining 20 to 30 carbon atoms and R? is
hydrogen, a group with the formula -(C,H2,0)x-H, where x =1 or2and n =
2-4, or a polyhydroxyalkyl group containing 4 to 6 carbon atoms and 2 to 5
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hydroxyl groups.

The oil-in-water emulsions according to the invention may contain
either a cosmetic oil or fatty component or a water-in-oil emulsion as the
inner phase. In the latter case, the lamellar emulsions according to the
invention are water-in-oil-in-water emulsions.

The lipophilic co-emulsifier R'-O-R? is preferably a behenic or erucyl
derivative, in which R is a linear terminally substituted alkyl, alkenyl or acyl
group containing 22 carbon atoms, in a quantity of 10 to 90% by weight of
the oil phase. In a particularly preferred embodiment, behenyl alcohol is
present as the lipophilic co-emulsifier in a quantity of 20 to 80% by weight,
based on the oil phase as a whole.

Other suitable co-emulsifiers are products of the addition of 1 or 2
mol ethylene oxide or propylene oxide onto behenyl alcohol, erucyl aicohol,
arachidyl alcohol or even onto behenic acid or erucic acid. Finally, other
suitable co-emulsifiers are the monoesters of Cq.39 fatty acids with polyols
such as, for example, pentaerythritol, trimethylol propane, diglycerol,
sorbitol, glucose or methyl glucose, Examples of such products are, for
example, sorbitan monobehenate or pentaerythritol monoerucate.

Suitable hydrophilic emulsifiers for the production of the oil-in-water
emulsions according to the invention are any surfactants suitable for the
emulsification of cosmetic oil and fatty components. These are, above all,
ionic emulsifiers or nonionic emulsifiers with an HLB value of 8 to 18. The
HLB value is a value which can be calculated from the structure of the
molecule in accordance with the equation HLB = 0.2 x (100 - L) where L is
the percentage by weight of the lipophilic alkyl, alkenyl or acyl groups in the
molecule.

Suitable ionic emulsifiers are anionic, cationic, zwitterionic and
amphoteric surfactants, preferably those 'containing a primary linear Cq2.18
alkyl or alkenyl group. Suitable anionic emulsifiers are, for example, the
salts of Cq,.15 fatty acids, of sulfuric acid monoesters or phosphoric acid
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monoesters of C1,.1g fatty alcohols, of C42.1g acyl isethionic acids, of C42.1s
alkane sulfonic acids or of C42.1s acylamino acids. Cationic emulsifiers are,
for example, cetyl trimethyl ammonium chloride or distearoxyethyil
hydroxyethyl methyl ammonium chloride. Suitable zwitterionic surfactants
are, for example, betaine surfactants, such as stearamidopropyl dimethyl
carboxymethyl ammonium betaine, while suitable amphoteric surfactants
are, for example, cetyl aminopropionic acid or cocoamphocarboxyglycinate.
Amine oxide surfactants are also suitable hydrophilic emulsifiers.

Suitable nonionic surfactants with HLB values of 8 to 18 are, in
particular, products of the addition of ethylene oxide onto fatty acids, fatty
alcohols, fatty acid alkanolamides, fatty acid monoglycerides, sorbitan fatty
acid esters, methyl glucoside fatty acid esters or other lipids containing
carboxyl, hydroxyl or amino groups; the percentage content of ethoxy
groups formed should be at least 40% by weight. Other suitable nonionic
surfactants are alkyl polyglucosides, sugar esters and polyglycerol fatty
acid esters.

Suitable oil and fatty components are any vegetable, animal, mineral
and synthetic oils, fats and waxes suitable for use on the human body for
physiological and aesthetic reasons. Examples include paraffins, fatty acid
esters of monohydric or polyhydric alcohols, for example triglycerides, fatty
acid/fatty alcohol esters, fatty acid/dicarboxylic acid/polyol polyesters, fatty
alcohol/diol/dicarboxylic acid polyesters, di-n-alkyl ethers, polyolefins or
silicone oils. Liquid oils or mixtures of oils and waxes which are liquid at
20°C are preferably used. Monoesters suitable as oil components are, for
example, the methyl esters and isopropyl esters of fatty acids containing 12
to 22 carbon atoms such as, for example, methyl laurate, methyl stearate,
methyl oleate, methyl erucate, isopropyl palmitate, isopropyl myristate,
isopropyl palmitate, isopropyl stearate, isopropyl oleate. Other suitable
monoesters are, for example, n-butyl stearate, n-hexyl laurate, n-decyl
oleate, isooctyl stearate, isononyl palmitate, isononyl isononanoate, 2-
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ethylhexyl palmitate, 2-ethylhexyl laurate, 2-hexyldecyl stearate, 2-
octyldodecyl palmitate, oleyl oleate, oleyl erucate, erucyl oleate and esters
obtainable from technical aliphatic alcohols mixtures and technical aliphatic
carboxylic acids, for example esters of saturated and unsaturated fatty
alcohols containing 12 to 22 carbon atoms and saturated and unsaturated
fatty acids containing 12 to 22 carbon atoms which are obtainable from
animal and vegetable fats. Naturally occurring monoester or wax ester
mixtures, as present for example in jojoba oil or in sperm oil, are also
suitable.

Suitable dicarboxylic acid esters are, for example, di-n-butyl adipate,
di-n-butyl sebacate, di-(2-ethylhexyl)-adipate, di-(2-hexyldecyl)-succinate
and diisotridecyl azelate. Suitable diol esters (lll) are, for example,
ethylene glycol dioleate, ethylene glycol diisotridecanoate, propylene glycol
di-(2-ethylhexanoate), butanediol diisostearate and neopentyl glycol
dicaprylate.

Suitable fatty acid triglycerides are natural vegetable oils, for
example olive oil, sunflower oil, soybean oil, peanut oil, rapeseed oll,
almond oil, palm oil and even the liquid fractions of coconut oil or palm oill,
and animal oils such as, for example, neat's foot olil, the liquid fractions of
beef tallow or even synthetic triglycerides of the type obtained by
esterifying glycerol with Cg; fatty acids, for example triglycerides of
caprylic acid/capric acid mixtures, triglycerides of technical oleic acid or
palmitic acid mixtures.

The oil-in-water emuisions of cosmetic oil or fatty components
containing lamellar liquid crystalline phases according to the invention are
produced by methods known per se using hydrophilic emulsifiers and
lipophilic co-emulsifiers, the agueous phase which may contain hydrophilic
emulsifiers being intensively mixed with the oil or fatty phase which
contains as lipophilic co-emulsifiers at least one lipid corresponding to the

general formula R'-O-R?, where R is a linear alkyl, alkenyl or acyl group
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containing 20 to 30 carbon atoms and R® is hydrogen, a group with the
formula -C,H2n0)x-H, where x = 1 or 2 and n= 2-4, or a polyhydroxyalkyl
group containing 4 to 6 carbon atoms and 2 to 5 hydroxyl groups.

The aqueous phase contains all the water-soluble components, for
example a water-soluble emulsifier, the preservatives, buffer salts,
magnesium chloride, propylene glycol, glycerol, water-soluble polymeric
thickeners or water-soluble cosmetic active substances.

Besides the cosmetic oils and fats, the oil-soluble emulsifiers and, in
particular, the lipophilic co-emulsifier are added to the oil phase. Finally,
other oil-soluble auxiliaries optionally present, for example oil-soluble
antioxidants or preservatives, waxes, silicones and the oil-soluble cosmetic
active substances, are also added to the oil phase. The oil phase is then
heated to a temperature at which it is present as a clear homogeneous
melt. The aqueous phase is also heated to the same temperature. The oll
phase and the water phase are then intensively mixed with one another.

Where a nonionic emulsifier with a phase inversion temperature
below 100°C is used, the emulsion is preferably prepared at that
temperature or is heated to that temperature during emulsification. The
emulsion thus becomes a water-in-oil emulsion which then inverts back into
an o/w emulsion when the temperature falls below the phase inversion
temperature and which accumulates In a particularly fine-droplet, low-
viscosity and storage-stable form.

The addition of perfumes and particularly readily volatile or heat-
sensitive substances is preferably carried out after cooling to temperatures
of 40°C or lower.

The lamellar emulsions according to the invention may be thinly
liquid or cream-like according to the type and quantity of the inner phase.
Their consistency can also be controlled to a certain extent by thickeners or '
by the emulsification process, i.e. through the droplet fineness.

The oil-in-water emulsions according to the invention retain their
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lamellarity irrespective of the ratio by weight of oil phase to water phase. In
other words, the oil droplets retain their liquid crystalline lipid double layer
shell even after heavy dilution with water. By virtue of their birefringent
properties, they can be made visible in polarized light.

The lamellar emulsions according to the invention are suitable for
skin care. Not only do they increase the moisture retention capacity of the
skin, they also increase the degree of order of the epidermis and improve
the barrier function of the skin. After skin damage, for example by
surfactants or mechanical stressing, treatment with the lamellar cream
according to the invention leads more quickly to restoration of the
lamellarity of the epidermal lipid structures.

Accordingly, the present invention also relates to the use of an oil-in-

‘water emulsion with lamellar liquid crystalline phases containing a cosmetic

oil or fatty component, a hydrophilic emulsifier and a lipophilic co-emuisifier
which is a lipid corresponding to the general formula R'-O-R?, where R’ is
a primary linear alkyl, alkenyl or acyl group containing 20 to 30 carbon
atoms and R? is hydrogen, a group with the formula —(C,H2,0),-H, where x
= 1 or 2 and n= 2-4, or a polyhydroxyalkyl group containing 4 to 6 carbon
atoms and 2 to 5 hydroxyl groups,

for restoring the lamellarity and degree of order of the epidermal lipid
structures of damaged skin.

This effect of the lamellar oil-in-water emulsions according to the
invention can be experimentally demonstrated by infrared-spectroscopic
examination of the conformation order of the -(CH2)«- chains of the lipids of
the stratum corneum. The position of the stretching vibrational bands v

(CH,) and vas (CH3) (ca. 2850 cm™ and 2915 cm™) is dependent on the

percentage of higher-energy "gauche” conformers of a lipid chain as
opposed to the lower-energy (all-trans) conformers. Increasing disorder of
the lipid membrane leads to a displacement of these bands to higher
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frequencies (up to a few cm™) on account of the increase in the percentage
of the higher-energy vibrations of the "gauche” conformers (cf. R.O. Potts,
M.L. Francoeur: Infrared Spectroscopy of Stratum Corneum Lipids in:
Pharmaceutical Skin Penetration Enhancement, ed. by Kenneth A.
Walters, Jonathan Hadgraft, 1993, pages 269 - 291).

Using a piece of skin damaged by washing with lauryl sulfate
solution, it can be shown that an increase in the conformation order
("lamellarity”) of the epidermal lipids can be achieved in a few days by
treatment with a lamellar cream according to the invention.

The following Examples are intended to illustrate the invention.

Examples
Creams with a lamellar structure

1. General production process

The oil and fatty components, emulsifiers, co-emulsifiers and the
lipophilic auxiliaries were mixed and heated to 95°C.

The water-soluble auxiliaries (preservative, xanthan gum) were
dissolved in water. The aqueous phase heated to 90°C was emulsified
while stirring into the fatty phase heated to 90°C. The emulsion formed
was homogenized and at the same cooled to 40°C. After addition of the
perfume oil, the emulsion was cooled with stirring to 20°C.

The following commercial products were used:

(1) Baysilon6l M 350: polydimethyl siloxane, 350 cst (25°C

(2) Lanette® 22: technical behenyl alcohol (C22 : 70 - 80%,
Cz0: 10 - 20%, C15: 5 - 15%)

(3) Controx®KS: tocopherolltallbw fatty acid glyceride

citrate mixture

(4) Citricidal®: grapefruit seed extract
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(5) Dow Corning 344 Fluid: octamethyl cyclotetrasiloxane

(6) ADbII® Wax 9809: polysiloxane/polyalkylene copolymer

(7) Euxyl®K 400: 1,2-dibromo-2,4-dicyanobutane

(8) Arlacel® 1689: polyglycerol/sorbitan fatty acid ester

(9) Biophilic® S: lecithin/fatty acid/fatty alcohol mixture

(10) Arlacel® 989: hydrogenated castor oil ethoxylate (7EO)
(11) Gilugel min: hydroxystearic acid Al/Mg salt/paraffin oil
(12) Glucolys® (Seporga): mixture of glucose, sorbitol and citric acid
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2. Formulation Examples

Table |

on
o

Qil phase:
Paraffin oil

-
-
-

—
O .
-

| Heptamethyl nonane

Di-n-octyl ether
Night light oil
Sunflower oill
Almond oll

Isopropyl isostearate
Cetearyl isononanoate
Baysilondl M350
Tocopherol acetate
Lanette 22

pHB propyl ester
Controx KS 0.05

Aqueous phase
PEG 25 soyasterol

Na cetyl/stearylsulfate | 0.24 | 0.24 --_
K cetyl hydrogen phosphate - -m 0.1 0.1 -
Xanthangum | 005|005 | 03 | 03 | 03 | 01 | 0.

| Dipropylene glycol mm--_
Glycine B T Y- N N N A

Citricidal I S S S S B TR TS

W
Q

% AP
- - -
'0) | i
-

O lo o o
o | . (
O O -

0.05

-
&)

Perfume o - Jo2jo2 ) -} -] .
Water 0100 | 0100 | to100 | to 100

10100 [ 10100 | to 100
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Tablell

8
Avocado ol | 10.0 1 10.0 | 10.0

| Heptamethyl nonane 10.0 | 10.0 | 10.0 _-- 10.0

| Dow Corning 344 Fluid ___—
Baysilon6l M 350 ----_

| Abil-Wax 9801 -l -0
Microwax - la20 | - | - - -

 Beeswax 20 | - |- | - | -1 -0 -
Camauba wax S B I T N N P
| Cetyl/stearyl alcohol ----- 2.0 |
Lanette 22 EH 4.0 |
pHB propyl ester 0 1 0.1 - |

Controx KS 00 [ os [oos [oos | - | - |

Aqueous phase | |
Na cetyl/stearyl sulfate 0.1 0.1 0.1 - 0.1 |

Xanthangum 0.1 0.1 0.1 0.3 mm
Citricidal 10 | 10 1.0 --
Euxyl K 400 P P P N YR
Hexane-tgdiol | - | - | -
Perfume oil _—

7065 | 7065

Water o _ 7065 | 70.65 | 70.65

83.35| 915 | 915
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Table Il

-2
oo
-2
e

__
Oil phase: - |
Paraffin oil 10.0 - 10.0
Almond oll -
100 | -

Heptamethyl nonane
Decaglycerol decaoleate
Baysilondl M 350

Tocopherol acetate

N o
= o
— N o
- (- ~J

p—
| = .
-

Sorbitan monostearate --

Arlacel 1689 -
Biophilic S -

Lanette 22 40 | 60 | 30 | 60

pHB propyl ester - - —
Controx KS - - | - Joos| -
Aqueous phase -
Na cetyl/stearyl suifate 0.1 - -

K cetyl hydrogen phosphate

| Xanthan gum _
Dipropylene glycol | . --
Glucose - | 0.2 -- - '
Euxyl K 400 | - - 0.1

‘ Hexane-1,6-diol o - 10.0 -=-
Phenoxyethanol e - _
Perfume o B - 0.2 0.2 _
MgSO, 02 | - | - | -
836 | | 687 | 8355
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Table IV

Oil phase:
Paraffin oil

|Isopropyl isostearate

Isopropyl palmitate
Almond oll

Night light oll
Baysilondl M 350
Beeswax

12

—— s—— e ge——————

Lanette 22
| Methyl glucose dioleate

| Arlacel 989
| Soya sterol

Gilugel min

———

02285216 1999-09-30

PCT/EP97/06639

: 3.0
: 0.1
s | 0.5
: 3.0

amma

Tocopherol acetate
Controx KS

PHB propyl ester 0.1 | 0.1

Aqueous phase
Na cetyl/stearyl sulfate

Xanthan gum

'r__AImond protein

| Bisabolol

| Glycolys
MgSO4
Glycerol

Propylene glycol

-

0.05
1.5 1.5
0.1
1.0
- 1.0
- 1.0

PHB methyl ester
Euxyl K 400

3.0 -
0.3 0.3
0.2 0.2
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. 20

Perfume o - 0.37
| Water 72.11 61.83

3. IR-spectroscopic examination of the effects on the stratum
corneum

Test data.

Test creams: cream no. 20 and w/o comparison cream C

Volunteers: two groups of 10 volunteers

Application: morning and evening to the forearm

Measurement: FT-IR-ATR, Zn Se crystal, left arm untreated (refer-

ence), right arm treated.
The measured data were determined by subtraction
from the zero value.
Measuring times: 1.) zero value before the first application
2.) 12 h after the 28th application (2-week control)

A zero value for each arm was first determined using all the
volunteers. The cream to be tested was then applied to the inside of the
right forearm. This cream treatment was carried out morning and evening
for 14 days. Differences between the measured values of the left arm
(untreated) and right arm (treated) were determined. The mean values
were calculated from these differences for each of the two groups of
volunteers.

It was found that the position of the asymmetrical CH, stretching
vibrational bands v.s CH, in the group treated with cream No. 20 was 0.2

cm”’ lower than the value for the untreated left forearm.

By contrast, in the group treated with a conventional w/o cream
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(formulation C), the position of the asymmetrical CH, stretching vibrational

band va.s CH2 was 0.1 cm™ higher than the value for the untreated left arm.
The values were statistically significant at 95% probability.
The measurements suggest that the skin treated with cream No. 20

according to the invention has a higher degree of order, i.e. a lower
percentage of higher-energy "gauche conformers”, than the skin treated

with the conventional w/o cream.
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Article 34 Amendment - Amended Claims 1 to 5
1. Oll-in-water emulsion with lamellar liquid crystalline phases
containing a cosmetic oil or fatty component, a hydrophilic emulsifier and a
lipophilic co-emulsifier, characterized in that the lipophilic co-emulsifier
used is a lipid corresponding to the general formula R'-O-R2, where R' is a
primary linear alkyl or alkenyl group containing 20 to 30 carbon atoms and
R? is hydrogen.

2. An oil-in-water emulsion as claimed in claim 1, characterized in that
behenyl alcohol is present as the lipophilic co-emulsifier in a quantity of 20
to 80% by weight, based on the oil phase as a whole.

3. An oil-in-water emulsion as claimed in claims 1 and 2, characterized
in that the hydrophilic emulsifier is an ionic or nonionic emulsifier with an
‘HLB value of 8 to 18, the HLB value being calculated in accordance with
the equation HLB = 0.2 x 100 - L, where L is the percentage by weight of
lipophilic alkyl, alkeny! or acyl groups in the molecule.

4. The use of a lipid corresponding to the general formula R'-O-R?,
where R' is a primary linear alkyl or alkenyl group containing 20 to 30
carbon atoms and R® is hydrogen, as a lipophilic emulsifier for the
‘production of an oil-in-water emulsion with lamellar liquid crystalline phases
‘containing a cosmetic oil or fatty component, a hydrophilic emulsifier and a
lipophilic co-emulsifier for restoring the lamellarity and degree of order of
the epidermal lipid structures of damaged skin.

5. A process for the production of oil-in-water emulsions of cosmetic oil
or fatty components containing lamellar liquid crystalline phases using
hydrophilic emulsifiers and lipophilic co-emulsifiers, characterized in that
the aqueous phase which may contain hydrophilic emulsifiers is intensively
mixed with the fatty phase which contains as lipophilic co-emulsifier at least
one lipid corresponding to the general formula R'-O-R2, where R is a

linear alkyl or alkenyl or acyl group containing 20 to 30 carbon atoms and
R? is hydrogen.
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