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(57) Abstract: The present invention provides a chemical composition comprised of hydro-
gen peroxide and a nanoemulsion of long-chained alcohols which in combination these con-
stituents act synergisticaliy boost the kill-time rate of hydrogen peroxide. The peroxide
based nanoemulsion formulation for application to skin includes a cosmetically approved
peroxide containing compound present in a range to give from about 0.1 to about 4 wt./wt.
% released hydrogen peroxide, an organic acid present in a concentration from about 0.01
to about 5 wt./wt. % for adjusting a pH of the formulation in a range from about pH 1 to

about pH 4, a long-chained (C9 to C22) aryl and/or alky! alcohol, present in a concentration
from about 0.1 to about 20 wt./wt. %, and an emollient present in a concentration from
about 0.1 to about 40 wt./wt. %, and an emulsifier present in a concentration from about 0.1

12
10

14

(OO0 O

14

FIGURE 1

to about 20 wt./wt. % to render the formulation a nanoemulsion.
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CHEMICAL COMPOSITION WITH HYDROGEN PEROXIDE AND A
NANOCEMULSION OF LONG-CHAINED ALCOHOLS
FIELD OF THE INVENTION
The present invention relates o a very fast-acting and mild to the skin
chemical formulation which involves hydrogen peroxide and a micro- or a

nanoemulsion of long-chained alcohols and shows antimicrobial activity.

BACKGROUND TO THE INVENTION

Hydrogen Peroxide is a nature’s own disinfectant. it is naturally present
in milk, honey and in human saliva and tissues as a result of cellular
metabolism. It is thus a germicide, with broad spectrum antimicrobial activity,
which helps the outer defences of the body as non-immune system.
Hydrogen Peroxide kills the pathogenic micro-organisms phagocyted by the
leucocytes (white cells). The white cells are themselves protected from the
hydrogen peroxide by natural antioxidant molecules such as Super Oxide
Dismutase, Glutathione {(GHS) and Catalase (peroxidase).

The mechanism of action of Hydrogen Peroxide is based on the
production of oxygenated free-radicals such as Superoxide anion (Qz ) and
Hydroxyl radical (OH'). These very unstable molecules react extremely
quickly with the micro-organisms’ cell-wall, cell membrane, DNA and
enzymes, causing irreversible damage. However, this process is quite slow
and the kill-time rate of hydrogen peroxide cannot be considered as fast
enough for skin hygiene purposes. For instance, it may take at least 30

minutes for a disinfectant to disinfect a surface.
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Combinations of hydrogen peroxide with various stabilizers (chelating
agents, acids) and bug-killing boosters (organic acids, surfactants) are known.
For instance, N. Omidbakhsh, in U.S. Pat. No. US6346279, discloses the
concept of "Accelerated Hydrogen Peroxide” {AHP) as following:

An acidic aqueous hydrogen peroxide solution is provided, with
improved disinfectant activify. Concentrated solutions preferably
contain up to about 8% and as-used concentrations contain about 0.5%
peroxide. The solution also contains from 0.1 to 5.0% of at least one
acid compound, e.g. phosphoaric and/or a phosphonate with from 1to 5
phosphonic acid groups, and from 0.02 o 5% of at least one anionic
surfactant. The surfactant is selected from C8 to C16-alky! aryi
sulphonic acids, suiphonated C12 to C22 carboxylic acids, C8 to C22-
alkyl dipheny! oxide sulphonic acids, naphthalene sulphonic acids, C8
to C22 alkyl sulphonic acids, and alkali metal and ammonium salts
thereof, and alkali mefal C8 to C18 alkyl sulphates, and mixtures
thereof. Most preferably the solution has an emulsifier, e.g. a salf of an
alkylated diphenyl oxide. The solution may also contain corrosion

inhibitors and/or lower alcohols.”

The above formulation involves phosphor-containing ingredients which
cannot be considered as environmental friendly. It also requires a significant
number of bacterial-killing boosters, leading to less biodegradable
formulations.

it would therefore be advantageous to provide peroxide containing

formulations which boost the kill-time rate of hydrogen peroxide which does
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not contain environmentally problematic constituents and is readily

biodegradable.

SUMMARY OF THE INVENTION

The inventors have discovered a way o synergistically boost the kill-
time rate of hydrogen peroxide by dispensing it as part of a nanoemulision
formulaton.

The present invention provides a chemical composition comprised of
hydrogen peroxide in a nancemulsion of long-chained alcohols which in
combination these constituents act synergistically boost the kill-time rate of
hydrogen peroxide. Without being limited to any theory, it is believed that a
high-energy state is formed in the nanoemulsion particles when manufactured
using either a mechanical means (high-speed mixer) or chemical means
(chemical types and ratio of nanoemulsion-forming surfactanis).

The active ingredient and the emulsification's high energy level are
believed to be important for the antimicrobial mechanism of action. The
obtained emulsions are fiuid in consistency and milky in appearance. If
desired, additional thickeners may be added to increase its viscosity and
prevent running in specific applications.

Accordingly the present invention provides a peroxide based
nancemulsion formulation for application to skin, comprising:

at least one peroxide containing compound present in @ range to give

from about 0.1 to about 4 wt./wt. % released hydrogen peroxide;
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at least ope organic acid present in a concentration from about 0.01 to
about 5 wt./wl. % for adjusting a pH of the formulation in a range from about
pH 1 to about pH 4;

at least one long-chained (C9 to C22) aryl and/or alky! aicohol, present
in a concentration from about 0.1 to about 20 wt./wt. %;

at least one emoliient present in a concentration from about 0.1 to
about 40 wi./wt. %;

water present in an amount sufficient to obtain a nanoemulsion and at
least one non-ionic and/or anionic emulsifier present in a concentration from
about 0.1 to about 20 wt./wi. %, thus rendering the formulation a
nanoemuision.

A further understanding of the functional and advantageous aspects of
the invention can be realized by reference to the following detailed description

and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Preferred embodiments of the invention will now be described, by way
of example only, with reference to the drawings, in which:
Figure 1 is a diagrammatic representation of the process of pathogen
destruction using the compositions disclosed: (a) nanomicelles in contact with
a bacteria; (b) nanomicelles fuse with the bacterial cell wall; (c) bacterial cell

wall and membrane disrupt, killing the cell.
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DETAILED DESCRIPTION OF THE INVENTION

Generally speaking, the embodimenis described herein are directed {o
chemical formulations comprised of emulsions containing peroxide based
compounds and long-chained alcohols. As required, embodiments of the
present invention are disclosed herein. However, the disclosed embodiments
are merely exemplary, and it should be understood that the invention may be
embodied in many various and alternative forms. The figures are not to scale
and some features may be exaggerated or minimized to show details of
particular elements while related elements may have been eliminated to
prevent obscuring novel aspects. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting but merely as a
basis for the claims and as a representative basis for teaching one skilled in
the art to variously employ the present invention. For purposes of teaching
and not limitation, chemical formulations comprised of emulsions containing
peroxide based compounds and long-chained alcohols are disclosed.

As used herein, the terms "about”, and "approximately” when used in
conjunction with ranges of dimensions, concentrations, temperatures or other
physical properties or characteristics is meant to cover slight variations that
may exist in the upper and lower limits of the ranges of
properties/characteristics.

The present invention provides a nancemulsion of long-chained
alcohols containing a peroxide containing compound. This combination of
constituents act synergistically boast the kill-time rate of the peroxide. Without
being limited to any theory, it is believed that a high-energy state is formed in

the nanoemulsion pariicles when manufactured using either a mechanical
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means (high-speed mixer) or chemical means (chemical types and ratio of
nancemulsion-forming surfactants).

Embaodiments of the composition include at least one physiologically
acceptable, cosmetically approved peroxide compound such as, but not
limited to, hydrogen peroxide, calcium peroxide, magnesium peroxide, sodium

carbonate peroxide, magnesium peroxide, strontium peroxide, urea peroxide,

zinc peroxide. Cosmetically approved peroxide compounds are those

authorised by the current cosmetic regulations (i.e. European Cosmetic
Directive 76/768/EC).

The peroxides are present in a concentration (released hydrogen
peroxide) from about 0.1 wt./wi. % to about 4 wt./wt. %. When the peroxide
coniaining compounds (formed of mother molecules) are dissolved in water
they release hydrogen peroxide. The peroxide containing compounds
decompose slowly, releasing x moles of linked hydrogen peroxide per mole of
“mother molecule”.

The compositions may also include at least one non-ionic and/or
anionic emulsifier; more specifically, ethoxylated C8 to C22 straight or
branched fatty alcohols or fatty acids. It also may include at least one C8 io
C22 fatty acid ester and/or at least one C8 to C22 fatty alcohol, or any
combination thereof.

Exemplary emulsifiers include Sucrose Polystearate, Beheneth-10 to
25, Oleth-5 to 30, Sodium Stearoy! Glutamate, Sorbitan monolaurate, Lauryl
Glucoside, Polyglyceryl-2 Dipolyhydroxystearate, in a concentration from 0.1
to 20 wt./wt. %. Preferred emulsifiers are Ceteareth-20, Ceteareth-30,

Glyceryl Stearate, and Ceteareth-12, or any combination thereof.
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A preferred emulsifier combination includes each of Ceteareth-20,
Ceteareth-30, Glyceryl Stearate, and Ceteareth-12 together which give good
results.

The compositions also include at least one organic acid (for example
propancic, butanoic, pentanoic, hexanoic, heptanoic, octanioc mono-, di- and
tri-acids, or any combination thereof), for adjusting the final pH. Exemplary
organic acids include alpha-hydroxy-acids, beta-hydroxy-acids,
maleic acid and/or gluconic acid, in a concentration from about 0.01 wt./wi. %
to about 5 wt./wt. %. The final pH of the formulation is preferably from about
pH 1 to about pH 4, more particularly from about pH 2 to about pH 3.
Formulations with a pH in the range 2 to 3 is well tolerated by the skin as long
as it is not induced by strong acids (at a given pH, they release more
corrosive H* than weak acids). This low pH also considerably helps the
bacteria-killing effectiveness of hydrogen peroxide. Both pKa and
concentration of the acids determine the final pH of the formulation.

The compositions may include at least one long-chained aryl and/or
alkyl alcohol (C9 to C22) such as, but not limited to Bisabolol, and/or Farnesol
and/or Nerolidal, or any combination thereof. A preferred alkyi alcohol is
Nerolidol. The long-chained aryl and/or alkyl alcohol is preferably presentin a
concentration from about 0.1 to about 20 wt./wi. %. High concentrations of

liphophilic ingredients are often necessary {o obtain micro- and nano-

emulsions. This is due to physico-chemical interactions between lipophilic and

hydrophilic ingredients, and emulsifiers.
The compositions may include at least one emollient such as, but not

limited to Cetearyl isononanoate, Diethylhexylcyclohexane, Hexyldecyl
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Laurate, Hexyldecan_ol, Dicaprylyl Ether, Caprylic/capric acid ester, Coco-
Caprylate/Caprate, in a concentration from 0.1 to 40 wt./wt. % Preferred
emollients are Cetearyl alcohol, Lauric acid hexylester, coco-
caprylate/caprate, cefostearyl isononanoate, decyl oleate,
diethythexylcyclohexane, dicaprylyl ether. A most preferred emollient is
Cetearyl isononanoate.

The emollient may be present in a concentration from about 0.1 wt./wt.
% to about 40 wt./wt. %. High concentrations of liphophilic ingredients are
often useful {o obtain micro- and nano-emulsions. Also, a high concentration
is preferred to provide the formulation with significant sensory properties.

The formulations provided herein include a sufficient amount of water
(H20) present in an amount sufficient to obtain the nanoemulsion. The range
of concentration of water present in the formulation may be from about 20
wt./wt. %. to about 95 wi./wt. %.

The active ingredient and the emulsification’s high energy level are
believed 1o be important for the antimicrobial mechanism of action. The
obtained emuilsions are milky in consistency and appearance. If desired,
additional thickeners could be added to increase its viscosity and prevent
running in specific applications.

The nanoemulsion particles are thermodynamically driven to fuse with
lipid-containing organisms. This fusion may be enhanced by the electrostatic
attraction between the eventual cationic charge of the emulsion and the
anionic charge on the pathogen. When enough nanoparticles fuse with the
pathogens, they release part of the energy trapped within the emulsion. Both

the active ingredient and the energy released destabilize the pathogen lipid
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membrane, resulting in cell lysis and death (see Figure 1). Figure 1{a)
shows nanomicelles 10 in contact with a bacteria cell 12; (b) shows the
nanomicelles 10 fusing with the bacterial cell wall 14; {c) shows the bacterial
membrane/cell wall 14 and membrane disrupting, thus killing the cell 12.

A unique aspect of the nanoemulsions is their seleclive toxicity to
microbes at concentrations that are non-irritating to skin. The safety margin of
the nanoemuision is due to the low level of emulsifier in each droplet.

The nancemulsion may be obtained by Temperature Inversion Phase
{(PIT) or using high-pressure equipment (i.e. 'high-pressure homagenizer
/piston homogenizer, ‘'microfluidizer’) or using "Ultrasonification’, and
optimized in order fo show shear thinning rheological Newtonian behaviour
and low viscosity (less than 100 mPas) which guaranties a good sprayability.
Nanoemulsions may be defined as ocil-in-water (o/w) emulsions with mean
droplet diameters ranging from 50 to 1000 nm. Usually, the average dropiet
size is between about 100 to about 500 nm. A preferred droplet size of the
droplets forming the present nanoemulsion is in a range from about 0.1 {o
about 0.3 micrometer.

The emulsions disclosed herein, when combined with hydrogen
peroxide, shows significant bactericidal activity on Gram positive {(Bacillus,
Staphylococcus aureus, Enterococcus feacalis, Streptococous pyogenes,
Listeria monocytogenes, Clostridium difficife) and Gram negative
{Pseudomonas aeruginosa, Escherichia coli, Serratia marscens, Salmonella
enterolytica, Salmonella typhi) bacteria as well as yeasts (Candida albicans)

and moulds (Aspergillus niger).
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The inventors have discovered that by combining a peroxide compound
which decomposes fo hydrogen peroxide with a long-chained alcohol provides
a formulation having optimised antimicrobial properties. Again, without being
bound by any theory, the inventors contemplate that by microionizing the
alcohol acts fo increase its affinity for the bacterial structures and is eventually
be passively absorbed by the micro-organisms which is believed to kill them
instantly.

The formulations disclosed herein are very advantageous because they
require very small quantities of the various ingredients, thus providing very
cost-effective and non-toxic new type of skin disinfectant.

As used herein, the terms “comprises”, “comprising”, “includes” and
“including” are to be construed as being inclusive and open ended, and not
exclusive. Specifically, when used in this specification including claims, the
terms “comprises”, “comprising”, “includes” and “including” and variations
thereof mean the specified features, steps or components are included. These
terms are not to be interpreted o exclude the presence of other features,
steps or components.

The foregoing description of the preferred embodiments of the
invention has been presented to illustrate the principles of the invention and
not to limit the invention to the particular embodiment illustrated. It is intended
that the scope of the invention be defined by all of the embodiments

encompassed within the following claims and their equivalents.

10
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THEREFORE WHAT IS CLAIMED I8:

1. A peroxide based nanoemulsion formulation for application to skin,
comprising:

at least one peroxide containing compound present in a range to give
from about 0.1 to about 4 wt./wt. % released hydrogen peroxide;

at least one organic acid present in a concentration from about 0.01 to
about 5 wt./wt. % for adjusting a pH of the formulation in a range from about
pH 1 to about pH 4;

at least one long-chained (C9 to C22) aryl and/or alkyl alcohol, present
in a concentration from about 0.1 to about 20 wt./wt. %;

at least one emollient present in a concentration from about 0.1 o
about 40 wt./wt. %;

at least one non-ionic and/or anionic emulsifier present in a
concentration from about 0.1 to about 20 wt./wt. %, thus rendering the

formulation a nanoemulsion in the presence of a sufficient amount of water.

2. The formulation according to claim 1 wherein said at least one peroxide
containing compound is selected from the group consisting of hydrogen
peroxide, calcium peroxide, magnesium peroxide, sodium carbonate
peroxide, magnesium peroxide, strontium peroxide, urea peroxide, and zinc

peroxide, and any combination thereof.

11
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3. The formulation according to claim 1 wherein said at least one peroxide

containing compound is hydrogen peroxide.

4. The formulation according to claims 1, 2 or 3 wherein said at least one
non-ionic and/or anionic emulsifier is selected from the group consisting of
ethoxylated C8 o C22 straight or branched fatty alcohols, ethoxylated C8 to
C22 straight or branched fatty acids, C8 to C22 fatty acid esters, C8 to C22

fatty alcohols, and any combination thereof.

5. The formulation according to claims 1, 2 or 3 wherein said at least one
non-ionic and/or anionic emulsifier is selected from the group consisting of
Sucrose Polystearate, Beheneth-10 {fo 25, Oleth-5 to 30, Sodium Stearoyl
Glutamate, Sorbitan monolaurate, Laury! Glucoside, Polyglyceryl-2

Dipolyhydroxystearate, and any combination thereof.

6. The formulation according to claims 1, 2 or 3 wherein said at least one
non-ionic and/or anionic emulsifier is selected from the group consisting of
Ceteareth-20, Ceteareth-30, Glyceryl Stearate, Ceteareth-12, and any

combination thereof.
7. The formulation according to claims 1, 2 or 3 wherein said at least one

non-ionic and/or anionic emulsifier is a combination of Ceteareth-20,

Ceteareth-30, Glyceryl Stearate, Ceteareth-12.

12
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8. The formulation according to any one of claims 1 to 7 wherein said at
least one organic acid is sefected from the group consisting of propanoic,
butanoic, pentanoic, hexanoic, heptanoic, octanioc mono-, di- and tri-acids,

and any combination thereof.

9. The formulation according to any one of claims 1 to 7 wherein said at
least one organic acid is selected from the group consisting of alpha-hydroxy-
acids, beta-hydroxy-acids, maleic acid and gluconic acid, and any

combination thereof.

10.  The formulation according to any one of claims 1 to 7 wherein said at

least one organic acid is maleic acid.

11.  The formulation according to any one of claims 1 to 10 wherein said at
least one long-chained aryl and/or alkyl alcohol is selected from the group

consisting of Bisabolol, Farnesol, Nerolidol, and any combination thereof.

12.  The formulation according to any one of claims 1 to 10 wherein said at

least one long-chained aryl and/or alkyl alcohol is Nerolidol.

13.  The formulation according to any one of claims 1 to 12 wherein said at
least one emollient is selected from the group consisting of Cetearyl
isononanoate, Diethy!hexylcyclohéxane, Hexyltdecyl Laurate, Hexyldecanol,
Dicaprylyl Ether, Caprylic/capric acid ester, Coco-Caprylate/Caprate, Cetearyi

alcohol, Lauric acid hexylester, coco-caprylate/caprate, cetostearyl

13
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isononanoate, decyl oleate, diethylhexylcyclohexane, dicaprylyl ether, paraffin

oil, and any combination thereof.

14, The formulation according to any one of claims 1 to 12 wherein said at

least one emollient is Cetearyl isononanoate.

15.  The formulation according to any one of claims 1 to 14 wherein said at
least one organic acid is selected to adjust the pH of the formulation in a

range from about pH 2 to about pH 3.
16.  The formulation according to any one of claims 1 to 15 wherein said
peroxide based nanoemulsion is comprised of droplets having a size int a

range from about 0.1 to about 0.3 micrometers.

17.  The formulation according to any one of ¢claims 1 to 16 wherein the

water is present in an amount from about 20 wi./wt. % to about 95 wi./wi. %.

18.  The formulation according to any one of claims 1 to 17 produced by

temperature inversion phase.

14
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