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ABSTRACT
Excelient percutahéous absorption of drug or active agent is achieved by pre-

treating skin with a cationic constituent prior to épplication of a drug or active agent.
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Patent Application 1169-20

METHODS OF TREATING SKIN TO
ENHANCE THERAPEUTIC TREATMENT THEREOF

BACKGROUND

Technical Field

The present disclosure relates to methods for attaining excellent percutaneous
absorption of topically applied actives. More specifically, this disclosure relates to pre-
treatment of an area of a user’'s skin with one or more cationic constituents to enhance

penetration of an active.
Background of Related Art

The topical application of active ingredients to improve skin characteristics rarely,
if ever attains the maximum benefit possible. The condition of the skin to which the
active is applied may diminish the effectiveness of the active. For exampie, the
availability of positively charged molecules on the surface of skin can affect abilities of
cerfain drugs to be absorbed into the skin once applied and diminish the effectiveness

of the active ingredient. Low availability of positively charged moiecules may lead {0
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low absorption and significanﬂy decrease the effectiveness of active ingredient resulting
in the need for frequent and/or prolonged application of the active to obtain a desired
beneficial effect.

The prior art is problematic in that it does not demonstrate improving
percutaneous absorptioﬁ 'of an active ingredient by pre-treating skin with a cationic
constituent for the immediate penetration of drug or active ingredient. Accordingly,
there remains room for improvement in skin treatment regimens that improve
percutaneous absorption of an activé ingredient'in skin in need of treatment.
SUMMARY

Pre-treating skin by topically applying one or more cationic constituents such as
cationic salt or cation containing solution,'and then topically applying an active
ingredient increases the percutaneous absorption of active ingredient in skin.

Methods in accordance with embodiments of the present disclosure involve
specific steps in a skin therapy or treatment system that can be better than the
individual steps performed alone. The skin tr’eatment\system In accordance with this
disclosure includes the sequentiai steps of pre-t‘reating the skin with one or more
cationic constituents such as cationic salt or cation containing solution, to render the
area more receptive to the application of a drug or active ingredients thereto; and
app'lying one or more drugs or other active ingredients to the pre-treated area.

- The present disclosure further relates to a method which includes the step of
applying one or more pre-treatment agents to an area of skin in order to actively
enhance penetration of the active ingredients, and/or enhances long term penetration

of one or more drugs or active ingredients. In embodiments, the present disclosure
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relates to applying a pre-treatment cationic constituent. The present methods may
result in an increase in the presence of an active ingredient in two levels of the skin
(l.e., the epidermis, and dermis), compared to appliCation of the active ingredient

alone.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

- Treatment regimens in accordance with this disclosure include the sequential
steps of. pre-treating the 9urface of skin with a cationic constituent; and applying an
active ingredient to the skin, wherein the percuta'neou's absorption of the active
ingredient is increased cdmpared to application of the active ingredient to untreated
skin.

The first step of the present method is pre-treatment. The pre-treatment step of

the treatment regimen of the present disclosure is designed for.rendering the area of

‘skin to be treated more receptive to the-épplication of the drug(s) or active ingredients

thereto. It has been found that applying a cationic constituent such as salt or cationic
solution actively promotes penetration of drugs and active ingredients applied to the
skin surface. Cleaning and/or toning in combination with the cationic constituent may
further promote drug pénetra’tion.

Materials suitab-le. for use as pre-treatment agents include preparatory
compositions pre-selected to apply positive charge to skin in need of treatment, and/or
clean or tone skin. Non-limiting exémples of preparatory compositions are listed
below and inélude cationic constituents sUch as cationic salt compositions and

cationic solutions, cleanser compositions, and/or toner compositions. The preparatory

compositions are categorized in various classes however this classification is not
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intended to limit the preparatory compositions in any way to only to those preparatory

compositions belonging to the categories herein mentioned.

PREPARATORY COMPOSITIONS

In accordance with the present disclosure, one or more cationic constituents
can be applied in amounts that provide the benéﬁt to the skin of the user, such as in
an amount sufficient to coat skin surface with positively charged molecules. As used
herein, cationic constituent refers to any ingredient with one or more positively
'Chérged moieties that apply positive charge to skin. Non-limiting examples of cationic
con_stitdénts include one or more cationic molecules such as cationic salts, positively
charged amino acids, quaternary ammonium salts, cationic polymers, and
combinations of these cationic constituents.

In embodimenfs, cationic salts suitable for use ..as é pre-treatment in
accofdance with the present disclosure include cationic salts that are not sUbstantially
toxic at the d-osage administered to achieve the desiréd effect and do not
independ‘ently possess significant pharmacological activity. Non-limiting examples of
suitable cationic salts Include cationic salts formed at any acidic (e.g., carboxyl) group;
multivalent catio.nic salts, including cations of the alkaline earth metals (Group lIA),
transition metals (Groups IIB, IVB, VB, VIIB, VIIB, VIIIB, IB, IIB, IIA, IVA) and non-
metal elements (Groups IVA, VA) for use alone or combined together, or in
combination with other cationic constituents described herein. In embodiments,
cationic salts include positively charged salts of carboxymethylcellulose (6MC). In

embodiments, cationic salts include the alkali metal salts (such as, for example,
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sodium and potassiu'm), alkaline earth metal salts (such as, for example, magnesium
and calcium), and organic salts.

Pharmaceutically acceptable cationic'salts suitable for use in‘acéordance with
the present disclosure include any salts formed by neutralization of the free carboxylic
acid group of pharmacologically active co'mpounds. The neutralization occurs by
contacting the carboxylic acid containing compounds with a base of a
pharmaceutically acceptable metal, ammonia and am'ine.' Non-limiting examples of
such metals are sodium, potassium, calcium and magnesium. Non-lim'iting examples
of such amines are N-methylglucamine and ethanolﬁamine.

In ‘embodiments, cationic salts include thOse' organic primary, secondary and
tertiary amines, as fof example, trialkylamines, .including trfethylamine, procaine,
dibenzylamine, 1-ethenamine, N,N'-dibenZerthylenediamine, dihydroabiethylamine,
N-(Iower)élkylpiperidine, and any other suitablé amine. Alkyldimethy'lbenzylamine salts
are particularly useful cationic éalts.

~ In embodiments, suitable cationic constituents contain amino acids having a
positive charge. Non-limiting examples of suitable amino acids which can be
positively charged include alanine, arginine, asparagine, aspartic acid, cysteine,
glutamine, glutamic acid, glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, serine,fhreonine, tryptophan, tyrosine, and valine.

In embodiments, basic amino acids are suitable for use herein. Basic amino
acids are those amino acids where in a neutral solution, the R group of the amino acid
can gain a proton and become positively charged. Non-limiting examples of suitable

basic amino acids include lysine, arginine, and histidine.



10

15

20

CA 02575398 2007-01-25

Non-limiting exémples of suitable quaternary compounds include:
benzalkonium chlorides and/or substituted benzalkonium chlorides, dialkyl quaternary,
N-(3-chloroallyl) hexaminium chlorides, benzethonium chloride, methylbenzethonium
chloride, and cetylpyridiniumchloride. In embodiments, benzalkonium chloride such
as, for examp'le, a 5% solution can be applied to the skin before application of an
active solution such as a vitamin C formulation. |

Non-limiting examples of cationic polyme'r suitable for use in accordance with

the present disclosure include cationic polysaccharides, cationic copolymers of

- saccharides and synthetic cationic monomers, and synthetic polymers.

' Non-limiting examples of cationic polysaccharides includes polymers based on
a & or 6 carbon sugars and d.erivatives, which have been made cationic by adding
cationic moieties onto the polysacch‘aridé backbone. Such cationic polysaccharides
can be composed of one type of sugar or of more than one type, i.e. copolymers. The
monomers may be in straight chain or branched chain geometric arrangements.
Additional suitable cationic polysaccharide polymers include: cationic celluloses and
hydroxyethyl celluloses, cationic starche_s and hydroxyalky| starches, cationic

polymers based on arabinose monomers, cationic polymers derived from xylose

polymers, cationic polymers derived from fucose polymers, cationic polymers derived

from fructose polymers, cationic polymers based on acid-containing sugars such as

galacturonic acid and glucuronic acid, cationic polymers based on amine sugars such
as galactosamine and glucosamine, cationic polymers based on 5 and 6 membered

ring polyalcohols, cationic polymers based on galactose monomers which occur in
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plant gu'ms and mucilages, cationic polymers based on mannose monomers, and
cationic pqum_ers based on galactomanhan copolymer known as guar gum.

The cationic copolymers of saccharides and synthetic c'ationib monomers in
accordance with the present disclosure include those containing the following
saccharides: glucose, galactose, mannose, arabinose, xylose, fucose, fructose,
glucosamine, galactosamine, glucuronic acid, galacturonic acid, and- o or 6'me'mber_ed
rinse polyalcohols. Also included ar‘e. hydroxymethyi, hydroxyethyl and hydroxypropy|
derivatives of the above 'Saccharides. When saccharides are bo’nded to each other in
the copolymers, they may be bonded via any of several arrangements, such as 1, 4-
alpha.; 1, 4-beta.; 1, 3-.alpha.; 1, 3-.beta. and 1, 6 linkages. The synthetic cationic
monomers for use in these copolymers can include dimethyldiallylammonium chloride,
dimethylaminoethylmethyacrylate, diethyldiallyl ammonium chloride, N,N-diallyl,N-N-
dialklyl ammonium halides, and thé like. In embodiments, cationic polymer is
Polyquaternium -5, -6, -7, and combinations of these polyquaternium compositions.

Non-limiting examples of copolymers of saccharides and synthetic cationic
monomers include those. corhposed of cellulose derivatives (e.g. hydroxyethyl
cellulose) and N,N-diallyl, N-N-dialkyl ammonium chloride.

Non-limiting exarhples of cationic synthetic polymers include: cationic
polyalkylene imines, cationic ethoxypolyalkylene imines, cationic poly[N-[3-
(dimethylammonio)propyl]-N'[3-(ethyleneoxyethylene dimethylammonio)propyljurea
dichloride], and polymers having a \quaternary émmonium or substituted ammonium

lon. In embodiments, cationic polymeric skin conditioning agents are those cationic

polysaccharides of the cationic guar gum with molecular weights of 1,000 to
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3,000,000. Such polymers have a polysaccharide backbone comerised of
galactomannan units and a degree of cationic substitution ranging from about 0.04 per
anydroglucose unit to about 0.80 per anydroglucose unit with the substituent cationic
group being the adduct of 2,3-epoxypropyl-trimethyl ammonium chloride to the natural
polysaccharide backbone. \

Additional non-limiting examples of cationic polymers include the polymerized
materials such as certain"quaternary' ammonium salts, copolymers of various
materials such as hydroxyethyl cellulose and dialkyldimethyl ammonium chloride,
acrylamide and beta methacryloxyethyl trimethyl ammonium rﬁethosulfate, the
quaternary ammonium salt of methyl and stearyl dimethylaminoethyl methacrylate
quaternized with dimethyl sulfate, quaternary ammonium polymer formed by the
reaction of diethyl sulfate, a copolymer of vinylpyrrolid‘one' and dimethyl
aminoethylmethacrylate, quaternized quars and guar gums and the like.

In embodiments, cationic polymers include: polyquaternium, ;5 (the COponmer

of acrylamide and beta-methacrylyloxyethy! trimethyl ammonium methosulfate), -6 (a

polymer of dimethyl diallyl ammonium chloride), -7 (the polymeric quaternary

ammonium salt of acrylamide and dime_thyl-diallyl ammonium chloride monomers),
and combinations of these cetionic polymers.

In embodiments, cationic polymers include: hydroxypropyl guar gum, and/or
guar hydroxypropyltrimonium chioride.

Quantities of such a cationic polymer are generally a minimum of about 0.05
wt. % of the formulation. Generally, the maximum quantity IS no more than about 10

wt. % of the formulation.
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In accordance with the present disclosure, clé’anser preparatory compositions
can be applied to skin in amounts that provide the benefit to the skin of the user, such
as in an amount sufficient to remove dirt and oil from the skin. Generally, the
cleansers are soap-free and include water, detergent, surfactant, humectants, skin
conditioning agent, PH adjustor, extracts, preservatives, fragrance and colorant,
however, any cleanser suitable for removing dirt and oil from skin may be used.
Suitable cleansers are commercially available and typically inolude a combination of
anionic, cationic, amphoteric and/or non-ionic surfactants ‘in an aqueous vehicle. The
cleanser advantageously can include a combination of COmpounds to oompensate for
the well knovim fact that cleansing agents, by their very nature, are not always well
tolerated 'by the skin. The oil-removal feature of a cleanser can result in drying of the
skin, and skin irritation. By incorporating various protective agents in the cleanser
process the cleanser overcomes shortcomings found in many alternative products.
One commercially available preparatory composition is Obagi Nu-Derm® cleanser
from OMP, inc. of Long Beach, CA. The Obagi Nu-Derm® cleanser contains a
combination of water, cocamidopropyl betaine, sodium lauroyl oat amino acids,
sodium laureth sulfate, glycerin, aloe barbadensis gel, glycerth-7, apricot
triethanolamine, sage extract, borage extract, phenoxythanol, methylparaben,
propylparaben, ethylparaben, butylparaben, saponins, fragrance, and colorant.

Optionally, foaming gel preparatory composition can be applied in amounts that |
provide the benefit to the skin of the user, such as in an amount sufficient to remove
dirt, oil and/or impurities to clean skin and leave it more receptive to treatment.

Generally, foaming gels include water, detergent, surfsctant, h’umectant-s, skin
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conditioning agent, PH adjustor, extracts, preservatives, fragrance and colorant;
(however any foaming gel may be applied that cleans the\skin.‘by removing dirt and/or
oil). One commercially available composition is Obagi' Nu-Derm® foaming gel from
OMP, Inc. of Long Beach; CA. The Obagi Nu-Derm® foaming gel contains a
combination of water, sodium lauryl oat amino acids, c'ocamidopropyl betaine, sodium
laureth sulfate, aloe barbadensis gel, alfalfa extract, borage extract, sodium chloride,
xantham gum, saponins, phenoxythanol, \methy-lparaben, propylparaben,
ethylparaben, butylparaben, fragrance ahd coloraht. This cleanser frees the skin of
pollutants without damaging the skin's own natural moisture co'ntent;

Optionally, toner can be applied in amounts that provide the benefit to the skin
of the user, such as in an amount sufficient to hydrate and tone skin while reducing
the pH of the skin. Toher may also help by removing dirt,. oils, and grime without
overly drying out sensitive skin.. Generally, toners include water, skin conditibner,
astringent, minerals, moistening agent, vitamins and complexes thereof, anti-
microbial, cleanser, extract, surfactant, anti-irritant, fragrance and colorant; however
any commercially available skin toner may be used. One commercially available
composition is Obagi Nu-Derm® toner available from OMP, Inc. of Long Beach, CAto
ameliorate the potentially harsh or'drying effects of witéh haze‘l, The Obagi Nu-Derm®
toner contains a combination of water, aloe barbadensis gel, witch hazel distillate,
potassium alum, sodium PCA, panthenol, DMDM hydantion, polysorbate 80, alléntoin,
sage extract, calendula officinalis extract, saponins, fragrance, and colorant.

The pre-treatment corhposition is pre-selected according to the type of drug to

be applied to the area to be treated. Other pre-selection factors include the type of

10
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skin to be treated, the original presentation of the skin, the type of disease or sickness

to be treated, and combinations of these factors.

DRUGS AND ACTIVE INGREDIENTS

In accordance with the present disclosure, pre-treated skin can also be treated
by applying one or more active ingredients to the skin. Suitable topically applied
druge or pharmaceutical ingredients are well known and commercially available. Such
compositions include active end inactive ingredients which stabilize and maintain the
pharmaceutical or drug composition within the formulation.

Non-limiting examples of drug or active agents which may be applied to the
pre-treated skin are listed below. The drugs ancl active ingredients are applied in
amounts lhat provide a benefit to the skin of a user. While the amount of active used
will depend on a number of factors ihcluding the specific active-chosen and the benefit
to be achieved, generally, amounts from about 0.01 to about 10 % by weight of the
total active containing composition is suitable. In embodiments, the active is present
in an amount from about 0.1 to about 5% by weight of the total composition.

Suitable drugs or active ingredients are categorized in various classes however
this classification is not intended to limit the actives in--ahy' way.'to only those actives
belonging to the categories herein mentioned.

Antimicrobial Actives

Antimicrobials which may be applied to a pre-treated area of skin include all
antibiotics, antimicrobial agents and antimicrobial peptides. Antibiotics that may be
used include inter alia dermatologically acceptable salts of tetracycline and

tetracycline derivatives, gentamycin, kanamycin, streptomycin, neomycin,

11
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capreomycin, lineomycin, paromomycin, tobramycin, erythromycin, triclosan,
octopirox, parachlorometa xylenol nystatin, tolnaftate,'miconazole hydrochloride,
chlorhexidine gluconate, éhlorhexidine hydrochloride, methanamine hippurate,
methanamine mandelate, minoéycline hydrochloride, clihdamycin, cleocin, b-lactam
derivativés such as aminopenicillin and mixtures thereof. One embodiment for use
herein includes chlorhexidine gluconate and triclosan.

Antimicrobial agents that may be-ﬂs‘ed in accordance with the present
disclosure either alone orin co_mbihation Include for example benzoyl peroxide and
salicylic acid.

~ Antimicrobial peptides useful herein are for example magainin, nicin and
cecropin.

Anti-Acne Actives

Anti-acne actives which may be applied to a pre-treated area of skin include all
known anti-acne compounds. -Anti-acne actives include without limitation keratolytic
agents including lactic acid, pyr_uvic acid, salicylic acids, urea and N-acetylcysteine;
retinoids, and retinoid analogs such as tretinoin, cis and trans retinoic acid, retinol and
retin'ol palmitate, isotretinoin-13-cis-retinoic acid; antibiotics and antimicrobial agents
such as tetracycline, erythromycin,‘ minocycline, clindamycin, trimethOprim-
sulphamethazole and anti-microbial peptides (nicin, for example); steroids, such as
hydrocortisone; gamma-linolenic acid and mixtures thereof. Further anti-acne actives
that.may be used include Without limitation benzoyl peroxide; alpha and befa hydroxy
acids; sulfacetamide and sulfur and mixtﬁres thereof. Other actives used herein are

salicylic acid, and retinoids.

12
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Anti-Psoriasis Actives

Anti-psoriasis actives which may 'be applied to a pre-treated area of skin
include all known anti-psoriasis"compounds. Anti-psoriasis actives for use in
accordance with the present disclosure include without limitation salicylic acid;
mometasone furoate; steroids including corticosteroids such as cortisone and
oluxclobetasol propiohat'e; 5-fluorouracil; epinephrine; anthralin; vitamin D3 analogs,
such as calcipotriene; methotrekate; masprocol; trimethaxate'gluconat'e; retinoids;

cyclosporin; paclitaxel; 5-amino levulinic acid; .bergasol; tin-ethyl etio* purpurin;

benzoporphyrin derivatives; antibbdies,'such as ABX-IL8 antibody, CD11a monoclonal

antibody and ICM3 'rhonoclonal antibody; enzyme inhibitors, including tryptase
inh‘fbitor and phospholipaSe-A-Z inhibito_rs;'angiogehesis blocking agents; T-cell
blocking agents and mixtures thereof.

Anti-Eczema Actives

Anti-eczema actives which may be applied to a pre-treated area of skin include
all known anti-eczema compounds. Anti-eczema actives useful he}rei_n Include urea;
evening primrose oil; plant extracts; hydrocortisone; an immunomodulator; tar
combined with fatty acids.obtained from banana; and mixtures thereof.

Topical Anesthetic Actives

Topical anesthetic actives for use with the present disclosure include
tetracaihe, lidocaine, editocaine, bupivacaine, pramoxine; and mixtures thereof.

Anti-inflammatory Actives .

Anti-inflammatory actives for use in acéordance with the present disclosure

include steroidal actives such as hydrocortisone as well as non-steroidal actives

13
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including prOpiohic dérivatiVes; acetic acid derivatives; biphenylcarboxylic acid
derivatives; fenamic acid derivatives; and oxicams. Examples of anti-inflammatory
actives include without limitation acetaminophen, oxaprozin, pranoprofen,
benoxaprofeh, bucloxic acid, elocon, and mixtures thereof.

Vitamin Actives

Vitamin actives for use in aCco‘rdénce ‘with the present disclo.SUre include
vitamin A and derivatives, including retinoic acid, retinyl aldehyde, retin A, retinyl
palmitate, adapalene, and beta-carotene; vitamin B (panthenol, provitamin B5,
panthenic acid, vitamin B complex factor); vitamin C (ascorbic acid and salts thereof)
and derivatives such aé ascorbyl palmitate; vitamin D including calcipotriene (a
vitamih D3 analog) VItamin E including its individual constituents alpha-, beta-,
gamma-, delta-tOCOpherbl and cotrienols and mixtures thereof and vitamin E
derivatives including vitamin E palmitate, vitamin E linolate and vitamin E acetate;
vitamin K and- derivatives; vitamin Q (ubiquinone) and mixtures thereof. Stable
vitamin C formulations are further described below. ‘

Protein Actives

Ohe class of actives for use in accordance with the present disclosure are
pfotei'ns and peptides. In principle, any desired protein or peptide may be produced
using this technology and oil bodies comprising these recombinant proteins may be
incorporated in the emulsions of the present disclosurg_. Proteins and peptides which
may be used in accordance with the present disclosure Include enzymes such as
proteases (e.g. bromelain, papain, collagenase, elastase), lipases (e.g. phospholipase

C), esterases, glucosidases, exfoliating enzymes; a—htibodies and antibody derived

14
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actives, such mOnocIonaI antibodies, polyclonal antibodies, single chaih antibodies
and the like; redustases; oxidases; peptide hormones; natural structural skin proteins,
such as elastin, collagen, reticulin and the like; growth factors such as platslet derived
growth factor (PDGF) and epidermis derived growth factor (EGF); anti-oxidants such

as superoxide dismutase, catalase and glutathione; free-radical scavenging proteins;

- DNA-repair enzymes, for example T4 endonuclease 5 and P53; antimicrobial

peptides, such as magainin and cecropin; a milk protein; a silk protein or peptide; and

any active fragments, derivatives of these proteins and -péptides; and mixtures thereof.

Anti-wrinkle and anti-aging actives

Anti-wrinkle and anti-aging actives for use in accordance with the present
disclosure- include without limitation hydroxy acids including C, -C3g alpha-hydroxy
acids such as glycolic acid, lactic acid, 2-hydroxy butanoic acid, malic acid, citric acid
tartaric acid, alpha-hydroxyethanoic acid, hydroxycaprylic acid and the like; beta
hydroxy acids including saIicyﬁc acid and polyhydroxy acids including gluconolactone
(G4); and mixtures of these acids. Further anti-wrinkle agents include retinoic acid,
gamma-linolenic acid; fruit acids, sugar cane extract and glycomer in sross-linked
alpha nutrium; and mixtures théreof. Skin peel agents for example phenol, phytic acid
and acetic acid may also be used in accordance with the present disclosure. Salicylic
acid, lactic acid snd glycolic acid are also for use hefein.

Whiten‘ing and Bleaching Actives '

Whitening and bleaching agents include kojic acid, lactic acid, ascorbyl acid
and derivatives such as magnesium ascorbyl phosphate; arbutin; hydroquinone, and

licorice root.

15
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Sunless Tanning Actives

Sunless tanning actives include dihydroxyacetone (DHA); glyceryl aldehyade;
tyrosine and tyrosine derivatives such as malyityrosine, tyrosine glucosinate, and ethyl

tyrosine; phospho-DOPA, indoles and derivatives; and mixtures thereof.

Non-Steroidal Drugs
Other useful drugs include non-steroid drugs for releasing pain and include, for

example, ketoprofen, fellinac, ibuprofen, pirorican, bis (indole) alkaloid compounds

and the like.

Miscellaneous Active ingredients

Further active ingredients for use in accordance with the present disclosure
include an amino acid and amino acid derivative; an insect repellant; a fungicide (such
as ketoconazole, itraconazole, saperconazole); an anti-viral agent (such as acyclovir);
an anti-cancer agent; a plant extract; an anti-hemorrhoid compound; an anti-dandruff
compound; a hair-growth stimulating compound such as minoxodil and Revivogen®:; a
hair loss stimulating compound; a nucleic acid (DNA, RNA and derivatives); an anti-
scabies agent (such as permethrin); an anti-wart agent {such as podophyliotoxin); and
mixtures thereof.

Thus compositions for use in accordance with the present disclosure include

bacitracin, cortisone-containing compositions, antibiotics, such as Neosporin®:

~ hydroquinone; antibacterial compositions; gastrointestinal drugs; anti-fungal drugs;

addiction modifiers, cardio-vascular, cardio-pulmonary and pulmonary treatment
drugs, anti-inflammatory compounds; hypo-allergenic compounds, analgesic

compounds, hypertension treatment drugs; diabetes treatment drugs or

16
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pharmaceutical cdmpounds, neurological treatments and the like, as well as
sequential applications thereof, and the like. Antibiotics such as nicotinamide,
clindamycin and erythromycin can be topically applied in treating acne. Other useful
antibiotics and drugs include, for example, 5F-U for tréating c‘ertain types of cancer,
5 minoxidil, and the like.
Stable Vitamin C Compositions
The active cpntaining compositions of the present‘disclbsure includes stable
vitamin C compositions formulated in a manner'whigh enables the vitamin C to remain
stable when mixed with water. Composi~t'ions in accordance with some embodiments of
10 this disclosure are effective in en‘hancing the penetration of vitamin C in the skin.
The compositions of the present disclosure contain vitamin C and a unique
mixture of ingredients-in an aqueous solution. The term “vitamin C” as used herein
applies to substances that pdssess antiscorbutic activity. ‘Such substances include, for
example, L-ascorbic acid, commonly called ascorbic aéid, saits of L-aséorbic acid, L-
15 dehydroascorbic acid an‘d salts of L-dehydroasorbic acid. L-ascorbic acid is a well

known compound of general formula:

Suitable salt forms of vitamin C include any salt formed from the neutralization
20 of ascorbic acid. lllustrative examples include sodium ascorbate formed by the
neutralization ascorbic acid with sodium to form L-ascorbic acid-monosodium salt.

Other useful forms include calcium ascorbate, magnesium ascorbate, potassium

17
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ascorbate, manganese ascorbate, zinc ascorbate, molybdenum ascorbate, chromium
ascorbate, and combinations thereof.

The vitamin C is present in amounts that prOVide a benefit to the skin of a user.

In embodimehts, vitamin C is present in an amount sufficient to promote therapeutic or

corrective treatment of a user’s skin. The vitamin C bresent may be in acidic form, salt
form, or mixtures thereof. As an illustrati\)e example, amounts of vitamin C between
about 5 and about 40% by weight of the total composition may be suitable. In
embodiments, vitamin C \ispresent In an xamo_unt‘ between about 15 and about 25% by
weilght of the total composition. . In other embodiments, the amdunt of vitamin C is
between about 18 and about 22% by weight of the total composition.

The aqueous solution. of the stable Vitamin C composition can further include
water, one or more reducing sugars, one or more antimicrobial preservatives, one or
more salts, one or more red‘uci'ng agents, one of m’c;re surfactants, one or more
conditioners such as Na Hyalurate, fragrance, and combinations théreof. In
embodiments, purified water is used, such as, for example de-ionized water or USP
water.

Suitable reducing sugars for stable vitamin C compositions include sugars witha
ketone or aldehyde group such that the sugar is capable of ac_:ting as a reducing agent.
lHlustrative examples of reducing sugars include mannitol, sorbitol, xylitol, maltitol,
lactitol, or combin_ations thereof. In vitamin C and reducfng sugar compaositions, it is
believed that the reducing sUgar oxidizes first and delays the stért of any oxidation of
the vitarﬁin C, so that excéssive oXidation In water is delayed or totally avoided. In

embodiments, the reducing sugars are present between about 0.1% w/v to about 10.0%
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w/v of the formulation. In embodiments, the reducing sugars are present between about
0.5% wiv to about 5.0% w/v of the formulation. *

Optionally, the reducing sugars can be mixed v\‘/‘ith water to form a reducing sugar '
solution that can be used to formulate a stable vitamin C corhposition In accordance
with this disclosure. The reducing sugar soluti‘o'n may contain, for example, reducing
sugar in an amount between about 1% to about 99% by weight of the total composition.
In embodiments, the reducing sugarsoluti"on may contain about 70% by weight of the
total composit_ion. The amount of fedUCing' sugar solution used to formulate the stable
vitamin C composition will depend upon a number of facts including the concentration of
reducing sugar in the solution. Typically, however, for a 70% solution, the reducing
sugar solution may be added to the composition to between about 0.25% v/v to about
10.0% v/v of the formulation.. In embodiments, such redu'cing sugar solution is admixed
between about 1% to about 5% V/v of the total formulation.

In vitamin C compbsition embodiments, sorbitol can be used as a reducing

sugar. Sorbitol, also known as glucitol is a sugar alcohol having the general formula:

CH,OH

CH,OH

- Sorbitol is a sugar alcohol (also known as polyol, polyhydric alcohol, or

‘polyalcohol) which is a hydrogenated form of carbohydrate, whose carbonyl group
(aldehyde or ketone, reducing sugar) has been reduced to a primary or secondary

hydroxyl group. Inone .e'mbodiment, sorbitol is mixed with water to form a 70% solution
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suitable for use as an ingredient in forrnin‘g compo‘sitio*ns in accordance with the present

- disclosure.

Antimicrobial preservatives can be used to prevent or inhibit the growth of micro-
organism which could present a risk of infection to the user or degrade the vitamin C.
Thus, suitable antimicrobial preservative‘s include ingredients capable of retarding the

oxidation of vitamin C and/or extending the shelf-life of active ingredients. The

. properties of these antimicrobial substances typically include chemical groups that are

aggressive towards living cells. Examples of suitablé preserv'atives include quaternary
ammonium salts, phenoxyethanol, amine salts, Na Metabisuifite and combinations
thereof. The antimiCrobial preservatives may be present between about 0.1% w/w to
abqut 5.0% wiw of the formulation. '

Suitable salts that may be e-mploYe'd in making stable vitamin C compositions in
aCcordancé with the presen.f discloSure include acid and base-additibn salts. lllustrative
examples of such acid salts include: inorganic acid addition salts such as hydrochloride,
sulfate, and phosphate; and organic acid addition salts such as acetate, maleate,
fumarate, tartrate, and citrate. Examples of suitable basic salts include: metal salts such
as the alkali metal salts such as the sodium salt énd pOtassium salt; alkaline earth metal _
salts such as magnesium salt and calcium salit; and other salts such as aluminum salt,
and zinc salt. Examples of suitable ammonium salts are ammonium salt and
tetramethylammonium salt. Examples of suitable amine addition salts are salts with
morpholine and piperidine. Examples of suitable amino acid addition salts include salts
with lysine, glycine, and phenylalanine. "The one or mdre salts may be present in a

between about 0.01% w/w to about 4.0% w/w of thé'formulatiOn. In embodiments
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mixtures of salts have been found to further promote stability, especially when
combined with a reducing sugar such as sorbitol. In one embodiment, Ca hydroxide
(e.qg., between about 0.01 - 0.’5% w/v of the total formulation) is combihed with Zn
Chloride (e.g., between about \0.01 - 2.0% wiv of the total formulation). The
combinat'ion of salt admixturés with reducing sugar was found to promote stability of
aqueous ascorbyl acfd solutions.

In embodiments, alkaliné earth metal salfs such'as magnesium and calcium salts :
may be prbvided in a uniqﬁe stability promotihg-admixture. It is believed that the
combination of such metal ions in solution promotes the stability of the compositions.
Other salt mixtures such as zinc salts and aluminum salts also promote stability.

In embodiments, the stable Vitamin C composition can optionally include
surfactants. Suitable surfactants for use with the com'position‘s of the present
disclosure include ionic or nonionic surfactants, used alone or in admixture. lllustrative
surfactan\ts include ceteary! alcohol and sodium cetearyl sulfate,
alkyldimethylbenzylamines, PEG-1000 monocetyl ether, or quaternary ammonium

salts such as alkyl trimethyl ammonium bromide; polyol ester glycerol monostearate

and potassium stearate, sodium lauryl sulfate, ethoxylated fatty alcohols and

coimbinations fhereof. Fatty acids like stearic acids may be included to regulate the
consistency of thé composition. Optionally, polymers such as carbomers can be .
included in the present composition. Particularly useful surfactants for use in the
aqueous phase are s'odium lauryl sulfate, saponins or combinations thereof. The

surfactants may be present between abdut 0.0 and about 20% by weight of the total
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composition. |nembodi4rm’nehts‘,' the surfactants are présent In an amount between
about 0.1 and about 5% by weight of the total _cOmposition.

The inclusion of various surfactants in compositions of the present disclosure

increases the percutaneous absorption of vitamin C when solutions are applied to

skin. It is believed that by adding surfactants to the stable ascorbic acid solutions, the
surface tension of the solution is decreased allowing for better absorption through
skin. Thus methods of applying surfactant cOntaining Solutions to skin in order to
increase the levels Qf vitamin C absorbed into the skin are also described herein.
Accordingly, surfactant may also be included in the compositions of the present
disc‘losure in amounts sufficient to increase the absorption of vitamin C through skin.
For example, by adding SLS (30% soluti_on) in an amount of about 0.1 to 5% by
weight of the total composition, and then applying the solution to skin, the
percutaneous absorption of vitamin C through skin Is increased in comparison to
vitamin C solutions that do not have surfactant.

'The pH of the aqueous solution can be adjusted to be between about 2 to
about 6, and, in some particularly useful embodiments below 5 The pH of the
composition ensures tha_t‘_most of the ascorbic acid remains in the protonated,
uncharged form. The protonated form of ascorbic acid used in compoaositions of the
present disclosure is believed fo remove the ionic repulsion of the two oxygen groups,
thus helping to stabilize the molecule. Also because thé protonated form of ascorbic
acid is uncharged, entry ihto the skin (which itself has a pH of about 3-5) is believed to
be facilitatéd. Agents suitable for adjusting the pH of the aqueous phase include, but

are not limited to citric acid, phosphoric acid, lactic acid or glycolic acid. The pH
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adjustment agents may be present between about 0.01 to about 5% by weight of the
total composition. In embodiments, the pH adjustment agent is present in an amount
of about 0.1 to about 1.0% by weight of the total composition.

Suitable reduc.ing agents that can be used in the étable Vitamin C compositions
include, but are not limited to propyl gallate and. sulﬁtes, Including but not limited to
sulfites, bisulﬁteS, metabisulfites, their sé‘lts, and their derivatives, in em_bodiments
sodium metabisulfite. Since vitamin C has a tendency to oxidize, thése antioxidants
may be advantagedus because they have greater tendencies to oxidize than vitamin
C. Sodium metabisulfite has the added advantage that it does not discolor by
oxidation. In vitamin C and sodium metabisulfite compositions, it is believed that the
sodium metabisulfite oxidizes first and delays the start of any oxidation of the vitamin
C, so that excessive oxidation is delayed or totally avoided. The reducing agents may
be present between about 0.1 and about 10% by weighf of the total compaosition. In
some embodi'ménts, the reducing agents are present in an amount of about 0.5 to
about 5% by weight of the total composition.

The aqueous phase can be prepared by mixing the various ingredients while
mixing and heating to 70 — 75°C.

Other suitable optional ingredients include moisturizing agents such as Na
HyaIUfate solution and fragrance. Na Hyalurate moisturizing agent that IS synonymous
with and refers to hyaluronic acid, sodium salt; sodium hyaluronate; hyaluronic acid; or
sbdi.um hyalurate and has the general fdrmuléx (C14H20NO11Na),. Na hyalurate 1%
solution may be present, for example, in an amount of about 0.001 to about 0.2% wiv of I

the total composition, or in amounts the effectively moisturize the formulations.
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The viscosity of the final vitamin C compasition can be between about 30 to
10,000 centipoise (cps), in embodiments between about 30 and about 250 ¢cps. The
specific gravity of the final Vitarmin C composition can be between about 1 and 115
cps, in embodiments between about 102 and about 106 cps.

The final vitamin C compaosition may be a substantially clear, viscous liquid to a
semi-viscous lotion. Those skilled in the art will envision testing to confirm the sheif
life of the products described herein. Further testing methodology is described below.,

The present disclosure also relates to methods of pre-treating skin {0 increase
the percutaneous absorption of active agents such as Vitamin C there through. It has
been found that the application of cationic constituent such as cationic salt or cation
containing solution to skin prior to the application of drug or active agent compositions
suitable for topical application to skin increases the percutaneous absorption of drug
or active agent into the skin. Cationic constituents or solutions thereof are applied to
skin in amounts sufficient to increase the percutaneous absorption of vitamin C. For
example, a small volume of a cationic salt-containing pretreatment solution (such as,
for example, an agueous 5% alkyldimethylbenzylamine solution) may be applied to
skin prior to the application of a drug or active agent. The skin is dried and the drug or
active agent is added to the skin.

In a particularly useful method in accordance with this disclosure, a cleanser is
used to cleanse the area of skin to be ireated and the residue wiped off. Suitable
cleanser includes the Obagi Nu-Derm® Cleanser and Obagi Nu-Derm® foaming gel
both commercially available from OMP, Inc. of Long Beach, CA. Cleanser is applied

in an amount suitable for cleaning the skin area to be cleaned. Subsequently toner
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may be applied to the cleansed area and allowed to dry. Suitable toner inciudes
Obagi Nu-Derm® Toner commercially available from OMP, Inc. of Long Beach, CA.
Toner is applied in an amount suitable for toning the skin area to be toned. In
embodiments, a cationic sait formulation is applied in amounts suitable for coating the
cleansed, toned skin with positively charged molecules. An active ingredient
containing composition such as Vitamin C is prepared and then applied to the skin in
an amount suitable to obtain the desired effect. The steps of cleansing, toning, and/or
charging the skin increase the percutaneous absorption of active drug ingredient

through the skin.

The following non-limiting examples further illustrate compositions and methods

in accordance with this disciosure.

EXAMPLES

Example 1 below shows suitable stable Vitamin C active ingredient compositions

in accordance with the present disclosure.

............. Bt o e S
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Example 2 below shows other suitable active ingredient containing

compositions in accordance with the present disclosure.
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The compositions of the present disclosure may be packaged in suitable
containers such as tubes or botties. Suitable containers are commercially available
from a variety of suppliers. A wide variety of containers and suppliers are listed in the
CPC Packaging Directory. In embodiments, containers are selected with low oxygen
permeability. Suitable containers include high density polyethylene and the like.
Example 3
Stability study of stable Vitamin C active containing compaosition

In vitamin C compositions without reducing sugar, an aqueous solution of 5%

ascorbic acid will likely decompose to less than 90% of the concentration at room
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temperature in 4 weeks time. See for example U.S. Patent No. 4,883,382.

Conversely, the stability of compositions made in accordance with the present

disclosure show improved stability. Such compositions were evaluated by placing

aliquots of each example in an oven at 5, 25, 30 and 40 degrees Centigrade for

predetermined time periods and at the end of each time period analyzing the amount of

vitamin C present in the composition.

The following results were observed with compositions in accordance with

example 1 having 20% initial vitamin C concentration, sorbitol 70%, Ca hydroxide, Zn

chloride, Na hyaluronate 1%, SLS (30% solution), phenoxyethanol and fragrance.

|
|

Stability of formulation of | % VitaminC
- example No. 1 | p
- R ]
| Initial amount of Vit. C 20%
*m,ﬁmmﬂm R -
6 weeks at 40C: 16.52%
E i :
| S—— Hhmmwwmﬂmmwmmwmw“,w“w“m“ﬁ.._
'3 months at 25C: 1 17.50%
l
1
3 months at 40C: | 13.23% -
8 months at 25C 16%
]

Conversely, vitamin C composition without reducing sugar showed only 9.7%

vitamin C remaining after 3 months at 40°C.

t-3
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Example 4
Percutaneous Absorpfion stu_dy:

The ih-vitro percutaneous absorption of vitamin C formdlations were compared
using ihtact— human cadaver skih. Cumulativé transdermal absorption of radiolabeled
[“C] L-ascorbic acid was measured at 24 hours. The human cadaver skin was
obtained from a single donor énd dermatomed to abpr‘o‘ximately 500 micron thickness.
The skin samples were mounted on Frahz static diffusion glass chambers. The skin
s‘urfaces of appfoximately 1.77 cm? Were- Waéhe'd with .5 ml of water at 37°C for 10
seconds. The wéter was aspirated and the surface pad dried. The following treatments
were performed .

Treatment A. 15 mg of a formulation in accordance with example 1 having 25%
ascorbic acid, reducing sugar, and metal ions was applied to 1.77 cm? of human
cadaver skin samples.

Treatment B: Skin pretreated with 15 mg of pretreatment solution (5%
benzalkonium chloride, a cationic salt). The skin was dfied, and then 15 mg of
formulatién of Treatment A was applied to the skin.

~ - “AMOUNT OF ASCORBIC ACID
. -  ABSORBED DERMIS (24 hrs.)
Treatment - as % of amount

- In mlcrogr_ams_ aoblied
A 26.5 8.0
B .

93.1 33.6 !
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Pré-treating the skin by topically applying a cationic salt or solution thereof to the
skin enhanced absorption of vitamin C into the dermis; compared to skin that was not

pre}treated. Dermal levels were observed as inc.reaising by approximately 4 times.

5 Example

Percutaneous Absorption study:

The in-vitro percutaneous absorption of vitamin C _formu_lations are compared

using intact human cadaver skin. Cumulative transdermal absorption of radiolabeled
['*C] L-ascorbic acid is measured. The human cad'aver skin is obtained from a single

10 donor and dermatomed to approximately 500 micron thickness. The skin samples are
mounted.on Franz étatic diffusion glass chambers. The skin surfaces of approximately
1.77 cm? arewashéd with .5 ml of water ét' 37°C for 10 seconds. The water is aspirated
and the surface pad dried. The following treatmenfs are performed.
Treatment A. 15 mg of a formulation ih accordance with example 1 having 25%

15 ascorbic acid, reducing sugar, and metal ions is applied to 1.77 cm’ of human cadaver
skin samples.
Treatment B: Skin pretreated with 15 mg of pretreatment'solu‘ti‘on (5%
polquaternium, -5 (the copolymer of acrylamide and beta-methacrylyloxyethyl trimethyl
ammonium methosulfate) (a cationic polymer). The skin is dried, and then 15 mg of

20 formuilation of Treatment A is applied to the skin. ‘

Percuténeous absorption of Vitamin C in Treatment Bis exp‘ected to be greater

than that of Treatment A.
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Example 6
Percutaneous Absorption study:

The in-vitro percutaneous absorption of vitamin’ C formulations are compared
using intact human cadaver skin.  Cumulative tranSdermaI absorption of radi‘olabeled
['*C] L-ascorbic acid is measured. The human cadaver skin is obtained from a single
donor and dermatomed to approximately 500 micron thickness. The skin samples are
mo_unted on Franz stétic diffusion glass chambers. The skin surfaces of approximately

1.77 cm? are washed with .5 ml of water at 37°C for 10 seconds. The water is aspirated

and the surface pad dried. The foIIowing treatments are performed.

Treatment A. ' 15 mg of a formulation in accordance with example 1 having 25%
ascorbic acid, reducing sugar, and metal ions Is applied to 1.77 cm? of human cadaver
skin samples.
Treatment B: Skin is pretreated by cleansing with cleanser composition and
toning with a toner composition. Skin is further pretreated with 15 mg of pretreatment
solution (5% arginine, a basic amino acid). The skin is dried, and then 15 mg of
formulation of Treatment A is applied to the skin.

Percutaneous absorption of Vitamin C in T reatment B is expected to be greater

than -that of Treatment A.
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Example 7
Percutaneous Absorption study: B
The in-vitro percutaneous absorpﬁon of vitamin C formulations are compared
using intact human cadaver skin. Cumulative transdermal absorption of radiolabeled
5 ['“C] L-ascorbic acid is measured. The human cadaver skin is obtained from a single
donor and dermatomed to approximately 500 micron thickness. The skin samples are
mounted on Franz static diffusion glass chambers. The skin surfaces of ap'proximately
1.77 \cmz arewashed with .5 ml of water at 37°C for 10 seconds. The water is aspirated ?
and the surface pad dried. The following treatments are performed.
10 Treatment A. 15 mg of a formulation in aecordance with example 1 having 25% .
ascorbic acid, reducing sugar, and metal ions is applied to 1.77 cm? of human cadaver
skin samples.
TreatmentB: ~  Skin pretreated with cleanser, allowed to dry, then 15 mg of
pretreatment solution (5% Guar hydroxypropyitrimonium chloride) (a cationic polymer).
15 The skin is dried, and then 15 mg of formulation of Treatment A is applied to the skin.

Percutaneous absorption of Vitamin C in Treatment B is expected to be greater

than that of Treatment A.

Example 8
20  Percutaneous Absorption study:
The in-vitro percutaneous .absorptien of tetracycline (topical) formulation is
compared using intact humen cadaver skin. Cumul’ative transdermal absorption of

labeled tetracycline is measured. The human cadaver skin is obtained from a single
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donor and dermatomed to approximately 500 micron thickness. The skin samples are
mounted on Franz stafic diffusion glass chamberS. The skin surfaces of approximately
1.77 cm? are washed with 0.5 ml of water at 37°C for 10 seconds. The water is
aspirated and the surface pad dried. The foIIOWing treatments are performed.
Treatment A. 5 ml of a topical tetracycline formulation is applied to 1.77 cm? of
human cadaver skin samples.

Treatment B. SKin pr'etreated'with_ 15 ml of pretreatment solution (5% arginine, a
basic amino acid). The skin is dried , and then 5 ml of formulation of Treatment A is
applied to the skin.

Percutaneous absorption of Vitamin C in Treatment B is expected to be greater
than that of Treatment A.

While severalembodiments of the disclosure have been descr-ibed, it is not
intended that the disclosure be limited thereto, as it is intended that the disclosure be
as broad in scope as the ért will allow and that the specification be read likewise.
Therefore, the above description should not be construed as limiting, but merely as
exemplifications of embodiments. Those skilled in the art will envision other

modifications within the scope and spirit of the claims appended hereto.
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What is claimed is:

1. Use of a salt of an alkyldimethylbenzylamine for pre-treatment of the skin
of a user in preparation for topical application of ascorbic acid to the pre-treated skin of
the user, wherein the percutaneous absorption of the ascorbic acid is increased following

the pre-treatment compared to application of ascorbic acid alone.

2. The use of claim 1 wherein the salt of an alkyldimethylbenzylamine is a
benzalkonium chloride.
3. The use of claim 2 wherein the benzalkonium chloride is formulated as an

aqueous solution.

4, The use of any one of claims 1 to 3 further comprising the use of a
preparatory composition for the pre-treatment of the skin of the user.

. The use of claim 4 wherein the preparatory composition comprises
cleaner, foaming gel, toner, or combinations thereof.

6. Use of a pre-treatment ag'e‘nt 'COmpriSing a salt of an
alkyldimethylbenzylamine for pre-treatrhent of the skin of a user in preparation for
topical application of ascorbic acid to the pre-treated skin of the user, wherein the
percutaneous absorption of the ascorbic acid is increased following the pre-treatment
compared to application of ascorbic acid alone.

7. The use of claim 6 wherein the salt of an alkyldimethylbenzylamine is a
benzalkonium chloride.

8. The use of claim 7 wherein the pre-treatment agent comprises an aqueous

solution of benzalkonium chloride.
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9. The use of any one of claims 6 to 8 further comprising the use of a
preparatory composition for the pre-treatment of the skin of the user.
10.  The use of claim 9 wherein the preparatory composition comprises

cleaner, foaming gel, toner, or combinations thereof.
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