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COMPORITIONS AND METHODS TO AFFECT SKIN IRRITATION

BACKGROUND

Skin frritation is caused by a wide range of conditions, including allergies, medication,
cosmeties, and diseases, Skin irritation resulis in a rash, which s g visible change in the color
or texture of the skin. The skin may become red, itchy, bumpy, chapped, fiaky, with hives, or
otherwise irvitated.

Inflammation of the skin is known as dermatitis. Coniact dermatiis is a common
cause of skin irritation. Contact rashes occur upon g contact with an agent that causes a
reaction. Such agents inclade, but are not Hinited to, cosmetic and beauly products, drugs and
medizations, soaps, detergents, dyes {e.g. in clothing), metals {e.g. nickel in jewelry},
chemicals (e.g. in rubber, elastic, or latex), polsonous plants {e.g. poison oak, polson ivy, or
poison swmac), environmenial toxicants, Irvitants of botanical origin {e.g. plant parts and plant
extracts), vitants of marine ovigin (e.g. “red tide” or excessive algae bloom), urine and fecal
irritants {&.g. agenis that induce diaper rash), minerals, transdermal delivery agents and
devices {e.g., agents that transfer active ingredients through the skin into the bloodstream such
as creams, olntments, lotions, sprays, gels and the Hke, or deviees like microneedles, patches,
ultrasound devices, lontophoresis devices and the like), adhesives, foods and other frritants.
The cotttact with, or exposure {o the iritating agents conld be sccidental, or expeeted, and
could be of a single event or multiple, ov repetitive events.

Trritant contact dermatiiis from plants could be induced mechanically ur chemically,
The common mechanical plant irritants include thorns, spines, glochids, trichomes, and sharp-
edped leaves, Many plant-based chemical frritants are unknown yet, but known agents include
calcium oxalate, protoanemonin, isothiceyanates, bromelain, diterpene esters, alkaloids, and
gther chemical rritants such as naphthoquinone and acids.

Daper rash {diaper dermatitis) is the persistent compromise of the epidermal barier,
at the mggroscopic ar wicroscopic level, with or without infection (e.g. . albicans). The
initial stage of diaper rash is induced by contact with digestive enzymes that are present in
infant faces, and in particular chymotrypsin, It is further exacerbated by the skin irvitating
activity of other fecal and urine enzymes, wetness {(including dieper hydration and diaper

friction), with the possible additional liritation by microbial and fungal agenis.
2 ©
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It is desired to provide a prophylactic freatment Le, to reduce the severity of or to
eliminate skin irritation induced by a contact with an lrritating agent. 1t {s aiso desired 1o
provide a treatment to reduce the severlty of or to eliminate skin irvitation induced afier 2
contact with a skin frritant.

Topical preparations are used to treat skin with a need and provide health and
cosmetic benefiis thereto,  Topical agents include fopieal medications and skin care products
in such forms as babms, creams, gels, oils, lotions, paiches, ointments, sprays and the like.
They contain an active ingredient with a desived activity, and excipients, which may include
e.g. thickeners, preservetives or fragrances. Numerous topical formulations are preseribed by
physicians, while many others are available over-the-counter and as cosmetics {2.¢.
antibacterial and antifungal preparations, anti-inflammatory and pain-relief preparations,
cleansing and mnisturizing agents, and beautifving and anti-aging agents). Unfortunately,
sorne of these topical preparations induce adverse ov undesivable effects such as skin irritation
and sometimes allergic reactions, while providing their benefits,

Retinoids are a ¢lass of natural and synthetic compounds that include vitamin A and
iis related chenicals. Retinoids like retinnic acld, retinol (and vitamin A precursors), and
their dertvatives ars used in numerous skin care products, and serve as the “gold standard”
active ingredients for “entl-aging” skin care and acne treatment. Retinolds affect the dermis,
the epidermis and skin sppendices, enhance skin health and wellness, decrease fine lines, even
skin color, improve texture, Hghten pores, and stinniate blood flow and collagen preduction.
Retinouds are also very effective anti-acne compounds and have efficacy in treating psoriasis.

Unfortunately, many individuals cannot tolerate retinoids because they can be
irritating and drying. Retinol and retinoie acld and their derivatives induce redness, scaliness,
itehing, burning and drying in o dose-responsive manner. fnoreasing retinotds concentrations,
therefore, would enhance epidermal and dermal benefits and reduce the signs of skin aging,
but would alen increase skin trritstion.

The cosmetic and pharracentical industries are constantly seeking selotions to reduce
topical agent-induced ivitation, including retinoid-induced frritation, which would enable (1)
an increase 1n the effective dose of the topical agent without inducing the trrilating side
effects, or {it) a reduction in the effective dose of the topical agent without reducing the

cosinetic or therapeutic efficacy while reducing the frritating side effects,
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SUMMARY OF THE INVENTION

In one or more aspects, the present invention is directed to compositions and methods
for reducing topical agem-induced skin irriigtion and Inflammation,

Int one or more features of this disclosure, the compositions of these teachings include
{a) at least one skin irritating topical agent, and (b) at least one treated chitosan, modified
chitosan, modified and treated chitosan or a mixture or combination thereof, where (1) each
chitosan exhibits changes in one or more chemical, physical and/or performance properties or
characteristics relative 1o a corresponding untreated or unmodified chitosan, (i) the treated,
modified or treated and modified chitosan is in a non~-pariiculate form, (iif} the moditied
chitosan comprises one or more charged group, Bpophilic group, hydrophilic group, cationic
group, or anionic group, which is non-polvmerie, and which is covalently bound fo chitosan,
{iv} the treated chitosan comprises one or more charged group, Hpophilic group, hydrophilic
group, cationic group, or anionic group, which is non-polymerie, and which ionically interact
with chitosan or which is hydrogen bonded fo chitosan and where (v} the composition
provides a reduction In skin Irvitation, and/or a reduction in skin inflammation, snd/or s
reduction in frritant-induced IL-1o secretion after contact with the composition as compared
with @ control composition comprising the skin jrritating topical agent but not the chifosan. In

i

gne or more instances, the modifving group, i charged g

b

o, Hpophilic group, hydrophilic
group, cationic group o andonie group is covalently bound to one or more amines of chitosan,
n one or more instances, the treating group, i.e. charged group, lipophilic group, hydrophilic
group, eationic group or anfonic group interacts ionieally with one or more amines of chitosan
or i hydrogen bonded to one or roore amines, one or more aleohol groups or one or more
gther groups (L.e., acetal) of chitosan. In one or more fnstances of the composition, the
lipophilic group is an alkyl group. The alkyl group can be a straight chain alkyl or a branched
chain alkyl group containing 4 to 30 carbons, In one or more instances of the composition,
the non-pelymerie anion is phosphate, citrate, pyro-phosphate, sulfate, todide, bromide,
chloride, nitrate, nitrite, oxalate, acetate, fluoride, chiorate, bromate, chlorite, formate,
hydrogen phosphate, or dihydrogen phosphate. In one or more instances of the composition,
the charged group is succinate (anionic), sraino ethane {cationic), or amino propane {cationic},
In one or more instances of the composition, the hydrophilic group is an aleohol, The aleohol

can be ethanol or propanol,
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In one or more instances of the composdtions, the skin irritating topical agent includes
but is not mited 1o, cosmetic agenis {e.g. antd-aging agents like retinolds, retineid
derivatives, retinold precursars, chemical peels, anti-oxidants, botanical extracts and the like),
therapeutic agents or therapentic dermatological ingredients {e.g. anti-acne freatments like
salioylic acid or benzoyl peroxide, getinie koratosis reatments Hke S-fluore-uracil or
imiguimod, Rosacea treatmentis tike azaleic acid or metronidazole, psoriasis treatments,
wound treatments, wart treatments, anti-parasitic treatments Hke ivermectin, antibiotics, anti-
viral agenis, anti-fungal agends, steroids, non-stercidal anti-inflammatory agents, analgesics,
and the like}, cleansing agents, soaps and detergenis {e.g. sodium hydroxide, which is found
e.g. in soaps, detergents, cleaning products, adhesives, paint removers and disintectants),
disinfectants {e.g. potassium hydroxide, which is found e.g. in disinfectants and sterilizing
agents), antiseptics, decdorants, antiperspirants, antimicrobial agenis {e.g. anti-bacterial
agenis, anti-viral agents, anti-parasitic agents, anti-fungal agents like azole compounds such
as ketoconazole, and the like), insecticides, skin protectants, fragrances, dyes, sunscreens,
depilatory agents, halr growth agents such as minoadd, dandeuff control agents, shaving and
after-shaving agents, solvenis {found e.g. in paint remover, nail polish removers, topical
alcohol products), paint removers, nail-polizh remover, adhesives, preservatives, fransdermal-
delivery agents and devices, acids, bases, minerals, and the Hke,

In one or more sxamples of the compositions, cosmetic agents include, but are not
limited to, anti-aging agents, lghtening sgents, darkening agents, beautifying agents {e.g.
lipstick, eye shadow, color-corrector, “make-up” compositons, rouge, eye-Hner, mascara and
the Hke), retinoids, retinoid derivatives, retinoid precursors, retinoid active metabolites,
chemical peels, anti-oxidants, botanical extracts, or their compestiions or combinations
ihereof.

In one or maore examples of the compesitions, therapeutic agents include, bt are not
limited to, acne therapeutic agents, rosaces therapeutic agents, actinic keratosis thergpeutic
agents, psoriasis therapeutic agents, anti-inflammatory agents, asti-bacterial agents, anti-
fungal agents, anti-viral agents, anti-parasitic agents, anti-wart agents, wound healing and
wound care agents, hair-growth agents, retinoids, or thelr corapositions or combinations

thereol
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Ir one or more examples of the compositions, the precursors and derivatives of
retinoids inchude, but are not Himited to, retinol, retnal, retinyl esters, tretinoin (retinoie acid),
Vitamin A and its esters, isoiretinoin, alitretinein, etretinate, acitretin, adapalene, bexarotene,
and tazarotene and the Hike, and chemically modified versions of these {e.g. retinol-palmitate
or other compounds that will generate the active retinoid or its active metabolites on the skin
by either enzymatic or non-enzymatic reactions), or chemically modified versions of thereol,
or combinations thereof.

In some examples of the compositions, the retinoids, retinoid precursors or retinoid
derivatives comprise about 0.001-53%% W/V of the total weight of the compostiion. In other
instances the retinoids, retinoid precursors or retinoid derivatives comprise about 0.01-1%
W/V of the total weight of the composition, and in yet other instances the retinotds, retinoid
precursors or retinold derivatives comprise about 0.04-0.5% W7V of the total weight of the
composition,

The specific concentrations of the retinoid in the compositions would depends on
factors such as, but not limited to, the type of the retinoid, the specific activity of the retinoid,
the desired biological effect of the retinoid, the profile of side effects of the retinoid, the type
of the modified chitosan, the concentration of the modified chitosan, the age, gender, skin
type and body site of the treated skin, and the hke.

I one or more examples of the compesitions, the treated, moditied or modified and
treated chitosan is applied in an amount of about .0001-5% W/V of the total weight of the
topical composition. fn another instance the treated, meodified or modified and treated chitosan
is applied in an amount of about 0.001-3% W/V of the total weight of the topical compesition.
Vet in ancther instance the treated, modified or modified and treated chitosan is applied inan
amount of about 0,5-2% W/V of the total weight of the topieal composition.

The specific concentrations of the treated, modified or modified and treated chitosan
in the compositions weuld depend on factors such ag the concentration and specific activity of
the topical Irvitating agent(s), the specific trestment and/or modification of the chitosan, the
age, gender skin type and body site of the treated skin, and the lke.

In one or more instance, the modified chitesan is covalently modified with an alkyl
proup. In another instance, the alkyl modified chitosan is covalently modified with an alkyl

sulfonic acid. In yet another instance, the atky! sulfonic acid is octane sulfonie acid.
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In one or more instances, the methods of this invention include reducing and/or
ameiiorating skin irritation and/or topical inflammation induced by a topical agent and/or
reducing frvitani-induced IL-ta secretion, by applying io the skin a composition including (@)
an amount of at least one skin irritating topical agent, and (b} an amount of at least one {regted
chitosan, or modifisd chitosan, or modified and treated chitosan or a mixture or combination
thereot, effective to reduce, and/or to ameliorate the topical agent-induced skin irritation,

in one or more examples of the methods, the skin treitating topical agent includes, but
18 not Hmiied to, cosmetic agents {e.g. anti-aging agents ke retinoids, vetinoid derivatives,
retinoid precursors, chemical peels, anti~-oxidants, botanical extracts, lighiening agents,
darkening agents, color cosmetics (¢.g. Hpstick, mascara, eve-lingr, rouge, eye-shadow, color
corrector, “make-up” compositions, and the like), therapeutic agents/therapeutic
derraatological ingredients {e.g, anti-acne treatments Hke salioylic acid or benzoyl peroxids,
actinic keratosis treatments Hke 3-fluoro-nracil or imigoimod, Rosacea treatments Hike azaleic
acid or metronidazole, psoriasis reatments, wart freatments, wound healing and wound care
agents, hair~-growth agents, anti-parasitic treatments fike tvermectin, antibiotics, anti~viral
agents, anti-fungal agents, anti-inflammaiory agents {e.g. steroids, corticosteroids,
glucoccortivoids, mmstsrbidai anti-inflamnatory agents and the like), analgesies, cleansing
agents, soaps and detergents {e.g. sodium hydroxide, which is found e.g. in soaps, detergents,
cleaning products, adhesives, paint removers and disinfectants), disinfectants {e.g. potassium
hydeoxide, which is found e.g. in disinfectants and sterilizing agents), antiseptics, deodorants,
antiperspitants, attimicroblal agents {2.g. anti-bacterial agents, aii-viral agents, anti-parasiiic
agents, anti-fungal agents like azole compounds such as ketoconazole, and the like),
insecticides, skin protectants, fragrances, dyes, sunscreens, deptlatory agents, hair growth
agents such as Minoxidil, dandraff condrol agents, shaving and after-shaving agonts, soivenis
{found e.g. in paint remover, nail polish removers, topical alcohol products), paint romeovers,
natl-polish remover, adhesives, preservatives, fransdermal-delivery agents and devices, acids,
hases, minerals, and the like,

in one or more examples of the methods, cosmetic agents include, but are not limited
to, anti-aging agents, Hghtening agents, darkening agents, beautitving agents {e.g. lipstick, eye
shadow, color corrector, “make-up” compositions, rouge, eye-liner, mascara and the like),

retinoids, retinoid derivatives, retinoid precursors, retinoid active metabolites, chemical peels,

&
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anti-oxidants, botanical extracts, color cosmetics, or their compositions or combinations
thereof.

In one or more examples of the methods, therapeutic agents include, but are not
limited to, acne therapeutic agents, rosacea therapeutic agents, psoriasis therapeutic agents,
actinic keratosis therapeutic agents, anti-inflammatory agents, wound healing and wound care
agents, anti-bacterial agents, anti-fungal agents, anti-viral agents, anti-parasitic agents, anti-
wart agents, retinoids, or their compositions or combinations thereof.

In one or more examples of the methods, the precursors and derivatives of retinoids
include, but are not limited to, retinol, retinal, retinyl esters, tretinoin (retinoic acid), Vitamin
A and its esters, isotretinoin, alitretinoin, etretinate, acitretin, adapalene, bexarotene, and
tazarotene and the like, and chemically modified versions of these (e.g. retinol-palmitate or
other compounds that will generate the active retinoid or its active metabolites on the skin by
either enzymatic or non-enzymatic reactions), chemically modified versions thereof or
combinations thereof.

In one or more examples of the methods, the skin irritating topical agent is a retinoid,
a retinoid precursor or a retinoid derivative in an amount of about 0.001-5% W/V of the total
weight of the composition. Yet in other examples of the methods, the skin irritating topical
agent is a retinoid, a retinoid precursor or a retinoid derivative in an amount of about 0.01-1%
W/V of the total weight of the composition. Yet in other examples of the methods, the skin
irritating topical agent is a retinoid, a retinoid precursor or a retinoid derivative, in an amount
of about 0.04-0.5% W/V of the total weight of the composition.

In one or more examples of the methods, the treated, modified or modified and treated
chitosan is applied in an amount of about 0.0001-5% W/V of the total weight of the topical
composition. Yet in other examples of the methods, the treated, modified or modified and
treated chitosan is applied in an amount of about 0.001-3% W/V of the total weight of the
topical composition. Yet in other examples of the methods, the treated, modified or modified
and treated chitosan is applied in an amount of about 0.5-2% W/V of the total weight of the
topical composition.

The specific concentrations of the treated, modified or modified and treated chitosan

in the compositions would depend on factors such as the concentration and specific activity of

Date Regue/Date Received 2020-04-09
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the topical irritating agent(s), the specific treatment and/or modification of the chitosan, the
age, gender skin type and body site of the treated skin, and the like,

in one or more instance, the said modified chitosan is covalently modified with an
atkyl group. In other instances, said alkyl modified chitosan is covalently modified with an
alkyl sulfonic acid, In vet other instances, the alky! sulfonic acid is octane salfonic acid.

In yet another instance, the present invention s directed fo methods for reducing skin
irritation, and/or inflammation, and/or IL- 11 secretion, which are induced by contacting
SXOgNOUs agents.

Inn one or more instances, the methods of the present invention are divected to prevent
or reduce skin frritation when a contact with an trritant is expected.

In other instances, the methods are divecied to post-exposure topical treatment, for
reducing the severity or eliminating the irritating or inflanumatory reaction that was induced
by the exogenous agent,

In one or more instances, the contact with, or the exposure to the exogenous agents
could be accidental, while in other instances it conld be expected. The contact with the
irritating agent could be of a single event or it could be of nunitiple events or of repeated
events. An example of an expected, repeated event could be ¢.g. the continucus exposwe to
urine and fecal secrefions that are contained by a diaper. An exsmple for & singie and
snexpected svent oould be e.g. a contact with potson tvy, poison sumac, or poison cak, or o
contact with jewelry that contains ¢.g. nickel,

in one or more examples of the methods, the exposure (o an exogenous agent could
include, but is not limited to, exposure o snvironmental toxicants, tiritants of bolanical origin
{e.g. plant parts and plant extracts), irritants of marine origin (e.g. “red tide™ or excessive
algae bloony), irritants of microbial origin, trritants of fungal origin, irritants of parasitic
arigin, urine and fecal irritants (e.g. enzymes and agents that induce diaper rash, e.g.
continnous and excessive wetness, pH higher than that of normal healthy skin, or enzyines
such as tryvpsin and chymotrypsin), metals (e.g. nickel in jewelry), acids, bases, minerals,
cieansing agents, soaps and defergents, chemicals, foods, contact-dermmatitis-inducing agents,
cosmetic and beauty products, drags and medications, therapeuties, disinfectants, antiseptics,
antimicrobial agents, anti-fungal agents, anti-viral agents, anti-parasitic agents, anti-bacterial

agents, anti-inflammatory agents, insecticides, analgesics, anti-aging agents, skin protectants,
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sunsereens, deodoranis, antiperspirants, depliatory agents, shaving agents, sfter-shaving
agents, hair growth agenis, dandruff control agents, fragrances, dyes (e.g. in clothing),
chemicals {e.g. in rubber, elastic, or latex}, poisonous plants {e.g poison vak, poison ivy, or
poison sumac), transdermal delivery agents and devices, solvents, adhesives, paint removers,
nail-polish remover, foods, preservatives, stertlizing agents, UV trradiation, transdermal-
delivery agents, transdermal delivery devices and the like, or their compositions or
combinations thereof

In one or more examples of the methods, the plant parts or plant extracts are plants
that cause a contact or allergic dermatitis, such as but not Himited to, polson vy, poison oak,
OF poison suMmac,

In ope or more examples of the methods, the urine irritants and/or fecal ritants cause
diaper rash. In one or more examples of the methods, the metals are wsed in jewelry, and
include but are not Bmited to, nickel,

In one or more examples of the methods, cosmetic agents tnclude, but are not limited
to, anti-aging agents, lightening agens, darkening agents, beawtifving agents, refinoids,
retinoid dertvatives, relinold precursors, retinoid active metabolites, chemical peels, anti-
oxidants, botanical exiracts, color cosmetics, or their compositions or combinations thereof,

In one or more instances of the methods, therapeutic agents include, but are not
Hmited to, acne therapeutic agents, rosacea therapeutic agenis, actinic keratosis therapeutic
agents, psoriasis therapeutic agents, wound care and wound healing agents, anti-inflammatory
agents, anti-bacterial agents, anti-fungal agents, anti-viral agents, antl-parasitic agents, anti-
wart agents, retinotds, or their compositions or combinations thereof,

In one instance, the methods to prevent or reduce irrttation and inflammatory responss
comprise of the topical application, before exposure to the exogenous irritant, of at Isast one
treated chitosan, modified chifosan, modified and treated chifosan or & mixture or
combination thereof, where (i) each chitosan exhibils changes in one or more chemicsl,
physical and/or performance propertizs or characteristies relative o a corvesponding untreaied
or unmodified chitosan, and whoere (i) the composition provides a protective activity thal
would reduce the irritation and inflammation induced by the contact with the irriiating agent.

Inancther example, the methods to reduce nritation and inflaramatory response afler a

contact with the exogenous irritant comprise of the topical application of at least one treated
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chitosan, modified chitosan, moedified and treated chitosan or a mixture or corabinaiion
therenf, where (1} each chitosan exhibils changes in one or more chemcal, physical andfor
performance properties or characteristics relative to a corresponding untreated or unmodified
chitosan, and where (i} the composition provides an activity that would reduce the irritation
and inflammation previously induced by the contact with the frrifating agent.

Tnn one or more examples of the methods, the treated, modified or modified and treated
chitosan is applied in an amount of about 0.0001-5% W/V of the total weight of the topical
composition. Vet in other examples of the methods, the treated, modified or modified and
ireated chitosan is applied in an amount of about 0.001-3% W/V of the total weight of the
topical composition. Vet in other examples of the methods, the treated, meodified or modified
and treated chitosan is applied in an amount of about 0.5-2% W/V of the total weight of the
topical composition.

The specific concentrations of the treated, modified or modified and treated chitosan
in the compositions would depend on factors such as the conceniration and specific activity of
the topical irritating agent(s), the specific treatment and/or modification of the chitosan, the
age, gender skin type and body site of the treated skin, and the like,

1 one or more insiance, the said modified chitosan is covalently modified with an
alkyl group. In another instance, said alkyl modified chitosan is covalently modified with an
atkyl sulfonic acid. In yet ancther instance, the alkyl sulfonic acid is octane sulfonic acid.

DETAILED DESCRIPTION OF THE INVENTION

A

The use of numerical values in the various ranges specified in this application, unless
exprossly indicated otherwise, ave stated as approximations as though the minimum and
maximum valnes within the stated ranges arve both preceded by the word “about”. In this
manner, sight variations above and below the stated ranges can be used to achieve
substantiatly the same results as values within the ranges. Also, unless indicated otherwise,
the disclosure of these ranges is intended as 3 continuous range including every value between
the minimum snd maximum values, For definitions provided hersin, those definitions refer to
word forms, cognates and grammatical variants of those words or phrases.

A “topical irritating agent” is g compound, composition or formulation that, upon

contact with the skin of a subject, causes rritation, inflarnmation and/or TL-1g secretion.

10
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A “therapeutic agent” is a compound, compasition or formulation comprising an
“aotive agent(s)”, which is a compound or composition that has a specific pharmacological
effect. A therapeutic agent is “pharmaceutically acceptable”, meaning that 1t is suitable for
adminisiration 1o a subject for a stated purpose. Such stated purpose can include the
prevention, treatment or mitigation of a disease or condition that atfects the structure or
function of the body, tssueds) or cell{s) of a subject. Irrespective of whether a therapeutic
agent may or may not cause harm {e.z. skin irritgtion or inflamamation} by s gdmunistration to
a subject, it may be pharmaceutically acceptable iThenefits of the therapeutic agent outweigh
its risks, In one aspect, g therapeuiic agent is pharmaceutically accepiable i1 meets the
requirements of an applicable regulatory agency, such as the US Food and Drug
Administration, or any other applicable regulstory body, or if itineludes corupounds,
compositions or materials that are Generally Recognized As Safe {GRAS). Therapeutic
agents can be applied to skin, hair or nails of a subject or may be tngested, inhaled, injected,
ov otherwise introduced into the body of a subject.

A “cosmetic agent” is & compound, composition or formulation that is intended to be
rubbed, poured, sprinkled, or sprayed on, introduced into, or otherwise applied to the body of
a subject for cleansing, beautifying, promoting altraciiveness, or allering the appearance.
Cosmetic agents are typieally applied to skin, haiy or nails of a subject,

A “treated chitosan” is prepared by dialyzing chitosan against water and various salts
and/or anionic solutions. The freated chitosans have structural conformations that are
identifiably and reproducibly altered from untreated chitosan. The resulting treated chitosans
exhibit changes in chemical, physical and/or performance properties or characteristics relative
o untreated chitosan,

A “modified chitosan” is chitosan that has undergone chemical modifications through
covalent aftachments of one or more atomie structures, including single atom substitutions
{such as fluorine in place of a hydrogen) or molecular structures, including funciional groups,
to the chitosan molecules. Modified chitosans also include chitosans that have been non-
covalently associated with one or more distinet chemical modifiers, either atomic siractures or
molecular structures, Modified chitosans can also nclude chitosans that have co-additions of
any number of distinet chermical modifiers, gither atomic structures or molecular structures,

3
H

Modified chilosans can also inglude 2 combination or mixture of the three ghove-identified
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classes of modified chitosans. Chemical modifiers are generally selected to lmpart a desived
behavior, property or characteristic to the chitosan for a given applicstion.

A “modified and treated chitosan” is chitosan that hes undergone both modification
and treatment as described above.

The “modified”, “treated” and “modified and treated chitosan” are in the form of a
solution of chitosan where the chitosan is homogensously soluble in an agueous solution, The
“moditied”, “treated” and “modified and treated chitosan” are pot in the form of particles (o.8.
nanoparticles, costing particles, and the like).

The chitosan of the “modified”, and “modified and ireated chitosan” is covalently
modified by the addition of charged groups, lipophilic groups, hydrophilic groups, cationic
groups or anionie groups. In one or more instances, the covalent modification is at the 2-
amino position of the glicosamine ring. I one example, the modification is of the primary
amine. In one or more instances of the composition, the lipophilic group is an alkeyl group.
The alkyl group can be 4 straight chain alky! or a branched chain alkyl group containing 4 1o
3¢ carbons. In one or more instances of the composition, the non-polynieric anion 9
phosphate, citrate, pyro-phosphate, sulfate, fodide, bromide, chloride, nitrate, nitrite, oxalate,
acetate, fluoride, chiorae, bromate, chilorite, formate, hydrogen phosphate, or dilivdrogen
phosphate. in one or more instances of the composition, the charged group is succinate
{anionic), amino ethane {cationic), oF &IMING Propane {cationic). In one or more instances of
the composition, the hvdrophilic group is an aleokol. The aleohol can be ethanol or propanol.
In one example, the modifying group is octane sulfonyl chloride. “Modified and treated
chitosans” also nclude chitosans that have been non-covalently associated with one or more
distinet chemical modifiers, either atomic structures or molecular structures, “Modified arvd
treated chiteaans” can also include chitesans that bave co-additions of any number of distinot
chemical modifiers, either atomic structures or molecular striwtures. “Modified and treated
chitosans” can alse inclnde a combination or mixture of the three above-identified classes of
modified chitosans.

The “modified”, “reated” and “modified and teated chitosan” have an ionic balance,
which is obtained by the addition of amall, non-polymeric anions, Examples of such smail,
non-polymeric anions include, but are not limited to phosphate, citrate, pyro-phosphate,

subfate, iodide, bromide, chloride, nitrate, nitrite, oxalate, seotate, fluoride, chiorate, bromate,
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chlorite, formate, hydrogen phosphate, or dihydrogen phosphate. The “modified”, “treated”
and “modified and treated chitosan” does not contain polymeric anions. An example for such
a polymeric material is hyaluronic acid.

US 8,546,384 B2 (Bonding tissues and cross-linking proteins with naphthalimide
compounds), US 2008/0200948 A1 (Novel biomaterials and a method for making and using
same) and US 2016/0175449 A1 (Novel biomaterials and a method for making and using
same), describe compositions of treated, modified and modified and treated chitosan and their
uses.

As used throughout, by a “subject” is meant an animal or human. Thus, a subject can
include domesticated animals, such as cats, dogs, etc., livestock (e.g., cattle, horses, pigs,
sheep, goats, etc.), laboratory animals (e.g., mouse, rabbit, rat, guinea pig, etc.) and birds. In
one aspect, the subject is a mammal such as a primate or a human, including customers or
patients.

Various test systems have been developed to identify chemicals which, upon topical
exposure, could lead to adverse skin effects. The most commonly accepted such test, an in-
vitro skin irritation assay using skin reconstructs (epidermal equivalents) was accepted by the
European Union, and is now used worldwide.
(https://ntp.niehs.nih.gov/iccvam/suppdocs/feddocs/oecd/oecd-tg439-2013-508.pdf). The test
includes a standard négative control (NC, a non-irritant), and a standard positive control (PC,
a strong irritant). The suggested PC chemical is aqueous SDS, and the suggested NC
chemicals are water or phosphate buffered saline (PBS). SDS induces cell death and
increases the secretion of inflammatory mediators (e.g. [L-1a) in a dose-responsive manner.

IL-1a (interleukin-1 alpha, also named IL-1 alpha), is an inflammatory cytokine that
serves as a biomarker for skin irritation. Topical agents that are skin irritants, represented by
SDS and including e.g. retinoids, induce IL-1a secretion in a dose-responsive manner, and an
experimental reduction in IL-1a secretion correlates with a reduction or amelioration of
topical agent-induced skin irritation.

We have unexpectedly found that modified chitosan markedly reduced SDS-induced
IL-1o secretion and cell death in skin cells. Additionally, the modified chitosan markedly

reduced retinoid-induced, and chymotrypsin-induced IL-1a secretion and cell death in vitro.

13
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This suggests that the modified chitosan could be used in topival preparations to reduce skin
frritation,

The skin areas that could be treated by the compositions of this invention include any
skin area that conld be treated with a topical agent or produet, inchuding, but not limited 1o,
the scalp, face, head, neck, chest, back, arms, logs, diaper area, underarms area, and the like,
The compositions of this invention may be used, but are not Hmited to, cosmetically or
pharmaceutically accepted forms and carriers such as solntions, suspensions, emuisions
(including micro-emulsions and nano-emulsions), lotions, ereams, gels, sticks, sprays,
ointments, cleansing liquids, washes, solid bars, shampoos, hair conditioners, pastes, foarus,
powders, mousses, shaving ereams, shaving gels, wipss, patohes, hydrogels, film~forming
products, masks, liquid drops, muco-adhesives, and the Hke, The previse concentrafions,
effects of the composition and methods of this tovention will vary with the area being treated,
the age, health and skin type of the end user, the doration and nature of the treatment, the
specific composition employed, the particular condition being treated, the particular
cosmetically~ or pharmaceutically-goceptable carrier utilized, and like factors,

Hxamples

Bxample 11 SDS-induced firitation

An fn Vitro Skin Trritation Test was performed according to OCED guidelines. Irritont
materials are identified by their ability to decrease cell viability below a defined threshold

svel of 50%., Moreover, if the eviotexic effect is absent or weak, & quantifiable ameount of
inflammatory mediators {e.g. 1L-10} is released by the epidermis and may be used in a tierad
approach to increase the sensitivity of the test.

Test materiats (30ul) were topically applied onto thyee-dimensional human e pidermal
equivalents (BPI-200 from MatTek, Ashiand, MA), n=3 tissues per reaiment group. Test
materials included a positive contro! Irritant (5% sodium dodecyt sulfate, SIS}, and a
segative control (Phosphate Buffered Saline, PBY), and aqueous SIS solutions of 0.2, 0.4 and
0.6%, with or without the addition of moditied chitosan (1), Maodified chitesan {1%%) slone
was also included.

After a 60 minute exposure, the Hssues were rinsed with PBS and were transferred 1
fresh medium, After 24 hours, media was collected for 1L- 1o analysis and tissues were

transferred to fresh media for an additional 18 hr to allow the toxic effect of irvitant chemicals
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to develop. After the 42 hr post-exposure equilibration, media was again collected and tissue
vighility was determined using an MTT assay.
As shown by the MTT assay (Table 1), all test materials resulted in viabilities well

above the 50% cut-off, and were all at sbout the same viability levels as the PBS (negative

(V4]

controli-treated tissues {(~100-110%). Une exception was the 0,6% SDS.treated tissues that
were ~ 506 dead. However, In the presence of the modified chitosan, the 0.6% SDS had no
negative effect on csll viability, demonstrating a resene of the cell death effect by the
modified chitosan,

Table 1: Tissue viability assay upon SDS exposure

mean of SE
viability [} of vighility

NC (PBS) 100.0 16,28

0.2% SDS 116,40 4.4
(3.4% SDS 1063 4.76
G165 SDS 13.8 2

%% OsC ‘ 1053 4.61
0 2%8D5+ 1% modified chitosan PIGS 3.82
0.4%5D8+ 1% modified chitosan 1044 1.53

| 0.69%5TI8+ 1% modified chitosan o 1098 4,75

bt
<

{L-1o0 secretion was analyzed using the Human IL-To ELISA Duo Set (R&D Systems,
cat# DY200, Lot 1353857}, A Bio-Tek microplate reader and KC4 sofiware were used for
savple analysis, The resuits of the T~ o analysis, which are used to increase the sensitivity

of the test, are shown in Table 2.

,..J
4

As shown in Table 2, 8138 exposure resubted in a dose-dependent increase in -1
secretion, However, in the presence of the modified chitosan, the X8, even at the 0.6%
concentration, did not induce IL-1a secretion. These dais demonsirate the ability of the
modified chitosan o reduce and ameliorate SDS-induced skin firifation, As SDB i
considered a model system for skin iritation, these data suggest that the modified chitosan

an
Ay

could reduce tissne death and reduced skin brifation induced by any topical irtitating agent.

15
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Table 20 Ho-Lo seoretion upon SDS exposure

_______ Avg  SiDev
NC 23,4k 134
PO ) 425.23 5343
- 0.2% 3DS 15198 43,00
4% SDS ' 334,95 8016
©.6% SDS ‘ 824.61 .00
%% modified chilosan 32.44 1.40
0.2% SDS + 1% modified chitosan 29.14 8.¥6

0.4% SDS + 1% modified chitosan 3232 L 1045
| 0.6% SDS + 1% moditied chitosan 1897 1 145

This example suggests that the nsed of modified chitosan in topical formulations could
ameliorate topical agent-induced skin {rritation and tissue damage.

Example 2: Retinoid-induced irritation

A standard In Vitro 8kin Frritation Test was performed according to OCED guidelines,
Test materials (30ul) were topically applied onto three-dimensional human epidermal
squivalents (EPL200 from MarTek, Ashland, MA), n=3 tivgues per treatment group. Test
materials included 8 positive control rritant (3% sodivm dodecyl sulfate, SDS), and 2
negative control (Phosphate Buffered Saline, PBS), Retinel ((.01-19 o) combined with 1% of
the modified chijosan, and Retinoie acid {(0.01-19%) combined with 1% of the modified
chitosan, Retinoids were dissolved in one of two vehicles: V1 (50% sthanol, 20% glyeerin,
(.1% BHT, in PBS) or V2 (50% cthanol, 0.1% BHT, in PBS),

Afier a 60 minute exposure, the tissues were rinsed with PBS and were transferred o
fresh medium. After 24 hours, media was collected for [l-10 analysis and tissues were
iransferred to fresh media for an additional 18 by to allow the toxie effect of frritant chernicals
to develop, After the 42 hr post-exposure equitibration, media was agaln collected and tissue
viabilily was determined using an MTT assay.

As shown by the MTT assay, all test materials resulted in vighilities well above the
50% cut-off, and were all at about the same viability levels as the PBS (negative control}-
treated tissnes (95-110%). As expected, the positive control trritant resuited in less than 10%
viahility. Therefore, all test agent combinations (all containing the modified chitosan) are
considered as non-irritants according to the BUVAM guidelines.

L.l secretion was analyzed using the Human 1L-1a ELISA Duo Set (R&D Systems,

catf Y200, Lot 1353857). A Bio-Tek microplate reader and KC4 software were used for

[y
o
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sample analysis, The resulis of the L-1o analysis, which are used to increase the sensitivity of

the test, are shown in Table 3,

Tabie 3 Swnmary of o lovels 34 by posteexposy

N AVG | STDDEY |
MNegative '
Control PRI . 2832 23.53
\\\\lj‘\psmw Control 5% SDIS 25246 |
Vi __Muodified chitosan (1%} + Retinel (1 ’o) 2312 11.58
Vi Modifted chitosan (1% + Retinol (8.35%6) . 3607 1723
In¥l Moditied chitosan {1%) + Retinel {8.1%; 2422 3,94
n¥Vi Madified chitosan (1%} +Retinol {1,049 %o 33,55 | 1578
I Modified chitosan (1%} + Retinol (0.01%) 3158 1421
nvl _ ' Moditied chitosan (1% -+ Retinoic acid (1% 19.06 792
In V1 Modified chitosan (190 + Retinole acid {(8.35%) 2412 1607
In Vi § Modified chitosan (136} + Retinole acid (8.1%) 2848 17.73
n¥i Modified chitosan {1%0) +Retinoic acid {0.04%:} 22.84 | 251
InVi | Moditied chitosan (1% + Retinoie acid (0.01%3) ¢ 35,14 1380
in¥v2 _ WModified chitosan (1% + Retinol (1% 34.76 .56
V2 Modified chitosan {193 + Retinol {13500} 21.7¢ .57
nv2 _ Meodified chitosan (1%e) + Retinod {0,190 14,80 3,71
In V2 | Modified chitosan (1%} + Retinol (3.04%%) 26,69 5.51
______ n¥2 : Maodified chitosan {1%: + Retinol (1.01%) 3262 1 480
in¥32 Modifiod chitosan £1%} + Retinoic acid {1903 2883 .13
Ve Maodified chitosan (1%} + Retinole acid {0,35%%) 298] 8.68
n¥2 _ Modified chitosan (196} + Retinois aoid {U.1%; 41.87 5.44
vz i Muadified chifosan {1%}+ Retinoic acid {Q_“Oéi%} 23.82 18.79
In V2 Modified chitosan {1%) + Ratinoic acid (06196} 2289 13.83
As shown in Table 3, all test articl ulted In IL~1o secretion that was similar o that

of the negative control, These vesults document that in the presence of the modified chitosan,

the retinoids, even af as high concentration as 1%, are not inducing 1L~la seorction. These

.
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data confirm the ability of the modified chitosan to reduce and ameliorate the known retinoid-
induced skin irritation.

Bxample 3: Retinoid-induced irritation — long term sxposure and treatment

Epidermal equivalents (EPI-200 from MatTek, Ashiand, MA) were topically treated
daily, for four davs, with 30 ul of each test article, n=3 tissues per treatiment group. Test
articles were removed from the apical surface of the tissue daily by washing with PBS prior to
reapplication of test article. Tissues were fed daily with 0.% mlL EPE-100-NMM. Tissues
remained untreated, or ireated with a vehicle (45% ethanol, 8.1% BHT, in PES), without and
with increasing concentrations of retinol (0.01-194), with or without the addition of the
modified chitosan {196},

Visual observations at 96 howr post treatment docomented that the 1% retinol-treated
tissues were partially disintegrated, and resembled tissues that were exposed to a harsh toxic
agent, Interestingly, when the tissues were exposed to 1% retinol that was combined with the
modified chitosan, they were visually simifar to the untreated controls, and did uot look
disintegrated or negatively affected.

This example indicates that the addition of the modified chitosan to topical
preparations with high retinold concentrations protects the tissue from retinoid-induced
negative and destructive effecis,

Example 4: Retinoid-induced irritation — long term exposure and treatment

Epidermal equivalents (EPI-200 from MatTek, Ashland, MA) were topically treated
daily, for four days, with 30 pl of each test article, 0=3 tissues per treatment group. 03
tissues were left untreated. Test articles were removed from the apical surface of the tissue
daily by washing with PRS prior to reapplication of test artiele. Tissues were fed daily with
0.9 mL BEPLIO0NMM, Treatments include retinel, 8.01-1%, in an frritant vehicle (453%
ethancl, §.1% BHT, in PBS), with and withowt 1% modified chitosan.

Media was collected at 96 hour post treatment and IL-1a concentration was analyzed
using the Human 1L-la BLISA Due Set {R&D Systems, cat¥ DY200, Lot 13583837} A Bio-
Tek microplate reader and KC4 software were used for sample analysis,

The resulis of the TL-1a sevretion analysis are documented 1 Table 4.

[y
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Table 4; Supwary of IL-1o levels at 96 hr post-sxposure

. Tissue 1 | Tigsue 2 | Tizeue 3 | AVE

Untreated 26,35 21.18 13,45 27.66 3

Vehicle ' 104,66 | 2425 116867 111253 11035

Vehicle + retinol (1%} 88557 109775 L1071 1102046 | 117.27

Vehicle + retinod (0.1%) 35017 L I6ERE 176200 | 24068 | 12253

Vehicle + retino] (0.01%) 12424 10854 18194 10480 12138
Vehicle + modified chitosan L2098 67,40 34.03 120,20 1 7745

Vehicled moditied ohitosan + retmol {1%) | 26004 133186 | SBO33 39071 117671

Y ehiclet+ modified chifosan + retinol - ‘

(1,1%;) 10748 | 8687 1 1783% 12424 14801

Vehicle+ modifisd chitosan + retingl ‘

(0.01%) 9238 120875 122174 (17429 17123

The results documented in Table 4 show that retino] induces skin irritation in a dose-
responsive manner, as documented with the IL~Te secretion biomsrker. The addition of the
modified chitosan only 1o the vehicle does not induce or stimulate IL-1g secretion from the
treated epidermal equivalents, confirming that the modified chitesan, by iself, does not
induce skin irritation, Additionally, the modified chitpsan markedly (~60%;) reducad the
retinel {1%)-induced IL-Ta secretion, and a similar reduction (~30%} was observed for the
0.1%% retinol-treated tissues. These results indicate that the addition of the modified chitosan
10 topical retinold preparations significantly reduces retinoid-induced skin irritation,

Example 5~ Diaper rash {rritation

A standard In Vitre Skin frritation Test was performed according to OUED guidelines.
The method is deseribed in Example 1, Test articles included Chymotrypsin (0,003, $.01 and
0.02%;, with and without modified chitosan {1%). Chymotrypsin is the major fecal irritant
gnzyme that initiates diaper rash,

The exposure to these representative fecal concentrations of chymotrypsin, for one
hour, did not induce cell death,

As shown in Table §, chymotirypsin exposure resulted in a dose-dependent increase in
i1~1o secretion, documenting the trritation induced by this fecal enzyme,  Trealment of the
fissues with the modified chitosan prior to enzyme exposure markedly reduced -1
secretion, documenting a protective effect of the modified chitosan from a chronic exposurs

1o frritants,

N
-
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Table 3 [L-1g secretion upon chyiootrypsin exposure

“““““ Cenditiony dissue 1 tissue 2 tissug 3 AVEG ET.DEY Fiost
Untreated Control 47360 1 40380 | 24667 40,469 13722
Positive Control (PC, 5% S8y | 458,595 & 384,83 337.908 394,114 61371 .001
Untrealed + cubture medivm | 28.561 1 37492 33.160 38,738 12.452 {1,945
Untreated + Chymotrypsin = a0 A A o s oeme .
(0.605%5) 472488 74,241 74,302 65.27¢ 15,573 | ‘G.EG?
intreated + Chy o8l - ; o
Wntreated + Chymotrypsin 5421 | 53293 1 87.502 66.405 18449 | 0122
{Gﬁl“/uv} e
Untreated + Chymotrypsin o e neq 2 apnr - e o -
 5.02%) 67.307 353378 ) a0 166,821 161.883 $.24¢
Modified chitosan b 22237 ‘ 30,121 268,487 48,5058 31.941 8,673
Modified chitosan +euliwre | ¢y qe0 | 99034 | 47471 1 40291 15747 | 0.989
medium R _
Maedified chitosan + 1 ne . o fve ey s .
- o 3 71, 31,85 3. 2238 197
Chymotrypsin (6,.605%6) 38.881 1.009 81.859 63,909 isl Y
Modified chitosan + - V R ) 3
I8¢ S¥ 4 36 ] H iy IS
Chysotrypsin (0.01%) 154,138 58.447 30,682 84,089 61385 (4,296
Moditied chitosan + | . s n e e
: N . 53.27 9678 1088 3883 3.07
Chymotrypsin (6.02%) 66,625 153.276 26,706 (5.564 43983 3,071

These results indicate that ireatment with the modified chitosan before exposure 1o 2

chronic irritant significantly reduces Iritani-induced skin ireifation. These results suggest that

LA

the use of modified chitosan in diaper rash prevention products could protect the skin from
diaper rash inducing agents and reduce skin hritation in the diaper wren.
Exgmple 6 — UY lrritation
Epidermal equivalents (EPI-200 tissnes, MatTek, Ashland MA) were topically treated
with 30ul of modified chitosan (196 OsC) and were allowed to dry for 60 minutes, UVA/UVE-
{irradiation was performed using a Honle 301300 Solar Sivoudator. The duration of irradiation and the
doses were delermined using only the UVE wavelength. Tissues were exposed Lo increasing doses of
UV Buirradiation (100, 250, and 400 m¥em® UVB). 12 tissues (n=6 with test material and n=6
untreated) were exposed to each dose and p=6 tissues (n=6 with test material and =6 uontreated) were
sharn irradiated {See Table 6a for a Hst of all treatment groups).
5 Following irradiation, tissues were incubated at 37°C/5% CO: for 24 hrs. After 24 hours,
tssue viability was quantified by MTT and media was collected for measurement of 1L-1u release by
ELISA. IL-1 alpha conceniration was analyzed using the Human IL-la ELISA (R&D Systems, cat#
DY200, Lot #325259), A Bio-Tek microplate reader and GenS software were used for sample

analvsis,
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Table 6a. UV Treatment groups

Treatment Groap Test Pormulation | UVE dose
1 Untreated  Sham-irradiated
2  Untreaied 100 mi/om?
3 Unireated 250 mifom?
4 Entreated 400 mi/em®
5 Polymer Sham-~irradiated
8 Polymer 100 mlem’
7 Polymer 250 milom”
& - Polymer 460 mlem®

The results indicate that tissue viability of tissues treated with the modified chitosan
was comparable in shan-irradiated tissues and those exposed to UVB-~irradiation {(100-
400mJiem™).

The resuits of the 1L-1a analysis are shown in table 65, and the associated statistical
analysis is shown in table ¢, As documented in this study, the levels of TL- 1o were similar
in sham-irmadiated tssues compared to Hssues exposed to 100 mlem? and 250 m¥em?® UVB,
A significant increase in IL-1o levels was observed in tissues exposed o 400m¥/em?. This
increase was significantly reduced with the prefreatment with the modified chitosan,

These results indicate that the pretreatment of skin with a modified chitosan prior o
UV exposure result in reduced [L~1o secretion, Therefore, the modified chitosan is abis to

mitigate part of the inflammatory response and Irritation getivity induced by UV irradiation.

2
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Table 6b. IL-1c Levels 24 hours post exposure

Treatment Mean
Condition IL-1a SD
group # (pg/mL)
1 Untreated - Sham 65.41 | 20.90
5 +Polymer] - Sham 61.58 | 21.75
2 Untreated - 100 mJ/cm? 47.06 | 22.86
6 +Polymerl - 100 mJ/cm? 68.13 13.90
3 Untreated - 250 mJ/cm? 70.35 | 10.18
7 +Polymerl - 250 mJ/cm? 69.03 | 12.63
4 Untreated - 400 mJ/cm? 189.89 | 6.50
8 +Polymerl - 400 mJ/cm? 130.94 | 27.02

Table 6¢. Student’s t-test (compared to Untreated-Sham)

Tr;az:;e: t Condition
1 Untreated - Sham
5 +Polymerl - Sham
2 Untreated - 100 mJ/cm?
6 +Polymer1 - 100 mJ/em?
3 Untreated - 250 mJ/cm?
7 +Polymer] - 250 mJ/cm?
4 Untreated - 400 mJ/cm?
8 +Polymerl - 400 mJ/cm?
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CLAIMS

What is claimed is:

1. A composition comprising

(a) at least one topical irritating agent comprising a sunscreen agent, sodium dodecyl
sulfate (SDS) or a retinoid, a retinoid derivative, or a retinoid precursor, and combinations
thereof, wherein the retinoid, retinoid derivative and the retinoid precursor are selected from
the group consisting of retinol, retinal, retinyl esters, tretinoin, retinoic acid, Vitamin A, ester
of Vitamin A, isotretinoin, alitretinoin, etretinate, acitretin, adapalene, bexarotene, and
tazarotene, and

(b) at least one chitosan covalently modified with octane sulfonic acid via sulfonamide
linkage, and wherein the composition provides a reduction in skin irritation and/or a reduction
in skin inflammation and/or a reduction in irritant-induced IL-1a secretion after contact with
the composition compared with a control composition comprising the topical irritating agent

but not the chitosan.

2. The composition of claim 1, wherein said retinoid, retinoid precursor or retinoid

derivative comprises retinol.
3. The composition of claim 1, wherein the ester of Vitamin A is retinol-palmitate.

4. The composition of any one of claims 1-3, wherein said retinoid, retinoid precursor or

retinoid derivative comprises about 0.001-5% W/V of the total weight of the composition.

5. The composition of any one of claims 1-3, wherein said retinoid, retinoid precursor or

retinoid derivative comprises about 0.01-1% W/V of the total weight of the composition.

6. The composition of any one of claims 1-3, wherein said retinoid, retinoid precursor or

retinoid derivative comprises about 0.04-.5% W/V of the total weight of the composition.

23

CA 3010077 2019-11-26



10

15

20

25

30

7. The composition of claim 1, wherein the topical irritating agent comprises sodium

dodecyl sulfate.

8. The composition of claim 1, wherein the topical irritating agent comprises one or more

sunscreen agents.

9. The composition of claim 1, wherein the topical irritating agent comprises one or more

retinoids, retinoid derivatives, or retinoid precursors.

10.  The composition of claim 1, wherein the topical irritating agent comprises SDS and

one or more retinoids, retinoid derivatives, or retinoid precursors.

11.  The composition of claim 1, wherein the topical irritating agent comprises one or more

sunscreen agents and one or more retinoids, retinoid derivatives, or retinoid precursors.

12. The composition of claim 1, wherein the topical irritating agent comprises SDS and

one or more sunscreen agents.

13.  The composition of claim 1, wherein the topical irritating agent comprises SDS, one or

more sunscreen agents, and one or more retinoids, retinoid derivatives, or retinoid precursors.

14. The composition of any one of claims 1-13, wherein said at least one chitosan
covalently modified with octane sulfonic acid comprises about 0.0001-5% W/V of the total

weight of the composition.
15.  The composition of any one of claims 1-13, wherein said at least one chitosan
covalently modified with octane sulfonic acid comprises about 0.001-3% W/V of the total

weight of the composition.

16.  The composition of any one of claims 1-13, wherein said at least one chitosan

covalently modified with octane sulfonic acid comprises about 0.5-2% W/V of the total
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weight of the composition.

17. The composition of any one of claims 1-16, which is in the form of a solution,
suspension, emulsion, lotion, cream, gel, stick, spray, ointment, cleansing liquid, wash, solid
bar, shampoo, hair conditioner, paste, foam, powder, mousse, shaving cream, shaving gel,

wipe, patch, hydrogel, or mask.

18.  Use of the composition of any one of claims 1-17 for reduction of skin irritation and/or
skin inflammation and/or irritant-induced IL-1a secretion induced by the topical irritating
agent wherein the composition is for topical application to skin, nails and/or hair of a subject

in need thereof.

19.  The use of claim 18, wherein the composition is for application to skin.

20.  The use of claim 19, wherein the topical irritating agent comprises the retinoid, the

retinoid derivative, or the retinoid precursor.

21. The use of claim 20, wherein the retinoid, the retinoid derivative, or the retinoid

precursor is retinol or retinol A palmitate.

22. The use of claim 18, wherein the topical irritating agent comprises one or more

sunscreen agents.

23.  The use of claim 18, wherein the composition is for application to nails.

24.  The use of claim 18, wherein the composition is for application to hair.

25.  The use of claim 24, wherein the topical irritating agent comprises sodium dodecyl
sulfate (SDS).
26.  The use of claim 18, wherein the topical irritating agent comprises SDS and one or

more one or more retinoids, retinoid derivatives, or retinoid precursors.
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27.  The use of claim 18, wherein the topical irritating agent comprises one or more

sunscreen agents and one or more retinoids, retinoid derivatives, or retinoid precursors.

28.  The use of claim 18, wherein the topical irritating agent comprises SDS and one or

more sunscreen agents.

29.  The use of claim 18, wherein the topical irritating agent comprises SDS, one or more

sunscreen agents, and one or more retinoids, retinoid derivatives, or retinoid precursors.

30.  The use of any one of claims 18-29, wherein the subject is a human.
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