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ZINC AMING ACID HALIDE COMPLEX WITH CYSTEINE
CROSS REFERENCE TO RELATED APPLICATIONS

{6601} This application is a continuation in part of PCT/US2013/46268, filed on 18 June 2013;
PCT/US2012/70489, filed on 19 December 2012, PCT/US2012/70492, filed on 19 December
2012, PCT/USZ2012/70498, filed on 19 December 2012, PCT/US2012/70506, filed on 19
December 2012, PCT/US2012/70513, filed on 19 December 2012; PCT/USZA12/70505, filed on
19 December 2012; PCT/USZ012/70501, filed on 19 December 2012, PCT/US2012/70521, filed
on 19 December 2012, PCT/USZ012/70534, filed on 19 December 2012; and
PCT/US2013/50845, filed on 17 July 2013, all of which are incorporated herein by reference.
BACKGROUND
{8002} Conventional antiperspirants cornprising salts of aluminum or aluminum/zirconium are
known. These salts function as antiperspirants by forming polymeric complexes which can plug
pores, thereby blocking sweat release. There 1s a need for additional antiperspirant active agents
that provide molecular weight complexes of a size capable of plugging pores to block sweat, that
provide deodorant/antibacterial efficacy, and that are less frritating to the skin than the acidic
salts 1u conventional antiperspirants. There 18 also a veed for alierative antibacterial and skin
protective agents for use i liquid hand soaps and body washes. Finally, there is a need for
agents in oral care products which can whiten and strengthen teeth, retard erosion, and inhibit

bacteria and plaque.
BRIEF SUMMARY

{8003] Provided 15 a composttion coraprising a zine aming acid halide complex (“Z2XH”,
wherein X refers to an amino acid or trialkylglycine, “TAG”) in combination with cysteine,
which complex is stable and soluble 1n concentrated aqueous solution, but which provides a
relatively acid-stable precipitate comprising a complex of zine {e.g., zinc oxide) and cysteine
upon dilution. The unusual and uncxpected propertics of this material allow delivery of a stable
zine complex to the skin or teeth, makiog it usetul in personal care products, ¢.g., antiperspirant
products and liquid hand and body soaps, as well as in oral care products, ¢.g. mouthwash or

dentifrice.
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{#684] In onc embodiment, the zine amino acid halide complex (ZXH)} is formed by reacting
zine oxide and a halide salt of a basic amino acid to obtain a comwplex having the general
formula:

Zu-{basic amino acid)-(halide);
{B85] In one embodiment, the zine amino acid halide comaplex (ZAH} is a zinc-lysine~-chloride
complex, ¢.g., formed from a mixture of zine oxide and lysine hydrochloride, having the formula
[7n( CgHMNZOQ)gClFCE'. This particular zinc-lysine-chloride complex 18 sometimes referred to
herein as “ZLC”. In this complex, Zn” is coordinated by two lysine ligands with two N atoms
frora NH: groups and two O atoms from carboxylic groups i an equatorial plave. It displays a
distorted squarc-pyramidal geometry with the apical position occupied by a CF atom. This novel
structure gives rise to g positive cation moiety, to which a Cl anion is combined to form an 1onie
salt.
{6806} ZLC may exist in solution of the cationic ({Zn{CeH 14N> O, 3, Cl 1") and the chloride
anion, or may be a sohid salt, e.g., a crystal, optionally in mono- or dihydrate form, e.g., as a
monochydrate crystal having a powder x-ray diffraction pattern with major peaks having a
relative intensity and spacing substantially as depicted i Figure 1 of PCT/US2012/70498.
18007 Other complexes of zinc and amino acid are possibie, and the precise form is dependent
in part on the molar ratios of the precursor corapounds, ¢.g., if there is himited halide, halide-free
complexes may form, ¢.g. Znlys,, having a pyramid geometry, with the equatorial plane that is
same as the above compound (Zan is bound to two oxygen and two nitrogen atoms from different
lysines), wherein the top of the pyramid is occupied by a Cl atom. Under particular conditions,
zinge oxide can also react with lysine and/or lysine'HCl to form a clear solution of Zn-lysine-
chloride complex (ZnLys;Cly), wherein Zn” is located in an octahedral center coordinated with
two oxygen and two nitrogen atoms in the equatorial plane coming from two lysine's carboxylic
acids and amine groups respectively. The zine in this complex s also coordmated to the third
lysine via its nitrogen and carboxylic oxygen, at the apical position of the metal geometry. Also,
zine can be provided from other sources than ZnO. Surprisingly, bowever, we have determined
however that the stabilization effect of the cysteine is most effective for complexes having the
formula Zn~(basic amino acid);-(halide),, thus the combination of the zince and amino acid halide

is preferably countrolled to provide this complex as the dominant form.
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{#688] The zinc X halide complexes, ¢.g. ZLC, have key features {(e.g., conductivity, hydrolysis
reaction and protein flocculation) which make it competitive with commercial antiperspirant
salts. Like conventional aluminum or aluminum-zircontum antiperspirant salts, the ZXH forms
precipitates under sweat conditions that can phug the pores and block sweat release. The
mechantsm is unusual. As the amount of water increases, rather than going inte or remaining in
solution as the solution becores more dilute, as would typically be the case for an ionic
complex, the ZXH hydrolyzes, to provide a relatively insolable zine oxide precipitate, thereby
permitting further plugging of the pores and/or controlled deposition of zinc oxide on the skin.
The zinc 1s moreover antibacterial, and so n addition to providing a precipitate which blocks
sweat release from the pores, it provides a deodorant benefit by reducing odor-causing bacteria.
Finally, the ZXH may be provided in a formulation which is approxamately pH neutral, which is
less irritating to the skin and less damaging to clothing thau the currently-used aluminum or
alurminure-zirconium antiperspirant salts, which are quite acidie in formulation, or current
deodorant formulations, which typically contain high levels of alkali fatty acid salts and may be
quite basic.

18069] Zinc oxide is soluble at low pH, however, and as sweat has a pH of 5-6, the sweat can
reduce the levels of precipitation of the zinc oxide compared to precipitation levels at neutral pH.
Moreover, the sweat can gradually dissolve the depositions, reducing the duration of action of
the formulation. We have surprisingly discovered that this problem can be ameliorated by co-
formulating the product with cysteine. The cysteine and the zine salt together form a precipitate
upon use and dilution with sweat, which precipitate is resistant to acid. The formulation
comprising ZXH together with cysteine thus has enhanced efficacy as an antiperspirant.
Moreover, the cysteine helps stabilize the ZXH in the formulation prior to administration.

{#618] In another embodiment, the ZXH/cysteine combination 18 also usefil in Hiquid hand soaps
and body washes.

18611} In yet another embodiment, the ZXH/cysteine combination is uscful in oral care products,
for exarople dentifiice or mouth vinse. A formulation comprising the ZXH/cysteine combination
provides an effective concentration of zinc tons to the enamel, thereby protecting against erosion,
reducing bacterial colonization and biofilm development, and providing enhanced shine to the
teeth. Moreover, upon use, the formulation is diluted and provides a stabilized precipitate that

¢ cificient

plugs the dentinal tubules, thereby reducing the sensitivity of the teeth. While providing
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delivery of zine in comparison to formulations with insoluble zinc salts, the formulations
comprising the ZXH/cysteine combination do not exhibit the poor taste and mouthfeel, poor
fluoride delivery, and poor foaming and cleaning associated with conventional zinc-based oral
care products using sohuble zing salts,

{B612] Provided is a composition comprising (1) a zinc amino X halide complex (ZXH), e.g.,
[7n{ C6H14N203)2C1TCE’ (ZLC), and (1) cysteme in free or in orally or cosmetically acceptable
salt form. The compositions may be oral care products, e.g., dentifrice or mouth rinse, or
personal care products, such as antiperspirants, liquid hand soap or body wash, and skin Iotions,
creamns and conditioners. Further provided are wethods of using such compositions, ¢.g.,
methods of reducing sweat comprising applying the composition to skin, methods of killing
bacteria comprising contacting the bacteria with the cornposition, and methods of tfreating or
reducing dental hypersensitivity, eroston, and plaque, comprising applying the composition to
the teeth, as well as methods of making such compositions.

{#613] Further arcas of applicability of the present tnvention will become apparent from the
detailed description provided hereinafter. It should be understoed that the detailed description
and specific examples, while indicating the preferred erabodiment of the mvention, are intended

for purposes of illustration only and are not intended to limit the scope of the invention.
DETAILED DESCRIPTION

{6614} The following description of the preferred erobodiment(s) is merely exeroplary 1o nature
and is in no way intended to limit the invention, its application, or uses.

{B615] As used throughout, ranges arc used as shorthand for describing cach and every value
that is within the range. Any value within the range can be selected as the terminus of the range.
In addition, all references cited herein are hereby incorporated by referenced in their entiretics.
In the event of a conflict in a definttion wn the preseot disclosure and that of a cited refercnce, the
present disclosure controls.

18616} Unless otherwise specified, all percentages and amounts expressed herein and clsewhere
in the specification should be understood to refer to percentages by weight. The amounts given
are based on the active weight of the material.

{#617] The zinc (amino acid or TAG) halide complex, 1.e., ZXH, can be formed by reacting one

or more zine compounds {¢.g.,. zine oxide, zine hydroxide, zine chloride. . etc.,, but tetrabasic
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zine chloride is specifically excluded) and a halide salt of a basic aming acid to obtain a complex
haviog the geveral formula;

Zn~{amino acid or TAG)~(halide),

wherein xis 1 -3 and yis [ - 3.
{6018] In one embodiment, the ZXH 15 a zinc amino acid halide complex ("ZAH”) such as a
zine-lysine-chloride complex (“ZLC™), ¢.g., formed from a mixture of zinc oxide and lysine
hydrochloride, having the formula {Zn(QH]4N2(32)2CE}@1'. In this complex, Za' is coordinated
by two lysine ligands with two N atoms from NH; groups and two O atoms from carboxylic
groups in an equatorial plane. Not wishing to be bound by theory, it is believed that it displays a
distorted sguare-pyramidal geometry with the apical position occupied by a CI atom. This
structure gives 1ise to a positive cation moicty, to which a C1 anion 18 cornbined to form an ionic
salt.
{G019] In  another cmbodiment, the trialkylglycine (TAG) 18 C-Cy  alkylglycine or
trimethylglyeine.
{6620} ZLC may exist in solution of the cationic ([Zn{CH14N,0:»CIT) and the chloride anion,
or may be a solid salt, e.g., a crystal, optiovally i voono- or dihydrate form, eg., as a
monohydrate crystal having a powder x-ray diffraction pattern with major peaks having a
relative intensity and spacing and spacing substantially as depicted w Figure 1 of
PCT/USZ012/70498.
{6621} Other complexes of zine and amino acid arc possible, and the precise form 18 dependent
in part on the molar ratios of the precursor compounds, e.g., if there is imited halide, halide-free
complexes may form, e.g. Znlys;, having a pyramd geomcetry, with the equatorial plane that is
same as the above compound (Zn is bound to two oxygen and two nifrogen atoms from different
fysines}, wherein the top of the pyramid s occupied by a Cl atom. Under particular conditions,
zine oxide can also react with lysine and/or lysine-HCI to form a clear solution of Zn-~lysine-
chloride complex (ZnLys;Cly), wherein Zn, 18 located in an octahedral center coordinated with
two oxygen and two nitrogen atoms in the equatorial plane coming from two lysine's carboxylic
acids and amine groups respectively. The zinc in this complex is also coordinated to the third
iysine via its nitrogen and carboxylic oxygen, at the apical position of the metal geornetry. The
ZXH complexes, e.g. ZLC, have key features {e.g., conductivity, hydrolysis reaction and protein

flocculation) which make 1t competitive with comumercial antiperspirant salts. Like conventional

N
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aluminum or aluminum-zirconium antiperspirant salts, the ZXH forms precipitates that can plug
the pores and block sweat release. As the amount of water increases, the ZXH hydrolyzes to
distribute a relatively insoluble zinc-containing precipitate. The precipitate typically contains one
or more of zine oxide, zine cysteine, zine hydroxide, or other zine-containing compounds. This
precipitate is unique in that it will allow plugging of pores on the skin. Furthermore, this reaction
is atypical since, in most cases, dilution will increase the solubtlity of an ionic complex.

Additionally, zine is antibacterial, so it provides a precipitate which blocks sweat release from

the pores while also it providing a deodorant benefit by reducing odor-causing bacteria.

[B622] It 1s important to note that zinc oxide 1s soluble at low pH, and as sweat has a pH of 5-6,

the sweat can reduce the levels of precipitation of the zine oxide compared to precipitation levels

at neutral pH. Moreover, the sweat can gradually dissolve the depositions, reducing the duration
of action of the formulation. This problem can be ameliorated by co-formulating the product
with cysteine. The cysteine and the ZHX together form a precipitate. Upon use and dilution
with sweat, the precipitate is more resistant to acid than ZHX alone. The formulation comprising

ZXH together with cysteine thus has enhanced efficacy as an antiperspirant.

{8623} Provided s, i a first embodiment, a composition (Composition 1) comprising (1) a zine

amine acid or TAG halide complex and (i1) cysteine in free or in orally or cosmetically

acceptable salt form, e.g.,

1.1, Composition | wherein the zinc {amino acid or TAG) halide is formed from precursors,
wherein the precursors are g zing 10n source, an aming acid source or TAG source, and a
halide source, wherein the halide source can be part of the zinc 1on source, the amino acid
source or trialkylglycine source, or a halogen acid.

1.2, Composition 1 or 1.1 wherein the zinc ton source is at least one of zine oxide, zinc
chlgride, zinc carbonate, zing nitrate, zinc cifrate, and zince phosphate.

1.3, Composition 1.1 or 1.3 wherein the amino acid source 1s at least one of a basic amino
acid, lysine, arginine, glycine.

1.4, Any of the foregoing compositions, wherein the trialkyl glycine is a C1-Cy alkyl glycine
or trimethyl glycine.

1.5, Any of the foregoing Compositions wherein the zine amino acid halide 1s made by

combining zine oxide with an amino acid hydrohalide.

6
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1.6.  Any of the foregoing Compositions wherein the zinc amino acid halide has the formula
Zun{Amino AcidpHal, or Zn{Avoino Acid);Haly wherein Zn is a divalent zinc 100 and Hal
is a halide ion.

1.7. Any of the foregoing Compositions wherein the zine amino acid halide complex 18
{Zn((ﬁfﬁ}imNz()g)gCE}'*Ci' {sometimes referred to herein as “Z1LC”}, and wherein when
the complex is in crystailine forr, ¢.g. in hydrate form, e.g. a monohydrate or dihydrate,
e.g., baving a structure wherein the Zuo cation 18 coordinated by two lysine ligands with
two nitrogen atoms from alpha NH; groups of the two lysine ligands and two oxygen
atoms from carboxylic groups of the two lysine ligands in an equatorial plane, having a
distorted square-pyramidal geometry with the apical position occupied by a chlorine
atom, to form a positive cation rootety, with which a chloride anjon 18 combined to form
an ionic salt; for example a crystal having a powder X-ray diffraction pattern
substantially corresponding to one of the two patterns depicted in Figure 1 of
PCT/US2012/70498. [By “substantially corresponding” is meaut a correspondence
indicating to one of skill in the art that the crystal is the same as or is predominantly
composed of the ZLC crystal, e.g., based on the overall pattern of relative inteusity and
spacing of the peaks, taking into account instrumental and sample variation, ¢.g.,
variations in the wavelength and intensity of the x-ray source and the purity of the
sample ]

1.8.  Composition 1 or 1.1 wherein the zinc—amine acid-halide complex is
[Zo{CsH N0 nCHCL (sometimes referred to herein as “ZLC™), optionally in hydrate
form, e.g. a complex formed from a mixture of zinc oxide and lysine hydrochlornide, e.g.,
in a molar ratio of ZnO:Lysine HClof 1:1 10 3:1, e.g., 2:1.

1.9, Any of the foregoing Compositions which upon dilution with water, provides a
precipitate comprising zine oxide i coraplex with cysteine, and optionally additionally
comprising zinc oxide, zinc carbonate, and mixtures thereof.

1.10.  Auny of the foregoing Compositions wherein the total arount of zinc present in the
composition is (.2 to 8% by weight of the composttion.

L1 Any of the foregoing compositions wherein the ratio of zinc to cysteine 18 from 5:1 to

10:1 by weight.
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112, Any of the foregoing composttions, wherein the cysteine is cysteine hydrohalide,
optionally cysteine hydrochloride.

1.13.  Any of the foregoing compositions wherein the pH of the formmulation 1s 6-8, e.g., 6.5-7.5,
e.g., approximately neutral,

1.14.  Any of the foregoing compeositions further comprising an orally or cosmetically
acceptable carrier.

115, Any of the foregoing corapositious further comprising an orally or cosmetically
acceptable carrier, and which is an oral care product selected from dentifrice or
mouthwash, or a personal care product, selected from antiperspirants, deodorants, liquid
hand soap, body wash, dermal lotions, dermal creams, and dermal conditioners.

1.16.  Any of the foregoing corapositions further comprising an orally or cosmetically
acceptable carrier that comprises less than 10% water, e.g., less than 5% water, e.g., 18

substantially anhydrous.

[
—
~3

Any of the foregoing compositions wherein the composition comprises not more than
85% water.

18624} Provided s a rocthod of roaking composttion 1, et seq. comprising (i) combining a zing
ion source, an aming acid source, and a halide source {wherein the halide spurce can be part of
the zinc ion source, the amino acid source, or a halogen acid), in a fluid {¢.g., aqueous) oedium,
optionally isolating the complex thus formed in solid form, combining the complex with
cysteine, or (i) combining a zinc araino acid halide complex and cysteine. The mixture can
optionally be combined with a cosmetically acceptable carrier.

{8025} Provided 15 a composttion {Composition 2) which is an antiperspirant or deodorant
product comprising (1) a zinc amino acid halide complex and (i1} cysteine in free or in
cosmetically acceptabic salt form, , together with a cosmetically acceptable carrier, e.g. in
accordance with any of the scopes of Composttion 1, ef seq. , e.g.

2.1, Composition Z which, upon use and contact with sweat, provides a precipitate to the skin,
corprising zinc oxide in complex with cysteine, and optionally additionally coroprising

zinc oxide, zine carbonate, and mixtures thereof.

E 3
=

Coraposition 2 or 2.1 wherein zinc amine acid halide cornplex is [Zn{CeH N0, CHCL

{sometimes referred to berein as “ZLCY), optionally in hydrate form.
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Composition 2 or 2.1 wherein the cosmetically acceptable carrier comprises one or more

| ]
[OS]

wmgredients selected frora water-soluble alcohols (such as €, ¢ alcobols including
ethanol}; glycols (including propylene glycol, dipropylene glycol, tripropylene glycol and
mixturcs thereof); glycerides (including mono-, di- and triglyeerides); mediurn to long
chain organic acids, alcohols and esters; surfactants (including emulsifying and
dispersing agents); additional amine acids; structurants (including thickeners and gelling
agents, for example polymers, silicates and silicon dioxide); emollients; fragrances; and
colorants (including dyes and pigments}).
2.4, Composition 2, 2.1, or 2.2 wherein the composttion 1s in the form of an antiperspivant
stick, an acrosol antiperspirant spray, or a liquid roll-on antiperspirant.
16626} Also provided are mcthods of reducing perspiration comprising applying an
antiperspirant effective amount of any of Composition 2, ef seq. to the skin, methods of reducing
body odor comprising applying a deodorant-cffective amount of any of Composition 2, ef seg. to
the skin, and methods of killing bacteria comprising contacting the bacteria with contacting with
any of Composition 2, ef seg. For example, provided 1s (i) a method for controlling perspiration
comprising applying to skin an antiperspirant effective armount of a forraulation of any
embodiment embraced or specifically described herein, e.g., any of Compeosition 2, ef seq.; and
{11} a moethod for controlling odor from perspiration or bacteria on the skin, comprising applying
to skin a deodorant effective amount of a formulation of any embodiment embraced or
specifically described herein, ¢.g., any of Composition 2, ef seq.
{8627 Provided 1s a method of making an antiperspirant or deodorant comprising (i) a zinc
amino acid halide and (it} cysteine in free or cosmetically acceptable salt form, ¢.g., any of
Composition 2, ef seq. comaprising combining zinc amino actd halide, cysteine and a cosmetically
acceptable carrier.
18628} Also provided 1s (1) the use of any of Composition 2, ef seg. to kill bacteria, reduce
perspiration, and/or reduce body odor; and (111) any of Composition 2, ef seq. for use in killing
bactenia, reducing perspiration, and/or reducing body odor.
{6629} Also provided is the use of cysteine in the manufacture of an antiperspirant or deodorant
formulation, ¢.g., a formulation according to any of Composition 2, ef seq.
{8038} In making Composition 2, ef seg. the zinc amine acid halide and cysteine in free or

comsetically acceptable salt form can be incorporated into a suitable, cosmetically aceeptable
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base, for example a stick, roli-on, spray or acrosol, for application to the underarm. Following
application, in the presence of charged molecules such as proteins found ou the skin, the salf will
flocculate, forming plugs which block sweat release. Additional water from sweat can moreover
dilute the formulation, causing the coraplex to decompose, resulting in a precipitate composed
primarily of zinc oxide in complex with cysteine, which can reduce sweat and odor as described
above.

{8631} As used herein, the term antiperspirant can refer generally to any product that can form a
plug in a pore to reduce sweating, including those materials classified as antiperspirants by the
Food and Drug Adnunistration under 21 CFR part 350, 1t 1s understood that antiperspirants may
also be deodorants, particularly in the case of the described conmpositions, as zing has
antibacterial properties and thus inhibits odor-causing bacteria on the skin,

{8032} Also provided is a composition (Composition 3) which is a personal care product selected
from hiquid hand soap, body wash, dermal lotions, dermal crearus, and derroal conditioners
comprising (i} a zinc (amino acid or TAG) halide complex and (it) cysteine in free or
cosmetically acceptable salt form, together with a cosmctically acceptable carrier, e.g. in

accordance with any of the scopes of Composttion 1, ef seq. , e.g.

[o™)

. Composition 3 which, upon use with water, provides a precipitate to the skin, comprising
zince oxide m coraplex with cystemne, and optionally additionally comprising #inc oxide,
zing carbonate, and mixtures thercof,

3.2, Cornposition 3 or 3.1 comprising the zinc arnino acid halide coraplex in an arount of 1

to 10 % by weight of the composition.

2.5,  Auny of the forcgoing compositions wherein the zine arnino acid halide complex is
[Zn{TeH 14N2()E)ZCE}*C]" {(sometimes referred to herein as “ZLC7), optionally in hydrate
form.

3.3, Any of the foregoing compositions, wherein a total amount of zine present in the
composition is 0.1 to 8 weight %, optionally 0.1 to 2 or 0.1 to | weight %.

3.4, Any of the foregoing compostiions, wherein the cysteine s cysteine hydrohalide,

optionally cysteine hydrochloride.
3.5, Any of the foregoing compositions wherein the cosmetically acceptable carrier comprises
one or more ingredients selected from water-soluble alcohols (such as C, ¢ alcohols

including ethanol); glycols (inchuding propylene glycol, dipropylene glycol, tripropylene

10
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3.7.
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glycol and mixtures thereof); glycerides (inchuding mono-, di- and triglycerides), medium
to long chain organic acids, alcohols and esters; surfactants (including emulsifying and
dispersing agents); additional amino acids; structurants (including thickeners and gelling
agents, for exaraple polyracrs, silicates and silicon dioxide); emollients; fragrances; and
colorants {including dyes and pigments).

Any of the foregoing compositions, wherein the cosmetically acceptable carrier

comprises one or roore nonionic surfactants, for example non-ionic surfactants selected

from amine oxide surfactanis {c.g,, fatty acid amides of atkyi amines, for cxample
tauramidopropyldimethylamine oxide, rayristamidopropylamine oxide and mixinres

o~

thereot), alcohol amide surfactants {e.g., fatty scid amides of sleohol amines, ¢.z.,

cocamide MEA {cocomonocthanolamidell, polyethoxylated surfactanis {o.g.

frn

polvethoxviated dertvatives of esters of futty acids and polyvols (for exampie glyeols,
ghycerols, saccharides or sugar aleohols), for example polysorbates or PEG-120 methyl

ghucose dicleate), and combinations thereof

w

Any of the foregoing composifions wherein the cosmetically acceptable carrier comprises
an andonic surfactant, ¢.g. selected from sodiom lauryl sulfate and sodium ether fauryl
sulfate.

Auny of the foregoing composttions wherein the cosmetically acceptable carvier coraprises
water, an anionic surfactant, ¢.g., sodium laurcth sulfate, a viscosity modifying agent,
¢.g., acrylates copolymer, and a zwitterionic surfactant, ¢.g., cocamidopropyl betaine.
Any of the foregoing compositions wherein the cosmetically acceptable carrier is
substantially free of anionic surfactants.

Any of the foregoing compositions wherein the cosmetically acceptable carrier comprises
water, quaternary ammonium agents {¢.g. cetrimonium chloride}, humectant {e.g.
glycerin}, and non-ionic surfactant {¢.g., selected from amine oxide surfactants (e.g.,
lauramidopropyldimethylamine oxide myristamidopropylamine oxide and mixtures
thereot), alcobol armide surfactants (e.g., cocamide MEA (cocomonocthanolamide)),
polyethoxylate surfactants {e.g. PEG-120 methy! glucose dioleate), and combinations
thereof).

Any of the foregoing mmpﬁsitiens, wherein the cosmetically acceptable carrier

comprises an antibacterially etfective arnount of 8 non-zine antibacterial agent, ¢.g., an

It
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antibacterial agent selected from triclosan, triclocarban, chloroxylenol, herbal extracts
and essential oils {e.g. rosemary exiract, tea exiract, magnolia exiract, thymol, menthol,
eucalyptol, gerantol, carvacrol, citral, hinokitol, catechol, methyl salicylate,
epigallocatechin gallate, epigallocatechin, gallic acid), bisguanide antiseptics {e.g.,
chlorhexiding, alexidine or octenidine}, and quaternary ammmonium compounds {e.g.,
cetylpyridinium chloride {(CPC), benzalkonium chloride, tetradecylpyridinium chloride
{TPC), N-tetradecyl-d-cthylpynidinium chloride (TDEPC)); and combinatious thercof] for
example an antibacterially effective amount of benzatkonium chloride.

3.12.  Any of the foregoing composttions which has pH 6-§, ¢.g, 1s approximately pH neutral.

3.13.  Any of the foregoing composttions comprising ingredients as follows:

Material Weight %
Water R3-93%
{Juaternary ammoniun antibacterial agents, ¢.g., selected from cotrimonium 0.1-4%

chloride {cetyl trimethyl ammontom chloride), Tipg alkydimethyibenzel
ammynoniun chloride (BRCY, and combinations thereof

Humectants, ¢.g., glycerin

Nop~1ome %uri'écmm' e.g., selected frorn amune oxide surfactanis {e.g. 1-5%
lanranudopropyidimethylamine oxide myristamidopropylamine 0\1% 1
mixtures thereof), alcohol amide surfactants {e.g., cocamide MEA
{cocomonocthanolamide}), polyethoxylate surfactants {c.g. PEG-120 methyl
glucose dicleate}, and combinations thereof

Buffering agents and agents to adjust pH 1-3%
Preservatives a ui or chelators $.1-2%
Fragrance and coloring agents 3.1-2%
AR 1-53%, ¢.g.,
3494
Cystene 01— 194,

18633} Also provided are mcthods of killing bacteria comprising contacting the bacteria with an
antibacterially effective amount of a ZLC, e.g., with any of Composition 3, e seq., for example,
methods of treating or reducing the incidence of topical skin infections, for example infections
by Staphylococcus aureus and/or Streptococcus pyvogenes, as well as to treat or reduce the
incidence of acne, comprising washing the skin with an antibacterially effective amount of a

ZLC and cysteine, e.g., with any of Coraposition 3, ef seq., and water,
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{#034] Also provided 18 a method of making a personal care composition comprising (i) a zine
aming acid halide complex and (1) cysteine 10 free or cosmetically acceptable salt form, e.g., any
of Composition 3, ef seq. comprising combining (i} combining a zinc ion source, an amino acid
souree, and a halide source (wherein the halide source can be part of the zine ion source, the
amino acid source, or a halogen acid}, in a fluid {c.g., aqueous) medium, optionally isolating the
complex thus formed in solid form, cormbining the complex with cysteine, or (i1} combining a
zine aming acid halide complex and cysteine. The zinc amino acid complex and cysteine are
combined with a cosmetically acceptable carrier.
{6035} Also provided is (1) the use of a zinc amuno acid halide complex and cysteine, ¢.g., any of
Compositions 1, ef seq., to kill bacteria, to protect the skin, ¢.g., from bacteria or to provide a
visual signal when washing; (i1} the use of 4 ZLC and cysteine n the manufactare of a
composition, any of Compositions 1, ef seq., to kill bacteria, to protect the skin, or to provide a
visual signal when washing; and (111} ZLC and cysteine, ¢.g., any of Compositions 1, ef seg., for
use to kill bacteria, to protect the skin, or to provide a visual signal when washing.
{#636] For cxample, in one embediment, the zinc amino acid complex and the cysteine are
incorporated 1uto a conventional commercial liquid haod soap (LHS) formulation comprising
surfactants and optionally benzalkonium chloride. The salt is found to be compatible with the
forroula and generates a transparent solution. Upon dilution, however, the combination instantly
forms a white precipitate. Thus, zine amino acid complex and the cysteine in a surfactant base
can provide a visual/sensory trigger for the washing process. The precipitate, composed of Zn0
stabilized by cysteine, is deposited on skin and thus enhances the antimicrobial effect of the
LHS.
{60371 Also provided is a composttion {(Composition 43 which is an oral care product, e.g., a
dentifrice or mouth rinse, comprising (i} a zine {amino acid or TAG) halide complex and (it)
cysteine in free or orally acceptable salt form, together with an orally acceptable carvier, e.g. in
accordance with any of the scopes of Composition 1, ef seg. , ¢.2.
4.1, Composition 4 1 the form of a dentiftice which upou application to the teeth m the
presence of water, provides a precipitate to the teeth, comprising zinc oxide in complex
with cysteine, and optionally additionally coraprising zine oxide, zine carbonate, and

mixtures thereof,
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4.2.  Composition 4 or 4.1 in the form of a dentifrice wherein the zinc amino acid halide
complex s present in an effective amount, e.g., in av amount of 0.5-4% by weight of
zine, ¢.g., 1-3% by weight of zinc, and wherein the orally acceptable carrier is a dentifrice
base.

4.3.  Any of the foregoing compositions wherein the zine amino acid halide complex is
[Zn{CsH 14N, O, ), CL] Cl {sometimes referred to herein as “ZLC”), optionally in hydrate
form.

4.4, Any of the forcgoing compositions 4-4.2 in the form of a dentifrice, wherein the orally
acceptable carrier 18 a dentiftice base comprising av abrasive, e.g., an effective amount of
a silica abrasive, ¢.g., 10-30%, ¢.g., 20%.

4.5. Any of the foregoing corapositions wherein the zine anuno acid halide complex 1s present
in an effective amount, ¢.g., in an amount of $.1-3% by weight of zine, e.g., 0.2-1% by
weight of zine.

4.6.  Any of the foregoing compositions, wherein the cysteine is cysteine hydrohalide,
optionally cysteine hydrochloride.

4.7.  Any of the foregoing compositious further comprising an effective amount of a fluoride
ion source, e.g., providing 500 to 3000 ppm fhuoride.

4.8, Aupy of the foregoing compositions further comprising an effective amount of fluoride,
¢.g., wherein the fluoride is a salt selected from stannous fluoride, sodium fluoride,
potassium fluoride, sodium monotluorophosphate, sodium fluoresilicate, ammonium
fluorosilicate, amine fluoride (e.g., N'-octadecyltrimethylendiamine-N,N,N'- tris(2~
ethanol}-dihydrofluoride), aromonium fluoride, titantum fluoride, hexafluorosulfate, and
combinations thereof.

4.9,  Any of the preceding compositions comprising an effective amount of one or more alkali
phosphate salts, ¢.g., sodium, potassium or calcium salts, ¢.g., selected frovo alkali dibasic
phosphate and alkali pyrophosphate salts, ¢.g., alkali phosphate salts selected from
sodium phosphate dibasic, potassiom phosphate dibasic, dicalcium phosphate dihydrate,
calcium pyrophosphate, tetrasodium pyrophosphate, tetrapotassium pyrophosphate,
sodium tripolyphosphate, and mixtures of any of two or more of these, ¢.¢., in an amount

of 1-20%, ¢.g., 2-8%, ¢.g., ca. 5%, by weight of the compaosition.

14
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Any of the foregoing compositions comprising buffering agents, ¢.g., sedium phosphate
buffer (e.g., sodium phosphate monobasic and disedium phosphate).

Any of the foregoing compositions comprising a bumectant, e.g., selected from glycerin,
sorbitol, propylene glyeol, polyethylene glyeol, xylitol, and mixtures thereof, ¢.g.
comprising at least 20%, e.g., 20-40%, ¢.g., 25-35% glycerin,

Any of the preceding composttions comprising one or more surfactants, ¢.g., selected
frova anionic, cationic, zwitterionic, and nontonic surfactants, and mixtures thereof, e.g.,
comprising an anionic surfactant, ¢.g., a surfactant selected from sodium lauryl sulfate,
sodium ether laury] sulfate, and mixtores thereof, ¢.g. ih av amount of from 0.3% to
4.5% by weight, e.g. 1-2% sodivm lauryl sulfate (SLS); and/or a zwitterionic surfactant,
tor example a betaine surfactant, for example cocarmdopropylbetaine, ¢.g. 1o an amount
of from .1% to 4.5% by weight, e.g. 4.5-2% cocamidopropylbetaine.

Any of the preceding compositions further comprising a viscosity roodifying amount of
one or more of polysaccharide gums, for example xanthan gum or carrageenan, silica
thickener, and combinations thereot

Any of the preceding compositions comprising gur strips ot fragments.

Any of the preceding compositions further comprising flavoring, fragrance and/or
coloring.

Any of the foregoing compositions comprising an cffective amount of one or more
antibacterial agents, for exarple comprising an antibacterial agent sclected from
halogenated diphenyl ether (e.g. triclosan), herbal extracts and essential oils (2.g.,
rosemary extract, tea extract, magnohia extract, thymol, menthol, eucalyptol, geraniol,
carvacrol, citral, hinokitol, catechol, methyl salicylate, epigallocatechin gallate,
cpigallocatechin, gallic acid, miswak extract, sea-buckthorn extract), bisguanide
antiseptics {¢.g., chlothondine, alexidine or octeniding), quaternary armuoniurm
compounds (e.g., cetylpyridinium chloride (CPC), benzalkonium chloride,
tetradecylpyridinium chloride (TPC), N-tetradecyi-4-ethylpyridiniure chloride (TDEPC)),
phenelic antiseptics, hexetidine, octenidine, sanguinarine, povidone iodine, delmopinol,
salifluor, metal jons {¢.g., zinc salts, for example, zinge citrate, stannous salts, copper salts,
tron salts), sanguinaring, propolis and oxygenating agents {¢.g., hydrogen peroxide,

buffered sodium peroxyborate or peroxycarbonate), phthalic acid and its salts,
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monoperthalic acid and its salts and esters, ascorbyl stearate, oleoyl sarcosine, alkyl
sulfate, diocty] sulfosuccinate, salicylanilide, domiphen bromide, delmopivol, octapinol
and other piperidino derivatives, nicin preparations, chlorite salts; and mixtures of any of
the foregoing; ¢.g., comprising triclosan or cetylpyridiniurm chloride.

4.17.  Any of the foregoing compositions comprising an antibacterially effective amount of
triclosan, e.g. 0.1 -0.5%, e.g. 0.3%.

4.18.  Any of the preceding corpositions further comprising a whitening agent, ¢.g., a selected
from the group consisting of peroxides, metal chlorites, perborates, percarbonates,
peroxyacids, hypochiorites, and combimations thereof,

4.19.  Any of the preceding compositions further comprising hydrogen peroxide or a hydrogen
peroxide source, ¢.¢., urca peroxide or a peroxide salt or coraplex {e.g., such as
peroxyphosphate, peroxycarbonate, perborate, peroxysilicate, or persulphate salts; for
exarnple caleium peroxyphosphate, sodium perborate, sodium carbonate peroxide,
sodium peroxyphosphate, and potassium persulfate);

4.20. Any of the preceding compositions further comprising an agent that interferes with or
prevents bacterial attachment, e.g., solbrol or chitosan.

4.21.  Any of the preceding compositions further comprising a source of calcium and phosphate
selected from (1) calciuru-glass coraplexes, ¢.g., calciurg sodium phosphosilicates, and (i1)
calcium-protein complexes, e.¢., cascin phosphopeptide-amorphous calcium phosphate

4.22.  Any of the preceding composttions further comprising a soluble caleium salt, e.g.,
sclected from calcium suifate, calcium chloride, calcium nitrate, calcium acetate, calcium
lactate, and combinations thereof,

4.23.  Any of the preceding compositions further comprising a physiclogically or orally
acceptable potassium salt, ¢.g., potassium nitrate or potasstum chioride, in an amount
effective to reduce dentinal seositivity.

4.24.  Any of the foregoing compositions further comprising an anionic polymer, ¢.g., a
synthetic andonic polymeric polycarboxylate, e.g., wherein the anionic polymer 18
selected from 1:4 to 4:1 copolymers of maleic anhydride or acid with another
polymerizable cthylenically unsaturated monomer; e.g., wherein the anionic polymer s a

methyl vinyl ether/maleic anhydride (PYM/MA) copolymer having an average molecular
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weight (MLW ) of 30,000 to 1,000,000, c.g. 300,000 to 800,000, c.p., wherein the
anionic polymer is 1-5%, ¢.g., 2%, of the weight of the composition,

Any of the preceding compositions further comprising a breath freshener, fragrance or
flavoring.

Any of the foregoing compaositions, wherein the pH of the composition is approximately
neutral, e.g., frompH 6 topH S eg., pH 7.

Any of the foregoing compositions i the form of an oral gel, wherein the amino acid is
lysine and the zine and lysine form a zine amine acid halide complex having the

chernical structure {Zo(Cel N0 pClT CF, o an amount to provide 0.1 — 8%, ¢.

i}

IR

0.5% zinc by weight, and further comprising humectant, ¢.g., sorbitol, propylene glycol
and mixtures thereof, .g., in an amount of 45-65%, ¢.g., 50-60%, thickeners, ¢.g.,
cellulose derivatives, e.g., selected from carboxymethyl cellulose {CMC), trimethyl
cellulose (TMUO) and mixtures thereof, ¢.g., in an armount of §.1-2%, sweetener and/or

flavorings, and water, ¢.g., an oral gel comprising

Ingredients %o

Sorbitol 40-60%, ¢.g., S0-35%

ZLC to provide 0.1-2%7n, e.¢ 0.5% Zn
Cysteine 0.02 -0.5%, cg., 0.1%
Carboxymethyl cellulose (CMC) and

Trimethyl cellulose (TMC) (3.5-1%, eg., 0.7%

Flavoring and/or sweetener 0.01-1%

Propylene Glyeol 1-5%, ¢.z., 3.00%

Any of the forgoing compositions for use to reduce and inhibit acid crosion of the
cnamel, clean the teeth, reduce bacterially-generated biofilm and plaque, reduce
gingivitis, inhibit tooth decay and formation of cavities, and reduce dentinal

hypersensitivity.

{6838] Also provided are methods to reduce and inhibit acid erosion of the enamel, clean the

teeth, reduce bacterially-generated biofilm and plaque, reduce gingivitis, inhibit tooth decay and

formation of cavities, and reduce dentinal hypersensitivity, comprising applying an effective

amount of a composition, ¢.g., any of Composition 4, ef seg. to the tecth, and optionally then

rinsing with water or aqueous solution sufficient to trigger precipitation of zine oxide fn complex

with cysteine from the composition.

[u—y
~1
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{#639] Also provided 18 a method of making an oral care composition comprising (i) a zinc
aming acid halide complex and (1) cysteine 1n free or orally acceptable salt forro, ¢.g., any of
Composition 4, ez seg. comprising combining (1) combining a zinc ion source, an amino acid
souree, and a halide source (wherein the halide source can be part of the zine ion source, the
amino acid source, or a halogen acid}, in a thid {e.g., aqueous} medium, optionally isolating the
complex thus formed in solid form, cormbining the complex with cysteine, or (i1} combining a
zine aming acid hahide complex and cysteine. The zine amino acid balide complex and cysteine
can be combined with an oral care base, ¢.g., a dentifrice or mouthwash base.

{3048} For exaraple, 1 various emboditents, provided are wethods to (i) reduce
hypersensitivity of the teeth, (i1) to reduce plaque accunulation, (iil) reduce or inhibit
demineralization and promote remuncralization of the teeth, (iv) inhibit microbial biofilm
formation in the oral cavity, {v} reduce or inhibit gingivitis, {vi} promote healing of sores or cuts
in the mouth, {(vi1) reduce levels of acid producing bacteria, (viit) to increase relative levels of
non-cariogenic and/or non-plaque forming bacteria, (ix) reduce or inhibit formation of dental
carigs, (X), reduce, repair or inhibit pre-carious lesions of the enamel, ¢.g., as detected by
quantitative hght-induced fluorescence (QLEF) or elecirical caries rocasurement { ECM), () treat,
relicve or reduce dry mouth, {xii) clean the tecth and oral cavity, (xiii) reduce crosion, (Xiv)
whiten teeth; (xv) reduce tartar build-up, and/or (xvi) promete systernic health, including
cardiovascular health, e.g., by reducing potential for systemic infection via the oral tissues,
comprising applying any of Compositions 4, ef seg. as described above to the oral cavity of a
person in need thereof, ¢.g., one or more times per day. Also provided are Compositions 4, ef
seq. for use 1 any of these methods.

{6041] Also provided is the use of (i) a zinc amino acid halide complex, and (it) cysicineg in free
or orally acceptable salt form in the manufacture of an oral care compaosition, ¢.g., in accordance
with any of Compositions 4, ef seg..

180421 Also provided is the use of (1) a zinc amino acid halide complex, and (i1} cysteine in free
or orally acceptable salt forro, to reduce and 1ohibit acid crosion of the enamel, clean the teeth,
reduce bacterially-generated biofilm and plaque, reduce gingivitis, mhibit tooth decay and
formation of cavitics, and/or reduce dentinal hypersensitivity.

180431 Also provided is the use of cysteine in free or orally acceptable salt form to stabilize a

zine amino acid halide complex.
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{¢044] It will be understood that, although the zine amino acid halide complex may be primarily
in the form of a complex, there may be some degree of equilibriurn with the salt precursor
materials and other 1ons in the formulation, and further the complex may not be fully dissolved,
so that the proportion of material which is actually in complex compared to the proportion in
precursor form may vary depending on the precise conditions of formulation, concentration of
rnaterials, pH, presence or absence of water, presence or absence of other charged molecules, and
so forth.

18045} In one embodiment, the zinc amino acid halide complex is prepared at room temperature
by mixing the precursors in an agueous solution. The in sity formation provides case of
fornwlation. The precursors can be used mstead of first having to form the salt. In another
cmbodiment, the water perruitting formation of the salt from the precursor corues frorn water
{e.g., rinsing water, saliva or sweat, depending on the application} that comes into contact with
the composition in the course of usc.

{#846] In some embodiments, the total amount of zinc in the composition 1s 6.05 to K % by
weight of the composition. In other embodiments, the total amount of zinc is at least 0.1, at least
0.2, at least 0.3, at lcast 0.4, at least 8.5, or at least 1 up to 8% by weight of the coroposition. fn
other embodiments, the total amount of zinc in the composition is less than 3, less than 4, less
than 3, less than 2, or less than 1 to 0.05% by weight of the composition. For example, the zinc
content may be 2-3%.

16647} In certain crbodiments, the coraposition is anhydrous. By anhydrous, there is less than
5% by weight water, optionally less than 4, less than 3, less than 2, less than 1, less than 0.5, less
than 0.1 down to 0% by weight water. When provided in an anhydrous coraposition, procursors
of zinc aming acid halide complex, e.g., zinc oxide and lysine hydrochioride, will not
stgnificantly react. When contacted with a sufficient amount of water, the precursors will then
react to form the desired salt, e.g., ZLC, which upon further dilution with use forms the desired
precipitate on the skin or teeth.

{0048] 4nuno dcids: The amino acid in the zine amino acid halide complex can a basic amino
acid. By “basic amino acid” is meant the naturally occurring basic amino acids, such as arginine,
lysine, and histidine, as well as any basic amino acid having a carboxyl group and an amino
group in the molecule, which is water-soluble and provides an aqueous solution withapHot 7

or greater. Accordingly, basic arnino acids inchude, but are not lirnited to, arginine, lysing,
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citrulline, ornithine, creatine, histidine, diaminobutanoic acid, diaminoproprionic acid, salts
thercot or cornbinations thercof. Tu a particular erbodimacut, the basic armino acid is lysine. The
basic aming acids for use in making zinc amino acid halide complex are generally provided in
the forra of the halide acid addition salt, ¢.g., a hydrochlonde.

{6049] Cysteine: The compositions also comprise cysieine in free or orally or cosmetically
acceptable salt form. By “orally or cosructically acceptable salt form™ is meant a salt form which
is safe for administration to the oral cavity or skin respectively 1u the concentrations provided,
and which does not interfere with the biclogical activity of the zinc. In a particular embodiment,
the cysteine s administered in free form. Wherever weights are given for amounts of araino
acids in formulations herein, the weights are generally provided in terms of the weight of the free
acid unless otherwise noted. In sorne ermbodiments, the cysieine is a cysteine hydrohalide, such
as cysteine hydrochloride.

{8038] In compositions comprising an orally or cosmetically acceptable carnier, the carrier
represents all other materials in the composition other than zinc amino acid halide complex
{inchuding precursors) and the cysteine. The amount of carrier is thus the amount to reach 100%
by adding to the weight of ziuc amino acid halide complex (including precursors) and the
protein. By “orally acceptable carrier” is meant a carrier which is suitable for use in an oral care
product, consisting of ingredients which are gencrally recognized as safe for use in amounts and
concentrations as provided in a dentifrice or mouth rinse, for example. By “cosmetically
acceptable carrier” 1s meant a carrier which is suitable for use in a product for topical usc on the
skin, consisting of ingredients which are generally recognized as safe for use in amounts and
concentrations as provided in a liquid hand soap or body wash, or in an antiperspivant product,
for example. Excipients for use in the compositions thus may include for example excipients
which are “Generally Recognized as Safe” (GRAS) by the United States Food and Drug
Administration.

Personal Care Formulations:

[60651] The term "cosmetically acceptable carrier” thus refers to any formulation or carrier
medium that provides the appropriate delivery of an effective amount of the complex as defined
herein, does not interferc with the effectiveness of the biclogical activity of the zine, and is
suitable and noutoxic for topical administration to the skin. Representative carriers include water,

oils, both vegetable and mineral, soap bases, cream bascs, lotion bases, ointment bases and the

20



WO 2014/099164 PCT/US2013/068852

itke, particularly aqueous detergent carriers, for example liquid hand soaps or body washes. In
one embodiment, the aqueous soap bases are free of or contain less than one percent of anjonic
surfactants.  In another embodiment, the cosmetically acceptable carrier contains topically
acceptable guaternary ammmonitum  compounds.  They may additionally inclade buffers,
preservatives, antioxidants, fragrances, emulsifiers, dyes and excipients known or used in the
ficld of drug formmulation and that do not unduly interfere with the effectiveness of the biological
activity of the active agent, and that is sufficiently von-toxic to the host or patient. Additives for
topical formulations are well-known in the art, and may be added to the topical composition, as
long as they are pharmaceutically acceptable and not deleterious to the epithelial cells or their
function. Further, they should not cause deterioration in the stability of the composition. For
example, inert fillers, anti-irritants, tackifiers, excipients, fragrances, opacificrs, antioxidants,
gelling agents, stabilizers, surfactant, emollients, coloring agents, preservatives, buffering ageuts,
and other conventional components of topical formulations as are known in the art.

{B6S2] In some cases, the personal care compositions comprise oils or moisturizers, which may
not be water seluble and may be delivered in an ermalsion system, wherein the zinc-lysine
complex would be in the water phase of the emulsion. Surfactants for the emulsion formulations
may comprise a combination of nonionic surfactants, for example, one or more surfactants
selected from the group consisting oft (1) lipophilic surfactants, e.g., having an HLB value of 8 or
iower, for cxample sorbitan-fatty acid esters, such as sorbitan oleates, for example, sorbitan
sesquioleate; and (1) hydrophilic surfactants, ¢.g., having an HLB of greater than 8, particularly
a. di- or tri-alkanol amines, such as tricthanol amine; b. polyethoxylated surfactants, for example
polyethoxylated alcohols {esp. polycthoxylated polyols), polyethoxylated vegetabic oils, and
polyethoxylated stlicones, c¢.g., polysorbate 83, dimethicone polyethylene oxide, and
dimethylmethyl (polycthylene oxide) siloxane. For a water-in-oil emulsion, the overall HLB of
the surfactant mixture is preferably 2-8, i.e., there is typically a higher proportion of lipophilic
surfactant; whercas for an oil-in-water emulsion, the overall HLB of the surfactant mixture is
preferably 8-16.

{#653] The personal care compositions may also comprise suitable antioxidants, substances
known to inhibit oxidation. Antioxidants suitable for use in the corpositions inchude, but are not
limited to, butylated hydroxytoluene, ascorbic acid, sodivm ascorbate, calcium ascorbate,

ascorbic palmitate, butyvlated hydroxyanisole, 2,4,5- trihydroxybutyrophenone, 4-
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hydroxymethyl-2,6-di-fert-butyiphenol, erythorbic acid, gum guaiac, propyl gallate,
thiodipropionic acid, dilauryl thiodipropionate, tert-butylhydroguinone and tocopherols such as
vitamin E, and the hike, including pharmaceutically acceptable salts and esters of these
compounds. Preferably, the antioxidant 15 butylated hydroxytoluene, butylated hydroxyanisole,
propyl galiate, ascorbic acid, pharmaceutically acceptable salts or esters thereof, or mixtures
thereot. Most preferably, the antioxidant is butylated hydroxytoluene. These materials are
available from Ruger Chemical Co, (frvington, NJ). When the topical formulations contain at
least one antioxidant, the total amount of antioxidant present is from 0.001 to 0.5 wit%,
preferably .05 to 0.5 wt%, more preferably §.1%.

{#054] The pesonal care compositions may also comprise suitable preservatives. Preservatives
arc compounds added to a formulation to act as an antimicrobial agent. Among preservatives
known in the art as being effective and acceptable in parenteral formulations are benzalkonium
chloride, benzethonium, chlorohexidine, phenol, m-cresol, benzyl alcohol, methylparaben,
propylparaben, chlorobutanol, o-cresol, p-cresol, chlorocresol, phenylmercuric nitrate,
thimerosal, benzoic acid, and various mixtures thereof. See, ¢.g., Wallhausser, K.-H., Develop.
Biol. Standard, 24:9-28 (1974 (S. Krager, Basel). Preferably, the preservative is selected from
methylparaben, propylparaben and mixtures thereof. These materials are available from Inolex
Chemical Co (Philadelphia, PA) or Spectrurn Chemdcals. When the topical formulations contain
at lcast ong preservative, the total amount of preservative present is from 0.01 to 0.5 wit%,
preferably from 0.1 to 0.5%, more preferably from 0.03 to 0.15. Preferably the preservative is a
mixture of methylparaben and proplybarben in a 5/1 ratio. When alcobol isused as a
preservative, the amount 1s usually 15 to 20%.

{#655] The personal care compositions may also comprise suitable chelating agents to form
complexes with metal cations that do not cross a lipid bilayer. Examples of suitable chelating
agents include ethyleue diamine tetraacetic acid (EDTA), ethylene glycol-bis(beta- aminoethyl
ether}-N,N,N', W' -tetraacetic acid (EGTA) and 8-Amino-2-[{2-aming-5-
methylphenoxyimethyl-6-methoxyguinoline-NsN N’ N'-tetraacetic acid, tetrapotassium salt
{{QQUIN-2). Preferably the chelating agents are EINTA and citric acid. These materials are
available from Spectrurn Chemucals, When the topical fornulations contain at least one chelating
agent, the total amount of chelating agent present is from .605% to 2.0% by weight, preferably

from 0.05% to 0.5 wt%, more preferably 0.1 % by weight. Care must be taken that the

3%



WO 2014/099164 PCT/US2013/068852

chelators do not interfere with the zine complex, for example by binding zine, but in the
formulations tested, low levels of EDTA, for example, have not presented problems,

{8056} The personal care compositions may also comprise suitable pH adjusting agents and/or
bufters to adjust and maintain the pH of the formulation to a suitable range, ¢.g., pH 6-8 or
approximately neutral pH.

{3657} The personal care compositions may also comprise suitable viscosity increasing agents.
These components are diffusible compounds capable of increasing the viscosity of a polymer-
containing solution through the interaction of the agent with the polymer. CARBOPOL
ULTREZ 10 way be used as a viscosity-increasing agent. These materials are available from
Noveon Chemicals, Cleveland, OH. When the topical formmilations contain at least one viscosity
increasing agent, the total amount of viscosity increasing agent present is from 0.25% to 5.0% by
weight, preferably from 8.25% to 1.0 wt%, and more preferably from 8.4% to 0.6% by weight.
{6038} Liquid forms, such as lotions suitable for topical adroinistration or suitable for cosmetic
application, may include a suitable aqueous or nonaqueous vehicle with buffers, suspending and
dispensing agents, thickeners, penetration enhancers, and the like. Solid forms such as creams or
pastes or the like may toclude, for example, any of the following fngredients, water, oil, alcohol
or grease as a substrate with surfactant, polymers such as polycthylene glycol, thickeners, solids
and the hike. Liguid or solid formulations may include enhanced delivery techuologies such as
{iposomes, microsomes, microsponges and the like.

{3659] Topical treatment regimens can comprise applying the composition directly to the skin at
the application site, from one to several times daily, and washing with water to trigger
precipitation of the zine oxide on the skin.

{6068] Formulations can be used to treat, ameligrate or prevent conditions or symptoms
associated with bacterial infections, acne, inflammation and the like.

Oral Care Formudations:

18061} The oral care compositions, ¢.g., Composition 4, ef seg. may comprise various agents
which are active to protect and enhance the strength and integrity of the enamel and tooth
structure and/or to reduce bacteria and associated tooth decay and/or gum disecase, including or in
addition to the zinc—armino acid-halide complexes. Effective concentration of the active
ingredients used herein will depend on the particular agent and the delivery system used. It is

understood that a toothpaste for exaraple will typically be diluted with water upon use, whilc a

b2
2



WO 2014/099164 PCT/US2013/068852

routh rinse typically will not be. Thus, an effective concentration of active in a toothpaste will
ordinarily be 5-15x higher than required for a mouth rinse. The concentration will also depend
on the exact salt or polymer selected. For examiple, where the active agent is provided in salt
form, the counterion will affect the weight of the salt, so that it the counterion 18 heavier, more
salt by weight will be required to provide the same concentration of active ton in the final
product. Arginine, where present, may be present at levels from, e.g., 0.1 to 20 wt %{expressed
as weight of free base), e.g., 1to 10 wit % for a consumer toothpaste or 710 20 wt % for a
professional or prescription treatment product. Fluoride where present may be present at levels
of, e.g., 25 to 25,000 ppm, for example 750 to 2,000 ppm for a consumer toothpaste, or 2,000
to 25,000 ppm for a professional or prescription treatment product. Levels of antibacterial
agents will vary similarly, with levels used in toothpaste being ¢.g., S to 15 times greater than
used in mouthrinse. For example, a triclosan toothpaste may contain 0.3 wt % triclosan.

10062] The oral care compositions may further include one or more fluoride 1on sources, ¢.g.,
soluble fluoride salts. A wide variety of fluoride jon-yielding materials can be employed as
sources of soluble fluoride in the present compositions. Examples of suitable fluoride ion-
vielding materials are found in U.S. Pat. No. 3,535,421, to Briner et al,; U.S. Pat. No. 4,885,155,
to Parran, Jr. ¢t al. and U.S. Pat. No. 3,67%,154, to Widder ¢t al. Representative fluoride ion
sources mclude, but are not limited to, stannous fluoride, sodium fluoride, potassium fluoride,
sodium monofluorophosphate, sodium fluorosilicate, ammonium fluoresilicate, amine fluoride,
ammonium fluoride, and combinations thereof. In certain embodiments the fluoride ion source
includes stannous fluoride, sodium fluoride, sodinm monoftuorophosphate as well as mixtures
thercof. In certain embodiments, the oral care composition may also contain g source of fluoride
ions or fluorine-providing ingredient in amounts sufficient to supply 25 ppm to 25,000 ppm of
fluoride tons, generally at least 500 ppm, e.g., 500 to 2000 ppm, .., 1000 to 1600 ppm, e.g.,
1450 ppm. The appropriate level of fluoride will depend on the particular application. A
toothpaste for general consumer use would typically have 1000 to 1500 ppm, with pediatric
toothpaste having somewhat less. A dentifrice or coating for professional application could have
as mch as 5,000 or even 25,000 ppm fluoride. Fluoride ion sources may be added to the
compositions at a level of 0.01 wt. % to 10 wt. % in one cmbodiment or 0.03 wt. % to 5 wt. %,

and in another embodiment 0.1 wt. % to 1 wit. % by weight of the composition in another
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embodiment. Weights of fluoride salts to provide the appropriate level of fluoride 1on will
obviously vary based ou the weight of the counterion in the salt.

18063] dbrasives: The oral care compositions, e.g. Composition 4 ef seqg. may include silica
abrasives, and may comprise additional abrasives, ¢.g., a calcium phosphate abrasive, ¢.g.,
tricalcium phosphate {Ca:(POs)), hydroxyapatite (Cao(PO4)e{ OH)), or dicalctum phosphate
dibydrate (CaHPO, = 2H,0, also sometimes referred to herein as DiCal) or caleium
pyrophosphate; calciurn carbonate abrasive; or abrasives such as sodium metaphosphate,
potassium metaphosphate, aluminum silicate, calcined alumina, bentonite or other siliceous
materials, or combinations thereof,

{#064] Other silica abrasive polishing materials useful herein, as well as the other abrasives,
gencrally have an average particle size ranging between 0.1 and 30 ruicrons, between 5 and 15
microns. The silica abrasives can be from precipitated silica or silica gels, such as the silica
xerogels described in ULS, Pat. WNo. 3,538,230, to Pader et al, and U.S. Pat. No. 3,862,307, to
Dngiubio. Particular silica xerogels are marketed under the trade name Syloid® by the W. R,
Grace & Co., Davison Chemical Division. The precipitated silica materials include those
roarketed by the J. M. Huber Corp. under the trade name Zeodent®, including the silica carrying
the designation Zeodent 115 and 119, These silica abrasives are described in U.S. Pat. No.
4,340,583, to Wason. In certain embodimuecuts, abrasive matenials useful in the practice of the
oral carc compositions include silica gels and precipitated amorphous silica having an oil
absorption value of less than 100 ¢¢/100 g silica and in the range 0t 45 ¢¢/100 g to 70 ¢¢/100 g
siltca. (Wl absorption values are measured using the ASTA Rub-Out Method D281, In certain
embodiments, the silicas are colloidal particies having an average particle size of 3 microns to 12
microns, and 5 to 10 microns. Low oil absorption silica abrasives particularly useful in the
compositions arc marketed under the trade designation Sylodent XWA® by Davison Chemical
Division of W.R. Grace & Co., Baltimore, Md. 21203, Sylodent 650 XWA®, a silica hydrogel
composed of particles of colloidal silica having a water content of 29% by weight averaging 7 to
10 mucrous 1o diavocter, and ao oil absorption of less than 70 ¢¢/100 g of silica is an example of
a low otl absorption silica abrasive useful in the composition.

18065] Foaming agents: The oral care compositions also may inclade an agent to increase the

amount of foam that is produced when the oral cavity 13 brushed. Hlustrative examples of agents

that increase the amount of foam nclude, but are not limited to polyoxycethylene and certain

o
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polymers inchuding, but not limited to, alginate polymers. The polyoxyethylene may increase the

amount of foaro and the thickoess of the foaro generated by the oral care carrier component of

the composition. Polyoxyethylene is also commonly known as polyethylene glyeol ("PEG") or
polyethylene oxide. The polyoxycethylenes suitable for this composition will have a molecular
weight of 200,000 to 7,000,000, In one embodiment the molecuiar weight wiil be 600,000 to

2,000,000 and in another embodiment 800,000 to 1,000,000, Polyox® is the trade name for the

high molecular weight polvoxyethylene produced by Union Carbide. The polyoxyethylene may

be present in an amount of 1% to 90%, in one embodiment 5% to 50% and in another
embodiment 10% to 20% by weight of the oral care carrier component of the oral care

compositions. Where present, the amount of foaming agent in the oral care composition {(i.c., a

single dose) 1s 0.01 to 0.9 % by weight, 0.05 to 0.5% by weight, and in another eraboditaent 0.1

to 0.2 % by weight.

10066] Surfactants: The compositions may contain anionic, cationic, nonionic and/or

zwitterionic surfactants, for example:

i. water-soluble salts of higher fatty acid monoglyceride monosulfates, such as the sodium
salt of the roovosulfated monoglyceride of hydrogenated coconut oil fatty acids such as
sodium N-methyl N-cocoyl taurate, sodium cocomonoglyceride suifate,

it. higher alkyl sulfates, such as sodium lavryl sulfate,

iii. higher alkyl-cther sulfates, e.g., of formula CH:{CH,),CH{OCH,CH;,,050;: X, wherein
mis 6-16, g, 10, nis 1-6, c.g., 2, 3 or 4, and X 1s Na or K, for example sodium laurcth-
2 sulfate {CH{CH 1o CHA OCHCH2 O8O3 Na).

v, higher alkyl aryl sulfonates such as sodium dodecyl benzene sulfonate (sodium lauryl
benzene sulfonate)

V. higher alkyl sulfoacetates, such as sodium lauryt sulfoacetate {dodecyl sodium
sulfoacetate), higher fatty acid esters of 1,2 dihydroxy propane sulfonate, sulfocolaurate
{N-2-cthyl laurate potassium sulfoacetamide) and sodium lauryl sarcosinate.

{8067] By “higher alkyl” 18 meant, e.g., Cosoalkyl. In particular embodiments, the antonic

surfactant is selected from sodium lauryl sulfate and sodium ether lauryl suifate. The anionic

surfactant may be present in an amount which is effective, e.g., > 0.01% by weight of the
formulation, but not at a concentration which would be irritating to the oral tissue, ¢.g., <10%,

and optiraal concentrations depend on the particular formulation and the particular surfactant,
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For example, concentrations used or a mouthwash are typically on the order of one tenth that
used for a toothpaste. v one embodiment, the anjonic surfactant is present in a toothpaste at
{.3% to 4.5% by weight, e.g., 1.5%. The compositions may optionally contain mixtures of
surfactants, ¢.¢., comprising anionic surfactants and other surfactants that may be anionic,
cationic, zwitterionic or nonionic. Generally, surfactants are those which are reasonably stable
throughout a wide pH range. Surfactants are described more fully, for example, in U.S. Pat. No.
3,959,458, to Agricola et al.; U.S. Pat. No. 3,937,807, to Haefele; and U.S. Pat. No. 4,051,234, to
Gicske et al. In certain embodiments, the anionic surfactants useful herein include the water-
soluble salts of alkyl sulfates having 10 to IR carbou atorns o the alkyl radical and the water-
soluble salts of sulfonated monoglycerides of fatty acids having 10 to 18 carbon atoms. Sodium
iauryl sulfate, sodium lavroyl sarcosinate and sodium coconut monoglyceride sulfonates are
examples of antonic surfactants of this type. In a particular embodiment, the composition, e.g.,
Composition 4, ef seq., comprises sodium laurvl sulfate.

{#868] The surfactant or mixtures of compatible surfactants can be present in the composition in
0.1% to 5%, in another embodiment (.3% to 3% and in another embodiment 0.5% to 2% by
weight of the total composition.

[8869] Note that care must be taken that the anionic surfactants do not interfere with zinc amino
acid halide complex or with the activity of the zinc. Atrelatively low levels and 1o a velatively
iow water formulation, the surfactants gencrally would not have major impact, but higher levels
of anionic surfactant, particularly in aqueous formulations, anionic surfactants can be excluded.
Cationic and/or nonionic surfactants may be utilized instead.

18078] Tartar control agents: In various crabodiraents, the compositions comprise an

anticalculus (tartar control) agent. Suitable anticalculus ageunts include without limitation
phosphates and polyphosphates (for example pyrophosphates), polyaminopropancsulfonic acid
{AMPS}, hexametaphosphate salts, zinc citrate trihydrate, polypeptides, polyoletin sulfonaies,
polyolefin phosphates, diphosphonates. The compostion thus may comprise phosphate salts. In
particular emmbodiments, these salts are alkali phosphate salts, t.e., salts of alkali metal
hydroxides or alkaline carth hydroxides, for example, sodium, potassium or calcium salts.
“Phosphate” as used herein encompasses orally acceptable mono- and polyphosphates, for
example, Pis phosphates, for example monomeric phosphates such as monobasic, dibasic or

tribasic phosphate; diracric phosphates such as pyrophosphates; and multimeric phosphates, ¢.g.,

[
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sodium hexametaphosphate. In particular examples, the selected phosphate is selected from
alkali dibasic phosphate and alkali pyrophosphate salts, e.g., selected from sodium phosphate
dibasic, potassium phosphate dibasic, dicalcium phosphate dihydrate, calcium pyrophosphate,
tetrasodium pyrophosphate, tetrapotassium pyrophosphate, sodium tripolyphosphate, and
mixtures of any of two or more of these. In a particular embodiment, for example the
compositions comprise a mixture of tetrasodium pyrophosphate (NasP,05), calcium
pyrophosphate (Ca;Pr07), and sodiurn phosphate dibasic (Na;HPO4), e.g., 1o aroounds of ca. 3-
4% of the sodium phosphate dibasic and ca. 0.2-1% of each of the pyrophosphates. In another
embeodiment, the corapositions comprise a mixtare of tetrasodium pyrophosphate (TSPP) and
sodium tripolyphosphate (STPPY NasP30), ¢.g., in proportions of TSPP at 1-2% and STPP at
7% to 10%. Such phosphates are provided in an amount effective to reduce erosion of the
enamel, to aid in cleaning the teeth, and/or to reduce tartar buildup on the teeth, for example in
an amount of 2-20%, ¢.g., ca. 5-15%, by weight of the composition.

{8671] Flavoring dgents: The oral care composttions may alse include a flavoring agent.

Flavoring agents which can be used in the composition include, but are not limited to, essential
oils as well as various flavoring aldehydes, esters, alcobols, and similar materials. Examples of
the cssential otls include oils of spearmint, peppermint, wintergreen, sassafras, clove, sage,
eucalyptus, marjoram, cinnamon, leroon, hme, grapefrui, and orange. Also useful are such
chemicals as menthol, carvone, and ancthole. Certain embodiments employ the oils of
pepperroint and spearmint. The flavoring agent may be incorporated in the oral cornposition at a
concentration of 0.1 to 5% by weight ¢.g. 0.5 to 1.5% by weight.

{80672} Polvmers: The oral carc composttions may also include additional polymers to adjust the
viscosity of the formulation or enhance the solubility of other ingredients. Such additional
polymers include polyethylene glycols, polysaccharides (e.g., cellulose derivatives, for example
carboxyrcthyl cellulose, or polysaccharide gums, for example xanthan guro or carrageenan
gum}. Acidic polymers, for example polyacrylate gels, may be provided in the form of their free
acids or partially or fully neutralized water solable alkali metal {e.g., potassium and sodium) or
ammonium salts.

18673} Sihica thickeners, which form polymeric structures or gels in aqueous media, may be
present. Note that these silica thickeners are physically and functionally distinet from the

particulate silica abrasives also present in the compositions, as the silica thickeners are very

)
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finely divided and provide little or no abrasive action. Other thickening agents are carboxyvinyl
polyraers, carrageenan, hydroxyethyl celtulose and water soluble salts of cellulose ethers such as
sodium carboxymethyl cellulose and sodium carboxymethy! hydroxyethyi celinlose. Natural
gums such as karaya, gum arabic, and guro tragacanth can also be incorporated. Colloidal
magnesium aluminum silicate can also be used as component of the thickening composttion to
further improve the composition's toxture. In certain embodiments, thickening agents i an
amount of §.5% to 5.0% by weight of the total composition are used.

18074] The compositions may inchude an anionic polymer, for example in an amount of from
.05 to 5%. Such agents are known generally for use in dentifrice, although vot for this particular
application, useful in composition are disclosed in 1.5, Pat, Nos. 5,188,821 and 5,192,531, and
mclude synthetic anionic polymeric polycarboxylates, such as 1:4 to 4:1 copolymers of maleic
anhydride or acid with another polymerizable ethylenically unsaturated monomer, preferably
methyl vinyl cther/maleic anhydride having a molecular weight (MW} of 30,000 to 1,000,000,
maost preferably 300,000 to 808,000, These copolymers are avatlable for example as Gantrez.
e.g., AN 139 (M. W, 500,000), AN 119 (M.W. 250,000} and preferably 5-97 Pharmaceutical
Grade (MW, 700,000) available from ISP Technologies, Inc., Bound Brook, N.J. 08805, The
enhancing agents when present are present in amounts ranging from .05 to 3% by weight.
Other operative polymers mclude those such as the 1:1 copolymers of maleic avhydride with
cthyl acrylate, hydroxyethyl methacrylate, N-vinyl-2-pyrollidone, or cthylene, the latter being
availabic for example as Monsanto EMA No. 1103, MW, 10,000 and EMA Grade 61, and 1.1
copolymers of acrylic acid with methyl or hydroxyethy! methacrylate, methyl or ethyl acrylate,
isobutyl vinyl ether or Nevinyl-2-pyrrolidone. Suitable generally, are polymerized olefinically or
ethylenically unsaturated carboxylic acids containing an activated carbon-to-carbon olefinic
double bond and at least one carboxyl group, that is, an acid containing an olefinic double bond
which readily functions in polymenization because of its presence in the monomer molecule
either in the alpha-beta position with respect o a carboxyl group or as part of a terminal
methylene grouping. Hlusirative of such acids are acrylic, methacrylic, ethacrylic, alpha-
chloreacrylic, crotonic, beta~-acryloxy propionic, sorbic, alpha-chlorsorbic, cinnamic, beta-
styrylacrylic, muconic, itaconic, citraconic, mesaconie, ghutaconic, aconitic, alpha-phenylacrylie,
2-benzyl acrylic, Z-cyclohexylacrylic, angelic, umbellie, fumaric, maleic acids and anhydrides.

Other different olefinic monomers copolyraerizable with such carboxylic roonomers nchude
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vinylacetate, vinyl chloride, dimethyl maleate and the like. Copolymers contain sufficient
carboxylhic salt groups for water-solubility. A further class of polymeric agents includes a
composition containing homopolymers of substituted acrylamides and/or homopolymers of
unsaturated sulfonic acids and salts thereot, 1n particular where polyrmers are based on
unsaturated sulfonic acids selected from acrylamidoalykane sulfonic acids such as 2-acrylamide
2 methylpropane sulfonic acid having a molecular weight of 1,000 to 2,000,000, described
U.S. Pat. No. 4,842,847, Jun. 27, 1989 to Zahid. Another useful class of polymeric agents
includes pelyamino acids containing proportions of anionic surface-active amino acids such as
aspartic acid, glutamic acid and phosphoserine, e.g. as disclosed in U8, Pat. No. 4,866,161 Sikes
¢t al.

18675] Water: The oral compositions may coraprise significant levels of water. Water craployed
in the preparation of commercial oral compositions should be deionized and free of organic
impuriies. The amount of water in the corapositions includes the free water which is added phus
that amount which is introduced with other materials.

{0076] Humectants: Within certain embodiments of the oral compositions, it is also desirable to
incorporate a humectant to prevent the composition from hardening upon exposure to air.
Certain humectants can also impart desirable sweetness or flavor to dentifrice compositions.
Suitable humectants inclhude edible polyhydric alcohols such as glycenine, sorbitol, xylitol,
propylene glycol as well as other polyols and mixtures of these humectants. In one embodiment,
the principal humectant is glycerin, which may be present at levels of greater than 253%, c.g. 25-
35% 30%, with 3% or less of other humectants.

10677} Orher optional ingredienss: Tn addition to the above-described coraponents, the oral care

embodiments can contain a variety of optional dentifrice ingredients some of which are
described below. Optional ingredients inchade, for example, but are not limited to, adhesives,
sudsing agents, flavoring agents, sweetening agents, additional antiplaque agents, abrasives, and
coloring agents. These and other optional components are further described in U.S. Pat. No.
3,004,597, to Majeti; U.S. Pat. No. 3,959,458 to Agricola et al. and U5, Pat. No. 3,937,807, to
Haefele, all being incorporated herein by reference.

{B678] Unless stated otherwise, all percentages of composition components given in this

specification are by weight based on a total composition or formmulation weight of 100%.
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#8379} The compositions and formulations as provided herein are described and claimed with
reference to their mgredients, as 1s usual in the art. As would be evident to one skalled in the art,
the ingredients may in some instances react with one another, so that the true composition of the
final formulation may not correspond cxactly to the ingredients listed. Thus, it should be
understood that the composition extends to the product of the combination of the listed
ingredionts.

{8086} As used throughout, ranges are used as shorthand for describing each and every value
that is within the range. Any value within the range can be selected as the terminus of the range.
In addition, all references cited herein are hereby incorporated by referenced in their cutireties.
{n the event of a conflict in a definition in the present disclosure and that of a cited reference, the
present disclosure controls.

{8081} Unless otherwise specified, all percentages and amounts expressed herein and elsewhere
in the specification should be understood to refer to percentages by weight, The amounts given
are based on the active weight of the material.

Examnple 1 - Synthesis and characterization of zine-lvsine complex ZLC

{B082] The general reaction for formation of ZLC 1 as follows:

Zn0 + 2(Lysine- HCD —> [Zn(Lysine ), CHCI-2H,0 (ZLC)
A 2:1 molar ratio of ZuO:Lysine - HCI suspension s preparved with stirring at room teraperature
for 12 hours. The mixture is centrifuged. 1l of supernatant is transferred into an NMR tube.
The NMR tube is then placed in a closed test tube filled with cthanol for crystal growth. A
number of colorless, cubic crystals are formed after a week. The crystal structure of ZLC crystal
is determined by single crystal Xo-ray diffraction. ZLC has an empirical formula as
Ci2HNGGChZn with molecular weight of 463g/mol. The dimension of this complex molecule
is 1.7om™7 8nm™*4.3nm. In this complex, Zn cation 18 coordinated by two two lysine ligands with
two N atoms froma NHs groups and O atoms frow carboxylic groups i an equatorial plane. It
displays a distorted square-pyramidal goometry with the apical position occupied by a Cl atom.
This novel structure gives rise to a positive cation moiety, to which a Cl anton is combined to
form an lonic salt.
[B083] Laboratory scale-up synthesis of pure ZLC powder: 2 mole of LysineHCl 18
dissolved in 1000mi DI water with stiurring at room temperature, Trole of solid Zn(d is added

stowly to the LysincHC] solution with stirning and the stirring 1s continued at RT overnmight (12
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hours). The suspension solution is centrifuged at high speed for 15mins. The supernatant is
stowly poured juto EtOH. A preciptiate is formed immediately. Approximately 5-8mal EtOH is
needed to get 1g powder. The EtOH solvent with powder is filtered, and an off-white powder is
obtained. The powder 1s placed in a S0°C oven for drying and an 88% vield of product is
obtained. PXRD confirms the purity of ZLC powder compared to ZLC crystal (Figure 1 of
PCT/US2012/70498).

Example 2: Mechanisms of sweat reduction

10084] Hvdrolysis reaction: A 185mg/mi ZLC solution is prepared and diluted several-fold and
aged in a 37 C oven over 5 hours for turbidity studies. A white precipitate forms as the solution
is diluted. Turbidity of the solutions is measured using a nephelometer, results being given in
nephelometric turbidity units (NTU). Table | shows a comparison of pH and turbidity before

and after aging, showing an increase in turbidity with dilution and with aging:

Table 1

18Smg/ml | 92 5mg/mi | 46.25mg/ml 23.125mg/ml 11.56mg/mi 5.78mg/ml
inttial pH 6.8 7.0 7.4 7.7 7.8 8.0
initial 4.75 278 148 0.70 14.8 40.1
turbidity
{(NTU)
pH after 6.3 7.0 7.4 7.7 7.8 8.0
aging
turbidity 4.08 2.60 2.81 2474 >1G00 >1600
atior aging
(NTL)

{B0ES] The precipitates formed 1o the 8x, 16x and 32x diluted solutions are collected by

centrifugation and identified as crystalline ZnQO by PXRD. From the supernatant, a single crystal

is grown and shown by Xeray diffraction to be Lysine Monohydrochloride Dihydrate

{Lysing-HCH2H,0). These data indicate that the ZLC complex disassociates upon dilution, with

consequent precipitation of zine oxide, while the tysine remains in solution.

{8686} The roechanism of the ZL.C hydrolysis reaction can be expressed as
{Zn{Lysine ), CHCE-2H0 + HyO —» Zn( + Lysine-HC-2H,0

{6087} In an underarm prodact, a mixture of Zn0 + lysine HCL, in the presence of sweat, will

form ZLC, which will enter the sweat duct and form a plug of Zn(.

1B088] Flocculation: Avnother mechanisro by which the ZLC blocks sweat release mvolves

flocculation of ZLC in the presence of protein. Bovine Serum Albumin (BSA} is used as the
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protein in this study. Control solution (D water) and three 1% BSA aqueous solutions with

diffevent pH are prepared as set forth on Table 2:

Table 2

sample 1 sample 2 sample 3
H,O 15mi 15mi 15mi
BSA g 155.1mg 155.2mg
SoBSA wiw 0% 1% 1%
pH 6.44 7.17 adiusted to 5.13
Turbidiy(NTU) 0.348 3.564 10.62
Observation Transparent Transparent Transparent

Z1L.C powder 1s added to the above samiples to study the interaction between ZLC and BSA and

to determine whether ZLC has astringent properties, i.¢., whether it can form a precipitate and

thas behave as an astiperspirant. Torbidity and pH of solutions are measured S hours after the

mixtures were placed in a 37°C oven, and the results are shown in Table 3:

Table 3

sample |

sample 2

sample 3

ZLC added

151.1mg

151.1mg

150.9mg

ZLC concentration in
solution

0.98% wiw or 15mg/ml

$.96% w/w or 15mg/ml

0.96% wiw or 15mg/ml

observation transparent solation a lot white precipitate a lot white precipitate
becomes shightly cloudy | formed, solution formed, solution becomes
becomes very cloudy very cloudy
pH 7.98 3.16 7.97
Turbidity(NTU) 357 > 1004 >1000

{8689} Thus, in the sweat duct (pH=3-7), ZLC will hydrolyze to insoluble Zu0 to physically

block the sweat ducts. In addition, ZLC also has the ability to flocculate proteins in the sweat,

similar to the flocculation of BSA above, thus cohancing the formation of “plugs” in the sweat

ducts.

Example 3 — Antibacterial effects

1309¢] A zone of inhibition test is conducted on several materials: zinc oxide, lysine

hydrochioride, and ZLC. The method involves making a lawn of freshly prepared bacterial

culture on TSA (irypticase soy agar) plates. Sterile filter paper discs are seeded with 20 pl of test

sample {(supernatant or mixture). Sample-coated filter paper discs are air dried and applied onto

the bacterial Jawn on TSA plates. Plates are incubated for 20 hours at 37°C. ZLC bhas better

antibacterial activity than zinc oxide alone or lysine hydrochloride alone.

(2
(2
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Examnple 4 — Formulation combining ZLC and Cysteine

{8691} It 1s found that cysteme together with Z1LC solution is an improvement over a sohution
comprising ZLC alone, as it not only stabilizes Z1L.C sclution at neutral pH, but also provides
rapid precipitate with improved acid resistance. This composition is able to cnhance sweat
reduction and also boost insoluble zinc deposition when ZLC is used for personal care products
as a visual indicator and antibacterial property, or in oral care products to deliver zine to the
tooth surface and to the microtubules. As seen i the above exaraples, the insoluble ZnO forroed
from the dilution of ZLC solution makes ZLC complex suitable for a next gencration non-
aluriouro antiperspirant active. When used 1o underarm products, this ZLC complex will be
diluted by sweat to form Zn0 which can block sweat ducts, and therefore can prevent additional
sweat from coming out of the skin. However, under the weak acidic environment of sweat (pH
normally varied from S to 7), Zn0 is gradually dissolved, which reduces efficacy as this
degrades the plug formed at the sweat ducts.

{68392] A solution of ZLC solution at a concentration of 2.4%7n by weight is prepared in
accordance with Example 1. A ZLC / Cysteine solution is prepared by mixing 1.0019g of
cysteine solid (Sigroa, M31952, FW 121.16g/mol) with 200.26g of the ZLC solation under sturing.
After one hour, all cysteine 18 dissolved, the solution is transparent and the pH of the solution is
6.91. To 10mi of this ZLC-Cys solution, 90ml of DI water ts added to prepare a total of 100mi
“stock” solution.

{0093] Turbidity study of diluted solutions; Turbidity measurements are conducted by Turbiscan
{Formulaction Inc, Davie, Florida). The measurement of this instrument is performed by sending
out a light bearn through the cell with sample solution and detecting the photons that cross the
solution without being diffused. The result is shown in percent transmission — a higher percent
transmission corresponds to a clearer solution, and a decrease of percent transmission indicates
the formation of precipitate 1u solution. The temperature of the instrument 1s set at 37°C.
Turbidity is measured in a one minute interval for 30 minutes under this temperature. All
dilutions are freshly prepared before mocasurements,

{4694} Tabic 4 describes the details, the amount of stock solutions and water added, and the pH
of dilutions. The pH rises upon dilution, because the dilution triggers precipitation of the zine

oxide complex, leaving the relatively basic lysine in solution.
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Tabic 4 pH value of dilutions from “stock” sohution

“stock” | 2 fold 3 fold 4 fold 5 fold 6 fold 7 fold g fold
“stock” 24 12 8 6 4.8 4 3.4 3
solution{ml)
D] - 12 16 18 19.2 20 20.4 21
water(ml)
Total 24 24 24 24 24 24 23.8 24
pH 7.60 7.90 7.86 7.93 7.94 7.98 8.04 R.03

18095] The turbidity measurements are provided in Table 5 below. While the original “stock”
solution remains transparent during the whole measurement period, the solutions which are
further diluted all become visibly cloudy. A slow formation of precipitate is observed in 2 fold
dilution, the rate of precipitate formation increases slightly after 15 minutes, and precipitate
keeps forming in the 30 minute pertod. In 3 fold dilution, precipitate forms rapidly and does not
stop during measurement period. Forration of precipitate in 4 fold dilution 15 found to be rapid
initially, however, the rate of precipitation slows down after 20 minutes. Precipitate is formed
immediately right after the “stock” solution is diluted 1n 5 fold, 6 fold, 7 fold and 8 fold
dilutions. After 5 minutes, the precipitation process 1o all these dilutions slows down. Then, after
20 minutes, there is a slight increase of percent transmission in these dilutions, which suggest
sedimentation occurs. Data from the plot also indicates that while the speed of precipitate
formation increases as “stock” solution is more diluted, at higher dilutions, the total amount of
precipitate formed seems to decrease, so that the maximum precipitation is observed at 3 fold
dilution.

10096] In order to study if the precipitate formed from this mixture could resist weak acidic pH,
the pH of 2 fold dilution is adjusted to 5.5 (the average pH of human sweat} by diluted HCI
aqueous. It is observed that the dilution at pH 5.5 becomes more cloudy than the onc at pH 7.9,
which suggests more precipitate is formed under such pH. The percent transmission of 2 fold
dilution at pH 7.9 is 75%, and the percent transmission of this solution at pH 5.5 15 56%
measured by Turbiscan. The decrease in percent transmission from this in vitro study strongly
indicates that a weak acidic environment should tend to enhance precipitate formation.

186971 X-ray photoelectron spectroscopy (XPS) analysis of the precipitate reveals it is composed
primarily of'a 1:2 Zn - cysteine complex with Znt}, and also contains a small ZoCOs impurity.

10098] Four other ZLC-amino acid mixture solutions, inchuding ZLC-Arginine, ZLC-Glycine,

(2
W
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Z1.C-Histidine, and ZLC-Proline, are also prepared in the same method as ZLC-Cys solution,
and the sarme experiments are conducted to study if the sarne property as ZLC-Cystemne could be
found in these solutions. As diluted, precipitate is found from 3 fold dilutions. However, the
precipitate is not acid-stable. When the pH of 3 fold dilutions 1s adjusted to 5.5, precipitate in all
these four mixture dissolves. The precipitates in these cases do not appear {0 comprise amino
acids, but are simply zinc oxide.

18099] Adding cysteine, but not the other amino acids tested, allows the ZLC solution to form a
more acid resistant white precipitate. In addition, the experimental results show that the formation of
precipitate from this novel roixture will be enhanced under average sweat pH (pH 5.5). This
phenomenon makes this novel mixture material ideal for use in underarm products. The nearly
neutral pH of the zine mixture solution and s precipitation property by dilution also allows
fornmudation in oral care products, where the precipitate 1s able to plug microtubules in the teeth,
thereby reducing dental hypersensitivity as well as delivering the antibacterial and crosion-
inhibitory zinc ion to the tooth surface.

Table 5 Results of turbidity measurerments in one minute interval for 30 minutes

min "stock” sohation 2 fold dilution 3 fold dilution 4 fold dilution
T(t) Smm - 45mm | T(t) Smm - 45mm | T(t) S5mm - 45mmm | T(t) 5mm - 45mm
{% ) (%) (%) (%)
) 890.69 89.08 88.01 86.91
1 90.63 89.06 87.1 83.66
2 90.58 88.99 85.9 81.4
3 90.53 88.93 84.43 79.65
4 90.48 88.86 82.78 78.18
5 90.43 88.79 81.06 76.9
6 90.41 88.71 79.36 75.81
7 90.4 §8.62 77.74 74.51
8 90.37 §8.52 76.2 73.92
9 80.34 8¥.38 74.81 73.15
10 80.34 88.22 73.52 72.37
i 80.33 8K.03 72.33 71.79
12 90.31 R7.82 71.24 71.2
13 90.3 87.54 70.25 70.7
14 90.29 87.21 69.33 70.23
15 90.29 86.85 68.51 69.81
16 90.28 86.44 67.74 69.42
17 90.27 85.97 67.03 69.09
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18 90.28 8546 66.37 68.78
19 90.27 84.9 65.76 68.5
20 90.26 84.32 65.19 68.27
21 80.26 §3.69 64.66 68.06
22 890.25 $3.06 64.16 67.85
23 80.24 824 63.69 67.68
24 890.23 81.74 63.26 67.5%
25 890.23 81.08 62.86 67.5
26 90.23 80.43 62.5 67.45
27 90.22 79.77 62,19 67.44
92 90.22 79.11 61.9 67.39
2 90.21 78.48 61.64 67.48
30 90.2 779 61.24 67.54

5 fold dilution

6 fold dilution

7 fold dilution

R fold dilution

T(t) Smm - 45mm

T(t) Smm - 45mm

T(t) Smm - 45mm

T(t) Smm - 45mm

Min | (%) (%) (%) (%)
0 85.19 84.16 83.03 84.77
1 8148 81.03 80.53 81.99
2 7933 7947 78 86 80.63
3 7777 78.3 7771 79.7
4 76.52 77.38 76.81 78.96
5 75 46 76.61 76.05 78.36
6 74.53 75.93 75.4 77.86
7 73.72 75.34 74.83 77.41
8 73 74.84 7435 77.01
9 72.37 74.37 73.93 76.67
10 71.81 73.97 73.55 76.38
i 71.32 73.6 73.02 76.12
12 70.86 73.27 72.94 75.9
13 70.47 73 72.7 75.71
14 70.1 72.72 72.49 75.56
13 69.8 72.47 72.28 75 44
16 69.53 7227 7212 7533
7 6927 72.06 71.96 7523
18 69.0% 71.91 71.88 7515
19 68 85 71.84 71.82 75.04
20 68.7 .77 N2 74.95
21 68.54 7173 71.81 74.93
22 68 .45 71.65 72.03 74.94
23 68.43 71.82 7200 75.08
24 68.42 72.02 72.05 75.16

(2
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25 68.5 72.06 72.24 75.54
26 68.58 72.06 72.32 758.75
27 68.66 72.25 72.47 75.8
28 68.7 72.42 72.69 75.97
29 68.9 275 72.84 76.37
30 69.2 73.13 73.17 76.77

Examnle 5 — Liguid hand seap with ZLC

{4168} igof ZLC-Cys solution of Examiple 4 {prior to dilution to form the “stock” sohution) is
combined with 4g of a commercial hiquid hand soap (LHS) having a formulation as set forth in

Table 6, to provide a formulation having (.7% zinc.

Table 6
Material Weight %
Water and minors Q5.
Cetrimonivyrn chloride {cetyl trimethyl ammonium chioride) 2.4
Glyeerin 2
Lawramidopropyidimethylamine oxide 1.2
Cocamide MEA {cocomonoethanolamide)
PEG-128 mothyl glucose dioleate 8.6
Myristamidopropyiamine oxide (.4
Cyyoz alkydimethyibeneyl anumonium chionde (BKCY $.13

{3161} The LHS/ZLC/cysteine solution at §.7% zine is then diluted 2 fold, 4 fold, 8 fold, 16 fold
and 32 fold, and precipitation is measured. Optical Density (Absorbance} of LHS/ZLC/cysteine
is obtained and compared with original LHS via Larabda 235 UV/VIS Spectrometer
{PerkinElmer} at the wavelength of 610 nm. DI water sample are used as blank; the values
shown in the table are compared to blank. Thus, 8 positive number means the sample is less
transparent than the blank, and negative number indicates the sampie being measured appears
more transparent than the blank. As the original hand seap is diluted, it becomes more
transparent. When the ZLC employed hand soap formula 1s diluted, the solution becomes cloudy,
and the formation of a white precipitate is gbserved.

181902} Coraparing the dilution of original Hquid hand soap and the ZLC/cysteine containing
haund soap, the latter provides a significant signal for the phase change (from transparent to
cloudy precipitation). Thus, ZLC can be incorporated into a commercial Hguid hand seap and

will act as a visnal/sensory trigger during the washing process. In addition, the precipitate

(a2
o
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formed, Zn{¥/cysteine, enhances the antibacterial properties of the LHS, as well as providing a
skin protection benefit.

Example 6 — Mouthwash formulation

{8193} A mouthwash containing ZLC/Cysteine as active ingredient 18 formulated with the

ingredients shown in Table 7.

Table 7
Ingredients Yo Loading {g}
Sorbitol 70%s0l 5.50% 275
Agueous ZLC solution 2.53%7n phis 8.3%
cysieine 40.00% 200
MNa Saccharin 0.02% 0.1
Propylene Glycol 7.00% 35
Poloxomer 407 (.40% 2
Citric Acid 0.02% 0.1
Potassium Sorbitol 0.05% (.25
Glycerin 7.50% 37.5
Peppermuut Flavor 0.10% 0.5
Deionized water 39.4100% 197.05
Total 100% 500
Zn% 1%

{3184} The formulation can form a clear, stable solution but generates a precipitate when diluted.
This mouthwash fornulation has a neutral pH and is stable at 37°C and on the shelf, but
precipitates at dilute solation. This formation of insoluble precipitate by dilution allows

formation of “plugs” in dentine tubules, providing benefiis for hvpersensitivity.
E s 8 K

Example 7 - Gel formulations comprising Zingc-Lvsine

{3105} The mouthwash formulation of the preceding example provides a clear formulation and
precipitation when diluted by water. This unique property facilitates anti-sensitive and anti-
cavity effects, and it is thus of interest in a toothpaste product.

{3186] Av oral gel toothpaste with ZLC / cysteine as active ingredient s formulated. The
precipitation property of ZLC gel phase is also tnvestigated by hydrolysis reaction study, to

determine whether when the teeth are being brushed with toothpaste containing ZLC / cysteine,
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the insoluble particles formed during brushing can penetrate into the dentin tubules and block the
tubules resulting 1o an anti-sensitivity effect and signal for the consumer.

{8107} A gel with ZLC / cysteine as active ingredient is formulated with the ingredients shown
in Table 5. The clarity and the precipitation by dilution is evaluated. Zinc ion concentration in
the following batches is at $.5% (w/w} zinc level.

Table 8 — Oral gel with ZLC / cysteine

Ingredients % Loading {g)
Sorbitol 7(%sol 76.03% 380.15
Aqueous ZLC solution 2.53%70 plus 0.5% cysteme | 20.00% 100
Carboxymethyl cellulose (CMC) and

Trimethyl cellulose (TMC) 0.70% 35
MNa Saccharin 0.27% 1.35
Propylene Glycol 3.00% 15
Total 100.00% 500
Y%Zn (.506%

Propylene Glycol 3.00% 15
DI water 15.07% 75.35
Total 100.00% 500

{¢108] Lambda 25 UV/VIS Spectrometer (PerkinElmer} is used to obtain absorbance
information in order to evaluate the clarity of gel phase. Absorbance is g logarithroic rocasure of
the amount of light that is absorbed when passing through a substance. Since the particles in the
gel absorb light, the more particles existing in solution, the more light absorbed by the gel. Thus,
a small number of absorbance of a gel indicates a higher clarity. The absorbance is corrected by
using deionized (M) water as the blank solution under the light source wavelength of 610nm.
18109} Dilurion experiment: The gel is diluted into 2 fold, 4 fold, 8 fold, 16 fold and 32 fold, and
absorbance measured, with increased absorbance corresponding to precipitation.

{¢118] The gel can be used alone or in a toothpaste having a gel phase and an gbrasive paste
phase. ZLC/ cystetne as active ingredient in gel phase of toothpaste formuilation. The formation
of insoluble precipitate by dilution facilitates the formation of “plugs” in dentine tubules after
using this type of toothpaste, and moreover, it provides a white precipitate signal during

CONSUIMmer usc.
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Example 8 — Plusping of dentinal tubules

{3111} Dentinal occlusion by an oral gel with ZLC / cysteime is measured compared to an oral
gel without ZLC for potential anti-hypersensitivity benefit. A Flodec instrument is used to
measure fluid flow through dentin tubules. A Pashiey cell method (c.g., Pashley DH, O’ Mcara
JA, Kepler EE, et al. Dentin permeability effects of desensitizing dentifrices in vitro. J
Periodontol. 1984;55(9).522-525) 15 used following a procedure used to measure dentinal
occlusion on mouth wash formulations by S. Mello. Two 10 minute treatraents of 400 pl sample
are applied with a pipette on dentin disks at 10 minute intervals. After cach treatment the disks
are tinsed with phosphate buffered sahine (PBS) and measured for flow using a FLODEC
apparatus, a device which tracks the position of a meniscus inside a capillary tube to measure
small changes in volume.

Example 9 — Visual evaluation of plueging dentinal tubules

10112} The ZLC / cysteine 18 shown to be cffective in occluding dentinal tubules when apphied to
the teeth and diluted to trigger precipitation. This deposition and tubule occluston should reduce
sensitivity and furthermore provides a reserveir of zine to help protect the enamel against crosion
and bacterial colonization,

18113} Human dentin slices are prepared from whole human teeth. The teeth are cut into
sections of ca. 800 microns. The sections are polished and any enamel on the section is ground
off, so the sections appear as porous dentin material. The sections are then etched with 1% citric
acid solution, rinsed, and stored in Phosphate Buffered Saline (PBS pH 7.4, Gibeo Cat. No.
18016}

18114] The thin shees of human dentin sections are imaged on the confocal microscope for
baseline characterization. Top view tmages are taken in XYZ mode, and side view images were
taken in XZY mode. Typical images are taken with a 50x objective lens, and with x4 digital
roagoification. When a more global view 1s desived at lower magnification, the froages are taken
at x1 digital magnification.

{#115] The thin slices of human dentin sections are treated using the respective treatment
solutions. The treated thin slices are examined under the confocal microscope for signs of
occlusion and deposition on the surface. Repeat treatmaents are made on the treated discs using

the same or substantially same treatment procedure as the prior treatment. Confocal images are
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taken to monitor the progress of additional ccchision and deposition after one or more repeat
treatents.

Example 10 — Dentifrice formulation comprising ZLC / Cvsteine

10116} Test dentifrice comprising ZLT / cysteine, 1450 ppm fluonide, and phosphates is prepared

as follows:

Ingredient

PEGH00 3.0
CMC-7 0.65
Kanthan 0.2
Sorbitol 27.8
Glycerin 20.0
Saccharin 8.3
Tetrasodium pyrophosphate 8.5
Calcium pyrophosphate 8.25
Sodium phosphate dibasic 3.5
Sodium fluoride 0.32
{to provide 1450 ppm fluoride)

Water Qs
Titanium dioxide 8.5
Abrasive silica 8.0
Thickener silica 8.0
Aqueous ZLC solution 2.53%Zn plus 0.5% cysteine | 2
Sodium laoryl sulfate 1.5
Flavoring 1.2
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CLAIMS

A composition cormprising (i) s zine (anune acid or trialkyl! glyeine) halide complex and

(1) cysteine 1o free ov in orally or cosmuctically acceptable salt form.

The composition according to any of the foregoing claims, wherein the zinc (amino acid
or tralkyl glycine) halide 1s formed from precursors, wherein the precursors are a zing ion
source, an amine actd source, and a halide source, wherein the halide source can be part
of the zinc ion source, the amino acid spurce, or a halogen acid.

The coraposition according to claim 2, wherein the zing ion source 18 at least one of zing

oxide, zinc chloride, zinc carbonate, zinc nitrate, zine citrate, and zinc phosphate.

The composition according to claims 2 or 3, wherein the amino acid source is at least one

of a basic amine acid, lysine, arginine, and glycine.

The composition according to any of the foregoing claim, wherein the triatkyl glvcine is a

C-Cy alkyl glycine or trimethyl glycine.

The coraposition according to any of the foregoing claims wheren the zine arno acid

halide is made by combining zinc oxide with an amino acid hydrohalide.

The composition according to any of the foregoing claims wherein the zinc amino acid
halide has the formula Zn{ Amino Acid)Hal, or Znd Amine Acid):Haly wherein Znis a
divalent zinc ion and Hal is a halide ion.

The coraposition according to any of the foregoing claims wheren the zine arno acid
halide complex is [Zn{CeH 1 N0:C11 CL .

The composition according to any of the foregoing claimus which upon dilution with
water, provides a precipitate comprising zinc oxide in complex with cysteine, and
optionally additionally cornprising zinc oxide, zine carbonate, and mixtures thereof.
The corposition according to any of the foregoing claims wherein the total amount of
zing present in the composition 18 .2 to 8% by weight of the composition.

The composition according to any of the foregoing clairss, wherein the cysterme is
cysteine hydrohalide, optionally cysteine hydrochloride.

The composition according to any of the forcgoing claims which 1s an antiperspirant or

deodorant product, further comprising a cosmetically acceptable carrier.
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A method of killing bacteria, reducing perspiration, and/or reducing body odor

comprising applying to skin an effective amount of the composition of claim 12

The composition of any of claims 1-11 which is a personal care product selected from
liquid hand soap, body wash, dermal lotions, dermal creams, and dermal conditioners

further comprising a cosmetically accentable carrier.
b4 3

A method of killing bacteria, treating or reducing the incidence of acne or topical skin
infections, or to provide a visual signal when washing, comprising washing the skin with

water and an effective amount of the coraposition of claim 14.

The composition of any of claims 1-11 which is an oral care product, further comprising

an orally acceptable carrier.

A method to reduce and inhibit acid erosion of the enamel, clean the teeth, reduce
bacterially-generated biofilm and plague, reduce gingivitis, inhitbit tooth decay and
tormuation of cavitics, and/or reduce dentinal hypersensitivity comprising applying an
effective amount of a compaosition according to claim 16 to the oral cavity of a person in
need thereof.

Use of a zine amino acid halide complex together with cysteine in free or orally
acceptable salt form in the manufacture of a composition for use in any of the methods of
claims 13, 15, or 17.

Use of cysteine in free or orally acceptable salt forro to stabilize a zinc amivno acid halide

complex.
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