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ZINC AMING ACID 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 composition coraprising a coraplex of tetrabasic zine halide (“TBZH”), e.g.,

< k,r-iw

tetrabasic zine chloride ("TBZC™), and an amino acid or trialkylglycine (TAG) {respectively,
“TBZH-AA”, “TBZC-AA”, “TBZH-TAG” and “TBZL-TAG) in combination with cysteine,
which complex is stable and soluble 1o concentrated aqueous solution, but which provides a
relatively acid-stable precipitate comprising a complex of zinc and cysteine upon dilution. The
unusual and unexpected propertics of this material allow delivery of a stable zine complex to the
skin or teeth, making it uscful in personal care products, ¢.g., antiperspirant products and liquid

hand and body soaps, as well as i oral care products, ¢.g. mouthwash or dentifrice.
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{#084] Tetrabasic zine chloride {(TBZC) or zine chloride hydroxide monohydrate is a zinc
hydroxy compound with the formula Zns{OH)Cl»H, 0, also referred to as basic zine chloride,
zine hydroxychloride, or zine oxychloride. It is a colorless crystaliine solid insoluble 1n water.
While TBZC 1s substantially insoluble in water, the material is found to be soluble in water in the
presence of an amino acid and provides a source of zinc ions without the usage of additional
antons {1.e. HCH. While TBZC 1s preferred 1n the compositions and rcthods, other tetrabasic
zine halides may be used, e.g., tetrabasic zive fluoride or tetrabasic zine bromide.

18065] The TBZH-AA or TBZH-TAG complex contains a halide such as chloride. In one
embodiment, the TBZH-AA or TBZH-TAG i formed by reacting TBZH with the free base of
the amino acid, in such case the halide (¢.g.,chloride) contribution to the complex will be
primarily from TBZH. In another embodiment, the TBZH-AA is formued by reacting TBZH and
a hydrohalide salt (e.g.,bhydrochloride salt) of a basic amino acid to obtain a complex containing
TBZH the basic amino acid and halide, in such casc the halide contribution to the complex will
be from the TBZH and the hydrohalide salt of the amino acid. In other embodiments, a
combination of the free base and hydrohalide salt of the amino acid is used as a starting material,
and in other erobodiments, additional halides can be provided via addition of different halide-
containing compounds such as hydrochloric acid, hydrobromide acid, and the like. The types and
amounts of halide source can be manipulated to achieve a desired pH.

{#086] In onc embodiment, the TBZH-AA is a TBZ -lysine complex, ¢.g., formed from a
roixture of TBZC and lysine and/or tysine hydrochlornide. This particular zine-lysine-chloride
complex is sometimes referred to herein as “TBZC-Lys™.

{8087} The tetrabasic zine — anuno acid or TAG— hahide complexes, ¢.g. TBZC-Lys, have key
features {(e.g., conductivity, hydrolysis reaction and protein flocculation) which make it
competitive with commercial antiperspirant salts. Like conventional aluminum or aluminum-
zircontam antiperspirant salts, the TBZH-AA or TBZH-TAG forrus precipitates ander sweat
conditions that can plug the pores and block sweat release. The mechanisn is unusual. As the
amount of water fncreases, rather than going into or remaning o solution as the solution
becomes more dilute, as would typically be the case for an ionic complex, the TBZH-AA or
TBZH-TAG hydrolyzes, to provide a relatively insoluble zine-containing precipitate, ¢.g. zinc
oxide, thereby permitting further plugging of the pores and/or controlied deposition of zine

compounds on the skin. The zine 18 moreover antibacterial, and so in addition to providing a
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precipitate which blocks sweat release from the pores, it provides a deodorant benefit by
reducing odor-causing bactena

{8088} The precipitate formed from the complexes typically contains zine oxide, as well as other
compounds and/or complexes. Zine oxide, one constituent in the precipitate, 1s soluble at acidic
pH, however, and as sweat has a pH of 5-6, the sweat can reduce the levels of precipitation as
compared to precipitation levels at neutral or higher pH. Morcover, the sweat can gradually
dissolve the depositions, reducing the duration of action of the formulation. Alse, the rate of
precipitation may be too slow or too rapid. These problems can be ameliorated by co-
forroulating the product with cysieine. The cysteine and the zine complex together form a
precipitate upon use and dilution with sweat, which precipitate can be resistant to acid. The
formulation comprising TBZH-AA or TBZH-TAG together with cysteine thus has cohanced
efficacy as an antiperspirant. Moreover, the cysteine helps stabilize the TBZH-AA or TBZH-
TAG in the formulation prior to administration.

{66309} Although we have found that use of cysteine with the TBZH-AA or TBZH-TAG
complexes form precipitates that are more resistant to sweat, we have also discovered that use of
cysteine delays, or under some conditions, even inhibits formation of the precipitate. The
amount of cysteine and the pH have an effect on the degree and rate of precipitate formation.
{6618} The pH of the composition will vary based on factors such as the amount of water,
cysteine concentration and the like., The pH of the composition is generally 7 to 11, in another
embodiment 7 to 10, in another embodiment 8 to 10, in another embodiment 8 and 9.

{8011} The compositions can contain from $.01 to 1% cysteine by weight. Surprisingly, it hag
been found that the aroount of cysteine in the formulation can influcuce precipitation and acid
resistance. For example, formulations containing cysteine at levels of 8.09% cysteine or less
typically exhibit precipitation upon dilution but poor acid resistance. Formulations containing
.1% to less than 0.15% cysteine typically exhibit instant precipitation upon dilution and good
acid resistance that can withstand a pH alteration of up to 5 pH units. Formulations containing
0.15% or greater cysteine typically exhibit delayed precipitation upon dilution and good acid
resistance. “Acid resistance” in this context refers to the property of maintaining a precipitate, or
preventing the solubilization of a precipitate, in an agucous solution at a pH sirotlar to human
sweat, L.e., a pH of 5.5, “Precipitation” in this context refers to formation of an insoluble

precipitate upon dilution that 15 visible to the naked eve, e.g., visible particles in a solution or
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visible cloudiness or turbidity of a previous transparent solution. “Dilution” for the purposes of
this paragraph refers to a four (4) fold or wore dilution, which typically contains 95% of water or
higher. “Instant precipitation” refers to the precipitation is observed in less than | secound after
dilution of the TBZH-AA or TBZH-TAG comaplex/cysteine combination. “Delayed
precipitation’ refers to that precipitation is observed 1 second o 180 seconds, in another
cmbodiment 1 to 60 scconds, and in another embodiment 1 to 10 seconds, after dilution of the
TBZH-AA or TBZH-TAG complex/cysteine combination.

18012} The compositions in undiluted form generally contain 10 to 90 %, in another embodiment
20 to 90 % and 1o another embodiment 58 to 90% water, but can contain much less water in
some embodiments. The amount of water in the compositions will vary depending upon the final
product form in order to achieve the desired concentration. For example, dentifrices typically
contain 10 to 25 % total water, mouthwashes typically contain 50 to 90 % total water, personal
care products such as antiperspirants typically contain 10 to 20% total water. The precipitation
time and pH values of the mixtures are affected by many factors, including water concentration.
More water generally leads to more rapid precipitation and higher pH values.

{8013] In another embodiment, the TBZH-AA or TBZH-TAG /cysteine combination is also
useful in liguid hand soaps and body washes.

{6614} In yet another embodiment, the TBZH-AA or TRBZH-TAG/cysteine combination is useful
in oral care products, for example dentifrice or mouthwash (mouth rinse). A formulation
comprising the TBZH-AA or TBZH-TAG/cysteine combination provides an ctfective
concentration of zinc ions to the enamel, thereby protecting against erosion, reducing bacterial
colonization and biofilin development, and providing enhanced shine to the teeth. Moreover,
upon use, the formulation is difuted and provides a stabilized precipitate that plugs the dentinal
tubules, thereby reducing the sensitivity of the tecth. While providing efficient delivery of zinc in
comparison to formulations with imsoluble zine salts, the formulations comprising the TBZH-AA
or TBZH-TAG/cysteine combination do not exhibit the poor taste and mouthfeel, poor fluoride
delivery, aud poor foaming and cleaning associated with conventional zinc-based oral care
products using sohuble zinc salts.

18615} Corapositions cxhibiting delayed precipitation can be particularly advantageous to
maxtmize the amount of precipitation at the desired site during use, e.g., at dentinal tubules or

sweat glands.
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{#616] Provided 1s a composition comprising (1) a tetrabasic zinc-amino acid or TAG-halide
complex (preferably TBZC-AA), e.g., TRZC-Lys, and (it) cysteine m free or w orally or
cosmetically acceptable salt form. The compositions may be oral care products, ¢.g., dentifrice or
mouth rinse (or mouthwash}, or personal care products, such as antiperspirants, Hquid hand soap
or body wash, and skin lotions, creams and conditioners. Further provided are methods of using
such corapositions, ¢.g., methods of reducing sweat comprising applying the composition to skin,
methods of killing bacteria comprising contacting the bacteria with the composition, and
methods of treating or reducing dental hypersensitivity, crosion, and plaque, comprising applying
the compaosition to the teeth, as well as methods of making such compositions.

{#617] Further arcas of applicability of the present invention will become apparent from the
detailed description provided hereinafter. It should be understood that the detailed description
and specific examples, while indicating the preferred embodiment of the invention, are intended

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

{6618} The following description of the preferred erobodiment(s) is merely exeroplary 1n nature
and is in no way intended to limit the invention, its application, or uses.

[B619] 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 bereby meorporated by referenced m their entireties.
In the event of a conflict in a definition in the present disclosure and that of a cited reference, the
present disclosure controls.

{8028} 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.

{#621] In one embodiment, a single-component delivery system in the form of @ mouthrinse is
contemplated, where the system comprises a concentrated solution of the TBZH-AA or TBZH-
TAG/cys complex and the diluent is supplied by the administrator/user either in the form of
water naturally involved in a typical oral care treatment and/or saliva gencerated by the user,
{6622} Provided is, tn a first embodiment, a composition (Composition 1) comprising (i) a
tetrabasic zinc-amino acid or TAG-halide complex and (i) oysteine in free or in orally or

cosmetically aceeptable salt form, e.g.,

N



1.4.

L.5.

1.6.

1.7.

1.8.
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Composition | wherein the zinc-amino acid or TAG-halide complex is formed from
precursors, wherein the precursors are TBZC, an amino acid source, and a chioride
source, wherein the chioride source can be part of the TBZC, the amuino acid source, or
hydrochloric acid.

Composition 1.1 wherein the amino acid source is at least one of a basic amino acid,
lysine, arginine, and glycine.

Any of the foregoing compositions, wherein the trialkyl glycine 1s a C-Cy alkyl glyeine
or trimethyl glycine.

Auy of the foregoing Compositions wherein the TBZH-AA complex is made by
combining TBZC with an amino acid hydrochloride.

Any of the foregoing Compositions wherein the TBZH-AA coraplex 1s TBZC-Lys.
Any of the foregoing Compositions which upon dilution with water, provides a
precipitate comprising of an insoluble zinc-containing precipitate in complex with
cysieine.

Any of the foregoing Compositions wherein the total amount of zine present in the
composition is 8.2 to 8% by weight of the composition.

Any of the foregoing compositions wherein the ratio of zinc to cysteine 1s 10:1 to 100:1
by weight.

Any of the foregoing compositions wherein the pH 1s 8.4 to 8.8,

Any of the foregoing compositions, wherein the ¢ysicine 18 a cysteine hydrohalide,
optionally cysteine hydrochloride.

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

Any of the foregoing compositions 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 derrnal conditioners,

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

substantially anhydrous.

6
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115,
1.16.

1.20.

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

Any of the foregoing compositions comprising (.09 to 0.15% cysteine.

Any of the foregoing compositions which mnstantly, ¢.g. 1 second or less after dilution,
forms a precipitate upon a four-fold or higher dilution with water or an aqueous solution
such as saliva or sweat.

Any of the foregoing compositions which forros a delayed precipiiate, e.g., greater than 1
second, greater than 1 second to 180 seconds, 1 second to 60 seconds, or 1 second to 10
seconds, after a four-fold or higher ditation with water or an aqueous solution such as
saltva or sweat.

Any of the foregoing compositions comprising an amount of cysteine effective to provide
delayed precipitation, e.g., 4.09 to 0.15%.

Any of the foregoing compositions capable of forrming a precipitate upon a four-fold or
higher dilution with water or an aqueous solution such as saliva or sweat, wherein the
precipitate has acid resistance at a pH of 5.5,

Any of the foregoing compositions compusing 0.2 to 8 weight % zinc,

18023} Provided is @ method of making composition 1, et seq. comprising (i} combining TBZH,

an amine acid source, and a halide source (wherein the hahide source can be part of TBZH, the

aming acid source, or hydrohalide acid), in a fluid (e.g., aqueous) medium, optionally isolating

the coruplex thus formed n solid form, cornbining the complex with cysteine, or (1t} corabining a

TBZH-AA complex and cysteine. The mixture can optionally be combined with a cosmetically

acceptable carrier,

{#624] Provided 1s a composition (Composition 2} which is an antiperspirant or deodorant

product comprising (1) 2 TBZH-AA or TBZH-TAG complex and (i) cysteine in free or in

cosmetically acceptable salt form, , together with a cosmetically acceptable carrier, e.g. ip

accordance with any of the scopes of Composition 1, ef seq. , ¢.g.

2.1

E 3
=

Composition 2 which, upon use aud, provides a precipitate to the skin comprising av
insoluble zinc-containing complex.
Coraposition 2 or 2.1 wherein TBZH-AA coraplex is TBZC-Lys, optionally in hydrate

form.
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Composition 2, 2.1 or 2.2 wherein the cosmetically acceptable carrier comprises one or

| ]
[OS]

more ingredients selected from water-soluble alcobols (sach as €, 3 alcohols 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, 2.2 or 2.3 wherein the composition 18 in the form of av antiperspirant
stick, an acrosol antiperspirant spray, or a liquid roll-on antiperspirant.
1B625] 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 fornmlation of any embodiment embraced or
specifically described herein, ¢.g., any of Composition 2, ef seq.
{8026} Provided ts a method of malking an antiperspirant or deodorant comprising (1) a TBZH-
AA coraplex and (i1} cysteine in free or cosmetically acceptable salt form, ¢.g., any of
Compeosition 2, ef seq. comprising combining TBZC-Lys, cysteine and a cosmetically acceptable
carrier.
186271 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.
{6028} 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.
{8029} In making Composition 2, ef seg. the TBZH-AA or TBZH-TAG and cysteine in free or

cosmetically 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 comprised of
zinc oxtde in complex with cysteine, which can reduce sweat and odor as described above.
{0030} 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 Administration under 21 CFR part 350, It is understood that antiperspirants may
also be deodorants, particularly in the case of the described compositions, as zing has
antibacterial propertics and thus inhibits odor-causing bacteria on the skin.

16631} Also provided 18 a coraposition (Composition 3} which s a personal care product sclected
from liquid hand soap, body wash, dermal lotions, dermal creams, and dermal conditioners
comprising (1) a TBZH-AA or TBZH-TAG complex and (11) cysteine in free or cosmetically
acceptable salt form, together with a cosmetically acceptable carrier, e.g. in accordance with any
of the scopes of Composition 1, ef seq. , ¢.g.

3.1, Coroposition 3 which, upon use with water, provides an inseluble zinc-containing

precipitate to the skin,

3.2, Composition 3 or 3.1 comprising the TRZH-AA or TBZH-TAG complex in an amount of
1 to 10 % by weight of the composition.

2.5, Any of the foregoing compositions wherein the TBZH-AA complex 1s TBZC-Lys,
optionally in hydrate form.

3.3, Any of the forcgoing composttions, wherein a total amount of zine present in the

composition is 0.1 to 8 weight %, optionally (.1 to Z or 8.1 to 1 weight %.
34, Any of the foregoing composttions, wherein the cysteine is a cysteine hydrohalide,

optionally cysteine hydrochloride.

[o™)
(¥4

Any of the foregoing compositions wherein the cosmetically acceptable carrier comprises
one or more ingredients selected from water-sohuble alcobols (such as C; ¢ alcohols
including ethanol); glyeols (including propylene glyeol, dipropylene glyeol, tripropylene
glycol and mixtures thereot); glycerides (including mono-, di- and triglycerides); medium
to long chain organic acids, alcohols and esters; surfactants {inchuding emulsifying and

dispersing agents); additional amino acids; structurants (including thickeners and gelling
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agents, for example polymers, 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 more nonionic surfactants, for example non-ionic surfactants sclected
from amine oxide surfactants {e.g., fatty acid amides of alky! amines, for example
tauramddopropyldimethylamine oxude, myristanudopropylamine oxide and nuxtures
thereof), aleohol amide surfactants {e.g., fatty acid amndes of alcohol amines, e.g.,

cocamide MEA {cocomonoethanolaniide}), polyethoxyiated surfactants (o.¢.

s3]
polvethoxylated derivatives of esters of fatty acids and polyols {(for example glycols,
glycerols, saccharides or sugar aloohols), for example polysorbates or PEG-120 methyl
glucose dioleate), and combinations thereof,
Any of the foregoing compositions wherein the cosmetically acceptable carrier comprises
an anionic surfactant, e.g. selected frorvn sodium lauryl sulfate and sodium ether lauryl
sulfate.
Any of the foregoing compositions wherein the cosmetically acceptable carrier comprises
water, an anjonic surfactant, ¢.g., sodiam laureth sulfate, a viscosity wodifying agend,
¢.2., acrylates copolymer, and a zwitterionic surfactant, ¢.g., cocamidopropyl betaine.
Any of the foregoing compositions wherein the cosmetically acceptable carvier 18
substantially frec of anionic surfactants.
Any of the foregoing compositions wherein the cosmetically acceptable carrier comprises
water, quaternary ammontum agents {e.g. cetrimonium chloride), humectant (e.g.
glycerin}, and noun-ionic surfactant {e.g., sclected from amine oxide surfactants (c.g.,
lauramidopropyldimethylamine oxide myristamidopropylamine oxide and mixtures
thereot), alcohol amide surfactants {¢.g., cocamide MEA (cocomonoethanolamide)),
polyethoxylate surfactants {e.g. PEG-120 methy! glucose dioleate), and combinations
thercof).
Auy of the foregoing composttions, wherein the cosmetically acceptable carrie
comprises an antibacterially effective amount of a non-zinc antibacterial agent, ¢.g., an
antibacterial agent selected from triclosan, triclocarban, chloroxyienol, herbal extracts
and essential oils (e.g. rosemary extract, tea extract, magnolia extract, thymol, menthol,

cucalyptol, geraniol, carvacrol, citral, hinokitol, catechol, methyl salicvlate,

10
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cpigallocatechin gallate, epigallocatechin, gallic acid), bisguanide antiseptics {c.g.,
chlorhexidine, alexidine or octenidine)}, and guaternary ammonium compounds {(e.g.,
cetylpyridinium chloride (CPC), benzalkonium chloride, tetradecylpyridinium chloride
(TPC), N-tetradecyl-d-ethylpyridinium chloride (TDEPC)); and corbinations thercof; for
example an antibacterially effective amount of benzalkonium chloride.

3.12.  Any of the foregoing compositions which has slightly alkaline pH.

313, Any of the foregoing compositions comprising ingredients as follows:

Material Weight %

Water 80-95%

Quaternary ammoninm antibacterial agents, e.g., selected from cetrimonium .1-4%

chilonide {cotyl trimethy! amroniuro chloride), G alkydimethylbeoneyt

ammonium chioride (BKO), and combinations thereot

Humectants, e.g., alyeerin 1-3%

Non-ionic surfactant, e.g., sclected from amine oxade surfactants {¢.g., 1-5%

lagramidopropyidimethylamine oxide myristanidopropylamine oxide and

roixtures thereof), alcobol ammde surfactants {e.g., cocamide MEA

{cocomoneethanolamide}), polyethoxylate surfactants {e.g. PEG-120 methyl

glucose dioleate), and combinations thereof

HBuffering agents and agents to adjust pH 1-3%

Preservatives and/or chelators (.1-29%

Fragrance and coloring agents 0.1-2%

TBZC-AA 1-10%, e.g.,
3-4%

Cysteimne 0.1 - 195,
c.g. 0.5%

180321 Also provided are methods of killing bacteria comprising contacting the bacteria with an
antibacterially cffective amount of a TBZH-AA/cys complex, e.g., with any of Composition 3, ef
seq., for example, methods of treating or reducing the incidence of topical skin infections, for
example infections by Staphviecoccus aureus and/or Streptococcus pyogenes, as wel as to treat
or reduce the incidence of acne, comprising washing the skin with an antibacterially effective
amount of a TBCH-AA and cysteine, e.g., with any of Composition 3, ¢f seyq., and water.

{6033} Also provided is a method of making a personal care coraposition comprising (i) a
TBZH-AA or TBZH-TAG complex and (i1) cysteine in free or cosmetically acceptable salt form,
¢.g., any of Composition 3, ef seg. corprising combining (1) combining TBZH, an amino acid

source, and a halide source (wherein the halide source can be part of the TBZH, the amino acid

It
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source, or hydrohalide acid such as hydrochloric acid), in a fhuid (c.g., aqueous) medium,
optionally isolating the complex thus formed in solid form, combining the complex with
cysteine, or {1i) combining a TBZH-AA or TBZH-TAG complex and cysteine. The TBZH-AA
or TBZH-TAG complex and cysteine are corabined with a cosmetically acceptable carrier. Also
provided is (i) the use of a TBZH-AA or TBZH-TAG 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 sigoal when washing; (i) the use of a TBZH-AA or TBZH-TAG and cysteine m the
marufacture 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} TBZH and cysteine, e.g., any of
Compositions 1, ef seq., for use to kill bacteria, to protect the skin, or to provide a visual signal
when washing.
18034] For example, in one embodiment, the TBZH-AA or TBZH-TAG complex and the
cysteine are mcorporated into a conventional conumercial Hquid hand soap (LHS) formulation
comprising surfactants and optionally benzalkonium chloride. The salt is found to be compatible
with the formula and gencrates a transparent solution. Upon dilution, however, the combination
tnstantly forms a white precipitate. Thus, TBZH-AA complex and the cysteine in a surfactant
basc can provide a visual/sensory trigger for the washing process. The precipitate, comprising
ZnO stabilized by cysteine, is deposited on skin and thus evhances the antirncrobial effect of the
LHS.
{0035] Also provided is a composition (Composition 4) which s an oral care product, e.g., a
dentifrice or mouth rinse, comprising (1) a TBZH-AA or TBZH-TAG complex and (i) cysteine
in frec or orally acceptable salt form, together with an orally acceptable carrier, e.g. in
accordance with any of the scopes of Composition 1, ef seq. , e.g.
4.1, Composition 4 in the form of a dentifrice which upon application to the teeth in the
presence of water, provides an insoluble zinc-containing complex to the teeth.
4.2, Composition 4 or 4.1 in the form of a dentifrice wherein the TBZH-AA complex is

%

present in an effective amount, e.g., i an amount of .5-4% by weight of zine, e.g., 1-3
by weight of zinc, and wherein the orally acceptable carrier is a dentifrice base.
3 8 ¥
4.3.  Any of the foregoing compositions wherein the TBZH-AA complex 1s TBZC-Lys,

optionally in hydrate form.
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4.13.

WO 2014/099165 PCT/US2013/068854

Any of the foregoing compositions 4-4.2 in the form of a dentifrice, wherein the orally
acceptable carrier is a dentifrice base comprising an abrasive, ¢.g., aun effective amouut of
a silica abrasive, e.g., 10-30%, ¢.g., 20%.

Any of the foregoing compositions wherein the TBZH-AA or TBZH-TAG complex 1
present in an effective amount, e.g., in an amount of 8.2 to 8% by weight of zine.

Any of the foregoing compositions, wherein the cysteine 18 a cysteine hydrohalide,
optionally cysteine hydrochloride.

Any of the foregoing compositions further comprising an cffective amount of a fluoride
on source, e.g., providing 500 to 3000 ppro fluoride.

Any of the foregoing compositions further comprising an effective amount of fluoride,
¢.g., wherein the tluoride is a salt selected from stannous fluoride, sodium fluoride,
potassium fluoride, sodium monofluorophosphate, sodium fluorositicate, ammonium
fluorosilicate, amine fluoride {e.g., N'-octadecylirimethylendiamine-N N, N'- tris(2-
ethanol}-dihydrofluoride}, ammmonium fluoride, titanium fluoride, hexafluorosulfate, and
combinations thereof.

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

Any of the preceding compositions comprising one or more surfactants, ¢.g., selected
frorn anionic, cationic, zwitterionic, and nontonic surfactants, and mixtures thereof, ¢.g.,
comprising an antonic surfactant, ¢.g., a surfactant selected from sodium lauryl sulfate,
sodium cther lauryl sulfate, and mixtures thereot, ¢.g. in an amount of from 0.3% to 4.5%
by weight, ¢.g. 1-2% sodium lauryl sulfate (SLS}; and/or a zwitterionic surfactant, for
cxample a betaine surfactant, for example cocamidopropylbetaine, ¢.g. in an amount of
from 0.1% to 4.5% by weight, ¢.g. 0.5-2% cocamidopropylbetaine.

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

Any of the preceding cormpositions cormprising gurn strips or fragments.

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

coloring.
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Any of the foregoing compositions comprising an cffective amount of one or more
antibacterial agents, for example comprising an antibacterial agent selected 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 cxtract, 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)),
phenolic 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,
moneoperthalic acid and its salts and esters, ascorbyl stearate, oleoyl sarcosine, alkyl
sulfate, dioctyl sulfosuccinate, salicyianilide, domiphen bromide, delmopinel, octaping!
and other piperidino derivatives, nicin preparations, chlorite salts; and mixtures of any of
the foregoing; ¢.g., comprising triclosan or cetylpyridinium chioride.
Auny of the foregoing composttions comprising au antibacterially effective araount of
triclosan, ¢.g. 0.1 -0.5%, ¢.g. 0.3%.
Any of the preceding cornpositions further comprising 4 whitening agent, ¢.g., a sclected
from the group consisting of peroxides, metal chlorites, perborates, percarbonates,
peroxyacids, hypochlorites, and combinations thereof,
Any of the preceding compositions further comprising hydrogen peroxide or a hydrogen
croxide source, ©.¢., urca peroxide or a peroxide salt or complex {¢.g., such as
peroxyphosphate, peroxycarbonate, perborate, peroxystlicate, or persulphate salts; for
example calcium peroxyphosphate, sodmm perborate, sodium carbonate peroxide,
sodium peroxyphosphate, and potassium persulfate);
Any of the preceding compositions further comprising an agent that interferes with or

revents bacterial attachment, e.g., solbrol or chitosan.
3 E‘} 5

14



WO 2014/099165 PCT/US2013/068854

4.19.  Any of the preceding compositions further comprising a source of calcium and phosphate
selected from (1) calctom-glass complexes, ¢.g., calciom sodium phosphosilicates, and (i1)
calcium-protein complexes, e.g., casein phosphopeptide~-amorphous calcium phosphate

4.20.  Auny of the preceding compositions further comprising a soluble caleium salt, ¢.g.,
selected from calcium suifate, calcium chlornide, calcium nitrate, calcium acetate, calcium
lactate, and combinations thercof,

4.21.  Any of the preceding composttions further comprising a physiologically or orally
acceptable potassium salt, ¢.g., potassium nitrate or potassium chioride, in an amount
effective to reduce dentival senstiivity,

4.22.  Any of the foregoing compositions further comprising an anionic polymer, e.g., a
synthetic anionic polyraeric polycarboxylate, e.g., wherein the anonic polymer is
selected from 1:4 to 4:1 copolymers of maleic anhvydride or acid with another
polymerizable ethylenically unsaturated monomer; ¢.g., wherein the antonic polymeris a
methyl vinyl ether/maleic anhydride (PVM/MA} copolymer having an average molecular
weight (MLW ) of 30,000 to 1,000,000, c.g. 300,000 to 800,000, ¢.g., wherein the anionic
polymer 18 1-5%, e.g., 2%, of the weight of the composition.

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

4.24.  Any of the foregoing compositions, wherein the pH of the composition s 7to 11, or 9 to
I,or8i010or8t0 9.

4.25.  Any of the foregoing compositions in the form of an oral gel, wherein the amine acid is
lysine and the TBZC and lysine form a zinc arnino acid halide complex 1 an amount o
provide 0.1 — 8%, ¢.g., (.5% zinc by weight, and further comprising bumectant, e.g.,
sorbitol, propylene glycol and mixtures thereof, ¢.g., in an amount of 45-65%, e.g., 50-
60%, thickeners, e.g., cellulose derivatives, e.g., selected from carboxymethyl cellulose
{CMC, trimethyl! celiulose (TMC) and mixtures thereof, ¢.g., in an amount of 0.1-2%,

sweetener and/or flavorings, and water, ¢.g., an oral gel comprising

Ingredients Weight %

Sorbitol 40-60%, ¢.g., 50-S5%

TRBZC-Lys to provide §.1-2%70, ¢.g 8.5% Zn
Cysteine 0.02 -0.3%, c.g., 0.1%
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Carboxymethyl cellulose (CMC) and

Trimethy! cellulose (TMC) 8.5-1%, e.2.,0.7%
Flavoring and/or sweetener 8.01-1%
Propylene Giyeol 1-5%, ¢.2., 3.00%

4.26.  Any of the forgoing corpositions for use to reduce and inhibit acid crosion of the
enamel, clean the teeth, reduce bacterially-generated biofilm and plaqgue, reduce
gingivitis, inhibit tooth decay and formation of cavities, and reduce dentinal
hypersensitivity.

{0836} Also provided are methods to reduce and inhibit acid crosion of the enamel, clean the
teeth, reduce bacterially-generated biotilm and plague, reduce gingivitis, juhibit tooth decay and
formation of cavities, and reduce dentinal hypersensitivity, comprising applying an cffective
amount of a composition, ¢.g., any of Composition 4, ef seq. to the teeth, and optionally then
rinsing with water or aqueous solution sufficient o trigger precipitation of an insoluble zinc-
containing precipitate

{80371 Also provided is a method of making an oral care composition comprising (i} a TBZH-

AA or TBZH-TAG complex and (i1) cysteine in free or orally acceptable salt form, ¢.g., any of

Composition 4, ef seq. coraprising combining (1) combining a TBZH, an amno acid source, and

a chloride source (wherein the chloride source can be part of the zinc ion source, the amino acid

source, or a hydrochioric acid), wn a fluid {(e.g., agueous) medium, optionally isolating the

complex thus formed in solid form, combining the complex with cysieine, or (ii) combining a

TBZH-AA complex and cysteine. The TBZH-AA or TBZH-TAG complex and cysteine can be

combined with an oral care base, ¢.g., a dentifrice or mouthwash base.

{3638} For example, in various embodiments, provided are methods to (1) reduce

hypersensitivity of the teeth, (i1) to reduce plaque accumulation, (iii) reduce or inhibit

demineralization and promote remineralization of the teeth, (1v) inhibit microbial biofilm
formoation n the oral cavity, (v} reduce or inhibit gingivilis, {(vi) promote healing of sores ot cuts
in the mouth, (vii) reduce levels of acid producing bacteria, {viii}) to increase relative levels of
non-~cariogenic and/or nou-plagque forming bacteria, (ix) reduce or inhubit formation of dental
caries, {x), reduce, repair or inhibit pre-carious lesions of the cnamel, e.g., as detected by
quantitative light-induced fluorescence (QLF) or clectrical carics measurement (ECM), {xi1) treat,

relieve or reduce dry mouth, (xi1) clean the teeth and oral cavity, (xiii) reduce erosion, (Xiv}
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whiten teeth; (xv) reduce tartar build-up, and/or (xvi) promote systemic health, including
cardiovascular health, ¢.g., by redacing potential for systemic infection via the oval tissues,
comprising applying any of Compositions 4, ez seg. as described above to the oral cavity of a
person in need thercof, e.g., one or more times per day. Also provided are Compositions 4, ez
seq. for use in any of these methods.

16639} Also provided 1s the use of (1) a TBZH-AA or TBZH-TAG complex, and (i1} cysteine in
free or orally acceptable salt form in the manufacture of an oral care composition, ¢.g., 1n
accordance with any of Compositions 4, ef seg.

[8848] Also provided is the use of (i) a TBZH-AA or TBZH-TAG complex, and (i} cysteine in
free or orally acceptable salt form, to reduce and inhibit acid crosion of the cnamel, clean the
teeth, reduce bacterially-gencrated biofilm and plaque, reduce gingivitis, inhibit tooth decay and
formation of cavities, and/or reduce deutinal hypersensitivity.

{8041} Also provided is the use of cysteine in free or orally acceptable salt form to stabilize g
TBZH-AA complex. In one embodiment, the TBZH-AA or TBZH-TAG complex is prepared at
rogm temperature by mixing the precursors in an aqueous solution. The in sity formation
provides ease of formulation. The precarsors can be used instead of first having to form the salt,
in another embodiment, the water permitting formation of the salt from the precursor comes
from water (¢.g., rinsing water, saliva or sweat, depending ou the application) that coroes into
contact with the composition in the course of use.

16642} Because the number of moles or weight percent of various zing salts and complexes
herein will vary based on the particular salt or complex form, we frequently refer herein to the
amount of total zine i the formulation by weight or by molar amount, trrespective of its salt or
complex form. In some embodiments, the total amount of zinc in the composition 1s 0.05 to 8 %
by weight of the composition. In other embodiments, the total amount of zinc 13 at least 6.1, at
least 8.2, at least 8.3, at least 8.4, at least 0.5, or at least 1 up to 8% by weight of the composition.
in other embodiments, the total amount of zinc in the composition is less than 5, less than 4, less
than 3, less than 2, or less than 1 to 0.053% by weight of the composition. For example, 1o some
embodiments, the total amount of zinc in the composition may be 2-3 % or 1%.

18043} 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

[u—y
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of the TBZH-AA complex, e.g., TBZC and lysine hydrochloride, will not significantly react.
When contacted with a sutficient amount of water, the precarsors will then react to form the
desired salt, e.g., TBZ{-Lys, which upon further dilution with use forms the desired precipitate
on the skin or tecth.

{0844} dnuno Acids: The amino acid in the TBZH-AA complex can a basic amino acid. By
“basic armino 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 1o the
molecule, which is water-sohuble and provides an aqueous solution with a pH of 7 or greater.
Accordingly, basic amino acids include, but are not limited to, arginine, lysine, citrulline,
orntthine, creating, histidine, diaminobutanoic acid, diaminoproprionic acid, salts thereof or
combinations thercot, In g particular erabodiraent, the basic arnino acid is lysine. The basic
amino acids for use in making zinc amino actd halide complex are generally provided in the form
of the halide acid addition salt, ¢.g., a hyvdrochloride.

{4845} The compositions also comprise cysteine in free or orally or cosmetically acceptable salt
form. By “orally or cosmetically acceptable salt form” is meant a salt form which 1s safe for
administration o the oral cavity or skin respectively in the concentrations provided, and which
docs not interfere with the bislogical activity of the zinc. In a particular ermnbodiment, the
cysteine is admuinistered in free form. Wherever weights are given for amounts of amino acids in
fornwlations herein, the weights are generally provided in terms of the weight of the free acid
unless otherwise noted. In one embodiment, the cysteine salt can be an acid, such as cysteine
hydrohalide {for example, cysteine hydrochloride).

{8046} In compositions comprising an orally or cosmetically acceptable carnier, the carrier
represents all other materials in the composition other than TBZH-AA or TBZH-TAG complex
{inchuding precursors) and the cysteine. The amount of carrier is thus the amount to reach 1060%
by adding to the weight of TBZH-AA or TBZH-TAG complex (including precursors) and the
protein. By “orally acceptable carrier” is meant a carrier which s suitable for use in an oral care
product, containing ingredients which are generally recognized as safe for use 1o 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, containing 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,
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for cxample. Excipients for use in the compositions thus may inchude for example excipients
which are “Generally Recognized as Safe” (GRAS) by the Urnuted States Food and Drug
Administration.

Personal Care Formulations:

{#8347] The term "cosmetically acceptable carrier” thus refers to any formulation or carrier
raedium that provides the appropriate delivery of an cffective amount of the complex as defined
herein, does not interfere with the effectiveness of the biclogical activity of the zing, and s
suitable and nontoxic for topical administration to the skin. Representative carriers include water,
oils, both vegetable and mineral, soap bases, cream bases, lotion bases, ointment bases and the
itke, particularly aqueous detergent carriers, for example liquid hand soaps or body washes. In
one cmbodiment, the aqueous soap bascs 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
field of drug formmlation 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 shounld 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.

{#048] 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
lower, for example 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. polvethoxylated pelyols), polyethoxyvlated vegetabie ous, and

ig
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polyethoxylated silicones, c.g., polysorbate {0, dimcthicone polycthylene oxide, and
dimethylmethyl (polyethylene oxide) stloxane. 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 cmulsion, the overall HLB of the surfactant mixture is
preferably 8-16.

{6649} The personal care compositions may also comprise suitable antioxidants, substances
knowu to inhibit oxidation. Antioxidants suitable for use in the compositions melude, but are not
limited to, butylated hydroxytoluene, ascorbic acid, sodium ascorbate, calcium ascorbate,
ascorbic palmitate, butylated hydroxyanisole, 2,4,5- trthydroxybutyrophenone, 4-
hydroxymethyl-2,6-di-fert-butyiphenol, erythorbic acid, gum guaiac, propyl gallate,
thiodipropionic acid, dilauryl thiodipropionate, tert-butylhydroquinone 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 0.001 to 0.5 weight %, preferably
(.05 t0 0.5 weight %, more preferably 0.1%.

{#058] 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 theroof, When the topical formulations contain at
lcast one preservative, the total amount of preservative present 18 §.01 to 0.5 weight %,
preferably from 0.1 to 0.5%, more preferably 0.03 to 0.15 weight %.

[00351] The personal care composttions 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 ethylene diamine tetraacetic acid (EDTA), cthylene glycol-bis(beta- aminoethyl
ether}-N,N,N', W' -tetraacetic acid (EGTA) and 8-Amino-2-[(2-amino-5-

methylphenoxyimethyll-6-methoxyquinoline-NsN N’ N'-tetragectic acid, tetrapotassium salt
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{QUIN-2). Preferably the chelating agents are EDTA and citric acid. These materials are
available from Spectrura Chenucals. When the topical formulations contain at least one chelating
agent, the total amount of chelating agent present is $.0035% to 2.0% by weight, preferably from
0.05% to 0.5 weight %, more preferably 0.1 % by weight. Care must be taken that the chelators
do not interfere with the zinc complex, for example by binding zinc, but in the formutlations
tested, low levels of EDTA, for example, have not presented problems.

{3052} The personal care compositions may also comprise suitable pH adjusting agents and/or
buffers to adjust and maintain the pH of the fornulation to a suitable range, ¢.g., pH 6-8 or
approximately neutral pH.

{#653] The personal care compositions may alse 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 may be used as 4 viscosity-increasing agent. These materials are avatlable from
Lubrizol, Cleveland, OH. When the topical formulations contain at least one viscosity increasing
agent, the total amount of viscosity increasing agent present is $.25% to 5.0% by weight,
preferably from 0.25% to 1.0 weight %, and wore preferably from 0.4% to 0.6% by weight,
18054] Liquid forms, such as lotions suitable for topical administration or suitable for cosmetic
application, may nclude 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 include, for example, any of the following ingredients, water, oil, alechol
or grease as a substrate with surfactant, polymers such as polyethylene glycol, thickeners, solids
and the hike. Liguid or solid formulations may include enhanced delivery technologics such as
liposomes, microsomes, microsponges and the like.

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

[6656] Formulations can be used to treat, ameliorate or prevent conditions ot symaptoms
associated with bacterial infections, acne, inflammation and the like.

Oral Care Formulations:

{8057] The oral care compositions, e.g., Composition 4, 7 seg. may comprise varigus agents

which are active to protect and enhance the strength and integrity of the enarel and tooth
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structure and/or to reduce bacteria and associated tooth decay and/or gum discase, including or in
addition to the TBZH-AA complexes. Effective concentration of the active ingredients used
herein will depend on the particular agent and the delivery syster used. It is understood that a
toothpaste for example will typically be diluted with water upon use, while a roouth rinse
typically will not be. Thus, an effective concentration of active in a toothpaste will ordinarily be
S-15x higher than required for a mouth rinse. The concentration will also depend on the exact
salt or polyraer selected. For exaraple, where the active agent 1s provided wn salt form, the
counterion will affect the weight of the salt, so that if the counterion is 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 t0 20 wt % (expressed as weight
of frec base), e.g., 1 to 10 wt % for a consumer toothpaste or 7 to 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 exaraple 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
stmilarly, with fevels used in toothpaste being e.g2., 5 to 15 times greater than used m mouthrinse.
For example, a triclosan toothpaste may contain 0.3 wt % triclosan.

{8058] The oral care compositions may further include one or more fluoride ion sources, ¢.g.,
soluble fluoride salts. A wide variety of fluonide jon-yiclding materials can be eraployed as
sources of soluble fluoride in the present compositions. Representative fluoride ion sources
mclude, but are not hmited to, stannous fluoride, sodiura fluoride, potassium fluoride, sodium
monofluorephosphate, sodium fluorosilicate, ammontum fluorosilicate, amine fluoride,
ammonium fluonide, and combinations thercof. In certain embodiments the fluoride 1on source
includes stannous fluoride, sodium fluoride, sodium monofluorophosphate as well as mixtures
thereof. In certain embodiments, the oral care composition may also contain a source of fluoride
ions or fluorine-providing ingredient in amounts sufficient to supply 25 ppm to 25,000 ppm of
fluoride ions, generally at least 500 ppm, e.g., 500 to 2000 ppm, e.g., 1060 to 1600 ppm, c.z.,
1450 ppro. The appropriate level of fluonide 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 deuntifrice or coating for professional application could have
as much as 5,000 or even 25,000 ppm fluoride. Fluoride ion sources may be added to the

composttions at a level of §.01 wit. % to 10 wt. % in onc embodiraent or .03 wt. % to 5 wt. %,
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and in another embeodiment 8.1 wt. % to 1 wt. % by weight of the composition in another
embodiment. Weights of fluoride salts to provide the appropriate level of Huoride ton will
obviously vary based on the weight of the counterion in the salt.

{8039] 4brasives: The oral care compositions, e.g. Cormposition 4 ef seq. may include silica
abrastves, and may comprise additional abrasives, ¢.g., a calcium phosphate abrasive, e.g.,
tricalcium phosphate (Ca:(PO4),), hydroxyapatite (Ca o PO4)6(OH),), or dicalcium phosphate
dibydrate (CaHPO, « 2ZH,0, also sometimes referred to herein as DiCal) or caleiom
pyrophosphate; calcium carbonate abrasive; or abrasives such as sodium metaphosphate,
potassiuro metaphosphate, aluminom silicate, calcined alumina, bentonite or other siliceous
materials, or combinations thereof,

18660} Other silica abrasive polishing materials useful herein, as well as the other abrastves,
generally bave an average particle size ranging 0.1 to 30 microns, 5 to 15 microns. Particular
stlica xerogels are marketed under the trade name Syloid® by the W. R. Grace & Co., Davison
Chemical Division. The precipitated silica materials include those marketed by the J. M. Huber
Corp. under the trade name Zeodent®, including the silica carrying the designation Zeodent 115
and 119, In certain embodiments, abrasive materials useful in the practice of the oral care
compositions include silica gels and precipitated amorphous silica having an oil absorption value
of less than 100 ¢¢/100 g silica and n the range of 45 ¢¢/100 g to 70 ¢¢/100 g silica.  Oil
absorption values are measured using the ASTA Rub-Out Method D281, In certain
cmbodiments, the silicas are collowdal particics having an average particle size of 3 microns to 12
microns, and 5 to 13 microns. Low oil absorption silica abrasives particularly useful in the
compositions are marketed under the trade designation Sylodent XWA® by Davison Chermical
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
19 wicrons in diameter, and an oil absorption of less than 70 ¢c¢/100 g of silica is an example of a
low oil absorption silica abrasive useful in the compeosition.

16061 Foaming apents: The oral care compositions also may inchude an ageut to increase the

amount of foam that is produced when the oral cavity ts brushed. Hiustrative examples of agents
that increase the arnount of foam include, but are not limtted to polyoxycthylenc and certain
polymers including, but not limited to, alginate polymers. The polyoxyethylene may increase the

amount of foam and the thickness of the foam generated by the oral care carrier componcunt of

b2
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the composition. Polyoxyethylene is alse commonly known as polyethylene glycol ("PEG") or
polyethylene oxide. The polyoxyethylenes suitable for this composition will have a molecular
weight of 200,000 to 7,000,000, In one embodiment the molecular weight will be 666,000 to
2,000,000 and in another embodiment 800,000 to 1,000,000, Polyox® is the trade name for the
high molecular weight polyoxyethylene produced by Unton Carbide. The polyoxyethylene may
be present in an amount of 1% to 90%, m one cmbodiment 5% to 50% and in another
embodiment 10% to 20% by weight of the oral care carrier compounent of the oral care
compositions. Where present, the amount of foaming agent in the oral care composition {i.e., a
single dose) 1s 0.01 to 0.9 % by weight, 0.05 to .5% by weight, and 1o another embodiment 0.1
to 0.2 % by weight.

18662] Surfactants: The compositions may contain anionic, cationic, nonionic and/or

zwitterionic surfactants.

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

it. higher alkyl] sulfates, such as sodium lauryl sulfate,

i, higher alkyl-cther sulfates, e.g., of formula CH3{(CH1,CHy(OCH,CH, L0801 X, wherein
mis 6-16, e.g., 10, nis 1-6, e.g., 2, 3 or 4, and X 18 Na or K, for example sodium laureth-
2 sulfate (CHg(CHz)1QCH2(()CHQCH2\,)QOSOXNa}

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

V. higher alkyl sulfeacctates, such as sodium lanryl sulfoacetate (dodecyl sodium
sulfoacetate}, higher fatty acid esters of 1,2 dibydroxy propane sulfonate, sulfocolaurate
(N-2-cthy! laurate potassium sulfoacetamide) and sodium lauryl sarcosinate.

186631 By “higher alkyl” 1s meant, ¢.g., Cezgalkyl. In particular erabodiments, the anionic

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 optimal concentrations depend on the particular formulation and the particular surfactant.

For example, concentrations used or a mouthwash are typically on the order of one tenth that

used for a toothpaste. In one embodiment, the antonic surfactant is present in a toothpaste at
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0.3% to 4.5% by weight, e.g., 1.5%. The compositions may optionally contain mixtures of
sarfactants, e.g., comprising anonic 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. In certain embodiments, the anionic surfactants uscful herein
include the water-sohuble salts of alkyl sulfates having 10 to 18 carbon atoms in the alkyl radical
and the water-soluble salts of sulfonated monoglycerides of fatty acids having 10 to 18 carbon
atoms. Sodium lauryl sulfate, sodium lauroyl sarcosinate and sodium coconut roonoglycende
sulfonates are examples of anionic surfactants of this type. In a particular embodiment, the
composition, e.g., Coraposition 4, ef seg., comprises sodiom lauryl sulfate.

{#064] The surfactant or mixtures of compatible surfactants can be present in the composition in
0.1% to S%, in another crbodiraent §.3% to 3% and in another erabodiment 0.5% 1o 2% by
weight of the total composition.

[8865] Note that care must be taken that the anionic surfactants do not interfere with TBZH-AA
complex or with the activity of the zinc. At relatively low levels and in a relatively low water
fornwlation, the surfactants generally would not have major impact, but higher levels of anionic
surfactant, particularly 1n agueous forroulations, anionic surfactants can be excladed. Cationic
and/or nonionic surfactants may be utilized instead.

18066] Tartar control agenrs: In various embodiments, the compositions comprise an

anticalculus (tartar control) agent. Suitable anticalculus agents include without limitation
polyaminopropancsulfonic acid (AMPS), hexametaphosphate salts, zine cifrate trihydrate,
polypeptides, polyolefin sulfonates, polyolefin phosphates, Such tarter control agents are
provided in an aroount effective to reduce erosion of the enamel, to aid in cleaning the tecth,

.
Yo,

LA

and/or to reduce tartar butldup on the teeth, for example in an amount of 2-20%, ¢.g., ca. 5-1
by weight of the compeosition.

18687 Flavoring Agents: The oral care compositions may also 1oclade 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, alcohols, and similar materials. Examples of
the essential oils include oils of spearmint, peppermint, wintergreen, sassafras, clove, sage,
cucalyptus, marjoram, cinnamon, lomon, ime, grapefruit, and orange. Also usctul are such

chemicals as menthol, carvone, and anethole.  Certain embodiments employ the otls of

o
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peppermint and spearmint. The flavoring agent may be incorporated in the oral composition at a
concentration of 0.1 to 5% by weight e.g. 0.5 fo 1.53% by weight.

18068 Polymers: The oral care compositions 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., celhulose derivatives, for example
carboxyrcthyl cellulose, or polysaccharide gums, for example xanthan gurn or carrageenan
gum}. Acidic polymers, for exaraple polyacrylate gels, may be provided in the form of their free
acids or partially or fully neutralized water soluble alkali metal (e.g., potassium and sodium} or
amnonium salts.

{0069} Silica 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
finely divided and provide little or no abrasive action. Other thickening agents are carboxyvinyl
polymers, carrageenan, hydroxyethyl cellulose and water soluble salts of cellulose ethers such as
sodium carboxymethyl cellulose and sodium carboxymethyl hydroxyethyl cellulose. Natural
gums such as karaya, gum arabic, and gum tragacanth can also be 1ncorporated. Colloidal
magnesium aluminum silicate can also be used as component of the thickening compeosition to
further imaprove the composition’s texture. In certain embodiments, thickening agents tn an
amount of 0.5% to 5.0% by weight of the total composition arc used.

{3078} The compositions may include an anionic polymer, for example in an amount of from
.05 to 5%. Examples of the anionic polymer include synthetic anionic polymeric
polycarboxylates, such as 1:4 to 4:1 copolymers of maleic anhydride or acid with another
polymerizable ethylenically unsaturated monomer, preferably methy! vinyl ether/maleic
anhydride having a molecular weight (MW} of 30,000 to 1,000,000, most preferably 300,000 to
800,000, These copolyrmers are available for example as Gantrez, e.g., AN 139 (M.W. 500,000},
AN 119 (M.W. 250,000} and preferably 8-97 Pharmaceutical Grade (M.W. 700,000) available
from ISP Technologies, Inc., Bound Brook, N.J. 088035, The enhancing agents when present are
present in amounts ranging 0.05 to 3% by weight. Other operative polymers include those such
as the 11 copolymers of mualeic anhydride with ethyl acrylate, hydroxyethyl methacrylate, N-
vinyl-2-pyrollidone, or ethylene, the latter being available for example as Monsanto EMA No.

1103, MW, 10,000 and EMA Grade 61, and 1:1 copolymers of acrylic acid with methyl or
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hydroxyethyl methacrylate, methyl or ethyl acrylate, isobutyl vinyl ether or N-vinyl-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 1s, an acid containing an olefinic double bond which readily functions in
polymerization because of its presence in the monomer molecule either in the alpha-beta position
with respect to g carboxyl group or as part of a terminal methylene grouping. WHustrative of such
acids are acrylic, methaceylic, ethacrylic, alpha~chloroacrvlic, crotonic, beta-acryloxy propionic,
sorbic, alpha-chlorsorbic, cinnamic, beta-styrylacrylic, mmiconic, itaconic, citraconic, mesaconic,
glutacounie, aconitic, alpha-phenylacrylic, 2-benzyl acrvlic, 2-cyclohexylacrylic, angelic,
umbellic, fumaric, maleic acids and anhydrides. Other different olefinic monomers
copolymerizable with such carboxylic mounoraers inchude vinylacetate, vinyl chloride, dimacthyl
maleate and the like. Copolymers contain sufficient carboxylic salt groups for water-sohubility.
A further class of polymeric agents includes a composition containing homopolymers of
substituted acrylamides and/or homopolymers of unsaturated sulfonic acids and salts thereof, in
particular where polymers are based on unsaturated sulfonic acids selected from
acrylamidoalykane sulfonic acids such as 2-acrylamide 2 methylpropaue sulfonic acid having a
molecular weight of 1,000 to 2,000,000, Another uscful class of polymeric agents includes
polyamino acids containing proportions of anionic surface-active amino acids such as aspartic
acid, glutamic acid and phosphoserine.

{3671} The oral compositions may comprisc significant levels of water. Water employed in the
preparation of commercial oral compositions should be deilonized and free of organic impurities.
The amount of water in the corapositions includes the free water which 1s added plus that amount
which is introduced with other materials.

{0072] 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 5% or less of other humectants.

[
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{Q873] Other optional ingredients: In addition to the above-described components, the oral care

embodiments can contain a variety of optional dentifrice ingredients soroe of which are
described below. Uptional ingredients inchude, for example, but are not limited to, adhestves,
sudsing agents, flavoring agents, sweetening agents, additional antiplague agents, abrasives, and
coloring agents.

{8674 Unless stated otherwise, all porcentages of composition components given in this
specification are by weight based on a total composition or formulation weight of 100%.

18075] The compositions and formulations as provided herein are described and claimed with
reference to their ingredients, as is usual in the art. As would be evident to one skilled 1o the art,
the ingredionts may in some instances react with one another, so that the true composition of the
final formulation may not correspond exactly to the ingredients listed. Thus, it should be
understeod that the composition extends to the product of the combination of the listed
ingredients.

{#876] As used throughout, ranges are used as shorthand for deseribing each and every value
that 1s within the range. Any value within the range can be sclected as the terminus of the range.
I addition, all references cited herein are hereby fncorporated by referenced 1o their entiveties.
in the event of a conflict in a definition in the present disclosure and that of a cited reference, the
present disclosure countrols.

(#0677} Unless otherwise specified, all percentages and amounts expressed herein and elsewhere
in the specification should be understood to refer to percentages by weight. The arnounts given
ar¢ based on the active weight of the material.

Fxample 1

{B678] Turbidity study of solutions: Turbidity measurements are conducted by Turbiscan
{Formulaction Inc, Davie, Florida). The measurement of this instrument is performed by sending
out a light beam through the cell with sample sohution 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 sohution, and a decrease of percent transmission indicates
the formation of precipitate in solution. The temperature of the instrument is set at 37°C.
Turbidity is measured in a one minute interval for 30 rainutes under this temperature, All

dilutions are freshly prepared before measurements.

)
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{#0379] In the following experiments, three different Zinc Lysine mixture solution with
8.5%Cysteine is prepared:

WIBZC-Lys-Cvs:

{G088] 7.3¢ (0.05mol) of Lysine is dissolved to 50mi DI water. To this lysine solation, 2.8¢
{0.005mol) of TBZC is added. The Zn/Lysine ratio is 1:2. Allow the mixture to be stirred at
room terperature (ROOM TEMPERATURE) over a weckend. Then, the unreacted TBZC 15
rernoved by centrifuging followed by filiering the solution through .45 membrane. The pH
of supernatant is 10.1. To 19.9¢g of this solution, §.1¢ of Cysteine powder is added, and the final
solution 18 transparent and yellowish. We notice the solution becorue turbid after aging 24 hat
ROOM TEMPERATURE.

IBZC-LysHCHCvs:

{B0R1} 9.13g (0.05mol} of LysineHCI is dissolved to 50mi DI water. To this LysineHCI solution,

2.76g {0.005mol) of TBZC 15 added. The Zn/Lysine ratio 1s 1:2. Allow the muxture to be stirred
at ROOM TEMPERATURE over weekend. Then, the unreacted TBZC is removed by
centrifuging foliowed by filtering the solution through 0.451um membrane. The pH of
supernatant is 6. To 19.9g of this solution, 0. 1g of Cysteine powder is added. However, white
precipitate is formed, the solution is not transparent.

D ZnCh-Lys-Cys;

(G082} 7.3 (0.05mol) of Lysine is dissolved to 30m! DI water. To this lysine solution, 3.4
{0.025mol) of ZnCl 1s added. The Zn/Lysine ratio s 1:2. Allow the mixture to be stirred at
ROOM TEMPERATURE over weekend. Then, the unreacted ZnCl is removed by centrifuging
followed by filtering the solution through 0.45 e membrane. The pH of supematant is 7. To
19.9¢ of this solution, {.1g of Cysteine powder is added to see white precipitate formed, the
solution 18 not transparent.

{8683} The addition of Cysteine ammno acid to TRZC-LysHCH solution will cause immediate
precipitation and the precipitate cannot be further dissolved. Only TBZC-Lys solution keeps
transparent after the addition of Cysteine. Therefore, a turbidity study is conducted with TBZC-
Lys and TBZC-Lys-Cys solution. Both TBZC-Lys and TBZC-Lys-Cys sohution is diluted into 2
fold, 4 fold, 8 fold, 16 fold and 32 fold dilutions.

{3084} The results are in Table A, The 2 fold dilution of TBZ{-Lys is stable during the

measurement period. Precipitate is formed mstantly when this solution is further dituted to 4
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fold. The formation of precipitate is instant and settles down to the bottle after 10 mins.
fraroediate precipitation is also observed in & fold dilution, compared with the mitial
Yotransmission to 4 fold ditution, the smaller number suggests that more precipitate is formed. A
faster sedirnentation of precipitate in § fold dilution (about Smins) 15 observed. 16 fold dilution
has the same behavior as 4 fold and R fold dilution but forms more precipitate and has quicker
sedimentation. Compared to 16 fold dilution, 32 fold dilution also forms precipitate instantly but
the arnount is less. The Y%transmission of 32 fold dilution keeps at about 35% which means no
sedimentation occurs during the measurement period.

[B08S] After the addition of §.5% Cysteine 1nto TBZC-Lys systern, 2 fold and 4 fold dilutions of
this new mixture selution are both stable during 30mins measurement period. Instant
precipitation is observed in 8 fold, 16 fold and 32 fold dilutions. And these dilutions show the
same behavior as TBZ{U-Lys, however, the amount of precipitate formed are all less than the

solution without addition of Cysteine.

TABLE A

2 fold dilution | 4 fold dilution | 8 fold dilution | 16 fold dilution | 32 fold dilution

t{min) | t{secy | T() t{sec) | T(H) t{secy | T(t) t{sec) | T t{secy | T()
Smm - Smm - Smm - Smm - Smim -
45mm 45vam 45mm 45vam 45mm
(%) (%) (%) %) (% )

@ { Bo.86 | 0 9049 |0 39.23 g 2393 @ 2819

1 60 89.97 160 90.53 60 47.74 160 35.48 60 31.56

2 120 (8995 120 1903 1240 1 5981 120 1442 124 14042

3 180 {8993 IRG {1 90.48 180 1 62.41 IRG 1 46.42 180 | 41.86

4 240 | 89.9] 240 19047 1240 16319 1240 (465 240 | 42.45

5 300 | RO.9] 300 9045 300 16307 300 4598 300 | 42.56

6 360 {8983 1360 9043 360 | 6251 360 4536 360 2.46

7 420 | 8989 {420 9041 420 16162 1420 | 44.84 420 | 42.42

8 480 | B9.B7 480 1904 480 1 6067 1480 | 44.34 480 | 42.49

9 540 (8987 1540 19037 540 15983 540 {1 44.06 340 1 42.61

19 600 (8986 {600 (9036 600 5906 16060 {4387 600 | 4279
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11 660 89RO 1660 19032 1660 5RI24 1660 14374 660 | 43.06

12 720 18985 {720 {903 720 15756 1720 14362 720 1 42.54

13 780 18984 7RG {903 780 1 5686 1780 14362 780 14313
14 840 18984 (1840 9027 840 5632 {840 (4355 840 14354
15 800 1 89.83 1900 19023 (900 | 5587 900 4351 900 | 44.12

16 860 1 89.84 960 | 90.21 960 | 555 60 1 43.61 960 | 44.66

17 1020 | 89.83 1026 | 9018 1026 1§ 55.17 1026 | 43.88 1626 | 45.16

(¥4
o
~J

I8 1080 | 89.84 1080 | 80.14 1080 1080 | 44.11 108G | 456

i
:.5.;
0
0

19 1140 | 89.82 1140 | 90.12 1140 §54.64 1140 | 4437 1140 | 46.16

28 1200 | 89.81 1200 | 9008 1200 | 54.41 1206 | 4459 1200 | 46.62

21 1260 | 89.82 1268 | 9005 1260 | 54.24 1266 | 44.86 1260 | 47.06

22 1320 | 89.82 1329 1 90 1320 | 54.14 1326 14532 1320 | 47.56

23 1380 | 89.82 1380 | 8995 138G | 53.86 1386 1 45.63 1380 | 48.03

24 1440 | 89.81 1449 1 8992 1440 | 53.84 1446 1 4603 1440 | 4847
25 1500 | 89.81 1500 | 89.87 1506 | 53.75 1506 | 46.42 1500 | 4891
26 1560 | 89.82 1560 | 89.83 1560 | 53.67 1566 | 46.83 1560 | 49.25
27 1620 | 8981 1620 | 89.77 1620 | 53.62 1626 {4732 1620 | 49.58
28 1680 | 8982 1680 | 89.72 1680 | 53.23 fogt | 47.71 1680 | 4991
29 1740 | 951 1740 | 89.08 1740 {527 1746 | 48.04 1740 | 50.23
30 1800 | 8982 1800 | 8901 1806 | 53.17 IR0G | 485 1800 | 50.47

Exampie 2
{8086} In the following experiments, five different TBZC- Lysine-Cysteine mixture solutions are
prepared:

NTIBZC-Lys-Cys with $.05% Cysteine by weight:

{G087] 7.3 (0.05mol) of Lysine is dissolved to 50m! DI water. To this lysine solution, 2.8z
{0.005m0!) of TBZC 1s added. The Zn/Lysine ratio s 1.2, Allow the mixture to be stirred at
ROOM TEMPERATURE over 4 hours. Then, the unreacted TBZC is removed by centrifuging
followed by filtering the solution through 0.45um membrane. The pH of supernatant 1s 10.1. To

20g of this solution, 8.01g of Cysteine powder is added, and the final solution is transparent and
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yvellow. However, after aging at room ternperature for about 24 hours, the solution becomes
turbid.

2¥TBZC-Lys-Cvs with 0.075% Cysteine by weight:

G088} 7.3¢ (0.05mol) of Lysine is dissolved to 50mt DI water. To this lysine solation, 2.8¢
{0.005mol) of TBZC is added. The Zn/Lysine ratio is 1:2. Allow the mixture to be stirred at
ROOM TEMPERATURE over 4 hours. Then, the urreacted TBZC 1s removed by centrifuging
followed by filtering the solution through 0.45um mewbrane. The pH of supernatant is 10.1. To
19.985g of this solution, 0.015g of Cysteine powder is added, and the final solution is transparent
and yellow. However, after aging at rooru teraperature for about 24 hours, the solation becomes
turbid.

TBZC-Lys-Cys with 8.09% Cysteine by weights

{809} 7.3g (0.05mol) of Lysine is dissolved to 50ml ] water. To this lysine sohution, 2.8g
(0.005moly of TBZC is added. The Zn/Lysine ratio 1s 1:2. Allow the mixture to be stirred at
ROOM TEMPERATURE over 4 hours. Then, the unreacted TBZC is removed by centrifuging
followed by filtering the solution through 0.45um membrane. The pH of supernatant is 10.1. To
19.982¢ of this solation, 0.018g of Cysteine powder s added, and the final solution is transparcuot
and yellow. However, after aging at room termaperature for about 24 hours, the solution becomes
turbid.

NDTBZC-Lvs-Cys with §.1% Cysteine by weight:

{0098} 7.3 (0.05mol) of Lysine 1s dissolved to 50mi DI water. To this lysine solution, 2.8g
(0.005moly of TBZC is added. The Zn/Lysine ratio is 1.2, Allow the mixture to be stirred at
ROOM TEMPERATURE over 4 hours. Then, the unrcacted TBZC 1s removed by centrifuging
followed by filtering the solution through 0.45um membrane. The pH of supernatant is 10.1. To
19.98¢ of this solution, 0.02g of Cysteine powder is added, and the final solution is transparent
and yellow. However, after aging at room temperature for about 24 hours, the solution becomes
turbid.

TBRZC-E ve-Cys with §.15% Cysteine by weight:

{60391] 7.3 (0.05mol) of Lysine is dissolved to 50mi DI water. To this lysine solution, 2.8g
{0.005mob)y of TBZC 1s added. The Zn/Lysine ratio 1s 1.2, Allow the mixture to be stirred at
ROOM TEMPERATURE over 4 hours. Then, the unreacted TBZC is removed by centrifuging

followed by filtering the solution through 0.45um membrane. The pH of supernatant 1s 10.1. To
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19.97¢ of this solution, 0.03g of Cysteine powder is added, and the final solution is transparent
and yellow. However, after aging at room temperature for about 24 hours, the solution becomes
turbid.

{8092} Upon addition of Cysteine, the TBZC-Lys solutions with varied amounts of Cysteine
remain transparent. The instrument and procedures used in this experiment is the same as those
described in Example 1. Al three solutions of TBZC-Lys-Cys with differing amounts of cysteine
are diluted nto 2 fold, 4 fold, B fold, 16 fold, and 32 fold dilutions.

Results

{6693} Tabic B shows the results for the solutions containing 0.05%Cysteine. As can be seen,
the 2 fold diluted solution is stable during the 20 minute measurement period. Instant
precipitation occurs for the 4 fold, 8 fold, 16 fold and 32 fold diluted solutions. For the 4 fold
diluted sample, the precipitation is so guick that it settles down to the bottom of the bottle after 4
miinutes. The initial % transmission of the § fold dilution, as compared to the 4 fold dilution, is
smaller—suggesting that more precipitate is formed. Sedimentation of the precipitate is complete
at around & minutes for the 8 fold dilution. The 16 fold dilution has the same behavior as the ¥
fold dilution but forms a precipitate in avn interroediate amount o the 4 fold and B fold dilutions.
Furthermore, the 16 fold dilution has a slower sedimentation rate than the 4 fold and & fold
{about 8 minutes). Coropared to the 16 fold dilution, the 32 fold dilution also forms a precipitate
instantly but the amount is less. The 32 fold dilution forms a precipitate so quickly that it begins
to scttle down to the bottom of the bottle after about 4 minutes.

{8094} The inttial pH of the diluted samples containing §.05% cysteine by weight, as can be seen
in Table I, range from 9.7 to 10.1, with the most diluted sample having the lowest pH. The two
fold dilution appears clear. The rest of the dilutes contain a white precipitate. As can be seen in
Table 2, upon changing the pH of the diluted solutions containing 0.05% cysteine to a pH similar
to sweat (around 5.5}, the precipitate in all of the solutions is dissolved, as indicated by the
transparency of the solutions.

[B095] As can be seen 1u Table C for the solutions contaning 0.075% cysteine by weight, the 2
fold difution remains stable at 90%. In other words, during the 20 minute measuring period, the 2
fold dilution does not form a precipitate. The 4 fold, 8 fold, 16 fold and 32 fold dilutions form a
white precipitate instantly. The 4 fold dilution continuously forms precipitate throughout the

measuring period. The final percent transmission of the 4 fold dilution 1s 24.8%. The 8 fold, 16

(2
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fold and 32 fold dilutions behave very similarly during the 20 minute period. The 8 fold dilution
forms the most inttial precipitation of all the samples with an inttial percent transmission of
I8.07%. Over time, the precipitate settles to the bottom of the test-tube which is reflected by the
inerease in percent transmmission. The 16 fold dilution forms an instantaneous precipitate in an
amount that is intermediate to the 8 fold and 32 fold dilutions. Over time, the precipitate of the
16 and 32 fold dilutions scttles to the bottorn of the test-tube which 1s reflected by the nerease in
percent transmssion,

18096} The inttial pH of the diluted sarnpies containing 0.075% cysteine by weight, as can be
seen 1u Table 3, range from 9.66-10.16 with the most diluted sarmples having the lowest pH. All
of the diluted samples contain a white precipitate. As can be seen in Table 4, upon changing the
pH of the diluted samples containing 0.075% Cysteine to 8 pH sirotlar to that of sweat, none of
the dilutions contain a precipitate.

{8097} The 2 fold diluted sarople containing 0.09% Cysteine by weight, as shown in Table D,
remains stable at around 89% transmission. In other words, during the 20 mimite measuring
period, the 2 fold dilution does not form a precipitate. The 4 fold, ¥ fold, 16 fold and 32 fold
dilutions form a white precipitate mstaotly and behave very similarly during the measuring
perigd. The 4 fold dilution continucusly forms precipitate throughout the measuring period. The
final percent transmission of the 4 fold dilation 18 30.59%. The 4 fold dilution forros the most
initial precipitation of all the samples, followed by the 8 fold dilution, the 16 fold dilution and
the 32 fold dilution, respectively i that order.,

{8098} The inttial pH of the diluted samples containing §.09% cysteine by weight, as can be seen
in Table 5, range from 9.8 to 10.2. All of the diuted samples contain a white precipitate. As can
be seen in Table 6, upon changing the pH of the dituted samples containing 0.09% Cysteine to a
pH similar to that of sweat, nonc of the dilutions contain a precipitate.

{8699} Table E shows that for the solations containing 0.1% cysteine, the 2 fold and 4 fold
diluted solutions are both stable throughout the 20 minute measurement period. Instant
precipitation is observed in the B fold, 16 fold, and 32 fold dilutions. The & fold dilution produces
a greater amount of precipitate than the 2 fold and 4 fold dilutions. The 8 fold dilution has an
inttial Yotransmission of 70% and after about 7 minutes, it remains at around 77% for the rest of
the 20 minute time period. This implies that no further sedimentation occurs after around 7

minutes for the ¥ fold dilution. The 16 fold dilution produces the greatest amount of precipitate,
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although it is still less than the § fold and 16 fold dilutions of the 0.05% cysteine solutions. The
32 fold dilution also forms a precipitate instantly but the armount is less than the 16 fold dilution.
The % transmission of the 32 fold dilution keeps at about 65% which means that no
sedimentation occurs during the measurcracnt period.

{#188] The initial pH of the dilutions containing 0.1% cysteine by weight, as can be seen in
Table 7, range from 9.70 to 10.00, with the most diluted saraple having the lowest pH. All of the
dilutions have a white precipitate. As can be scen 1o Table K, upon changing the pH of the diluted
solutions containing 0.1% cysteine to a pH similar to sweat (around 5.5}, a precipitate is present
in all of the solutions. (The 32 fold dilution appears to not have a precipitate initially, but afier
ictting the solution sit overnight, a precipitate settles to the bottom of the test-tube. ) The two fold
dilution contains the most precipitate, and in the order of the dilutions, the rest of the diluted
samples contain less and less precipitate.

{#191] Tabic F shows that for the solutions containing 0.15% cysteine, all of the dilutions
experience instant precipitation. The 2 fold dilutions remains steady at around 65.5%
transmission during the measurement period. The 8 fold and 32 fold dilutions have very similar
initial percent transmissions, 19.02% for the 8 fold dilution and 19.97% for the 32 fold dilution.
The 4 fold and 16 fold dilutions also have very similar initial percent transmissions, 25.9% for
the 4 fold dilution and 24.82% for the 16 fold dilution. During the weasurement pertod, the
percent transimission of the 4 fold dilution increases at the beginning but after about 3 minutes it
decreascs for the rest of the time period. By the end of the 20 minute measurernent period, the 4
fold dilution has the lowest percent transmission, followed by the 8 fold dilution, then the 16 fold
dilution, then the 32 fold dilution, and finally the 2 fold dilution has the highest percent
fransmission.

(#1802} The initial pH of the diluted samples containing 0.15% Cysteine by weight, as can be
seen in Table 9, range from 9.63 to 10.21. All of the diluted samples contain a white precipitate,
As can be seen in Table 10, upon changing the pH of the diluted samples containing 0.15%
Cystene to a pH sivatlar to that of sweat, all of the dilutions containing a cloudy white

precipitate, although the 32 fold dilution has little precipitate.
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Table 1.

PCT/US2013/068854

{nitial pH of Diluted Samples of TBZC-Lys-Cys with 0.05%Cysteine

Dilution 2% 4x 8x 16x 32X

pH 1.1 10 10 9.9 9.7

Observations Clear Cloudy white | Cloudy white | Cloudy Cloudy white
ppt ppt white ppt | ppt

Table 2. Diluted Samples of TBZC-Lys-Cys with 0.05%Cysteine with a pH simular to that of

Sweat
Dilution 2x 4x 8x 16x 32x
pH 5.5 5.2 5.2 52 54
Observations Clear Clear Clear Clear Clear

Table 3. Initial pH of diluted samples of TBZC-Lys-Cys with 0.075% Cysteine

Dilution 2% 4x 8% 16x 32x
pH 16.2 10 10 9.9 9.7
Observations | White White White White Very little
precipitate precipitate precipitate precipitate white
precipitate

Table 4. Diluted samples of TBZC-Lyc-Cys with 0.075% Cysteine atter adjustruent to a pH
similar to that of Sweat

Dilution 2% 4x 8x 16x 32x

pH 5.5 5.5 5.5 5 5.5

Obscrvations | No precipitate | No precipitate | No precipitate | No precipitate | No procipiiate
Table 5. Initial pH of diluted samples of TBZC-Lys-Cys with 0.09% Cysteine

Dilution 2% 4x 8x 16x 32x

pH 16.3 10.1 19 9.9 9.8

Observations | Very littic White White White White

precipitate precipitate precipitate precipitate precipitate

Table 6. Diluted samples of TBZC-Lyc-Cys with 8.09% Cysteine after adjustroent to a pH
sinular to that of Sweat

Dilution 2x 4x 8x 16x 32x
pH S.5 3.5 S.5 3.5 54
Observations | No precipitate | No precipitate | No precipitate | No precipiiate | No precipitate

Table 7. Iutial pH of Diluted Samples of TBZC-Lys-Cys with 0.1%Cysteine

Dilution 2x 4x 8x 16x 32x

pH 10 10 9.9 9.8 9.7

Observations No precipitate | No precipitate | Cloudy white | Cloudy Cloudy white
ppt white ppt ppt




WO 2014/099165

PCT/US2013/068854

Table &. Dhluted Samples of TBZC-Lys-Cys with §.1%Cysteine with a pH similar to that of

Sweat

Dilution 2x 4x 8 1ox 32x
pH 5.5 54 5.5 5.4 5.5
Observations Cloudy white | Cloudy white | Cloudy white | Cloudy Cloudy white

ppt ppt ppt white ppt ppt

Table 9. Initial pH of Diluted Samples of TBZC-Lys-Cys with §.15%Cysteine

Dilution 2x 4x 8x 16x 32x
pH 16.2 10 9.9 9.6 9.8
Observations Cloudy white | Cloudy white | Cloudy white | Cloudy Very little ppt

ppt

npt

ppt

white ppt

Table 10. Diluted Samples of TBZC-Lys-Cys with 0.15%Cysteine with a pH simtlar to that of

Sweat
Dilution 2x 4x 8% 16x 32x
pH 5.5 5.5 5.5 5.4 5.4
Observations Cloudy white | Cloudy white | Cloudy white | Cloudy Very little ppt
ppt ppt ppt white ppt

Table 11, Varying pH ranges of precipitation in the TBZC-Lys-Cys systern with respect to
variable levels of cysteine.

wt % Cysteine (.09 (.10 0.12 0.15
initial pH 8.7 8.7 8.7 8.5
inutial precipitation (uL HCH 60 50 50 40
inttial precipitation pH 7.4 7.4 7.3 7.3
clear solution (ul, HCH 140 149 130 130
clear solution pH 5 52 5 51

Table B. Turbidity in Varied Dilutions of TBZC-Lys-Cys with 0.03%Cysteine over a span of 20

minutes
2 fold 4 fold Riold 16 fold 32 fold
t{roin) | tsecy | T(H T{t) Smm - T{t) 5mm -~ T{t) S5mm - T{t) 5mm -~
S - 45mrn (Y ) 45rara (% ) 45mm (%% ) 45rara (Y% )
45mm
(% )
0 0 88.44 43.91 3141 33.09 42.25
i 60 88.47 57.66 46.19 49.56 63.31
2 120 88.47 62.2 5392 56.48 67.88
3 180 88.47 64.25 57.02 589 68.8
4 246 88.48 64.71 58.58 61.9 68.99
5 300 88.48 64.31 59.37 63.12 68.9
6 360 88.47 63.28 39.72 63.94 68.75
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7 420 BR.48 62.08 5972 04 .46 68.66
8 480 3847 60.87 59.65 04 .83 68.52
9 340 3847 59.45 58.56 6514 68.39
10 600 88.46 58.15 59.39 654 68.28
11 660 88 4% 56.91 59.17 65.57 68.16
12 720 88 47 55.76 58.92 65.65 68.07
13 7RG 88.46 54.59 58.64 65.66 68.03
14 R4Q 88.44 53.62 58.3 65.64 67.97
15 930 88.41 52.67 57.94 65.58 67.91
16 360 88.38 51.67 57.57 65.49 67.88
7 1020 88.32 50.77 57.2 6537 67.85
18 1080 88.25 49 97 56.88 6526 67 81
19 1140 8%.16 4919 56.61 6517 67 81
20 1200 8R.02 48 44 56.34 65.07 67.77

Table .7

20 minutes

Purbidity in Varied Dilutions of TBZC-Lys-Cys with 0.075%Cysteine over a span of

Z2x 4x 8x I6x 32x
t{miny | Tt} Smm -~ T{t) Smm - T(t) Smm - T{t) Smm - T{t} Smm -
A5mm (% ) 45mm (% ) 45mro (% ) 45mm (% ) 45mm (% )
¢ R9.9R 23.63 18.07 2544 34.89
| 89.98 29.52 28.09 34.53 50.94
2 89.97 31.91 37.2 43.26 57.81
3 89.96 3244 41.21 46.37 59.24
4 89.96 32.24 43.88 47.95 59.93
5 89.94 3178 45.82 48.96 60.3
6 £9.94 31.36 47.02 4967 60.63
7 £9.94 30.81 4788 50.17 60.89
8 §9.94 30.08 48.46 50.7 61.05
9 §9.94 293 48.85 5112 61.37
i0 89.93 28.59 49.15 51.54 61.56
il 80.92 27.79 4944 52.03 61.7
12 89.92 27.35 49.64 52.48 61.98
i3 89.93 2677 49.72 53 62.3
14 89.91 2621 49.75 53.55 62.59
i5 89.91 2578 49.66 54.09 62.9
i6 89.9 25.49 49.57 54.55 63.3
17 ®9.9 2531 49.73 55.01 63.74
18 89.89 2513 49 81 55.33 64.31
19 89.89 24.95 49.97 55.55 64.92
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Table D. Turbidity in Varied Dilutions of TBZC-Lys-Cys with 0.09%Cysteine over a span of 20

minutes
2x 4x 8x 16x 32x
t{rain} T(t) Smum - Tt} Srom - T{t) Smm - T(t) S - Tt} Srom -
45mm (% ) 45mm (% ) 45mm (% ) 45mm (% ) 4500m (% )

0 86.99 25.67 26.45 30.04 34.38
i 89.13 30.62 29.94 36.6 48.5
2 89.15 34.09 32.81 4{(.23 51.34
3 89.13 3478 34.64 41.97 52.27
4 §9.11 353 35.69 42.88 52.45
5 §9.08 35.16 36.15 43.28 52.5
& 89.07 34.55 36.16 43.42 52.4
7 89.07 34.06 36 43.48 52.31%
8 R9.05 3345 35.62 43.49 52.19
9 R9.05 32.9 3538 43.46 52.15
i0 89.03 32.55 352 4342 52.18
i 89.02 32.16 3491 43.35 52.15
i2 89.03 31.89 34.78 43.43 5222
13 89.02 317 34.55 4336 52.27
14 89.01 3148 34.41 43.22 52.39
is5 89.01 31.39 34.38 4311 52.36
16 £9.01 3113 3444 43.06 52.3R
17 £9 30.88 3432 4317 52.4
18 89 30.74 34.14 431 52.43
i9 §8.98 30.5 34 42.96 52.56
20 §8.99 30.59 33.89 42.7 52.68

Table E. Turbidity in Varied Dilutions of TBZC-Lys-Cys with 0.1%Cysteinc over a span of 20

minutes
2x 4x 8x 16x 32x

t{un) T(t) Stam - T{t) Smm - T(t) Srora - T(t) Smam - T{t) Smm -
450m (% ) 45mm (% ) 45 (% ) 45mm (Y 45mm (% )

{ 90.3 §9.83 70.24 38.34 62.92

1 80.34 89.83 73.77 57.26 62.92

2 80.37 89.82 74.55 61.32 63.12

3 890.36 89.82 74.84 63.5 63.51

4 896.37 89.81 75.27 63.09 63.86
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5 90.36 §9.8 75.57 63.91 64.11
6 90.34 83.78 75.73 63.43 64.54
7 90.35 83.78 76.33 63.09 64.88
8 90.34 83.77 77 62.61 65.2
9 9(.35 89.76 77.67 62.33 65.53
10 9(.33 89.76 77.93 62.01 63 81
i 90.33 89.76 7819 61.72 66.07
12 90.34 89.74 78.55 61.51 66.22
i3 80.33 89.75 78.69 61.32 66.28
14 80.32 89.74 78.69 60.97 66.41
i5 80.33 89.75 78.63 61.07 66.55
16 890.32 89.74 78.58 61.08 66.76
17 890.32 89.73 78.45 61.07 66.88
iR 90.33 89.73 78.32 61.13 66.99
19 90.33 89.74 7795 61 67.13
2 90.33 83.74 7773 60.67 67.18

Table F. Turbidity in Varied Dhlutions of TBZC-Lys-Cys with §.15%Cysteine over a span of 20

miruates
2x 4x 8x 16x 32x
t{min} T(t) Som - T(t} Smm - T{t) Smm - T(t) Smm - T(t} 5mm -
45mm (% ) 45mm (% ) 45mm (% ) 45mm (% ) 450m (%)
0 63.82 259 19.02 24.82 19.97
i 65.7 40.28 29.82 29 46.46
2 65.7 47.4 3223 33.41 48.07
3 65.7 48.33 32.79 35.89 48.12
4 63.71 48.12 32.95 37.53 48.14
5 65.69 47.31 33.11 38.55 48.18
6 65.66 46.1 33.09 39.09 48.25
7 65.62 44 81 33.1 39.42 48.3
8 65.56 43.45 3324 39.54 48.36
9 65.48 42.16 33.29 39.59 48.46
10 65.47 40.94 33.43 39.58 48.53
i1 65.38 39.77 33.47 3947 48.65
i2 65.32 38.76 33.67 3544 48.75
i3 65.28 37.95 33.89 394 4891
14 65.22 3718 34.14 35.33 49.04
15 65.13 36.56 3438 39.34 49.16
i6 65.08 3593 34.61 39.33 49.28
i7 65.04 3542 34.9 39.33 49.35
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iR 64.96 3493 3515 3942 49.43
19 64.9 3447 35.36 39.44 4977
20 64.84 34.17 35.53 3947 50.01

Example 3 — Mouthwash formulation

18193} A mouthwash containing TBZC-lys/Cysteine as active ingredient is formulated with the

ingredients shown in Table 1.

Table I
Ingredients Y Loading (g}
Sorbitol 70%s0! 5.5% 27.5
Agqueous TBZC solution 2.53%7n plus 0.5%
cysteine 40% 200
Na Saccharin (6.02% (.1
Propviene Glycol 7% 35
Poloxomer 407 0.4% 2
Citric Acid 0.02% .1
Potassiom Sorbitol 0.05% 0.25
Glycerin 7.5% 37.5
Flavor 0.1% 0.5
Deionized water Q5. (3.3,
Total 100% 300
0% 1%

10184] The formulation can form a clear, stable solution but generates a precipitate when diluted.
This mouthwash formulation has a neutral pH and is stable at 37°C and on the shelf, but
precipitates at dilute solution. This formation of insoluble precipitate by dilution allows
formation of “plugs” in dentine tubules, providing benefits for hyperscusitivity.

Example 4 - Gel formulations comprising TBZC-Lysine

{4185} The mouthwash formulation of the preceding exaraple provides a clear formulation and
precipitation when diluted by water. This unique property facilitates anti-sensitive and anti-
cavity cffects, and 1t 15 thus of interest in a toothpaste product.

18106] A gel with TBZC-Lys / cysteine as active ingredient is formulated with the ingredients
shown in Table . The clarity and the precipitation by dilution 1s evaluated. Zinc ion

concentration in the following batches 1s at (.5% (w/w} zinc level.
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Table II — Oral gel with TBZC-Lys / cysteine

Ingredients Yo Loading (g)
Seorbitol 70%sol T6%% 38015
Aqueous TBZC-Lys solution 2.53%7Zn plus 0.5% cysteine | 20% 100
Carboxymethyt cellulose (CMC) and

Trimethyl cellulose (TMC) $.7% 3.5

Na Saccharin 0.27% 1.35
Propylene Glycol 3% 15
Total 100% 500
Yofn 0.506% 2.53

#1987} The gel can be used alone or in a toothpaste having a gel phase and an gbrasive paste
phase. TBZC-Lys/ cysteine as active ingredient in gel phase of toothpaste formulation. The
formation of inscluble precipitate by dilution facilitates the formation of “plugs” in dentine
tubules after using this type of toothpasie, and moreover, it provides a white precipitate signal
during consumer use.

Example 6 — Dentifvice formulation comprising TBZC-Lyvs / Cysteine

{G188] Test dentifrice comprising ZLC / cysteine, 1450 ppm fluoride, and phosphates is prepared
as follows:

Table HI

Ingredicnt Weight %
PEG600 3
CMC-7 0.65
Kanthan 0.2
Sorbitol 27
Glycerin 20
Saccharin 0.3
Calctum pyrophosphate 0.25
Sodum phosphate dibasic 35
Sodiura fluoride 0.32
(to provide 1450 ppm fluoride)

Water G5
Titanium digxide 8.5
Abrasive silica ht
Thickener silica 8
Agueous TBZC-Lys solution 2.53%2Zn plus 0.5% cystemne | 20
Sodiur laury! sulfate 1.5
Flavoring 1.2
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CLAIMS

A composition coraprising (i) 8 tetrabasic zinc-anuno acid or trialkyl glveme-halide

complex and (i1} cysteine i free or 1u orally or coswmetically acceptable salt form.

The composition according to claim 1, wherein the zinc-amino acid or trialtkyl glycine-
halide coraplex is formed from precursors, wherein the precursors are fotrabasic zine
chigride, an aming acid source, and a chloride source, wherein the part of the chloride

source can be the amino acid source, or hydrochloric acid.

The composition according to claim 1 or 2, wherein the amino acid source is at least one

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

The composition according to any of the foregoing claim, wherein the trialkyl glycine is a

Ci~Cy alkyl glycine or trimethyl glycine.

The composition according to any of the foregoing claims wherein the tetrabasic zinc

halide is tetrabasic zinc chloride.

The composition according to any of the foregoing claims wherein the tetrabasic zine
halide amino acid complex 1s made by combining tetrabasic zine chloride with apn armneo

acid hydrochloride or a frec basic amino acid.

The composition according to any of the foregoing clairos wherein the amine acid 18
lysine.

The composition according to any of the foregoing claims which upon dilution with
water, provides a precipitate coraprising an msolable zinc-containing complex.

The composition according to any of the foregoing claims which instantly forms a
precipitate upon a four-fold or higher dilution with water.

The composition according to any of the foregoing claims comprising an amount of
cysteine cffective to provide delayed precipitation after a four fold or higher dilution with
water.

The composition according to any of the foregoing clairus capable of forming a
precipitate upon a four-fold or higher dilution with water, wherein the precipitate is

csistant to acid at leastatapH of 5.5
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The composition according to any of the foregoing claims wherein the total amount of
zinge present in the coraposition is 8.2 to 8% by weight of the composition.

The composition according to any of the foregoing claims having a pH of K4 to 8.8
before dilution.

The composition of any of the foregoing claims wherein the amount of cysteine is .05 to
0.5% by weight.

The corposition of any of the foregoing claims, wherein the cysteine is a cysieine
hydrohalide, optionally, cysteing hydrochloride.

The composition according to any of the foregoing claims which 1s an antiperspirant or
deodorant product, further comprising a cosmetically acceptable carrier.

The composition of any of claims 1-15 which is a personal care product selected from
tiquid hand soap, body wash, dermal lotions, dermal creams, and dermal conditioners

further comprising a cosmetically acceptable carrier.

A method of killing bacteria, reducing perspiration, and/or reducing body odor

corprising applying to skin an effective amount of the composition of claim 17.

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

water and an effective amount of the composition of claim 17.

The composition of any of any of claims 1-15 which is an oral care product, further

comprising an orally acceptable carrier.

A method to reduce and nhibit acid erosion of the enamel, clean the teeth, reduce
bacterially-generated biofilm and plaque, reduce gingtvitis, inhibit tooth decay and
formuation of cavities, and/or reduce dentinal hypersensifivity comprising applying au
effective amount of a compaosition according to claim 20 to the oral cavity of a person in

need thereof,
Use of a tetrabasic zinc-amino acid or trialkyl glycine-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 18, 19, or 21,
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Use of cysteine in free or orally acceptable salt form to stabilize a tetrabasic zinc-amino

acid or triatkyl glycine~-halide complex.
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