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mole ratio of at least 6:1. Also, a method of using the composition for reducing at least one of perspiration or body odor.
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PERSONAL CARE COMPOSITIONS WITH ZINC PHOSPHATE ACTIVE
BACKGROUND

8001} The present disclosure 1s directed to a soluble zinc polyphosphate complex for use
personal care compaositions and methods of makmg the complex.
{0002 Zinc compounds are oflen used in oral care and personal care composiions.  For
mstance, zing 18 known for use m oral care products as an anti-plague agent. Compounds such as
zine citrate and zine oxide have been added to toothpaste to prevent plague buildup. Zmne salts
can also have other functions related to the body, such as antimicrolual and/or anti-mflammatory
ettects, which can make them deswable as active mgredients 1n personal care products includimg
antiperspirants and deodorants, among others.
[6003] Polvphosphates are also known in the art for use as, for example, chelants, in oral care
compositions.  In addition, polyphosphates such as diphosphate {also known as pyrophosphate)
and triphosphate are known {or use as amous m antiperspirants, as taught in WO 2013:013903,
published on January 31, 2013, Longer cham hinear polvphosphates (more than 3 phosphate
units} are susceptible to hvdrolvsis in aqueous compostiions. Upon hvdrolysis they are known to
form orthophosphates which fornt insoluble zine complexes.
10004] Dentinal hypersensitivily 18 a paintud condition resulting fron the movement of hguid m
exposed dentin tubules from external stimuli such as pressure and temperatore. One strategy to
reduce andor eliminate the pam resulfing from exposed dentin tubules s to form msoluble
precipifates i the tubules I order to physically plug the wbules. For mstance, Stannous salts
have been shown to freat dentinal hypersensitivity by deposi ting mito tabules from neat solutions
and from simple tormulations, as described m US, Patent Application Publication No.
2000/01306432, the disclosare of which 1s hereby incorporated by reference m its entirety.
[H003] Antiperspirant substances often emplov alumimnum contaming actives. These substances
reduce the How of sweat by fornung a plug in the sweat duct. However, due to consumer concern
about aluminum based antiperspirant products, Alpnuoum free antiperspirant actives are m
demand.
[06] The discovery of a novel zme complex that can be used to treat dentinal hyperseusiivity
and/or that can act as an active in other personal care products, such as antiperspirants or

deodoranis. would be a welcome addition to the art.
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BRIEF SUMMARY

[007] An embodiment of the present disclosure 15 directed to a personal care composttion
COMPISIG:

a soluble zine polyphosphate complex made by comtbining ingredients comprising an morganic
zing salt, a plurality of long cham polyvphosphates having 6 or more phosphate polvmer units,
and an aqueous solvent;

wherein the relative amount of inorganic zine salt and leng chain polyphosplates provides a
phmpEmms to zine mole ratio of at teast 6:1.

[B008] Also, g method of depositing zine to skin and/or hair of a subject, the method comprnising:

providmg a personal care composition comprismyg a soluble zine polyphosphate complex made

polyphosphates baving 6 or more phosphate polvmer units, and an aqueous solvent; and

applving the personal care composition to the skin and/or hair of the subject;

wheren the relattve amount of inorganic zine salt and long cham polyphosphates provides a
phosphorus to zing mole ratio of at least 6:1.

[0009] Further areas of applicability of the present disclosure will become apparent from the
detaded description provided hereinafier. It should be understood that the detaded description
and speciiic examples, while mdicating the preferred embodiment of the disclosure, are mtended

for purposes of ilostration only and are not intended to Himit the scope of the invention.
DETAILED DESCRIPTION

{018 The following deseription of the preferred embodimment{s} 18 merely exemplary in nature
and is in no way miended to himut the invention, s application, or uses.

10011} As used throughout, ranges are used as shorthand for describing each and every value
that 1s within the range. Any value within the range can be selected as the termunus of the range.
in addition, all references cited herem are hereby incorporated by referenced m thew entireties.
in the event of a conflict 1n a definition in the present disclosure and that of a cnted reference, the
present disclosure controls,

)
.

100121 Unless otherwise specified, all percentages and amounts expressed herein and elsewhere

are based on the active weight of the material.
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B’iﬂ 13 An embodiment of the present disclosure is directed to a soluble zinc polvphosphate
complex. The complex 1s made by combmmg meredients comprising an morganic zine salt, a
phurality of long chain polyphosphates having 6 or mote phosphate polymer units and an agaeous
solvent. The relative amount of morganic zine salt and iong chamn polvphosphates provides a
phosphorus to zmc mole ratio of at least 0:1, such ag about 15:1 {0 about 25: 1.

[0014] In one embodiment, the zinc polvphosphate complex has the property of reduced

T o dwrh d
¢
&

sofubility in water at a first condition of 37°C and a pH of about 7.4 m the presence of 1 %% by

weight Bovine Serum Albumm protein when compared with a second condition of 257°C and a
pH below 3.5, such gs 5.4, in the absence of protem. The reduction m solubility 15 suathcent to
atlow a desired amount of the soluble minge polyphosphate complex 1 a saturated solution at the
second condition to precipitate from the saturated solution at the first condition,

18015 The complex can be made using any soitable morgamc zmc 1on source. Examples of
suitable morganic zine salts include zine chloride, zmie oxide, zine sulfate, zine carbonate, zing
fluoride, zine peroxide, zmne phosphate, zine pyrophosphate, zine silicate and combinations
thereof,

[8016] Any polyphosphates having Gor more phosphate polymer anils can be cmployed, In an
smbodiment, long chain polyphosphate having about 6 10 about 30 phosphate polvimer units,
such as about 0 to about 30 phosphate polymer units, can be used. An exampie of a long chain
potyphosphate 1s sodiun hexametaphosphate ("SHMP™).

16017] The phosphoras to zine ratio can be any ratio that resalts m a soluble complex at the
desired pH in an aqueous solation. In an embodiment, the phosphorus tw zine wole ratio ranges
trom about 6:1 or more, such as about 10:1 1o about 351, such as about 12:1 to about 4001, or
about 13:1 o about 25:1 or about 18:1 to about 23:1or about 20:1 to about 23:1. The amount of
zinge ion source to phosphate polymer reactant emploved will vary depending on the desired
phosphoras 10 zinge ratio and the particular reactants used.

18018 [n an embodiment, the resulting zinc polyphosphate complex has an average of 15 or
more P atoms. For example, the zinc polyphosphate complex can have an average of about 18 to
about 25 P atoms, or about 28 {0 about 23 P atoms. For a sinc polyphosphate complex with a
ratio of P:Zn of about 211, it can be predicted that approximately 1 zine is bound o each

phosphate chain on average.

ol
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[0819] In an embodiment, the zinc polyphosphate complex has a property of becoming msoluble
i aqueous solution at g pH ranging from above 5.5, such as about 6 or about 6.2 to about 6.5
The zinc polyphosphate complex can also have the property of being insoluble at a pH below 6
in aqueous solution m the presence of salivarv proteins.

Oral Care Composiions

[6020] When used mn an oral care product, the soluble zine and polvphosphate complexes of the
present disclosure can remam soluble m composition untl mtroduced mto the oral cavity of a

\
~-

patient, at which pomt the complexes precipitate on biomatersal surfaces such as dentinal
and precipitate, to thereby phyvsically occlude the dentinal fubules and prevent dentinal
hvpersensitivity. In addition, as long as protein, such as BSA 15 involved, which wmay come from
saliva, the zinc precipitate can have relatively strong acid resistance. Based on these properties,
the novel zine complexes of the present disclosure are potential candidates for, among other
things. toothpastes for dentinal hypersensstivity rehief

1606211 The zinc polyphosphate complexes of the present disclosure can have one or more of the
following advaniages: the ability to remain soluble at a pH of 6.1 or less, such as about 5.5 or
less; the ability to precipitate at a pH above 3.3, such as about 6.2 or more, the abildy to occclude
dentin tubules and relieve or elimmnate dentinal hypersensiiivity, anddor the ability 1o form
precipitates that remam insoluble at a pH below 6 m the presence of salivary proteins; the abilidy
o i §1y generate g precipiate upon mtergetion with salive o effectively deliver zine to the orgl
surface and provide dentin sensitivity relief, antimicrobial function, or any other benefit that may
become apparent; the ability to m situ generate g precipuate ypon interaction with skin proteins;
or the ability fo provide antimicrobial and/or anti-mflammatory effects when applied m a
personal care product other than oral care products, such as deodorants, or antipersparants.  Thus,
this complex has high potential 1o the oral care and personal care fields.

180221 The present disclosure 18 also directed to a method of making a soluble zinc
polyphosphate complex. The method comprises combinmg norganic zine sall; a plurality of long
cham potyphosphates baving 6 or more phosphate polvmer unis; and a solvent. As discussed
above, the relative amount of inorganic zinc salt and long cham polyphosphates provides a

phosphorus to zine mole ratio of at least 6:1. The mgredients can be mixed my any switable order
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and using any suitable mixing technique with or without heating, so long as the method results in
the formation of the desired soluble zine polyphosphate complex.

100231 In certain embodiments, the solvent used in the method 1s af least one solvent chosen
from water, glvcerm, diglycerol {glyvcerol-2), tnglveerol {glveerol-3}), quadragiveerol {(glycerol-
43, sorbitol, and polvethvlene glvcol baving a weight average meolecular weight less than 10,000,
in one embodiment, the solvent 15 water. In one embodiment. the ammount of solvent is 40 o 90
weight% based on a total weight of mmorganic zine salt, polvphosphate, and solvent. In other
embodiments, the amount of solvent 15 70 to 90 weight¥%, 75 to 85 weight%, or about 80
werghts,

[0024] The present disclosure s also directed to an oral care compaosition. The composHion
comprises & soluble zing polvphosphate complex made by combinmg mgredients comprismg an
morganic zmc salt, a plurality of long chain polyphosphates having 6 or more phosphate polymer
units, and an aquecus solvent. The relattve amount of inorganic zme salt and long chain
potyphosphates provides a phosphorus to zine mole ratio of at least 6:1, as described hereimn
above,

[0023] The target amount of zine 1o preciptiate m the oral care composition can be any amount
that will reduce dentinal hypersensitivity to a desired degree. In an embodiment, the amount is
about 0.1 or more, such as about 0.1 1o about 0.5, or about 0.3 {0 about 0.4, Suntable amounts of
sohuble zinc complex can be provided m the oral composition to achieve the desired target
precipate during use.

[0026] The oral compositions may be provided in an orally acceptable carrier or vehicle. The
carrier can be a iguid, senu-solid, or solid phase, m the form of a mouthrinse, dentifrice
{mcluding toothpastes, toothpowders, and prophviaxis pastes), confecttonaries (including

\Ll

lozenges and gum), medicament, {ilm, or any other form known to one of skil m the art.

180271 In various emibodiments, the oral composition has an orally acceptable vehicle that has a
pH of about 5.5 to about 10, or about 3.8 or 6 0 6.1, 7 or 9. Certain components serve o rase
ithe pH of the oral composition. Such compounds mctude conventional bulters and salts, as well
as chemicals such as the anionic linear polycarboxylates (descnibed above) and polyacrvlates
sach as those avatlable rom B.F. Goodnich of Cleveland, Ohio and sold under the trade name

CARBOPOLR have been observed to raise pH when present in oral compositions.

A
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[0028] Conventional ingredients can be used to form the carriers listed above. The oral
composiiions may include other matenals in addition to those components previousty described,
inchuding for example, surface active agents, such as surfactants, emulstfters, and foam
modulators, viscosity modifiers and thickeners, humectants, diluents, additional pH modifving
agenis, emolients, moisturizers, mouth feel agents, sweetenig agents, flavor agents, colorants,
preservatives, solvents, such as water and combinations thereof. Anv given material mayv serve
multiple parposes within two or more of such categonies of materials. Preferably, such carrier
materials are selected for compatibility and stabulity with all of the constituents of the active
mgredient.

10029] Useful surface active agents are known n the art, such as those disclosed i ULS. Pat. No.
4,894 220, the disclosure of which 18 mcorporated heremn by reference in s entirety. Surface
active agents can function as surfactants, emulsifiers foam modulators, andior active mgredient
dispersion agents,

[8030] Switable surface active agents are those that are reasonably stable and foam throgghout a
wide pH range. These compoumkds are known in the art, and inclade non-soap anionic {e.g..

sodium  lauryl sulfate (SLS), Nemyynistoyl, and N-palmutoyl sarcosme), nonionic {e.g.,
Poivsorbate 20 {polvoxyvethyiene 20 sorbitan monolaurate, TWEEN® 20) and Polvsorbate 80
{polyoxyethylene 20 sorbitan monooleate, TWEENX 80), Poloxamer 407, available under the
trade name PLURONIC® Fi127 from BASE Corporation), cationic, zwitlentonic (e.g.,
cocoamidopropyi betaine and lauramudo propyl betaine), and amphotenic organic synthetic
detersents. In various embodiments, one or more surface active agents are present i the oval
conmposition i the range of gbout 0.001% to about 5%, or about 0.5% to about 2.5%. In
embodiments where the oral composition comprises an active mgredient compnising hipophihic
active comipound{s}, the amount of surface active agent can be Increased to enable sufficient
cmulsihication of the active meredients within the carmer of the oral composition. The carrer can
be, for example, an aqueous carmer.

[0031] In an embodiment, the zme salis can be used m translocent aqueous formulations, such as
mouthninse, o embodiments where the oral composiion 13 m the form of a mwouthrinse, an
exemplary carrier (s substantially liquid. The tenm “mouthrinse” mecludes mouthwashes, spravs

and the hike. In such a preparation the orally acceptable carnier typically has an aqueous phase
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comprising either water, or a water and alcohol mixture. Further, in various embodiments, the
oral carrier can comprise, for example, a humectant, surfactant, and g pH buffermg agent.

100321 The oral composttion may optionally comprise a flavoring agent. Exemplary flavoring
substances are known to a skilled artisan, and mayv be present 1 certain embodiments at a
concentration of about 0.05% by weight {o about 3% by weight.

[6033] In embodiments where an oral composition i i the form of a confectionary, an
exemplary carnier may be substantially solid or semi-solid. Confectionary carriers are known m
the art. For a lozenge, the carrier can comprise, for example, a lozenge base matenal {for
exampie, comprisiig a non-carsogernic polvol and/or starch/sugar denvative), an emulsiber, a

labricant, a flavoring agent, a thickener, and optionally a coating matenial, Chewing gum carriers

-

cenerallv have a chewing gum base, one or more plasticizing agents, a sweetenng agent, and a
flavoring agent,

10034} In embodiments where an oral composition is in the form of a fi imé an exemplary carner
is substantially sobid or semi-solid. Soach film carriers can comprise, for example, a water soluble
or dispersible film formung agent, such as a hydrophilic polymer. Optionally, the film carrter
may also comprise hyvdrophobie film tormung polymers, either as a removable backing laver, or
nixed with a hvdrophuhic film formung polymer. Filim carniers eptionally comprise plasticizers,
surface active agents, fillers, bulking agents, and viscosity modifying agents.

{H035] In embodunents where an oral composition s 1 the form of a dentifnice, an exemplary
carrier 18 substantially semi-solid or a solid Dentifrices can comprise, for example, surtace

such gs water, tlavoring agents, akd sweetening agents.  In an embodiment, the dentifrice 15 a

toothpaste.

[6036] In embodiments an oral composition is i the form of a medicament, such as a non-
abrasive gel or ointment that can be apphied to the gingival sulcus or margin and can be used in
copjunction with wound dressings, gauze, films, and the like. Such gels may mclude both
aqueons and non-agueons gels. Agueous gels generally comprise a polymer base, a thickener, a
humectant, a flavonng agent, a sweetemng agent, and a solvent, typically meluding water.

(0637} In varions embodiments, the compositions and metheds of the present disclosure promote
oral health m an oral cavity and treat plaque on an oral surface of a mammahan subject. in one

smbodiment, a8 method of providing one or more oral health benefits to an oral cavity of a
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mammalian subject entails preparing an oral composition as described herein, where an active

prepared oral composition is contacted with an oral surface within an oral cavity. In addition to
treating dentinal hypersensitivity, the oral composition contaming the active mgredient may
provide muliiple oral health bepehis, such as anti-gmgivitis, anti-periodontiis, anti-cares, anti-
tartar, anti-inflammatory, analgesic, anti-aging, and breath freshenimng.

[6038] Thus, any of the varnious embodiments of the oral care composition described above are
contacted with or applied regularly to an oral surface, such as atf least one tune a dav, or on
multiple days i a week.

it the art for combining mgredients to make oral care compositions. Methods for makmg the oral
compositions comprising a soluble zine polyphosphate complex, as desenibed heremn, are well
within the ordinary skill ot the art.

Personal Care Compositions

{6040] The composttions of the present disclosure can be mcluded m a personal care
composttion.  Examples of such compositions melude, bul are not hmted to, anliperspirants,

deodorants, body washes, shower gels, bar soaps, shampeo, hair conditioners and cosmetics.

used for antipersprrants and/or decdorants. The carrier can be m the form of a stick, a gel, a roil-
oy, oF an geresol.  For stick formulations, the camier may include oils andi/or sthoones and
celling agents. An example of a formudation can be found In US2011/0076309A1, which is
incorporated herein by reference in its entivety.

[0042] In an embodiment, the personal care composthions, such as antiperspuants andior
deodorants, include a soluble zinc polvphosphate complex made by combming mgredients
COMPTISIG an morgamc #mine salt, a phurality of long chain polyphosphates having 6 or more
phosphate polymer units, and an agqueous solvent. The relative amount of inorganic zine salt and
long chamn polyphosphates provides a phosphorus to zine mole ratio s at least 611, such as at
least 15:1, or at least 18:1, such as aboui 20:1; and can be any of the other phosphorus to zing

mole ratios taught herein for the solable zine polyphosphate complex.
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[0843] The amount of zinc in a personal care composition can be any suitable effective amount.
Suiiable amounts of zmnc can range, tor example, from about 0.2% by weight or more, such as
about €.5% to about 10% by weight, relative o the total weight of the composition.

[0044] As described above, the zinc polyphosphate complex has the property of reduced
solubihity 1 water at cerfam temperature and pH conditions, but 18 soluble at other conditions. In
an embodiment, the formulation can be formulated without added protein, such as BSA. The
proten desired to trigger precipitation can be provided by the sweat of the user alter apphcaton
of the product.

[0045] In an embodiment, the zinc polvphosphate complex can have reduced solubihity at, for
example, a condition of 37°C and a pH of about 7.4 in the presence of 1 % by weight Bovine
Serum Albumin protein when compared with a second condition of 25°C and a pH below 5.5 m
the absence of protein. The reduction in solubility can be sufficient to allow a desired amount of
the soluble zinc polvphosphate complex in a saturated solution at the second condition 1o
precipitate from the satarated sohution at the first condition, as described above.

[0046] In an embodiment, the protem can also be used o0 enhance the efficacy of other
antiperspirant salts compnising a polvvalent cation, for exampie antiperspivant complexes ot {1)
atunminum and optionally aircontum, (1) chiorobvdrate, and (11) optionally an amino acid andfor
ammonium  acid, for example glycme andior wmmethvigiveine, eg, alummum zircontum

tetrachlorohvdrex glyvcme. In an embodiment, these other antiperspirant salts can be added to the

3

formulations of the present disclospre in addition to the zine polyphosphate complex
antiperspirant. In an alternative embodiment, the formulation inclades ouly very small amouonts
or 15 entirely or substantially free of the above aluminum or zirconiom antiperspirant active
complexes. Por example, the tormulations can melude less than 2 wt %, or less than (0.5 wi %, or
less than 0.1 wt %, or less than 0.01 wt. %, or less than 0.001 wt. 9% or less than 0.0001 wt
Yeahuninum or mirconum, relative to the total weight of the formulation.

180471 The present disclosure provides antiperspirant products comprising a zine polyphosphate
complex antiperspreant active | .., any of the zimc polyphosphate complexes discussed heremn,
as well as methods of makmyg and vsing sach products. The present disclosure Rurther provides
methods of reducing sweat comprising applying the composition to skin, and methods of killing

bacteria comprismg contacting the bacteria with the composition.

9
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[0048] Optional ingredients that can be included in an antiperspirant andior deodorant
alcoholds such as (G ¢ alcohols including ethanol; glveols inchuding propylene glycol, dipropylene
giveol, tripropylene glycol and muxtures thereof, glveerides mcluding mono-, di- and
triglveendes; medium to long cham organic acids, alcobols and esters; surfactants wcludmg
emulsifving and dispersing agents; anmuno acids mcluding  glveine: structurants  including
thickeners and gellmg agenis, tor example polymers, siheates and sibcon dioxide; emollients;

fragrances; and colorants mcluding dyes and pigments. I desired, an antiperspirant andfor

exampie an odor reducing agent such as a sulfur precipitating agent, e.g., copper gluconate, zing
giuconate, zing cirate, etc.

16049 The antiperspirant compositions can be formudated mto topical antiperspirant andfor
deodorant formmtations suitgble for application to skin, thustratively a stick, a gel, a cream, a
rofl-on, a soft sohd, a powder, a hqud, an emulsion, a saspension, a dispersion or a spray. The
composition can comprise @ single phase or can be a multi-phase system, for example a system
comprisiig a polar phase and an oil phase, optionally in the form of a stable emulsion. The
composiion can be hguid, semi-solid of solid. The antiperspirant and/or deodorant formulation
can be provided in anv suttable container such as an aerosol can, tube or container with a porous
cap, roll-on contamer, bottle, contamer with an open end, efe.

{6050] The compositions can be used m a methed o reduce sweating by applving the
composition to skin. In certain embodiments, the application is to axilla. Also, the compositions
canr Do ased 1o kil bacteria by contacting bacterta with the composition comprising the zing
complexes of the present disclosure.  in embodiments, other additives for kithing bactenia can
alse be emploved i the composttions.  Vanous swtable addittonal antimicrobial additives are
known in the art.

18051} Thus the present disclosure provides (1) a method for controlling perspiration comprising
applving to sk an antiperspiant etfective amount of a formulation of anv embodiment
embraced ov spectfically described berem; and () a method for controlhng odor from
perspiration comprises applyving to skin a deodorant effective amount of a formulation of any

embodiment embraced or specifically described herein.

10
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[0052] The present invention s further illustrated through the following non-limiting
example(s).

EXAMPLES

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

grams of ZnCly,

: oy
4
)

[{0053] Soluble zinc polyphosphate complex was made by combining 1.27

from the batch solation, which are numbered as examples | to 4 in Table 2.

Table 2

Exampie No.

ZnCi2 + SHMP | BSA (g)

2oipHyatgedy 5 9
' °C)
4. (1% BSA,

' RT)

| .039

{0854] The pH of Example 2 was carefully adpisted from a pH of 4.1 to a2 pH of 6.2 using dihute
NaQH, at which poimnt precipiiate formed. However when the precipitated Exaniple 2 had 1ts pH
lowered from 6.2 to 5,13 by addmg HCL the precipitates dissolved and the sample became clear
ABJHL.

[B055] BSA protem was added to the formulations of bxamples 3 and 4. White precipitate

oy

formed immediately in both. Example 3 was then aged at 37°C for 1 howr. Example 4 was aged
at roomn temperature for 1 hour. Precipitate increased in both example formuolations with aging.
Based on the color of the solutions, the precipitate increased more in the heated Example 3. The

formation of the precipitate mdicates that the zinc polyphosphate made usmg the zinc chlonde

and SHMP would be suitable for treating dentmal byvpersensivity.

Example 5

[0036] The acid resistance of the precipitates was fested by adding dilute HCL to the Example 3
formulation to lower the pH from 4.17 to 1.99. The extent of whiteness of the sample appeared to

merease shghtly, but overall the precipitaie remained stable as the pH was lowered. Because the
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precipitate did not dissolve at low pH, the test showed that the zinc polyphosphate precipitate s
acid reststant in the presence of the BSA protem.

Fxampie 6

dried. A white powder vesulted. The ability of the solubion to be freeze dried wmto powder
mdicates that the complex can be used n both hiquid and sohd phase.

[0058] The above data from the examples mdicates that the soluble xinc phosphate mixture can
potentiaily be used 1 formulations for sensitive teeth. At a certain molar ratio {approximately
20P © 17n}, soluble zinc polyphosphate solution can be obtamed. When this soluble solution 18
mixed with BSA protein, it quickly starts to precipsiate and is ready to treat dentinal tubules. In
addition, Zn™" will hydrolyze to amorphous zine hydroxide at a pH of above 5.5, such as about
7.0 to about 7.4 to physically block the dentinal tubules. Increased precipitate may form at the
higher pH range of 7.0 to 7.4 as compared with the lower pH range.

[059] Other experiments using an organic zinc reagent and SHMP showed that when a mole
ratio of P:Zn 15 6.1 or more, such as about 15:1 to about 25:1 or about 20:1 to about 23:1, a
soluble zine polyphosphate complex s tormed and the solution becomes cledr.

100601 [n summary, the soluble zinc polyphosphate complex of the present disclosure can
precipitaie at high pH and/or m the presence of protemn {e.g., such as found m sabiva) and thus
can be apphied to occlude dentinal tubules to provide dentinal hypersensitivity vehief. Further,
BJA m the above experiments sunulates sweat proteins. Based on the data, it 18 belreved that the
complexes of the present disclosure can diffuse into sweat glands and precipitate in combination
with protem to block the sweat ducts of a user, thereby preventmng or reducing the amount of
sweat conmung out of the sk when used as an active mygredient in antiperspirants. In essence, the

solubtlity charactenistics of the zmc complex allows it to readily diffuse mnto dentin tubules or

allow formulation mto liquid products, such as mounthwash., Additonally, the soluble Zinc

complex can potentially be used to make transparent products.
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CLAIMS
WHAT IS CLAIMED IS:
13 A personal care composition, comprising:
a soiuble zme polyphosphate complex made by combinmg ingredients comprising an
morganic zine sall, a plurabity of long cham polvphosphates having 6 or more phosphate
polvimer units, and an aqueouns solvent;
wheremn the relative amowtt of morgamic zine salt and long chamn polyvphosphates

provides a phosphorus to zinc mole ratio of at least 6:1.

-2

The personal care composition of any preceding claum, wherem the zinc polyphosphate
complex has the property of reduced solubility i water at a first condition of 37°C and a
pH of about 7.4 m the presence of 1 % by weight Bovine Serum Albumimn protem when
compared with a second condition of 25°C and a pH of 5.4 in the absence of protein, the
reduction mn solubthity bemg sutficient to allow a desired amount of the soluble zinc

polyphosphate complex in a saterated solution at the second condition to precipitate from

the saturated solution at the first condition,

L

The personal care composttion of any precedimg claim, wherein the composition 15 at
teast one of an antiperspirant or a deodorant.

4 The personal care composition of any preceding claim, further compnising a protem.

e

The personal care composition of any preceding clamm, wherem the phosphorus to zine

mole ratia ranges from ghout 15:1 to about 30:1.

5. The personal care composition of any preceding claim, wherein the zine fon complex is a
compound chosen from the group comprising zing chlonide, zine oxide, zine sulfate, zinc
carbonate, zme Huonde, zmnce peroxide, zme phosphate, wine pyrophosphate and zane
silicate.

7. The personal care composition of any precedmg claun, wherem the zinc polyphosphate

complex has an average of 18 or more P atoms.

8, The personal care composttion of any preceding clamm, wherein the zin¢ polyphosphate

3. A method of depositing #inc to skin andfor hair 1o a subject, the method comprising:
providing a personal care composition comprismg a soluble zine polyphosphate complex

made by combimning myredients comprising an norganic zine salt, a phaality of long

13
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chain pol yphosphates having 6 or more phosphate polymer units, and an aqueous solvent;
and

applying the personal care composition to the skin and/or hair of the subject;

wherein the relative amount of morganic zing salt and long cham polvphosphates
provides a phosphorus to zine mole ratio of at least 6:1.

.
N

The method of claim 9, wherem the zinc polyphosphate complex has the property of

presence of 1 % by weight Bovine Serum Albwnmn protein when compared with a second
condition of 253°C and a pH of 5.4 in the absence of protein, the reduction in solability
bemng sufficient to allow a desired amount of the soluble zine polvphosphate complex i a
saturated solution at the second condition 1o precipitate from the saturated solution at the
first condition.

The method of any of ¢laims @ to 10, wherein the phosphores to zinc mole ratio ranges
from about 15:1 to about 50:1.

The method of any of claims 9 to 11, wherein the zine 10n complex is a compound chosen
from the group comprising zine chloride, ninc oxude, zmnc sullaile, zine carbonate, zin¢
fluonde, zine peroxide, zinc phosphate, zinc pyrophosphate and zine silicate.

The method of any of claims 9 to 12, wherein the zinc polvphosphate complex has an

average of 18 or more P atoms.

The method of any of claims 9 to 13, wherein the zine polyphosphate complex has an

average of gbout 1 zing atom.

The method of any of claims ¢ {0 14, wherein the personal care composition iy at least

one of an antiperspivant or a deodorant.

The method of any of clams 9 1o 15, wheremn the method reduces at least one of

persparation and body odor.

14
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