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PERSONAL CARE COMPOSITION WITH ZINC PHOSPHATE ACTIVE

BACKGROUND

{

10801} The present disclosure 1s directed to a soluble zinc polyphosphate complex for use in
personal care compaositions and methods of making the compiex.

{0002 e compounds are often used m oral care and personal care compositions. Many Zine
compounds possess hvdrolysis chemustry and bacteria mbibiting qualities that render them
suitable for oral care products. For mstance, zinge is considered an anti-plague agent. Compounds
such as zine citrate and zinc oxide have been added to toothpaste to prevent plaque busldup. Zinc
i other personal care products. For example, Zmc cirate as a tribvdrate, Zn3{(CeHS07)2 »

IH20, which 15 a white odorless powder that 18 only slightly soluble m water, serves as an

tunction and wound healing to name a fow common uses by the body.

{003} Polyphosphates are known in the art for use as, for example, chelants, m oral care
compositions. In addition, polyphosphates such as diphosphate (also known as pyrophosphate)
and trniphosphate are known for use as antons i antiperspiranis, as faught wm WO 20137013903,
published on January 31, 2013, Longer cham bimear polyphosphates (more than 3 phosphate

unmits) are susceptible to hvdrolysis v aqueous composiions. Upon hvdrolvsis they are known to

a

torm orthophosphates which formt insoluble zinc complexes.

{004} Dentinal hvpersensitivity 15 @ painfud condiion resulting trom the movement of hguid m

exposed dentin tubales from external stimuli such as pressure and temperature. One sirate gy 1o
reduce and/or clinunate the pain resubtmng from exposed denatin tubules 1§ o form insoluble
precipitates m the tubules m order to physically plug the tubules. For mstance, Stannous salis
have been shown to treat dentinal hypersensitivity by depositing mto tubules from neat solutions
and from simple formulations, 8s desembed in US. Patent Application Publication No.
2009/0136432, the disclosure of which 15 hereby incorporated by reference in #s entivety.

[0005] Antiperspirant substances often employ aluminum contaming actives, These substances
reduce the flow of sweat by formmng a plog in the sweat duct. However, due 1o consumer concern
about alwminum based antiperspirant products, Alununum free antiperspirant actives are m

demand.
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[006] The discovery of a novel zinc complex that can be used to treat dentinal hypersensitivity
and/or that can act as an antiperspirant active would be a welcome addition to the art. in addition,

it would be destrable to manmpulate zine salt structures 1n efforts to eshance efficacy and extend

the .app-iiﬁa;ti{ms of these COMpo unds m oral care and ;iﬁ'f:‘l'SO‘.ﬂﬁi care pro dncts.
BRIEF SUMMARY

[0007] An embodiment of the present disclosure 18 directed {0 a personal care composition
COMPLISHG!

a soluble zine polyphosphate complex made by combining mgredients COMprising an orgamc
zine salt, & plurality of long cham polyphosphates having 6 or more phosphate polymer units,

and an agqueous solvent;

phosphoras to zine mole ratio of at tegst 6:1.

[0008] Alse, a method of depositing zinc to skin and/or hair of a subject, the method comprising:
providing a personal care composition comprising a soluble zine polyphosphate complex made
by combiung ingredients comprissig an organic zinge salt, a plarality of fong cham
polyphosphates 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 organic zinc salt and long chain polyphosphates provides a
phosphorus to zmge mole ratio of at least 6:1.

{809 Further areas of applicabnlity of the present disclosure will become apparent from the
detailed description provided hereinafter. It should be understood thay the detailed description
and specitic examples, while mdicating the preterred embodiment of the disclosure, are miended
tor purposes of ilustration only gnd are not intended to himit the scope of the invention.

[0010] The following description of the preterred embodiment{s) 15 merely exemplary in nature
and 13 1 no way mtended to himit the ivention, its application, or uses.

10011} As used throughout, ranges are used as shorthand for describing each and every value
that 15 withm the range. Any value within the range can be selected as the termuinus of the range.

in addition, all references cited herem are hereby incorporated by referenced m thew entireties.
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in the event of a conflict in a definition in the present disclosure and that of a cited reference, the
present disclosure controls.

10012} Unless otherwise specifiad, all percentages and amounts expressed herein and slsewhere
i the specification should be understood to refer to percentages by weight. The amounts given
are based on the active weight of the matenal.

[6013] An embodiment of the present disclosure 15 directed io a soluble zinc polvphosphate
commplex. The complex 15 made by combining mgredients comprising an organic zine salt, a
phurality of long cham polyphosphates having 6 or more phosphate polymer uniis and an agueous
solvent. The relative amount of orgamic zine salt and long cham polyphosphates provides a
phosphons o zine mole ratio of at fgast 0:1, such as about 15:1 o about 25:1.

[0014] In certain embodiments, the zmc polyphosphate complex has the property of reduced
sofability in water at a first 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 g second condition of 25°C and a
pH of 5.4 in the absence of protem. The reduction 1 solubility s sufficient to allow a desired
amouit of the seluble zimne polvphosphate complex m a saturated solutien at the second condition
to precipitate from the saturated solution at the hirst condition.

[0015] Any suitable orgamic zine 1on source ¢an be used to form the zime complexes of the
acetate, zine gluconate, zine malate, zine tartrate and combinations thereot. Any of the organie
zine salts may or may not be in g hydrate form. For example, zine citrate can be i a twvhvdrated
form {e.g., ?‘n,i(}i\(}} 3H0). Thus ase of organic zine precursors results i an organic higand
being present in the resulting complex.

[0016] Any polyphosphates having ¢ or more phosphate polymer uniis can be emploved to form
the zine complexes of the present disclosure. In an embodmment, long chain polvphosphate
having about 6 1o about 30 phosphate polvmer units, sach as 6 to about 30 phosphate polymer
units, can be used. An exampie of a long cham polyphosphate 15 sodium bexametaphosphate
{“SHMP).

{817 The phosphorus to zine mole ratio can be any mole ratio of at least 6:1 that results v a
soluble complex at the desired pH wm an aqueous solution. In an embodiment, the phosphorus to
ance mole ratio ranges from about 11 to abount 55:1, such as about 12:1 to about 411, or about

£5:1 to about 25:1, about 18:1 1o about 23:1. or about 20:1 to about 23:1.

ol
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[0018] The amount of zinc ion source to phosphate polvmer reactant emploved will vary

example, 8 mole ratio range of about 15:1 to about 25:1 P to Za mole ratio corresponds to about
3.5:1 to about 9.2 to 1 weight ratio of SHMP ZnlLac while baving about a 2.5% wiw Znlac
concentration.

[6019] In an embodiment, the resulting zinc polyphosphate complex has an average of 15 or
more P atoms. Por example, the zmc polypbosphate complex can have an average of about 18 to

about 25 P atoms, such as about 20 to 23 P atoms. In an embodument, zine polvphosphate

16020] In an embodiment, the zinc polyphosphate complex has a property of becoming msoluble
1 aqueous solution at a pH ranging from 5.5 or above, such as above 7 to about 7.5 or hgher,
depending on the particular organic salt ased to form the complex. The zinc polyphosphate
complex can alse have the property of betng insoluble at g pH below 7 mn aguecys solutton m the
presence of proteins, such as salivary proteins or skin proteins. The protein can be mtroduced
during use, for example from the saliva, skin, or perspiration of a user. The amount of protemn
will vary depending on the condittons of use and can be any suitable amount that aids m
triggenng pregpitation, such ay, for example, about 0.1% by weight or more, or about 0.5% by
weight or more, such as about 1% by weight.

{0211 When used mn an oral care product, the soluble zinc and polyphosphate complexes of the
present disclosure can remain seiuble m compeosition untii mtroduced o the oral cavity of a
patient, at which point the complexes precipitate on biomaterial sorfaces such as in dentinal
tubules. For example, the seluble zine polvphosphate complex can diffuse ito dentinal tubules
and precipitate, to thereby physically occlude the dentinal {ubules and prevent dentinal
hypersensitivity. In addition, 1 the presence of protein the zinc precipitate can have relatively
strong acid resistance. Such proteimn can come, for example, from the saliva of a user, or can be
added to the composition. Based on the results of the data, the new zine complex is a potential
candidate tor, among other things, toothpastes for dentinal hypersensitivity reliet

{0221 Thas, the agueous zm¢ polyphosphate complexes of the present disclosure can have one

(A%

or more of the following advantages: the ability to remain soluble at pH below 7, such as below

s
Fa .

3.5, the abihty to precipiiate at a pH above 3.5, sach as above 7, the ability to occlude dentmn

tubuies and relieve or elimmate dentinal hypersensitivity: the ability to form precipitates that
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remain nsoluble at a pH below 7 in the presence of salivary proteins; the ability to in situ
generate g precipitate upon interaction with saliva to effectively deliver sine to the oral surface
and provide dentin sensitivity relief, antimyicrobstal function, or any other benefit that may
become apparent: the ability to iy situ generate a precipitate upon interaction with skin proteins;
or the ability fo provide antimicrobial and/or anti-mflammatory elfects when applied m a
personal care product, such as deodorants or antiperspirants. Thuos, this complex has high
potential in the oral care and personal care fields,

10023} The present disclosure s also directed to a method of making a soluble zinc
polyphosphate complex. The method comprises combining organic zine salt; a plurality of long
chain polyphosphates having 4 or more phosphate polyvmer units: and an aqueous solvent. As
discussed above, the relative amount of organic zing salt and long chamn polvphosphates provides
a phosphorus to zine mole ratio of at least 61, The mgredients can be mixed o any suntable
order and using any suitable muxing technique with or without heating, so long as the methaod
results i the formation of the desired solable zine polyphosphate complex.

10024] In certamn emboduments, the solvent used 1y the method 13 at least one sobvent chosen
from water, giveenin, diglveerol {ghveerol-2), triglycerol {glycerol-3}, quadragiveerol {glyveerol-
4}, sorbitol, and polvethvlene glycol having a weight average molecular wesuht less than 10,800,
in one embodiment, the solvent i1s water. In one embodiment, the amount of solvent 15 40 1o 90
weight® based on a total weight of organic zince salt, polvphosphate, and solvent. In other
cmbodiments, the amount of solvent 18 70 o 90 weightY, 75 o 85 weightYs, or about 80

weight%a,

{hval Care Compositions

S Y

[0025] The present disciosure 18 also directed to an oral care composition. The composition
compiises a soluble zine polvphosphate complex made by combining imgredients comprising an
organic zin¢ salt, a plurabitv of long cham polvphosphates having 6 or more phosphate polvmer
units, and an aqueous solvent. The relative amount of organic zine salt and long chamn
polyphosphates provides a phosphorus to zine mole ratio of at least 6:1, such as at least 14:1, at
least 12:1, at least 15:1, or at least 181, such as about 20:1; and wherein the zmc polyphosphate
complex has increased solubility at a pH below 7.

The target amount of zaine to precipitate w the oral care composition can be any amount that wall

reduce dentinal hypersensiivity to a desired degree. In an embodiment, the amount is about 0.1

A
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or more, such as about 0.1 to about 0.5, ar about 0.3 to about (.4, Suitable amounts of soluble
zine complex can be provided m the oral composition 1o achieve the desired target precipitate
doring use,

carrigr can be a hquid, sen~-sohd, or sohd phase, m the form of a mouth rmse or mouth wash,
deptifrice (ncluding toothpastes, toothpowders, and prophvlaxis pasies), confectionarnies
{mcluding lozenges and gum), medicament, film, or any other form known to one of skill m the
art. Selection of specific carner components 1s dependent on the desired product form.

100271 In various embodiments, the oral composition has an orally acceptable vehicle that has a
pH of about 6 o 10, or about 7 to 9. Certain components serve to raise the pH of the oral
compostiion. Such compounds mclude conventional butfers and salts, as well as chenicals such
as the amonic limear polycarboxylates {described above) and polyacrylates such as those
avatlable from B.F. Goodrich of Cleveland, Ohio sold under the trade name CARBOPOL® have
been observed to raise pH when present iy oral compositions.

10028] Conventional ingredients can be ased to form the carriers lhisted above. The oral
composttions may nclude other materials i addition to those components previousty described,

mctuding  for example, surface active apents, such as swrfactants, emuisihiers, and foam

agents, emothients, moisturizers, mouth feel agents, sweetening agents, flavor agents, colorants,
preservatives, salvents, sach as water and combinations thersot. Any given material may serve
multiple purposes within two or more of such categories of waterials. Preferably, sach carrier
materials are selected for compatinlity and stgbility with all of the constituents of the active
mgredient.

[6029] Useful surface active agents are known m the art, such as those disclosed in US. Fat. No.
active agents can function as surfactants, emulsifiers foam modulators, andior active mgredient
dispersion agents.

[0030] Suitable surface active agents arg those that are reasonably stable and foam thronghowt a
wide pH range. These compounds are known in the art, and include non-soap anionic {e.g.,
sodiwm  lauryl solfate (SLY), Nemynstoyl, and Nepalmutoyl sarcosing), nomomie {eg.,

™,

Polvsorbate 20 (polvoxvethylene 20 sorbitan monolaurate, TWEEN® 20) and Polvsorbate 80
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{polvoxyethviene 20 sorbitan monooleate, TWEEN® 80), Poloxamer 407, available under the
trade name PLURONICR Fi127 from BASF Corporation), cationic, zwittenome {e.g.,
cocoanudopropyl betaine and lauramido propyl betamne}, and amphoteric organic syathetc
detergents. In varous embodiments, one or more surface active agents are present in the oral
composition m the range of aboul 0.001% to about 3%, or about 0.5% to about 2.5%. In
embodiments where the oral composition comprises an active mgredient comprising hipophilic
active compound(s), the amount of surface active agent ¢an be increased to enable suthicient
enndstiication of the active mygredients within the carrier of the oral composition. The carrier can
be, tor example, an aqueous camer.

[0031] In an embodiment, the zinc salts of the present disclosure can be used m wansiucent
aqueous formulations, such as mouthrinse. In embodiments where the oral composition 1s i the
form of a mouthrinse, an exemplary carrier s substantially haquud. The term “mouthrnse”
inchudes mouthwashes, spravs and the like. In such a preparation the orally accepiable carner
typically has an aqueous phase comprising either water, or a8 water and alcohol mixture. Further,
m various embodiments, the oral carrier can comprise, for example, a humectant, surfactant, and
a pH buffening agent.

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

{8033] In embodiments where an oral compeoesition 18 1w the form of @ contectionary, an
the art. For a lozenge, the carrier can comprise, for exampie, a lozenge base matenal {for
example, comprising a non~cartogenic polvol andfor starchisugar derivative}, an emulsifier, a
lubricant, a flavoring agent, a thickener, and optionally a coating materntal. Chewing gum carniers
ceneratly have a chewing gum base, one or more plasticizing agents, a sweetening agent, and a
flavoring agent.

[0034] In embodiments where an oral compostiion 18 1n the form of a hilm, an exemplary carner
18 subsiantially solid or semi-sohid. Such film carriers can compnrise, for example, a water soluble
or dispersible film forming agent, such as a hy{imgshiiiiﬁ polymer. Optionally, the film carrier

may also comprise hvdrophobie film formung polymers, either as a removable backing laver, or
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mixed with a hydrophilic film forming polvmer. Film carriers optionally comprise plasticizers,

ents.

"

J

surface active agents, fillers, bulkmg agents, and viscosity modifving a;
10035 In embodiments where an oral composition 13 m the form of a dentifiice, an exemplary
carrier is substantially semi-solid or a solid. Dentiftices can compnse, for example, surface
active agenis, humectanis, viscosidy modifving agents and/or thickeners, abrasives, solvents,
such as water, flavoring agents, and sweetening agents.

abrasive gel or omiment that can be applied to the gmgival sulcus or margm and can be used m
conjunciion with wound dressings, ganze, hlms, and the hike. Such gels may include both
aqueous and non-agueous gels. Agueous gels generally comprise a polymer base, a thickener, a
humectant, a flavoring agent, a sweetening agent, and a solvent, typically including water.

180371 In vartous embodiments, the compositions and methods of the present disclosure promote
oral health m an oral cavity and treat plaque on an oral surface of a mammalian subject. In one
embodiment, a method of providing one or more oral health benefits t0 an oral cavity of a
mammalian subject entails preparing an oral composition as described herein, where an active
mgredient comprises any of the soluble zine polvphosphate complexes disclosed herem, The
prepared oral composition 13 comtacted with an oral surface within an oral cavity. In addiion to
treating dentinal hypersensitivity, compositions of the present disclosure contaming the active
mgredient may provide multiple oral health and body health benefits, such as anti-gingivitis,
anti-periodontitis, anti-cartes, anti-tartar, gnt-microbial, antt-mflammatory, analgesic, anti-agng,
and breath freshening. Several of these benefits can be advantages in personal care products
other than oral compositions. Such personal care products are described mn greater detast below,
[0038] Thus, any of the vanous embodiments of the oral care composition described above are
contacted with or apphied regularly to an oral surface, such as at least one time a day, or on
multiple davs in a week.

18039} The oral composition of the present mvention can be made by any of the methods known
in the art for combining ingredients to make oral care compositions, Methods for making the oral
compositions comprismg a solable zine polypbosphate complex, as described herein, are well

within the ordmary skill of the art.
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Persenal Care Compositions

0040} The compositions of the present disclosure can be used in personal care composition.
Examples of such compositions include, but are not limuted to, antiperspirants, deodorants, body
washes, shower gels, bar soaps, shampoo, hair conditioners and cosmetics.

0041} For antiperspirant and/or deodorant compositions, the carvier can be any carrier that i3
used for antiperspirants andfor deodorants. The carrier can be i the form of a stick, a gel, a roli-
on or an aerosol. For stick formulations, the carmer mav include oils and/or silicones and gelhing
agents. An example of a formulation can be found 1 US2011/0078309A1, which s
mcorporated herein by reference m its entirety.

[0042] In an embodiment, the personal care compositions, such as antiperspirants and/or
deodorants, mclude a soluble zine polvphosphate complex made by combining mgredients
comprising an organmic zmc sall, a plurality of long chain polyphosphates having 6 or more
phosphate polvmer units, and an aqueous solvent. The relative amount of organic zince salt and
long chain polvphosphates provides a phosphoras to #mc mole ratio i3 at least 6:1, such as at
least 10:1, at least 12:1, at least 15:1, or at least 18:1, such as about 20:1; and can be any of the
other phosphorus to zinc mole ratios taught herein for the soluble zine polyphosphate complex.
10043] The amount of zine 1 a personal care compaosition can be any suitable effective amount.
Suitable amounts of zin¢ can range, for example, from about 0.2% by weight or more, such as
about §.53% to about 10% by weight, relative to the total welght of the composition.

044} As described above, the zine polyphosphate compiex has the property of reduced
solability in water at certain temperature and pH conditions, but is soluble at other conditions. In
an embodiment, the formulation can be tormulated without added protemn, such as BSA. The
protem desired to tnigger precipitation can be provided by the sweat of the user after application
of the product.

[0043] In an embodmment, the zimc polyphosphate compiex can have reduced solubility at, for
example, a condition of 37°C and a pH of about 7.4 in the presence of 1 % by weight Bovine
Serum Albunun protein when compared with a second condition of 257C and a pH of 5.4 i the
absence of protemn. The reduction 1 solubtlity can be sufficient to allow a destred amount of the
soluble zine polyphosphate complex in a saturated solution at the second condition o precipitate

from the saturated solation at the first condition, as described above.

9
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[0046] In an embodiment, the protein can also be used to enhance the efficacy of other
antiperspirant salts comprising a polyvalent cation, for example antiperspirant complexes of {1)
aluminwm and optionally zircomium, (1) chlorohydrate, and (111} optionally an amino acid and/or
ammonium  acid, for example glycme andior tmmethviglyeine, e.g, alumimum zirconium
tetrachlorohydrex glyeme. In an embodiment, these other anbiperspirant salts can be added to the
tormudations of the present disclosure in addition to the zine polvphosphate complex
antiperspirant.  In an alternative embodiment, the formulation mcludes only very small amounts
or 1s entwrely or substantially free of the above alummum or zirconmium antiperspirant active
complexes. For example, the formulations can include less than 2 wit %, or less than 0.5 wi %, or
less than 0.1 wt.%, or less than 0.01 wt. %, or less than (.001 wi. % or less than 0.0001 wt. %
aluminum or zirconium, refative 1o the total weight of the formulation.

18047] The present disclosure thus provides antiperspirant prodocts comprismg a zmge
polyphosphate complex gnuiperspirant active, e.g., any of the zine polvphosphate complexes
discussed herem, as well as methods of making and usmg such products. The disclosure further
provides methods of reducing sweat andfor odor comprising apphving the composition © skin,
and methods of killing bacteria comprising contacting the bacteria with the composition.

[0048] Optional mgredients that can be mcluded in an antpersprant andior deodorant
formulations of the present disclosure include solvents; water-soluble alcobols such as (i

alcohols inc l;ud*ing eth aﬁﬂfi; giiym s mcluding pntap}flene glyc@}ﬁ ¢ pmpyiene gi}az of, tr.ij;n‘fipyEenez

s;"::ha.in organic acids, alcohols and esters; mrﬁwtants incl t:;.diﬁg _ enf}uﬁisif}?ing and f‘.‘i-i&ipﬁl’?&i?lg ALENLS;
aminge acids including glveme,; structurants meluding thickeners and gelling agents, for example
potymers, sithicates and sibicon dioxide; emolhients; fragrances; and colovanis mcluding dyes and
mgments. If desmwed, an antiperspirant and/or deodorant agent additional to the soluble zinc
polyphosphate complex can be mcladed, for example an odor reducing agent such as a sulfw
precipiiating agent, g.g., copper gluconate, zinc ghuconate, zine citrate, etc.

[0049] The antiperspirant compositions can he formulated nto topical antiperspirant andior
deodorant formulattons switable for application to skin, Hlustratively a stick, a gel, a cream, a
rell-on, a soft solid, a powder, a liquid, an enwlsion, a suspension, a dispersion or a spray. The
composition can comprise a single phase or can be a multi-phase system. for example a system

comprising a polar phase and an oil phase, optionaily m the form of a stable emulsion. The

10
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composition can be liguid, semi-solid or solid. The antiperspirant and/or deodorant formulation
can be provided mn any switable contamer such as an aerosol can, tube or contamer with a porous
cap, roli-on container, bottle, container with an open end, etc.

0050} The compositions ¢an be used in a method 1o reduce sweating by applying the
can be used to kill bactenia by contacting bactenia with the composition comprising the zing
complexes of the present discloswre.  In embodiments, other additives for kitling bactenia can
also be employved in the compeosttions of the present disclosure. Various suitable additional
antnnicrobial additives are known in the art.

[6051] Thus the present disclosure provides {1} a method for controlling perspiration comprising
applying to skin an antperspiant effective amount of a formulation of any enmbodiment
ambraced or specifically described herem; and (11} a method for controliing odor from
persparation comprises applving o skin a deodoram effective amount of a formulation of any
embodiment embraced or specifically described herein.

[0052] The present disclosure 18 further illustrated through the following non-imting

example(s).

EXAMPLES

{053] Zinc lactate and sodium hexametaphosphate (MHMP) were mixed to target mol ratios and
then diluted to a total of 10¢ solution with DI water. Reagents were weighed with an electronic

scale having an +0.0001g accuracy. Target mole ratios for Examples 1 to 6 ave as shown in
Table 1 below, The mixtures were soncated and the ditterent behaviors of zimc phosphate at the
ditferent mole ratios were recorded. After being somcated, samples of the example formulations
b to 6 were aged in an oven at 30°C for 17 hours. Other samples of the example formulations 1 to
& were aged at room temperature for 6 days. The results of these tests are shown in Table 1.

TABLE 1

Ohservation

Mole
Rano
After CAfter | After 6 |
Sonicated | Qven | davs RT |
Cloudy, | Precip | Precip |
weeip, | f
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{0054} After somication, Examples 3, 4 and 5 were clear, indicating that a soluble zinc
polvphosphate complex had formed i each of those sampies. Samples 4 and 5 remamed clear
after aging in the oven at S0°C. It was found that after a week, only the formulation of Example
4 staved soluble while all the other samples precipitated.

[O055] Based on these results, 1t was delermuned that zinc complex made with zinc lactate and
sodium  hexametaphosphate became soluble, resuifing mm the solution becomung clear, when
combined at mole ratio of P:Zn of approximately 2001 {reagent mass ratio of 2.3% wiw zinc salt

per FEA1% wive SHMP) or approximately 21:1 (reagent mass ratio SHMP:Znl = 8:1).

80561 Because the avergee cham leneth of the zaine poivphosphate complex 1 23P and mole
| | U & PDOIVPROSP |

zinc 1s bonded to each phosphate chain on average ]

Examples 7 and 8

[0057] Samples of the formulation of Example 4 were mixed with protein (1% Bovme serum
albumin ("'BSA™)). One sample (Example 7} was heated to 37°C and aged overnight. Another
sample (Example 3} was aged at room temperatwre overmght. Beoth formulations were then
further aged for a week at room temperature.

18058] The samples appeared clear prior to aging.  Upon aging overnight, white precipitates
tormed i both the formulations of Examples 7 and 8. Additional precipitates appeared to form
both samples after aging for a week. The Example 7 formulation showed more precipiiates than
the Example & formulation both after aging overmglyt and after a week.

Fxampie O

0059 0.6247 prams of zinc lactate and 4,603 grams of SHMP were added to an agueous
solution to form 25035 total grams of solution. Two samples, a 3.7 gram sample {Example 9)
and a 5.12 gram sample {control sample} of the solution were added to glass contamners. The pH

of the Example 9 solution was carefully adjusted from a starting pH of 4.77 t0 a pH 7.56 by
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addmg sodium hydroxide, at which point a precipitate formed. The pH of the solution was then
lowered by caretully adding hydrochlone acid until the precipitates dissolved completely at a pH
of 7.03. This data mdicates that the agueous soluble zing lactate polyphosphate complex will
generate white zing precipitates when pH 1s raised 1o above 7.

[0068] In order to determuine if the Example 9 solution would precipiate at oral conditions {plt
7.4 and 37°C) the pH of the solution was further decreased from 7.03 by adding hydrochloric
acid untd a pH of 6.1 was reached, and the soluBion was then aged overmght al a mouth
condition {37°C}. Precipitates were formed and settled on the bottom of the glass contamer after
aging. This provides strong evidence that the »mc lactate gnd SHMP complex 18 a potential
active for dentinal hvpersensitivity velief.

[0061] Based on the above data, it is believed that the soluble zinc phosphate mixmre can
potentially be used in dentinal tubules mutigation toothpaste or other oral compositions used for
treating dentinal hyvpersensitivity. At g certain medar ratio {approxamately 208120}, soluble Zing
sohition can be obtained when Zinc lactate 15 mixed with Sodiam Hexametaphosphate, While
nat wishing to be bound by theory, i 15 theonized that soluble Zmnc polyphosphate solution
mdicates that a complex s bemg formed between Zn cations and phosphate antons. When this
sotable solution 1s mixed with BSA protein, i quackly starts to precipatate and will be able 1o
block the tubules. In addivion, Zn2+ will hydrolyze to amorphous zince hvdrocxade to physically
block the tubules.

fe 10

Fxamy

10062} Examples 10 to 20 below were freshly prepared using zine citrate trihydrate and sodium
hexametaphosphate (“SHMP™) {0.009736mol Phosphorus per gram of SHMP; 69.1% Py0Os per

aram of SHMP) at the P/ZAN mole rabios shown i Table 2. Reagents were used as received by

the manufacturer. Samples were weighed using a laboratory scale {£0.0001¢) and then mixed m
scintiation vials.

TABLE 2: Solution Preparation at Varwns Ratios

Actual Percent , o
o endargd Appearance
11 Sohtion 3

200% 2ol .
Solution

e e appears turbid
2.03% SHMp | !

S &
SHMP
, X A TLR
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Q7620

water

- SHMP
powder

water

- SHMP
powder
B.5574g
- water

0.98990g S0
SHMP
solution
8.96359
water
020382

L

SHMP
solation

water

CA 02972238 2017-06-23

G5 97% water

2.00% 2ol

3.03% SHMP

04 Q7% waler

2. 01% a1t

4.04% NHMP

2.00% ZnCit

4.91% SHMP

G323 00%, water

1 98% Zn(Cit

8.89% SHMP

88 139 water

PCT/US2014/072428

solution
appears turbid

Solution 18
clear but
appears turbid
after | day at
RT

Solution is
clear for |
week

Noiuhion
remams clear

02031¢
IaCit
2.15871g
SHMP
nowder
- TR085g
water

5.9915g
509%SHMP

2008 Znit

21.21%% SHMP

76.79% water

2.00% ZnCit

29.47%% SHMP

14

Solution
remiams clear

Solution
retnains clear
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solution
3.9696¢
wWater

| 0.2038¢
i
10.2744¢
50% SHMP
solution

1.94% ZnCit

Soiution

459 032 SHMP remaimns clear

O water 49 03% water
0.2030g L g
e 2.00% ZnCit
5.6493¢
SHMP
powder
4.3134¢g
water

Solution
appears turbid

43 43% water

2.00% Znlit

t’w im“‘ by
%H\IP 60.59%: SHMP
powder
- 3.80452
ivvater
0.2028¢
ZaCit

- 7.1890¢g
SHMP
powder
2.7770g
water

Solution
appears turbid

37 41%% water

Solution
appears turbid

10063] As Table 2 shows, the P/Zn mole atios spanning Tfrom above 4P/Zn to below 35P/Zn
torm g clear solution when mixed. It was concluded that a complex forms between the zing
citrate and SHMP.
21026

Examples 2

18864} Examples 21 to 26 of Table 3 below were freshly prepared using »inc citrate tribrydeate

,.).J‘

andd sodiim hexametaphosphate ("SHMP™) (0.0097306mo0l Phosphorus per gram of SHMP;
69 1% P-0Os per gram of SHMP) at the PAAN mole ratios shown i Table 3. Reagents were used
as recerved by the manufacturer. Samples were weighed using a laboratory scale (£0.0001 ¢} and

then mmnxed 1 semtiliapon vials.
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TABLE 3: Solution Preparation of Low P/Zn Ratio Solutions for Aging Study

Actual Percent i
soighion

| Example |

0.2103g ZnCit

2.053%g SHMP

2.01% ZnCit
19.62% NHMP
TR.A8% water

8. 2067 g water

2 014 ZnCit

200950 An(it 2 OO"’ ?n{zt
l. 0204%

SHMP
G 2328p water 88.20% water
' 0.2089¢ ZnCit 2.00% Znit

9 :’WG .MI} QH\I P

7.85% SHMP

. (.87 .:-,5*3‘ SHMP

Y water

2 00% AnCit

0.6105g SHMP
yywder

52.89% SHMP

9. 6436g water G2 1100 water

0.2006p Zn( 1t 2 .00% ZnCit

0.5140g SHMP
wwdler

4,91% SHMP

9. 74320 water 93 (9% water

m{}én; .i. WO f::ﬁ‘[... ¥ f’ n‘ipiea for each of the solutions of Table 2 with a P/Zn mole ratio of 20 15,

£0, 8, 6, and 3 were taken. One set of samples was aged at room temperature {about 20° O) for a

"&‘*’““s

week. The other set of samples was aged at 37°C for a week. The solutions aged at room

gy

J

temperature and contaming a niole ratio ranging from 20 Pidn to 6 P/Zn were stable at room
temperature and remamed clear throughout the aging penod. The solution with a moie ratio of 5
P/Zn became turbid at room temperature and the precipitate settled to the bottom of the flask. For
the solutions aged at 37°C, in the range of 20 P/dn to § PiZa mole ratio solutions, only the

20P/Zn mole ratio solution remained stable {not turbid, without visible precipitate}.

16
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Examples 33 to 38 — Aging Studing With BSA
[8066] Examples 33 to 38 of Table 4 below were fresh by prepared using zin¢ citrate trihydrate

and sodium hexametaphosphate (C"SHMP™Y (0.009730mol Phosphorus per gram of SHMP:
69, 1% PyOs per gram of SHMP) at the P/ZN mole ratios shown m Table 3. The pH was adjusted
using sodim hyvdroxide and/or hvdrochioric atad. 196 by weight BSA protein was added to each
sample. Reggents were used as recetved by the manufactarer. Samples were weighed using a
laboratory scale (:0.0001g) and then mixed mn scintiliation vials. A control sample of 1% BSA
solution of DI water was also prepared.

TABLE 4: Sohutton Preparation of 195 BSA Solutions

- Sample fkmoum of BSA | Amount of Total
‘ , bulunou

Example

P9BSA m 1dn ;20
- solution
t%BSAm iZn: 13
sofation
1%BSAm iZn
soiution

{%.BSA m {Zn: §P  0.0199¢
................................................................... *%oimm
19BSA in 1Zn: oP - 0.0194g 2.0021¢
.................................................................... solgtion o4
120BSA in 1Zn 5P - 0.0200¢ 1 9976

solution

2.0031¢g

10067} The solutions of Table 4, having a P/Zn mole ratio of 20, 15, 10, §, 6, and 5 and

contaming 1% BSA were aged at 37°C for two days and were compared to the control solution
of 1% BSA m DI water. After aging, the control sample having a 19 BSA solution ot DI water
did not form g preciputate and remamed clear, All of the zinc ctrate and SHMP solutions
contammg 1% BSA formed a precipitate.

Exaniples 39 to 41 Soiutmn Preparation and aging of 10% Saliva Solutions
[0068] Examples 39 10 42 of Table 5 below were freshly prepared using zine citrate trihydrate

#"'l

and sodiom hexametaphosphate (“SHMP™) (0.009736mol Phﬂspi}.gms per gram of SHMP;
69 1% P2Os per gram of SHMP} at the PAZAN mole ratios shown n Table 3. 10% by weight saliva
was added. The amount of BSA protem shown m Table 5 was added 1o each sample. Reagents

were used as received by the manufacturer. Samples were weighed using a laboratory scale
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{(+0.0001) and then mixed in scintillation vials. A control sample of 1% BSA solution of DI
water was also prepared.

TABLE &

Example | Sample Amount of BSA | Amount of Total
5 3 Solution
29 10% Saliva m 1Zn 0P | 02039 2.0037g
I solwtion o o
40 li}% ‘Sa}.iva i 1Zn: 10P 2.0119¢
................. _gjsowwon 0 000 4 0000
A1 10% % alivan 14n: 6P
' solption
40 Controb: 10%aSakiva i D
water

10069] The solutions with a P/Zn mole ratio of 20, 10 and & containing 10% saliva from Table §
were aged at S0°C for two dayys and were compared 1o the control sclution of 10% salivg m DI
water, The ZnCi+SHMP with saliva solutions at 50°C become turbid (precipitates formed)
compared to the 10% saliva control solution at 30°C, which remained relatively clear.

H

[007(H A zinc atrate tohvdrate and sodium hexametaphosphate (FSHMP”Y ((.009736maol

Fxam

Phosphorus per gram of SHMP; 69.1% PyOs per gram: of SHMP} at the PAZN mole ratio of 20
was prepared. The mitial pH of the 20P/1Zn ratio solution was measured to be 4.95. The pH was
then ratsed in small mcrements using NaOH. The solution remaied clear at every pH increment
below 9.67. At pH=9.67 the solution became tarbid. The pH ot the solution was then lowered
usmyg HOL At pH=8.99_ the solution was st turbid but noticeably less turbid than at 9.67. At
pH=8.56_ the solution appeared clear agam.

Example 43

160711 A zmc citrate trihvdrate and sodnuon hexametaphosphate (C"SHMP™Y (0.000736mol
Phosphorus per gram of SHMP; 69.1% P2Os per gram of SHMP) af the PAZN mole ratio of 15
was prepared. The mutial pH of the 15P/1Zn mole ratio sohution was measured to be 4.93. The
pH was then raised m small increments asmyg NaQOH. The solubon yemained clear at every pH
merement below 9.46. At pH=Y% 46 the solution appeared shightly turbid and at pH=9.64, the
solation was even more turbid. Upon fowernng this solutron using HCI, at pH 874, the solution

appeared clear once again.
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180721 Because a SHMP+ZaCi solution m a 120208 mole ratio gave a clear solution when the
zing citrate concentration in the final solution was 2% by weight, the same ratio was used m the
preparation of higher concentrations of zine citrate 1 zine citrate +SHMP solutions, as shown
Tables 6and 7

TABLE 6 3.0% Zanc Citrate

Mass (g) - Actual Percent | pH Upon
{%} | Preparation

....................................................................................................................................................

: 29 38%
Water 47286 67.62%
AnCit {3.2094 3.00%,

TABLE 7. 2.3% Zange Citrate
Mass {g) - Actual Percent pH Upon
‘ (Vi) | Preparation

....................................................................................................................................................

24.53%

.....................................................................................................................................................

160731 Both the 2.3% and 3.0% by weight solutions of Tables 6 and 7 appeared twbid after
aging at room temperature {about 20" ) for one day. Since 2% Zinc Cirate gives a clear
solution and other solntions with greater concentrations of zine curate appear turbid, This data
suggests that the hif;t::g}“;;&;st amount of Zinc Cirate that can be added 1o the SHMP solution is
between 2% to 2.5% in the final solation if it is desired to avoid precipitation of the complex.

[6074] The novel complexes formed from nselable Zine Citrate trihydrate and poly phu%p hate
(SHMP), as described in the above examples, present as clear solutions gt various P/Zn mole
raf1os ranging from above 5P/ Zn to below 33P/Zn. After aging for a week at room temperature,
the solutions that remamed stable ranged between 6 Pidn and 20 P/Zn. Lipon aging the various
ratios at 37°C for a week, the 20 PAn mole ratio solution remained completely clear. This
mdicates that at higher temperatures {e.g., biological temperatures, such as human body
terperaty ey, complexes of the present disclosure having a mole ratio of about 20P/1Zn can

remain soluble. Further adjustment of the pH of such a solution, as well as that of the 15P/1Zn

14
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ratio solution, indicates that the solution remams clear even at a hugh pH of around 9.6, The
stability of the solution at a high pH renders it compatible with formulations possessmg a newtral
or high pH. The above data showed that the highest amount of zine ¢itrate that can be loaded into
the 20P/Zn mole ratio solution prior to precipiation ranges between 2%-2.5% of the twhydrate
powder at a pH of approxumately 4.9 and room temiperature.

[0075] It was also found that when zinc curate 1s mixed with SHMP m a ratio greater than
PAnoP and less than 1Zn:35P, the resulting solution appears clear with a pH of 52072
Furthermore, 1t 13 reported that wpon addition of BSA and saliva, separately, the zinc cirate-
phosphate comples forms a preapitate. Upon addition of saliva 1o the solutions at 30°C rangmg
from OP/Zn to 20P/Zn, all of the solutions became wrbid, ndicating the formation of a
precipitate upon interaction with saliva. Lowening the pH back produced a clear solution, onge
agam.

[0076] Based on this data, it 1s believed that the soluble complexes of the present disclosure will
allow delivery of precipitate to block dentin tubules and thereby provide sensitivity rehiel when
used in oral compositions. Fuarther, BSA in the above experiments stmulates sweat protems.
Based on the daia, 1t 18 beheved that the complexes of the present disclosure can diffuse mto
sweat glands and precipitate m combmation with protemn to block the sweat ducts of a user,
thereby preventing or reducing the amouant of sweat from coming out skin when used as an active
mgredient in antiperspirants. In essence, the solubility charactenstics of the zmce complex allows
it to readily ditfuse imte dentin tubules or sweat glands and precipitate, thereby blocking the
tubules or glands.  The solubility can also allow formulation into lquid prodaects, such as
mouthwash, Additionally, the soluble Zme complex can potentially be used 10 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
organic zinc salt, a plurality of long cham polvphosphates havimg 6 or more phosphate
polvimer units, and an aqueouns solvent;

wheremn the relative amourtt of organic zine salt and long chain polyvphosphates provides
a phosphorus to zine mole ratio of at least 6:1.

2. The personal care composition of any preceding claun, wherein 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 in the presence of 1 % by weight Bovine Serum Albumin protem when
compared with a second condition of 25°C and a pH of 5.4 in the absence of protein, the
reduction in solubiiity bemg sufficient o allow a desired amount of the soluble zinc
polyphosphate complex n a saturated 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
moie ratio ranges from ghout 1571 © about 351,

5. The personal care composition of any preceding claim, wherein the zine fon complex is a
compound chosen from the group comprising zing lactate, zine citrate, ZinC acgtate, zing

gluconate, zine malate and zinc tartrate.

_—

The personal care composition of any preceding claim, wheram the zinc polyphosphate

compiex has an average of 18 or more P atoms.

8. The personal care composition of any preceding clamm, wheremwn the zine polyphosphale
cormnpiex has an average of about 1 zine atom.

Q. A miethod of depositing zinge to sk andd/or hair of a subject, the method comprising:

providing a personal care compostiion comprising a soluble zme polyvphosphate complex
made by combining mgredients COMPrising an organic zine sait, a plurality of long chamn

polvphosphates having 6 or more phosphate polymer units and an agueous solvent; and

§end
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applying the personal care compeosition 1o the skin of the subject;

wheremn the relative amount of organic zine salt and long chain polyvphosphates provides
a phosphorus to zine mole ratio of at least 6:1.

The method of claim 9, wherein the zinc polvphosphate complex has the property of
reduced solubtliy 1 water al a first condition of 37°C and a pH of about 7.4 mn the
presence of 1 % by weight Bovine Serum Albumin protem when compared with a second
condition of 25°C and a pH of 5.4 in the absence of protemn, the reduction in solubility
being sufficient to allow a desired amount of the soluble zinc polyphosphate complex in a
saturated solution at the second condition to precipiiate from the saturated solution at the
first condition.

The method of any of claims 9 to 10, wherein the phosphorus to zine mole ratio ran ges
trom abouwt 15:1 to about 35:1.

The method of any of claims @ to 11, wherein the zine ion complex is a compound chosen
from the group comprising #inc lactate, zine Citrate, xinc acetate, zine gluconate, zing
malate and zinc tartrate.

The method ot any of claims 9 to 12, wherein the zine polyphosphate complex has an
average of 18 or more P atoms.

The method of any of ¢claims % {0 13, wherein the zinc polvphosphate complex has an

average of about 1 zinc atom.

The method of any of claims 9 1o 14, wherein the personal care composition is at least

one of an antiperspirant or a deodorant,

The method of any of clamms 9 to 15, wherein the method reduces at least one of

perspiration and body odor.

7
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