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ZINC PHOSPHATE COMPLEX FOR ORAL CARE

BACKGROUND
8001} The present disclosure 15 directed to 2 soluble zing polyphosphate complex for use m
personal carve compositions and methods of making the compiex.
[0002] Zinc compounds are often used m oral care and personal care compositions.  For
mstance, zing i1s known for use m oral care products as an anti-plague agent. Compounds such as
zine oitrate and zinc oxide have been applied to toothpaste to prevent plague butldup. Zinc salts
can aiso have other functions related to the body, sach as antimicrobial andvor antt-mflammatory
effects, which can make them desirable as active ingredients m personal care products mcluding
antiperspirants and deodorants, among others.
18003] Polyphosphates are also known in the art for use as, for example, chelants, in oral care
compositions.  In addition, polvphosphates such as diphosphate {(also known as pyrophosphate)
and triphosphate are known for use as amons in antiperspirants, as tanght m WO 2013013903,
published on January 31, 2013, Longer chan linear polvphosphates (imore than 3 phosphate
units} are susceptibie to hydrobysts m aqueous compostions, Upon hydrolysis they are kKnown to
form orthophosphates which form insoluble #ine complexes.
j0004] Dentinal hypersensitivity {1.e. sensitiviiy} 18 a pamful conditon resulting from the
movement of hqud m exposed dentin tubules fromy external stimuli such as pressure and
temiperature, One strategy to reduce andfor slaminate the pain resulting from exposed dentm
instance, Stannous salis have been shown (o treat dentinal hypersensitivity by depositing nto
tubules from neat soluttons and from simple formwlations, as descnibed n ULS. Patent
Apphication Publication No. 2009/0136432, the disclosure of which 1s hereby mcorporated by
reference in its entirety.
18005} Antiperspirant substances often employ alumimin: contammg actives. These substances
reduce the flow of sweat by torming 4 plug m the sweal duct. However, due 1o consunier concem
about alumunum based antiperspirant products, Alummuom {ree anbiperspirant actives are m

demand.
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[0006] The discovery of a novel zinc complex that can be used to treat dentinal hypersensitivity
and/or that can act as an active m other personal care products, such as antiperspirants or
deodorants, would be a welcome addition to the art.

{ﬁ-i‘ M7} An embodiment of the present disclosure iy directed to an otal care composition,
compristig: a solnble zine polyphosphate complex made by combining ingredients comprising
an inorganic zime salt, and a plurabity of long chain polyphosphates having 6 or more phosphate

polyvmer units; wherem the relative amount of morgamie zinc salt and long chain polyphosphates

LN

provides a phosphorus {0 zine moie ratio of at teast 6:1.

[6008] In another embodiment, the present disclosure 15 directed to a method of treating a
subject sutfering from dentinal hvpersensitivity, the method comprising: providing an oral care
composition comprismg a soluble zine polyphosphate complex made by combiming mgredients
COmMprising an inorganic zinge salt, a plurality of long cham polyphosphates having 6 or more
phosphate polvmer units, and a solvent; and applving the oral care compeosition to the teeth and
gums of the subject m an amount that is efficacious for treating dentinal hyvpersensttivity:
wherein the relative amount of morganic zine salt and long chan polyphosphaies provides a
phosphorus 1o zine mole ratio of at least 6:1.

0009} Further areas of applicability of the present disclosure will become apparvent from the
detailed descripuon provided hereinafler. It should be understood that the detailed description
and specific exampies.; while indicating the preferred embodiment of the disclosure, are ntended

for purposes of tlustration only and are not mntended to linut the scope of the invention.
DETAILED DESCRIPTION

0010} The following description of the preferred embodiment(s) is merely exemplary in nature
and 15 1 no way atended to lnut the mvention, s application, or uses.

{81 1] As used *i‘.}:-i‘(}u.;g'mim.ts_ ranges are used as shorthand for de seribing each and every value
that 1s withm the range. Any value within the range can be selected as the termnus of the range.
In addition, all references cited herein are hereby mncorporated by referenced in their entireties.
in the cvent of a contlict i a dehinion n the present disclosure and that of a cited reference, the

present disclosure controls.
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{001 2] Unless otherwise specified, all percentages and anx
in the spectfication should be understood 1o refer to percentages h};,-* wei,gﬁl}tﬁ; . The amounts gﬂ en
are based on the active weight of the maternial.
10013} An embodiment of the present disclosure 15 dwected t© a soluble zinc polyphosphate
complex. The complex 13 made by combiming ingredients comprising an worganic zme salt, a
plurabitv of long cham polvphosphates having 6 or more phosphate polvmer units and an agueous
solvent. The relative amount of morganic zinc salt and long cham polyphosphates provides a
phosphorus to zine mole ratio of at least 6:1, such as about 15:1 to about 25:1.
{0014} In one embodiment, the zmc¢ polyphosphate complex has the property of reduced
sohubility 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 protein when compared with a second conditton of 25°C and a
pH below 5.5, such as 5.4, in the absence of protein. The reduction in sohubility 15 sufficient to
allow g desired amount of the soluble zmc polyphosphate complex it a saturated solution at the
second condition to precipiiate from the saturated solution at the first conditton.
[6013] The complex can be made using any sustable morganic zince ion source. Examples of
sutiable morganic zme salts mclade zine ¢hlonde, aine oxade, zine sulfate, zine carbonate, zine
fluonide, zine peroxide, zmmc phosphate, zinc pyrophosphate, zine silicate and combinations
thereof.
[016] Any polyphosphates having 6or more phosphate polymer units can be employed. In an
embodiment, long chain polyphosphate having about 6 to gbout 50 phosphate polymer units,
such as about 6 o about 30 phosphate polymer umts, can be used. An example of a long chain
polyphiosphate 15 sodiumn hexgmetaphosphate (C"SHMP™).
{0017 The phosphorus to zine ratio can be any ratio that results m a soluble complex at the
desired pH 1 an agueous solution. In an embodiment, the phosphorus to zinc mole ratio ranges
from about 6:1 or more, such as abowt 10:1 to about 35:1, such as about 12:1 to about 40:1, or
about 15:1 to about 25:1 or about 18:1 to about 23:1or about 20:1 to abont 23:1. The amount of
zine on source 1o phosphate polvmer reactant emploved will vary depending on the desired
phosphorus to zmc ratio and the particular reactants used.
[0018] In an embodiment, the resulting zinc polyphosphate complex has an average of 15 or
more P atoms. For example, the zmc polyphosphate complex can have an average of about I8 to

about 25 P atoms, or about 20 1o about 23 P atoms. For a zine poivphosphate complex with a

ol
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ratio of P:Zn of about 211, it can be predicted that approximately 1 zinc is bound to each
phosphate chain on average.

[0019] In an embodiment, the zinc polyphosphate complex has a property of becoming insoluble
10 agoeous solation at a pH ranging from above 3.5, such as about 6 or about 6.2 1o about 6.5,
The wmc polyphosphate complex can also have the property of being msoluble at a pH below 6
i1 agueons solution in the presence of salivary proteins.

Oral Care Compositions

18020} When used m an oral care product, the soluble zine and polyphosphate complexes of the
present disclosure can remain solable in composition until introdaced into the oral cavity of a
patient, at which pomt the complexes precipitate on biomatersal surfaces such as dentinal
tubuies. For exanmple, the soluble zine polyphosphate complex can diffuse into dentmal tobules
and precipiate, to thereby physically occhude the dentinal tubules and prevent dentinal
hypersensitivity, In addition, as long gs proten, such s BSA 18 mvolved, which mav come from
safiva, the zimnc precipitate can have relatively strong acid resistance. Based on these properties,

the aovel zine complexes ot the present disclosure are potential candidates for, among other

things, {oothpastes for dentinal hypersensabivity rehef,
10021] The zinc polyphosphate complexes of the present disclosure can have one or more of the

H'

following advantages: the ability 1o remain soluble at a pH of 6.1 or less, such as about 3.5 or
less; the ability to precipiate at a pH above 5.5, such as about 6.2 or more, the abilnty to occlude
dentin tubules and relieve or eluminate dentinal hypersensiivity; and/or the ability o form
O 11 SHU generate a precipiiate ypon tteraction with saiiva to ettectively deliver zing to the oral
surface and provide dentin sensitivity rehief, antinmerebial function, or any other benefit that may
become apparent; the ability to in situ generate a precipitate upon interaction with skin protems;
personal care product other than oral care products, such as deodorants, or antiperspirants. Thus,
this complex has high potential in the oral care and personal care fields.

[O022] The present disclosure v also directed to a method of making a soluble zinc
polyphosphate complex. The method comprises combining inorganic zine salt; a plurality of long

cham polyvphosphates having € or more phosphate polyvmer units; and a solvent. As discussed

above, the relative amount of morganie zmc salt and long chain polvphosphates provides a
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phosphorus to zine mole ratio of at least 6:1. The ingredients can be mixed in any suitable order
and using any suttable mixing technigue with or without heating, so long as the method resolts m
the formation of the desired soluble zinc polvphosphate complex.

0023} In certamn embodiments, the solvent used 1n the method 15 at least one solvent chosen

from water, glycerin, diglycerol {glyceral-2), triglycerol {glveerol-3), quadraglycerol {
43, sorbitol, and polyethylene glycol having a weight average molecular weight less than 10,000
in one embodiment, the solvent 15 water. In one embodiment, the amount of solvent 1s 40 to 90
weight% based on a total weight of morganic zine salt, polyphosphate, and seolvent. In other
embodiments, the amount of solvent 13 70 to 90 weight?s, 75 1o 85 weight’s, or about 80
weieht%,

[0024] The present disclosure is also directed to an oral care composition. The composition
comprises a soluble zince polyphosphate complex made by combining meredients comprising an
iporgantc zing salt, a plurahity of ong chatn polyphosphates having 6 or more phosphate polymer
units, and an aqueous solvent. The relative amount of morganic zme salt and long cham
polvphosphates provides a phosphores o zine mole ratio of at least 6:1, as described heremn
above.

10025] The target amount of zine to preciptate in the oral care compasiion can be any amount
that will reduce dentingl hvpersensitivity to a desired degree. In an embodiment, the amount 15
about 0.1 or more, such as about 0.1 to about 0.5, or about 0.3 {0 about 0.4, Suitable amounts of
sotuble zine comypdex can be provided m the orgl composition to achueve the desired target
precipitate during use.

[0026] The oral compositions may be provided m an orally acceptable carrier or vehicle, The
carrier can be a bquid, senu-sobd, or sohid phase, m the {form of a mouthrinse, dentifrice
(including  toothpastes, toothpowders, and prophviaxis pastes), confectionaries (including
lozenges and gum), medicament, film, or any other form known to one of skill in the art
Selection of specific carrier components 1s dependent on the desired product forn

[0027] In various embodiments, the oral composition has an orally acceptable vehicle that has a
pH of abouat 3.5 to about 10, or about S8 or ¢ to 6.1, 7 or 9. Certam componenis serve 1o ramse
the pH of the oral compeosition. Such compounds include conventional buffers and salts, as well

as chemicals such as the amonie binear polyvearboxylates (descnibed above} and polyacrylates

A
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such as those available from B.F. Goodrich of Cleveland, Ohio and sold under the trade name

CARBOPOL® have been observed to raise pH when present in oral compostions.

10028] Conventional ingredients can be used to formy the camers listed above. The oral
compositions may include other materials m addition to those components previously described,
meludme for example, sorface acbive agents, such as surfactants, emuilsifiers, and foam
modulators, viscosity modifiers and thackeners, humectants, diluents, additional pH modifving
agents, emoliients, moisturizers, mouth feel agents, sweetening agents, flavor agents, colorants,
preservatives, solvents, such as water and combinations thereof. Any given matenial may serve
multiple purposes within two or more of such categories of matenials, Preferably, such carner
materials are selected for compatibility and stability with all of the constituents of the active
mgredient.

4,894,220, the disclosure of which is incorporated herein by reference in its entirety. Surface
active agents can function as surfactants, emulsifrers foam modolators, andfor active mgredient
dispersion agents.

[6030] Sutable surface active agents are those that gre reasonably stable and foam throughont a
wide pH range. These compounds are known in the art, and include non-soap anionic {e.g.,
sodium  laoryl sulfate (SLS), N-mvristovl, and N-palmiioyl sarcosine), noniomic (e.g.,
Polysorbate 20 {polvoxvethviene 20 sorbitan monolaurate, TWEEN® 2(1) and Polysorbate 30
{polvoxyethviene 20 sorbitan monooleate, TWEEN®: 80}, Polexamer 407, avatlable under the
trade name PLURONICE® F127 from BASF Corporation), cationic, zwitterionic {e.g,
cocagrndopropyl betame and lauramude propyt betaine), and amphoteric organie synthetic
defergents. In vanous embodiments, one or more surface active agents are present m the oral
composition m the range of about 0.0081% to about 3%, or about 0.5% to about 2.5%. In
active compound(s), the amount of surface active agent can be increased to enable sufficient
emulstiication of the active mgredients within the carrier of the oral composition. The carrter can
be, for example, an agueous carner.

168311 In an embodiment, the zing salts can be used in translucent aquecus formulations, such as

mouthrinse.  In embodimentis where the oral composition 18 1 the form of a mouthrinse, an

exemplary carrier 18 substantially hguid. The term “mwouthrinse”™ inciudes mouthwashes, sprayvs
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and the like. 1n such a preparation the orally acceptable carrier typically has an aqueous phase
comprismg either water, or a waier and alcohol mixture. Further, in vanous embodiments, the
oral carrier can comprise, for example, a humectant, surfactant, and a pH buffering agent.

10032} The oral composition may optionally comprise a flavoring agent. Exemplary flavoring
substances are known to a skilled artisan, and may be presenti 1n cerfain embodiments at a
concentration of about 0.05% by weight to about 5% by weight.

[6033] In embodiments where an oral composition s m the form of a confectionary, an
exemypary carner may be substantially solid or semi-sohid. Confectionary carniers are known
the art. For a lozenge, the carrier can comprise, for exampie, a lozenge base matenal {for
example, comprising a non-caniopenic polvel andior starchisugar dernivative), an emulsifier, a
lubricant, a flavormg agent, & thickener, and optionaily a ceating matertal, Chewing gum carmners
generally have a chewimng gum base, one or more plasticizing agents, a sweetening agent, and a
Havoring agent,

18034} In embodiments where an oral composition is in the form of a film, an exemplary carrier
15 substantially sobid or semi-solid. Such film carriers can comprise, for example, a water soluble
or dispersible film forming agent, such as a hydrophihic polyvmer., Optionally, the film camier
mav also comprise hvdrophobic film formmung polyimers, either as a removable backing laver, or
mixed with a hydrophilic film forming polymer. Film carners optionally comprise plasticizers,
surface active agents, fillers, bullang agents, and viscosity modifving agents.

{8033] In embodunents where gn oral compostiion is in the form of a dentifrice, an exemplary
carrier is substantially semi-solid or a solid. Destifrices can comprise, for example, sarface
active agents, humectants, viscosity modifving ggents and/or thickeners, abrastves, solvents,
such as water, Havoring agents, and sweetening agents.  In an embodiument, the dentifrice 13 a
toothpaste.

[6036] In embodiments an oral composttion 18 m the form of a medicament, such as a non-

abrasive gel or omiment that can be apphied to the gingival sulors or margin and can be used

conjunciion with wound dressings, gauze, hilms, and the ke, Such gels may include both

humectant, a flavoring agent, a sweetening agent, and a solvent, typically including water.
100371 In vanous embodiments, the compositions and methods of the present disclosure promote

oral health 1 an oral cavity and treat plague on an oral surface of a mamumalian subject. In one
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embodiment, a method of providing one or more oral health benefits to an oral cavity of a
mammalian sabject entatls preparing an oral composition as described herein, where an active
ingredient comprises any of the soluble zinc polyphosphate complexes disclosed herein. The
prepared oral composttion 15 contacted with an oral surface within an oral cavity. In addition to
reating dentinal hypersensitivity, the oral composition confamung the active mgredient may
tartar, anti-inflammatory, analgesic, anti-aging, and breath freshenng.

8038} Thus, anv of the vanous embodiments of the oral care compostiion described above are
contacted with or apphed regularly to an oral surface, such as at least one time a day, or on
multiple davs i a wesk.

160391 The oral composition of the present disclosure can be made by any of the methods known
i the art for combining meredients o make oral care compositions. Methods for makme the oral
COMPOSHIonS comprising a sotuble zine polyphosphate complex, as described herein, are well
within the ordinary skill of the art.

Personal Care Compositions

[6040] The compositions of the present disclosure can be mceluded mwm a personal care
composition.  Examples of such compositions mchude, but are not hinuted to, antiperspirants,
deodorants, body washes, shower gels, bar soaps, shampoo, har conditioners and cosmetics.

{141] For antiperspirant and/or deodarant composittons, the carrier can be any carner that 18
used for antipersparants and/or deodorants, The carrier ¢gn be in the form of a stick, a gel, a roli-
on, or an aerosol.  For stick formulations, the camier mayv mclude oils anddor silicones and
pelimg agents.  An example of a formulation can be found m US201 H00T76309A1, which 18
meorporated beremn by reference m its enfirety.

[6042] In an embodiment, the personal care compositions, such as antiperspirants and/or
deodorants, include a soluble zine polvphosphate complex made by combining ingredients
COMPrISIG an inorganic zine salt, a pharality of ong cham polvphosphates having 6 or more
phosphate polymer units, and an agueous solvent. The relative amount of morganic zinge salt and
long cham polyphosphates provides a phosphorug to z1ne mole ratio s at least 611, such as at

-

least 15:1, or at least 18:1, such as about 20:1; and can be any of the other phasphorus to zine
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[0843] The amount of zinc in a personal care composition can be any suitable effective amount.
Suitable amounts of zinc can range, for 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 embodument, the zinc polvphosphate complex can have reduced solubthity 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 10 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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[0848] Optional in eredients that can be included m an ant perspirant 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 siheon 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 formulations 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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[052] The present invention 1s 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

Example No.

1. ¢ BH G{J'ﬂffﬂri}
DipHrased) 5 0000 10 000
3. (1% BSA 37
' °C)

4. {196 BSA,
_RT)

{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



CA 02971579 2017-06-19

WO 2016/105432 PCT/US2014/072423

precipitate did not dissolve at low pH, the test showed that the #ine polyphosphate precipitate is
acid ressstant i 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 anbiperspirants. 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:

i. An oral care composition, comprising:

a soluble zine polyphosphate complex made by combining ingredients comprising
an morganmic zine salt, and a plurality of long chamm polyphosphates having 6 or more
phosphate polymer units;

wherein the relative amount of inorgamc zinc salt and long chain polyphosphates

provides a phosphorus to zane moele ratio of at least 6: 1.

-3

The oral care composition of claim 1, wherem the 2inc polyphosphate complex has the
property of redoced solubility i water at a first condition of 37°C and a pH of about 7.4
i the presence of 1% by weight Bovine Seram 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
solubility betng sutticient to allow a desired amount of the soluble zine polyphosphate
compiex m a saturated solution at the second conditton o precipifate from the saturated

solution at the first condition.

The oral care composition of any preceding claim, wherein the phosphorus to zine mole

P

ratio vanges from about 151 to about 30:1.

4. The oral care composition of any preceding claim, wherein the zinc 1on complex 1s a
compound chosen from the group comprising zing chlonide, zinc oxide, zinc sulfate, zme
carbonate, zine Huonde, zine peroxide, zine phosphate, zinc pyrophosphate and aine

sihicate.

s The oral care composition of any preceding clam, wherein the zinc polyphosphate

compiex has an average of 18 or more P atoms.
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The oral care composition of any preceding claim, wherein the zinc polyphosphate

complex has an average of about 1 zinc atom.

"

The oral care composition of any preceding claum, whergin the long chamn polyphosphate

has about 6 to about 50 phosphate polymer uniis,

The oral care compaosition of any preceding claim, wherein the plurality of long chain

polyphosphates are sodium hexametaphosphate and the «inc salt is zine chlonde.

The oral care composition of any preceding claim, wherein the zinc polyphosphate
compilex has a property of beconung imsoluble at a pH ranging from about 3.5 to abowt

0.0,

The oral care composition of any preceding clanm, wherein the ame polyphosphate

complex ix maolable at a pH below 3.5 in the presence of salivary proteins.

The oral care composition of any preceding claim, wherein the zinc polvphosphate

compiex has an average of about 20 to about 25 P atams.

The oral care composition of any preceding claim, wherem the zinc polyphosphate

compiex has an average of about 1 zinc atom.

The oral care composition of any preceding claim, wherein the ingredients further
comprise a solvent.

The oral care composition of any preceding clainy, wherein the solvent is at least one
solvent chosen from water, glveenn, diglyeerol, tnglycerol, quadraglyeerol, sorbitol, and

polvethviene glveol having a weilght average molecular weight less than 10,000,

The oral care composition of any preceding clanm, wherein the solvent 13 water.
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16, A method of treating a subject suffening from dentingl sensitivity, the method

H

i

-

i,

3

8'
-ty

20.

COMpPrising:

providing an oral care composiion comprising a soluble zinc polvphosphate
compiex made by combmung mgredients compnsing an morganic zing salt, a plurabity of
fong cham polyphosphates having 6 or more phosphate polymer umits, and a solvent; and

applving the oral care composition to the teeth and gums of the subject in an
amount that is efficacious for treating denfal sensitivity;

wheremn the relattve amount of morganie zine salt and long chain polyphosphates

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

The method of claim 16, wherein the solvent is at least one solvent chosen from water,

giveern, diglycerol, trighveerol, quadragtveercl, sorbitol, and polyethylene glycol having

4 weight average molecolar weight less than 10,000,
The method of any of claims 16 10 17, wherein the solvent is water

The methad of any of claims 16 to 18, wherein the zine polvphosphate complex has the
property of reduced solubility in water at an oral condition of 37°C and 2 pH of about 7.4
in the presence of | % by weight Bovine Serum Albunin protein when compared with a
second condition of 25°C and a pH of 5.4 in the absence of protein, the reduction
solubility being sufficient to allow a desired amount of the soluble zine polyphosphate
compiex in a saturgted solution at the second condition o precipitate from the saturated

sedution at the oral condition.

The method of any of claims 16 1o 19, wherein the phosphorus to zine mele ratio ranges

from about 131 1o about SO- 1.

The method of any of claims 16 to 20, wherein the xinc 1on complex 13 8 compound

chosen from the group comprising zing chloride, xinc oxide, minc sulfate, zine carbonate,

a
i)
.

zine Hluoride, zine peroxide, zime phosphate, @ine pyrophosphate and zine silicate.
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22, The method of any of claims 16 to 21, wherein the zin¢ polyphosphate complex has an

average of 18 or more P atoms.

23 The method of any of clayms 18 to 22, wherein the zine polyphosphate complex has an

average of about 1 zinc atom.

16
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