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ORAL CARE COMPOMTIONS

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS
This apphication claims priority from U.S. Prov. Appl. No. 62/437 085, tiled on

December 21, 2010, the contenis of which are 1acorporated herein by reterence 1n their entirety.

FIELD
{0001] The present invention reiates to an oral care composition for use in the treatment or
prevention of erosive tooth demineralization, gingivitis, plaque, and dental caries. This oral care
compostiton inciudes zinc phosphate, stannous fluoride, argining or lysine, and an organic acid

buffer system.

BACKGROUND
[3002] Dental eroston mvolves demneralization and damage to the tooth structure due to acid
attack from nonbactertal sources. Erosion is found inttially in the enamel and, if unchecked, may
proceed to the underlying dentin. Dental erosion may be caused or exacerbated by acidic foods
and drinks, exposure to chlorinated swimming pool water, and regurgitation of gastric acids.
{0003] Dental plague 1s a sticky biofilm or mass of bactena that 1s commonly found between the
teeth, along the gum line, and below the gum hine margins. Dental plaque can give rise to dental
caries and periodontal problems such as gingivitis and periodontitis. Dental caries tooth decay or
tooth demineralization caused by acid produced from the bactenial degradation of fermentable
SUgar.
3004] Oral care compositions which contain stannous 101 sources exhitbit excellent clinical
benefits, particularly i the reduction of gingivitis and in the treatment or prevention of ergsive
tooth demuneralization. Stannous fiuoride 1s well known tor use in climical dentistry with a
history of therapeutic benefits over forty years. However, until recently, its popularity has been
limited by its instability in agueous solutions. The instability of stannous fluonde 1n water 13
primarily due to the reactivity of the stannous ion (Sn°"). Stannous salts readily hydrolyse above
a pH ot 4, resulting 1n precipitation from solution, with a consequent loss of the therapeutic

properties.
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{3005] One way to overcome the stability problems with stannous 1ons is to limit the amount of
water in the composition to very low levels, or to use a dual phase system. Both of these
solutions to the stannous ton problem have drawbacks. Low water oral care compositions can be
difficult to formulate with desired rheological properties, and dual-phase compositions are
constderably more expensive to manutacture and package.

{6006] Soluble zinc salts, such as zinc citrate, have been used in dentifrice compositions, but
have several disadvantages. Zinc ions in solution impart an unpleasant, astringent mouthteel, so
tormulations that provide effective levels of zinc, and also have acceptable organoleptic
properties, have been difficult to achieve. Moreover, free zine 1ons may react with fluoride 1ons
to produce zinc fluoride, which i1s insoluble and so reduces the availability of both the zinc and
the fluoride. Finally, the zinc 10ons will react with amionic surfactants such as sodium lauryl
sulfate, thus wterfering with foaming and cleaning.

{0007} Zinc phosphate (Zn3:(POy);) 15 insoluble in water, although soluble in acidic or basic
solutions, e.g., solutions of mineral acids, acetic acid, ammonia, or alkal hydroxides. See, e.g.,
Merck Index, 13" Ed. (2001) p. 1812, monograph number 10205. Partly because it is viewed in
the art as a generally mert material, zinc phosphate 1s commonly used 1n dental cements, for
exampie in cementation of tnlays, crowns, bridges, and orthodontic appliances, which are
intended o endure in the mouth tor many years. Zinc phosphate dental cements are generally
prepared by mixing zinc oxide and magnesium oxide powders with a liquid consisting
principally of phosphoric acid, water, and buffers, so the cement comprising zinc phosphate 1s
tormed 7n situ by reaction with phosphonc acid.

{0008] Commercially available arginine-based toothpaste, for example, contains arginine
bicarbonate and precipitated calcium carbonate, but not flucride. The carbonate 1on 18 believed to
have cariostatic properties, and the caicium is believed to form a complex with arginine o
provide a protective effect.

10609] The formulation of certain oral care compaositions presents special challienges. For
example, oral care compositions comprising arginine or basic amino acids may have a basic pH,
increasing potential for microbial contamination compared to acidie formulations. Moreover, not
all preservatives are active at higher pH. Some preservatives negatively affect the taste or
aesthetics of the product. While certain preservatives, such as ethanol or parabens, are known 10

be effective at a range of pHs, these preservatives are not suitable for all products or all markets.
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{G010] Thus, there 1s a need for providing improved stannous ion containing products for
treating or preveniing erosion of tooth enamel with antimicrobial etfectiveness, reducing plague
or treating or controlling gingivitis. There is also a desire tor novel anti-microbial compositions

that are stable in water and easy to manufacture.

BRIEF SUMMARY

{6011] Disclosed herein are high water oral care compositions comprising zine phosphate,
stannous fluoride, arginine or lysine, and an organic acid buffer system. Methods and uses for
this composition are also described throughout. The compositions disclosed herein provide
improved protection from demineralization and enhanced stannous stability compared to the
prior art and certain market formulations, while also being able to afford the benetits denived
trom arginine or lysine. In some embodiments, the zinc phosphate 15 added to the dentifrice as a
preformed salt. In some embodiments, the organic acid buffer system i1s a ciric acid/citrate
bufter system. In some embodiments, the oral care composition 1s a toothpaste or oral gel
compostiton.

{6012} Further areas of applicability of the present disclosure will become apparent from the
detatied description provided hereinatter. [t should be understood that the detatled descrniption
and specific examples, while indicating the preferred embodiment of the disclosure, are intended

for purposes of tilustration only and are not intended to iimit the scope of the disclosure.

DBETAILED DESCRIPTION

{0013} The following description of the preferred embodiment(s} 1s merely exemplary 1n nature
and 1s 1n no way intended to limitt the disclosure, its application, or uses.

{6014] As used throughout, ranges are used as shorthand for describing each and every value
that 18 within the range. Any value within the range can be selected as the termanus of the range.
in addition, all references cited herein are hereby incorporated by reference in their entireties. n
the event of a contlict 1in a delinition 1n the present disclosure and that of a cited reference, the
present disclosure controls.

{6015] Unless otherwise specified, all percentages and amounts expressed herein and elsewhere
in the specitication should be understood to refer {o percentages by weight of the entire

composition. The amounts given are based on the active weight of the maternial.

(o3
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{3016] It has been surprisingly found that a high water oral care composition comprising zinc
phosphate, stannous fluoride, and an organic acid bufter gystem, selected at cerfain
concentrations and amounts, 18 unexpectedly more etficacious w boosting the anti-erosion and
anti-microbial properties of a stannous 1ons contamning formulation when compared to
formulations according to the prior art.

{6017] As used herein, the term “high water” refers to an oral care composition, such as a
toothpaste or oral gel, which comprises from 10% to 99% water, by weight of the composition.
For example, the composition may comprise at least 10%, 13%, 20%, 25%, 30%, 35% or 40%
water, up to a maximum of, for example, 60%, 70%, 80%, 90%, 95% or 99% water, by weight of
the composition. As used herein, amounts of water refer to water added directly to the
composition, as well as water added as part of ingredients or components which are added as
aqueous solutions. In some emboduments, the composition comprises 10-60% water, or 10-50%
water, or 10-40% water, or 10-30% water, or 15-30% water, or 20-30% water, or about 25%
water, by weight of the composition.

{3018] As used herein, the term “preformed salt” — when used in reference to zinc phosphate —
means that the zinc phosphate 1s not formed 1n situ 1in the oral care composition, ¢.g., through the
reaction of phosphoric acid and another zing salt.

10019] In one aspect, the present disclosure therefore provides a high water oral care
compostiion {Composition 1} compnsing an orally acceptable carrier, zinc phosphate and
stannous Huonde, arginine or lysine, and an organic acid butter system. In further embodiments
ot this aspect, the present disclosure provides:

i1 Composition 1, wherein the zinc phosphate 1s a preformed salt of zinc phosphate
{(e.g., zing phosphate hydrate).

1.2  Composition 1 or 1.2, wherein the zinc phosphate 1s present 1n an amount
sutficient so that the stannous fluoride dissociates to provide a therapeutically
etfective amount of stannous 10ns in aquecus solution.

1.3 Any preceding composition, wherein the amount of zin¢ phosphate 15 from 0.05 to
10% by weight, relative to the weight of the oral care composition, for example,
from 0.1 10 8% by weight, or from 0.5 to 5% by weight, or from 0.5 to 4% by
weight, or from 1 to 4%, or from 1 to 3% by weight, or from 2 to 3% by weight,

or about 1% or about 2%, or about 2.25% or about 2.5%, by weight.



CA 03047925 2015-06-20

WO 2018/118138 PCT/US2017/046287

i4

1.0

1.8

1.10

i1l
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Any preceding composition, wherein the amount of the stannous fluoride is from
0.01% to 3% by weight, relative to the weight of the oral care composition, for
example, from 0.05 to 4% by weight, or from 0.1% to 3% by weight, or from 0.2
to 2% by weight, or from 0.3 to 1% by weight, or from 0.4 to 0.8% by weight, or
trom 0.4 to 0.6% by weight, or from 0.4 to 6.5% by weight, or about 0.45% by
weight {e. g, 0.454% by weight).

Any preceding composition, wherein the amount of the water 1s 10% by weight or
more, relative to the weight of the oral care composition, for example, 10-90%, or
10-80%, or 10-70%, or 10-60%, or 10-50%, or 10-40%, or 10-30%, or 15-30%, or
20-30%, or about 18, or about 25%, by weight of the composition.

Any preceding composifion, wherein the organic buffer system comprises a
carboxvlic actd and one or more conjugate base salts thereof, for example, alkals
metal salts thereof

Composition 1.0, wheretn the acid 1s selected trom citnc acid, lactic acid, malic
acid, maieic acid, fumaric acid, acetic acid, succinic acid, and tartaric acid.
Composition 1.6 or 1.7, wherein the one or more conjugate base salis are
independently selected from sodium and potassium salts, or combinations thereot.
Composition 1.6, 1.7 or 1.8 wherein the acid 18 citric acid, and the one or more
conjugate base salts comprise monosodium citrate {monobasic), disodium citrate
(dibasic), trisodium citrate (tribasic), and combinations thereof.

Any preceding composition, wherein the composition comprises the organic acid
butter system 1n an amount of 0.1 to 5.0% by weight of the composition,
measured as the combined amount of orgamic acid and any conjugate base salts;
tor example, from 0.5 10 4.0%, or from 1.0 to 3.0%, or from 1.5 to 3.0%, or from
1.0 10 2.4%, or from 1.0% to 2.0%, by weight of the composition.

Any preceding composition, wherein the butfer system consists of an organic acid
and a conjugate base salt thereof, for example, in aratio of from 1.1 10 1:10, e.g,,
trom 1:2t0 1:& orfrom 1310 1:6, ortrom 14 to 1.6, orfrom 1:5t0 1:6, or about
5, by weight of the components.

Any preceding composition, wherein the butfer system comprises citric acid and a

sodium citrate salt {(e.g., trisodium citrate, disodium citrate, or monosodium
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citrate), i a ratio of from 1:3 10 1:6, or 1.4 to 1:6, or about 1:5 {(e.g., about 1.5.7},
by weight

Any preceding composition, wherein the oral care composition further comprises
an abrasive, for example, silica abrasives, calcium abrasives, and other abrasives
as disclosed herein.

Any preceding composition, further comprising one or more humectants, as
described herein, e.g., selecied {from sorbitol, glvcerol, xylitol and propylene
eglycol, or combinations thereot.

Any preceding composition, further comprising one or more surfactanis, as
described herein, ¢.g., sodium lauryl suifate, sodium laureth sulfate, or
cocarmidopropyl betaine, or combinations thereof.

Any preceding composition, further comprising an effective amount of one or
more alkali phosphate salts for example orthophosphates, pyrophosphates,
tripolyphosphates, tetraphosphates or gher polyphosphates.

Composition 1.16, wherein the alkali phosphate salts comprise tetrasodium
pyrophosphate or tetrapotassium pyrophosphate, for example, 1in an amount of 0.5
to 5% by weight of the composition, ¢.g., 1-3%, or 1-2% or about 2% by weight
Composttion 1.16 or 1.17, wherein the alkali phosphate salts comprise sodium
tripolyphosphate or potasstum tripolyphosphate, for example, in an amount of 0.5
to 6% by weight of the composition, ¢.g., 1-4%, or 2-3% or about 3% by weight.
Any preceding composition, further comprising a whitening agent.

Any preceding composition, further comprising one or more sources of zing 1ons
it addition {0 the zinc phosphate, for example a zing salt selected from zing
citrate, zinc oxide, zinc lactate, zin¢ pyrophosphate, zinc sulfate, or zinc chloride.
Any preceding composition, further comprising one or more tluoride 1on sources
in addition to the stannous fluoride, for example, a fluoride 1on source selected
from sodium fluonide, potassium fluoride, sodium monofluorophosphate, sodium
Hluorosilicate, ammomum tluorostiicate, amine tluonde, ammonum fHuornide, and
combinations thereof,

Any preceding composition, wherein the oral care composition 1s a dentifrice,

¢.g., a toothpaste or oral gel.
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Any preceding composition, wherein the pH of the composition 1s from 6 to 9,
such as from 6.5t0 8, or from 6.5 to 7.5, or about 7.0,

Any preceding composition, wherein the composition 15 a single-phase
composition {e.g., not a dual-phase composition).

Any preceding composition, wherein the composition does not comprise ong or
more of zinc oxide, zing cifrate, or zinc lactate.

Any preceding composition, wherein the zinc phosphate 15 the only zinc 1on
SOUTCE.

Any preceding composition, wherein the composition 1s essentially free or free of
phosphates of more than four phosphate groups.

Any preceding composttion, wherein the composition 1s essentially free or free of
phosphates of more than three phosphate groups.

Any preceding composition, wherein the composition 1s essentially free or free of
hexametaphosphate salts {e.g., sodium hexametaphosphate}.

Any preceding composiiion, wherein the composition 15 free of methyl vinyl
ether-maleic anhydnde copolymer,

Any preceding composition, wherein the composition 1s free of anionic polymer.
Any of the preceding compositions, wherein the composition 1s effective upon
apphication to the oral cavity, eg., by nnsing, opiionally in conjunction with
brushing, to (1) reduce or inhibit formation of dental caries, {(11) reduce, repair or
inhibit pre-carticus lesions of the enamel, e.g., as detected by guantitative hight-
induced fluorescence (QLF) or electrical carnies measurement (ECM), (111} reduce
or 1nhibit demineralization and promote remuineralization of the teeth, (1v) reduce
hypersensttivity of the teeth, (v) reduce or inhibit gingivitis, (vt} promote healing
of sores or cuts 1n the mouth, {vi1) reduce ievels of acid producing bactena, (vii)
to increase relative levels of arginolytic bactena, (ix) inhibit microbial biofilm
tormation 1n the oral cavity, (X} raise and/or maintain plague pH at levels of at
teast pH 5.5 following sugar challenge, (x1}) reduce plague accumulation, {(xu)}
treat, relieve or reduce dry mouth, {xu1) clean the teeth and oral cavity (av)
reduce erosion, {xv} prevents statns and/or whiten teeth, (xvi) immunize the feeth

against cariogenic bactena; and/or (xvii) promote systenuc health, including
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cardiovascular health, e.g., by reducing potential for systemic infection via the
oral tissues.

1.33  Any of the preceding compositions where the arginine or lysine has the L-
configuration {¢.g., L-arginine).

1.34  Any of the preceding compostiions comprising arginine 1u free form.

1.35 Any of the preceding compositions wherein the arginine or lysine is provided in
the torm of a di- or tri-peptide comprising arginine, or salts thereof.

1.36  Any of the preceding compositions wherein the basic amino acid is arginine, and
wherein the arginine 1§ present in an amount corresponding to 1% to 15%, e.g., 3
wit. % 1o 10 wit. % of the total composition weight, about e.¢., 1.3%, 4%, 5%, or
8%, wherein the weight of the basic amino acid 1s calculated as free torm.

1.37  Any of the preceding compostitions wherein the ammno acid 1s arginine from 0.3
wit. % - 6.0 wt. %. {e.g., about 1.5 wi%).

1.38  Any of the preceding compositions wherein the amino acid 1s arginine from about
F.5wt %.

1.39  Any of the preceding compositions comprising lysine 1o {ree torm.

1.40  Any of the preceding compositions wherein the basic amino acid s lysine, and
wherein the lysine 15 present in an amount corresponding to 1% t0 15%, e.g., 3 wt.
% 10 10 wt. % of the total composition weight, about e.g., 1.5%, 4%, 5%, or 8%,
wherein the weight of the basic amino acid is calculated as free form.

1.41  Any of the preceding compositions wherein the amino acid s lysine from 0.1 wi,
Yo - 6.0 wit. Y%. {(e.g., about 1.5 wt¥e}.

1.42  Any of the preceding compositions wherein the amino acid 1s lysine from about

10620] Any amount of zinc phosphate that ts effective for protecting against enamel erosion
and/or providing any of the other benefiis described herein can be employed. Examples of
suttable amounts of zinc phosphate can range from 0.05 to 5% by weight, such as from 0.1 toc 4%
by weight, or from 0.5 to 3% by weight, or from 0.5 to 2% by weight, or from 0.8 to 1.5% by
weight, or from 0.9 t¢ 1.1% by wetght, or about 1% by weight, relative to the weight of the oral

care composifion.
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{6021} While zinc phosphate 1s considered insocluble {(e.g., poorly solubie), in water, when placed
i formulation, ¢.g., at acidic or basic pH, zinc phosphate can dissolve sufficiently upon use to
provide an etfective concentration of zinc tons to the enamel, thereby protecting against erosion,
reducing bacterial colonization and biofilm development, and providing enhanced shine to the
teeth. It has also been discovered that zinc phosphate 1n a formulation with a second phosphate
source enhances phosphate deposition. As explained in WO2014/088573, the disclosure of
which s hereby incorporated by reference in 1ts entirety, this 1s all unexpected, i view of the
poor soiubility of zinc phosphate, and the art-recognized view that it is substantially inert in
condifions in the oral cavity, as evidenced by its widespread use i dental cement. At the same
time, the formuiations containing zinc phosphate do not exhibit the poor taste and mouthfeel,
poor fluornde delivery, and poor foaming and cleaning associated with conventional zinc-based
oral care products, which use more soluble zing salis.

{00221 An amount of stannous fluornide, preferably an effective amount, 1s employed in
combination with the zine phosphate 1o the compositions of the present disclosure. For example,
the stannous fluoride can be emploved 1n an amount that 1s ettective for providing anti-microbial
benefits, such as anti-caries protection and/or anii-gingivitis protection, and/or anfi-erosion
benefits for protection of tooth enamel. Examples of suitable amounts of stannous fluonde range
from 0.01% to 5% by weight, relative to the weight of the oral care composition, for example,
from 0.05 to 4% by weight, or from 0.1% to 3% by weight, or from $.2 to 2% by weight, or from
0.3 to 1% by weight, or from 0.4 10 0.8% by weight, or from 0.4 to 0.6% by weight, or from 0.4
to 0.5% by weight, or about 0.45% by weight {(e.g., 0.454%), relative to the total weight of the
dentifrice composition. Formulations can include stannous levels, provided by stannous fluoride,
ranging tor example, from 3,000 ppm to 15,000 ppm (mass fraction) stanncus tons tn the total
compostiton. In embodiments, the soluble stannous content can range from 0.1 wt % t0 0.5 wt %,
or more, such as from 0.15 wt % to 0.32 wt %, based on the total weight of the compostiion.
10023] The combination of zinc and stannous 1ons provides one or more of the following
benefits: improved antumicrobial benetits compared {0 the zing 1ons alone; improved control of
plaque and/or gingivitis; improved protection against the erosion of tooth enamel.

{6024] In composttions comprising significant amounts of water, the zinc phosphate acts as a
stabilizing agent tor the stannous fluoride, so that the stannous fluonde remains in solution in the

water. As discussed above, stannous fluoride 15 generally considered unstable in water due to the

9
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hydrolytic and oxidative 10ss of stannous 1ons at typical pH ranges empioyed in oral care
compositions. Consequently, stannous fluoride 15 generally emploved 1o compostiions
containing no water or low water, or with a chelating agent. Tedious procedures are employed tn
order to provide stable solutions in which the tendency of the stannous ion to be oxidized or
hydrolyzed 1s inhibited. Applicants have surprisingly found that zinc phosphate and stannous
fluonide can be combined together in a single phase formulation and stabilized by the presence of
an appropriate organic acid butfer system. The organic acid bufter system helps solubilize the
zin¢ phosphate and it helps stabilize the soluble stannous ions,

{0025] The compositions may optionally comprise additional ingredients suitable for use in oral
care composttions. Examples of such ingredients include active agents, such as a fluoride source
and/or a phosphate source in addition to zinc phosphate. The compositions may be formulated in
a sutiable dentiftice base, e.g., comprising abrasives, e.g., stlica abrasives, surtactants, foaming
agents, vitamins, polyvmers, enzvmes, humectants, thickeners, additional antimicrobial agents,
preservatives, flavorings, colorings, and/or combimnations thereot. Examples of suitable
dentifrice bases are known 1n the art. Alternatively, the compositions may be formuiated as a gel
{(e.g., for use in a tray), chewing gum, lozenge or munt. Examples of suitable additional
ingredients that can be emplioyed 1n the compositions of the present disclosure are discussed in
more detail below.

{0026] Aciive Agents: 'The composttions of the disclosure may comprise various other agents
that are active to protect and enhance the strength and integrity of the enamel and tooth structure
and/or to reduce bacteria and associated tooth decay and/or gum disease or to provide other
desired benefits. Effective concentration of the active ingredients used herein will depend on the
particular agent and the delivery system used. The concentration will also depend on the exact
salt or polyvmer selected. For example, where the active agent 1s provided in salt form, the
counterion will affect the weight of the salt, so that if the counterion 1s heavier, more salt by
weight will be required to provide the same concentration of active 10n in the final product.
{00271 Compositions of the disclosure may contam from 0.1 to 1 wit% of an antibactenial agent,
such as about .3 wi. %, Any suitable antumicrobial actives can be employed.

{0028] Basic Amino Acids

{0029] The basic amuino acids which can be used in the compositions and methods of the

invention include not only naturally occurning basic amino acids, such as arginine, lysine, and
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histidine, but also any basic amino acids having a carboxyl group and an amino group in the
molecule, which are water-soluble and provide an aqueous solution with a pH of 7 or greater.
{8030] Accordingly, basic aming acids include, but are not tunited {o, argining, lysing, senue,
citrullene, ornithine, creatine, histidine, diaminobutanoic acid, diaminoproprionic acid, salts
thereot or combinations thereof. In a particular embodiment, the basic amino acids are selected
from arginine, citrullene, and ornithine.

{0031} In certain embodiments, the basic amino acid 1s arginine or lysine, for example, L-
arginine, or a salt thereof.

{0032] The compositions of the invention are intended for topical use 1n the mouth and so salts
for use in the present invention should be safe for such use, in the amounts and concentrations
provided. Suitable salts include salts known 1n the art to be pharmaceutically acceptable salts are
generally considered to be physioiogically acceptable in the amounts and concentrations
provided. Physiologically acceptable salts include those derived from pharmaceutically
acceptable morganic or organic acids or bases, for example acid addition salts formed by acids
which form a physiological acceptable anion, e g, hydrochioride or bromide salt, and base
addition salts formed by bases which form a physiclogically acceptable cation, for example those
dertved from alkali metals such as potassium and sodium or alkaline earth metals such as
calcium and magnesium. Physiologically acceptable salts may be obtained using standard
procedures known in the art, for example, by reacting a sutticiently basic compound such as an
amine with a suitable acid attording a physiologically acceptable anion.

{8033 [uoride fon Source: The oral care compositions can include one or more additional
fluonide 10on sources, e.g., soluble fluoride salts. A wide vanety of fluonde 1on-yielding materials
can be emploved as sources of soluble fluonde 1n the present compostiions. Examples of
suttable fiuoride ton-yielding matenals are found in U.S. Pat. No. 3,535,421, to Briner et al ;
UK. Pat. No. 4,835,155, to Parran, Jr. etal. and U.S. Pat. No. 3,678,154, to Widder et al, the
disciosure of each of which 1s hereby incorporated by reference in their entirety. Representative
fluonde ton sources mclude, but are not limtited to, sodium Hluonde, potassium fluoride, sodium
monofluorophosphate, sodium {luorosilicate, ammonium fluorosilicate, amine {luonde,
ammonium fluonde, and combinations thereot. In certain embodiments the fluoride 1on source
includes sodium fluonde, sodium monofluorophosphate as well as mixtures thereof. In certain

embodiments, the oral care composition of the disclosure may contain stannous fluoride and any
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additional source of fluoride 1ons or flucrine-providing agents in amounts sufficient to supply, in
total, from 25 ppm to 25,000 ppm (mass fraction) of fluoride 1ons, generally at least S60 ppm,
¢.g., from 500 to 2000 ppm, e.g., from 1000 to 1600 ppm, e.g., about 1450 ppm. The appropriate
level of fluoride will depend on the particular application. A toothpaste for general consumer
use would typically have from 1000 {o about 1300 ppm, with pediatric toothpaste having
somewhat less. A dentifrice or coating for professional application could have as much as 5,000
or even about 23,000 ppm tluonide. Additional fluornide 1on sources may be added to the
compositions of the disclosure at a level of from 0.01 wt. % to 10 wt. % in one embodiment or
from 0.03 wt. % to 5 wt. %, and 1n another embodiment from 0.1 wt. % to 1 wt. % by weight of
the composition. As discussed above, weights of tluoride salts to provide the approprate level
of tluonide 1on will vary based on the weight of the counterion in the salt

10034 Aorasives: The compositions of the disclosure can include abrasives. Examples of
suttable abrasives include silica abrasives, such as standard cleaming silicas, high cleaning silicas
or any other suitable abrasive stlicas. Additional examples of abrasives that can be used 1u
addition to or in place of the stlica abrasives include, for exampie, a calcium phosphate abrasive,
¢.g., tnicalcium phosphate (Casz(POyh), hydroxyapatite (Cao{ POy ) OH), ), or dicalcium
phosphate dihvdrate (CaHPO, » 2H,0, also sometimes referred to herein as DiCal) or calcium
pyrophosphate; caicium carbonate abrasive; or abrasives such as sodium metaphosphate,
potassium metaphosphate, aluminum stlicate, calcined alumina, bentontte or other stlicecus
materials, or combinations thereof.

{3035} Silica abrasive polishing matenals useful heretn, as well as the other abrasives, generally
have an average particle size ranging between 0.1 and 30 microns, such as between 5 and 15
microns. The silica abrasives can be from precipitated silica or silica gels, such as the silica
xerogels described 1n U.s. Pat. No. 3,538,230, to Pader et al. and U.S. Pat. No. 3,862,307, 1o
Digiuhio, the disclosures of which are imcorporated heremn by reference 1n their entireties.
Particular silica xerogels are marketed under the trade name Syioid® by the W. R, Grace & Co,
Davison Chemical Drivision. The precipitated silica matenals mclude those marketed by the J.
M. Huber Corp. under the trade name Zeodent®, including the silica carrying the designation
Zeodent 115 and 119, These stlica abrasives are described in U.S. Pat. No. 4,340 583, t0 Wason,
the disclosure of which 1s incorporated herein by reference in 1ts enfirety. In certain

embodiments, abrasive matenals useful in the practice of the oral care compositions in
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accordance with the disclosure include silica gels and precipitated amorphous silica having an oil
absorption value of less than 100 ¢¢/100 g silica, such as from 45 ¢¢/100 g o 70 ¢¢/100 g silica.
1l absorption values are measured using the ASTA Rub-Out Method D231, In certain
embodiments, the silicas are colloidal particies having an average particle size of from 3 microns
to 12 microns, and {from 5 to 10 mucrons. Examples of low o1l absorption silica abrasives usetul
in the practice of the disclosure are marketed under the trade designation Sylodent XWA® by
Davison Chemical Division of W R, Grace & Co., Baltimore, Md. 21203, Sylodent 650
XWA®, a silica hydrogel composed of particies of collotdal silica having a water content of 2%
by weight averaging from 7 t0 10 microns in diameter, and an ol absorption of less than 70
cc/100 g of silica 15 an example of a low otl absorption silica abrasive useful in the practice of
the present disclosure.

{3836] Any suitable amount of silica abrasive can be employed. Examples of sustable amounts
inciude 10 wt. % or more dry weight of silica particles, such as from 15 wt. % to 30 wt. % or
from 15 wt. % to 25 wt. %, based on the total weight of the composition.

{G037] Foaming agents: The oral care composttions of the disclosure also may include an agent

to increase the amount of foam that 1s produced when the oral cavity 18 brushed. IHustrative
examplies of agents that increase the amount of foam include, but are not limited to
polyoxyethylene and certain polymers including, but not limited to, alginate polymers. The
polyvoxyethyiene may increase the amount of foam and the thickness of the foam generated by
the oral care composttions of the present disclosure. Polyvoxyethviene is also commonly known
as polyethvlene glycol ("PEG") or polyethyiene oxide. The polyoxyethylenes suitable {or
composttions of the present disclosure may have a molecular weight of from 200,000 to
7,000,000. In one embodiment the molecular weight may be from 600,000 to 2,000,000 and n
another embodument from 800,600 to 1,000,600, Polyox® 1s the trade name for the high
molecular weight polyoxvethylene produced by Union Carbide. The foaming agent, {e.g,
polyoxyethylene) may be present in an amount of from 0.1% to 30%, in one embodiment from
0.5% to 20% and 1n another embodiment from 196 to 10%, or from 2% o 5% by weight of the
oral care compositions of the present disclosure.

{0038] Sur

actants: The compositions usetul in the compositions of the present disclosure may

countain amontc surfactants, for example:
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1. water-soluble salts of higher fatty acid monoglyceride monosulfates, such as the

sodium salt of the monosulfated monoglyceride of hvdrogenated coconut o1l fatty acids

such as sodium N-methyl N-cocovl taurate, sodium cocomonogliyceride sulfate,

11. hagher alkyl sulfates, such as sodium lauryl sulfate,

111, higher alkyl-ether sulfates, e.g., of formula CH:{(CH ) CH{OCH CH L0805 X,

wherein mi1s 6-16, e.g., 10, n1s 1-6, e.g., 2, 3 or 4, and X 1s Na or K, for example sodium

laureth-2 sulfate (CH3(CH,)oCH(OCH,CH; ), 0805 Na),

1v. higher alkyl aryi sulfonates such as sodium dodecyl benzene sulfonate {(sodium

lauryl benzene sulfonate),

V. higher alkyl suifoacetates, such as sodium lauryi sulfoacetate {dodecyi sodium

sulfoacetate), higher fatty acid esters of 1,2 dihydroxy propane sulionate, sulfocolaurate

{N-2~ethyl laurate potassium sulfcacetamide} and sodium lauryl sarcosinate.
10039] By “higher alkyl” 1s meant, e.g., Coz0 alkyl. In certain embodiments, the anionic
surfactants useful herewn 1nclude the water-soluble salts of alkyl sulfates having from 1010 18
carbon atoms in the alkyl radical and the water-solubie salts of sulfonated monoglycerides of
tatty acids having from 10 to 18 carbon atoms. Sodwum lauryl sulfate, sodium lauroyl
sarcosinate and sodium coconut monogiyeeride sulionates are exampiles of anionic surfactants of
this type. In particular embodiments, the antonic surfactant is selected {from sodium lauryl
suifate and sodium ether lauryl sulfate. In a particular embodiment, the compositions of the
disciosure comprise sodium lauryl sulfate. The anionic surfactant may be present in an amount
which ts effective, e.g., > (0.01% by weight of the formulation, but not at a concentration which
would be irnitating to the oral tissue, e.g., <10%, and optimal concentrations depend on the
particular formulation and the particular surfaciant. In one embodiment, the anionic surtactant 1s
present in a toothpaste at from 0.3% 10 4.5% by weight, e.g., about 1.5%. The compositions of
the disclosure may optionally contain mixtures of surfactanis, e.g., comprising anionic
surfactants and other surfactants that may be anionic, cationic, zwitterionic or nCNICNIC,
Generally, suttable surfactants are those which are reasonably stable throughout a2 wide pH
range. Surfactants are described more fully, for example, in U.S. Pat. No. 3,959,458, to
Agricola et al.; U.S. Pat. No. 3,937 807, to Haetele; and U.S. Pat. No. 4,051,234, to Gieske et

al, the disclosures of which are incorporated heretn by reference tn their entirelies.
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{3040] The surfactant or mixtures of compatible surfactants that are included in addition to the
antoni¢ surfactants can be present in the compositions of the present disclosure in from 0.1% to
5.0%, 1n ancther embodiment {rom 0.3% to 3.0% and in another embodiment from 0.5% to 2.0%
by weight of the total composition. These ranges do not include the anionic surfactant amounts.
{3041] In some emboduments, the compositions of the present disclosure 1nclude a zwitterionic
surfactant, for example a betaine surfactant, for example cocamidopropyibetaine, .. in an
amount of from 0.1% 10 4.53% by weight, e.g. from 0.5 to 2% by weight cocamidopropylbetaine.

{0842) {ariar control agents. In various embodiments of the present disclosure, the

composttions comprise an anticalculus (tartar control) agent. Suttable anticalculus agents
include, without limitation, phosphates and polyphosphates {for example pyrophosphates and
tripolyphosphates), polyaminopropanesulfonic acid (AMPS), hexametaphosphate salts, zinc
citrate trinydrate, polypeptides, polyolefin sulfonates, polyoletin phosphates, and
diphosphonates. The compositions of the disclosure thus may comprise phosphate salts in
addition {0 the zinc phosphate. In particular embodiments, these salis are alkalt phosphate salts,
e.g., salts of alkali metal hydroxides or alkaline earth hydroxides, for example, sodium,
potassium or calcium saits. “Phosphate” as used herein encompasses orally acceptable mono-
and polyphosphates, for exampie, P.¢ phosphates, for example monomeric phosphates such as
monobasic, dibasic or tribasic phosphate; and dimernic phosphates such as pyrophosphates; and
multimeric phosphates, such as tripolyphosphates, tetraphosphates, hexaphosphates and
hexametaphosphates (e.g., sodium hexametaphosphate). In particular examples, the selected
phosphate 1s selected from alkals dibasic phosphate and alkali pyrophosphate salts, e.g., selected
trom sodium phosphate dibasic, potassium phosphate dibasic, dicalcium phosphate dihydrate,
catcium pyrophosphate, tetrasodium pyrophosphate, tetrapotassium pyrophosphate, sodium
tripolyphosphate, and mixtures of any of two or more of these. In a particular embodiment, for
example the compositions may comprise tetrasodium pyrophosphate 1n an amount of from 0.5 1o
5% by weight, e g., 1-3%, or 1-2% or about 2% by weight of the composition. In ancther
embodiment, the compositions may comprise a mixture of tetrasodium pyrophosphate (TSPP)
and sodium tripolyphosphate (8TPP), e.¢ | 1n proportions of TSPP at from 0.5 to 5 wi. %%, such as
from | to 2 wt. % and STPP at from 0.5 % to 6 wt. %, such as 1 1o 4%, or 2 to 3% by weight of

the composition. Such phosphates are provided in an amount effective to reduce erosion of the
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enamel, to atd 1n cleaning the teeth, and/or to reduce tartar buildup on the teeth, for example in
an amount of from 0.2 {0 20 wt. %, e.g., from 1 to 15 wt. %, by weight of the composition.

{8043 [ lavoring Agents: The oral care compositions of the disclosure may also include a

flavoring agent. Flavoring agents which are used in the practice of the present disclosure
include, but are not limited {o, essential cils as well as various flavoring aldehydes, esters,
alcohols, and similar matenials. Examples of the essential oils include oils of spearmint,
peppermint, wintergreen, sassairas, clove, sage, eucalyptus, marjoram, cinnamon, lemon, lime,
grapefruit, and orange. Also useful are such chemicals as menthol, carvone, and anethoie.
Certain embodiments employ the oils of peppermint and spearmunt. The tlavoring agent may be
incorporated in the oral compaosition at a concentration of from 0.1 to 3% by weight e g, from
0.5 10 1.5% by weight.

10044} Polymers: The oral care compositions of the disclosure may also include additional
polymers to adjust the viscosity of the formulation or enhance the solubility of other ingredients.
sSuch additional polymers include polyethylene glycols, polysaccharides {e.g., cellulose
derivatives, for example carboxymethyl cellulose, hydroxymethyi celiulose, ethyl cellylose,
microcrystalline cellulose or polysaccharide gums, {for example xanthan gum, guar gum or
carrageenan gum}. Acidic polymers, for examplie polyacryiate gels, may be provided in the form
of thewr free acids or partially or tully neutralized water soluble alkalt metal {e.g., potassium and
sodiunm ) or ammonium salts.  In one embodiment, the oral care composition may contain PVP.
PVP generally refers to a polvmer contaiming vinylpyrrolidone {also referred to as N-
vinyipyrrohidone, N-vinyl-Z-pyrrolidione and N-vinvi-Z-pyrrolidinone} as a monomeric unit.
The monomeric unit consists of g polar imide group, four non-polar methylene groups and a non-
polar methane group.

{3045] In some embodiments, the compaositions of the disclosure comprise one or more
polyethylene glycols, tor example, polyethylene glyvcols in a molecular weight range from 200 {o
800. For example, the compositions may comprise one or more of polyethylene glycol 200,
polyethylene glycol 300, polyethylene glycol 400, polyethvlene glycol, 600 or polyethylene
glycol 800,

{6046] Silica thickeners, which form polyvmeric structures or gels in agueous media, may be
present. Note that these siiica thickeners are physically and tunctionally distinct {rom the

particulate siiica abrasives also present in the composttions, as the silica thickeners are very
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finely divided and provide little or no abrastve action. Other thickening agents are carboxyvinyl
polymers, carrageenan, hydroxyethyl cellulose and water soluble salts of cellulose ethers such as
sodium carboxymethyl cellulose and sodium carboxymethyi hydroxyethyl celivlose. Natural
gums such as karaya, gum arabic, and gum tragacanth can aiso be incorporated. Colloidal
magnesium aluminum silicate can also be used as component of the thickentng compostiion to
further improve the composition's texture. In certain embodiments, thickening agents 1n an
amount of trom 0.5% {0 5.0% by weight of the total composition are used.

10047} In some embodiments, the compositions of the disclosure may include an anionic
polymer, for example 1n an amount of from 0.05 to 5%. Examples of such agents generally
known for use in dentifrice are disclosed in U.S. Pat. Nos. 5,188 821 and 5,192,531, both of
which are incorporated herein by reference in their entirety; and include synthetic anionic
polymeric polycarboxylates, such as 1:4 to0 4.1 copolymers of maleic anhydnide or acid with
another polvmerizable ethylenically unsaturated monomer, preferably methy! vinyl ether/maleic
anhydride having a molecular weight (MW .} of from 30,000 {o 1,000,000, such as from 300,000
to 800,000, These copolymers are avatlable {or exampie as Gantrez, e g, AN 139 (MW,
500,000}, AN 119 (M.W. 250,000} and preterably 5-97 Pharmaceutical Grade (MW . 700,000)
available from I8P Technologies, Inc., Bound Brook, N.J. 08805, The enhancing agents when
present are present in amounts ranging from 0.05 to 3% by weight. Other operative polymers
inciude those such as the 1:1 copolymers of maleic anhydrnide with ethyl acrylate, hydroxyethyl
methacrylate, N-vinyi-2-pyroilidone, or ethylene, the latter being available for example as
Monsanto EMA No. 1103, MW, 10,000 and EMA Grade 61, and 1:1 copolymers of acrylic acid
with methyl or hydroxyethyl methacryviate, methyl or ethyl acrylate, isobutyl vinyl ether or N-
vinvil-2-pyrroitdone. Suitable generally, are polymerized olefinically or ethylenically
unsaturated carboxviic acids containing an activated carbon-to-carbon olefinic double bond and
at ieast one carboxyl group, that 15, an acid containing an olefinic double bond which readily
functions i polymerization because of iis presence in the monomer molecule either 1n the alpha-
beta position with respect to a carboxyl group or as part of a terminal methylene grouping.
filustrative of such acids are acrylic, methacrylic, ethacrviic, alpha~chloroacrylic, crotonic, beta-
acryloxy propionic, sorbic, alpha-chlorsorbic, cinnamic, beta-styrylacrylic, muconic, itaconic,
citraconic, mesaconic, glutaconic, aconitic, alpha-phenviacrylic, 2-benzyl acrylhic, 2-

cyclohexylacrylic, angelic, umbellic, fumaric, maleic acids and anhvdnides. Other different
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olefinic monomers copolymerizable with such carboxylic monomers mnclude vinyiacetate, vinyl
chlonide, dimethyl maleate and the like. Copolymers contain sutficient carboxylic salt groups for
water-solubility. A further class of polyvmeric agents includes a composttion containing
homopolymers of substituted acrylamides and/or homopolymers of unsaturated sulfonic acids
and salts thereof, in particular where polymers are based on unsaturated sulfomc acids selected
from acrylamidoalykane sulfonic acids such as 2-acrylamide Z methylpropane sulfonic acid
having a molecular weight of from 1,000 to 2,000,000, Another usetul class of polymeric agents
includes polyamino acids containing proportions of anionic surface-active amino acids such as
aspartic acid, glutamic acid and phosphoserine, e.g. as disclosed in U 5. Pat. No. 4,866,161,
issued to Sikes et al ., which 1s also incorporated herein by reference in its entirety.

{3048] In some embodiments, there are no amonic polymers present in the composition. In other
embodiments, there may be anionic polymers present, but they do not include copolymers of
methyi vinyl ether and maleic acid or anhydrnide.

{0049] Humecianis: Within certain embodiments of the oral compositions, 1t 1s also desirable to
incorporate a humectant {0 prevent the composition from hardening upon exposure to air.
Certain humectants can also impart desirable sweetness or flavor to dentifrice compositions.
Suitable humectants inciude edible polyhydric alcohols such as glyveenin, sorbitol, xyiitol,
propyiene glycol as well as other polvols and mixtures of these humectants. In one emnbodiment
of the disclosure, the principal humectant is one of glycerin, sorbitol or a combination thereof.
The humectant may be present at levels of greater than 15 wt. %, such as from 15 wt. % t0 55 wt.
Yo, or from 20 wt. %o to 50 wit. %%, or from 20 wi. % to 40 wt. %, or about 20% or about 30% or
about 40%, based on the total weight of the composition.

{8050 Other optional ingredients: In addition to the above-described components, the

embodiments of this disclosure can contain a variety of optional oral care ingredients some of
which are described below. Optional ingredients include, tor example, but are not hmited to,
adhesives, sudsing agents, tlavoring agents, sweetening agents such as sodium saccharin,
additional antiplague agents, abrasives, aesthetics such as Ti(; coated mica or other coloring
agents, such as dves and/or pigmenis.

{6051] In some embodiments, the compositions of the present disclosure can have any pH
suitable tor i a product for use tn oral care. Examples of suitable pH ranges are from 6 10 9,

such as from 65108, or6.51t0 7.5, or about 7.0
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{G052] In some embodiments, the oral care compositions of the present disciosure are etther
essentially free of, free of, or do not include any sodium hexametaphosphate. In some
embodiments, the oral care compositions of the present disclosure are either essentially free of,
free of, or do not include any halogenated diphenyl ethers (e.g., triclosan).

{3853] By “essentrally free” 15 meant that the compositions have no more than 0.01% by weight
of these compounds.

{6054] In some embodiments, the compositions of the present disclosure are either essentially
iree of, free of or do not include any complexing agents for increasing sclubility of zinc
phosphate and/or for maintaining the stannous fluonde 1o solution. Examples of known
complexing agents that can be excluded from the compositions of the present disclosure include
the chelating agents taught in U S, Patent Application No. 2007/0025928, the disclosure of
which ts hereby 1ncorporated by reference o 1ts entirety.  Such chelating agents include mineral
surface-active agents, including mineral surface-active agents that are polvmeric and/or
polyelectrolytes and that are selected {rom phosphoryiated polymers, wheretn 1t the
phosphorylated polymer 1s a polyphosphate, the polyphosphate has average chain length ot 3.5
or more, such as 4 or more; polyphosphonates; polycarboxylates, carboxy-substituted polymers;
copolymers of phosphate- or phosphonate-containing monomers or polymers with ethylenically
unsaturated monomers, amino acids, proteins, polypeptides, polysaccharides, poly{acrylate),
polyv{acrylamide), poly{methacrylate}, poly{ethacryiate}, poly{hvdroxyalkyimethacrylate},
poly{vinyl alcohol), poly(maleic anhydnide), polv{maleate) poly(amide)}, poly{ethylene amine),
poly(ethylene glycol), poly{propylene glycol), poly{vinvi acetate} and poly{viny!l benzy!
chloride); and mixtures thereof. Other known complexing agents that can be exciuded from the
compostiions of the present disclosure include those taught iy CA 2634758, the disclosure of
which 1s incorporated here by reference in its entirety. Examples include polyphosphorylated
inositol compounds such as phytic acid, myo-inositol pentakis{dihydrogen phosphate); myo-
inositol tetrakis{dihydrogen phosphate), myo-inositol trikis{dihydrogen phosphate), and alkah
metal, alkaline earth metal or ammonium salts of any of the above inositol compounds. Phytic
actd 1s also known as myo-tnositol 1.2,3,4,5,6-hexakis {(dihydrogen phosphate) or tnositol
hexaphosphoric acid.

{3055} In another aspect, the present disclosure provides a method of treatment or prevention of

erosive tooth denuneralization, gingivitis, plague, and/or dental caries, the method comprising the
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appiication to the oral cavity of a person 1n need thereot a composition according to the invention
(e.g., Composition 1.0 ef seqg), e.g., by brushing, for example, one or more fimes per day.

{3856] In another aspect, the present disclosure provides a method of ustng the composttions
described herein (e.g., any of Compositions |.0 ¢f seqg) to increase zinc levels in the enamel and
to freat, reduce or control the incidence of enamel erosion. The methods comprise applying any
of the compositions as described herein to the teeth, e.g., by brushing, or otherwise administering
the compositions to the oral cavity of a subject in need thereot. The compositions can be
administered regularly, such as, for example, one or more times per day. In various
embodimentis, administering the compositions of the present disclosure to a patient can provide
one or more of the following benelits: (1) reduce hypersensitivity of the teeth, (1t) reduce plaque
accumulation, (111} reduce or mnhibit demineralization and promote renuneralization of the teeth,
{(iv} inhibit microbial biofilm formation in the oral cavity, (v} reduce or inhibit gingivitis, {vi}
promote healing of sores or cuts in the mouth, (vii) reduce levels of acid producing bacteria,
{(viii) increase relative levels of non-carogenic and/or non-plague forming bacteria, (1x} reduce
or inhibit formation of dental caries, (X) reduce, repair or inhibit pre-cartous lesions of the
enamel, e.g., as detected by quantitative light~-induced Hluorescence (QLF) or electrical cares
measurement {ECM), (x1) treat, relieve or reduce dry mouth, (xi1) clean the teeth and oral cavity,
(x111} reduce erosion, (av) whiten teeth; (xv) reduce tartar build-up, and/or (xvi) promote
systemic health, including cardiovascular health, e.g., by reducing poteniial for systemic
infection via the oral tissues. The disclosure further provides compositions for use 1n any of the
above methods. Further embodiments provide methods wherewn at least one tooth 18
remineralized atter administration of a composition as described herein.

{6057] The present application further discloses a method of making any of the compositions of
the present disclosure. The method comprises combining zinc phosphate and stannous fluoride
in water to form an aqueous zin¢ phosphate mixture. In some embodiments, the zinc phosphate
is added to the dentifrice composition as a preformed salt and remains essentially 1nsoluble in the
aqueous mixture. The amount of water emploved in the mixture can be any of the amounts
recited herein for the compositions of the present disclosure. Any standard mixing technigues
can be employed to combine the ingredients and form a stable composition without the need for

additional complexing agents to solubilize the stannous fluoride, such as any of the above



CA 03047925 2015-06-20

WO 2018/118138 PCT/US2017/046287

disciosed complexing or chelating agents, or the use of anhydrous nuxing techniques such as

dissolving stannous Hluonide 1o an anhydrous material such as glycenn.

EXAMPLES

{B058] Examples 1 and 2 below look at the amount of water soluble zinc and stannous using
flame atomic absorption spectrophotometry (FAAS). All samples (F, Sn, and Zn) are diluted in
water, inittally, and then subject to accelerated aging over the course of 13 weeks, at etther 25°C
or 40°C. This method 1s based on the principle that water soluble Zn can be measured in oral
care products by FAAS after dilution of sample in water. With respect to Sn, a portion of oral
care product 1s digested with an acid mixture {acid soluble tin} or dispersed with water {water
soluble tin). Solutions are transterred to a volumetric flask, diluted to volume with water and
centrifuged. Tin ts detected 1n the supernatant by atomic absorption spectroscopy and
quantitated by comparing the absorbance of the sampie soiution to absorbances of external
calibration standards of known tin conceniration.

10059} Additionally, Exampiles 1 and 2 below use gradient elution ton chromatograph,
incorporating conductivity detection, to assay fluoride. Samples are prepared as aqueous siurries
followed by centrifugation and duution. The working solutions are analyzed by gradient ion
chromatography with suppressed conductivity detection. Analvte concentrations are determined

by relating the component peak areas to corresponding areas of external calibration standards.

‘xample 1 Stannous Stabiiity with Arginine and Citrate Butter

(*ZnP 1s meant to denote Zinc Phosphate throughout the specification and examples)

Table 1
- Sn 13wk* | Zn 13 Wk*
F 13 Wk* - (25°C, | (25°C,
P (Initial) | (25°C, ' Sn (Initial) | 40°C) | Zn (Initial) | 40°C)
a0y
ey | (ppmy 1 %esol | %sol | Ysol % 50l
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Snk, + ZnP+ ; s
Arg 1136, | 0.05, | 0.26
1127 | (111 | 0.14 | 0.05 | 0.28 | (.26
1068, | 0.18, 0.25
SnF, + ZnP + | g
1.2 Buffer | 1196 | 369 | 02 0.15 | 031 0.21
SnF, + | | |
ZaP+Arg+
1.2 Butter
(Composition 1063, 0.1, 031
A) 1134 | 967 | O.18 0.10 | 027 0.27
SnF, + E § i
ZaP+Arg+
2 4Buffer .
(Composition 1067 | 0.15, 0.43
B) 1141 | 1041 U235 0.43 | U.34 | 0.23
Sk, +ZnP+
Argt 1069, | 0.2, | 0.51
3.6 Buffer | | i ;
(Composition |
LS B I S Y B 903 L 0204 QM 038 . 047

* Values at 13 weeks listed on top are age;d at 25°C, values at 13 weeks listed on the bottom are
aged at 40°C.

{0060 The ctirate bulfer was tested {or its ability {0 stabilize stannous 10ns in combination
with arginine. Ion concentration was measured over the course of 13 weeks. Formulations with
the organic acid butter system retained a higher percentage of stannous 1ous than the
comparative formulation which did not comprise the organic acid buffer system. The organic
acid butter descnibed above tn Compositions A — C contans trisodium citrate dihydrate and citric
acid in combination with arginine. Amounts of the butter are listed as a percentage by weight of
the composition.

{6861]  Formulations with SnZp and Arginine (w/0 any citrate buffer) retained only about
36% of the original stannous ion concentration by week 13, Corresponding formulations that
contain dndp, Arginine, and Butter {1.2%, 2.4%, and 3.6%) were able to retain much more of
the original stannous concentration at room temperature {(25 C)): about 61% {at 1.2% bufter),

about 65% (at 2.4% butter) and about 65% {at 3.6% bufter ).
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Exampie 2: Stannous Stabihity with Lysine and Citrate Buffer

Table 2
““““““““““““““““““““““““““““““““““““““““““““““ fitial | | Imitial | | Teitial | Aged %
Aging Time | %Sol. | Aged% | %Sol. | Aged®% | %F | SolF
________ Deseription |  pt | Tin | SelTin | Zn | Sel.Zinc | (ppm) | {(ppm)
SaF + 2.35%
ZnP,
1.5%Lysine
1.2% Buffer
{Composition
_--Q) .................................. .-i?.j}.i;%}.zé-.g ....... S .Q.;:.?;é--.i .......................... E ........... - -.’2'1-.:---;, ........................... ; ............... ;{..}.‘.;1;?;--} ............................
4 wks(25C/
40C)  0.17/0.14 | 0.25/0.24 | - 1106/1064
8 wks {23/ i
__________________________________________ a0 o teremed7 b 1027/025 1 1059/986
13 wks (25C g
40C) 0.15/0.13 | 0.25/0.24
SnF 4238 T """"""""""""""""""""""""""""
il
1.3% Lysine
2.4 % Bufter
{(Composiiion
_____ L)) R T SN2 3 S N L3 N N 11 5 N
4 wks(25 g =
C/40C)  0.23/0.20 | 0.36/0.34 | | 1098/1027
8 wks 0 28/0.25 | 0.41/031 | | 1033/938
____________________________________________ Bwks [ j02v018 | je3se34 |
SpF4+23%, |t it i
Znd,
i, ‘“"'/oLysine,
3.6% Butter
{(Composition
s S 048 s ¢
4 wks(25 E E i
I B %4 .%.%) N R Q 31026 1 __Q_f?_f?_ii?_é}______i ___________________________ | 1066/1002
____________________________________________ Bwks | 1032029 i _______?_?_(_Q_f_ié_____ 1 1048/906
____________________________________________ Bwks | 026024 | joavess |

0062]  The ciirate buller was tested {or 1ts ability to stabilize stannous 1ons i combination
with lvsine. fon concentration was measured over the course of 13 weeks. The organic acid

buffer described above in Compositions D — F contains trisodium citrate dihydrate and citric acid
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in combination with arginine. Amounts of the butter are listed as a percentage by weight of the

composition.

Example 3. Zinc Uptake in Bovine Teeth Assays

10063 The three dentifrice composition shown above were compared 1n a stannous and
zinc 1on uptake experiments using bovine enamel.

(3364 Metal 1on uptake 15 measured using the ESCA techmque (X-ray photoelectron
spectroscopy ). Bovine enamel specimens are used {0 prepare 3min wide disks of bovine enamel
in which all but the exposed enamel surface is protected with acryvlic resin. Each enamel sample
is etched with 1M perchloric acid solution, and then ninsed. 2 mL of tfresh human saliva is then
added, and the samples are incubated at 37 °C tor 2 hours in order to cause pellicle formation.
After removing the saliva and rinsing, the samples are treated with 2 ml of a 1.2 shurry of test
composition in distilled water for 2 minutes at 37 °C with shaking. OUne sample 1s treated with
water as a negative control to determine baseline metal son content. After rinsing the samples
with water, they are submitted to ESCA analysts. The baseline metal ion levels measured in the
negative control are subtracted from the other test measurements to determine metal 1on upiake
from the dentifrice compositions. The results are shown 1n Table 3 below.

{0065]  Test Formulations with Dentifrice Formulation:
& Test Formulation A: SnF + 2.335% ZnP, 1.5%Lysine, 1.2% Bufter

e Test Formulation B: Snk + 2.35 % ZnP, 1.5%Lysine, 2.4% Butter
o Test Formulation C: SnF + 2.35% ZnP, 1.5%Lysine, 3.6% Butfer
e {onfrol Formulations contain: 0.454 % SnkF, and 2.5% zinc lactate.

The results demonstrate improved metal deposition of zing, in /72 vifro bovine uptake assays
when compared to control formulations whach contain 0.454% Sk and 2.5% zinc lactate, but

which do not contain zinc phosphate:
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Table 3

Eelative Increase in
Metal Deposition:
Zine (ppm)™

1.7

Test Formulation
A
Test Formulation
B

Test Formulation

{

{ontrol
Formulation

*Values are normalized to control and show increase of zinc deposition relative to control

10066F  Table 4 demonstrates the buffer composition used 11 above Examples 1-3.

Table 4

TestComp. | Buffer System (wt%)
Sodium Citrate® | Citric Acid

Test Compositions wio | 0.00 | 000

Buffer

"'?ESIEE'5§§E'i'5}§'§m%%}§€ﬁ""i"E'é'%'"é""f"é """"""""""""""""""""""""""""""""""""""""""" v

Buttfer

‘Compositions _{%;?ii}'i"i_.3{5%_""?56 _______________________________________________________________________ 04

Butter

Compositions with 3.6% 3'0 “““““““““““““““““““““““““““““““““““““““““““ 06

Butter ' '

{0067] The water concentration of the above formulations i1s between 17.0% to 21.0% by wt
These are considered “high water” formulations. Therefore, the Applicants have addressed the

instability of stannous ions without having to resort 10 either a.) low water formulations, or b.)

NI
LA
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dual phase compaositions.

{0068] Expenimental dentifrice composttions used to observe stannous 1on stability are prepared
based on the base formulation shown in Tables 5 and 0. Each dentitrice comprises 0.454%
stannous fluoride and 2.35% zinc¢ phosphate hydrate, and arginine 1.5%, but varies in the
concentration of citric acid and trisodium citraie dihydrate present — these concentrations are
detaiied in the above Table 2.

{6069] Ingredients of Representative Formulas 1o Tables 5 and 6 are listed by weight of the

Composttion.

Ingredient

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Humectants (Sorbitol,
Glycerin, Propylene
Glycol, Polyethylene
{lycol)

+

Thickeners

Trisodium Citrate,
Dihydrate

Zinc Phosphate

Flavor, Sweetener, Colors
Tetrasodium
Pyrophosphate

. Anionic Surfactant .
Microcrystalline
Cellulose/Sodium CMC
NF

Zwitterionic Surfactant

Ciiric Acid- Anhydrous

Stannous Fluornide () 454
Arginine 1.50%

TOTAL i60%

NI
o
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00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Weigh %

Humectants (Sorbitol,
Glycerin, Propylene
Glyceol, Polyethyiene
Glycol)

Thickeners

Trisodium Ciirate,
Dihydrate

Zinc Phosphate
‘ Flavor, Sweetener,
{Colors
Tetrasodium
Pyrophosphate
Antonic Surfactant
Microcrystalhne
{clhilose/Sodiam CMC
NF
Zwttterionic
Surfactant
{itric Acid-
Anhvdrous

Stannous Fluonde

Lysine

TOTAL

{0070] While the present invention has been described with reference to embodiments, 1t will be
understood by those skilled in the art that various modifications and vanations may be made
therein without departing from the scope of the present invention as defined by the appended

claims.
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CLARM>S

A high water oral care composition comprising an orally acceptable carner, zing
phosphate, stannous fluoride, arginine or lysine, and an organic acid butter system.

A composition according to claim 1, wherein the zinc phosphate 1s a preformed salt of
zing phosphate.

A composition according to claim 1 or 2, wherein the amount of zinc phosphate 1s present
11 an amount of from 0.05 to 10% by weight, relative to the weight of the oral care
composition.

A composition according to any foregoing claim, wherein the amount of the stannous
fluonide 1s from 0.01% to 5% by weight, relative to the weight of the oral care
COMposition.

A composition according to any foregoing claim, wherein the amount of the water 15 10%
by weight or more, relative to the weight of the oral care composition.

A composition according to any foregoing ciaim, wherein the organic butfer system
comprises a carboxyiic acid and one or more conjugate base salts thereot, for example,
alkalt metal salts thereot.

A composition according to claim 6, wherein the acid 1s selected from citric acid, lactic
acid, malic acid, maleic acid, fumaric acid, acetic acid, succinic acid, and tartaric acid.

A composition according to claim 6 or claim 7, wherein the one or more conjugate base
salts are independently selected from sodium and potassium salts, or combinations
thereof.

A composition according to any one of claims 6 to 8, wherewn the acid s citric acid, and
the one or more conjugate base salts comprise monosodium citrate {mongbasic),
disodium citrate (dibasic), trisodium citrate (iribasic), and combinations thereof

A composition according to any foregoing claims, wherein the composition comprises the
organic acid butfer system 1n an amount of 0.1 to 5.0% by weight of the composition,
measured as the combined amount of organic actd and any conjugate base salt.

A composition according to any foregoing claims, wherein the butfer system comprises

citric acid and a sodmum citrate salt | i aratio of trom 1.3 to 1:6.



14

15,

16.

17,

8.

1Y,

20

21

CA 03047925 2015-06-20

WO 2018/118138 PCT/US2017/046287

A composition according to any of the preceding claims, wherein the composition
comprises arginine or lysine at about 1.5% by wit.

A composition according to any of the preceding claims, wherein the composition
COMPrises argining.

A composition according to any of the preceding claims, wherein the compostiion
comprises lvsine.

A composition according to any foregoing claim, further comprising one or more
humectants, as described herein.

A composition according to any foregoing claimm, further comprising one or more
surfactants, as described herein.

A composition according to any foregoing claim, further compnsing an effective amount
of one or more atkali phosphate salis.

A composition according to claim 14, wherein the alkal phosphate salts comprise
tetrasodium pyrophosphate or tetrapotassium pyrophosphate, optionally 1n an amount of
0.5 to 5% by weight of the composition.

A composition according to claim 14 or 15, wherein the alkali phosphate salis comprise
sodium tripolyphosphate or potassium tripolyphosphate, optionally in an amount of 0.5 to
6% by weight of the composiion.

A composition according to any foregoing claim, further comprising one or more sources
of zinc¢ tons in addition to the zine phosphate, for example, a zinc salt selected from zinc
citrate, zinc oxide, zing lactate, zinc pyrophosphate, zinc sultate, or zinc chioride,

A composition according to any foregoing claim, wherein the oral care composition is a
dentifrice.

A method of treatment or prevention of erosive tooth demineralization, gigivitis, plague,
and/or dental caries, the method comprising the application to the oral cavity of a person
need thereot a composition according to any preceding clamm.

Use of a composition according to any one of claims 1 to 18, to (1) reduce or inhibit
formation of dental caries, (11) reduce, repair or 1nhibit pre-carious lesions of the enamel,
¢.2., as detected by gquantitative light-induced fluorescence (QLF) or electrical caries
measurement (ECM), (1) reduce or inhibit demineralization and promote

remineralization of the teeth, (1v) reduce hypersensitivity of the teeth, (v} reduce or
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inhibit gingivitis, {vi) promote healing of sores or cuts in the mouth, (vii) reduce leveis of
ihibit microbial biotilm formation in the oral cavity, {(x} raise and/or maintain plaque pH
at levels of at least pH 5.5 following sugar challenge, (x1) reduce plague accumulation,
(x11} treat, relieve or reduce dry mouth, {(xin1) clean the teeth and oral cavity {xiv} reduce
erosion, {(xv) prevents stains and/or whiten teeth, (xvi) immunize the teeth against
cartogenic bacteria, and/or (xvin) promote systemic health, including cardiovascular

health.

30
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