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DENTIFRICE COMPOSITIONS CONTAINING CALCIUM SILICATE
AND A BASIC AMINQ ACID

FIELD OF THE INVENTION

{8081} This invention relates to oral care compositions compising dentin occluding particles
together with a basic ammo acid or salt thereof and to methods of making and using such

composHions.
BACKGROUND OF THE INVENTION

{8002} Dentin s a portion of the tooth intemal {o the enamel and cementum that has a
racdially sinated appearance owing to a large number of fine canals or wbules known as the
dentinal tubules. Tubules run from the pulp cavity to the periphery of the dentin and are
generally about two microns in diameter gt thewr base and somewhat narrower at thewr
periphery. Tubules ave not usually exposed o the environment in the oral cavily, as they are
usually covered by enamel or cementunt. The cementum in turn is often covered by the goms.
(8003} It is commonly anderstood that partially or fully exposed tubules can lead o tooth
sensifivity, an iriating and painful condition. In this theory, recession of the gom line
exposes cementom {o erosion. The eroded cementum in turn exposes the hollow dentinal
tubules. The exposed tubules cause nerves within the tooth to be affected excessively by
external oral stimuli because material and energy transfer between the exterior and ingerior of
the tooth iy accelerated through the tubules. Common environmental stimali, such as beat,
cold, chemicals and phvsical and mechanical pressure or stimull, such as brashing, are able o
uritate the nerve through the open dentin tubules snd thereby create pamn. The pain of
sensitive tegth appears to resull from these stimull, which apparenily cause fhuid movements
i the dentinal tubules that activate pulpal nerve endings.

|6004] Conventionally, two approaches have been itaken to treat or ameliorate tooth
sensiivity. Under one approach, the chemical environment proximal to the nerve 1s altered by
apphcation of various agents, such that the nerve s not stimudated, or not stinmlated as
greatly. Known agents useful in this chemical approach, including potasshom salis (such as
potassium nifrate, potassium bicarbonaie, and potassium chioride), strontium salis, zine salts,
and chloride salis.

16005} The second approach involves the mechanical shielding of the nerve by, e.g | blocking
of the dentinal tubules wholly or partially with tubule blocking agents (e, occluding agents),
80061 Despite the foregoing developments, i is desired o provide sliernative methods and

compositions for freating and preventing tooth hypersensitfivity,
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SUMMARY OF THE INVENTION

{6007} Accordingly, a first aspect of the iInvention is an oral care compesition comprising:
an effective amount of g basic anuno acid in free or salt form: and
an effective amount of calom silicate particies.
{DB08] A second aspect of the wvention v an oral care method comprising applying 0 an
oral cavity of a subject the composition of the tnvention in an amownt effective o) reduce or
mhibit formation of dental caries; reduce, repair or inhibit pre-canous lesions of the enamel;
reduce or imhibit demineralization and promote remineralization of the teeth; reduce
hypersensitivity of the weth; reduce or inhibi gingivits; promote healing of sores or cuts n
the mouth; reduce levels of acid producing bacteriy; morease relasive levels of arginolytic
bacteria; inhibit microbial bofilm formation i the oral cavity; raise andfor maimtain plague
pH at {evels of at least pH 5.5 followmyg sugar challenge; veduce plague accumulation; weat,
reduce, relieve or alleviate dey mouth; whiten teeth; veduce erosion; promote systemic health;
imnunize teeth against cartogenic bacteria; and/or clean teeth and the oral cavity.
{6009} 1n certain embodiments of the invention, the calcium silicate particles have an averags
diameter less than § microns.
{6016} 1o certain embodiments of the invention, the composition further comprises potassin
nitrate. In certain of these embodiments, the potassiun nitrate is present at a concentration of
1-10 wi% based on a weight of the composition.
{8811} In certain embodiments of the mvention, the effective amount of the basic anyno acid
ts {1.1-20 wt % based on a weight of the composition.
[8012} In certain embodiments of the invention, the effective amount of calcium silicals
particles s S-26 wi.% based on a weight of the composition
160131 In centain embodiuments of the mvention, the basic amimo acid s argimne.
16014} In certain embodiments of the invention, the basic amino scid 15 partially or wholly in
a salt form selected from the group consisting of argimme bicarbonste, arginine
hydrochloride, arginine phosphate and combinations thereof.
{6015} In certan embodiments of the invention, the basic amine acid is arginine bicarbonate.
[8016} In certain embodiments of the invvention, the average dlameter of the calcium stlicate
particies 15 from 2 nuerons to S mucrons.
{6017} In certain embodiments of the invention, the composition [further comprises

precipitated caloinm carbonate or silica.
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{8018} In certainy embodiments of the invention, the compuosition further comprises a soluble
fheoride salt, an anjonic surfactant and an antibactenial agent,

160191 In certain embodiments of the invention, the composition is agueouns.

{89207 In certnin embodiments of the invention, the composition is i the form of a
toothpaste further comprising at feast one muredient selected from the group consisting of
water, gu abrgsive, a surfactant, g foaming agent, a vitanun, a polvmer, an ewryme, g
humectant, a thickener, an antimicrobial agent, a preservative, a flavoring and a coloring.
{6021} In certain embodiments of the inveniton, the composiiion 13 applied to the oral cavity

i an amoant effective w reduce hypersensitivity of the teeth.
DRETAH ED DESCRIPTION

60221 As used throughout, ranges ave used as shorthand for desertbing each and every value
that is withm the range. Any valee within the range can be selected as the termunus of the
range. In addition, all references cited herein are hereby mcorporated by reference in their
entireties. In the event of a conflict in 8 defimition in the present disclosure and that of g cited
reference, the present disclosure controls, It is undersiood that when formulations are
described, they may be described in terms of thew ingredienis as s common m the ard,
notwithstanding that these ngredients may react with one another wn the actoad formulation as
it is made, stored and used and such products are intended to be covered by the formulations
described.

{00231 Unless otherwise specified, all percentages and amounis expressed herein and
elsewhere in the specification should be anderstood to refer to percentages by weight. The
amounts given are hased on the active weight of the material.

{6024} Composition of the Invention

16025} Amounts of mgredients will vary based on the nature of the delivery system and the
particular ingredient. For example, the hasic amine acid may be present at levels from. eg.
about 0.1 to about 20 wi.% {expressed as weight of fres base), e.g., about 0.1 10 about 3 wi%
for a mouthrmse, abowt 1 to about 10 wi.% for & consumer toothpaste or about 7 to abowt 20
wit.% for a professional or prescription treatment product. Fluoride may be present at levels
of, eg.. abowt 25 to abowt 10,000 ppm, for example about 25 to about 2350 ppm for &
mouthrinse, about 750 to aboat 2,000 ppm for a consumer toothpaste, or about 2,004 {0 about
10,000 ppm for a professional or presenipiion treatment product. Levels of antibacterial will

vary similarly with levels used in toothpaste being. e.g., about 5 to about 15 times greater
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than esed i mouathrinse. For example, a triiclosan mouthrinse may contain, e.g., about 0.03
wi % triciosan while a ticlosan toothpaste may contain about 8.3 wi % wiclosan.

16026} Basic Amino Acids

{89271 The basic amuno acids which can be used i the compositipns and mathods of the
wch as arginine, lysing,

myvention include aot onty naturally ovcwrning basic aming acids, su

serine and histidine, but also gny 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
abowt 7 or greater.

160281 Accordingly basic amuno acids suttable for use wn the wvention melude, but are not
fimited to, arginine, lvsine citrulline, ornithine, creatine, histidine, diaminocbutanocic acid,
diamnoproprionic acid, salis thereof or combinations thereof. In certain embodiments, the
basic amino acids are selected from arginine, citralline and ormithine, with arginine being
maost preferred.

{6029} In certain embodiments, the basic anino acid comprises at least one ifermediate
produced m the arginmine deinunase system. The intermediates prodoced i the arginine
deiminase system may be useful in an oral care composition to provide plaque neutralization
for caries control andior prevention. Arginine 15 a natural basic anuno acid that may be found
in the oral cavity., Argimne in the mouth may be utilized by certain dental plague bacterial
straims sach oy S sanguds, S gordonii, 8. parasangads, S, rartes, S, milleri. S. anginosus, S
Jaecadis, 4. naesiundl, A odosolyticus, L. cellobiosus, L. brevis, L. fermenium, P. gingivalis,
and 1. denticolu for their survival, Such organisms may perish i an acidic environment that
may be present af areas close 1o the tooth surface where acidozenic and aciduric carozenic
siraing may use sagars w produce orgame acids. Thus, these arginolytic strains may break
down arginise to ammonia to provide atkalinity to survive and, in addition, buffer the plaque
and make g hostile environment for the cariopenic systens,

{80308} Such arginolytic orgamsms may catabolize argiine by an interpal celtolar enzyvme
pathway system called the “arginine debminase system” whereby intermediates i the
pathway are formed, In this pathway, L-arginine may be broken down o L-citrulhine and
ammonia by arginme deinunase. L-citrolline may then be broken down by ornithane
trancarhamylase in the presence of inorgamie phosphate to L-onuthine and carbamyl
phosphate. Carbamate kinase may then bregk down carbamyl phosphate o form another
molecule of ammonia and carbon dioxide and m the process also forms ATP {adenosine 5%

triphosphate). ATP may be used by the arginolytic bacteria as an energy sowrce for growth.
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Accordingly, when utihized the wginine deiminase systems may vield two molecules of
AMMOMA.

60311 1t has been found that, in certain embodiments, the anumonia may help in neutralizing
ural plagae pH to control andfor prevent dental caries.

{80321 The oral care composition of some embodiments of the present fnvention may wclude
ntermediates produced n the grginine deiminase system, such as curulline, ornithine andior
carbamyl phosphate.

{6033} The oral care compostiion may include the above-described miermedistes in an
effective amount. In some embodiments the oral care composition includes about 1 pmolL
to about 1O mmo¥L intermediate. In other embodiments, the oral care composition includes

o

about 3 mmol/L 1o abow

¢

mmol/L mtermediate. In other embodiments, the oral care
composition includes about § nymolL. intermediate.

{8034} The compositions of the invention are intended for topical use 1 the woath and so
salts for use wm the present invention should be safe for such wse, wn the amounts and
concentrations provided. Suitable salis mclude salts known in the art 1o be pharmaceutically
acceptable sahis are genevally considered to be physiologically acceptable in the amounts and
concentrations provided. Physwologically acceptable salts include those derived from
pharmaceutically acceptable morganic or organic acids or bases, for example acid addition
safta formed by acids, which form a physiologcal acceptable anion e.g.. hvdrochlonide or
bronde salt and base addition salts formed by bases which form a physiologically acceptable
caticn, for example those derived from alkall metals such as potassium and sodiam or
alkalme earth metals such as calehim and magnesium. Physiologically acceptable salls may
be obtained osing standard procedures known in the art, for example by reacting a
sufficiently basic compound such as an amine with a suitable acid affording a physiologically
acceptable anton,

{8033} In certain embodiments, the basic asuno acid is present i an amownt of 0.5-36 wi %
or S5-15 wit.% or about 10 wt.% based on the total compesition weight.

[8036} Calcium Silicate

{8637} In addition to the basic anune acid, compositions of the mvention comprise calcium
sihicate. The calorum silicate 15 in the form of particles of a size such that they are effective
occlude dentinal twbules,  Thus, the calcium silicate particles preferably have an average

diameter of £.3-140 microns or 1-9 nucrons or 2-5 mucrons, with an avergge diameter below 8

(s
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pricrons being most preferred. The calcium silicate preferably has a1 swrface ares of 200 1o
400 m2fp and a pore volume of 001 o 1 codp.

16038} Compaositions of the invention comprise calcium silicate particles in an amount
effective to occlude dentinal tubules. In certain smbodiments of the mventive composition,
the calcium stlicate particles are present in an amount of 1-20 wi% or 5-15 wi ™ or about 10
wt.% based on the total weight of the conposition,

{6639} Suitable calcmam silicate particles can be obtained conumerciaily, or prepared by
known methods, such as the method disclosed m US 20080303027 A1, In certain
embodiments, the calcium stheate has a high swrface aren.  Althoagh no phosphate pre-
treatment 15 necessary, in certain embodiments, the calcium silicate is pre-treated with
phosphate. High surface area calcium silicate would be greater than 20 mig,

{0040} Nerve Desensitizing Agent

{0041} Certain embodiments of the inventive composition inclade a chemical agent effective
to treal or prevert tooth hypersensitivity, such as potassium salts (such as potassium nitrate,
potassium bicarbonate, and potassiam chioride), strontium salts, zine salts, and chioride salts.
10042 In certmin embodiments, such agenis constitute 0.01-10 wit% or -8 wt% of the
composition.

{86431 Fluoride lon Source

{8044} The oral care compositions may further inchsde one or more fuonde on sowrces ...
soluble flooride salts. A wide variety of fluoride wn-vielding materials can be emploved as
sources of soluble fluoride in the present compositions, Examyples of suitable fluoride ion-
yvielding materials are found i US 3535421, US 4883133 and US 3678134,

6045} Representative fluoride jon sources inchsde, but are not Bmited 1o, stannous fuonde,
sodium fluoride, potassium fluoride, sodium monofluorophosphate. sodinm floorosibicate,
ammonium fluorosibicate, amine luonde, ammonium Tuoride and combinations thereof. In
certam embodiments the fluonde ton source mclodes stannous fluonide, sodium flooride,
sodium monofluorophosphate as well as mixtures thereofl

[8046} In certain embodiments, the oral care composition of the mvention may also contain g
source of fluoride tons or fluorne-providing ingredient v amoants sufficient to supply about
25-35000 ppm of fluoride 1ons, generally at least about 300 ppm, ey, about 300 to sbowt
2000 ppm, e.g., about 1000 to about 160{ ppm, e.g., about 1450 ppm. The appropriate level
of fluoride will depend on the particular spplication. A mouthwash, for example would

typically have about 100 to about 250 ppm fluoride. A toothpaste for general consumer use
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would typically have abouwt 1000 to aboul 1500 ppm, with pediatric toothpaste having
somewhatl less. A dewntifrice or coating for professional appheation could have as mueh ag
5,000 or even 25 000 ppm uoride.

{89471 Fluoride ion sowrces may be added to the composiions of the wmvention at a
conceniration of about 0.01 wi.% to aboul 10 wi.%, or aboul .03 wi%% (0 about 5 wi%, or
about 01 wi% to about T wt. %, based on the weight of the composition. Weights of fluonde
salts to provide the appropriate level of fluonide ton will obvipusly vary based on the weight
of the counter lon in the salt

16048} Where the composition comprises calcium bicarbonate, sodinm monofluorophosphate
is preferred o sodiom fluoride for stability reasons.

{8049} Abrasives

[8038] In addition to the calcium silicate, which 15 an abrasive that acts as an occluding
agent, compositions of the mvention can further comprise one or more addibonal abrasives,
meluding but not hinted to: precipitated calenmn carbonate {(PCCY, 3 calcium phosphate
abrasive {e.g.. tnecalensm  phosphate (Cax(PO4):).  hydroxvapatite  {Cayof POOJOHR),
dicalensm phosphate dihvdrate (CaHPOy - 2H0, also sometimes referred 1o heren as DiCal)
or calcium pyrophosphate; silica abrasives such as precipitated silicas having a mean particle
size of up to abowt 20 m (eg., ZEODENT 115, marketed by I M. Huber) sodium
metaphosphate; polassium  metaphosphate; alwwimam  silicate; calomed alamung; and
bentonie or other siliceons materials.

[8051} The additional abrasives preferably have an average diameter of 0.1-30 nucrons, or
§-15 microns.

{6082} The silica abrasives can be from precipitated silica or sthca gels, such as the sidica
xerogels desenibed in US 3338230 to Pader et sl and US 3862307 1o Diginlio. Particular
stlica xerogels are marketed under the trade name SYLOID by the W. R, Grace & Co..
Davison Chemcal Division. The precipitated silica materials include those marketed by the 1.
M. Haber Corp. under the trade name ZEODENT, including the silica abrasives carrying the
designations ZEODENT 115 and ZEODENT 119, These sihca abrasives ave described in US
4340583 to Wason.

160531 In certan embodiments, abrasive matenals wsefuld in the practice of the oral cave
compositions i accordance with the mnvention include silica gels and preciputated amorphous
stlica having an ol absorption value of about less than 100 c¢/100 g silica and n the range of
about 43 o¢/100 g to about 70 co/100 g silica. Od absorption values are measured using the

d
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ASTA Rub-Oui Method D28 In certain embuodiments, the silicas are colloidal particles
having an average particle sue of 312 pm, or 510 pm

160547 In certain embodiments. the abrasive matenals comprise a large fraction of very small
particles, e.g., having an average diameter less than about § pm. For example, the abrasive
materials can comprise small particle sifica (SPS) having a 4530 of abowt 3 to about 4 pm, for
exgrple, SORBOSIL AC43 (Ineos). Such small particles can coutribute 1o the efficacy of
fornuuiations targeted af reducing hypersensuivity. The small particle component may be
present i combination with a second larger particle abrasive. In cerfain embodiments, for
example, the formulation comprises about S fo about 25 wit.%% small particles e.g., SPS, and
about 10 to about 30 wi.% of a conventional abrasive.

00851 Low oil absorption silica abrasives particularly useful m the practice of the invention
are marketed under the trade designation SYLODENT XWA by Davison Chemical Division
of WR. Grace & Co., Balumore, Md 21203 SYLODENT 650 XWA, a silica hvdrogel
composed of particles of colloidal silica having a water content of about 29 wi % averaging
about 7 to about 19 wm m diameter, and an o1l absorption of less than aboat 70 ¢¢/100 g of
sthica, 15 an example of a low oi absorption silica abrasive wseful in the practice of the
present juvention. I certain embodiments, the abrasive 18 present in the oral care
composition of the present invention at a concentration of 10-60 wi%, 20-483 wi' or
30-50 wi%.

{8036} In certain embodiments, the basic anune acid is incorporsted into a dentifrice
conposition having a base formulation conprising calctom carbonate, and i particular
precipitated calcnim carbonate, as an abrasive. L-arginine and argining salts such as argining
bicarbonate are themselves distinetly bitter in taste, and in agueous solution can also impart a
fishy taste. The addition of L-arginine or arginine salts to a base dentifvice formulation
comprising calcium carbonate can provide a significant enhancement of taste and mouthfeel
attributes to the dentifrice formulation and to an increase iy the overall acceptance of the
product to & consumer.

8037} Foaming Agents

{6058} The oral care compositions of the mvention can optionally include an agent to
merease the amount of foam that 1s produced when the oral cavity 1s brushed.

| 6059 Tlustrative examples of agents that increase the amount of foam include but are not
fimtted to polyoxyvethylene and certam polvmers meluding Dut not limited to, alginate

polymers.
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{8068} The polvoxyethylene may increase the amount of foam and the thickness of the foam
generated by the oral care carvier component of the present fnvention. Polyoxyethylene is also
commonly known as  polvethylene glveol {("PEG"™ or polyethylene oxide. The
polvoxyethyienes suitable for use in the invention will have a molecular weight of about
200,006 to about 7,000,000, In one embodiment the molecular weight will be aboul 664,000
o gbout 2,000,000 and in another embodiment about 800,000 1o about 1.00G.000. Suitable
polvoxvethyvienes inclhude the POLYOX family of polvoxyethivienes from Dow Chamical Co.
{6061} The polvoxyethviens may be present iy an amowt of 1-90 wile, or 5-3¢ wi% or
10-20 wt.% based on the weight of the composition. The dosage of fosming agent in the oral
care composition {1.¢., a single dose) is 0.00-0.9 wi %, or 0.05-0.5 wi.%, or 0.1-0.2 wt %
80621 Surfactants

{6063} Another agent optionally included i the oral cave composition of the mvention is a
surfactant or a pixture of companble sorfactants. Saitable surfactants are those which are
reasonably siable throughout a wide pH range, for example, anionie, cationic, nomonic or
swittentonie surfactants.  Non-limiting examples of suttable surfactants are disclosed o
US 3959458 to Agricola et al, US 3937807 to Haefele and US 4051234 to Gieske et al.
16064} Tu certain cmbodiments, the anionie  swfactants useful herein  include  the
witer-soluble salts of alkyi sulfates having about 10 to about 18 carbon atoms in the alkyl
vadical and the water-soluble salts of sudfonated monoglycenides of fatly acids havimg about
10 to about 18 carbon atoms. Sodium Lyl selfate, sodium lauroyl sarcosinate and sodiam
coconut monoglveeride sulfonates are examples of antome surfactants of this type. Mixtures
of anignic surfactants may also be utibized.

{6065} Tn another embodiment, catiowic swrfactants useful in the present vention can be
broadly defined as derivapives of aliphatic guaternary ammomum compounds having one
fong alkyl cham containing abowt 8 to about 18 carbon atoms, such as lauryl
trimethviammonium chloride, cetyl pyridinium chlonde, cetyl gimethvlammomum bromide,
di-isobutylphenoxyethvidimethylbenzylammonivm  chloride,  coconwt alkylirimethyl-
anunoniuwm witrite, cetyl pynidimum fluonde and mixtures thereofl

{8066} ustrative cationic surfactants include the guaternary ammeonium {luondes described
m LIS 3535421 to Broner et al. Centain cationic surfactants can also got as gernycides wn the
compostions,

{86671 Ilustrative nonlonic surfactants that can be used m the compositions of the invention

can be broadly defined as compounds produced by the condensation of alkylene oxide groups

g
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{hydrophilic 1 natwre} with an organic hydrophobic compound which may be aliphatic or
alkylaromatic iy natare. Examples of saitable nontonic surfactants wnchude, but are not lted
to the PLURONICS {BASF Corp.). polvethylene oxide condensates of alkyl phenols,
products denved from the condensation of ethylene oxide with the reaction produst of
propyviene oxide and ethylene diamine, ethylene oxide condensates of aliphatic alcohols, long
chain terhary anune oxides, long chain tertiary phosplune oxides, long chain diglkyl
sulfoxides and nuxtures of such matenials.

{6068} In carlam embodiments, switterionic synthelic surfactants useful w the present
mvention can be broadly descnibed as derivatives of ashphatic quaternary  ammomaun,
phosphonivm and sulfontum compounds, m which the abphatic radicals can be strasght chain
or branched, and wherein one of the aliphatic substituents contains about ¥ to about 18 carbon
atoms and one contams an armonic water-solabilizing group e g, carboxy, sulfonate, sulfate,
phosphate or phosphonate. Hustrative examples of the sarfactants sutted for inclusion in the
composition inchyde, but are not limited to, sodnpn atkyl sulfate, sodivm lauwrovl sarcosinate,
cocoamidopropyi betaine and polysorbate 20, and combinations thereof.

160691 In a parucalar embodiment, the composttion of the trvention comprises an anmonic
surfactant, e.g., sodium lauryl sulfate,

{80701 The surfactant or mixtures of compatible surfactonis can be presemt in the
compasitions of the present mvention in an amount of 0. 1-5.0 wi.%, 0.3-3.0 wt.% or 0.5-2.0
wi.% based on a weight of the composition.

[8071]} Flavoring Agents

[8072} The oral care compositions of the mveniion may also inclade a flavorng agent.

{80731 Flavoring agents whach are used in the practice of the present invention include, but
are not Himited to, essential oils as well ag various flavoring aldehvdes, esters. alcohols, and
similar materials. Examples of the essential otls inchude otls of spearmint, peppermunt,
wintergreen, sassafvas, clove, sage, sucalyptus, marjoram, cinnamon, lemon, hime, grapefnut
and orange.

[6074] Also useful are such chenmucals as menthol, carvone, and ancthole, Certain
embodiments employ the oils of peppermint and spearnunt.

18075} The Mavoring agent is incorporated i certain embodiments of the composition at a
concentration of 0.1-5 wif% or 0.5-1.5 wi.% based on the weight of the composition, The
dosage of flavoring agent in the individual oral care composition dosage {1e., a single dose}

15 .00T-0.05 wi% or 0.003-0.015 wi %,
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{6076} Chelating agenis

{8077} The oral care compositions of the nvention also may optionally inchide one or more
chelating agents able to complex calcium found in the cell walls of the bacteria. Binding of
this calcium weakens the bacterial cell wall and augments bacterial ysis

{80781 A group of compommnds sutiable for use as chelating agents in the present invention are
the soluble pyrophosphates. The pyrophosphate salts used in the present compositions can be
any of the alkal metal pyrophosphate salis. In certamn embodiments, salts include tetrg alkali
metal pyvrophosphate, diatkall metal diacid pyrophosphaie, srialkall metal monoacid
pyrophosphate and mixtures thereof, wherein the alkali metals ave sodiom or potassium. The
salts are usefud m both their hydrated and wnhydrated forms. An effective amount of
pyrophosphate salt usefil in the present composition is generally enough (o provide at least
about 1.0 wi.% pyropbosphate jons, e.g., 1.5-6 wt.% or 3.3-6 wt.% of such ons.

[8079} Polymers

{6080} The oral care compositions of the invention also optiomally melude one or more
polvmers such as polvethvlene glyveols, polvvinylmethyt ether maleic acid copolymers, and
polyvsaccharides (eg., cellulose denvatives, such as carboxymethyl cellulose or
polysaccharide gums, for exgmple xanthan gum or carrageenan gumy). Acidic polvmers, for
exanmple polvacrviate gels, may be provided i the form of their free acids or partially or fully
neutralized water sohuble alkalt metal {e.g., potassium and sodium) or ammoniam salts.
{8081} Certain embodiments include 1:4 to 411 copolymers of maleic aphydride or acid with
ancther polvmerizable ethylenically unssturated monomer, for example, methyl vinyl ether
{(methoxveihylene) having a molecular weight (M. W.) of about 30,000 to about 000,000,
{6082} These copolymers are available for example as GANTREZ AN 139 (M W 500,000,
AN 119 (MW, 250,000} and S-97 Pharmaceutical Grade (MW, 2 x 10° Daltons) from 18P
Corporation,

{8083} Other operative polymers imclude those such as the 11 copolymers of maleic
aphydride with ethyl acrylate, hydroxyethyl methacrylate, Nevinyl-2-pyrollidone, or ethylene,
the latter being available for example as Mousanto EMA No. 1103 (M.W. 10,000) and EMA
Grade 61, and 1:1 copolymers of acrviic acid with methyl or hyvdroxyethyl methacryvlate,
methyl or ethyl acrylate, isobutyl vinyl ether or Novinyl-Z-pyrrotidose.

6084} Suitable  generslly, are polymerived olefinically or ethvlenically nnsaturated
carboxyiic acids containing an activated carbow-to-carbon olefinic double bond and at least

one carboxyl group, that s an acid coniaiming an olefinic double bond which readily
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fonctions in polvmenzation because of s presence W the monomer molecule either n the
alpha-bela position with respect to a carboxyl group or as part of 4 terminal methylene
grouping,

{80857 Ilustrative of such acids are acvylic, methacrviic, ethacryvlic, alpha-chloroacrvlic,
crotome, beta-aorvioxy propipmie, sorbic, alpha-chlovsorbic, cinmamic, beta-sivrvi acrvlic,
muconic, ilacouic, citraconic, mesaconic, glutaconic, aconitic, alpha-phenylacryvhic, 2-benzyl
acrylie, 2-cyclohexyvlacrvhic, angelic, wmbellic, fumaric, maleic acids and anhydrides. Other
different olefinic monomers copolymerizable with such carboxyvlic monomers iclude
vinylacetate, vinyl chioride, dimethy! maleate and the ke, Copolymers contain sufficient
carboxyiic salt groups for water-solubility,

80867 A further class of polymeric agents includes a composition comtaining homopolymers
of substituted acrylanudes andior bomopolymers of unsatwrated sulfonic acids and salts
thereof, 1 particular where polvmers are based on unsaturated sulfonic acids selected from
acrylamidoalykane sulfonic acids such as 2-acrylamide-2-methvlpropane sulfonic acid having
a molecutar weight of about 1,000 {o about 2,000 000, desciibed in US 4842847 to Zalnd.
{60871 Another useful class of polymeric agents includes polyamino acids, particularly those
containing proportions of anionic surface-active amino acids such as sspartic aad, glutamic
acid and phosphoserine, as disclosed in US 4866161 1o Sikes.

{B088] In prepaning oval care compositions, i i3 sometunes pecessary to add some thickening
material to provide a desirable consistency or o stabihze or enhance the performance of the
formulation. In certain embodiments, the thickening sgents are carboxyvinyl polvmers,
carrageenan, hydroxyelhyl cellulose and water soluble salts of cellulose ethers such as

sodium carboxymethy! cellulose and sodian carboxymethyl hydroxvethyl cellulose. Nataral

i

ums such as karaya, gum arabie, and gam wragacanth can alse be incorporated. Collotdal
magnesium alununom sthicate or finely divided silica cap be used as component of the
thickening composition to further improve the composition's textare. In certain embodiments,
thickening agents in an amount of 3.1~10.0 wt.% or 0.5-5.0 wt.% based on the composition
weight are used,

[8089} Water

6090} Water moay also be present in the oral compositions of the wvention. Water emploved
m the preparation of conwnercigl orgl compositions 15 preferably detowized and free of
orgamic impuoriies, Water commonly miakes up the balance of the compositions and

constiteies about 3% to about 90%, about 20% to about 60% or about 10% to about 30% by
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weight of the oral compositions, This amount of water inclades the free water which is added
plus that amount which is nroduced with other materials such as with sorbitol or any
components of the invention.

{8691} Humectants

{80921 Within certain embodiments of the oral compositions, # is also desirable (o
tncorporate a humectant o prevent the composition from hardening upon exposure 1o air,
Certain humectants can also impart desirable swesiness or flavor to dentifrice compositions.
The lunmectant, on a mwe humeciant basis, generally consiitaies 15-70 wi.% or 30-63 wi% of
the denufrice composition.

16093} Susteble humectants include edible polvhydric alcohols, such as plycerine, sorbitol,
xyiiol, propylene glveol, as well as other polyvols and mixtures of these huntectants, Mixiures
of ghvcenn and sorbiol may be vsed in certan embodiments as the humectant component of
the toothpaste compositions herein.

[8094] In addition to the above-described components, the embodiments of this invention can
contain a vanety of optional dentiftice ingredients some of which are described below.

160951 Optional ingredients inchsde, for example, but are sot limited 1o adhesives, sudsing
agents, flavoring ggonts, sweetenming agents, additional antiplaque agents, abrasives, and
coloring agents. These and other optional components are further described n US 3004597 (0
Muaeti, US 39539438 10 Agricola et al. and US 3937807 1o Haelele

{08096} Methods of Manufacture

[8097} The compositions of the present invention can be made using methods which are
common in the oral product area.

{60981 T one illustrative embodiment, the oral care composition Is made by nentrahizing or
partially neutralizing arginine in a gel phase with an acid, e.g.. phosphoric acid, hydrochloric
acid or carbonic acid, and mixing to form a first muxtyre, Actives such as, for example
vitamins, (PO, fuoride, abrasives (including occlusive agent{s)), and any other desired
active ngredients are added to first mixture and mixed to form second mixture. Where the
final product is a toothpaste, a toothpaste base, for exwople, dicalcium phosphate precipuated
calciom carbonate andfor silica, 1s added to second muxture and muxed. The final shory 1
formed imo an oral care product.

60991 Composition Use

{80100] The present invertion 0 s method aspect mvolves applying to the oral cavity a safe

and effective amoment of the compaositions desertbed herein.
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{80101} The compositions and methods aecording to the mvention are useful 1 a method to
protect the teeth by facilitating repair and reminesalization, n partioular to reduce oy inhnbit
formation of dental caries, reduce or intubit deminerahization snd promote remineralization of
the tegth, reduce hypersensitivity of the {eeth as detecied by hydraulic conductance, and
veduce, repair or inhibit pre-carious lesions of the enamel, e.g., a3 detected by gquantitative
light-induced fluorescence (QLF) ar electronic caries monitor {ECM).

[86162] QL¥ i3 a visible light fluorescence that can detect early lesions and longitudinally
monior the progression or regression. Normal teeth fuoresce in visible highl. Deminerabired
teeth do not or do so only w0 a lesser degree. The srea of dennneralizabon can be quantified
and s progress monitored. Blue laser Hebt is used to make the teeth auto-fluoresce. Areas
that have lost mineral have lower fluorescence and appear darker in comparison to a sound
tooth surface. Software 18 used to quantify the fluorescence from a white spot or the
areafvolume associated with the lesion. Generally, subjects with existing white spot {esions
are recruited as panehists. The measurements are performed in vive with real teeth. The lesion
areafvohame 15 measured at the beginnmy of the climical. The reduction {improvement} in
leston area‘volume s measured at the end of 6 months of product use. The duta 1s often
reported gs a porcent improvement versus basehine.

{89103} BECM is a technigque used to measure mineral content of the tooth based on electrical
resistance. Electrical conductance measurement explods the fact that the PBuid-filled tubules
exposed apon denuneralization and erosion of the enamet condoct electricity. As a tooh loses
mineral, it becones less resistive o electrical current due to increased povosity. An increase
i the conductance of the patient's teeth therefore may indicate demineralization. Generally,
studies are conducted on root surfaces with an existing lesion. The measurements are
performed i vivo with real teeth. Changes in electrical resistance before and after 6 month
trealments are made. In addition, a classical caries score for root surfaces is made using a
tactile probe. The hardness is classified on a three pownt scale: hard, leathery or soft. In this
type of study, typically the results are reported as electrical resistance (higher number s
bettery for the ECM measurements and an improvement n hardness of the lesion based on the
tactile probe score.

160164] The compositions of the invention are thus useful in & method 1o reduce pre-canous
lesions of the ensmel (as mensured by QLF ov ECM) relative to a composinon lacking

effective amounts of fluorine and/or argining.
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[60105] The compositions of the mvention wre additonally wseful iy methods o redace
harmfud bacteria in the oral cavity, for example wethods 1o reduce or inhibat gingivitis, redace
fevels of acid producing bacteria, to increase relative levels of arginolytic bacteria, inhibit
microbial biofim formation i the oral cavity, raise and/or mamtam plaque pH at levels ol at
feast pH 3.5 following sugar challenge, reduce plague sccumulation anddfor clean the leeth
and oral cavity, Finally, by incressing the pH in the wouth and discouraging pathogenic
bacieria, the compositions of the invention are useful to promots healing of sores or cuts in
the mouath.

160106} Enbancing oral health also provides benefits in systemic health, as the oral tissues
can be pateways for systemie mfections. Good oral bealth is associated with systemic healih,
including cardiovascular health, The compositions and methods of the invention provide
particudar benefits because basic amuino acids, especially argimne, are sources of nitrogen
which sapply NO synthesis pathways and thas enhance wicrocivealation 1 the oral tissues.
Providing a less acidic oral environment is also helpful in reducing pastric distress and
creates an environment lfess favorable to Helcobacter priort, which s associated with gastric
plcers. Argimine in particular is required for high expression of specific impume cell
receptors, for example T-cell receptors, so that arginine can enhance an effective immune
response. The compositions and methods of the invention are thus useful to enbance systemic
Bealth, including cardiovascular bealth. o some embodiments, the compositions and
methods of the invention are thus useful in promoting, maintaining andfor enhancing mouth
health, which leads to better health for the mdividual, In some embodiments, the
compostions and methods of the mvention are thas useful in providimg a healthy mouth,
which in tarn provides a healthy hlfe. In other embodiments, the compositions and methods
of the invention are thus useful in promoting, maintaining or enhancing whole body health.
180107} The compositions and methods according {0 the mvention can be incorporated into
oral compositions for the care of the mouth and teeth such as toothpastes, transparent pastes,

gels, mouth rinses, spravs and chewing gum.

EXAMPLES

{60108} The following examples farther describe and demonstrate ilastrative embodiments
within the scope of the present invention. The examples are given solely for Hlostration and
are not {0 be construed as limitations of this invention as many varigtions arc possible without

departing from the spirit and scope thereof. Various modifications of the invention i addition
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o those shown and deseribed berein should be apparent to those skilfed in the art and are
ftended to fall within the appended clabms.

160109] Formulas contaiming calcium siheate showed better performance after acid challenge
in comparison 0 control dentifrice without calorum silicate. Fornwlas contaiing calcium
sitivate were capable of nucleating crvsials of hyvdroxyapatite when m selution with the ions
conunonly found in human saliva, such as phosphate. Hvdroxyvapatite formation from
calcium silicate was comparable to that observed with bioactive glass. Dentmnal noclusion
experiments by confocal microscopy showed that {oothpaste samples containing caloium
sihicate provide faster occlusion and the occhsion s acid resistant.

[00110] EXAMPLE }

[80113] Prolotypes were prepared i 3 PCC and silica base with 1386 wi%% arginine
bicarbonate. Calctum silicate with average particle size less than 5 um was incorporated in

the dentifrice. See Table | below for prototype formdations.

Table 1

fogredicnt Formuda ! | Fornwlall | Pormela U6 | Foomuda IV
Sorbitol 230 230 200 206
Vegetable Glyeerin O 0 200 200
Sodium OMC Type? 072 .72 £.90 4,90
Xhantan gum 0.135 0,135 {3 g
Potassium Nigrate 0 g ¢ 5.8
Sodium Monoflocphosphaie Q.836 $.636 1.14 4,836
Sodiwm Saccharin .30 .30 440 .40
Sodium Silicate .80 {110 0 0
Tramwm Dioxide 4.50 .50 (175 .75
T5% Arginine Bicarbonale 1386 1356 13.86 13,86
Sodium Bicarhonate €.50 3,50 0 4
Precipitated calciam carbonate 350 25.0 0 O
Syathetic amorphous silica & 0 10.0 LD
ool td}
Symthetic amorphous silica 0 {4 20 2.0
{Ze0lhs)y
Calem Silicate 4.0 (0.0 4.0 1.0
Sodium laury] suifate 140 140 1.50 1.50
Flavor 1.00 1.50 130 1.30
Water (1o balance) Qs N Qs Qs
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{60112} Hydroxvapatie Formation

{80113] A calonom silicate sample with 8 particle sive less than § microns was immersed in a
jar with PBS containing calcium and phosphate for seven days with continuous stirsing. ARter
seven davs, the solution was filtered and solids were measured using a Perkin-Ehner FTIR.
A spectra measured for the caloim sithicale sample {A) and 2 conirol sample (Calciom
Silicate in DI-Water) (B) subjected to the same conditions as the calchum silicate saple
shows peaks at 561 ey and 601 cm™ that are indicative of the formation of hydroxyapatite
by the calcium silicale sample. Based on previous expersmenis, i was determuned that
hydroxyvapatite formanon from calcium silicate is comparable to that observed with bioactive
elass after seven days.

[80114] EXAMPLE 2

{80118} /n wireo testing of the hydraulic conductance of several different compositions was
conducted. The resolts are shown below., Human dentin segments were ot from extracted
molars, cleared of palpal tissue and mounted on acrvhic blocks, stched and connected o a
Flodec apparatus to measore fwid flow rate (hydrauhic conductance) through dentin. The first
treatment was applied usmyg a parafibm covered fingertip and was massaged for 1 minute.
Tregtiments 2 and 3 were applied using a soft wothbrosh for 1 minute. Following each of the
3 treatments, samples were rinsed with de-ionized (DI} water, connected o the Flodec
apparatus, and the conduciance was measured. Blocks were rinsed agaim and incubated in
phosphate boffered sahine (PBS) for at feast 2 houors before the next treatment. Conductance
was measured {70cm water pressure) and reported as 8 % conductance relative to the eiched
baseline for each sepment. After all treatments and measurements, the sezments wers
mcubated in PBS overmght, after which conductance was re-measured. The segments were
challenged for one mumwte with 6% citrie acid and conductance was mensured again.
Sigmficantly higher reductions in dentin permeability were seen in Table 2 with Formula I
vs. both a conventional sibica dentifrice as well as a marketed dentifrice for hypersensiivity

relief containming strontium acetate.
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Table 2

2% Dentinal Fluid Flow vs. etched control

PCT/US2011/061305

6% Cliric
Finger Treatment Acid
Formula Application i Treatment 2 | Overnight Challenge
53534 RE TNt
Formala Hi ({1453 (4603 | 3533 (7.66) 1 3I697(5 14y | 41.84(6 84)
Strontium acetsie
anti-hypersensitity RGOS 73.36 35.66
dentiftice (6,16} {13.81) {1047y | SOOI(I0R2) | 80.58(13 .44
Conventional 69,74
silica dentifrice - - {1056 1 73 I8(5.92) | 6H.26(8.99) | 81 RI{13.8T)
50,28 29,23 2938 40.26
Arginine/PCC (7.90} (1088 | 2840 (7.93) {11.00) {(14.71)

B0116] Properdes of three caleium silicates with varying 358, d10 and 390 levels is shown
| | ying ,

in Table 3, Particle size distributions are commonly mweasured by a laser diffraction

spectrometer and described using d10, 450 and d90 values. The d30 value is the median

particles size meamng that 3% of the particle population is equal to ot smaller than the 430

valae. Similarly, 10% of the particle population is equal to or smaller than the d10 value in

diameter and %% of the particle population is equal (o or smaller than the d%0 value n

diameter. Another way to express the particle size distribution is by cumalative volame

percentage at or below at selected particle diameter. {CVP). The metric that best describes

both the particle size distribution and the impact of particle sive on the product in sccordance

with this invention is a CVP at or below 3.95 microns (CVP393). Calcwant silicate 3 would

found o be efficacious vs, non-efficacious calcihum silicates.

{alcium

Sthicate  Efficacious
i No
2 No
3 Yes

Table 3

d56
R.23
585
2 5

-]

s

dio dey CVP39S
148 1937 2788
307 10.53 21.78
1.72 6.9 6442

180117] Thas, the composition of the invention both occludes dentinal tubules and shows

hoactivity as evidenced by the fonmation of hydroxyapatite.  In addition, calcium silicate

particles used in aguems dentiftices of the mvention wall provide a veactive swrface (o

nucleate calcium and phosphate jons in saliva.
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CLAIMS

WHAT IS CLAIMED IS

i

e

3

9

i,

it

An oral care composition for reducing hypersensitivity of the teeth comprising:

a. an effective amount of a basic aming acid m free or salt forny; and
b, an effective amount of calcium silicate particles, wherein the caloium silicate

particles have an average digreter of less than 5 nucrons,

The composiiion gccording to claim 1, wherein the particles have a d50 of 2 um 0 §

um, and a 490 of 5 wm to 10 pm, and a CVP 3.93 of at least 308,

The composition according to any of the preceding clamms wherein the calcium

silicate has a pH between 8.4 and 11.2 in a 5% solution.

The composition according 1o anv of the preceding clawms, wherein the calcium

silicate has a surface area of 20 - 400 m2/g and a pore volune of 0.01 -~ | cofe.

The composition according o any of lhe preceding clums, [urther comprising

potassivm salt,

The composition according to claim 3, wherein the potasstum salt is present at a

concentration of 1-14 wi % based on a weight of the composition.

The composition according o any of the preceding claims, wherein the oral care
conposition provides a fluid flow rate of no greater than about 45% of the fluid flow

rate of etched dentin.

The composition according to any of the preceding clabms, wherein the basic anuno
acid comprises 0.1-20 wi.% based on a weaght of the compositing.

The compostion avcording to any of the preceding claims, wherein ihe effective
amount of calciom silicate particles 15 520 wif% based on a weight of the
cOmMpasition,

The composition according 10 any of the precedmy claims, wherein the basic amine
acid 1 arginine.

The composition according to any of the preceding claims, wherein the basic anuno
acid is partinily or wholly m g salt form selected from the group consisting of arginine

bicarbonate, arginine hivdrochioride, arginine phosphate and contunations thereof,
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14,

.’-J'x

16,

. The composition according to my of the preceding claims, wherein the basic aming

acid is arginine bicarbonate.

. The composition according to any of the preceding claims, wherein the average

diameter of the calciim silicate particles is from 2 nucrons o § microns.

The composition according o any of lhe preceding clums, {urther comprising
precipitated caloium carbonate or silica.

- The composition according o any of the preceding claims, further comprising a

soluble fluoride salt, an anionic surfactant and an antibacterial agent.

The composition according to any of the preceding claims, wherein the composition is

aguens.

CAn oral care method comprising applying o an oral cavity of a subject the

composition of any of the preceding claims in an amount effective o
rechuce or inlubit formation of dental cartes;

reduce, repair or inhibit pre-carious lesions of the enamel;

reduce or inhibit depnineralization and promote resmuineratization of the teeth;
reduce hypersensitivity of the teeth;

reduce or inhibit gingivitis;

promote healing of sores or cuts in the mouth;

reduce levels of acid producing bactena;

increase velative levels of arginolytic bacteria;

inhibit microbiad brofilm formation in the oral cavity;

raise andfor maintain plaque pH at levels of at least pH 5.3 Following sugar challenge:
redace plague accumnulation;

treat, reduce, relieve or alleviate dry mouth;

whiten teeth;

redice erosion;

promie svatenne health
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impuunize teeth against cariogenic bacteria; anddor clean teeth and the oral cavity.



