MOUTH RI NSE COVPCSI TI ONS | NCLUDI NG CHEM CALLY MODI FI ED Sl LI CA OR Sl LI CATE
MATERI ALS FOR SUSTAI NED DELI VERY TO TOOTH SURFACES Cross- Reference to

Rel at ed Appl2omeznsuzens [ 0001] The present application cl aipag/iBrao/heosef i t of
priority to U S. Uility Patent Application Serial No. 12/648,673, filed
Decenber 29, 2009, and U. S. Provisional Application Serial No. 61/275, 689,
filed January 24, 2009, entitled "Muth R nse Conpositions Including
Chemcally Modified Silica or Silicate Materials for Sustained Delivery to
Tooth Surfaces”, the disclosures of which are hereby incorporated by
reference in their entirety. Field of the Invention [0002] This invention
pertains to nmouth rins conposi tians
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are hereby incorporated by reference in their entirety.

Field of the Invention
[0002] This invention pertains to mouth rinse (i.e., mouthwash) compositions, and

more particularly, to mouth rinse compositions that function to decrease tooth sensitivity.
Background of the Invention

[0003] Silica and/or silicate materials are particularly useful in dentifrice products
(such as toothpastes) where they function as abrasives and thickeners. In addition to this
functional versatility, silica or silicate materials (particularly amorphous precipitated
silica materials or calcium silicate particles) also have the advantage, when compared to
other dentifrice abrasives (notably alumina and calcium carbonate) of having a relatively
high compatibility with active ingredients like fluoride sources (sodium fluoride, sodium
monofluorophosphate, etc.). Additionally, silica or silicate .materials have been theorized
as potential therapeutic agents for dental purposes in other ways, such as dentin tubule
blocking, teeth whitening, and remineralization of depleted teeth surfaces. However, in
each of these instances, the delivery of silica or silicate materials has been accomplished
through dental pastes and creams of high viscosity. Deposition of silica or silicate
materials on teeth through other methods has heretofore been avoided due to various

difficulties.
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alcohols to kill harmful and/or undesirable bacteria in a person’s mouth and active
ingredients to treat potential problems associated with foul breath, tooth cavities, and
gingivitis and by delivery of flavors and scents to mask odors. Mouthwashes generally
exhibit a proper low viscosity to allow for full maneuvering within a person’s oral cavity
and to facilitate expectoration, rather than swallowing. Mouthwashes include large
amounts of water-miscible alcohols and water, along with essential oils (eucalyptol,
methylsalicylate, and the like) and other agents, such as hydrogen peroxide and
tetrapotassium phosphate, which could be harmful if ingested; as such, mouthwashes are
not to be swallowed, but expectorated by a user. Expectorating of mouthwash will
involve active removal of as much residue from a person’s mouth as possible. With a
liquid basis, mouthwashes, even after being maneuvered throughout a person’s mouth,
will most likely include materials that were not only in the mouthwash initially, but also
potentially unwanted residues from the user’s teeth when active and forceful
expectoration occurs. Mouthwashes may also include organic compounds or salts which

dissociate in properly acidified media resulting in a propensity to adhere to tooth surfaces

in liquefied form.
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Brief Summary and Advantages of the Invention

[0007] A mouth rinse composition is provided that permits delivery of particulate
materials having affinity for adhesion to the surface of teeth through common mouth
rinsing procedures. Such compositions must exhibit proper suspension of particulate
materials to prevent settling during storage while simultaneously providing proper mouth
rinsing properties. The particulate materials may themselves exhibit any number of
therapeutic or aesthetic benefits as long as such materials are easily transferred through
mouth rinsing and exhibit proper affinity for deposit on target teeth upon contact
therewith. Examples of therapeutic benefit include reduction in tooth sensitivity and
remineralization of the tooth surface by application of calcium. The particulate materials,
in one embodiment, exhibit certain ionic charge levels as well as sufficiently small
particle sizes to permit effective static attraction and eventual accumulation on target
tooth surfaces. The particulate materials may be adduct-treated precipitated silica,
calcium silicate or a calcium silicate modified by reaction with phosphoric acid.

[0008] One distinct advantage of the present inventive mouth rinse composition is the
ability to deliver therapeutically beneficial particulate materials from a very low viscosity
liquid through maneuvering of the liquid within a person’s oral cavity. Another

advantage of this invention is the ability to provide the necessarily low viscosity of the



rinsing properties. The particulate materials may thensel ves exhibit any
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preferabl Bf)artgiecal\gﬁ:en%terial wherein the particulate material exhibits an affinity for adhesion to
tooth surfaces when applied through a standard mouth rinsing procedure and the
particulate material does not exhibit appreciable separation or settling from within the
mouth rinse compositions after at least 3 weeks of storage at room temperature. In
another embodiment, the particulate materials are present in an amount of from 0.01 to
about 10% of the total weight of the mouth rinse composition. Preferably, the amount is
from 0.05 to about 5% by weight.
[0010] Also encompassed within this invention is a method of depositing particulate
materials to tooth surfaces through the introduction of such a mouth rinse compositions
within the oral cavity of a user, and particularly materials that impart therapeutic benefits
(or aesthetic benefits) to target teeth upon such deposition.
{0011] A standard mouth rinse procedure is intended to entail the introduction of a
certain amount of the mouth rinse composition (such as from 5 to 20 mL, as examples)
by pouring the mouth rinse composition into a delivery vessel and transferring the mouth
rinse composition to the user’s oral cavity. The user would then move the fluid mouth

rinse composition around the oral cavity to best ensure contact between the mouth rinse

composition and most, if not all, of the different locations within the oral cavity. After a
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their ability to either kill microorganisms (such as ethanol) or provide aesthetic properties
to the overall composition (such as menthol). However, for evident reasons, the alcohol
present should be non-toxic in nature. The water/alcohol (or alcohol alone or water
alone) portion should be the vast majority of the mouth rinse composition of the present
invention in order to, again provide the desired liquid characteristics for ease in transfer,
delivery, and removal from the user’s oral cavity. Thus, the base solvent may constitute
from 75-99.99% by weight of the overall formulation.
[0014] More importantly, though, this mouth rinse composition includes particulate
materials that exhibit an affinity for adhesion to tooth surfaces when applied through
standard mouth rinsing procedure. The particulate materials may be selected from
precipitated silica, silicate or mixtures thereof. In some instances the precipitated silica is
modified to permit deposition on target tooth surfaces during a mouth rinsing procedure.
This modification generates silica that will easily adhere to tooth surfaces as compared to
the same material in a non-modified state which would typically not adhere to tooth
surfaces. As disclosed in co-pending U.S. Application Serial No.12/499,359, filed July
8, 2009 (“the ‘359 application”), tubule-blocking precipitated silica materials, which
exhibit a greater propensity to adhere to tooth surfaces, were introduced within a

dentifrice formulation and through a typical tooth brushing process. These same silica
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suitable metal elements include aluminum, zinc, tin, strontium, iron, copper, and mixtures
thereof. The adduct-treated precipitated silica material is formed by the addition of the
adduct in the form of a water-soluble metal salt during the formation of precipitated silica
material, which is further detailed below. Any metal salt that is soluble in acidic

conditions would be suitable, such as metal nitrates, metal chlorides, metal sulfates, and

the like.

[0016] In one embodiment, the adduct-treated precipitated silica material exhibits a
zeta potential reduction greater than 15% when compared to a precipitated silica material
of the same structure on which no adduct is present. In another embodiment, the zeta
potential reduction is greater than 20 %. In still another embodiment, the zeta potential

reduction is greater than 25 %.

[0017] Other types of silica modification that exhibit increased affinity for bovine
dentin are cationic in nature or are surface enriched with minor metal oxide components.
Metal stabilized colloidal silicas, such as those manufactured under the trade name
Ludox by W.R. Grace, particularly the Ludox AM series, are typically 5 to 120 nm in
size and can be treated with an aluminum species or other metal component. This
treatment results in a reduction of the negative charge of the silica or the formation of

cationically charged particles depending on the composition and level of treatment of the



dentifrice fornulation and through a typical tooth brushing process. These
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entirety. [0015] While any type of nodification of silica that accords an
adhesi on increase on tooth and gum surfaces is included within this

i nvention, the nodifications disclosed in the '359 application provide for
one of the preferred enbodi nents of the present invention. Thesge. .
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to non-surface enriched colloidal and fumed silica particles alone.

[0018] For silicate materials, one preferred embodiment is that of calcium silicate
which may have similarly sized particles as that of the ‘359 application. Additionally,
calcium silicate may be modified by reaction with phosphoric acid to generate a calcium
phosphate salt, which aids in allowing for ionic charges to adhere the calcium silicate to
the tooth surfaces, or within the dentinal tubules of teeth, or even on gum tissue surfaces.
Such calcium silicate/phosphate compounds can thus deliver calcium ions to adhered-to
teeth for potential remineralization purposes.

[0019] In the ‘359 application, the modified precipitated silica materials are added to
dentifrices which typically include silica materials for either abrasive effect or thickening
characteristics, not for delivery of other compounds or for the ability of such silica or
silicate particles to provide other benefits. However, the presence of other types of
components within a dentifrice may potentially deleteriously affect deposition of
modified silica or silicate particulates, or possibly modified silica or silicate particulates
themselves may deleteriously affect certain dentifrice compounds (fluoride sources, for
example, may react undesirably with certain metallic compounds thereby rendering the
fluoride unavailable for utilization). Thus, it was important to first realize that silica or

silicate materials may offer promise to deliver certain benefits to tooth and gum surfaces
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manuf act ured under the trade nanme Ludox by WR G ace, particularly the
Ludox AM series, are typically 5 to 120 nmin size and can be treated with
an al um num species or other netal conponent. This treatnent results in a
reduction of the negative charge of the silica or the formation of

cationically charged rticles depending on the co sition and |.evel of
Creat ment PEOHBSEITR AR TR SFOHTE: STPRGERS ot Toh&eToavp oalied

di sper si ofhat M8 GniBl1RhteCRatHATE thayi Bel EtipRHUOKME bfeathS HEdheRds (Hapefarifloduced by
addition of a small anobunt of a minor netal hal ogen stream during the

pyr ogeni c “sipredt avithim the arorasr ofrife pilise 65 silicate anasgsiplsoler idgtaxeds baboomipiPYs si ze
when di sp [ 0 | Wil < Adgj td f : Safaf the
m nor net gﬁﬁ‘?g)f ![O Oeirztgﬁﬁt g@"?@a“%??é‘é‘@ %ﬁ%‘%eggﬁgﬁ%%@i@g g?t Ir?g %%%’c?i on of
t he negat iusal suprttagletubhizr bleclofig soinpeoentr (ta reditck ofiscomdert ttb cd @satepen@ent on
t he conposition and.l evel of treat t and the ioni¢c strength,of the
di sper si or'ﬁ’.cceglﬁ@ﬁ %BH%ggrtB%’Lg?s)'pr{akéeug r‘r)g[%éﬂr é’ﬁ t?ofuﬁguanggtrenﬁﬂecatp?ga{([i&n%rseth erosi |
MOX 80 or ddMidéry, 7@li4by,adfl subh endi¢riatg fovonihkgurfaBst in 4 henaerl dthérdhbn dirbughas and

co-fumed netal oxjde products are available cogmercially in the formof a
slurry, wiyRis! dgiifdcafarpyaise (51{%@’ breshing HrﬁcegH’@S'rmut hwash formul ati ons

descri bed [6@0pi N Gikel BE ProRUtdMidal S SilieATRRGIchIaRNEnd Eheih thoBifRE®IMs Warvent i on.
Al t hough these particles are nuch snmaller in size than bovine tubules,

t hei r nodir¢aliges Burefbny eHarGeushes! be apxhallengepyasdoi fataHate imapth Antovi ne
dentin w g { 10 r t = S i d

col | oi dal tcgrrrllgosgta&rrlg sti‘\%ifuz:daﬁup\)/g {%Fggﬁgﬁgﬁﬁql[eosgob{%% r Fg?%?%ggg urgr%?eri al s,
one pr ef erradadtyh pdipeed¢posision leata wér’ cwbthi and Sin tissae sunftdes umig/a ey

T e
gener at e as&al Theudiffidulrs phadumtesad tvithwhe pbredtiall Sndlusial bowichgnitedials evithin char ges
to adhere nEorL?h ?ir?'slecciolr%ngogiitil)rilscp?étrt%ints ?o the ability to ensure uniform delivery to the user’s
oral cavity and hoped-for even distribution throughout the tooth surfaces and gum tissues
therein. A possible production of thickened mouth rinse compositions was determined to
be improper as mouthwash users do not generally want a gelled or creamy mouth rin»s)e;
thus a liquid rinse is necessary. The goal was to develop a manner of not only delivering,
reliably, silica or silicate particulate materials to tooth surfaces from liquid sources, but
also to provide a formulation that did not settle to the bottom of a storage container and
required thorough mixing to at least move the settled particulates to the top for transfer.
{0021} To that end, certain polysaccharide gums were found to provide suitable
hydration levels in low proportions with effective suspension characteristics. Xanthan
gum, high acetyl gellan gum, and low acetyl gellan gum exhibited excellent capability for
such a purpose. Additionally, numerous other types of thickening agents, such as
carboxymethylcellulose, or combinations of thickening agents may also provide such
beneficial results. Below are greater details in terms of the utilization and preparation of
the proper suspensions for particulate material introduction within liquid mouth rinse

compositions of the present invention. The gums are generally added in a pre-mix

formulation at very low levels (from 0.01 to 0.25% by weight thereof) to accord the



the tooth surfaces, or wwthin the dentinal tubules of teeth, or even on gum
ti ssue surfaces. Such calciumsilicate/ phosphate conpounds can thus deliver
cal ci um iwootonsadBer ed-to teeth for potential ren neralPCTAB200MO@OS40SES.
[0019] In the '359 application, the nodified precipitated silica materials
are added to dentifrices which typically include silica materials for

ei ther abrasive effect or thickening characteristics, not for delivery of
ot her conpounds or for the ability of such silica or silicate particles to
provi de ot her benefits. However, the rlEs nce of. other tXl es of conponents
B Chi n o EOTR (peRgn dopetr s M B EeBPvBwary it exhenedh. FEH of

modi fi ed sbhpésaiodto sdrhdig af ®ithSlE liggidlfeéhes, or possibly nodified silica or
silicate particul ates thensel ves may del eteriously affect certain

denti fri cd0®8hpo @it compgpsntybatsyey %f‘e%qdeql &y the sonh rénse gampesitions inghedesi r abl y
with cert @ﬂi’qaﬂ%ﬁﬁhi'cio%ia@%ﬂ%ﬁ}ﬁ& LhBEGRY (foehd gy 'dEtQ)sftiBﬁ of 'o?QJnlcdﬁqd#&baﬁba' | abl e
for utilization). Thus, it was Inportant to first realize that silica or
silicate nugestded andrugl tishias), spreeeness flavorauth.ioplorante padptheheomrounds they t oot h

and m sur. 0 . [, QVd it hi ical g fr .
corrpggi t;s F\Ifsnﬁg%? aﬁ%cs‘Ii}gjeéelﬁg)%gtvﬁortée}l\glaF@gﬁ%%gltb@g%?{gg%gﬁegg %‘H‘%’%fm Ziterrrg{seri al s
may be cotigiselved (suaclbragdtumebraeshensesat(venr areixdieplile). "Btanipdd” ofasititable t he

pores of the silica or si l)l cat terials for delayed, but continyous
el i very GOGPICIL eI PeETRoY AT i TIRHI SPCELmRaPBors el Rl | o
pur poses) copélind$ adciass adymal, élﬂlé}bli_hgmbl, Ofiiy11) Ohek QPP BBRPE- Sarldt Octy BHEHE,
disconfort to a user due to accessible dentinal tubules). The problemw th
such a potentiesarcipelphpiachiojonhiare. gRé PAwIOhBRIPan: AMEIINIHM BIMRAUBHS Miffler i al s
to tooth SUrfachsny MdpiBHHEE AkNCLuHRAN EHHOHGRIhY RhkAle IGRYIdRERR
formul ations and t'ooth br psh|;£ rocedures: [0020] Once the proper” silica
or sili catbenzylmmaniymtchloagidd, ek ilky haethylc ammoniymaaalidessadridz egscelaneerst i nity
to tooth %Htriﬂa@r%ﬁ?r c&ﬂﬁcaﬂﬁé‘tsu%ﬁ'%s' BOABiARid! .(%Olrn%r\}é:'@ﬂ}'@é, e;g&?s‘é%nﬁl 'chibedte,
conposi tions that wou ave proper suspension white’stored, proper
transfer tyotritinegramicdial iodine] sqdiuprpoberate eypdsirdal pmoxode. a Assedll, sodiomt h and
gum ti SSU%er?z%zl;t]ceangae)/Sbg fcluddd s rT\)E/)ellllt E) dissociate into benzoic acid for such a purpose.

Weak acids may be added as well as buffering agents to adjust the pH levels. Thus, citric

acid, tartaric acid, and acetic acid may also be added. Exemplary buffering agents are an

alkali metal or alkaline earth metal salt, and an amine (e.g., ammonium) salt of the weak

carboxylic acid. The preferred buffering agents are sodium citrate, potassium citrate, and

sodium acetate. Surfactants may be included in the composition to keep the mouth rinse

compositions clear and to prevent turbidity. Any food-grade surfactants can be employed

for this purpose, such as anionic alkyl sulfates (sodium lauryl sulfate, sodium tetradecyl

sulfate, and the like). Sweetening agents such as sodium saccharin, sorbitol, xylitol,

aspartame, and sucrose may also be included. The flavorants can be selected from

cinnamon, cassia, anise, menthol, eucalyptol, methyl salicylate, peppermint oil, spearmint

oil, and other known flavor modifiers. Colorants, such as FD&C dyes, may be added as

well. These extra components may be present from 0.01 to 25% of the total mouth rinse

composition by weight.

[0023] The precipitated silica materials of the present invention are prepared

according to the following process. An aqueous solution of an alkali silicate, such as

sodium silicate, is charged into a reactor equipped with mixing means adequate to ensure



rinsing procedure, and delivery of desired benefits thereafter to the tooth
and guns of the user. The difficulty encountered with the potenti al

i ncl usi orwof20pusisosat erials within nouth rinse conpositipomdaBEao/H@osus to t he
ability to ensure uniformdelivery to the user's oral cavity and hoped-for
even distribution throughout the tooth surfaces and gumtissues therein. A
possi bl e production of thickened nouth rinse conpositions was determned to
be inproper as nnuthmash users do not generally want a gelled or creany
mout h rins thus a I| Wb neces ary ﬁg? oal was to develop a

manner of 2 Ogﬁ‘i'e}?“ﬂé‘w E‘:rl ‘ S‘allﬂa'{r‘ SO ‘?tiolnc‘& chrc'étpéehﬁﬁtF ‘edl ate

mat eri al s (dnthet20t Rf BsHEALADuf 60Mahd SBHuE 16T TBS alkBNkilidats QqicBuPioNitiode a
formulation that did not settle to the bottom of a storage cont ai ner and

required fghevgyan alkgli pidicate concenteation ofgperoximataly 810 o Sput e-iseeh at Bemt o t he
top for tLgNsfes -« [a%ggﬁzo Tl hafheem l %ﬁrcg@ l'ﬁafcﬂey§ asgellam gﬁk@atgw yere

found to provide suit e hydratlon evels in 1ow proportions with
effective S@i&sﬁe?@mtm ofh fromcateut éttpcaboutxaﬁpt $vah aguatrputh?. @hoa:d:remty} 4gditean gum

and | ow ace um exhi bi.t ed exc n R b i 9
pur pose. i‘ﬂf}('fy aé%aﬁ' sifs {f Ei‘ CQ dingp ﬁjeerre?c 3 ab(fu??ﬁ’?tc/%(em@rq Wta/r %f?\ygpo such as
car bpxyrre*slhlyite atdduh G&Gb,atdhl’ Omaﬂmlnyaztn cﬂmroqfte tsinhcdsanding sa(fetﬁtsslutmy nalyso

provi de s eneficial results. low are greater details.in terngs of the
011 250 B iR B bparstD AR nASROpEP: 4TS FEHEE IS BoPSiRmer S0f o
mat eri al h rsggi@u%hd:;ﬂoﬁ@ thin liquid nmouth rinse conpositions of the present

invention. The guns are generally added in a pre-m x formnul atlon at very
| ow | evel $0028} omTo. e reastay. ipghgnpymukangeisly pddedofh) ancacueewsr witked@ssary

suspensi o Rl t@x?gr%‘gaﬁtsor%ldl Suchld Fulflﬁic %@'dﬁ'x?io&ﬁ)'éd?lhgna@!ﬁ[)@r{tg of B flesdsnse

conposition to remain in Suita 0022] Ot her conponents that
may be addfddtlctrocarhaamnguhdwsmms&cwmnﬁ@kkalu isibigsteiand$ i thet igpyiteratheagqueeriscr obi al

Conpoundshcgﬁtgf{n Cltgg‘ L%%)egte(? to 8mger9t%1[')ef ?fl ;[lblo?lp 6 C 90 lth{)d(gl‘"A(A dtd?ﬂt ar get

teeth and avorants, orants,
conpounds cémpdundes ﬁrddeda@sliehetdutanag\ dgetht faciu&bmiohpmmtor & thehstrajpetidn @

benefits ];l{eoggzlé r]:?tmpga;{zrén? ualqg';[:o%s né%‘u%ul am'g) the reactor. The adduct compound is
premixed with the acidulating agent aqueous solution in a concentration of mol. of adduct
compound to L of acidulating agent aqueous solution of about 0.002 to about 0.185,
preferably about 0.074 to about 0.150. Optionally, if higher adduct concentrations are
required in the final silica product, an aqueous solution of the adduct compound can be
used in place of the acid.
[0025] The acidulating agent solution preferably has a concentration of acidulating
agent of about 6 to 35 wt%, such as about 9.0 to about 20 wt%. After a period of time
the inflow of the alkali silicate is stopped and the acidulating agent is allowed to flow
until the desired pH is reached.
[0026] The reactor batch is allowed to age or “digest” for between 5 minutes to 30
minutes at a set digestion temperature, with the reactor batch being maintained at a
constant pH. After the completion of digestion, the reaction batch is filtered and washed
with water to remove excess by-product inorganic salts until the wash water from the
silica filter cake obtains a conductivity of less than about 2000 pmhos/cm. Because the
conductivity of the silica filtrate is proportional to the inorganic salt by-product

concentration in the filter cake, then by maintaining the conductivity of the filtrate to be
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t henmsel ves (such as hunectants, preservatives, and the |ike). Exanples of
suitabl e antim crobial agents to be enployed in the nouth rinse
conposi t iwoxoivskisde phenol i ¢ conpounds such as thynol , pcimiiBzoao/boonsi |
anyl -, hexyl-, heptyl- and octyl phenol, hexylresorcinol, hexachl orophene,
and phenol ; quaternary ammoni um conpounds such as quaternary norphol i ni um
al kyl sul fates, cetyl pyridiniumchloride, alkyldinethyl benzyl amoni um
chl oride, and al kyltrimethyl amroni um halides; and m scel | aneous

anti bacterial conpounds such as benzoic acid, fornmal dehyde, potassium

chl orat e, lesyihgn RW%ﬁuﬁbos@;ﬂﬂsﬁiﬁere&i low cpprgnisationod dnogganiser it sathers NaaeCuinea

per oxi de. ﬂésﬁlw!c!g«e rﬁgﬂw@%mw. OBk EsilTBYGIRE chIRGh UGS Wi ardQndll &Raci at e
for such a pur d

i nto benzoi c aci . ‘ ‘pose. Weak acids may be added as well as
buf f er i ng bagentenveotied} deing teehmpdlies esuch 95 sfrhyidrying, to podaed atlduttareatadi ¢ aci d,

and acetic_acid .als d. | ar f I Ngna0e 1 n al kal
motar or St sied isf eRRBT e e RITABAR LR ed R SoRIRRnBED, T o7
t he weak dhehdduct-treatad p@cipithred pilied efateeid]l af fileani begmi e nd sbaireths aldsireah

citrate, potassiumcjtrate, and sodi um acetate. Surfactants nay be included
in the compdsletfignok betwekthakawt InBwt 19 7 iMise Tg&r?ﬂé‘é“h“i%‘ﬁ Pegedpitated niliqeo

prevent turhi g f¥ntidhoy am@ﬁs E{e?égﬁ?lfﬁrv&a@&tsaﬂBQ hAR HR tRRRNeY 88l tHehi s

pur pose, such as anionic alky ates (sodiumlauryl sulfate, sodium

t et r adecy IsilisaIréduces, thamdgative dhptge)on Baedicani Fxgmalssf susahlh metnl slegmenth
SaCChar ! n’inc lfJCt%HCIIT?én S gé%lci:eh ?{Ogldﬁ' r%ﬁfotnaz{m’maem ro g%’ie%ﬁtan%ef@ha?eg%ql]%fl Uded'

The flavorants can be selec rom cl nnanofi, €assla, anlse, nent

eucal ypt olof thestatyisombleintdl able inchelp pRiminurh, zind, fin,Speatium,ntonparld, coppat. ot her
known fl a difiers..Colorants, such as F es, .y _be added as wel|.
These ext 102D S SiiEgeDa g EL bRy Biepaeo o BB FRETOT mout b
rinse conp@@i b Qiikaliie Waih Nhetall @A2@ht, ThefePbBC api dlialliad &aithi aamekdei @&l s of
the present invention are prepared according to the faollow ng process. An
aqueous sdVdOxige B agAuTSE Rgvlvmﬁum tugh @s sedjwp algninate or alumina. Because the

final properties of the silicate are dependent on the reactivity of the silica, the silica
source is preferred to be the reaction product of a soluble silicate, such as sodium silicate,
and a mineral acid, such as sulfuric acid. Suitable synthetic amorphous alkaline earth
metal silicates are manufactured by the J. M. Huber Corporation and are sold in different
grades under the trademark Hubersorb®. Methods and techniques for preparing these
silicas are discussed in greater detail in U.S. Pat. No. 4,557,916, which is herein
incorporated in its entirety. In one embodiment, a calcium silicate is reacted with
phosphoric acid to form a modified calcium silicate/phosphate for adherence to target
tooth surfaces.

[0028] Such particulate silica or silicate materials may be introduced as prepared for
the purpose of occluding dentinal tubules. Alternatively, such materials may then be
reacted with other compounds to utilize the silica or silicate as deposition agents for
delivery of the other compounds to the tooth and/or gum tissue surfaces. Thus, for
instance, the pores of such silica or silicate materials may be filled with various agents,
such as breath freshening compounds, to permit delivery over time within the user’s oral
cavity. Likewise, a calcium source may be added (such as calcium silicate reacted with
phosphoric acid, noted above) to provide a remineralization compound to target tooth

surfaces. In such a manner, the calcium portion of the delivered compound may react
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sodiumsilicate, is charged into a reactor equipped wth m xing neans
adequate to ensurea honpbgeneous m xture. The alkali silicate solution in

t he reactwo 20m/(3s®Beat ed to a tenperature of between abeutr/18H0C@0gk about
1000C. The al kali silicate aqueous solution nmay have an al kali silicate
concentration of approximately 8.0 to 35 wt% such as fromabout 8.0 to
about 20 wt% The alkali silicate may be a sodiumsilicate with a Si Q2: Na20
ratio of fromabout 1 to about 3.5, such as about 2.4 to about 3.4. The
quantity of alkali silicate charged into the reactor is about 5 wt%to 100
W% of  { havithchfoush o @Sl (ReaePURHIop 1 BRI caleyym HRm th 0olh HSFEE VY] yit e,
such as s@geum sul fate solution, may be added to the reaction nedium
Additionally, this m xing may be perforned under high-shear conditions.

[0024] To the reactor is thgh.ehdlip@seauat brawged: (1) an aqueous solution
of an acidul ati ng agent or acid, such as sulfuric acid;, and (2) additional

amunt s 030@9% agqyeqns 150k ‘é&ﬂié&%f‘bﬂ&%ﬁﬁ&éé?ﬂ;h% RRoWRABEhSREALSSST alyndk4AL

silicate as IS in The reactor, the aqueous solutron being préeheated to a
t enper at uneuthwaalh o ffinig5OL afowabwependGOS@plesninadunscof ewhysounetpplsliioefed t o

t he aci dul at.i nt U sol uti [l . [ . t..0n..0f the
aci dul ati rrlng()défgegnsfal %gqaﬁ%%glsr&ggﬁlﬁet ﬁg%&t}oﬁ{l (S)Q?rﬁggrre‘?agvé{hgfqn_’ﬂééﬁgdé%hgalggﬁpound i's
prem xed wkithal thBulacfroilaatanthgn agrentspagpitmaystemol uti on in a concentrati on of

nol. of a C ound to L of acidul ati agent ~aqueoqus.sol uti on _of about
02002 1o SHBTE 6 FIBBE Bs & Fertea i §R SR PD O B A0S 955 SO BHal 1y 1
hi gher ad%&thvﬁ@mﬁﬂﬂﬁtff«]fﬂésit ONg sahfifle s’ Tdeéllsibh Capabilig ofSthbdiiad fIi@ddsct , an
aqueous sol ution of the adduct compound can be used in place of the acid.
[0025] Theompared With mynapeditied silisei withigr dendinalptybuless frame gngaibana@Pon of

aci dul at i Qg @R syekmabout 6 to 35 wt% such as about 9.0 to about 20 wt %

After a period of ‘tinme the inflow of the alkali silicate is stopped and the
aci dul at i 1@p3dhentFigue 3lis awerdestad phptomianegraphs shew e she waulpofiasynbiasitedd .

mouthwash affinity test of two suspended samples in terms of occlusion capability of
modified silica as compared with non-modified silica within dentinal tubules from a high
acyl gellan gum suspension system.

[0032] Figure 4 is a series of photomicrographs showing the results of a store-bought
mouthwash affinity test of a sample in terms of occlusion capability of modified silica as
compared with non-modified silica within dentinal tubules from a high acyl gellan gum
suspension system.

[0033] Figure S is a series of photomicrographs showing the results of a synthesized
mouthwash affinity test of two suspended samples in terms of occlusion capability of
modified silica as compared with non-modified silica within dentinal tubules from a low
acyl gellan gum suspension system.

[0034] Figure 6 is a series of photomicrographs showing the results of a store-bought
mouthwash affinity test of a sample in terms of occlusion capability of modified silica as
compared with non-modified silica within dentinal tubules from a low acyl gellan gum
suspension system.

[0035] Figure 7 is a series of photomicrographs showing the results of a synthesized
mouthwash affinity test of two suspended samples in terms of tooth surface adherence of
calcium silicate reacted with phosphoric acid and calcium silicate from a xanthan gum

suspension system.
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[ 0026] The reactor batch is allowed to age or "digest" for between 5
mnutes to 30 mnutes at a set digestion tenperature, with the reactor

bat ch beiwQ 20miastmsned at a constant pH. After the conplreriiBriehoodsqgesti on,
the reaction batch is filtered and washed with water to renove excess

by- product inorganic salts until the wash water fromthe silica filter cake
obtains a conductivity of |ess than about 2000 mrhos/cm Because the
conductivity of the silica filtrate is proportional to the inorganic salt
by- product concentration_in the filter cake, then by maintaining the
conductivity of the filtFaeferred Eypbodimentsof thednyentifos  the desired | ow
concentration of inorganic_salts, such. as 2S0 | n Ttehe filter, cake may be
obt ai ned. 4881 si 1Vetbput imtendinecopany; imiqtipn of &oe braadify phicorsplgthisiBrentiPied by
any converydonadlardpr¥feRod EemPNsUfesmai ipdci@thefddtay drying,  to produce
adduct-treated precipitated silica material containing fromabout 3 w%to
about 50 WOATbf rinitisklysrdeterminatigaid of prapere auspensinng cif pilicat meterals jie digpigt er i al
may t hen il d o] i th esd i i f t weeny: about 1
05 iR g OBy " RAICHELS pBRkis VG SlrkRer? B A pove
i s pref er ghttigulatenateer provideb| BEQFHIX ®sid7tis b Ipadcipmated sddd étdckeoert eingidni ca
reduces the negative char on the silica. .Exanpl e f suit e t al

el ement s iaﬁ%rf‘%%é’a@(’g”nﬁﬁfs%@?@@f‘@%ﬁ@?{ o#ngt Fﬁ?{g?ﬁnﬁﬁvﬁﬁgﬁﬁ ﬁ%’f]nﬁg)"oﬁlgg%rl enent s.
Pr ef er r ed Goxsorploay DEODEgJT‘@IBrisS@[r&Miﬁtddﬁtl?h dsmhnabraambmdﬁn@hNMdaaga zi nc,
tin, strontium .iron, and copper. [0027] Calciumsilicates are nost
typically Pﬁ‘f"él?a%‘@d"g??ﬂr%mﬁ'é ct9 grictgps P%&@PW@I%‘M %ueah% anq was ER AN ne

earth net gl IEECRGhaNtragdpHTiQE 30L ¥t Aprédlihalely e m@RbdsNavihAL 19K A01. Muber
hydr oxi de, and a source of alum num such as sodi um al um nate or al um na.

Because t lk@ridratign).pMisartlileg obpachhelics mpterialewasr addge prepdesler of 100@ of

reacti Vit YieBhipl PRk khé dindd ' RobichR BPY findiSs RACASEHEN ol Qefied P gher €aC i 0N
product of a soluble silicate, such as sodiumsilicate, and a mneral acid,
such as sbbftemio€thadeaker Sithinadxhertpgrioef tiroe Bnmmutes astha inicat, gereraly) vicenet al
silicates are manufactdured by the J . M Huber Corporation and are sold in
di fferent SV REIES§0ARY t he trademark Hubersorb(r). Methods and techni ques
for prepaloodsd]t heSenples incorporating KELDENT® xanthan gum (available from CP Kelco

U.S., Inc. of Atlanta, GA), KELCOGEL® gellan gum (available from CP Kelco U.S.,
Inc. of Atlanta, GA), and KATHON™ CG preservvative (available from Rohm & Haas,
which is used herein solely for experimental purposes in terms of determining settling
characteristics of tested samples and is generally not included within commercial
mouthwashes) were made in accordance with the following tables and the procedures

provided thereafter:

TABLE 1
KELDENT ® Xanthan Gum and Silica in Water
Ingredient Formulation 1 Formulation 2
Weight (%) | Quantity (g) | Weight (%) | Quantity (g)
Zeodent® 113 silica 5.0 10.0 --- ---
abrasive (air milled)
Zeothix® 177 silica --- --- 5.0 10.0
thickener
Keldent® Xanthan Gum 0.2 0.4 0.2 0.4
Kathon™ CG 0.1 0.2 0.1 0.2
preservative
Distilled water g.s. to 100 189.4 g.s. to 100 189.4
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silicas are discussed in greater detail in US. Pat. No. 4,557,916, which
is herein incorporated inits entirety. In one enbodi nent, a cal cium
silicate wo2omemstmwd Wit h phosphoric acid to form a nodi PreEdBmad/eionsm
silicatel/ phosphate for adherence to target tooth surfaces. [0028] Such
particulate silica or silicate materials may be introduced as prepared for
t he purpose of occluding dentinal tubules. Alternatively, such materials
may then be reacted with other conpounds to utilize the silica or silicate
as depositiqn agents for delivery of the other conpounds to t toqth
and/ or guMOPksudVidhregardsto FRbE 1+ SP”P'ﬁ?EOé‘n e Vap HepRsrd Vil (ggcgl ilica or
silicate RBLOENTG xhiRNarPSurh hiideddo WtehkeY 3bAtRHMgABO At Sof EibrlizcASVAECMHN
fresheni ng conpounds, to permt delivery over tinme within the user's oral
cavity. Lhrewiged ahapmpdmaielys d000 prpmdgr Be minesd Ooge heasarkkancgymves| i cat e
react ed kR -Rla0RRM9Mlafed260.0 ¢ JFASHIIBPIEBDENTA PY WS siBwiPRIAE LA trgat | on
conpound to target tooth surfaces. In such a manner, the "cal cium portion of
t he del i verlatbnowaspoixad fordy) mipacs.wAfthr mhxéng, 63tghoft Kathen™iGG mas eddedias @t i on of
any lost calciuymfr the tooth tissues over tinme. Brief.Descri.ption of the
Dr awi ngs f’ﬁﬁ?&]%wﬁ gEH%e SAF spr%ceggrrei ¥ Gpedo oo PiShe rgraogjré Sf‘oﬁ%“os’hgwwr%{g?‘ thtgie

resul ts otxcepsohXHE@THECE 1D wakvuadlin platé sl ABODENT®OfI 3t wo suspended sanpl es
in ternms of occlusion capability of g'bfi ed silica according to the
invention as conpared with non- modi TABYES 11 ca within dentinal tubules from
a xant han gum suspenSESTAGEY eqt- Lo 8stpn Epgand Stlicadn YWaletr i es of

phot om crographs showing the results of a store-bought nouthwash affinity

test of @ sangngredienterns lof ocdlonmulationdpabi| {1y of Fermulatiendsi|ica as
conpar ed|wi th non-nodi fi ed Welght £%)i|t Quantitze) naWeight(Ves | Quamtity ¢gdnt han
gum suspedsedent® Yt €hica [ 0031] #Dgure 3 iH.a series of photom crographs
show ng { bleragies(@lrtmsilled) a slynt hesi zeg

Zeothix® 177 silica --- --- 5.0 10.0

thickener

Kelcogel® CG-HA 0.05 0.1 0.05 0.1

Gellan Gum

Kathon™ CG 0.1 0.2 0.1 0.2

preservative

Distilled water g.s. to 100 189.4 g.s. to 100 189.4

[0040] With regard to Table 2, Formulation 3 was prepared with 0.1 g of
KELCOGEL® CG-HA Gellan Gum (high acyl) added to a beaker containing 189.4 g of
deionized water and was stirred at approximately 1000 rpm at 85 °C for 20 minutes.
Once the gellan gum was dispersed and hydrated, 10.0 g of air milled ZEODENT® 113
was slowly added and to the solution with continued stirring. The solution was gradually
allowed to cool to room temperature with stirring. 0.2 g of Kathon™ CG was then added
as a preservative. The same procedure was used to prepare a Formulation 4, with the

exception ZEOTHIX® 177 was used in place of ZEODENT® 113.

TABLE 3
Kelcogel® CG-LA Gellan Gum and Silica in Water
Ingredient Formulation § Formulation 6
Weight (%) | Quantity (g) | Weight (%) | Quantity (g)
Zeodent® 113 silica 5.0 10.0 - -
abrasive (air milled)
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nmout hwash affinity test of two suspended sanples in terns of occlusion
capability of nodified silica as conpared with non-nodified silica within

denti nal wohuloes4398om a hi gh acyl

Figure 4

is a series of photom crographs showi ng the results of a

gel | an gum suspensi onPSYABZNM0/0400932]

st ore-bought nout hwash affinity test of a sanple in ternms of occlusion
capability of nodified silica as conpared with non-nodified silica within
tubules froma hlgh acyl geIIan gun1suspen5|on systen1 [ 0033]

denti nal
Figure 5

Ar.

synt hesi 2
occl usi ont

of t or nor
L= A \/\’ Ul '~J|| LUIII \YA | Ugl !
gﬁoﬁﬁ‘uﬁh ifaaffinity test o

es Oter
MP\I‘|IT\Iﬂfm\Ier_d4_[_LL i

silica w
system |

#slGeei@eA Gellan ubyl es %¢%m 4 | owodcyl - eII 3—ﬁ5gm su-sp(bhsi on

¢omn] Figure 6 isla series of photonictographs show ng the

of
d

results

of a stor
capabilit

&agonfHh€Grout hwash af fohity ftest 0@f a sanpllel i n fernd.df og
yresérvatiai fi ed silijca as conmpared with pon-nodified silica v

cl usi on
i t hin

denti nal

tDiggille@ svafer om a | ow agyko g | an désmsuspensiwri08yst emi89.0035

]

Figure 7

is a series of photom crographs show ng the results of a

synt hesi zggh4rput hwass fegafd ionT4t¥e 8 EBérmafatibhVs walSREpEewaBITl g%f iKeldogeins of

tooth sur
and cal ci

face adherence of calciumsilicate reacted wth phospharic

-5 (lewtagy ) pddadatoxa Reaksh coptiriniggsife s & b @wt%%W%faéP RS

aci d

Enbodi mentgof ttib«srdxnxﬁa 11900 R385 VWL RPYD mhiflrOdonee a1 g%mn bfiAat i on of
the breadth of scope of this invention, provided are preferred exanples of

certain adpeensey anddrdoted, 00279f almmtlleélzleyderxﬂ@tléﬁrwarﬁastqvwgd@ﬁ apd dpthe
suspensi ong of, %Juk'c%ﬁn{@h Hfrl S Tk Ldl Hﬁbaﬂ{y eﬁﬂ)%ve?‘:té CodEGER5R"

t hese pur

poses ypes o particul a

ZEOTHI X(r )terﬂﬁe?atum vathpdtiedngdi @. 2aiged I@Jtﬂdn@aCleed(ﬁmeadd‘ed\as a@rasarvative. The

same procedure was used to prepare Formulation 6, with the exception ZEOTHIX® 177
was used in place of ZEODENT® 113.

[0042] None of the Formulations 1-6 exhibited any noticeable settling of the silica
particulates after one week of storage. Thus, it was decided to utilize a similar base
system for inclusion within a mouth rinse composition to suspend solid particles. Other
silica materials were tested in mouth rinse compostions for suspension properties.
ZEODENT® 165 is precipitated silica having an average particle size of 12 microns after
hammer milling (available from J.M. Huber Corporation). ZEOTHIX® 265 is
precipitated silica having an average particle size of approximately 3 microns after air
milling and containing approximately 0.5% alumina (available from J.M. Huber

Corporation). PLURONIC® F127 is a surfactant available from BASF Corporation.

Modified Particulate Materials:

[0043] Initially, an adduct-treated precipitated silica material was produced via the
following process:

67 L of silicate (19.5%, 1.180 g/mL, 3.32 MR) and 167 L of water were added to the 400
gallon reactor and heated to 87 °C with recirculation at 30 HZ and stirring at 60 RPM.
Silicate (19.5%, 1.180 g/mL, 3.32 MR) and a sulfuric acid/alum solution (17.1%, 1.12

g/mL sulfuric acid containing 0.22 mol Alum/L acid) were then simultaneously added at
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average particle size of approximately 3.5 microns (available fromJ .M
Huber Corporation). ZEODENT(r) 113 is a precipitated silica dental abrasive
havi ng arweawvercagesparti cl e si ze of approxi mately 10 m ciPomaBzdo/e@oswer ci al |y
supplied and was then air mlled to an average particle size of
approximately 3 mcrons (available fromJ.M Huber Corporation). Wen -10 g
of each silica material was added to a beaker of 190 g of deionized water
and stirred at 1000 rpmfor 20 mnutes, the materials all settled to the

bott om of the beaker wiithin a short periqgd of tine (3 pginutes. at the nost,
gener al | y)28rdain g rlianj}‘]“?/ﬁsfo%?%ﬁb’é‘H&' [‘68?8‘?7 BATHIFSe 416 %%Pﬁéﬁﬁf“ien‘?jas

KELDENT( 1 kopaeat shannhd a0 wavaiilsal 16 st5 @ih 6ontihabE AoW-op-acidl NOnceqfH Alslvasit a, GA),
KELCOGEL(r) gellan gum (avail able from CP Kelco U'S., Inc. of Atlanta, GA),
and KATHOReegd, B hatdiswas, alawed 1o dieght fapl @ ninwes Mshwassthpa deoppothi EHvass used

her el N SOlgfbata hAd waRATS HEHALIAEI RSB0 18 hEWIBsly BRICTATbENBRoFEI |1 N

characteristics of tested sanp I'S gene y ‘not 1n ed wthin
conmmer ci abataip sitak Weeshass Inilvelr to ameaderage particlersii@nde- 30t hmi Héhis adducwirsatpdt abl es

and the procedures..provided thereafter: TABLE 1 KELDE [ ant h Gum and
S a1 nPRaEar 548t W SRR IIRRES o 6 D ke ot R R oo e
with 0.4 groddcokKELDENT(r) xanthan gum added to a beaker containing 189.4 ¢
of deionized water an s.stirred at approxi pately 1000 rpm for 20
mnutes. Gt hMY grae Prieelics SyEr ceie sy ﬁyﬁ%ﬂ?ﬂ& MRl 02 SE ai r
mlled ZEQENGGL) Tht3iwasvaddubeARdgdicandd HIeaiohakl thehoRs t@1dkied offor 10
m nutes. After mxing, 0.2 g of Kathon(tm CG was added as a preservative.
¢

The sanme pHoelatlsreompasenisedhe enpining pen-yolgtdenvergttheamdissolvgdtip dilue HGdcept i on

ZEOTHI X( hnd théir V8% cHE&fbnk Be@indhi& Waré@g?m(l’@kir{%lﬁler 6‘3@1’1153800 ICP/OES.
[0045] Moisture or Loss on Drying (LOD) was the measured silica sample weight
loss of 2.0 g of sample at 105°C for 2 hours.
[0046] A conductivity method was used to measure sodium sulfate concentrations
within the final silica products. A 5% slurry of silica in deionized water was prepared
and the conductivity measured with a conductivity meter. This was then related back to
the % sodium sulfate by a correlation table. In the plant or pilot plant, typically the
filtrate was measured from rotary or plate and frame filter and washing parameters
adjusted to target a conductivity of less than 2000 pmho/cm.
[0047] The CTAB external surface area of silica was determined by adsorption of
CTAB (cetyltrimethylammonium bromide) on the silica surface, the excess separated by
centrifugation and determined by titration with sodium lauryl sulfate using a surfactant
electrode. The external surface of the silica was determined from the quantity of CTAB
adsorbed (analysis of CTAB before and after adsorption). Specifically, about 0.5 g of
silica was accurately weighed and placed in a 250-ml beaker with 100.00 ml CTAB
solution (5.5 g/L, adjusted to pH 9.0 + 0.2), mixed on an electric stir plate for 30 minutes,
then centrifuged for 15 minutes at 10,000 rpm. 1.0 ml of 10% Triton X-100 is added to
5.0 ml of the clear supernatant in a 100-ml beaker. The pH was adjusted to 3.0-3.5 with
0.1 N HCI and the specimen was titrated with 0.0100 M sodium lauryl sulfate using a
surfactant electrode (Brinkmann SURI5SOI-DL) to determine the endpoint.
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KELCOGEL (r) CG-HA Gellan Gumand Silica in Water [0040] Wth regard to
Table 2, Formulation 3 was prepared with 0.1 g of KELCOGEL(r) CG HA Gell an
Gum (hi ghwaaygioosasdded t 0 a beaker containing 189.4 g of pdeiiBmigewosat er and
was stirred at approximately 1000 rpmat 85 OC for 20 minutes. Once the

gel l an gum was di spersed and hydrated, 10.0 g of air mlled ZEODENT(r) 113
was slowy added and to the solution with continued stirring. The solution
was gradually allowed to cool to roomtenperature with stirring. 0.2 g of
Kat hon(tm CG was_t hen added as a preservative. The same procedure was used
to prepar d048For el GRSUPHY VHUEHWersxBEFSHTEd HSIECTRI TRPQU @efboctmaﬁﬁ_seq in
pl ace of ZEGRN b4sbd 443 prindBlefor $hilab GagRl GiDwitGikd dsaubBiRg GiMaapgufal | 1 ca in
Vater [ 0041] Wth regard to Table 3, "Formulation 5 was prepared with 0.1 g
of Kel cogeh acmopik sufaee unty p ytifd gdéxtlikepastdie xeed c Butradapiring thgguantity off

dei oni zed g S i 18P J p for 20
m nut es. &“@éﬂ]ﬁgqgg%aana égsherm&\?\gusrg I speﬁvgféﬁhg&ﬁ%?%?%%’, mfgcfag%glcgl% eai r

m |l ed Zedsenil (abjorpti® wase of aind yilinaletbe vahet which reprsseintst thervoliné of @t | nued

stirring. The soluti.on was gr.adual | |1 owed to cool to.room.t. erature
with stirreaed GeouC BpERE o ) vttt St SRl aeetly” R Sl ve.  The
; Ercrﬁ HIO ;( (()C)eﬂsglgidhﬂ&ellﬁﬁgaffeﬁa B}’gﬁﬂadtﬁ;:ﬂﬁﬁwﬂﬁrﬁ;%iﬁ&d&ilicw sEiﬂniladl;e adoee eflué 3N

r) 177 was used in place of ZECQDENT(r) 113, [0042] None of . the
For mul at i oMECaiivgobwhtds ff%’aldaw? aHB‘E’TSHé%{B‘Ieé’r%%E‘%aF‘?drf&‘Céf Ctallfé'laé‘PV Pt the oil

parti cul aggyrafdnSane s Weskas@bliWOr age. Thus, it was decided to utilize a
simlar base systemfor inclusion within a nouth rinse conposition to

suspend sol i d particl es.Obebrerption| 7 ca mdodmbsareedpere test €6 0R nouth rinse
conpostions for suspension properties. WeRhDERsliqa) gr28% i s precipitated
silica having an average particle size of 12 microns after hamrer mlling
(available fromJ .M Huber Corporati omloilAB@EHINXSikia 265 i s

[0049] Median particle size was determined using a Model LA-930 (or LA-300 or an
equivalent) laser light scattering instrument available from Horiba Instruments,
Boothwyn, Pennsylvania.

[0050] The % 325 mesh residue of silica was measured utilizing a U.S. Standard
Sieve No. 325, with 44 micron or 0.0017 inch openings (stainless steel wire cloth) by
weighing a 10.0 gram sample to the nearest 0.1 gram into the cup of a 1 quart Hamilton
mixer Model No. 30, adding approximately 170 ml of distilled or deionized water and
stirring the slurry for at least 7 min. The mixture was transferred onto the 325 mesh
screen and water was sprayed directly onto the screen at a pressure of 20 psi for two
minutes, with the spray head held about four to six inches distant from the screen. The
remaining residue was then transferred to a watch glass and dried in an oven at 150°C for
approx. 15 min.; then cooled and weighed on an analytical balance.

[0051] The pH values of the reaction mixtures (5 weight % slurry) can be monitored
by any conventional pH sensitive electrode.

[0052] To measure brightness, samples were pressed into a smooth surfaced pellet
and evaluated with a Technidyne Brightmeter S-5/BC. This instrument has a dual beam
optical system where the sample is illuminated at an angle of 45°, and the reflected light

viewed at 0°,
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precipitated silica having an average particle size of approximately 3
mcrons after air mlling and containing approximately 0.5% al um na

(avai | ablwof2ommsd39sM Huber Corporation). PLURONI C(r) FPRT/IB®1e0@os4 act ant
avai |l abl e from BASF Corporation. Mdified Particulate Materials; [0043]
Initially, an adduct-treated precipitated silica material was produced via
the followi ng process: 67 L of silicate (19.5% 1.180 g/nL, 3.32 MR) and
167 L of water were added to the 400 gallon reactor and heated to 87 0C
with recirculation at 30 HZ and stirring at 60 RPM Silicate 819 5% 1.180
g/ L, 3.32008) arfer athsuleddnatéresied aprariniated| WhisaonSiliga-Adby, praduesd gbavesul furi c
aci d cont %éamg?é}n@af FRberfib & ete lﬂfaeﬁakemma;fe%awééml fmomhar Badﬁeed at12.8
L/mn and L/'mn for 47 mnutes. After 47 mnutes, the flow of silicate
was st oppetinznaicanteat peb Waedyawkighit ed to 5 5 vvlth continued flow of acid.
Once pH 5.5 was reached, the batch owed to digest for 10 m nutes and
was then dropped. It was filter etq x[a/va 5 ntto a conductivity of- 1500 nS
and was spray dried. A portlon o hIS a'f“h vvas t hen alr mlled to an

average parti cle—size 3—O0rm—Thi-S htated silica
was tested for |vaikBus | pr Gggrt SFCZQ ac [lg anke vﬁz? h({pg oW ng test
protocol s. [OOALAJ_(ERELaJ, 4_49!1'%_5' R’i%?de PVandar d

el enental anal ysi W6PRchni q?t?(:\q Thd4%i | ilca Bas di sk#8 ved | O and HF and
was then heated to drive off all volatile conponents. The remai ni ng

non-vol atiles were then dissolved i RABLEBe HO and their concentrations
determ ned by analysis on a Perki Riligh Repe@9s i ma 3000 | CP/ OES. [0045]

Moi sture or Loss on Dr |ng (LCD) was the neasured silica sarrpl e wei ght |oss

of 2.0 g of sanple at j drSodihr s&zs[dz(?
n
of (&P)

A ctivity nethod was
used to nmeasure sodium 8 SlfdeNiréddiieons )i tf’i;/‘ e final silica
products. A 5%slurry da () dei qri)ze e""™W&s | pr epar ed

<0.35 0.00 349 68

Mean Median . . o
Particle Particle oil (?cl;:g;p;lon S }/; Brightness
Size (um) Size (um) g P
3.6 3.5 89 8.2 99.0

[0054]  Zeta potential is a measure of the charge on the external surface of a particle
suspended in solution. Particles with zeta potentials of the same charge will tend to repel
one another and particles with zeta potentials of the opposite charge will tend to be
attracted to one another.  Historically, zeta potential has been determined by
microelectrophoresis, whereby an electric field is applied across a dispersion of particles
and the velocity of the particles as they migrate toward an electrode of opposite charge is
measured. Particles traveling at a greater velocity toward the electrode of opposite
charge will tend to have an increased magnitude of charge on their surface.
Alternatively, zeta potential can be determined by an electrokinetic sonic amplitude
(ESA) technique. ESA measures the electrokinetic properties of a particle by an
electroacoustic method. A high frequency oscillating electric field is applied to a
dispersion of particles. The particles will oscillate with the applied field proportional to

the charge on their surface. As the particles move in one direction, the liquid they
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and the conductivity nmeasured with a conductivity neter. This was then

rel ated back to the % sodiumsulfate by a correlation table. In the plant
or pil ot wbantoost3gpi cally the filtrate was neasured fromrcraBznyo@os4pl at e
and frame filter and washing paranmeters adjusted to target a conductivity
of less than 2000 mmho/cm [0047] The CTAB external surface area of silica
was determ ned by adsorption of CTAB (cetyltrinmethyl ammoni um brom de) on
the silica surface, the excess separated by centrifugation and determ ned
by titration with sodiun1|a%ryl ulfate using_.a surfactang el ectrode. The
ext ernal  SUPREEEIbIOYHE the piie, Hhierecpat dersitn darersgey beRweIBmPATTY e ICTAB

adsor bed (tlﬂznlf?(#u\fc? R dRin, GRABoREE Qrafe M bRfdkbfdraRd 8P R ihRhce SINBE klectieste! V.
about 0.5 g of silica was accurately weighed and placed in a 250-m beaker

with 100. @od the ligridglispstsian a5 resmltnf ghelliquigthaids digpleesddny the movipg pyrticlss-xed on
an electri [ Jts aﬁ:ao Tt i f Mt es at
10, 000 rpr%(Fl © %Eddjs%plvg%ee’(i%@)g rl%a?ﬁ%_b%égea%@%g‘ g(gg\tetlggegg@d%tgiw;\t%hlgk clear
super nat am¢latedh teethd 6@ gnitudo@fikierzetaoenpsl. Was: pdntist isdisuadly 3n@sBedaanpssia 0. 1 N
HCl and the specj,ne titrated with 0,0100 M sodi um | auryl sulfate using
R sur T act S BT BUCPBeS DRt o ey the Py e R pubinded

endpoi nt . [pR@KdB} vdMs adial fusdtivn o pHAGracalvued RIEReviswas tiieatledstiengnt dfeetaubout

met hod. This nethod is based on a ﬁ.\ri nc{?gl e ,ofLFHi Xi ng | i n§eA§id oil with
silica by PPBA'hE GPRITEUaT U SO SEENSIOBY UANE T $HORCURIGS Afvappessin
putty-1i keondl and SInt@rARAScillceMB6UT {089 J5081, Heddih | dn¥irdy iRddrpdr@ediibyed t o
have a paste m xture which will curl when spread out, one can calcul ate the
oi | absor pe¢feisace)al ue of the silica-the val ue which represents the vol une of

oil required per unit weight of silica to saturate the silica sorptive
capaci ty. [0058] ghétheoiz¢ta apetentp i efn thee\adfudt-rgnted t precigitypdhalicas ($iliex-be of

preci pit ag,%g‘ju?éd db5%e w§% B3 da¥%and gorjngé%(y Bl Emb Sul N Bnfotd s\{lﬁil&}fprw tddS

consi dere Oow structure precipitated silica. culation o e oil
absor pt i onilieahoteconaminpihe adduck.oThopmcenOrdductbman peta patential wasi20. laWsdrbed X
100 pH of 8.0

[0056] Also tested were calcium silicate (HUBERSORB® 600 available from J.M.
Huber Corporation) and a calcium silicate modified by reaction with phosphoric acid (CA
Silicate-PA). This modified calcium silicate was produced as follows:

5 g of HUBERSORB® 600 was stirred in a 500 ml beaker containing 200g of deionized
water. Concentrated phosphoric acid was added drop wise until the pH dropped from 9.6
to approximately 7.0. Additional acid was added over the next 60 minutes as needed to
keep the pH between 6.5 and 7.0. After 60 minutes, the silicate was filtered and dried
overnight at 105 °C. It was milled in a laboratory sized coffee mill to break up large
particles that formed as a result of drying. This CA Silicate-PA was then analyzed for
certain physical and chemical properties as well. Calcium and phosphate percentages
were undertaken in typical fashion. The remaining measurements were made in
accordance with those noted above.

TABLE C
Calcium Silicate Properties

H,0| 5% Absg‘; Gion 1:;‘;1’;:1‘; 325mesh | Ca | P
(1] H 0 (1) 1)
(%) | pH (ce/100g) size (jum) residue (%) | (%) | (%)

Sample
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wei ght of silica, grans
size was determ ned using a Mde

=m oil/100 gramsilica [0049] Median particle

LA-930 (or

LA- 300 or an equival ent)

| aser

i ght scawoeniog43oast rument avail able from Hori ba | nstr ecenBz10/8mosHhwyn,

Pennsyl vani a.

[ 0050] The % 325 nmesh residue of silica was neasured

utilizing a U S. Standard Sieve No. 325, with 44 mcron or 0.0017 inch

openi ngs (stainless steel

wire cloth) by weighing a 10.0 gram sanple to the

nearest 0.1 graminto the cup of a 1 quart anilton nixer Model No. 30,
addi ng apprexirately£0—m—of—di-stitt-edror HoRtzegwater—and—stiy ri ng
the siurfearemmsilicatg 6.0, 08 |lrna 438yine JZi =n°méﬁ? dtoltd fhe| 325
mesh scr ptﬁ\ %‘H?ﬁt‘?KBApr wasl sprayled di‘tectlly onto 'r he str pen P13 8Belssure of
20 psi for two minutes, with the spray head hel d about four to six inches
di stant fr he r The r i ni resi ue was then .transferred to a
watch g1 @85 A9F 6T, ol R PR R BFF SRRt RBT P GPRBLR HER Coored

and wei ghe&nﬁb%ltibﬁs amatoordmad Wikl theasbles] 4HaSArbcelines Melovaldlesmeintd Be iheact i on

m Xt ur es

sensitiveg@F§§P%§H§

(5 wei

% sl urr

Cl’m

), can be nonitored by any conventi onal
‘0 neasure brightness,

pH

sanpl es were pressed

into a smooth surfaced pellet and evaluated with a Technidyne Brightneter

S-5/ BC.  TRjjRa kAspEY EObufAdasp dual beam optical systemwhere the sanple is
illum nated at an angle of 45, and the reflected |light viewed at 0.[0053]

For the aﬂfb%]é . t ﬁﬁ%e%ll%ﬁ%‘ﬂ'bie@%e@

nmeasur enent s properties-were un

Md

ertak n an

ar

i L?re4§ 'é&%;ﬁ’és

ve,
e rdsgg§§&&@9$ﬁgges A and
B. The al presema imenti@narevidzsinipé byExammht 1, BxaBipe AV, I\btaaiplﬂldéiammmh? S

Example 35, Example 37 and Example 38. All other examples represent comparative

examples.
TABLE 4
Keldent® Xanthan Gum and Silica in Synthesized Mouthwash
Ingredientin | Mouthwash | ¢ '\ | g 5 | Ex.3 | Ex4 | Ex.5 | Ex.6
grams Base 1
Ethyl Alcohol 227.0 --- --- -—- --- --- ---
Pluronic F127 5.0 -—- - --- --- --- ---
Sodium benzoate 1.5 --- --- --- --- -—- ---
Keldent xanthan 20 . . . . . .
gum
Deionized water 461.6 - --- --- --- --- —
Citric acid 0.1 - --- -—- --- --- ---
Sodium citrate 0.3 --- --- - --- --- ---
70 %. Sorbitol 250.0 . . . . . .
solution
Mouthwash Base 1 --- 39.0 39.0 39.0 39.0 39.0 39.0
Zeothix 177 --- 1.0 - — --- --- —
Zeothix 265 --- --- 1.0 --- --- --- ---
Zeodent 165 - --- --- 1.0 --- - —
Zeodent 113 --- --- --- --- 1.0 --- ---
Silica-Al -—- --- --- - --- 1.0 ---
[0059] With regard to Table 4, a pre-mix (mouthwash base) was prepared by adding

5.0 g Pluronic F127 and 1.5 g sodium benzoate to a 1500 ml beaker containing 227.0 g of

ethyl alcohol (95%). The solution was stirred for approximately 30 minutes to dissolve

the surfactant and salt.

461.6 g of deionized water, 250.0 g of 70% sorbitol and 2.0 g

Keldent® xanthan gum were then added and the solution was stirred for approximately



TABLE B Silica Properties [0054] Zeta potenti al
surface of a particle suspended in solution.
ORETARDIL byevoognd

tend to be

has been determ ned
whereby an electric field is applied across a

on the external
zet a pot ewmbDi2alosedost he sane charge wl |
particles with zeta potentials of the opposite charge wll
attracted to one anot her.
by m croel ectrophoresis,

Hi storically,

tend to r

zeta pote

epel

nti al

Partic

is a neasure of the charge

les with

di spersion of particles and the velocity of the particles as they migrate
toward an_el ectrode of opp05|te charge i s neasur

a
a greater 7veNBErY ip disRpEEAAHY Bt bE HE 6F PERESS ’Eé“CE)
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[0060]

With regard to Table 5, a pre-mix was prepared by adding 2.0 g of Keldent®

xanthan gum to 1000 g of Fresh Burst Listerine. The mixture was stirred for 2 hours to

disperse and hydrate the xanthan gum. After two hours of stirring, 39.0 g of the pre-mix

was added to a 50 ml screw top vial containing 1.0 g of silica.

approximately two hours.
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It was then stirred for



[ 0055] The zeta potenti al

of the adduct-treated precipitated silica

(Silica-Al') produced above was neasured and conpared to the neasurenent of
a sim | arwpnrenigsiivat ed silica not containing the adduct PCThB20p@p@esit

reduction in zeta potenti al

was 29.16% at a pH of

. O

[ 0056] Al so tested

were calciumsilicate (HUBERSORB(r) 600 available fromJ.M Huber
Corporation) and a calciumsilicate nodified by reaction with phosphoric

acid (CA Silicate-PA).

This nodified calciumsilicate was produced as

follows: 5 g of HUBERSO?B(r) 600 vva,g 8 |,F,r ed in a 500 m beaker containing
200g of deioniz wat %r (I‘:gAr‘l 0 E ﬁ am& added drop w se
until the pH drceﬁ:f‘é Frém b‘ﬁraB P éy“ﬁ‘e@‘?e Pﬂﬂ“fsh acid was
added over_the next ﬂ mnutes as needed to keep the pH het \Aprpr 6.5 and
7.0. Aft ¢ringoedi¢niim csMopHbvashl i patia Was {4 | tar g6l a@}dlgr g4 prverpy ght| at 105
C It wag niBrassin g |Basedatqry sized coffee mlll to break up larg
particl es Etyhtldobelmed a85@0r esul t—-of | dryi ng. “Fhig CA-Si| i cat e{PA-wag t hen
anal yzed | PorrordeF124i n| phySOcal |and-chem-eal | preperties as well | Gal cijum and
phosphat ¢ Spéinment ages Lg undertaken in typical |fashion. The|remaini ng
measur eneBézoxer € made i h~accqgrdance| wth thoSe not éd apove. TABLE ¢
Cal ci um PiKlelcegd &r opert | es[0057] Al'l of the above-noted sanplles werle then
i ncor por atRdodiRh guiout h G4Mse |compos| tions|i m—acdor ttance with|the tdbl es
and pr oCe@HTES pelow (alt anounts arg 1 n grans unless of herw $e not gd):
Silica S‘*RIBL?S I n Mout hekh [ J058t I h the {olt+tow ng-Tabl es~4-1 1-ang
Figures Iz Clisi ac@npl €5 TepESel tativerof thepresgnt—T nvent_i_un are Exanpl e
5, Exarrpl§ d‘i Exanple—t Exanpte 23— bxafmpte 29, —bxanpte—35—Examl e 37
and Exaan—%#?.c %t‘? the.d'gcxatp! &5+ ppreseht—corparaiivie—

70 % Sorbitol 50.0 . . . . . .

solution ’

Mouthwash . 390 39.0 39.0 39.0 39.0 39.0

Base 3 )

Zeothix 177 1.0

Zeothix 265 1.0

Zeodent 165 1.0

Zeodent 113 1.0 --

Silica-Al 1.0

[0061] With regard to Table 6, a pre-mix was prepared by adding 250 g 70% sorbitol,

1.5 g sodium benzoate, 0.1 g citric acid and 0.3 g sodium citrate to a 1500 ml beaker

containing 461.6 g of deionized water. The solution was stirred until the salts dissolved.

Separately, 5.0 g of Pluronic F127 was dissolved in 227.0 g of 95 % ethanol with stirring.

After the surfactant was completely dissolved, the two solutions were combined. The

resulting solution became cloudy, but cleared up after a few minutes of stirring. 0.47g of

Kelcogel® CG-HA was added and the solution was heated to 75 °C with stirring. Once

the temperature reached 75 °C, the solution was removed from heat. While the solution

was still hot, 39.0 g of the pre-mix solution was added to a 50 ml screw top vial

containing 1.0 g of silica and it was then stirred. After approximately 10 minutes of

stirring, 0.04 g of sodium chloride was added and the solution was stirred for an

additional 2.5 ho

urs.
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exanpl es. TABLE 4 Keldent(r) Xanthan Gumand Silica in Synthesized

Mout hwash [0059] Wth regard to Table 4, a pre-m x (nouthwash base) was

pr epar ed W9 2anhdismiys5. 0 g Pl uronic F127 and 1.5 g sodi umpbeEnemad/eoovst a 1500
m beaker containing 227.0 g of ethyl alcohol (95%. The solution was
stirred for approximately 30 mnutes to dissolve the surfactant and salt.
461.6 g of deionized water, 250.0 g of 70% sorbitol and 2.0 g Kel dent(r)
xant han gum were then added and t he soI ution was stirred for

approxi matel y75 minutes to di sperse hydrate the gum To prepare the

i ndi vidual sili ca sarrBI es 1 X was added to a 50 nl screw top
vi al contai ni ng Kelageg & M@%‘Q“iﬁﬂ“ pid %!/H%a npderequehidyoythwastinpr oxi mat el y
2.5 hours._TABLE S Keldent (r) Xanthan Gumand Silica in_Store-Bought
Mout hwash Ingeatignt\ t h Manglawasht | B8, i X D @ addi ng
2.0 g of | Kel geamy r) xanBhsert qu(r)nE%:ca)llélo&%' %:1@ )ﬁ%gglsh]g%ﬁz?s IEI%F? ﬁ;“xlr?\gft The
m xture WaTERINE®] for 2 hourjs to dj sperseé and hydrate|the xant han jgum
After twoFdesituBersof stirtd0dg, 39.06-g pf -t-he|pre-mx was added o a- 50
screw t opMeuthiwastontaining 1.0 |g of sjlica. |[It was then stirred for
appr oxi mpkelkyed @o-hoprs. TABLE |6 Kel cpgel (r) GC-HA Gellaph Gum and Siliica in
Synt hesi ggd JVoatt pwash [0961] Wth"regar‘(:f to Tablg 6,7a pre=m x was prepared

by addi nOpZafiwdsh/ 0% $0r bi t ol 0 508 gmbapgodt 39 . [ g9 6! irgoagi d and
0.3 g sodgymcitrate(to a-1500 n3|900eaker contai nijng 461/ 6 g of dei oni zed

water. T 2eo§l%i(ﬂ§‘z,0” pas srrrred gt the sar s dirssorved_Separatrefly, 5.0
g of Plu PG k&7 WS dissotved P27 0 ¢ of 95 Yrethanot—witt_stTrring.
After th ¥ anttwas—eotphetety—dissobyed—the—two—potutions—were
Zeadant 163 H . 0
i tr mwtina sal it ilon " haechna el nnrll) 1t Al ohrod b AaFF ar
nb d f
CO I ne o T l\d LB ATAL L>AYA Y] T AV | \luuy, \en e T CTAT CO \w v AT U C1 a EW
m nut es qupntr”:gng 0. 479 of 1.0
Silica-Al --- --- - — — 1.0 ---

[0062] With regard to Table 7, a pre-mix was prepared by adding 0.5 g of Kelcogel®
CG-HA gellan gum to 1000 g of Fresh Burst Listerine. The solution was stirred for
approximately 15 minutes and was then heated with continued stirring to 75°C. Once
75°C was reached, the solution was removed from heat. While the solution was still hot,
39.0 g of the pre-mix solution was added to a 50 ml screw top vial containing 1.0 g of
silica and it was then stirred. After approximately 10 minutes of stirring, 0.04 g of

sodium chloride was added and the solution was stirred for an additional 2.5 hours.

TABLE 8
Kelcogel® GC-LA Gellan Gum and Silica in Synthesized Mouthwash

Ingredientin | Mouthwash | © 5 | B\ 26 | Ex.27 | Ex.28 | Ex.29 | Ex. 30
grams Base 5

Ethyl Alcohol 250.0 - — - - i -
Pluronic F127 5.0 --- - - — - i
Sodium 1.5 o . — - - -
benzoate
Kelcogel GC-
LA gellan gum 047 — - --- — — _
Deionized 461.6 . o o — - -
water
Citric acid 0.1 - - - - i =
Sodium citrate 0.3 - - - i — -
70 % Sorbitol 250.0 — --- B - " =




Kel cogel (r) CG HA was added and the solution was heated to 75 C with

stirring. Once the tenperature reached 75 C,
Vhiwe 20tvssdBut i on was still
added to a 50 ml screw top vial
stirred. After approximately 10 m nutes of stirring,
chl ori de was added and the solution was stirred for

heat .

hot ,

2.

the solution was renpoved from
39.0 g of the preTndigolongd on was
containing 1.0 g of silica and it was then
0.04 g of sodium

an addi ti onal

5

hours. TABLE 7 Kel cogel (r) GCG-HA CGellan Gumand Silica in Store-Bought

Mout hwas +regard—to—Table7—a pre-mx—was—prepared—by—addi ng
O.SQOfQEEﬂge,L(_Q_ lan gumto 1000 g gf Fresh Burstl-Listdrine.
The sol ut|Msnthweashsti fred_for appoqxi 2Py | 1898 futIdD ahd3%Bs [t REN Heat ed
with contiBasedl stirring to 75 Once| 75C was readhed, the solition was
renoved flZeathheldf/. Wi |l e-the slol bi on was s$tidi Hot --39| 0 -¢r off the pre-m x
sol ution |Wasthexd®éd tp a 50 m [screw {od.Wi al <ontlai m-ng| 1.-6 glof--si l]i ca and
it was th@soddnt 16%d. | Aft e~ approxi-matel-y 10 ni.¢wutles-of Bti-Fring,--0.04 g of
sodi um chlzesdeiel s hdded.-and |t he--so| ut-i-on |was- st|i rfed for--anjaddi tilonal
2.5 hour §§iJABLE 8 Kel cogel (r)| GGLA] Gaellan @Qum gnd_SiT|cg.g n|Synt hesi zed
Mout hwash[0063] WTh regard to Table 8, a pre-mx was prepare by addi ng
250 g 70% it I

odi tm of 19PE ¢ o e PR e A s e R e

The sol ut ilédng wediumttienzaatt, @nlt glcnttlh@csiadndsﬂ blg§s(bllumedtratsepatr bﬁtO@Iryl baker g of

Pl F127. il o
e’ Sur act e G2 G0 P PR SR F SRR B SRENLORARS: o

The resul Sepagatelg] 810i Qrbftma@ﬁ& Et2vudys dBsdlved @alZEo0 lgpota95 &b Eahziﬁb\vvvsmhnut es of

stirring. 0Q.47g A%Ie Kel c éc?rgﬁﬁtgif\gfﬁa@d(fd and t solutio heat ed

Foenetismetieg
to 75 C wiStHingt S“r A REFORHOBTYEHEMEBIt i on was
removed f mmr&%mg hitlod 5eb@m§@ldﬁ'ﬂy Oput Wksaredt g hftdtod fewdthifutss of stifiggpr e- m x
sol ution was ad to a

0.47g of Kelcogel® CG LA was added and the solution was heated to 75 °C with

stirring. Once the temperature reached 70 °C, the solution was removed from heat.

While the solution was still hot, 39.0 g of the pre-mix solution was added to a 50 mi

screw top vial containing 1.0 g of silica and it was then stirred. After approximately 10

minutes of stirring, 0.04 g of sodium chloride was added and the solution was stirred for

an additional 2.5 hours.

TABLE 9
Kelcogel® GC-LA Gellan Gum and Silica in Store-Bought Mouthwash

Mouthwash
Base 6

Ingredient in
grams

LISTERINE®
Fresh Burst
Mouthwash
Kelcogel CG-
LA gellan gum
Mouthwash
Base 6
Zeothix 177
Zeothix 265
Zeodent 165
Zeodent 113
Silica-Al

Ex.31 | Ex.32 | Ex.33 | Ex. 34 | Ex. 35 | Ex. 36

1000.0

2.0
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screw top vial containing 1.0 g of silica and it was then stirred. After
approximately 10 mnutes of stirring, 0.04 g of sodiumchloride was added
and t he swbubvions4isas stirred for an additional 2.5 hour 2CTIBBLEI®084

Kel cogel (r) GC-LA Cellan Gumand Silica in Store-Bought Muthwash[ 0064]
Wth regard to Table 9, a pre-m x was prepared by adding 0.5 g of

Kel cogel (r) CG LA gellan gumto 1000 g of Fresh Burst Listerine. The
solution was stirred for approxi mately 15 mnutes and was then heated wth

conti nued jrring. 65 C was reached, th enoved
from heat [0 | en‘gﬁé r%f@f’%ﬁ S\ 8 PEF Py Whtpprepaser by E)‘F ‘i g Cﬁ’?‘i!(bsol ution
was added G@m %@lamguﬁpf(ﬁ\m(m) of IFddsh Otstal BichAfe. 11Qeg;omloﬁlv¢alscsarr@dl¢oﬁt was
then stirred. After approximately 10 m nutes of stirring, 0.04 g of sodium

chlori de WaBroxdély Aheninges ansl wes Ben heasedswith peirinued SANAMRIPYH ddee 6. 5

hours. Eack \ofs xRl fe sdiuith @i\ el B AGEONHiK (R sARRH wes BhdiPS at
room tenperature and standard pressure. TABLE 10 Kel dent(r) Xanthan Gum and
Silicain 3830rg héé‘lemn%mlhmwaq ghied Yo WSOhnlrﬁga‘r thpt GalTablaming)].0 & ¢fr e- mi x
was pr eparei was ghen er dOngel dent)c(lm?itef( tgsu{)rf Et(i)rrl 004 of
wat er / al cShST sor POl Sol Ut on  contRi i n ®d Wwa er, 250 g
of 70 % SdeDuﬁlO:IhloriZBWagaﬁiehyihd decohntibn was Ehrg:dﬁbtjaroaiﬂch:tldﬁims hdur& @a(thdi um
benzoate, Q. odi te and . 0. citric acid. The sol ution was

ot red i @ ExaBehS ar bl G oy o S5Sh el B haodm dr ol B oa
sanpl es, 3Rnard pRfssupé.e- M x was added to a 50 ml screw top vial containing
1.0 g of silica and it was then stirred for approximately 2.5 hours. Storage

Stability [0066] Each of these ExarkMBEEWfs then tested for storage
stability over cer tegident’i YanthaerGuseland Sikien waypthesizedVleuthvediar ed and | eft at

roomtenperature for the period of tine
Ingredient Mouthwash | Example | Example
Base 7 37 38
Ethyl Alcohol (g) 227.0 - -
Pluronic F127 (g) 5.0 - -
Sodium benzoate (g) 1.5 - -
Keldent (g) 2.0 — —
Deionized water (g) 461.6 --- -
Citric acid (g) 0.1 - —
Sodium citrate (g) 0.3 ——— -
70 % Sorbitol solution (g) 250.0 --- —
Mouthwash Base 7 (g) --- 39.0 39.0
Calcium silicate 600 (g) --- 1.0 -
CA Silicate-PA 600 (g) --- - 1.0

[0065] With regard to Table 10, a pre-mix was prepared by adding 2.0 g of Keldent®
xanthan gum to a water/alcohol/sorbitol solution containing 461.6 g deionized water, 250
g of 70 % sorbitol, 227 g ethyl alcohol, 5.0 g Pluronic F127, 1.5 g sodium benzoate, 0.3 g
sodium citrate and 0.1 g citric acid. The solution was stirred in a 1500 ml beaker
overnight. To prepare the individual silica samples, 39.0 g of pre-mix was added to a 50
ml screw top vial containing 1.0 g of silica and it was then stirred for approximately 2.5

hours.
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noted bel ow. After each tinme period passed, the sanples were enpirically
observed for any separation and/or settling of the particulate silica

mat eri al woamodsesoBi qui d nmouth rinse conpositions. The ®alraBoaogoower e t hus
eval uated for their ability to suspend the silica or silicate particles.
Rating scal es were devel oped for separation and settling and they are
summari zed below. [0067] In the table below, X denotes separation and Y
settling. TABLE 11 Mout hwash Storage Stability[0068] Likew se, Exanples 37
and 38 exhibited excell ent separation and settling properties over the sane
time peri Misacd MRy The vast majority of these conpositions showed

excel l ent storage stability with any differences attributable to the

appar ent qoddep" €MnGeh b tHIWTELHSNENGAOReC REBP AR REcPage KRRty beStdeRSin WAk t hen
undertaken to tooth surface affinity of adduct-treated precipitated silica
f r om nout WPeriedss he sapplsh ternerepasediand lef at raem temperatiig &ir|theparwd i dinieodi f i ed
cal cium si | r A i J gkt j I

phosphat el geﬁﬁ%gpﬂé %@%Ip%g}hwgﬁeng@ g%%}{ glge %g{gﬁ? \feéﬁlgﬁéirgﬁég%i@%vﬁh gﬂpr poses).
Toot h Sur faag ecpafafipmand/or] VO of The pretiadate sibica netevilffrapmthy lighidpossh bhee
deposition of particulates from nqouth . rin oOnpesi.tions cific testing
of "t r eat edofeelimnd i Sulie ol T i RE B FETBRLY IR RRfE ey A
previ ousl gilawt @pattizleed Radvg Bealdsondrt déalidped favsegaration\@idedestlinke amhthed areand
stored in net hanol% was cut in half |engthw se using a Drenel 400| XPR

equi pped WPRaHZeE 8lovehaft and a #545 di anond wheel so that the front and
back of the tooth surfaceremained intact. Using the sanme Drenel setup
excepéI e?wﬂm TN asHR TR DS pREnOX T 08 O 1 NQL ARy DUEriptidie enanel was
ground offf—the sufface of the tooth dowrt t - . ot gr
change frjom vhi t e| Ooe yesdtinga)s soirios it dhserteht iI:gtt %%%igﬁggje{dﬁéﬂhg

A small quantity of particulate is
observed on the bottom of the
container.

A large quantity of particulate is
observed on the bottom of the
container.

Slight separation is observed near
the top of the solution.

Noticeable separation is observed in
the solution

[0067] In the table below, X denotes separation and Y settling.

TABLE 11
Mouthwash Storage Stability

1 day 3 day 1 week | 2week | 3 week
Ex.No. | X Y| XY [ X]Y [ X]Y[{X]Y
1 5 5 5 5 5 5 5 5 5 5
2 5 5 5 5 5 5 5 5 5 5
3 5 5 5 5 5 5 5 5 5 5
4 5 5 5 5 5 5 5 5 5 5
5 5 5 5 5 5 5 5 5 5 5
6 S |- 5]---]15]1-151-151]-
7 5 5 5 5 5 5 3 5 1 5
8 5 5 5 S 5 5 5 5 5 5
9 5 5 5 5 5 5 5 5 5 5
10 5 5 5 5 5 5 5 3 5 1
11 5 5 5 5 5 5 5 5 5 3
12 5 (-5 ]-]5]|-]151-151-
13 5 5 5 5 5 5 5 5 5 5
14 5 5 5 5 5 5 5 5 5 5
15 5 5 5 5 5 5 5 5 3 5
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surface was sanded using progressively finer grits of silicon carbide
sandpaper (220 to 400 grit). The dentin was then polished using first a
silica flwonopast®sfol | oned by a paste of cal ci um car boraTaBZoHUBERGAL ( r )
950 fromJ.M Huber Corporation), with rinses follow ng each polish. The
tooth was placed in a 250-nL beaker and filled with enough 0.5 NHCO to
cover the tooth. The tooth was then sonicated for 2 mnutes, followed by
rinsing with deionized water. The tooth was then allowed to dry. Using the
cutting setup above,—the togth was cutinhal{ vertigally—followed by the
renoval of the radf_Eadhdsidd lof fhe ot h5( r%qlt Saddbhck yi el ded two
usabl e dentin-expdded pileées. 5 [10872]15 Tefd gnst ap®e Mas |cdt | in lhal f | engt hwi se
and was w apped ad8und t/hé mi-ddl € of--the poti shed toath creating, two
exposed and one ungxposedSseciijons. -Fhe Sunesposkd SedtBop vds used as a
control for conparposon dusi hgs tihe- test| 3The3t ool hl wasg §r|pped along its
side with tweezernaiand W}as supner.ged--i h xcgrgal 3 nput hwash exanpl es from
above (about 40 nhpof edch Saql e. mut hwagh), [that wassstirried at

approxi mat el y 300,RPMWITH @ gTagnetic sGiff prate ffqr (6§ secands. During

this time, the togytway goyed [t gughpat [ThE] sybﬂecr goUtash whil e

keepi ng the dentirgcport rgai st ther 4 Fhetaothywasctihen rinsed for
two seconds usi ngﬂs‘ St 3051'{ € i i i %:J ,%\f eg" al l owi ng the
tooth to dry, thespi i ARG L defrbn Al Cr oscopy
(SEM. Prior to i ; ved a?!d the exposed
portions visuall 280m|’mr H Y0l @sdeds! a¥ fli ni ty. Detailed
Descri ptions of f iAgs 1 ] f3the prévided Figures 1-7,
the i mages are afBfnged |a$§ fotllods: -1)| the +eftSs|i de [of the |i mage shows the
i mage of the unexpbsed deétich |of--tthe [ dotths P)3theé gedtersS of the i mage
shows the i mage 0fi2t he Qodndasy| betfween 3 hesuhexposed angd £xposed sections,
and 3) the right {ggde of] she 5 nage |shows tlhe | mage s0ff she £xjposed section

C
A\

P

|

P

of the 34 55| —-—15|5155]515
35 515 | —~|—~1515]5151]5]5
36 5 || | =] 5] —~|5 =15

[0068] Likewise, Examples 37 and 38 exhibited excellent separation and settling
properties over the same time periods.

[0069] The vast majority of these compositions showed excellent storage stability
with any differences attributable to the apparent difference in gum suspension
components. Thus, testing was then undertaken to tooth surface affinity of adduct-treated
precipitated silica from mouth rinse compositions as well as the calcium silicate and
modified calcium silicate (reacted with phosphoric acid to provide a calcium

phosphate/silicate compound for potential tooth remineralization purposes).

Tooth Surface Affinity

[0070] To determine the efficacy of possible deposition of particulates from mouth
rinse compositions, specific testing of treated teeth was undertaken. The protocols were
as follows:

[0071] A previously autoclaved bovine tooth (autoclaved in water, decanted, and
stored in methanol) was cut in half lengthwise using a Dremel 400{XPR equipped with a
Flex Shaft and a #545 diamond wheel so that the front and back of the tooth surface
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tooth. [0074] Fromthe i mges shown in these Figures 1-6, it can be seen

that the top set of photom crographs show unnodified silica exhibiting nuch
| ess af f iwoOt2g10/dsasyst he nodified silica (adduct-treated pceaBmilo/edoegh silica)
of the bottom set of photom crographs (Figure 1shows Exanple 4 on top and

Exanple 5 on the bottom Figure 2 shows Exanple 10 on top and Exanple 11 on
bottom Figure 3 shows Exanple 16 on top and Exanple 17 on bottom Figure 4
shows Exanple 22 on top and Exanple 23 on bottom Figure 5 shows Exanple 28

on top and Exanpl e ottom_ an

29 on Fi re 6 sho a 34 on t d
O ol e BB BE0 U e HF R P oL e Brp R § P8 i yns s

adher e t o okfde gfiddihaGenef theainelihs Yduh® offahé BAERB oF thetdodl oWk @s @R Of
adhesion is present for the conparative, non-nodified silica particles,

there is dexd (yishleRalpt ghanep feoge whithdq delloay)- Fdrce e Hentinstps expehds theul ate to
enter t he_sﬁ’r@&%'»&@'saﬁd&@%sﬁ% %%Pé@i\lel}gﬁ?&dé?% gfl' Lifcdnh&rSide Ok aﬂe?((’ﬁfb purface.

As such, it is apparent that the nodified silica can actually provide sone
degree of 4P@ktibilhé dantinrwasshan ohishedwsingfiirst eilive doweeaste foilow pedted f or m
and adherecto. . an ot enti QY f [ r hC its from
such a rmg){ ﬁ\%ﬁ'é‘ﬁ' gaﬁg?qa%aw%%hgg% Lﬁﬁ?f%@%@%oﬁegr@r@géﬁkz YE@? ﬁ;és[ 0075]

I n Fi gur e faljowtimgeedcb polisheiliestoath waieplawad o aipilsmlibealtee apd fitledt tvithleomeghand t he

bott om vi f the phosphate-mndified calciumsijlicate.material. |t appears
Chat "t he. ok § OIS gPYs abt Boffny b topE wiihe Fomeaer e b Putes FeIMey Bor ¢ e
target toinking With@e®nsd Ratet. The®omdbRtRent Dotvb@tosdty f aemgake WMelidg REupent er
the tubules in a regular fashion. [|0076] Thus, in terns of providing an

3

effective ah‘%‘teh’gbﬁ tQ?_Fh was $up é h"ﬂ@"%ﬂ“ lél @H?W?CUI%@‘C fonevabetihe EHOF-aE%Cé‘ stdér ough a
mout hwash oagRhd SRR and Bk iklabd Bld MR eRinPhORS pRiepeNsi on system to
assure uniformdistribution of the desired solid particles froma very |ow
vi scosi ty [0073Li d TeBpmidpatiassupindwlfdenstivties dndiwdsayrapred areundttes mitidie efnd.
Addi ti O“a'tﬂey?olﬂﬁ‘{dt t!o&he&%atﬁ%' t{l&{ e%{olgécf:grldo&nesﬁrlekg&gc? stdhoR@t $hE undG5Qads the
necessary af fl Rty ror target to

section was used as a control for comparison during the test. The tooth was gripped

along its side with tweezers and was submerged in certain mouthwash examples from

above (about 40 mL of each sample mouthwash), that was stirred at approximately 300

RPM with a magnetic stir plate for 60 seconds. During this time, the tooth was moved

throughout the subject mouthwash while keeping the dentin portion against the flow. The

tooth was then rinsed for two seconds using a squirt bottle of deionized water. After

allowing the tooth to dry, the piece was imaged using scanning electron microscopy

(SEM). Prior to imaging, the Teflon tape was removed and the exposed portions visually

compared to what was covered to assess affinity.
Detailed Descriptions of the Drawings

[0073] For each of the provided Figures 1-7, the images are arranged as follows: 1)
the left side of the image shows the image of the unexposed section of the tooth, 2) the
center of the image shows the image of the boundary between the unexposed and exposed
sections, and 3) the right side of the image shows the image of the exposed section of the
tooth.

[0074] From the images shown in these Figures 1-6, it can be seen that the top set of
photomicrographs show unmodified silica exhibiting much less affinity than the modified

silica (adduct-treated precipitated silica) of the bottom set of photomicrographs (Figure 1
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surfaces (at least) to inpart such potentially therapeutic benefits via a
solid particulate carrier or by utilization of nodified solid particles

t hensel vewo 200873981t will be appreci ated by those skil lpet/Broio/b@osrt t hat
changes coul d be made to the enbodi nents descri bed above w thout departing
fromthe broad inventive concept thereof. It is understood therefore that

this invention is not limted to the particul ar enbodi nents di scl osed, but
it is intended to cover nodifications within the spirit and scope of the

present inventjon as defined, by the _appended clai ns. d ai W claim 1. A
mout h ri nSBOWORIATRATE o tﬁaw%gxamg?é@&stﬁﬁ gOt&ﬁm?aﬁa}g‘r’Fﬁ&ShﬂYF emelﬁs‘%éin 250C

and 1 at MpSPHer ExaM s $HLR bBRG COBRE354h8%s ExhmpleDi@Séh @?'a\ﬂ@@xanﬂﬁl@ 1Gidn) from
0.1 to 25% by weight of particulate naterial wherein the gartl cul ate

mat erial ERWPDI Figurrt sfomsixempleck? eidiee sné Kxemple gt batiemadiirahsirweppl i ed
Lo Cadh DEARBISTRLLD ol RGP, BTEIR DA, TPl 009

not exhi bit appreci ablfe separation or settli omw t e m)utph rinse
conposi ti @nd &EkamepleadS drebastond. \ithe ksodifiedstilraamateraals rb @appeae tpbesaadheee 02, The

conposi tign of . C aj erein_the base sol vent | ter, alcohol . or a
mxcare t i St BF BrngbRSHEl obGeR 3RCeR SRt eI kRISt o

mat eri al icBmparheed, @dn-hicdifiddnseliog rpaitieles OthsreS$ e3¢ pipeyitgCinpdatinirstinsd, iforca,
silicate, and any m xtures thereof; 4. The co sitjon of Claimg3 erein
the preci phife Y9 PRTICEECB BT %‘896‘3W?5‘ﬂh{]ﬁ%asp%§@mdl‘%rﬁ tesfhe Cippsd 'QO%'A(;H i on
of the surf@sR. fs ubig iRk appddér: @lathe Thddiffed SMPdaQhh abtudl® HroVide Sdne degree _
adduct-treated precipitated silica material that exhibits a zeta potential

reduct i on obfrelighdisy &t sethiag opo9f g1 mpwshwash(ipenseended|fom) andsadhpredp. and
precipit atpggnﬁélly' ﬁ@viﬁ@teﬂ"édti@t: tl%pap\éﬁﬁc%ngﬁ)ts addbskn 'a%ncﬂﬁﬁé%ﬂtapplication and

rinsing method to a user’s teeth.

[0075] In Figure 7, the top view is of the calcium silicate product alone and the
bottom view of the phosphate-modified calcium silicate material. It appears that the both
the silicate materials exhibit an improved affinity for the target tooth surface as particles
adhere to the surface as well as enter the tubules in a regular fashion.

[0076] Thus, in terms of providing an effective method of delivering solid particles to
tooth surfaces through a mouthwash application, the utilization of a proper suspension
system to assure uniform distribution of the desired solid particles from a very low
viscosity liquid formulation provides the initial results to that end. Additionally,
particles, either silica or silicate in nature, accords the necessary affinity for target tooth
surfaces (at least) to impart such potentially therapeutic benefits via a solid particulate
carrier or by utilization of modified solid particles themselves.

[0077] It will be appreciated by those skilled in the art that changes could be made to
the embodiments described above without departing from the broad inventive concept
thereof. It is understood therefore that this invention is not limited to the particular
embodiments disclosed, but it is intended to cover modifications within the spirit and

scope of the present invention as defined by the appended claims.
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5. The conposition of Caim4 wherein the adduct-treated precipitated
silica material exhibits a zeta potential reduction greater than 15% when
conpar ed wo 2a10pused8pi tated silica material of the sanme gCraBiouao/e0osy whi ch
no adduct is present. 6. The conposition of Caim4 wherein the
adduct-treated precipitated silica material exhibits a zeta potenti al
reduction greater than 20% when conpared to a precipitated silica materi al
of the same structure on which no adduct is present.7. The conposition of
Claim4 wherein the adduct-treated precipitated silica nmaterial exhibits a
zeta potential reduction greater t hak!2885 when conpared to a precipitated
silica material of the same structure on which no adduct is present. 8. The
conposi ti M BRIME ai m 4 wherein the adduct is a netal elenent. 9. The
conposition of Claim8 wherein the netal elenment is selected fromthe

transition nptal s, g:lrouﬁC}%é E&ﬁ@&?&&n‘iﬁvﬂ?%‘iéoﬁé%atﬁﬂ&sﬁ@,’(ﬁ@é’%ﬂgéi&@ f daim?9

wherein the netal enent I's selected fromt group consisting o
al um num zi nc, tand] aghosphére prassure aml congppmg (Badbase seiventegnd (i) frofh@ 1

conposition of d ai wherein the silicate s calciumsilicate or calcium
o Toate that hadd By iapR clatmte Seamahvhiieh Mebe s B8R 157 The
conposi tion of Cleghibitdard affihhe foraahgsidnso R@ttosusfdsg3avtdh agpladddhiseagiect ed from

the group consisting of xanthan gum. high acetyl gel la um | ow acetyl
gel lan gum car bé&@yg@émﬂugbvwn%@@ce&werﬁngmmgw oAl (9 DoueiRB of

adhering parti CU'aﬁb&ciﬁﬂE%& ladtion 0P s@tlin@ Hloth Wikih afeSmith Rh& Rnipekigan’ s or al
cavity, wherein the nethod conprises providing a nouth rinse conposition as

in Claimi1, trangfieratilepgt hvetksodstogagp st ropmrieroperathe. mout h ri nse

2. The composition of Claim 1 wherein the base solvent is water, alcohol, or a

mixture thereof.

3. The composition of Claim 1 wherein the particulate material is selected from

the group consisting of precipitated silica, silicate, and any mixtures thereof;

4. The composition of Claim 3 wherein the precipitated silica comprises an
| adduct present on at least a portion of the surface of the precipitated silica
material to form an adduct-treated precipitated silica material that exhibits a
zeta potential reduction of greater than 10% of the zeta potential of a similar

precipitated silica material on which no adduct is present.

5. The composition of Claim 4 wherein the adduct-treated precipitated silica
material exhibits a zeta potential reduction greater than 15% when compared
to a precipitated silica material of the same structure on which no adduct is

present.

6. The composition of Claim 4 wherein the adduct-treated precipitated silica
material exhibits a zeta potential reduction greater than 20% when compared
to a precipitated silica material of the same structure on which no adduct is

present.
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conposition to the person's oral cavity, maneuvering the nouth rinse

conposition for a period of tinme with the person's oral cavity, and
expect or avongiwdsesosout h rinse conposition fromthe perseaTaBznabocosvity,
wherein at |east a portion of the particulate materials present within the

mout h rinse conposition within the person's ora

one tooth surface therein. 14. The nethod of C aim 13 wherein the

particulate materials inpart a*therapeutic benefit to the at
15. The nethod of. Caim 14

tooth surface.

cavity adheres to at

| east one

| east

wherein the therapeutic benefit
is to reduce’ sensiteicQmPosien ofi st & whersindhs %‘ﬁ“ﬁté‘tr‘?aé?ﬁi Rf?c‘?‘ﬁ’é‘%ts ¥fh surface.

10.

11.

12.

13.

14.

15.

material exhibits a zeta potential reduction greater than 25% when compared
to a precipitated silica material of the same structure on which no adduct is

present.
The composition of Claim 4 wherein the adduct is a metal element.

The composition of Claim 8 wherein the metal element is selected from the

transition metals or post-transition metals.

The composition of Claim 9 wherein the metal element is selected from the

group consisting of aluminum, zinc, tin, strontium, iron, copper and mixtures.

The composition of Claim 3 wherein the silicate is calcium silicate or calcium

silicate that has been modified by reaction with phosphoric acid.

The composition of Claim 1 further comprising a suspending aid selected
from the group consisting of xanthan gum, high acetyl gellan gum, low acetyl

gellan gum, carboxymethylcellulose or mixtures thereof.

A method of adhering particulate materials to a tooth surface within a person’s
oral cavity, wherein the method comprises providing a mouth rinse
composition as in Claim 1, transferring at least a portion of the mouth rinse
composition to the person’s oral cavity, maneuvering the mouth rinse
composition for a period of time with the person’s oral cavity, and
expectorating the mouth rinse composition from the person’s oral cavity,
wherein at least a portion of the particulate materials present within the mouth
rinse composition within the person’s oral cavity adheres to at least one tooth

surface therein.

The method of Claim 13 wherein the particulate materials impart a'therapeutic

benefit to the at least one tooth surface.

The method of Claim 14 wherein the therapeutic benefit is to reduce

sensitivity or promote remineralization of the tooth surface.
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