ORAL COWVPCSI TI ONS CONTAI NI NG M CROAGCGREGATES 100011The present invention
relates to oral care conpositions for use in the nmouth to retard the
accurul atworrofoediant al pl aque and/ or cal cul us. The i nveRCIrars2@ooyi7des
conposites containing mcroaggregates of polyner coated, surfactant
stabilized particles of a relatively insoluble netal, netal salt or netal
oxi de, for exanple zinc oxide, and the use of such particles in nmethods for
retardi ng the accunul ati on of dental plaque and/ or cal cul us. BACKGROUND OF
THE | NVENTI ON 100021Dental plaque forns as a filmon teeth. It is a product
of mcrobial growh, a dense mcrobial |ayer consisting of a mass of
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surfaces. The microorgani snms are mai nly coccoi dal organisns, particularly

i n ear | yopdEqueThe\Wresetit inléntiohgclaru tdisrabtars osmp@seti@Bfor @k ih ¢Rahouthii@nge to
filanmentous organisns_after a few days. 100031 Dental  plaque has been
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margin, in cracks in the e f the s face taI cal culus. The
i mpor t artsé © ?ucg‘lwrtwéeseemﬁﬂa@éngtr r6trdips theecquppighone (gq &tdﬁt? WPHARWE t eeth
lies in HLpgnkendency of plaque to produce gingivitis and perhaps other

types of periodontal disease, as well as dental caries and dental cal cul us.
Dental plaque is a precBMiG&OHHHt@F'HaEdNI\{EVTm latter forms fromthe

pl aque t l,at es n the teeth in, the for aI|zed
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conponents of plaque are mneralized to form calculus, which conprises, in
addi t i orwhleh A QyBYUAeSAsTthp seatle purfaces (s misrogegasismsienmainls eedsoidsl epi t hel i al
cells, i S, s of
substance aV|%g&wgaﬂ§?+%mﬁQM%§th%h%Tthgggﬁ' 6ﬁ§%ﬁ§§gﬁ§£§§5é‘§
hydroxyam@ﬁgimtﬂﬁﬁhﬁ@&hﬁgﬁﬁmn@ﬂkﬁhatexhpfushlte and whitlockite. Calculus,
li ke pla i s _cons to |ne C |ve fact or |n peri odont al
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have been described. For exanple, US 6,368,586 discloses nethods and
conposi treodsl and remiaiokd neafédctadmww prqphylammtragtnzenchkaqufdmay atrrel ®mmyr por at ed
into pol mcr ntain a,therapeutic in in order
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oxi de partlcles are disclosed. US 7,691,413, describes conposite particles
cont ai nithgaciiopsif plsiqae pa the-iseth liewis the maxdptrr@/ of phaqps teapioilues gingiviisgrde of 80%
or |ess %ﬂﬁﬁé biker %k?&gﬂ!ﬁpﬁ&uﬁrﬁs %E’é % %ﬂ a%elﬁgltcaﬁ‘é‘é £nJT&e%Ea‘i’%£t‘8818§“' ation or
spray coo particles,
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salts are known to be useful ents in_or care products, For
exanpl e, aceignyateggn gigge Eé%theﬁeens #Bard dipEHH dqpﬁetulaﬂwrawelyc,x. de, anong
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oxi de has al so been di'spersed hi'n a polymer matrix, cast into filmand
di vi ded hantteualsatnxllrps Haoterlalmmm@omas pbplaquet are orindraliaxddo @mrp@écntlmsomlchl t is
chaIIen |l ate zinc..oxi.de i.n oral.
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BRI EF SUMWWARY OF THE | NVENTI ON 0006 The i nvention provi des, 1n one
enbodi menelecudarly bavad salsomp ard plt@nltwré@r@}mmdﬁ@yw%ﬁ@@g@ﬁdgameshwgmu si ng
relativel y.inso I I I tal oxide,
for exa(r%rop él t%ﬁ‘%cwgiﬁ’ RItE b&ﬁlﬂ% h;kac%b qr%t‘t3 Sﬁ&req ne(t351 pcrgng% %ar%‘%“%?ow di ng
enhancedha@mmqﬁho&ﬁuﬂaﬁﬁﬁﬁ;and pl aque. [0007]In one enbodi nent, the
particles of substantially insoluble nmetal, netal salt or or netal oxi de,
e.g., zinc oxide, are 0.1 - 10 mcrons, e.g., 0.2 - 2 mcrons, e.g., ca.
1.4 mcron in average dianeter, e.g., with an average surface area of 0.1 -
10 n2/g, e.g., 0.5 - 5 nk/g, e.g., ca, 0.7 nk/g, agglonerated into
m croaggregates with surfactant and pclyner. The m croaggregates are thus
clunps of greater than 5 mcrons, e.g., greater than 20 mcrons and | ess
than 50 microns. They are formed, e.g., by blending the particles of netal
or netal oxide with surfactant and polymer in the presence of a solvent,
and drying, for exanple spray drylng The surfactant |s preferably a
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into a formulation with a suitable carrier, for exanple an oral care
conposites (Conposite 1.0) conprising m croaggregates of polynmer coated,
sur f act anwovetichkitzed particles of a substantially insolpabius2emiai7es net al
salt or netal oxide, and a carrier, for exanple: 1.0.1. Conposite 1.0
wherein the m croaggregates are forned by spray-dryi ng a m xture of
particles, surfactant and polyner in a solvent, e.g., an aqueous sol vent,
e.g. selected fromwater and aqueous et hanol. 1.0.2. Any of the foregoing
Conposi t18804iherBierapeniéc eurnpasitinmg aomtymmmetam@d%emludlmlm oxd¢.t or metal

d I ed f d d
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Conposi trﬁéthM!ﬁir@l i dndpositistPimtvaliith aletay okidsglinddhEngrihabxidepiraincdgorated et al
oxide is zinc oxide. 1.0.4. Any of the forwgm ng Conposites wherein the
1
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pol yoxyet hyl ene-sorbitan-fatty acyl ester, ol yoxyet hyl ene-sorbitan-fatty

ether, a @%’J{ Iy dpssxh et spprRosEe P%rflﬁlffs ﬁﬁaﬁ'@awa xqé?fo n-é sed resin having a

pol yhydrgxyaiiayl o‘ﬁ’?ﬁ:?{] totfx?%' PG aRELRL oxRle vﬂuﬂ%rl%ﬁ%‘ir@&%?tﬂ&'h{%ﬁe fatty
et her and” m xtures ereo for exanpl e pol yoxyethyl ene sSorbitan
nmonool eatesochieapgulatipio by sppapetodin@Oy prootsy $ar radeintdthe poinpsotelpattel $Oand

pol ysor bate 65, ol ysor bat e, 80, pol ysorbate 80, e.g.,
pol yoxyectoﬁ’gllleté??ec(o?%‘jrpg% i CHRORE RSS! gﬁge for exanpl e Tween 80), or

t ocophergbosjol yahbhyti@dendLine MltsSHERA W l%%e(ugaﬁﬁng?ed%nts fR-hiRlA: t ocopher ol
PEG 1000 succinate), or mxtures thereof. 1.0. Any of the foregoing
Conposi tpse wtﬁerléxrﬁxamelepﬁwr@ﬁ 358 dasqméwezmg@@mmwdponylnémg zinex@le, Any of
the fore 0|n es_wherei oadhesij ve | ymer.
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et her. Jha@ alkd be&ﬂdﬁsﬁﬁrsddhﬁltﬁlﬁra%m nﬁ?ﬂj@Qﬁbttlﬁﬁ) mhﬁdrﬂlmvﬂaelm&obmﬁeforl S
hydr oxypr opyl net hyl cel | ul ose. 11. An%/r/11 of the foregoing Conposites
wher ei n IREEDFREPHINE AL ERE é@ma%tmje Iiris ghglenging te tSONEPEIASAS i n naj or
di mensi t
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greater than 20 mcron M‘S éég"f ny of the foregoing
Conposi tes wherein theﬁrlﬁlgfgg@ gtqge@iéﬁgpa[ 1‘3’@?9@ m crons to 30 mcrons
in major dinmension. 1.0.15. Any of the foregoing Conposites wherein the
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metal oxide, for example zinc oxide, with surfactant and a polymer coating, providing

enhanced control of tartar and plaque.

[0007] Inone embodiment, the particles of substantially insoluble metal, metal salt or
or metal oxide, e.g., zinc oxide, are 0.1 - 10 microns, e.g., 0.2 - 2 microns, e.g., ca. 1.4
micron in average diameter, e.g., with an average surface area of 0.1 — 10 m%/g, . g.,05-
5 m?/g, e.g., ca. 0.7 m*/g, agglomerated into microaggregates with surfactant and
polymer. The microaggregates are thus clumps of greater than 5 microns, e.g., greater
than 20 microns and less than 50 microns. They are formed, e.g., by blending the
particles of metal or metal oxide with surfactant and polymer in the presence of a solvent,
and drying, for example, spray drying. The surfactant is preferably a nonionic surfactant,

for example a poly-oxyethylene sorbitan monooleate (e.g., one of the Tween series, for



1.0.17. Any of the foregoing Conposites wherein the m croaggregates are
aggregates of zinc oxide particles, with a polysorbate and a cell ul ose
et her. 1.WoD812/08m3190f the foregoi ng Conposites wherei n Phe/ysarwiosizes of
substantially insoluble netal, netal salt or netal oxide, e.g., zinc oxide,
are 0.1 - 10 mcrons, e.g., 0.2 - 2 mcrons, e.g., ca. 1 mcron in average
di aneter, 1.0.109. Any of t he foregoing Corrposites wherein the particles of

substanti al | nsol aIt rreta x' e hav erage
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substantlallylnso uble netal, nmetal salt or netal oxide are 1 mcron on
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1.0.22. Any of the foregoing Corrp03|tes wherein the polynmer is present in

the ni criogglgedda artigles but iy swbleghith prmpends &fundsn prpl sggdormubatoss suy of the
foregoin S r |l e
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wei g ht pelira gy bresd uptéhd @1abthe hdﬂalZﬂe‘[aAﬂﬂt &fmétlile)xﬁdl:r;e@lﬁnléﬁgat Clogmpoth dnds
further conprising a non-polyner carrier. 1.0.25. Any of the foregoing
Conposi t8%" WHEcei n the ni croaggregate conprises a nonpol ymer carrier which
i's prop gl t i per cent
of 5 <L, I GRS ER i BEBLCER AR EHANE sl oK, MRl

m cr oaggﬂgmband/orrpalcmeﬁ uaing ikt formsiatiol & tholnyametion ae grovaded| ul ose et hers,

e.g., HPMC, e.g., e f i e ight HPMC, 30-45% b.
Substantially i nso?ﬂglréqﬂmpk%m%q‘lggﬂgaﬁﬁﬁé&aﬂ%ﬁé particles, e.g.
zinc oxijgeoqpar i ﬁlfﬁs?t’errﬁ)oglmen‘fohe 1&@1{91&1 b@ﬂ@drba/ggeegaﬁyaeeﬂn;sﬂﬁhgcar rier,
e.g., propyl ene glycol, e. Ii)\lon ol ar surfactant,

pol ysor miymereogted, quoﬂaytgotrmlezeéwartsley of aGusstantm%f insoluble metal mﬁtalonal ly an
anti f oam icone enu 02% 1. 0. 27. Any of
the. f or SgbPRGED kg Beeeiar ERMCRREAPIE R afefbeg P Begpl®en: i ' 20 anount
ef f ect i wonipositishdbdlowl nhi bit or control plaque formation with regular use.
1.0.28. An of t he foregoing conposites wherein the m croaggregates are
present [PHU dnsopembedigent, {fie compogite @mnmses Wi GPagaegates s NoMPBId i on
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conposi t(Compwateght)) coh@sﬂ%mﬁroaggmsﬂeﬁ ef pxﬁymen&ﬂtadr smﬁitcannﬂhihhzday conbi ni ng
t he |ngredl? sf as, set orth 2 an% t.he preceag osites. The

i nvent i GATAIS ﬁrSBW%IE’saléSH%fPh@ G e bﬁrb%%l.setahgﬂet oY o N4 ARAITIGE BF al car e
conposi téx%ﬁlecorrprl sing the conposites as set forth in any of the preceding
conposites. 1.1.2. Any of the foregoing conpositions further conprising

abr asi vd.Grht drdnegositg 1.0, vgherdih¢hg mrinseticgteghies preclosdéedipy mmpdmmg omixther ei n t he

abr asi ve maﬁt er ec d 1f raom sodllu bi car bonat e, CI um phosphat e
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cal ci um cagdieviat omSidtdread Guddus eimﬁmat ed 5| lica), i ron oxi de, alum num
oxi de, perI ite, plastic particles, e. yet hyl ene, and conbi nati ons

t her eof .1-0:2.1 Any oihe fregaing %mé@%iewhém |Stllp%%%laﬂmrt89@bleclaﬁﬁlr mstalg an

effective gipithe@lo Qélk&@&hﬁ | Ahe Eé“tm der)i]ides call{ MRS & Y

precedi ng conposition erein the anti aét erial dgent is selécted from
sel ected fnmmuhadhogﬂa,aarﬂdnﬁhphsenhyﬂeo’ét her (e.g. triclosan), herbal extracts

and essent oi | rosenar. extrac tea exiract nol i a extract,
Pt S R ot i lsing COgBvates Biherennin 4t I?S&}ntlaﬁy o Sk it
cat echol g@tt(;})ﬁ}le@lq;)(ll&ylg%lg,oxﬁgl gal | ocat echi n gal l ate, epigallocat echi n,

gallic acid, mswak extract, sea-buckthorn extract), bisguanide anti septl Cs
(e.qg., dn. &r Hewi i theforegdoand @pmposiles shewir B rsel)stanqlaléy msnlazbgc ragtalp nietan

conpounds chlorid C chl ori de,

t et r adecyl %ﬁ?&‘gdﬁ‘%@tﬂﬁ%ﬁféﬁsaﬁbi@bﬁwaﬁ? %Sgg%%il?giq%@ @P{)w}:dl ni um
chloride (TDEPC)), phenolic antiseptics, hexetidine, octenidine,

sangui nari ne, povi done i odine, deInDpinoI salifluor, metal ions other than
zinc (e.g., stannous salts, copper saéts iron salts), sanguinarine,
propolis and oxygenating agents (e.g., hydrogen peroxide, buffered sodium
per oxyborate or peroxycarbonate), pht haI ic acid and its salts,
nonoperthalic acid and its salts and esters, ascorbyl stearate, ol eoyl
sarcosi ne, al kyl sulfate, dioctyl sulfosuccinate, salicylanilide, dom phen
brom de,




del nopi nol, octapinol and other piperidino derivatives, nicin preparations,
chlorite salts; and m xtures of any of the foregoing. 1.1.6. The

i medi at eWv9 2pr2éwexipng comnposi ti on wherein the anti bact ePCalUSage055766
triclosan. 1.1.7. Any of the foregoing conpositions conprising arginine, in
free or orally acceptable salt form e.g., arginine hydrochloride or

argi nine bicarbonate. 1.1.8. Any of the preceding conpositions further

i fl . 1.9, The. i mredi at di
compos: g viBraithe firee e §EmeSylen ofiedin b Piaufle: o TPY LS
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sodium fluorosilicate, ammoniumfluorosilicate, amne fluoride (e.g
N - oct adecpolypxyestyhsriceretitanitasy neyliester, aﬂ)pb@ecszetéylh%mr)mardfaﬁy@t@rIauor| de),

T e e e R e

wher ein th@rafbél?lﬁYdi@xyﬁeﬂiyﬂeﬂeSfaﬂy echeﬂand Iﬂl}@lﬁte:ﬁﬂﬁtﬁﬁf for erm]pltWt %to 2 w. %
of the total corrp05| tion weight 1% by wei 8ht of the conposition.
1.1.11. AnpolgexyeHwl %\ees@rémaﬂgn%ﬁbé@ﬁﬁ gmgolvww@? dwhpsertstedP.a non- zi nc
anti-cal cu sppat e,
tripol yphoé&ﬁsaoﬁgﬁgtéo gﬁ%at%a g%%%%o gg"’ P]Olg P%%Igga%g form 1.1.12.
Any of thepcpisfex,;&chyikgle(szmpmnthm omwlem:p,rﬁos exugn;ﬂé Tkwee[seopnetosw}feaait ant .
1.1.13. Any of the preceding co rrprls

0ositions ast one
sur f act ant p%?téxlﬁ%glycolf%ueﬂﬂl%tsﬂﬁ%rﬁﬁ S ﬁ-a 1iegop! er@b@é 1&8§r opyl betai ne,

and combi nglt.0n&) [NHEiQRkes therlof 4. Any of the preceding conpositions
conpri sing an anl ‘oni ¢ surfactant, e.g. sel ected from sodi um | auryl

sul f at e,1.&3diAny ¢fdbe régmng Camps)sm:mwhmem thﬁ@glynMnsesDWatei sdlulils poAmyerof t he
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conposi ti opslygefpri sing at |east one humectant. 1.1.17. Any of the
precedi ng conpositions conprising at |east one hunectant sel ected from

gl yceri r0-8orin oithe fidegoomb pappoies wiheiedie polymer jBa cdlwosgfethehe precedi ng
conp05|t| n polymer, e.g selected
from pol y@?@ﬁmtg?sk& O%gb gésl’l{r%y%r}rlg hgé)tgﬁ);{er(r%l eic acid copolyners,
pol ysaCChahycﬁeﬁyp(r@}gmeth§7ﬁzblltﬂb@&se derl vatl ves, for exanpl e carboxynet hyl
cel lul ose pol ysacchari de guns, r exa le xanthan gum or, carrageenan
gun, ared éb rpo{{th%t%e&%% ‘éemposatei reimp T@FTO?&@CW%%@GT%@ fdhbosi ti ons
conpri si NG GUF St 5oRSicRn ﬁﬁﬁﬂ{@'&ﬁrﬁe sfonl- 20. Any of the preceding
conpositions conprising F | avori ng, ragrance and/or coloring. 1.1.21. Any
of the pretzdimyidbafroeicdingfempaenies wdieregn thansrroadgrégfe. avArage gfeatdne
precedi ng ﬁ)grrgom tions corrgrl Si 20?1 an anti-inflamuatory conpound, e.g., an
i nhi bitor CERRS " BRET GIMHABKYY pro-i nfl ammatory factors sel ected from
matrix ed el | aRratted fRsRind OdRpSsites GheteRPY GEBRELS cfflPdver atdrnt er | eukin
1 (IL-1), 1L-18 converti ngéenzgrre (1Ce), transfog%%g grova%%%feactor f31
(TGF-81), thagdeinifrensin mpjer dpadsiosynt hase (i NOS) hyal ur oni dase,
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i bupr of en, mitgiisois 80, micioee iR nARE dimerdimi r i n, ket oprof en, piroxi cam

nmecl ofenam C aC| d, nordi hydoguai areti c aci d and m xtures thereof. 1.1.23.
Any of tiHeI AW %foé‘iﬁ?ﬁéfs??mB?ﬁéte&W#ﬁ’i@ifb‘ihﬁgnafﬁa&%?gaé% dafom ) g., sel ect ed

fromthe g&w&lsqgggllﬁl}:{d%géfﬁ d8hgxmR. QLO0, PQQ Vitamin C, Vitamn E,

Vitam n A, anethole i'one, and mixtures thereof. 1.1.24. Any of t he
precedi Ag. b&)rﬁprysuftth@fmegomgfﬁompmﬁgtes wheteosthn midrodg@bgatéhraye génerdlly pr ecedi ng

composi L1 ong conpr [slng (LA} san 1 o, aount of 0.01 to 1w percent of

1.0.17. Any of the foregoing Composites wherein the microaggregates are aggregates of

zinc oxide particles, with a polysorbate and a cellulose ether.



1.1.26. Any of the preceding conpositions conprising triclosan in an anount
of 0.3% of the total conposition weight. 1.1.27. Any of the preceding
conposi t iwaRIEEIIPSsi ng a whitening agent. 1.1.28. Any @CTiuseopnevedi ng
conpositions conprising a whitening agent selected froma whitening active
selected fromthe group consisting of peroxides, netal chlorites,

per bor at es, per carbonat es, peroxyaci ds, hypochlorites, and conbi nati ons

t her eof f t he recedln S|t|o s further. co

hydr ogen1 %izﬁ ya‘gn ﬁ‘? A %ﬁosﬁ@? %F SP@&RF esé’féubswl.'i‘ltlgliyg'g?fﬂ)@lede or a
per oxi de sglefa] Ghet§10ARIoRYnet olide, SHCHindBxide! KX YANOIAARLShs, @gr oxy.car bonat e,
per bor at e, peroxyS| licate, or persul phat e salts; for exanpl e cal ci um

per oxyphosphepes, e@dﬂumﬁmm%@geﬁm%m car bonat e per oxi de, sodi um
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conpl exes. métal,. nd&lal samorqtetetllaeld@mec@@h D@raperpasid drensf d. Ul’—tlbeﬁz/g;@@fl sing a
source of cal CI and phosphg te selected from (i) cal ciumglass conpl exes,
e.g., calcPdm3 gqugpﬁ@)sl @sn‘él icates, and (ii) cal ciumprotein conpl exes,
e.g., cas y of the
o0 o A0 SNEARREREE RIS TSRSty B A

sel ect ed fmel,aadtal sanos uietaabmde(aﬁd Cinigron bh(af/d:rd@ inaajor dimensibn atrleh am:al ci um
acetate, calciumlactate,  and corrbl nations thereof. 1.1.32. Any of the
precedi ng EGAHSSU Peﬁere%ﬂﬁet fonprising an agent that interferes with or
prevent s $aetel il naldrAEMPObmpGifs whthh Of diS{iNeR$AhlivE uborsdse, ANy Of

t he preced?ng cyorrposFtl ns ?urrnpﬁselrsgvonprl?%&%n a lp%{l/m ol ogllvcaﬂjoy Lzéteccept abl e
pot assi um buatlis stakleguith aipmssdufound tr mbqar@ﬁtrmsklnum gichratwthpastepogassi um

chloride, in an ano nt effective ngsr L%CE dentinal sensitivity. 1.1.34.
Any of the lﬁF%rEEﬁ% £l S GUPET Ay Y'e¥'¥'ve upon application to the oral

cavity, 169.90.. AW §MhOFISEHINGComPodites wheRMERe POlynHR idpresdhomati on of dent al
caries, (ii) réeduce, repair or inhibit g)re carious |l esions of the enanel,
e.g., as demeet%@eg@*,feaj@a;hﬂ&teahtpercw@lﬁﬂ tnefoed fl uorescence (QF) or

el ectri asyre rdnhi-bit.

dem ner glﬁ# %éa:'% g nosfadr;trg Ore%) not Bomé mqr\tlge})vg%rleina%h glqw e%togeuktsgateﬁb?btll}y 1(n|so ublreeduce
hyper sensi tiietal trifetif saft he nieefbRide @) pre@tiuethe bompdmlﬂaiat a ghyn@éight pescent Vi )
pronote healing of sores or cuts in the nouth, (vii) reduce levels of acid
produci ng ol ©rg03e. (viii) to i ncrease reI ative levels of arginolytic

bact eri al?éﬁ)@ | SthOtdredd rg% snlékﬁIrtﬂe ﬁ@ﬂé?ﬂoﬂ oléfﬂﬁrgz{rﬁ cavity, (x)
rai se and nt arn pfa eve eas ol | owi ng
sugar chab. R:Enﬁgey of(the ioregnimg@ompmteeWaemumhbatwmaggrégatc yompukese dr y mout h,

(xiii) clean the teeth and. aral CVIt ce.erosion whi t en
Loeth andramotusrCaritm i pres foeelyehlnitral FObf RugbReetiiedthdn T 135
Any of t heyBlBERILAM €SNG4t i ons further conprising an antifoam ng agent.
1.1.36. Any of the foregoing conpositions, wherein the conposition is

t oot hpasit®26. 1y, @zhe fvigeodfs ¢ braperites Bdieie t@ehp@@iag@ggatmeqrepmﬁes he conposition
is atoothpasteo i.anal,l u r. co e nor e of
wator . abr as: ved, VaEPRle pPOME L ERIBILE BR6G HintR S S fRE &
enzynes, hunect antl(sw ahhhigﬂaemé@laramlg}mmmdtam4a‘gents preservati ves,
flavorings, colorings and/or conbinations thereof. 1,1.38, Any of the

f or egoi ng ConpoBi tabstamiiadly nsoluble pstahgagielsal orpetal prige Mritickagt S e iaf es
conprising zinc o td cg Sy bein the agglonerates are 5 to 50
m crons in najor él rrert)glﬁ & g O\h\@%\//?dual particles are 1 m cron on
average in nmjoc. d)pmrtslily)mnon/pot)tmarcamﬂe,reagepmpyl‘ém:glyamleagoﬁ 1% n2/g, and

the polyner coa roa egat es .has been. a I by Sy a drying
and conprises h d%@ﬁﬁbfﬂf %&;’éhtlwﬂ%e °£: 1’0%8‘% fg) 8Si i K/"obt ai ned
or obtainable by ehai Qqérﬁ&’odrﬁ%%@érﬁ"@ 8., afcciRtenfuddibh elgt @ny (2, t he

precedi ng conpositions. The inventron al so provides nethods, e.g. 1.2.1. A
met hod flo¥.27.ékmradfi th@fwmllt&mnﬂsmsl wlrereih tm%zttl‘amamnahu@r@nnﬂlnrancal cul us

conpri sing_conta u ces th [of0) es ¢

m cr oaggeg¥PEYts %%%B%Q m@og@gﬁ”n“ﬁm$%é¥(ht ?Wé’opﬁgggp ?t?%les of a
substantially insoluble netal, netal salt or netal OXIde e.g., using any
of the foregoing Conpositions 1.0 et seq., e.g., by brushing the teeth and
gums wWith a conposition conprising the mcroaggregates. 1.2.2. A nethod to
(i) reduce or inhibit formation of dental caries, (ii) reduce, repair or
inhibit pre-carious lesions of the enanel, e.g., as detected by
guantitative light-induced fluorescence (CLF) or electrical caries
measurenent (ECM), (iii) reduce or inhibit dem neralization and pronote
rem neralization of the teeth, (iv) reduce hypersen5|t|V|ty of the teeth

.



a. Water-soluble polyner, e.g. cellulose ethers, e.g., HPMC, e.g., a blend
of I ow and hi gh nol ecul ar wei ght HPMC, 30-45% b. Substantially insoluble
met al , newal2oealet31or netal oxide particles, e.g., zinc exrdsS2@ansizes es,
e.g., 40 - 60% c. Nonpolar surfactant, e.g., polysorbate, e.g.,

pol ysorbate 80, e.g., 0.5 - 1% d. Optionally a nonpol yner carrier, e.qg.,
propyl ene glycol, e.g., 5-15% e. Optionally an antifoam ng agent,
e.g., Siljcone e si.on, .e.g., .01 - .02%w th a suitable solvent or
cartier. 0I5 KnG bR rSfuniS Submanies iR i PoReRam i EpliuY Siy

recoveri Ng akbentHfer ORE 9L ROBS 6 % BEtheabhPédMSshsitloOldiitn Qpeseahadiment , the
substantially insoluble netal, nmetal salt or netal oxide particles, e.g.,
zi nc oxi deopthadetal composivionecigiitt for zamplad ogdat Whdo,.Seluvi-dns Wt i/ngr

cont i nuous ifati f orm honpgengus suspensi ons suitable for punping
and sprayi ng%trr{éogtgggoﬁﬁlgcoggﬁoﬁlt%n eﬁ%@‘ contain polyners, co-solvents,
surfact and.89. &R6MPEifRDbEGRNL 6t ob%idhdble bPEortbinRk tRdidictddkass dsGeefditish
performance. 100121Pol yners: The pol ymers useful in coating the zinc
particl e agey ebthe prccgdingcampysitepc| ude any of the pol yners typical ly usef ul

in oral I It [ - hel ow. I n one enbodi nent,
choadheﬂg}?evlgv%g‘{sg%&P?r&a)‘agesporqglfcgte?%ﬁgbggw? eeﬁ'vcan extend the effective
contact t.i.e Aebitedre ichappdtidnscloapriaing the edmpdsitsusset footh imxaypfthe t he

m croaggregates may utilize hydrophilic polyners | or hydrogels. In the
| arge cl asSESCYRE RYAPYWRT1 i ¢ pol yners those contai ni ng carboxylic groups
exhi bi t b i tel 2V : i.done (PVP),
Vet hyl  osl Tl e e A Y B Fy i oxy
propy! cel Bul BeempkE)telspdecoding compbditibrowbemtar the abiavigs masanwhisaslected

hyd | met.hyl . cel | ul HPNVD) ls are t | f pol '
o) orat o1 | P R BBy Bl Bl RGO S 8 Al et PROTBYCABRRSBY  Janest on

with the nugusnt Sdfates prelpa®RichRRIN Barborite, 31licA(é. £NhFdr8e@YRica), FdRbOpOI ,

pol yacryl ates and their crosslinked nodificati ons;” a cationic group -

chi t osan antidetaummumeidyestlite plastip perticles, g opgyethAaes. agd compOmset .

[ 0013] Thethoe;e%l care conpositions of the invention thus may include one or
nore pol yners, ‘such as pol yet hyl ene glycols, polyvinylnmethyl ether maleic
aci d copiol ¥eAssy ofxat Ysagaihacddessit(chs Jurthet ebinplisiag adeffeatpeiaw@ant dfan exanpl e
car boxynet hyl cel | ul ose, or polysaccharide guns, for exanple xanthan gum or
car r ageenafMtiiggicrialggent ¢ pol ymers, for exanpl e pol yacrylate gels, may be
provi ded, {g t . ; LT i i N neutralized
et or ol LBl o Loy B e e Ui ol 1 o
Cert ai n enbdditekftom selecled d@nihaloganated Hiepyll ofinee (s gatficlvadrgj kerbalhydr i de or

idwth th | i.zabl e et hyl eni cal | turated , f
exanpl €, nERHS PORITBEHUS 6 e FRETYRY FYTEN S 3B elattar wei ght
(MW) of a%:l\le)?,Qn&rﬁhél; 8RA1IBRA. ?eﬂiﬂ&?c&%wéﬁ%ﬁ hfoRitalY adtbail, endtRyl exanpl e

as Gantrez AN 139(M W 500, 000], AN 119 (MW 250,000) and S-97
Phat i naceusdlisalatagepigall qauophinzpllagogpigadio caphiceeHicegid nipy gorxdtacio ea-

[ 0014] Ot he erative rs | o] h. as . 1:1 copol yners of
i ai ¢ annyUAraan G B BATRLE: SRS (g B S MR Roe ittt e

N- vi nyl - 2- pytesidiney] goeterraty &himph@necompraintald €r cdogpnidinval thadrlide (CPC)exanpl e
as Monsanto EMA No. 1103, MW 10,000 and EMA Grade 61, and 1:1 copol yners
of acryl i cbarikopumeerds tetigdeeripyrisinjumaporide(RRE N YY-tat@deqisthy | or et hyl

acryl ate, E%?@%M hidth @Hllorigé Qﬁﬁe}EPé))J\bq\%Gﬁ{é arftise Yds! I%x'egfﬂpaoc[&l%ée], Sui tabl e

generally, pol ymeri ze inically or ethylenically unsaturated

car boxyl i csaguoharicg pbaidehampdare, ddmopak dalctardoomethbiooaothentheh einiciie.g., doubl e
bond and at, | east one carboxyl gr , that is, an. acid contajning an

ol el il QUEBIE SURICUREE T 1T S THLS OO P RSk BFE BeBuse o
its presenggs i Rydrf&nPRAKIES, bIERE YdBuRigehiiybbiatd 19 cAlxRBALORS, PRRAlld on Wi th
respect to a carboxyl group or as part of a term nal nethylene grouping.

| I | ustrat i ved ofd Baieditsampuepesthalicaniq idits yaks had esjérs.ascarbplateayate,oleoyl

al phachl orgacryl i r ni,c et,a-acryl oxy,. propl oni.c. . sorhic,.

21 bhas ol ovagriee S Rl oo R R RRGI Sy R SR R0 UGS Blcige .
citraconic, nesaconic, glutaconic, aconitic, alphaphenylacrylic, 2-benzyl
acrylic, 2-cyclohexylacrylic, angelic, unbellic, fumaric, naleic acids and
anhydrides. Qther different olefinic gonomers copol ymerizable with such
carboxylic nmononers include vinylacetate, vinyl chloride, dinethyl naleate
and the |ike. Copolyners contain sufficient carboxylic salt groups for

wat er-solubility. [00161A further class of polyneric agents includes a
conposition containing honopol yrners of substituted acryl am des and/ or
honmopol ymers of unsaturated sul fonic acids and salts thereof, in particular

o T a . o - o,



(1) a desired stability of the mcroparticle in the carrier, (2) a desired
rate of disintegration of the polyners during use of the conposition, or
(3) a deswoediwvmszoof exposure of the particles during ®eE/USRowE5764
conposition. [00201ln preferred enbodi nents, the polyner coating is

wat er - sol ubl e, conprising, for exanple, a water soluble polyner, water

di spersi bl e polyner or water insoluble polyner wth an optional

wat er-soluble filler tive f wat er -i nso ub

vat er - sol ugPetstangiot gt pBREYPGETED SudvRrh et pePuALybEER Rt ed 1o
rel ease an sAPHY mftus bi M8 dMBE ﬂgégm{g pr oportional to how vigorously or
how | ong the conposition is used i é brushing, scrubbing, or other
mechani chl.6actheomnagshiately puerediai cpmeoaqu greedﬁp@emhactﬂmal §BOPE] I n a

parti cul ar e odr ment the water soluble polynmer is a cellul ose ether

pol yner, sUEHOHY hydr oxyl al kyl al kyl cellul ose, including hydroxypropyl
met hyl cellul g8 }eoﬁﬂtﬂE’E@)s SiNEBRhEosHidy camptibiaplagpifine th tiee oPomlighen cal
Conpany of M dl and %1 United St at es of America, as METHOCELO products,
i ncl udi ng, ar@ptaékeﬁafbrferm WEERHOEELery dpssh ogey omieliting bigarbprate. NETHOCELO ESO,
ETHOCEL O HPC) ,

hydr oxyelg’?f))é;l I%%:%I ?ﬁtlﬂggg&gﬁ Cmgl SI%QQS%F%%F%MQE\%%mgg&rép%g?%%rrg?lét

cel | ul oskel.0CVe, mﬁmahz{tia]ytpmmeémgIeempoiltloﬂvherrelm&eﬁmlhblpdhmmde salt meIotndte

pol yvi nyl pyrrol i done (PVP) o n have a wei ght average nol ecul ar

wei ght of %’@61 Begogs H%‘F‘E‘? a?ﬂauraﬁqoeﬁia RO TAPFIMM Fg‘ﬁm '%@rm&cet ate,

pol yvi nyl pt&r(rnehh@tegﬁosrsh&wsoaﬁl% AhgroGREAL XA ya%ﬁémﬁxﬂ%o?&ﬂﬁ@re‘—hﬁ@é( r) VAG4
(avai |l abl e from BASF wel ght viny yrrolidone) and PLASDONE(r)
S630 PVP ( dvaiidatel s, l‘ﬂrcmuadleqyzle'rmahylemhhm&gd‘éﬂ\hNt—ynsm@thaoolé V\ayne N. J.

United States .of A ica, 60:4 i rrolid acetate),
et hyl ene ofifydrofigr e)c?)IBgIOQWéTIg %{de\é%% ﬁ %I@"k% %?et gvar | abl e
from BASF, cdabtmboah&Bbs, PVA, 25% by wei ght pol yet hyl ene gl ycoI graft,

pol yvi nyl al cohol péPVA acryl ates and polyacrylic acid, including

pol yacr yl-&tl@. %\they the tep dumetliatsberepesipamernypasitions avhpreint thecfkpglée s4lhised

pol yacryli g 3G 1n£1 @oﬂnt%ﬁq@p"p} 2 Wtr% | tgqaﬁg sﬁ%grlvy l ate

pol ymers, Het?l ?a mal el ¢ p y vi'ny -mal el d copol yrer
(e.g., GAWREZb}wei/ghnyfthaeempbﬁn@md cr otonr c acid copol yners,

pol yacryl am de, pol y(2-acryl am do-2- nethyl propane sul f onate) er pol yners
of acryl b rny p‘f}tapyrecedrne ﬁemp%sﬂ&mscfwﬁlﬁrmmaewg aﬂﬂeﬂsz'tweﬂeca%ﬁrener s,

phosphonat Y. ol ybut ene
phosphonat ggéltp’oﬁr'%stg@g%%, fye%n%}@%}ﬂ% onat es; pgﬁ; ksl enes,

pol yal kyl eh@canndtajﬂnssphatu;b.rgdnmg)thyelt fyrinene  oxi de i .e. polyethyl ene
glycol, a car bo vi nyl. pol rec a.skilled artisan, the
Py B AR regt Y Pregiind ut it pBPESAE abler oph it it ur es-of  such

pol ymer s; 833 Wehy of thé 9&%@&@ B&nﬁ&ﬁlt‘{&ﬁrcoﬂi?ﬁsﬁg APleh{@na sibfactpit syedted sol ubl e
and water insoluble polyners, provided that the particles are rel eased on
appl i cat i offomupdfum 1mléﬂﬁttmpﬁm1dépmvk/mlge,raﬁé corarbingtpRsthergokol ubl e in at
| east o g n I ere

car boxyrlre%:?%c‘?rgy (gfut?rlg e%%‘%t% £ &Bﬂas)s(t%r%tcgglgggm e&ﬁt%\i rrngt)grg%é ,Ecrogg | i nked

pol y(vi nyl s@ydtedfrbmaodium taaryl ex &y sedilkllbhidieXBNul thteChndomixthreMbawif] abl e from
BASF, pol Y;vr nyl acet atg{i (PVAC), .certain cellul ose derr vatives such as

cel | ul osk!-A2ehay ef the praceding eompesitigns coelr)r@lrlgéecllrl@r sl sylfate, Hxaret hy|

cel | ul ose, I Isul 956, ek nocellulose, cellulose acetate

pht hal at e, a@ﬁ%%(tlfggﬁbgghﬁe e Vi r%h EHgtlclfl:lse)dtg%at{te copolyners, vinyl acetate
honopol yineid 6. Sny oﬁibeterqoahygemmpmtgm,s cdmrpe‘slhg Ias]ehstooethyrmeqjmity met hyl

met hacry mers insoluble i.n or n cC S ,_such as

ol 1ot skl Eotpettihs eheed B GpraRgne samopSng eCRek oné BustigisnBiedand nyi on,
natural or gl c‘f-‘édncsdrldf@&ea'hd caﬁtﬁurahe;ﬁsuhe%of her eof . An exarrpl e of a
suitable, filmformng acrylic copolymer is LUVIMER(r) 30E, a 30% by wei ght
sol uti onl.1.h8.eAmeelthe ptecedmemmmt}qns&@mytlaneﬁetewpnebqrylﬁ&@ereneolhmm ylic

acid copol mer, cQ avail a am Park, N.J., United
Srates of hrarieEay Ter bR L Bl B FREL e Sr e e

di spersions (e.g., by enulsion polynerization) and may be stabilized with
suitable emulsifiers. One useful PVAc emul si on, for exanple, is

KOLLI COAT(r) SR 30D, a 30 weight % dispersion of PVAc in water stabilized
with 2.7 weight percent PVP and 0.3% sodium |l auryl sulfate. An exanple of
an acrylic copolyner dispersion is KOLLI COAT(r) EMM 30D, a 30% by wei ght
aqueous di spersion of an ethyl acrylate: nmethyl nethacryl ate copol yner
(weight ratio of ethyl acrylate to nethyl nethacrylate approximately 2 to
1) vvrth a reported average rml ecuI ar wer ght of 800 000 avar I abI e from

[ — NSNS ST . 1 .




formulated in to oral care conpositions according to known nethods. A

t oot hpaste containing the m croaggregates is particularly preferred.

[ 0029] FI woi2de/d6ad19Sour ces: The oral care conpositions may/usarmiosi7eéd ncl ude
one or nore fluoride ion sources, e.g., soluble fluoride salts. A w de
variety of fluoride ion-yielding materials can be enpl oyed as sources of
sol uble fluoride in the present conpositions. Exarrpl es of suitable fluoride
ion-yieldin terials are found in U S  Pat,. 535, 42 rji ner et
o s, P, e B s oty iy Skl sEoxe Yo

3, 678, 154, cfifuWedstesol Racaride bitaOBPE @R | Qﬁmean of @k REEHER gum),

[ 0030] Representative Tluoride ion sources inclu but are not limted to,
stannous f hubedrdeipatsmdithared] uori de, pot assium fl uorl de, sodium

nmonof | uoy h um fluorosilicat.e. ugrosilicate, amne
T uor | der-CRoR B pRGHHE LoR EBinsb ARt Foa 2 TFHEbBTY MEBE i n

enbodi ment 20t Agy Mtﬂ@bfﬁ@@dmgaorﬁ@éﬁitﬁ‘@lslcﬁﬁipﬁ%F Rl e S gfanb®indler, sodi um
fluoride, sodi um nonofl uorophosphate as well as m xtures thereof. [0031]In
certain errﬁ@léflﬂ@nts the oral care conposition of the invention may al so
contain u f in oviding ingredient in
anount s fgb |‘é1?}g%€tLF %le%g&hg So §&§tloﬁ1{8t08h§§g18§gva%rm of fluoride ions,

general | y1.a2. A@ﬁ@ﬂthE@ﬂ:cﬁchﬁg c@n@osﬂuﬁﬂ&ofﬁpm%ﬂ@@n[aﬁmln&ngnatoﬂ.}o@ﬁn;ﬁ@mdwoo ppm
e.g., 1450 ppm .The app Prlatelevel of fluoride wll End on the
particul ar e@p@ﬂ.l@ablmpf aplepy onApaLesE Proigavmateny %%W@&ﬁl@?te Somypairg
typicall'y PeYciotichgdi @ ree tiiRARLEnNAYL.Ng, Somewhat
| ess. A de%}l rg)%gggérsgég\g 98 5 ?%e fessi ongf ?IIC%?II onncg%‘gg’have as
much as 5, O0QBeone&rEm é’rﬁyﬁﬂ(ﬂ(ﬁiﬁ)grtrﬁﬂmﬁmmdggro[vﬁﬁmlﬁlB.]c(ifﬁfeﬁ])omdudhbces may

be added to.the conpositi helnvent at a.l evel %to
20 o OC0 | Rithne R naae ) by opa thagify nitygat fitiorkaoRn BNE:
embodi nent Kﬁ%ﬁianML loffléc@;f)tlar %soc@té?i)’l(ﬂﬁbeg@mm) ¢ %eseFéQféHQfdrﬁ hrih,n anot her

enbodi ment luoride salts to provide the appropriate |evel of
fluoride i Momlaq, flothiprotes) ipupenisn, bagreaeromndomth@irg hrspl@m, kekowrefeunt er ion in
the salt. {r 12 r% S% [ DR SRR, SR i act gmlxure 'Ca{bonate
sodi um non8FPHSH ’prﬁg?)a?e (S pr% erree Y8 Lot "uori 767 stability
reasons.1.[.0934}y ftrhapieceding dh@posiiBagAIHEGAL as a@tﬁomﬂ@tleng/esradcwalm by
incorporated into a dentifrice together with abrasive materials, for

exanmpl e nathgrgpureansisting @%@%ﬁ%}ﬂ@ QbP-IQQi Yispaig CaYisaniimh e MiBBHae, cal ci um
phosphat e A osphate (Ca3(PX)2), hydroxyapatite
( Cai o( PO4) g’?@?%ﬁhmﬂ“gﬂéaﬂt"gﬂg’%h% osphat e di hydrate (CaHPO4 2H20, al so
sonet i nels1.péf ey eitthe prebedieg noraposdid@alcpmprisiog tre¢losanpyr ophosphat e, and/ or

silica ab ives ch as eci pitated sil.icas.having a nean rtlcle si ze
of up-t o aSD SR PieCe B HERbOR G CoRHRBE iclayn 3T ah APl 0 Wi m

met aphosph%%er&ggmgb mlrgg;@,gggggl%;@t alum num silicate, calcined

al um na, bentonite or other siliceous materials, or conbinations thereof.

[ 0035] FolahﬂﬁgMag@ﬁihs preveding e@npesatians compusing itriglesanfin i ampwvead0i Bn ohl so may
i ncl ude an,ag tL tOOI greass t he amount of foamthat is produced when the
oral cavit Vi EHbFURRSHON Y8t r ati ve exanpl es of agents that increase the
anount qfltmamymhelgﬁ:cedmg c@hositidns lcbfiptisidlg bavirhingayeithy| ene and certain
pol yrrers | ncI udi n but not limted to, alginate polyners.

pol yoxyek {lc preseding eOmPRSItQRS &ﬁltnpaﬁms éa‘fhlfémlgtaﬁ@ltﬁﬁheetﬁﬁ &9 df t he

f oam gener o s t i nvention.
Pol yoxyet h%ﬁﬁlgﬁ R S R L R L
pol yet hyl epebonatedeperd'dnbormﬁsypbrmahydls,etwsclﬁunte&tﬂnd cbmbirtatibss thaseefit i on wi | |

have a nD f 200,000 taq 7,000,0Q0. |n one enbadi nent the

ol ecul oS oM Pr %@Wl%ﬂ%ﬂ%C@@enaﬂalwosmqﬁ%g%%%di mont
800, 000 t opy4900, 00 dELYRX L), uk&h felikidd A8 §OF ot g p l'ecul ar

wei ght pol yoxy@ét hyl ene producéd by Union Carbide. The polyoxyet hyl ene may
be present sich aapemnpphusplfte, Prsaxycabogate, perhosate risodiysibinate S¥persufbdeand i n
anot her enb nt %1t0. 20% b of ..t he raI care carrier conponent
of “the or aPTER{PE CEBR SHE BBy e St Pﬁ‘ SRt RO E ol e of

foam ng agent in the oral care conposition (i.e., a single dose) is 0.01 to
0.9 % by weight, 0.05 to 0.5%by weight, and in another enbodinment 0.1 to
0.2 % by weight. [0036] Surfactants: ot her agent optionally included in
the oral care conposition of the invention is a surfactant or a m xture of
conpati bl e surfactants. Suitable surfactants are those which are reasonably
stabl e throughout a wi de pH range, for exanple, anionic, cationic, nonionic

or zwitterionic surfactants, Suitable surfactants are descri bed nore
fuIIy, for exanpl e, |n US Pat No. 3,959,458 to Agricola et al.; US.

PN NN NN " ol ol o~ ~ 2 A ~r—a NN A v S~ 1




[0040] Il lustrative nonionic surfactants that can be used in the
conpositions of the invention can be broadly defined as conpounds produced
by the comoenwawizin of al kyl ene oxi de groups (hydrophi |l PCTiUS200at06576) Wi t h
an organi ¢ hydrophobi ¢ conpound which may be aliphatic or alkylaromatic in
nature. Exanples of suitable nonionic surfactants include, but are not
limted to, the Pluronics, polyethyl ene oxide condensates of al kyl phenols,
products derived fromthe condensation of ethylene oxide with the reaction
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such mat er t@hplexdsD0411l n certain enbodi ments, zmﬁtterlonlc synt hetic
surfactants useful in the present . invention can be broad|ly described as
deri vat i k30 o"fnYacrﬁtb%aﬁepedlagjeﬂr@?%swsm*tﬁaicawpﬂeﬁsgﬁwaﬁ? ahyaldne ad)  oni um
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carboxy, sulfonate, sulfate, phosphate or phosphonate. Illustrative
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conpri ses %g anHoqlc ) rfa tant §1g sodium lauryl sulfate. [0042] The

sur f act ant “Bf U ReEFed éPnb 1005 BiCE%Lyur fact ants can be present in the
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enbodi nent 0.3%to 3.0% and i n another enbodi ment 0.5%to 2. 0% by wei ght of
the total w@h@@metvmﬁba{tmg}tm@mhe@ seffupk @r:chitpgangr al care conpositi ons
of the invent f ng agents which
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conposition to further inprove the conposition's texture. In certain
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the total conposition are used. [0048] Enzynes: The oral care conpositions
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[ 00501Humect ants: Wthin certain enbodi nents of the oral conpositions, it
is also desirable to incorporate a hunectant to prevent the conposition
from har dwoi2np/egaIn exposure to air. Certai n hunmect ant s PCanusadivosi7apar t
desirabl e sweetness or flavor to dentifrice conpositions. The humectant, on
a pure humectant basis, generally includes 15%to 70%in one enbodi nent or
30%to 65% i n anot her enbodi nent by wei ght of the dentifrice conposition.
Sui tabl e hunectants include edi ble pol yhydric al cohols such as glycerine,
sorbitol, sufactants, fogmbngagents, yitareios. sy, engymes, humegantsdhickeisds: mi xt ur es
of these NUIRGLANS aodlid bHsER alles IRl BRSBOLRY oo HRELE! N
certai n enbodi ments as e hunectant coffponent “of the toothpaste

conposi t1i, 3 Aisr&ithe for&5dd Compokdiet inbithtio a tdrehmsewengeisingi bed conponent s,

t he enmbodi nents of this invention can contain a variety of optional
denti fri ceMiGiQRESATEas SORBRBING NGNS PIFelere WEETEHY CBQIBW?raéﬁtair%géﬂ
| ngr edi ent%b@&hx‘gﬁdﬁ’m i0F difeAYBh, Ghe Rilvidiaf pRPich LB § RfkrbPon FHBES WES,
sudsi ng agents, avoﬁlng agent’s, smeetenpng agents, additional antiplaque
agents, abmajirdasensimdwithlaonieaggagefics arciloés & mg, antiey pdpmeneating onponent s
are further described inhU. S. Patl.. go 5,%04, 597, to Majeti; U S. Pat. No.
3, 959, 458 116 MigIRgFraates hagbeen,appligd 8y spigy dryipe and epmPESy  to Haefel e, all
bei ng i ncoI'lﬁgg))@};p@gb}Jp,%@lb,nep‘leg@ference. [ 0052] Spray dryi ng: Suspensions of
relatively 1nsolubl'e netal, nmetal salt or netal oxide particles, e.g., zinc
oxi de pdwd39. A sempesiticorsbtainetiorcabddinatde pw bgmeiningrthe p‘@@g@t& trssuighithanspr ay

dryer to generate dried pol r coated m croaggregates. Spray drying is a
wel | estab?‘?ys(hﬁheP@Sﬁ(ﬁ?%g%ng%ﬁf%aumry that is useful for producing free

f1 oW ng Gf)nRAkibh a1b PrE/ iR cMIEIE, £om wet starting materials. Methods of
usi ng sprgil drying techniques are well known in the art. |In general, the
Z

parti cl &3 zesmsthod ferwtadiagthiacqenelationyt denal plgaye apd{pt sad¢WUs| zes present
in the wet C(;rg]?e)%sérrga&qltéc}/igg (séga!élfl%(r)t;ic%?g/%hgg&@ogiteg r&ntngnggg &anrog%%% &l ong a

maj or di mensi axi's, nrcrons t m cro n maj or

di mensi on; pglyekec@iddy sdrfaani Sabilicedpatitios @ba substaotialyi insahahlemetiilensi on. A
particularly preferred enbodi ment contains. spray dried. pol r coated zinc
oxi de partF‘@?a£§altt‘Pféfletélr<€“ Se&r-alsing 8yt thedareeps S (‘}sig)e %6 crons in

maj or di n‘egglé 29 Vt\)ArL[s?Q%:ﬂlé RetdBiatduBR wida YarhPosiiH coffphRingahs, the resul ting

particle si ary across a particle size distribution. The particle
si ze di st rmberbageegabisai ned i s often uni nodal, WO

2012/ 064319PCT/ US2010/.055764 howeve i nodal or pol ymodal distributions

al so ocﬁtﬁ'l'?' i%lw-n?ﬁﬁ_log#o r(?gfeed“fﬁ%mgﬁ’ét_ trf’gﬂ?t}bo?eog‘tadgﬁa(/%a%g ?z(g? rcel%_gges R S esent

W t hin t hejgh@sitbrbicBBoulEbashsPd . thd Midinteh] d. ¢, astdeeectedrtyaiuapatativeliga-
representative of the population are larger than 5 rn _along a major axis or

di amet er. PduteskBusirgscendedRbaygr elgeitied crepyRctatameeh (BB raduef@ 50 min

3' ze. [ 095%%&6%'11#&4?%&09 ah@ ro%(;te ke?niké%li%dti%lh o\f'!ﬂfengs%tﬂ,e(i\%)qSMeque’ a_nd
escriptions of useful processes are readi Iy available," for exanple in US

6, 368, 586, hyyrmdensiriedy abihe esetiwiti )clededesm iptibiv pihgivitin{d) pemotehekdimgoif pt i ons  of

alternate routes for producing finished free-fl ow ng part.icles containing
metal oxi d¥TEHR 6 W‘r?g‘f r,no‘e\"l%l’ (g9 r %Eﬁv F@fﬁ%‘pé’ﬁﬁﬂg&aﬁtﬁf‘&tgﬂsﬁ? ref erence
as if set fn%FéaEle A ativE MR &eérginelyti_'éw&rﬁ GOPRRbHGh LRI bRImar e prepar ed
according to the I\?l Xing Procedure in the proportions identified on the
fol | owi ng Kaimagodin TaRiE chvidanp) @ist apd/2r Braihtdn plagod pd] akleyels of 20easso

pH 5.5 following sugar challenge, (xi) reduce plaque accumulation, (xii) reduce dry

mouth, (xiii) clean the teeth and oral cavity (xiv) reduce erosion, (xv) whiten teeth,

and/or (xvi) immunize the teeth against cariogenic bacteria,

comprising contacting oral surfaces with microaggregates comprising polymer

coated, surfactant stabilized particles of a substantially insoluble metal, metal salt or

metal oxide, e.g., using any of the foregoing Compositions 1.0 et seq.
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1.2.3. A method of making microaggregates comprising polymer coated, surfactant
stabilized particles of a substantially insoluble metal, metal salt or metal oxide
comprising mixing the ingredients as described above, e.g., mixing the following
ingredients

a. Water-soluble polymer, e.g. cellulose ethers, e.g., HPMC, e.g., a blend of
low and high molecular weight HPMC, 30-45%;
b. Substantially insoluble metal, metal salt or metal oxide particles, e.g., zinc
oxide particles, e.g., 40 — 60%;
¢. Nonpolar surfactant, e.g., polysorbate, e.g., polysorbate 80, e.g., 0.5 - 1%,;
d. Optionally a nonpolymer carrier, e.g., propylene glycol, e.g., 5-15%;
e. Optionally an antifoaming agent, e.g., silicone emulsion, €.g., .01 - .02%
with a suitable solvent or carrier, e.g., water and/or ethanol;
spray-drying the mixture; and
recovering the microaggregates thus obtained.

[0011] In one embodiment, the substantially insoluble metal, metal salt or metal oxide

particles, e.g., zinc oxide powder, are mixed with various coating solutions using

continuous agitation to form homogenous suspensions suitable for pumping and spraying.

The coating solution may contain polymers, co-solvents, surfactants, spreading agents,

salts, or other additives to adjust performance.

[0012]  Polymers: The polymers useful in coating the zinc particle aggregates

generally include any of the polymers typically useful in oral care compositions, as

discussed below. In one embodiment, mucoadhesive polymers are preferred, as they can
extend the effective contact time between the particles and oral tissues. For example, the
microaggregates may utilize hydrophilic polymersor hydrogels. In the large classes of
hydrophilic polymers those containing carboxylic groups exhibit the best mucoadhesive
properties, poly vinyl pyrrolidone (PVP), Methyl cellulose (MC), Sodium carboxy
methylcellulose (SCMC) Hydroxy propyl cellulose (HPC) and other cellulose
derivatives, such as hydroxypropylmethyl cellulose (HPMC). Hyrogels are the class of
polymeric biomaterial that swell by absorbing water, interacting by means of adhesion

with the mucus that covers epithelia i.e. an anionic group — Carbopol, polyacrylates and
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their crosslinked modifications; a cationic group - chitosan and its derivatives; or a

neutral group - Eudragit- NE30D etc.

[0013] The oral care compositions of the invention thus may include one or more
polymers, such as polyethylene glycols, polyvinylmethyl ether maleic acid copolymers,
polysaccharides (e.g., cellulose derivatives, for example carboxymethyl cellulose, or
polysaccharide gums, for example xanthan gum or carrageenan gum). Acidic polymers,
for example polyacrylate gels, may be provided in the form of their free acids or partially
or fully neutralized water soluble alkali metal (e.g., potassium and sodium) or ammonium
salts. Certain embodiments include 1:4 to 4:1 copolymers of maleic anhydride or acid
with another polymerizable ethylenically unsaturated monomer, for example, methyl
vinyl ether (methoxyethylene) having a molecular weight (M.W.) of 30,000 to 1,000,000.
These copolymers are available for example as Gantrez AN 139(M.W. 500,000), AN 119
(M.W. 250,000) and S-97 Pharmaceutical Grade (M.W. 70,000), of GAF Chemicals
Corporation.

[0014]  Other operative polymers include those such as the 1:1 copolymers of maleic
anhydride with ethyl acrylate, hydroxyethyl methacrylate, N-vinyl-2-pyrollidone, or
ethylene, the latter being available for example as Monsanto EMA No. 1103, M.W.
10,000 and EMA Grade 61, and 1:1 copolymers of acrylic acid with methyl or
hydroxyethyl methacrylate, methyl or ethyl acrylate, isobutyl vinyl ether or N-vinyl-2-
pyrrolidone.

[0015]  Suitable generally, are polymerized olefinically or ethylenically unsaturated
carboxylic acids containing an activated carbon-to-carbon olefinic double bond and at
least one carboxyl group, that is, an acid containing an olefinic double bond which
readily functions in polymerization because of its presence in the monomer molecule
either in the alpha-beta position with respect to a carboxyl group or as part of a terminal
methylene grouping. [llustrative of such acids are acrylic, methacrylic, ethacrylic, alpha-
chloroacrylic, crotonic, beta-acryloxy propionic, sorbic, alpha-chlorsorbic, cinnamic,
beta-styrylacrylic, muconic, itaconic, citraconic, mesaconic, glutaconic, aconitic, alpha-
phenylacrylic, 2-benzyl acrylic, 2-cyclohexylacrylic, angelic, umbellic, fumaric, maleic

acids and anhydrides. Other different olefinic monomers copolymerizable with such
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carboxylic monomers include vinylacetate, vinyl chloride, dimethyl maleate and the like.
Copolymers contain sufficient carboxylic salt groups for water-solubility.

[0016] A further class of polymeric agents includes a composition containing
homopolymers of substituted acrylamides and/or homopolymers of unsaturated sulfonic
acids and salts thereof, in particular where polymers are based on unsaturated sulfonic
acids selected from acrylamidoalykane sulfonic acids such as 2-acrylamide 2
methylpropane sulfonic acid having a molecular weight of 1,000 to 2,000,000, described
in U.S. Pat. No. 4,842,847, Jun. 27, 1989 to Zahid, incorporated herein by reference.
[0017]  Another useful class of polymeric agents includes polyamino acids,
particularly those containing proportions of anionic surface-active amino acids such as
aspartic acid, glutamic acid and phosphoserine, as disclosed in U.S. Pat. No. 4,866,161
Sikes et al., incorporated herein by reference.

[0018]  Useful polymers include hydrophilic and hydrophobic polymers. In some
embodiments, the polymer is soluble in a solvent, such as water. A water-soluble polymer
that dissolves during exposure to water and application of physical force during use (such
as during tooth brushing or scrubbing with a brush or pad) is desirable. In some
embodiments, the polymer is insoluble but breakable in water by being dispersible, i.e.,
the polymer breaks down into small fragments as a result of the application of mechanical
or shear force. In some embodiments, a polymer is insoluble but swellable. Where the
polymer does not fully break down during use, it may be a water-repellant polymer or an
aqueous-stable hydrophilic polymer such as certain types of cellulose, e.g., paper.
Examples of useful are described in U.S. Pat. Nos. 4,713,243 to Schiraldi et al.,
6,419,903, 6,419,906, 6,514,483 all to Xu, and 6,669,929 to Boyd et al.; United States
Patent Publication Nos. 2004/0126332, 2004/0136924, and 2004/0042976 all to Boyd et
al., and 2004/0062724 to Moro et al.

[0019]  Preferably, the polymers are selected to provide at least one of the following:
(1) a desired stability of the microparticle in the carrier, (2) a desired rate of
disintegration of the polymers during use of the composition, or (3) a desired rate of
exposure of the particles during use of the composition.

[0020] In preferred embodiments, the polymer coating is water-soluble, comprising,

for example, a water soluble polymer, water dispersible polymer or water insoluble
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polymer with an optional water-soluble filler. The relative amounts of water-insoluble
polymer, water-soluble polymer or optional water-soluble filler may be selected to
release an amount of active ingredient proportional to how vigorously or how long the
composition is used, e.g., by brushing, scrubbing, or other mechanical action during use
of the aqueous composition.

[0021] In a particular embodiment the water soluble polymer is a cellulose ether
polymer, such as hydroxylalkyl alkyl cellulose, including hydroxypropyl methyl cellulose
(HPMC) commercially available from the Dow Chemical Company of Midland, Mich.,
United States of America, as METHOCEL® products, including, for example,
METHOCEL® E5, METHOCEL® E5 LV, METHOCEL® E50, METHOCEL® E135,
and METHOCEL® K100, hydroxypropyl cellulose (HPC), hydroxyethyl cellulose
(HEC), methyl cellulose (MC), carboxymethyl cellulose (CMC), and mixtures thereof.
Other useful polymers include polyvinylpyrrolidone (PVP), which can have a weight
average molecular weight of 100,000 or more and up to 1.5 million, vinyl acetate,
polyvinylpyrrolidone-vinyl acetate copolymers such as KOLLIDON® VA64 (available
from BASF, 60:40 by weight vinyl pyrrolidone) and PLASDONE® S630 PVP (available
from International Specialty Products, Wayne, N.J., United States of America, 60:40 by
weight vinyl pyrrolidone:vinyl acetate), ethylene oxide graft copolymers of PVA such as
KOLLICOAT® IR (available from BASF, 75% by weight PVA, 25% by weight
polyethylene glycol graft, polyvinyl alcohol (PVA), acrylates and polyacrylic acid,
including polyacrylate polymer, cross-linked polyacrylate polymer, cross-linked
polyacrylic acid (e.g., CARBOPOL®), vinylcaprolactam/sodium acrylate polymers,
methacrylates, maleic poly vinylalkyl ether-maleic acid copolymer (e.g., GANTREZ®),
vinyl acetate and crotonic acid copolymers, polyacrylamide, poly(2-acrylamido-2-
methylpropane sulfonate), terpolymers of acrylomethyl propyl sulphonic
acid/methylacrylate/styrene monomers, phosphonate styrene polymers, polyethylene
phosphonate, polybutene phosphonate, polystyrene, polyvinylphosphonates,
polyalkylenes, polyalkylene oxides, including polyethylene oxide, i.e. polyethylene
glycol, and carboxy vinyl polymer. As appreciated by a skilled artisan, the film may

comprise derivatives, copolymers, and further mixtures of such polymers as well.
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[0022] The polymer may comprise a mix of water soluble and water insoluble
polymers, provided that the particles are released on application. Useful water-insoluble
polymers include polymers soluble in at least one organic solvent; for example, acrylic
copolymers (where carboxylic acid functionality has not been neutralized), cross-linked
poly(vinyl pyrrolidone), for example KOLLIDON® CL or CL-M available from BASF,
poly(vinyl acetate) (PVAc), certain cellulose derivatives such as cellulose acetate,
cellulose nitrate, alkyl cellulose such as ethyl cellulose, butyl cellulose, and isopropyl
cellulose, cellulose acetate phthalate, shellac, ethylene-vinyl acetate copolymers, vinyl
acetate homopolymer, silicone polymer (e.g., dimethylsilicone), polymethyl methacrylate
(PMMA), polymers insoluble in organic solvents, such as cellulose, polyethylene,
polypropylene, polyesters, polyurethane and nylon, natural or synthetic rubber, and
mixtures thereof. An example of a suitable, film-forming acrylic copolymer is
LUVIMER® 30E, a 30% by weight solution in ethanol of a tert-butyl acrylate/ethyl
acrylate/methyacrylic acid copolymer commercially available from BASF (Florham Park,
N.J.,, United States of America). The water-insoluble polymers may be prepared as
dispersions (e.g., by emulsion polymerization) and may be stabilized with suitable
emulsifiers. One useful PVAc emulsion, for example, is KOLLICOAT® SR 30D, a 30
weight % dispersion of PV Ac in water stabilized with 2.7 weight percent PVP and 0.3%
sodium lauryl sulfate. An example of an acrylic copolymer dispersion is KOLLICOAT®
EMM 30D, a 30% by weight aqueous dispersion of an ethyl acrylate: methyl
methacrylate copolymer (weight ratio of ethyl acrylate to methyl methacrylate
approximately 2 to 1) with a reported average molecular weight of 800,000, available
from BASF.

[0023]  Other useful polymers or water-soluble fillers include, without limitation,
natural gums such as sodium alginate, carrageenan, xanthan gum, gum acacia, Arabic
gum, guar gum, pullulan, agar, chitin, chitosan, pectin, karaya gum, zein, hordein,
oliadin, locust bean gum, tragacantha and other polysaccharides; starches such as
maltodextrin, amylose, high amylose starch, corn starch, potato starch, rice starch,
tapioca starch, pea starch, sweet potato starch, barley starch, wheat starch, waxy corn
starch, modified starch (e.g., hydroxypropylated high amylose starch), dextrin, levan,

elsinan and gluten; and proteins such as collagen, whey protein isolate, casein, milk
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protein, soy protein, keratin, and gelatin. The coating polymer may further include
dispersible or swellable fillers such as modified starch, alginate esters, divalent or
multivalent ion salts of alginates.

[0024]  Further non-limiting examples of water insoluble polymers include cellulose
acetate, cellulose nitrate, ethylene-vinyl acetate copolymers, vinyl acetate homopolymer,
ethyl cellulose, butyl cellulose, isopropyl cellulose, shellac, hydrophobic silicone
polymer (e.g., dimethylsilicone), PMMA (polymethyl methacrylate), cellulose acetate
phthalate and natural or synthetic rubber; polymers insoluble in organic solvents, such as
cellulose, polyethylene, polypropylene, polyesters, polyurethane and nylon.

[0025] In an aqueous composition, the relative amounts of water-soluble polymer and
water-insoluble and/or partially water-soluble polymer in the polymer coat are preferably
such that the coating is storage-stable in an aqueous composition but disintegrates during
use of the composition. In various embodiments, the coating includes an amount of
water-soluble polymer that is 0.1% to 90%, 1% to 80%, 5% to 70%, 9% to 50% or 10%
to 40°% by weight of the coating. In addition to, or instead of, the water-soluble
polymer(s), the coating may include partially water-insoluble or water-swellable
polymers in amounts of 0.1% to 50% by weight of the coating, preferably 1% to 10
weight %. In various embodiments, a method of stabilizing hydrophilic coatings in an
aqueous carrier environment uses water-soluble and water-insoluble materials in the
coating that are balanced for stability while stored in the product carrier, but disintegrate
upon use to release the active ingredient contained therein.

[0026] In preparing the coating solution, the appropriate solvents and co-solvents for
the chosen polymer(s) should be selected, according to the general knowledge in the art,
to produce a flowable film-forming coating solution at the operating temperatures.
[0027] The surfactants used to stabilize the particles in the microaggregates are
preferably nonpolar surfactants, or any surfactant capable of inhibiting aggregation of the
particles prior to formation of the microaggregates or after application. Suitable
polymers thus include, for example, polyoxyethylene-sorbitan-fatty acyl ester, a
polyoxyethylene-sorbitan-fatty ether, a polyhydroxyethylene-fatty monoacyl ester, a
polyhydroxyethylene-fatty diacyl ester, or a polyhydroxyethylene-fatty ether and

mixtures thereof, for example polyoxyethylene sorbitan monooleates (e.g., polysorbate
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20, polysorbate 40, polysorbate 60, polysorbate 65, or polysorbate 80, e.g., polysorbate
80, e.g., polyoxyethylene(20) sorbitan monooleate, for example Tween 80), as well s
tocopheral polyethylene glycol succinates (TPGS, e.g., D-alpha-tocopherol PEG 1000
succinate), and mixtures of any of the foregoing.

[0028]  Oral care formulations: The microaggregates of the invention can be

formulated in to oral care compositions according to known methods. A toothpaste

containing the microaggregates is particularly preferred.

[0029]  Fluoride Ion Sources: The oral care compositions may further include one or

more fluoride ion sources, e.g., soluble fluoride salts. A wide variety of fluoride ion-
yielding materials can be employed as sources of soluble fluoride in the present
compositions. Examples of suitable fluoride ion-yielding materials are found in U.S. Pat.
No. 3,535,421, to Briner et al.; U.S. Pat. No. 4,885,155, to Parran, Jr. et al. and U.S. Pat.
No. 3,678,154, to Widder et al., incorporated herein by reference.

[0030] Representative fluoride ion sources include, but are not limited to, stannous
fluoride, sodium fluoride, potassium fluoride, sodium monofluorophosphate, sodium
fluorosilicate, ammonium fluorosilicate, amine fluoride, ammonium fluoride, and
combinations thereof. In certain embodiments the fluoride ion source includes stannous
fluoride, sodium fluoride, sodium monofluorophosphate as well as mixtures thereof.
[0031] In certain embodiments, the oral care composition of the invention may also
contain a source of fluoride ions or fluorine-providing ingredient in amounts sufficient to
supply 25 ppm to 25,000 ppm of fluoride ions, generally at least 500 ppm, e.g., 500 to
2000 ppm, e.g., 1000 to 1600 ppm, e.g., 1450 ppm. The appropriate level of fluoride will
depend on the particular application. A toothpaste for general consumer use would
typically have 1000 to 1500 ppm, with pediatric toothpaste having somewhat less. A
dentifrice or coating for professional application could have as much as 5,000 or even
25,000 ppm fluoride.

[0032] Fluoride ion sources may be added to the compositions of the invention at a
level of 0.01 wt. % to 10 wt. % in one embodiment or 0.03 wt. % to 5 wt. %, and in
another embodiment 0.1 wt. % to 1 wt. % by weight of the composition in another
embodiment. Weights of fluoride salts to provide the appropriate level of fluoride ion

will obviously vary based on the weight of the counter ion in the salt.
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[0033] Where the composition comprises calcium bicarbonate, sodium

monofluorophosphate is preferred to sodium fluoride for stability reasons.

[0034] Abrasives: The microaggregates of the invention may by incorporated into a
dentifrice together with abrasive materials, for example natural calcium carbonate,
precipitated calcium carbonate, calcium phosphate abrasive, e.g., tricalcium phosphate
(Ca3(POy)), hydroxyapatite (Ca;o(PO4)s(OH)2), or dicalcium phosphate dihydrate
(CaHPO, * 2H,0, also sometimes referred to herein as DiCal) or calcium pyrophosphate,
and/or silica abrasives such as precipitated silicas having a mean particle size of up to 20
um, such as Zeodent 1 15®, marketed by J. M. Huber, sodium metaphosphate, potassium
metaphosphate, aluminum silicate, calcined alumina, bentonite or other siliceous
materials, or combinations thereof.

[0035] Foaming agents: The oral care compositions of the invention also may include

an agent to increase the amount of foam that is produced when the oral cavity is brushed.
Illustrative examples of agents that increase the amount of foam include, but are not
limited to polyoxyethylene and certain polymers including, but not limited to, alginate
polymers. The polyoxyethylene may increase the amount of foam and the thickness of
the foam generated by the oral care carrier component of the present invention.
Polyoxyethylene is also commonly known as polyethylene glycol ("PEG") or
polyethylene oxide. The polyoxyethylenes suitable for this invention will have a
molecular weight of 200,000 to 7,000,000. In one embodiment the molecular weight will
be 600,000 to 2,000,000 and in another embodiment 800,000 to 1,000,000. Polyox® is
the trade name for the high molecular weight polyoxyethylene produced by Union
Carbide. The polyoxyethylene may be present in an amount of 1% to 90%, in one
embodiment 5% to 50% and in another embodiment 10% to 20% by weight of the oral
care carrier component of the oral care compositions of the present invention. The
dosage of foaming agent in the oral care composition (i.e., a single dose) is 0.01 to 0.9 %
by weight, 0.05 to 0.5% by weight, and in another embodiment 0.1 to 0.2 % by weight.
[0036] Surfactants: Another agent optionally included in the oral care composition of
the invention is a surfactant or a mixture of compatible surfactants. Suitable surfactants
are those which are reasonably stable throughout a wide pH range, for example, anionic,

cationic, nonionic or zwitterionic surfactants. Suitable surfactants are described more
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fully, for example, in U.S. Pat. No. 3,959,458, to Agricola et al.; U.S. Pat. No. 3,937,807,
to Haefele; and U.S. Pat. No. 4,051,234, to Gieske et al., which are incorporated herein
by reference.

[0037] In certain embodiments, the anionic surfactants useful herein include the water-
soluble salts of alkyl sulfates having 10 to 18 carbon atoms in the alkyl radical and the
water-soluble salts of sulfonated monoglycerides of fatty acids having 10 to 18 carbon
atoms. Sodium lauryl sulfate, sodium lauroyl sarcosinate and sodium coconut
monoglyceride sulfonates are examples of anionic surfactants of this type. Mixtures of
anionic surfactants may also be utilized.

[0038] In another embodiment, cationic surfactants useful in the present invention can
be broadly defined as derivatives of aliphatic quaternary ammonium compounds having
one long alkyl chain containing 8 to 18 carbon atoms such as lauryl trimethylammonium
chloride, cetyl pyridinium chloride, cetyl trimethylammonium bromide, di-
isobutylphenoxyethyldimethylbenzylammonium chloride, coconut
alkyltrimethylammonium nitrite, cetyl pyridinium fluoride, and mixtures thereof.

[0039] Illustrative cationic surfactants are the quaternary ammonium fluorides
described in U.S. Pat. No. 3,535,421, to Briner et al., herein incorporated by reference.
Certain cationic surfactants can also act as germicides in the compositions.

[0040] Illustrative nonionic surfactants that can be used in the compositions of the
invention can be broadly defined as compounds produced by the condensation of
alkylene oxide groups (hydrophilic in nature) with an organic hydrophobic compound
which may be aliphatic or alkylaromatic in nature. Examples of suitable nonionic
surfactants include, but are not limited to, the Pluronics, polyethylene oxide condensates
of alkyl phenols, products derived from the condensation of ethylene oxide with the
reaction product of propylene oxide and ethylene diamine, ethylene oxide condensates of
aliphatic alcohols, long chain tertiary amine oxides, long chain tertiary phosphine oxides,
long chain dialkyl sulfoxides and mixtures of such materials.

[0041] In certain embodiments, zwitterionic synthetic surfactants useful in the present
invention can be broadly described as derivatives of aliphatic quaternary ammonium,
phosphomium, and sulfonium compounds, in which the aliphatic radicals can be straight

chain or branched, and wherein one of the aliphatic substituents contains 8§ to 18 carbon
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atoms and one contains an anionic water-solubilizing group, e.g., carboxy, sulfonate,
sulfate, phosphate or phosphonate. Illustrative examples of the surfactants suited for
inclusion into the composition include, but are not limited to, sodium alkyl sulfate,
sodium lauroyl sarcosinate, cocoamidopropyl betaine and polysorbate 20, and
combinations thereof. In a particular embodiment, the composition of the Invention
comprises an anionic surfactant, e.g., sodium lauryl sulfate.

[0042]  The surfactant or mixtures of compatible surfactants can be present in the
compositions of the present invention in 0.1% to 5.0%, in another embodiment 0.3% to

3.0% and in another embodiment 0.5% to 2.0% by weight of the total composition.

[0043] Flavoring Agents: The oral care compositions of the invention may also

include a flavoring agent. Flavoring agents which are used in the practice of the present
invention include, but are not limited to, essential oils as well as various flavoring
aldehydes, esters, alcohols, and similar materials. Examples of the essential oils include
oils of spearmint, peppermint, wintergreen, sassafras, clove, sage, eucalyptus, marjoram,
cinnamon, lemon, lime, grapefruit, and orange. Also useful are such chemicals as
menthol, carvone, and anethole. Certain embodiments employ the oils of peppermint
and spearmint.

[0044]  The flavoring agent is incorporated in the oral composition at a concentration
of 0.1 to 5% by weight and 0.5 to 1.5% by weight. The dosage of flavoring agent in the
individual oral care composition dosage (i.e., a single dose) is 0.001 to 0.05% by weight

and in another embodiment 0.005 to 0.015 % by weight.

[0045]  Chelating agents: The oral care compositions of the invention also may

optionally include 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 lysis.

[0046]  Another group of agents suitable 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 alkali metal pyrophosphate salts. In certain embodiments,
salts include tetra alkali metal pyrophosphate, dialkali metal diacid pyrophosphate,
trialkali metal monoacid pyrophosphate and mixtures thereof, wherein the alkali metals

are sodium or potassium. The salts are useful in both their hydrated and unhydrated
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forms. An effective amount of pyrophosphate salt useful in the present composition is
generally enough to provide at least 1.0 wt. % pyrophosphate ions, 1.5 wt. % to 6 wt. %,
3.5 wt. % to 6 wt. % of such ions.

[0047] Thickening Agents: In preparing oral care compositions, it is sometimes

necessary to add some thickening material to provide a desirable consistency or to
stabilize or enhance the performance of the formulation. In certain embodiments, the
thickening agents are carboxyvinyl polymers, carrageenan, hydroxyethyl cellulose and
water soluble salts of cellulose ethers such as sodium carboxymethyl cellulose and
sodium carboxymethyl hydroxyethyl cellulose. Natural gums such as karaya, gum arabic,
and gum tragacanth can also be incorporated. Colloidal magnesium aluminum silicate or
finely divided silica can be used as component of the thickening composition to further
improve the composition's texture. In certain embodiments, thickening agents in an
amount of 0.5% to 5.0% by weight of the total composition are used.

[0048] Enzymes: The oral care compositions of the invention may also optionally
include one or more enzymes. Useful enzymes include any of the available proteases,
glucanohydrolases, endoglycosidases, amylases, mutanases, lipases and mucinases or
compatible mixtures thereof. In certain embodiments, the enzyme is a protease,
dextranase, endoglycosidase and mutanase. In another embodiment, the enzyme is
papain, endoglycosidase or a mixture of dextranase and mutanase. Additional enzymes
suitable for use in the present invention are disclosed in U.S. Pat. No. 5,000,939 to Dring
et al., U.S. Pat. No. 4,992,420; U.S. Pat. No. 4,355,022; U.S. Pat. No. 4,154,815; U.S.
Pat. No. 4,058,595; U.S. Pat. No. 3,991,177; and U.S. Pat. No. 3,696,191 all incorporated
herein by reference. An enzyme of a mixture of several compatible enzymes in the
current invention constitutes 0.002% to 2.0% in one embodiment or 0.05% to 1.5% in

another embodiment or in yet another embodiment 0.1% to 0.5%.

[0049] Water: Water may also be present in the oral compositions of the invention.
Water, employed in the preparation of commercial oral compositions should be deionized
and free of organic impurities. Water commonly makes up the balance of the
compositions and includes 10% to 90%, 20% to 60% or 10% to 30% by weight of the
oral compositions. This amount of water includes the free water which is added plus that

amount which is introduced with other materials such as with sorbitol or any components
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of the invention.

[0050] Humectants: Within certain embodiments of the oral compositions, it is also
desirable to incorporate a humectant to prevent the composition from hardening upon
exposure to air. Certain humectants can also impart desirable sweetness or flavor to
dentifrice compositions. The humectant, on a pure humectant basis, generally includes
15% to 70% in one embodiment or 30% to 65% in another embodiment by weight of the
dentifrice composition. Suitable humectants include edible polyhydric alcohols such as
glycerine, sorbitol, xylitol, propylene glycol as well as other polyols and mixtures of
these humectants. Mixtures of glycerin and sorbitol may be used in certain embodiments
as the humectant component of the toothpaste compositions herein.

[0051] In addition to the above described components, the embodiments of this
invention can contain a variety of optional dentifrice ingredients some of which are
described below. Optional ingredients include, for example, but are not limited to,
adhesives, sudsing agents, flavoring agents, sweetening agents, additional antiplaque
agents, abrasives, and coloring agents. These and other optional components are further
described in U.S. Pat. No. 5,004,597, to Majeti; U.S. Pat. No. 3,959,458 to Agricola et al.
and U.S. Pat. No. 3,937,807, to Haefele, all being incorporated herein by reference.
[0052] Spray drying: Suspensions of relatively insoluble metal, metal salt or metal
oxide particles, e.g., zinc oxide powder, surfactant, and coating polymer are passed
through a spray dryer to generate dried polymer coated microaggregates. Spray drying is
a well established technique in industry that is useful for producing free flowing dry
particulate products from wet starting materials. Methods of using spray drying
techniques are well known in the art. In general, the particle sizes produced are
influenced by the major particle sizes present in the wet feed, and typically range from 1
um to 50 um, measured along a major dimensional axis, usually from 5 microns to 30
microns in major dimension; preferably from 10 microns to 25 microns in major
dimension. A particularly preferred embodiment contains spray dried polymer coated
zinc oxide particles that are generally spherical in shape and of 20 microns in major
dimension.

[0053] In addition, as with most materials, the resulting particle sizes will vary across

a particle size distribution. The particle size distribution obtained is often unimodal,
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[0055]  Formulations are prepared according to the Mixing Procedure in the

proportions identified on the following Table 1.

TABLE 1
Sample # 1 2 3 4 5
batch size 120 120 150 120 120
% % % % %
(Dry (Dry (Dry (Dry (Dry
%) gram %) gram %) gram %) gram %) gram

HPMC 6.33 9.03 3.01 9.03 3.01
ES (17.39) | 7.59 | (28.89) | 10.84 | (8.28) 4.52 | (24.83) | 10.84 | (9.63) 3.61
HPMC 5.71 3.01 9.03 3.01 9.03
E50 (15.69) | 6.85 | (9.63) 3.61 | (24.83) | 13.55 | (8.28) 3.61 | (28.89) | 10.84

18.89 18.89 18.89 18.89 18.89
Zn0O (51.96) | 22.67 | (60.46) | 22.67 | (51.95) | 28.34 | (51.95) | 22.67 | (60.46) | 22.67

5.12 5.12 5.12 ’
PG (14.08) | 6.14 ] 0(0) 0] (14.08) | 7.68 | (14.08) | 6.14 | 0(0) 0

0.31 0.31 0.31 0.31 0.31
Tween80 | (0.85) 0.37 | (0.99) 0.37 | (0.85) 0.46 | (0.85) 0.37 |1 (0.99) 0.37

0.01 0.01 0.01 0.01 0.01
FG-10 (0.02) 0.01 | (0.03) 0.01 | (0.02) 0.01 | (0.02) 0.01 | (0.03) 0.01
EtOH 5.63 6.75 | 5.63 6.76 | 5.63 8.4515.63 6.76 | 5.63 6.76
Water 58.01 |69.61 | 58.01 | 75.74]58.01 87 | 58.01 69.6 | 58.01 | 75.74
Total 100 100 100 100 100
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Further formulations are made using ingredients as set forth in Table 2:
TABLE 2

Sample # 8 9
batch size 120 120

% (Dry %) | gram | % (Dry %) | gram

12.03 15.46
HPMC ES (33.09) 14.44 (42.52) 18.55
HPMC ES0 0 (0) 0 0 (0) 0
18.89 15.46
ZnO (51.96) 22.67 (42.52) 18.56
PG 5.12(14.08) | 6.14 | 5.12(14.08) | 6.14
Tween80 0.31(0.85) | 0.37 | 0.31(0.85) | 0.371
FG-10 0.01 (0.02) | 0.01 | 0.01(0.02) [ 0.0099
EtOH 5.63 6.75 5.63 6.75
Water 58.01 69.61 58.01 69.61
Total 100 120 100 120
EtOH/H20(5.63/58) 60 60
Viscosity 430 600
Yield 43% 50%
[0056]  Shortened ingredient names appearing on the foregoing tables refer to the

specific ingredients here identified: HPMC E5 = hydroxypropylmethylcellulose ES,
HPMC ES50 = hydroxypropylmethylcellulose E50, ZnO = zinc oxide powder, average
particle diameter 1 micron, PG = Propylene Glycol, Tween 80 = polysorbate surfactant,
(available from ICI Americas Inc.), FG-10 = antifoam emulsion (available from Dow
Corning), EtOH = Ethanol.

Mixing Procedure:

[0057] The HPMC ES5, HPMC ES50, PG and Tween 80 are dissolved in water. Then
ZnO powder is added to the wet ingredients, followed by ethanol. The materials were
blended until a homogenous mixture is observed.

Spray Drying procedure

[0058]
configured at Inlet temperature = 170 °C, Outlet temperature = 99 — 100 °C, Aspiration =
100%, Air flow = 40, Feeding rate = 30% (7.2 mL/min).

The resulting wet formulations are fed into a Buchi B-290 spray dryer,
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[0059]  The spray dried material obtained is observed using Scanning Electron
Microscopy and contained a bimodal particle distribution consisting of large spherical
polymer coated ZnO particles ~20pum in diameter and irregular shaped particles of dried
polymer ~5um in major dimension.

[0060] Small amounts of Samples 1-6 of spray dried material were placed on a glass
slide. 50 pL of glycerine/water (1:4) was added to each slide. Viscosity of
glycerin/water was 1.76 cp/mPa*s . The particles were observed under microscope (4x
magnification). The time was recorded at which the sample disintegrated fastest and also

the time when the disintegration is 50%, 75%, 90% and 99% completed. The times are

recorded in TABLE 3.
TABLE 3
Sample | Ratio dgﬁ‘;ﬁfz 50% | 5% | 90% | 99%
D E5/E50 rate 8 dissolved | dissolved | dissolved | dissolved
Minutes
#1 1.11 1.5 3 5 11
#2 1.11 1.83 3 45 6.5 11
#3 0.33 1.58 2.83 5 ; 12 30
#4 3 1 1.33 2.5 5 6.33
#5 3 1.25 2 3.25 5 6
#6 0.33 1.67 3.33 6.5 15 24
Uptake Method

[0061] VITRO-SKIN® is a testing substrate that effectively mimics the surface
properties of human skin. It contains both optimized protein and lipid components and is
designed to have topography, pH, critical surface tension and ionic strength similar to
human skin. Vitro-Skin is cut into squares to match the size of HAP disks (12.4 x 12.4
mm = % x % inch). The samples are rinsed three times with hexanes, and then incubated
overnight in 1 mL of saliva at 37°C (each measurement in triplicate Two suspensions are
prepared in deionized water, containing 1% suspension of spray dried ZnO, and 0.5%
suspension of ZnO powder, repectively. Saliva was aspirated from the tubes with Vitro-
Skin. A 2 mL aliquot of ZnO suspension is added into each tube. The slurry is aspirated
from the tubes and and rinsed with 5 mL of water (vortex 1x10 sec.). The tubes are

rinsed again with 5 mL of water (vortex 1x10 sec.). The Vitro Skin samples are
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Vitro-Skin is cut into squares to match the size of HAP disks (12.4 x 12. 4
mm= 1/2 x 1/2 inch). The sarrpl es are rinsed three tinmes with hexanes and

t hen i ncubated overnight in m. of saliva_at C.( ure in
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suspensi 40 % RanEa
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al i quot Tak sdhtos isthemaiabyred byatued spatoneayho nwbmre Tmesﬂr@trqrwf ZsﬂCaS pi rat ed
fromthe_ tubes and and rinsed with 5 nL of fizyy{ater vortemzS >in . The
tubes arldeamesatols? ¢ o eﬁﬁmBPS\}Wﬁ?w{ Rt Bee as‘ﬁ'ﬁ% \/tro
Skin sa % %raqeslgmﬁe&gggég nto a new tube, and vortex rinsed in 1 nL of

HCL (1 for 30 seconds. The 4 nL of DI water is added and allowed to
sit for 2 hours vort exi ng occasi ohABLE 4The solution is then anal yzed by

atom c spectrometry—torreasyre—concentratt+on—of zinc. The amount of ZnO
upt ake on the sanples is sured on a n‘icrograni sheet basis and the
results|are shown i n TABMO Ber TABLE 4 e D pg of ZnO per sheet Average
Std. Dev| ZnSapwpled) 1 ]12zhaetos Agerage §té Q powder 2 95.15808 ZnO
powder 3Za05HodaBO1  ZnOl1Zpaasdy y147.7 138

ZnO powder 2 05.15808

ZnO powder 3 105.4269

Zn0O SprayDry 1 183.5947 | 181.4 18.6

ZnO SprayDry 2 161.8123

Zn0O SprayDry 3 108.8424

[0062]  ZnO Uptake on Vitro Skin is a simplified liquid dentifrice model. The spray
dried ZnO powder is surprisingly more effective in terms of ZnO uptake on VitroSkin.

In vitro Efficacy Test
[0063]  The efficacy of samples are tested and rated on microbial zone inhibition. The

spray dried ZnO performed better than untreated ZnO powder.
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uptake on VitroSkin. In vitro Efficacy Test [00631The efficacy of sanples
are tested and rated on mcrobial zone inhibition. The spray dried ZnO
performed better than untreated ZnO powder. WHAT IS CLAIMED IS: 1. A
conposite conprising a mcroaggregate of pol yner coated, surfactant
stabilized particles of a substantially insoluble netal, netal salt or

met al  oxgy xiﬁ T4s cihemippPesite of claim1l, wherein the polyner is a
wat er - sol u“?e polymer or blend of water sol uble polyners. 3. The conposite

of claim2, wherein the polynmer conprises hydroxypropyl nmet hyl cel | ul ose. 4.
The conposilt eA odmpaytecbmiphisiaf achiatorgg2gate 3f pollymicetantéd)surdattdnact ant is a

non-ionic surfactant. 5. The conposite of Claim4 erein the ngn-ionic
surfactant i s%ta?ér?@gtpéﬁwhs&%ﬁ@Pmt@hﬁéqsg{qbkgmstﬁ metal salt or metal oxide.

pol yoxyet hyl ene-sorbitan-fatty acyl ester, a pol yoxyethyl enesorbitan-fatty
et her, a pol yhydroxyet hyl ene-fatty nonoacyl ester, a

pol yhydr ox@etThel conmpobist ¢ficlalimal ywheesh ére, pobymer ip e wabeyrebo bibjeepdiytheme- f at t y
ether. 6. Th c%rgr%osi te Ptb cl zii m 5 wherein the surfactant conprises

pol ysor bat e cn water soluble polymers.

3. The composite of claim 2, wherein the polymer comprises

hydroxypropylmethylcellulose.

4. The composite of any claim of claims 2 - 3, wherein the surfactant is a non-ionic

surfactant.

5. The composite of Claim 4 wherein the non-ionic surfactant is selected from group
consisting of polyoxyethylene-sorbitan-fatty acyl ester, a polyoxyethylene-
sorbitan-fatty ether, a polyhydroxyethylene-fatty monoacyl ester, a
polyhydroxyethylene-fatty diacyl ester, or a polyhydroxyethylene-fatty ether.

6. The composite of claim 5 wherein the surfactant comprises polysorbate 80.

7. The composite of any claim of claims 1 - 6, wherein the microaggregates average

from 5 microns to 50 microns in major dimension.
8. The composite of any claim of claims 1 - 7, wherein the microaggregates are

formed by spray drying a mixture comprising zinc oxide particles, surfactant and

water-soluble polymer.
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7. The conposite of any claimof clains 1 - 6, wherein the m croaggregates
average from5 mcrons to 50 mcrons in nmgjor dinension. 8 The conposite
of any clwpreofoeedlains 1 - 7, wherein the mcroaggregat @sTAS2010063764d by
spray drying a mxture conprising zinc oxide particles, surfactant and

wat er - sol ubl e polynmer. 9. The conposite of any claimof clains 1 - 8,
wherein the mcroaggregates conprise zinc oxide particles coated with a

cel | ul ose pol ymer,  are_gener LI spherical .in shape, and average 20
m crons i ngn&ﬁﬁrcompﬁé‘%‘?f&‘?y C!E’gm %ﬁ él ‘%a?’ er@H‘rﬁ!}Sﬁlfﬁo g&PY i sing a
plurality of c%ﬁ{cﬁﬁgiéhh@%xﬁ%%&@!ég%oétgdm LdeAUIBsOL e ﬁ’dl?iﬁer are goenerjai]lb'rhe

conposi tion of m 1 wherein the conposition is a ot hpast e

met hod f or r espherdiahip shhpe, asd avarhget 20omicodnsde magédr dangegien.and/ or cal cul us
conprising contacting oral surfaces with a plurality of conposites
according to any claimof claims 1 - 9. 13. A nethod of making a conposite

accordi ng {@ AN¥raftat B@posticH Bmprisingh plGLINBY bﬁédﬁlﬁbosnes accidiigng agycoat i ng
pol ymer and a substantially insoluble netal, netal salt or nmetal oxide and

a surfactant cloptdfeimmsy -toget her with a nonpolyrrer carrier and/or an
antifoam ng agent, in a suitable solvent or carrier, spray-drying the
m xture; and recovering the conposite thus obtai ned.

11. The composition of claim 10, wherein the composition is a toothpaste.

12. A method for retarding the accumulation of dental plaque and/or calculus
comprising contacting oral surfaces with a plurality of composites according to

any claim of claims 1 - 9.

13. A method of making a composite according to any claim of claims 1 - 9,
comprising
mixing a coating polymer and a substantially insoluble metal, metal salt or
metal oxide and a surfactant, optionally together with a nonpolymer carrier and/or
an antifoaming agent, in a suitable solvent or carrier,
spray-drying the mixture; and

recovering the composite thus obtained.
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