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BRIEF SUMMARY OF THE INVENTION

[0004] The invention provides particles that disrupt and/or impede the

attachment of bacteria to an oral surface and compositions containing the particle. The
particle includes (i) a core that has an oxide compound or salt and (ii) a bioadhesive
polymer. The bioadhesive polymer is attached to the oxide compound or salt. Also
provided are processes for preparing the particle, methods for inhibiting or reducing the

formation of plaque on an oral surface using the particle, and other related methods.
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PolyspesRpiidRsregd kelated Rolymers, such as polysaccharides, dextran, and hyaluronate
(HA). Particles according to the present invention are provided that comprise such
polymers stably attached to solid particle cores, such as particle cores of silicon oxide
(S10,) or zinc oxide (ZnO). These particles are applied to surfaces, which may be

biological surfaces, such as oral surfaces, in order to create a barrier against microbial



deposition and/or reducing the strength of biofilm
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di seases such as gingivitis and periodontitis. The
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[0012] In one embodiment, a metal(s) for use in such metal compounds, salts,
and mixtures will be chosen from alkali metals, alkaline earth metals, Zn, Sn, F e, Se, Cu,
Mn, Mo, Co, Ni, Cr, V, W, Ti, and Al, preferably from alkali metals, alkaline earth
metals, Zn, Sn, Fe, Cu, Mn, Mo, and Ti, more preferably from alkali metals, alkaline
earth metals, and Zn. In one preferred embodiment, the metal(s) will comprise any one
of alkaline earth metals, Zn, or a combination thereof with one another or with an alkali

metal(s) or both.



conmpound or its salt. Preferred oxides include

substantially water insoluble: sinple oxides, carbon
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(e.g., netal phosphates, netal pol yphosphates), sulfur

oxi des (e.g., netal sulfates), silicates, and

conbi nations thereof. In one enbodi ment, the particle

core will conprise a sinple oxide conmpound. Exanples

of sinple oxide conpounds include Al 203, Fe, 203,

MyAl 90431 S QR o i nations .

ther@of : Sﬂ% n%&dlﬁezoglegﬂggggﬁc ea&ges(‘m OPpgisg an oxide
compnoand epits ’( sl)ryefenbdl ogidps michie edbmimﬂy RRRIRSr indolle: simple

o P e R o PP e )p B P B B5ides (4.8 metal phosphates,
eIy s erd . ISIFaPOIR 2 AORIHALLESALL ohBBbmbRadons

car bon oxi de, phosphorus oxi de
th%"leP (,lﬁtoée emb@ﬁ@%dh@m@b esrcfwill coattiseh stth]pis ex1de compound.

RS KR o ol T i B 3 0mMEALOL. 5103, 500, TiO,

anpidlnﬁ)p hod pdsrabmau@nscthera@f oy prﬁw%iofs[g@t%s%ﬁ’%ﬁg 2 metal

5’2&1jl qr11d 2b) hosphat es .
Caﬂ P Breiered Coultoimentcshe ér(rmps@aemppumapm Bi®sor ZnO.
Cat
i e S R TI—

hal oahydr oxypatites
compes(draal (htds a Brbenibfide, g;)sslﬂlgglélo)xg@es%ﬁﬁﬂi)h@ bt tiGate.
and
Prifittd gﬁagﬁesﬁg cdchg %S@gespg%wpuﬂn@w b@mesanddwtamﬂmtal 1)

carbohit6ftees, Caﬂ@g @aE%%CO!;)EL 2$0$?P95$h%95uchrg§ ophasphates, e.g.,

car bonat es, p osphat es,; es are pr

Caglshi GalYIER:D % nbemn@snsggt Game)z,tl?ﬂfb;@ﬁpatﬁ%mm as
Ca@&%?é@é@@ ‘ief’ ?ﬂfgé‘s gfﬁ*ﬁ@gw aéétegf}@fp%ggdrgiypaﬁtes

anthMo(oSy%h&(sSﬁHﬁésQ?hE(P@Q%(F)@aBpﬁﬂﬁ?e% Yl t% @sﬁﬁ%%@fégesapames

I'f at es suc

Sucgra?é (I@Oé%&%@@‘i@%ﬁh oa%]&?bsﬁgessagf dstlﬁlﬁhcssﬂﬂuat fHhcases; baléigm
5111E5}€s aAd ﬁhéﬂg‘sﬁ&h%%%gg%o ag%ﬁ%?nascgsl ];) ospp tgg,gsglg g{él?astes are

preiqud Cﬁmmltma:ticm axides HeloByingltd Blof@ihby Shy si@h dids g' el R, e.g.
rrerés) that are at |east substanti ’

carg; anaﬁg%su%h : CainOpbE Por sbise miisirghich surus y

CaM@l@E)g L6l ESCIgQS léﬁl%oﬁ‘a?te Qﬁ%&fg 8! gaﬂg b )?&%52)‘9 Bﬁosphate

sters

ycar bonat es
Sulgéﬁsyﬁhﬁldﬁﬂﬁ@ﬁﬂfbﬁﬁataad )slllcaﬂed)hbh&la‘tds Iaﬁd s BhdspRALS dueh s the
se,in, an oral care conposition,

d f
cal il ogfilafon el Bppbiice et IS gHeSQF.CLO.OR).

t oxj00Us]Yy UMbeiokidfark ¥

exotey SR LS55 AUAB05 Y AT
polymerés) Ahatiarg Wew&@,stahh@lb}l witerinsdlables i Ih'efeeabhy nétmlgﬁuﬁcantly

GOLes wWill retain their
L
po raydlkpihted) amdabe HieaSWhare sk f
D A dule b At {Oggseﬁ’hgn oral
Careo?ona%OS’rﬁé’Qsltt “611 Re grally aceepidie emlgmﬁeaqm soricithesler the
condﬁﬁﬁs%ﬁcﬁ&n@ t{a%n??s%hdpﬁé”face may cone into contact
001

bacter| aci ds. Where such acidic

C 0 r{ﬂol(ﬂ onsThe partioletveres mﬁﬁlﬁﬁferamy e tmbhy {Vﬁt%r HﬁBﬁlBlealAs

useég / artlc e core VY‘ be one that is eit
t‘gf:gt meansdhatthe particls cones will sytaipitheir @ﬂ@lﬁmﬁlens trlater aqueous

conditionks aQiH § t ct

o oo B LS R PR B AR Kb RGN a et 4. o

under acidic conditions to produce non-toxic products

i nclude the non-toxic netal carbonates, sulfates, and

phosphates, preferably wherg the netal conprises a

non-toxic alkaline earth netal, preferably calcium

Ca(ll) cation). [0017] The use of such aci d-degradabl e

materials for particle cores in an oral conposition




[0018] The particle cores may have any norphol ogy.
Preferred norphol ogi es include those that are at | east
waeubshsmss al | y: spheroidal, ellipsoidal, or flBtT/USI966/060785
particle cores may have any size, preferably |ess than

1 mm In one enbodi nent, the average maxi mum di nensi on

of the particle cores, i.e. their average | argest

di anmeter or other axial dinension, will preferably be
fromabout 1 nmto about 100 pm nore preferably from

leaioUbr dtQeddfh houRb ﬁygobn}eopasmmm%cle% lﬁeqﬂsfg?cggrb&e r;?lﬁurface

the core sizes wl nano
M3y 6erae intocontect e&rrﬂnbhctmat or fobé aaas t Wilefs 06K @8iditi dohd#iB¥€are to
bl

b 100 f
ol ko R 5Bl Pt Ior el Gy o st sesithor rosistant
toaheiisci@ bt o ﬁll%@or%@eﬁ%’réﬂ%ﬁ E])r gc%é}g%eg ?(§ f)ﬂf‘&u% n‘%lhﬁ’éﬂc products.

SI zes will be from about 1 i
Exaqwlesntmparticle ese maéqwlsnha/cecan llegrelilerendsir acidicodonditions to produce

d ticl h
nl%ﬁ.l’?r%%d&&&ﬁ@ﬁ%? H398h T el Slhpdtesrmulgricn ped Shrlz,spﬁavtgs
prefarablyctviere dire et Ecdistioh r

e A e
(’ﬁ Ailb&atoMe. such nol ecul ar-scal e cores are
di st 00‘9}}! Sh?ﬁie ﬁsrecH?SgéH 884 dg %da%ée HEDI e%’ﬁél%pﬁeé imyan oral

scale particles used as cor
comppsition car] PO tEE Spoeulation ef:pdradsle§ﬁ§té1%d Bpsd bzl ﬁlr&%§ %vhlch
por.ous; one enbodi nent, ey

poffRes TR dt uahabarth bwgpluson bescoawredtoche paint tht
mipEbRY&CIHRESTucARbn 1sSidSEGnt. nFIBFn[ ﬁﬂ?/t B Euchtag%eg PEP? icles

t he pores thereof may optiona contain

behavew pt apacaificial, gmd-mﬁahang yer thatproaiicafuriiet pdaetieh itthe
tioxidant, or a pal n

tocﬁ‘lg Fg%ﬁ?s(t gcglgn a kr | Igégﬁslcegp SO PTRVA begeﬁ@brgh@l@gug neutralize

acndxfrbﬁﬂithe(r%o@rces a@%ql duRh 8% ¥RCLcid
\é breath fresheni ng agen% St(g% §§‘t&r;?e%ta%1éiﬁ:tnsatprated
car }Cr?eﬁ dsomcludmeseetia, oxalie, cistic agdid, aml taheriosdds; aad plidsphoric

R T T T N
a ndl (IMSb n e Mre panidde tattemyp ﬁh&‘&ar@rmd)ﬂtpﬂgl@ %y ”Pfe?&{gd%&%)holo gies

| es Il conprise the
mc!%lgﬁ { 8 et sy uhstantily: tspbmldels ﬁlh@Sde)dllymeﬂatt &t particle

ot har e s BRR 1 feg oo By o en D henvsipee

non- covalent
maxigiunh dimgepsion of theq)amldlds cérak € epiheavénigs %b?g“efst &lfﬁmetﬁr or other
actlv oup pairs: one nember of the pair
xRS o B8yt Tt BPeutd reieusbost 100 wirwere mbiorably
fromtabert 10686 td M QI@OJ Prguat APdi008
U RmPféudtih ﬁﬁg Eﬂb&&iﬁ{eo{, ﬁle A ee%é?sw be

menber by the polyner, or a er or
nangscopis PrRicrosepie hresraten dn etl@ embndlmeﬁt , el ¢Te Bbres A have an

o P B B S osboritn,mors
preﬂgrablypzﬂm)lt 5 fOf4 B6 aadhashy emBQHin{EﬁE $hd Achdd %oxt%'%}’ es will be
f ? or synthetic hono- or hetero-pol yner o
oy EM o afionk} pay thusnise mgmct;ycoph yw ek thedt dlﬁﬁﬁilbﬁbﬂar
d. t f
o e G e BRReA 1e Bry LB R TS hisniora e

mole¢ube lilmrssthd@we:dllqaﬁft&xrd ¢anchalv@thel fBAn D€k BGhRE O?ﬁ?e(ﬁular

Pref e exanpl es of classes of bi oadhesive polyners
hyp?ﬁ ?m fure, » €€15)2 %@ IBSE ehbitplierehidestire e Sathemolecular-scale

polyners (2) polypeptides (including

di pepti des, oligopeptides), such as al bum ns, caseins,
col l agens, fibrins, gelatins, globulins (e.g.,

i mmunogl obul ins), lectins, prolamns (such as avenins,
gliadins, glutelins, glutens, glutenins, hordeins,
kafirins, oryzins, pennisetins, secalins, zeins),

synt heti c pol yam des, and targeted pol ypeptides (e.qg.,
pol ypepti de apt aners);



WD 2007/ 059438PCT/ US2006/ 060785 (3) acrylic
pol yners, such as hono- and hetero-pol yners of
wa@eoyhsiss and/ or acryl am de nononers, incl udi NBCT/US2006/060785
acrylate and (e g., C-C4) alkylacrylate salts and
esters, and (e.g., Cl-C4) al kylacryl am des, with one
anot her (e.g., polynethyl nethanylates) and/or with
al ginic acid or other conononers, cyanoacryl ates;
(4) other poly-acid polyners, such as honb- and
cdred £& dighe - ylic. unsaturated carboxylic
aci ds, e. %Mg%giﬁwﬁ lépa)%f}ys?%%skal%p%r g#)éec?u 1 B@E?WE,C@ ‘.lé.d as cores,
e.gphgse oflnm tahthnpsizg.- car boxyl i ¢, acid) pol yners, such

as bﬂcro oni c, itaconi 1c and/ or nal ei ¢ aci d)
pol )F;l(réer S] p PR}?JH% ﬁ@@régc,a %M%?@%mybh dershvaoe nan-porous; in
onephtihoaRithly ROl VORI 18ast ﬁfy(s’béﬁﬂél%n%%%%u e porous material

. -sul fonate) polyners, po unsat'ur a
1S HyR4riB 0y BB PRsticlecoasitll peres theros mag @tibhelyl do§in an orally

: incl udi ng honp-  a
eop s A bR el i 8t G agrot (a nciriciosae
anfjokiylany or,a fih ydied S@Int; d8fitradichD Such| ag%)botanticaé extract (e.g.,
mf unﬁtl onal |tzed pol yest ers (e. )gt'r , carboxylate .
PFOPYREXEA feagrden Hiiyichrestt Yieskemih goagepbior bthes agms or
Co Ol MR O &8 b Rteas G TP Bt ene. pol yrer s, such
as 4 et i Theattaghinkyts engbe ap8mahkihSRLiahY Qﬁ,‘d azlsd may include

q. t hy Iycol's), polyal kyl ,
o, e o R P SRR AT GpE 1S axuort Retc ckiog o Hinker lbcule(s).
Thp@hiisid ori - ef : d .. :

OO oy s paitle &R yi FLAGNGRS 1B one bingdbesiye

polé(g}ep thanas besh eftached trl the ipasticlegisheovalenpot ﬁ!dﬂ-éwalehﬁbihgﬁgz In the
| pyrralidones.

o= B3 L RRGER: G st ey boereprioni meatving redative
group pairef old MEAberYT thy 1%1110]5% e 'Bz t eﬁ#arﬁ@% cgree ralj
| arglg i P figeer or

rovi ded in the form of r str es conpt
Othet FeACHS| gjpr Bre-attached thasttopmisomermérmaib@xtgsthe holyERARY a linker o
thEARESH ¥ uch a.bi oadhesj.ve pol yner may
Tt se .%ve%?oglﬁ. 6 E?ég{;?gfﬁléesrf%n:ln %%??5‘?4%@8 CERYBTE BENDS
provitled by dativdginvrewitiee Derimarl  36HThrY L PR Bloup &G hcltP

an gm no acid or a nonosacchari de.
grof‘% 3] Bi oadhesi ve pol yners can be readily obtained

f i €S i udi ng, e.qg., Fluyka
(R o o RleS RSl 6t A mefirfon supitshc hesno- o
heteygmplyrae thasiiyerpatile of hditerinly] Wietikeas, piical isactBRbr Shemical
fea&@ki' &a &(;/e% (t)%% . or. can be synthesized from nononers
“obtal ne ¥ oh &L Eace g 7 Brid W $pih grabsifadentimpughout the
mm]lrﬁﬁﬂﬁﬁirﬂ&l@ﬁlsid[efé@%‘ﬁﬂekﬁ‘veoﬁ?ﬂﬁ'@?%?fgﬁ%@é. ’ Plte?e?retale%gr%l%g of Classes of

. lynmer will be a bi oconpat
bloa%%egive polymers include: w

(1) polysaccharides and related polymers;

(2) polypeptides (including dipeptides, oligopeptides), such as albumins, caseins,
collagens, fibrins, gelatins, globulins (e.g., immunoglobulins), lectins, prolamins (such as
avenins, gliadins, glutelins, glutens, glutenins, hordeins, kafirins, oryzins, pennisetins,
secalins, zeins), synthetic polyamides, and targeted polypeptides (e.g., polypeptide

aptamers);



polymer. In one enbodi nent, the polynmer will be a

pol ysaccharide or related pol ynmer. Exanples of useful
wpodoyssmashar i des and rel ated pol yners i ncl ude: PCT/US2006/060785

pol y(saccharides); poly(nono- and di-deoxy

sacchari des); poly(sugar acids), e.g.,

pol y(glyc-uronic, -onic, -aric, and -ul osonic acids);

pol y(sugar al cohol s); and pol y(am no sugars).

[ 0025] Such pol ysaccharides and rel ated pol ymers nmay be

base e e no rs uch as:
oS QR poBas Sl KehEE IREAIELS bl Baertte ancor
aqmglpmgbagpnmn@r:s,rmdlﬁdmgz actytatd an@l(&0N 04-C 3 a0y RRHIBe salts and esters,
Igﬁgpat X ih ir substituted derivatives; and the |ike.
MehifeS- SST‘E;’ :fi‘é)ﬂ%iry widesd Vi g @upfbey fegs pebanethylmethacrylates)
anldRSr&iith ABMicCRIPE octﬁersdéﬁﬁatnb{ﬁ% 5 ydlbadty psti tuted
: e subst

mononmer unit(s), or bot P Ut ed nononer
uni t(@s pther polyrasgbpalyiners hechpes| ps@e ahd hietheo-polykRkaé Libn-acrylic,

oA ek Lol S i
pod-babpxyllvy detddy yliérs S EREI as g&%@%ﬁ%%&k&%x gﬁcg&r maleic acid)

ubstitutions; alkylamne an anoyf am ne
P"?eré%ré’t yPOlyplasphaies, arrcdy(orgasicHihosplmitali ©r aphosplibhias) Cpolymers,

i | fa), itytions; alicanoyl ester, e.qg... )
pop;;g?%\%lg!\é'ug%égt% ’sulzﬁrga%) 39 ergs?%lytunée?tug%afdr Ey(ci;o;éycarboxyhc acid)
poymogplrodyheddie ester, substitutions (on pol yner

hydr?{yl §roupsy; and al kanol, diol, and pol yol ester
subdt] t PRVESHRIS, dRclpdmgmbomeci @ndr befer)-polybydiekyatkamnetes (e.g.,

[ . ' .t | harid
OB TR TRl belv i, PRI Nt Bhl Mg s BB RREE oers (e
carbasyleied polyestersd hpdrox ypodyestets) | anidgdlyoeshosgershexul ose,

hexopj c.acid, .hexuroni c acid, hexarjc_ acid,
hexgwo%oé%ﬁ”@yg\%&ﬁ: Suﬁgﬁ? B%]é(&'lu’ﬁ‘éﬂﬁﬂ’Pé%@Cl@é‘ﬁlddmlﬂn@@i d,
PEN(TY S81 ikyAShSpolPERLORI AT | S d
resggnggy I'n onngﬁ%gdineﬁ§%®?ﬁga€g?§ﬁg$ﬂ%§$&%b@ug&megbmom
(e-gb pobystrylege glyens)apolyalkatet arxidiisy polyalkalene etephObMART and the
lik@r copolymer. [0027] Representative exanpl es of

pref erred pol ysaccharides and rel ated pol yners

I nc(8)gwlysiletdrigk;oses; chitosans; starches; glycogens;

gu e.g.,. plant, mcrobial, and al gal guns, such as
aggﬁgé§@ﬁnﬁbﬁﬁ§imﬂextrous, and carrageenans, and

i de- Db . : d ) :
o v Ca BB YOREERE e R b RonIRF sntiminst psiers polyviny
ethz@plaﬂm’iayl Hajlifbs; po]y&thrgﬁ)éleﬁdﬁl?,_ dad rpalt;i]yntsﬂpﬂnﬁcqidéﬁé@ g
er S e, ndroitin sul'fate,” heparan
sul F@{ZZF h gﬁﬁﬁ&’ ,adgff?g"%@rbg{l%ﬁ may| Heaﬁ@vidgdj%sthe fartreef linear or
braB &AL HEGs, RR B cSHroRided in B K (ﬁﬁé}{g%% %ﬁecﬁqrgss%ogl’lprising such

hydr oxyal kyl cel'l ul'oses, carboxya
polg@ersue.gs eolbd deolaickes: | Tndbmg cases g mombrhéstabibilh BRRSNesive

li.ke: microhjal I ; d
pol A B it Fonfie HihBin caBRcmoms GumtUEnoBS Assbioadhesive
canfhe! yiiesdhesi®e thonofBr, lshiéh £0h! 24ifS a&Rr ﬁﬂi‘&d&g&c’c arideé

hydr ocol | oi ds of pol ysaccharides. I'n one preferreéd
enbl§82ent Bieadhesive pelsmetsanh e readily ebtitied fosh vommeydidl
: r | yy(sacchar i g ar a

“%fy o, O TR P RR B N PP radensn (Warenton, PA,
US Ay, ehé Sigrh-gl drtud @i weadtby, 0B US A , Ny cd

00281).n one errtSJ(odi nment, the Sﬁ?giggﬁzs%é’%?ﬁgémrgﬁnbe
SYDESIZeqBPRaaaneeeys ektaingd Fipmethesefsuppléstangihg welrsnoomaeaihiques.

the: poly(acrylate and/or nethacryl ate) polyners;

ot her poly(acid) polyners; and carboxyl at ed

derivatives of any polyner class, such as a

car boxyl at ed pol ysacchari de or rel ated pol yner,

carboxyl ated pol ypeptide (eqg., a

pol y(aci di c-si de-chai n) peptide), or a carboxyl at ed

pol yester. Exanpl es of carboxyl ated pol ysacchari des




herein by reference. [0030]In one enbodi nent, the

bi oadhesi ve polyner will be a hydrophilic bioadhesive
w@oloynex3s | n one enbodi nent, the hydrophilic PCT/US2006/060785

bi oadhesi ve polyner will be any that provide an

adhesi ve effect when deposited on or attached to a

surface in an aqueous environnent; preferably it wll

be a hydrophilic polynmer that is capabl e of fondl i ng

hydrogel s (including, e.g., true gels, mcrogels,

' , .the lik . ) .
yar ool of dRR BBy AR Yt DBaMk<Puerhis & bingprpativi
et Cbedina, M atyaor illbd 4 pgedoRRRc o 814l Folymer.
E}bagﬁ)? ?chefélsa%fgglg ﬁ?ccaiat“ﬁﬁf and getpied polyiaprsiineludefpalg@acchirides);
od(omB! and dil . f t 3 :
P hour s f)arlﬂarr{l)l rdee?ggﬁac?%%rég%g)?géwﬂﬁa{%l&s%e%? I?(hy%g&pcglgpglc, -onic,

-af@diRd deleswic adids)prdly(vegariakohbis)riand pbly(@ninb is@éeﬁ?', cai Iy
032]In

hydr ed conponents of the environnment. [
one [g{r]%%di ngﬁ%h p ?%C%Pagi%% It %hﬁ@?rs\mm bethased on any
aldose af Retbseymbhdik@s sheh hdIeidQrR -ke!or-‘tnggﬁ ;Qﬂgg% ?%@ta%esaltle@(%ses,

b bi oadhesi ve polymer w || be coval ent
CRgFE: {reinflgoxy.gicid, picohads andvamiob cognatesstielr salstialted Hdivatives;

-10QV t ' o, t ore. Such | i nker may
f’ o ffé HER oyl R0, kR ShFef Binen dncahvaBuae samoris
subpstiduti oadtisebstiteted aloyiomier urbt(s)IBY bdth! :
tgg bi oadhesi veepoloynerf ar$S t her:: cmégﬁ?lgﬁh%?%lﬁq?%ﬁmr
unit S%r.e PRPSent R pelyitpehnaide or rigtedpolyorer.the subistitntions will

preféraBS R GelceQ8t C;-0l1 gﬁ&géntgé/rg(leéte En%ﬁ&l,{eﬁﬁ&r%l g’ﬁ%ér),

be atftached to the core,

hy@r@gsmlbylfgﬂ}éimmﬂ@xWH dhdr hgbs@mhtidﬁﬁj a]k%rl_blﬁirfei andlall@Rfylamine
nkers j.Qi n roviding a reactive group pair
(£ nSPR8aY. BESBoliPlrvl ol and Bifior oe £y Npnbieodbghtutions
1 esteRle@NigyYuvigt ' e e bOHIB B AR
alkBasy] e@NtdyYaié) aﬁétf%‘} Ehc{‘?)&'ﬁ% %s\gt%, %‘ duiBky b ft;llloRBh(exHeacu{s ester,

no,n-,coval ent attachnment; y contac
subghutions (opaplyrosrdy devnrsi]l gronps)atzadkarpd) divlessd polyol ester

Wit s ' t.h article core may be covalently
S gt@%ﬂ%@%@%@ﬁ%@eﬁ%ﬁ? t is capable of form ng stable

nonf0d36R| erh oat tabbdRR Laasdhes :
%)Cpsqﬂ?qgg eq‘ogdi CABRIERRL, U hoRaRh e ogﬁﬁg}%@g%%ﬁg?“
relgted polymewt] prefesahin b seloated Bpmithe substituddemdamsabstianéd hexose,
u . olymer. wil | have at | east
eI B St SRR 08 BT e e e

one reactive
pengirlose, dentanic avid] pamturbnio keidepertorc aci@/hdRandbsont acid residues.

ar bgnyl group, .such an al dehyde group; an am ne
Tn O(S‘F § P&%%‘Fr tﬁgp‘alym ngfbe a gluseseg eligpse agid, and/dr ghuoese abuohol
polﬁﬁéﬂMamegme§_uch as an ami de or ester, e.g., a

carboxylic acid, am de, or ester; a hydroxide group;

and09%d | i Representyive esamplds 0f pieferrediiotfsatdh@ldes and related
be one that contains, or that

| pve _pol ymer,.will
p"l)?*é@@ eili;ded ecFﬁ@Q{ S OS5, BAHCRF S giygﬁg%nsa@ﬁw & orplant, microbial,
and cigrab guiyih,i saclagd £hagisedl BiSk; ddx89 | f ny
bi %%gl_émsrs | ac ai r?g gﬁdesi yed%}]éﬁ%fﬁ%@tegr?agg%ﬁvﬁ@ﬁ‘sg%

polyspesharideshissd gumynand glycosunimogbdatsh al., dersatng] clven@oniy,
h cj ups, .0r. a al dehyde or carboxylic

op e B el o] AR i i BrBisre o, Phorsgatmantscs,
hepdraw sulfate, heparin, and keratan sulfate; substituted saccharide polymers, e.g., alkyl

celluloses, hydroxyalkyl celluloses, carboxyalkyl celluloses, cellulose esters (including,

e.g., nitrocelluloses), and the like; microbial exopolymers; and structures comprising such



WD 2007/ 059438PCT/ US2006/ 060785 nunber or carbonyl or
acid groups sufficient for the practitioner's desire,

Wo b@nosdass pol ynmer will be pre-treated to proviPer/ssmne/060785
group(s) before reaction to link the polyner to the
particle core or to the linker. Likew se, where other
l'inking chem stries are chosen, the reactive groups
may be already present in the polyner and particle
core, or may be added thereto by pretreatnment.

. L 1 stri,es .
pcg : g?%% .%‘élélﬁ%& E@Eoééri'rép {}gisggfh%aﬁ @%P%OIIF%@%thgﬁgest Ha one
prpferell embodionent, dhe polpsaecharidg ok RetitedpONL wall bE ﬁ%ﬂy?’c%

[ f the two providing a nucleop
SR s Lotabidi oo o
' : i:l;e groups may be
prgﬁgggg%ﬁggggé]@y%ﬁgtn%c'gﬁiggiyt@%@gpg%?_e or linker, or the

pol V838l or In ¢ree qrebadints, theibéadhesiveyatymaneiDbe 4 pélycarboxylate
usi ng any

poBhdf TR <Rl Bl B aalilA Bkt 40 neihesT®) polyiners; other
poly{ecief mwlymBB PRSI afQ] XN & .%If Qhy ﬁg&?ﬁi: RN, i &%
i.ncl ude those enpl oyi ng nucl eophile a the
caghogylated prilysacchppdmonyslated mlmherasarbmdﬁ:ed_i pﬁltyg@k;ﬁcﬁ (dghke
. ' airs
PR e RUR) b Rty hEOBEE FGpmiteot carboryta
polsecebimidestandndlated pblgyrlercinthhae bigfads; aabbMAMER1ES] €T

' . acet am de  Am ne
poéfrsnacdcﬁancFers ‘%22., carboxymethyl starch, carboxymethyl cellulose), hyaluronates,‘

oxidized polysaccharides (e.g., oxidized starch, oxidized guar gum), pectates,
polyaspartate, polyglutamates, xanthans, and the like.

[0029] Polymers to be attached to the core can be chemically modified to
increase bioadhesion. For example, the polymers can be modified by altering the number
of negatively charged (e.g., carboxylate) groups and/or positively charged (e.g., amino)
groups, present on the polymer surface. Such modifications can be made in order to
enhance the ability of the polymer to adhere to charged surface domains of dental tissues.
For example, bare regions of dental enamel may present a number of positively charged
surface domains, while salivary glycoprotein-coated zones on enamel often present
negatively charged domains. Polymers respectively having negative or positive charges,
i.e. under the conditions of use, may be selected, prepared, or modified, so as to obtain an
advantageous degree of polymer adhesion to such surface charges. Chemical
modifications to the polymers may be made by employing any of the useful linkage
chemistries known in the art, such as those described in U.S. Patent Application
Publication No. 2005/064027 A1 to Jacob et al., the contents of which are incorporated
herein by reference.

[0030] In one embodiment, the bioadhesive polymer will be a hydrophilic
bioadhesive polymer. In one embodiment, the hydrophilic bioadhesive polymer will be
any that provide an adhesive effect when deposited on or attached to a surface in an

aqueous environment; preferably it will be a hydrophilic polymer that is capable of
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forming hydrogels (including, e.g., true gels, microgels, quasi-gels, pseudo-gels, and the
like) or hydrocolloids.

[0031]  Useful bioadhesive polymers for attachment to a particle core will be
those that are capable of physically or chemically adhering to the particle core such that,
under conditions of use, the polymer will not separate from the core for about 3 hours or
more, and preferably until, e.g., the core degrades or the polymer is chemically or
biologically hydrolyzed by components of the environment.

[0032] In one embodiment, the bioadhesive polymer will be covalently linked
to the core. In one embodiment, the bioadhesive polymer will be covalently linked to a
moiety that is a linker, which is itself covalently or non-covalently linked to the core.
Such a linker may be first attached to the core and then contacted with the bioadhesive
polymer, or may first be attached to the bioadhesive polymer, and then contacted with the
core. All three components may be concurrently attached together. Alternatively, a first
linker may be attached to the core, and a second linker may separately be attached to the
polymer, the first and second linkers jointly providing a reactive group pair that can be
covalently linked, or jointly providing non-covalently-interacting surfaces that form a
stable non-covalent attachment; followed by contacting the derivatized cores and
derivatized polymers. Alternatively, the particle core may be covalently attached to a
linker that is capable of forming stable non-covalent attachment to the bioadhesive
polymer.

[0033] In embodiments in which the bioadhesive polymer is covalently
attached to either a linker or directly to the core surface, the polymer will have at least
one reactive group that is useful for reacting to provide a covalent linkage, e.g., any one
of: a carbonyl group, such as an aldehyde group; an amine group, such as a primary
amine group, an acid group or derivative, such as an amide or ester, e.g., a carboxylic
acid, amide, or ester; a hydroxide group; and the like. In one embodiment, a preferred
bioadhesive polymer will be one that contains, or that has been derivatized to contain, an
aldehyde or carboxylic acid group(s).

[0034] As is the case for any biopolymers lacking a desired reactive group,
where a bioadhesive polymer is selected that does not have any carbonyl or acid groups,

or any aldehyde or carboxylic acid groups in particular (if desired), or does not have a
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number or carbonyl or acid groups sufficient for the practitioner’s desire, then the
polymer will be pre-treated to provide such group(s) before reaction to link the polymer
to the particle core or to the linker. Likewise, where other linking chemistries are chosen,
the reactive groups may be already present in the polymer and particle core, or may be
added thereto by pretreatment.

[0035] Thus, other linkage chemistries may alternatively be employed,
wherein the polymer and the particle core or linker together provide a reactive group pair,
one of the two providing a nucleophilic group, and the other provide an electrophilic
group. The nucleophile and the electrophile groups may be already present on the
particle core or linker, or the polymer, or the particle core or linker and/or the polymer
may be pretreated to contain them, using any of the many chemistries known useful in the
art therefor. Representative examples of such chemistries include those employing

nucleophile and the electrophile group pairs such as those listed in Table 1.

Table 1. Exemplary Reactive Group Pairs For Attachment Chemistries

Nucleophile Electrophile Attachment
Alkyl carbodiimide-activated ester Amide
Bromoacetamide Amine
Carboxyl Amide
Chloroacetamide Amine
Cyclic carboxylic anhydride Amide

Amine 9-Fluorenylmethoxycarbonyl Amide
N-Hydroxysuccinimide cster Amidc
Isocyanate Urea
Isothiocyanate Thiourea
Phosphate Phosphoramide
Phosphonate Phosphonamide
Sulfonate Sulfonamide

Alcohol (or Thiol) | Alkyl carbodiimide-activated ester Ester (or Thioester)
Bromoacetamide Ether (or Thioether)
Carboxyl Ester (or Thioester)
Chloroacetamide Ether (or Thioether)
Cyclic carboxylic anhydride Ester (or Thioester)
Ester Ester (or Thioester)
9-Fluorenylmethoxycarbonyl Ester (or Thioester)
N-Hydroxysuccinimide ester Ester (or Thioester)
Maleimido Ester (or Thioester)
Semicarbazido Ester (or Thioester)
Thiosemicarbazido Ester (or Thioester)

11
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Ester (or Thioester) Carboxyl Chl or oacet am de

Cyclic carboxylic anhydride

Alkyl tosylate, mesylate, brosylate, | Ether (or Thioether)
nosylate, nonaflate, triflate, or tresylate
salts

[0036] In one preferred embodiment, the reactive group pair will comprise an
amine group provided by the particle core and a polymer aldehyde group with which it
forms a Schiff base that is then reduced (e.g., using a cyanoborohydrate salt) to form a
secondary amine linkage. In one preferred embodiment, the reactive group pair will
comprise an amine group provided by the particle core and a polymer acid group that has
been derivatized in a process using carbodiimide chemistry to form a succinimide ester.

[0037] The set of bioadhesive polymer molecules conjugated to the particle
core(s) may comprise more than one type of polymer, and/or more than one type of
attachment to the particle core. For example, a particle core may comprise tethers of
different lengths to which the polymer(s) are to be attached, or different electrophilic or
nucleophilic groups may be provided on the particle core surface or on the distal end of
the linker, so that a variety of different reaction chemistries are used to attach the
polymer(s) thereto.

[0038] In an embodiment in which the particle core provides an amino group
for the linking reaction, this will preferably be a tethered primary or secondary amino
group, preferably a tethered primary amino group that has been added to the surface of
the particle core by pre-treatment with an amino group-containing agent. Preferred
amino group-containing agents for this purpose include, e. g., amino silicone compounds.

[0039] In one preferred embodiment, an amino silicone compound will be an
(omega-aminoaliphatyl)-tri(aliphatoxy)siloxane of the formula

OR?
HzN-Rl-S|i-OR3
(')R4

wherein R! is a Ci-Cs homo- or hetero-hydrocarbon group, and R? R>, and R* are
independently selected from C;-Cs homo- or hetero-hydrocarbon groups, hydrocarbon in

either case referring to cyclic, alicyclic, branched, and linear hydrocarbons. As used
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Thi oester) Ester (or Thioester)

herein, the term C; homo- or hetero-hydrocarbon group refers to organic groups
containing one carbon atom, examples of which include ~CHj—, —CHy—, -CH,SiH,—.

[0040] In one embodiment thereof, R! will be selected from the C;-Csg
aliphatic (including cycloaliphatic) groups. In one embodiment, R% R, and R* will be
independently selected from the C;-Cg alphatic groups.

[0041] In one embodiment thereof, R will be selected from the C,-Cs alkyl
groups. In one embodiment, R?, R3, and R* will be independently selected from the C;-
Cs alkyl groups. In one embodiment, the selected R group will be larger than any of the
selected groups for R%, R?, and R*. In one embodiment, R* and R* will be identical
groups. In one embodiment, R? R®, and R* will be identical groups. In one embodiment,
R'will be a C1, Cy, Cs, or C4 group; preferably a n-propa-1,3-diyl group. In one
embodiment, R%, R?, and R* will independently be ethyl or methyl; preferably R R3, and
R* will all be ethyl or will all be methyl.

[0042] Preferred examples of useful (omega-aminoalkyl)-trialkoxysiloxanes
include: 3-aminopropyltriethoxysilane, HyN(CH2):Si(OCH,CH;)s; 3-
aminopropyltrimethoxysilane, H,N(CH,);Si(OCH3)s; 2-aminoethyltrimethoxysilane,
H,N(CH>),Si(OCH3)s; and 2-aminoethyltriethoxysilane, HoN(CH2),Si(OCH,CHj)s.

[0043] Reaction conditions useful for particle pretreatments and for linkage
reactions are well known in the art. Any such conditions may be used, such as those
described in the examples below.

[0044] The particles hereof may be provided for use in the form of a
composition comprising them. A composition according to the present invention may
comprise a mixture of different particles that vary from one another in the identity of the
core material, porosity, size, morphology, polymer identity, or polymer-to-particle
attachment.

[0045] A composition hereof may be a dentifrice (e.g., paste, gel, powder, or
liquid dentifrice), prophylaxis paste, dental paint, lozenge, chewing gum, or other
abrasive, detergent, or cleansing composition capable, either alone or in combination with
the action of an applicator, of removing deposits, such as plaque, from teeth and/or from
oral soft tissues. Similar solid, semi-solid, and liquid formats may be useful for other

topical and for systemic uses, e.g., as well as tablets, capsules, ointments, creams, pre-
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gels, lavages, surgical site washes, parenteral solutions and suspension, and suppositories.
Compositions may also be formulated as industrial or consumer product paints, sprays,
cleansers, dips, rinses, and the like.

[0046] Alternatively, a topical or oral composition may be designed as a post-
cleansing treatment composition, such as a liquid-gel, slurry, or suspension mouthwash or
mouth rinse. In oral, topical, and systemic somatic uses, the composition will
respectively comprise orally, topically, or systemically acceptable substances. Such
substances include a solid, semi-solid, or liquid carrier, and may optionally include one or
more: other active ingredients, e.g., antibacterial agents (e.g., a water-insoluble non-
cationic antibacterial agent, such as triclosan), antioxidants, pharmaceuticals, vitamins,
fluoride sources, nutraceuticals, and the like; excipients and inert ingredients, e.g.,
humectants, gelling agents, thickeners, solvents, diluents, binders, fillers, plasticizers,
anti-caking agents, disintegrants, gums, emollients, oleochemicals, colorants, flavorants,
odorants, pH adjusting agents (acids, bases), buffers, surfactants, emulsifiers, suspending
agents, enzymes, coatings (e.g., enteric, acrylic, or carbohydrate or cellulosic coatings),
chelants, preservatives, and the like. Representative examples of such well-known
additives are described, e.g., in copending U.S. Patent Application Serial Nos.

60/639,080 to Worrell et al. for Dentifrice Comprising Green Tea Extract (filed Dec. 23,
2004); 60/639,331 to Xu et al. for Oral Care Compositions Containing Flavonoids and
Flavans (filed Dec. 22, 2004); and 60/639,169 to Boyd et al. for Oral Compositions
Containing Oolong Tea Extract (filed Dec. 23, 2004); as well as in L.V. Allen Jr., The
Art, Science, and Technology of Pharmaceutical Compounding (2d ed., 2003); J.G.
Hardman et al., Goodman & Gilman's The Pharmacological Basis of Therapeutics @ao®
ed., 2001); and R.C. Rowe et al., Handbook of Pharmaceutical Excipients (4" ed., 2003);
all of which are hereby incorporated by reference in their entirety.

[0047] A composition according to the present invention comprises a carrier.
Carriers are commonly water, aqueous humectant, and/or aqueous alcohol mixtures of a
consistency appropriate for the selected mode of administration of the composition, e.g.,
as a paste, gel, tablet, lozenge, syrup, rinse, and so forth. Carriers for oral compositions

according to the present invention include all known in the art.
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using a cyanoborohydrate salt) to fonn a secondary

am ne linkage. In one preferred enbodi ment, the

reactive group pair will conprise an am ne group

provided by the particle core and a polymer acid group

t hat be [ j ' LOGEesSS. usin

car Dot T o epora WAL EFRIG Brfle R RTRETAY Bl cwpegents of
topthpastyst tatls pewddrs, hiropgtedd p@te@ﬁh&%&ﬁ rink®Y, REeh &S, gums 8é1d the

. ' the particle core(s) may conprise .
lﬂ% Og%&%%%&%ﬁ %'glyo‘g]esﬁlgq’me,m%&/ %‘Se‘:ﬁ’ﬁﬁ@fﬁm Qereriencpmpofients is

; j - .exanpl e,

el e oo Rt o il abRIEAP RS e, anc
congselomariaso whi ch the pol ymer (s) are ltp be attached, bor

di ff t e rophi Lic. or nycleophilic groups may be

plr 0 ig‘g?} on Ifﬁéenoﬁgremlbeﬁléne%sr es‘ﬁf‘lf% € g’]_ﬁrﬁieﬂm@w@l caytigr used to
prepute af otah eorhpdditesn, cobthrisBad wﬁtei’-?hés%t %s%c&fg#igeﬁrb?%tne o{ %lsill in
reaction chem stries are used to attach the polyner
the pi&rthe grel poynpmtions 4h themewhhismention aptionkilt meludabthcch@terials,

A . 1. NQ: Al 0 for the linking reaction,
suglgiésgfogm E?z&h[%?,‘zvflgagmgggggs, #@‘ﬁﬁ’gsr’ SIS agHy S agsats, §uch as
sugfectarrisicamyulsifiens pangrfoarn maUtubiers AAH Ynodlify RloNRERA, MidREY

i N0, gro t hat has been added to the su_rfa’c_e of the
hu%%nftﬁ?té ?@@@P@S»@ydﬁ%wéﬁa@,mh el hgeats, aweetening agents, flavor

ag €1 WBIGEANS, B AALHAGSH -coﬁfgrﬁfaﬁﬁﬁseéﬂel%?%gﬁ s Wderstand that while

gr oup- cont’ai ni ng agents is pu

gerery attribiton of edhiof divenbovapateguties of lrx;ateria[lm&@ Hifﬁr,gﬁﬁ_e may be
aodi nent, .an am no, silicone conpoun 1

sonle gérﬁg%g‘g‘etﬁggtgﬁ?ﬁ%ﬁ e PHFUEPERSTFHEREDIS Bitposea mathin two
or oord SRl Cifeg ot eP5E nidihtaiRl P§éféﬂb’8§' B4 whsL %er%s Iarsﬁgglected for

G - honp- or het ero-hydrocarboni group, ~an ; )
CORPRIDRALY Y iEh tha @etsisrseastwsll ssobidc other fnrgmahie_(ﬁts @?ﬁ O8tEpostion.

het dr n_groups drocarbon, in either cas

r Zf g‘ﬁ"% tlg(%@"gr/% F8,9m8}1 CWF%{% SPHY S0k HE&CS, arsdly prospteble
cartiydtymiasllyosuenprs abi9@ekous phase comprising water or a water and alcohol

mixture. Further, in various embodiments, the oral carrier comprises a humectant and/or

a surfactant. Generally, the weight ratio of water to alcohol is in the range of from about
1:1 to about 20:1, preferably about 3:1 to 10:1 and more preferably about 4:1 to about
6:1. The total amount of water-alcohol mixture in this type of preparation is typically in
the range of from about 70 to about 99.9% of the preparation. In various embodiments,
the alcohol is typically ethanol or isopropanol. The pH of such liquid and other
preparations of the invention is generally in the range of from about 4.5 to about 10,
which can be achieved and/or maintained with a PH control agent (acid or base) and/or a
buffer such as sodium citrate, benzoate, carbonate, or bicarbonate, disodium hydrogen
phosphate, or sodium dihydrogen phosphate.

[0051] In the case of, e.g., lozenges, tablets, and beads, an orally acceptable
carrier can be a non-cariogenic, solid water-soluble polyhydric alcohol (polyol) such as

mannitol, xylitol, sorbitol, malitol, hydrogenated starch hydrozylate, hydrogenated
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WO 2007/ 059438PCT/ US2006/ 060785 herein, the term Cl

honmo- or hetero-hydrocarbon group refers to organic
w@emaps948ont ai ni ng one carbon atom exanpl es oPCTHIBNG6/060785

i nclude -CH3-, -CHz2-, -CH2SI H2-. [ 0040] I n one

enbodi ment thereof, RL will be selected fromthe Cl-Cg

aliphatic (including cycloaliphatic) groups. In one

enbodi nent, R2, R3, and R4 will be independently

selected fromthe C -Cs al phatic group(sJI f[004t1]h| ncgngs

e

B o8 oLt Ly R R BB Sfocch il siamprat of
ablowit Bhtveqbentieyh| of thetoraitoentpbrition.t BewGlEerEhudhl 4 lycerin, and

nmbodi ment, _ th lected RL group will
BN R i Py SRR SBPUL Ll Sooties b roomRraRBinto the

talglRel bB¥H orl 18238 FSARALiHED tfacﬂ%te‘?ﬁgpgﬁ Pg‘[ {gélopf%f: ltaqggtbegcfs and

groups. |In one enbodi nen
logengas. i laghe ggsew dentifricesrieclading dcbothapsmvddfs t(mthlbds&s Qdeﬁhll creams),

anEf?%?lsC;n 1)1%518 : 806%&9%3%%8{:@;1%%% %r ﬁ%ur]hegt-ant typically in an

huink rangpigersie abdut 109, Qtdbyht 8% Hﬁhmdr al BRBOSHRL Y F2
amg?) gngmwllallbeethy or w | F {ng)er%ehyl

[ oodﬁ?ﬂ ef efl} @i leggﬁymerg, zgf:omg@imnn as formulated for application in the
sel(ee{EE%ﬁd 302 QQ?Ar&ﬁﬁl ﬁlre %eﬁelg%( S ox%l n%@%@@p@)’c@f particles

-am noprdpyltr &
th&ﬁ-lg alyriuh g@%mym byrv&hgtﬁbmé @ﬂq)osﬁahl(&ld%bé%@r(l@@'fl%a}]&to'%, o 30.%
[trimet hox silane, 112N( CH2) 2Si (OCH3) 3
2/ % ﬁ% %qmmsrf&@y 1LOB® émb@m(e@n tiy g@mmommmnse

Qb f artic 0
ﬁoﬁr)l?et r ega?@nfg;a{bgﬂtaﬁpcfn ? gWe;i’ nﬁgglg crgléﬂ c? ?lgﬁfs P é)r%g{aplyﬁpg%s %.
Ompqsmnahcreofhmyy slsc he panvitieli ars mSnmyfaﬂed prsefkessSeiGhe pere

0044] Th
oS B P Aot o
ma@helaofﬁ@{ﬁg(tﬁégelt@ Prep@rdf fifil ﬁﬁ“fﬁlﬂﬁf&l f5r CRTRY §1'1th c%rrhpos1t1ons the

according to the present invention nay conp
COIHPS?%lﬂl‘PIéC@f cogirtrise peme than50%6 lard up kat 0094 b!]‘thfervmiglﬁﬂl&reof

Sg? in S%%gcléﬂgq%tg%¥%§f¢hg B}?ﬂs S evqrt{gtéﬁ %qetu);efué for efficiently
delpmrmgmoaﬁhe@w pdlyﬂnersaé Mm%fac&%ﬂék%%@% thb Wgﬁ&k
att %%I Orrga esmn by %Scr’léﬁg rll’r(e:f(?era ?y,gan’oreglirsattcieptg&e composition
comprising the particles is applied to the oral cavity by contacting oral surface(s) with the
composition. In an embodiment, particles introduced into the oral cavity, either during or
after cleansing of oral surfaces, can remain resident upon cleansed oral surfaces to inhibit
or reduce bacterial attachment, plaque formation, and the like. Compositions hereof may
also be used to prevent or reduce bacterial adhesion to skin, hair, medical implants,
stents, IV lines, implements, and the like.

[0054] Compositions hereof may also be used to prevent or reduce biofilm
formation or microbial adhesion in contexts other than oral, topical, systemic, or even
somatic applications. For example, biofilm formation, microbial adhesion, and
biofouling may be reduced in marine and freshwater applications, or in aqueous handling
(storage or transport) or treatment systems, by applying such a composition to surfaces of

that are in, or are to be placed into, contact with an aqueous environment. Such
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liquid dentifrice), prophylaxis paste, dental paint,

| ozenge, chewi ng gum or other abrasive, detergent, or
W@bmansi4egy conpositi on capabl e, either al one OPCT/IIS2006/060785

conmbi nation with the action of an applicator, of

renmovi ng deposits, such as plaque, fromteeth and/or

fromoral soft tissues. Simlar solid, sem-solid, and

liquid formats may be useful for other topical and for

system c uses, e.g., as well as tablets, capsules,
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2007/059438PCT/U82006/060785 [ 0048] Such orally
acceptable carriers include the usual conponents of
t oot hpast es, tooth powders, ﬁrophylaxis pastes, nouth
rinses, |ozenges, guns and % e like, and are nore
fully described hereinafter. Selection of specific
carrier conponents is dependant on the desired product



prepare an oral conposition conprises a water-phase.

As recogni zed by one of skill in the art, the oral
w@20wpos9488 ons of the present invention opti onaPdHUS2006/060785

i nclude other materials, such as for exanple,

viscosity nodifiers, diluents, surface active agents,

such as surfactants, enulsifiers, and foam nodul ators,

pH nodi fyi ng agents, abrasives, hunectants,

enol lients, and noisturizers, nouth feeI agent s,
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dexttem bmﬁaﬂuﬁﬂﬁnbsﬂﬁb @ﬂl!prS'eH Ckoé hpewder Sf a4 fRAS (ﬁﬁler experimental
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d ﬁflfﬁ%ﬁﬂ%ﬁnd use, according to the present I nvent

O pB&tigliSanount of particles that is about 50@6
or less by weight of the conposition, or about or |ess
than 40% 30, % 20% or 10% of the conposition. In one
enbodi ment, the conposition will conprise from about
1% to about 10% by wei ght of the conposition, nore
preferably about 5% Conposigtions hereof nmay al so be
provi ded as concentrated pre-m xes, or the pure
particles may be supplied in frozen, dry, or
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WD 2007/ 059438PCT/ US2006/ 060785 conpositions can al so
be used as biofil mrel ease enhancers, such as for use
wm@eoresasabl e conponents of such marine, fresheer/©82006/060785

and aqueous handling or treatnents systenms, e.g., nesh
screens, filter plates, filtering cartridges, and the

i ke. [0055] Such conpositions nay be applied to

i ndustrial or to household system conponents to

i nhibit biofilmformation and/or to provide a biofilm
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pof ik B8 4 AiesRirtinlrefi B ahi aeoudhscusnhon e pertisle core.
COMpR0s2] i ONTIvd dverdMemadiflc s rﬂ&sgf&@% h b, ﬁ?@éjh’f gure 3,

a%éQS|ve and/ or deter ent nposi tion ornu
whig HitFdesdhe prsparstion e %IOZéAQTES Pawtdds.cohjugavé to a dextran

t bl f
o 5, B LA G e
sur f68] e.Ryeferrad bd)r[t&ﬁtrat[&n@ of ﬂlierbaﬁuﬂ&tﬁ ad o?aq cgéﬂ?egolé 0

t he.present |nvent|on i nventive particles
CoRQSH AN by dstermined by seviiesinalysis obe isetiasef &stmmposmons
paghesi aII a |inker
oM L B L2492t W,

EelyEerty) hevelbeenRorjugstad, F@I thfer Padrids of 8ndiforfdd8lich as
Anlne 58] Si 02 ( ZEODENT(r)
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clean wth a strongly oxidizing so Ion o
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£, m nopropyl tri et hoxysj |l ane (APTES).
Can"“’%‘%ﬁs% oH OB B e gl americbas by apelorimetic
techadpedo tassess agieriabacsulSilatibh b
deposition route utilizes st??%@@anhy'?gﬁg?lgﬂgé%ganedwks
as may be afforded, e.g., by a dry glove box, in order
to avoi d unwant ed hydrolysis reacti ons. Solution
deposition under acidic conditions provides a nore
wi dely applicable procedure. In this approach Si02 is
di spersed in distilled 1120 and the pH of the
resulting solution is adjusted to an approxi mate pH
value of 6.5 with HNO3. The suspension is then stirred
for 1 hour, after which tine 1 nL of APTES is added,
and the suspension stirred again. After 24 hours of
stirring, the excess APTES is renoved by filtration
and washing with ethanol ang acetone. Cross-linking of
t he deposited APTES nol ecules is desirable. In order
to pronote the cross-linking (i.e. condensation) of
i ndi vi dual APTES nolecules on the S|02 surface t he
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to provi de pendant am ne groups. Exanple 2-
Preparation of Particles Conjugated to Pol ysacchari de
Gum [ 0059] The mi crobial gum dextran, is
covalently attached to am no-nodified particle cores
prepared according to Exanple 1, i.e. APTES-nodified
Si 02 particles (hereinafter Si 02+APTES). The
pol ysaccharide is first pre-treated to provide
carbonyl groups thereon. As shown in Fig. 1, the
dextran is treated with $3dMY periodate (Nal04) to
oxi di ze the saccharide ring(s), form ng al dehyde
\Vggggﬁnyl groups and releasing formc acid. The product
of the oxidation reaction is the dial dehyde
corresponding to (2). The surface bound APTES is able
1. t(gt ;Ale?gotjr tcé@g%tigrhm%%rlesi%#a%&?s a%?rep %ra {/eptsagg c%mer said
pafiXRRebapadiygr at e (NaBH3CN) to fornra stabIe secondary
am ne |1 nkage. Srnce t he extent of dextran .oxidation
 onfCBIe<OIRES EBH AX 06 £OTTDYUNg,PEEHFAIS WilhanAmid BiGRpeepigining
[ R hARRFD)ynke i $¥e@Bhed to
co B B e e
thedeide compyrad, tandr theddonsihesjve ra)lyrmrr leﬁ(yapmd teladdterae an oral surface

at| n tines,are , 0.5, 1, 2, 4, and
byfﬁyﬂ%au P@ract&rhérchg&qggf#ﬁ%cg%éa] par arret ers that are

consrdered are the size (i.e. nolecular weight) and
rsrt br ogdness of ecul ar i ght :
2. G st BBP oI e Taea Ha eSS TPt Evspolymer i

sel@ét@cﬂ’ﬁ@n‘ £501¥abdhaAlis & Rfafe@Gblyinite, £ydIgRbtied, aipdtyaniaiiden

bet ween indi vi dual Si 02 partrcles he result is
polyenerrar-Hol YeRPEXBp@PopyArEi cl es. WO
2007/ 059438PCT/ US2006/ 060785 Exanple 3 - Preparation
of Particles Conjugated to d ycosam nogl ycan
[OOGmpbbmbmmmmamem@hwmobbhnéyah@ﬁMHvs@paﬂ@evep@ymerE

h ft Si Q2+APTE
seBaf PR arorrde s rerstd RpEBR R v
no nodification is necessary prior to graftlng

Coval ent attachment  of hyaluronate to Si Q2+APTES i s,
4. achildg &@mpgsition according to claim 1, wherein the bioadhesive polymer is

sell&t@& H)S}n NubstitfiedBt Drysuﬁfﬂtﬁ]t@@ E&@Gﬁb&&ﬁfl@ Poiyede( EDC) /

roxysucci nimde (NHS) codpling chem'stry (see

pom(@amesa@harwn)aa@mm poly(sugaisrity pgymeay aplufseeataéwbﬁl) polymer,
+APTE t
on 0 Es FROTE: % FET PRk infd AL B bl bED T20 L0

described in Exanple 2, can aIternatlver be used to

fornraldeh car baon duce, an
5-der ik \PSFPW@X%“F\% acgorqt 'éé Llaimle Wﬁrrﬁf%éﬁ Ereﬁ%ﬁswsp%}ymer is
seR8kd iohea &Q’lﬁ%s@é dh@tdsehi PRarcAVLIIYEdpENn, SUGBstRAEd Sdt¥haride
Siml arIy, polyners haV|ng primry am ne

roups.
gwrmﬁp@d apigrabiallexedattups, or acid (or ester or anide)
groups can be covalently attached to a raw or
derivati zed particle core by reaction involving any
6.one The compesitdn dcdeasiengah ehtirn al whereingbe pioadesitve polymkeis

ol wi th a .carres reactiye pair group
selsfied B Loy RECIBEIT BEP s 2BC0SMnOg¥3Eo) The over al |

nodi fi cation process is shown schematically in Figure
3, which illustrates the preparation of Si 02+APTES
particles conjugated to a dextran derivative, as
described in Exanple 2, or wyth HA residues as
descri bed in Exanple 3. [ 0063] Preferred
concentrations of the particles in an orally
accept abl e



conposition can be determ ned by routine analysis of a
series of test conpositions containing, e.g. different
concentrations of particles of any given size(s) or
size range(s), to which the polyner(s) have been
conjugated, e.g., under a series of conditions, such
as the extent of pre-treatnent of the polynmer or the
particle core or the tinme provided for the conjugation
reaction. The rate or degree of ani i, ti.on,of .

7. bact Bf FANPOSIIOR FRERERINS LA Mybohsreip ey éoaﬁﬁesb‘feaq‘)'yé% ity

sel@(ﬁgcﬂro&lsd%ptrﬁxsarﬁrh hyalkédateci @l mouth”), treated with
the conpositions can be assessed by quantitative or
sem -quantitative analysis, such as by a colorinetric

techpique tQ.as . bact.er al : | at | i ;
51 or gt ForP Ry AR L g B B YRR PR R e b
seldctedftoaahetglaxides b hoiwmembnyide,sind g spai-nerl esdand an

orally acceptable carrier; said particles conprising

a core conprising an oxi de conpound pretreated with an

9. am Qe B5RPRItRARKCEIBNB Yo SIRIRPOUREreiAfE dXidd amoesd Meelected
pol ynmer, wherein the bioadhesive polyner is attached

froproa misial eacbereoxddarp aatal Phasphorus 8xige compakiliur pafs,sad ajmetal

S“%%%pted to adhere to an oral surface by physica
attraction or chemcal attraction. 2. The conposition
according to claim1, wherein the bioadhesive pol ymer

i's | ected.from a pol ysaccharide or relat
10, o3 GO inen He G g 48RP i S S pSRboid Kimple
oxRielcympbitlcatee el X7k, Fe,G;, Mdrd, G0 8IS Bh09Mi@s and Ah@gand
to claim1, wherein the bi oadhesive polyner is
combingdensdhdeefm a pol ysaccharide or related pol yner and
a pol ycarboxyl ate polynmer. 4. The conposition
according to claim1, wherein the bi oadhesive polyner
11i s gk ecnpaitianasrerdingtie elainud @dvhsreinthepigple oyidg gompound is
olytsa ar i pol ymer, pol y(deoxysacchari de)
S“E%F%§BP;‘p6FWf§ﬁ%ar acid) polyner, poly(sugar al cohol)
pol ynmer, an acrylic or other poly-acid polyner, and a

car hoxyal kyl pol ysaccharide. .= 5 The conmposition . . .
2o PATHEUE) S HTE thHEre | RHE I &l Ve geietis
colmPosfl i§6h 8fhefd-MMdalkHat ﬁ{aﬁ,?]ha@q@blsﬂaasmmoalest arch, a

gl ycogen, a Substituted saccharide polyner, and a

m crobi al exudate. 6. The conposition according to
13] Ak LomBARES ol ifhafth CARRES! WiRkrfIR KK e daSinTRAABhAY-

froma polysacchari & gum and a glycosamnogl ycan.
trialipAdiexy) oitpesndleaite mcelosted frgmtlearsingpnepylirisiirysiiancthe

hi oadhesi v ol.yner, i s. se ted, froma dextran and a
AMHUCRTRY tﬁ'ﬂe&(’e‘yg?&”ﬁ’@éa'ﬂ@ﬂ%thg%fm%%ogéh%nred?nﬁfg to claim 1,
anih&IBiltiethbgysmhele conpound of the core is selected

froma netal oxide, a non-netal oxide, and a

sem -netal oxide. 9. The conposition according to
14! alpfwcﬁnpdeﬂﬁ,h%&raihg QAL 1 FOPRRUN thhitsitiSEdaedREhef thom a

net al carbon oxide, "a netal phosphorus oxi de, a netal
fogndtionof pleijekeon amerabsunfieesal sil i cate.

15. A composition according to claim 1, for use in inhibiting or reducing the

attachment of bacteria on an oral surface.
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10. The conposition according to claim9, wherein the
oxi de conpound is a sinple oxide conpound sel ected
fromAl 203, Fe203, MAI 204, Si02, Sn02, Ti 02, and ZnQ
and conbi nations thereof 11. The conposition
according to claim10, wherein the sinple oxide
conpound is selected from Si02 and ZnO  12. The
conmposition according to claim1, wherein the am no
gr oup- cont ai ni ng conPo nd |? an . e _ :
16 0 e §eLORRONEAN PERETYS Lol TTHISE BYD§ NG NIRGQr RIgNELL] fystemic
heditr in EMGarnGRAPOSI tion according to claim 12, wherein the
onega- am noal i phatyltri (aliphatoxy) silane nolecule is
sel ected from 3- an1nopropy|tr|ethoxy3|Iane 3-
17am %oc%grgy%ﬁlltf) 'a&%h{]ﬁ%xidsl%u glﬁgor use i IBh]blatlr%gr?r ée(wcmg deposition
ofbbﬁhﬁbhmxyhmemkﬂmamnbéﬁoaAoammpﬁEet|on accordlng to
claim1, for use in inhibiting or reducing the
formati on of plaque on an oral surface. 15. A
conposition according to claiml, for use in
inhibiting or reducing the attachnent of bacteria on

an oral surface. 16. A conposition according to
claim1, for use in maintaining or pronoting systemc
health in a mammal . 17. A conposition according to

claim1, for use in inhibiting or reducing deposition
of biofilmor attachment of mcrobes to an ora
surface.
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