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100081The present invention provides for a conposition
conprising a quaternary anmmoni um salt encapsul ated by
a polymeric mcrocapsul e, wherein the quaternary
wa@zowen2usm salt conprises a cation represent ed BYT/ES2008/056654
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encapsulating quaternary ammoniumsalt within a
[0007]PO! MEBSrdengTy CiHRe@ RSt Iea nédttlfdr ol Pt ik infigr Geageiilek tidtGRovide
with the encapsul ated quat ernary anmoni um sal t.
good Pp1ed&diAndthe actagpiegredient fronpiteextiatnal mnenonorent sviile providing
t hod of producing quaternary anmoni um salt . )
exten@crgg-@aie at g@e%?f ﬂ‘ep%ﬂt‘;YﬁéP%%ﬁ%Erodééﬁﬂﬁl‘éﬁﬁ%WiR?gﬁl%Of time, such
) i amat fi. ' . . o
as a 2 MGG HBTE, 0 AiHA0 e o GRONE i Br FRBH e e in dentifices,
shoulcﬁHEW‘hM@b&@lhésiwb@?ﬂfpe@ﬂé@ﬂm aRbaSer ekehddisPRASE PIIBEOS the
aqueous phase within a hydrophobi c organic sol vent
active fiagried geré odtes s signéfiicauo Ityne petiod f br prdicsddnuthern is §td) a ne@l for an
2008/ 121518pPCT/ US2008/ 056654 di . sper si ng ;{Eﬁx sal uti on )
encapgiHagpn Eehepipgy t@cfi achKadgredisgty aychia .%Sl'qméncompahble
in ecﬁ&h‘ée&}chfafs gt he external aqueous phase of step (c) to
ETCH O guaternary ammoni um salt encapsul ated pol yneric
m crocapsul esgRIFFOJEMMARY DS TIAERRMENTIORe present
i nvention includes a nethod of produci ng quaternary
[0008]ammibhe pressat inventiapgulbaided fhya aomplogitidn cmpsiogappudternary
havi ng_an average di anmeter of about 5 mcrons to about
ammogIR;saft eREARBHPICHS Yhey PRMeNIS BT Ter P e g hoten theppatamary
amm I FHEL A ALY SR eh BT, SQHGONT PhAsE: (D)
di spersing RS aqueous HASe A Watersincoil emul sion
drops, and (c) stirring thgienul sion of step (b) at
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[0010]  Another aspect of the present invention is a method of producing quaternary
ammonium salt encapsulated by a polymeric microcapsule having an average diameter
of about 5 microns to about 50 microns, comprising (a) dissolving the quaternary

ammonium salt in an aqueous phase, (b) dispersing the aqueous phase within a

hydrophobic organic solvent having a dissolved polymer to form a solution, (c)

2



[0017]Fig. 3b is a fluorescent image of chitosan

m crocapsules in water at a pH of 4 at tinme=24 hours;

[0018] Fig. 4a is a fluorescent image of chitosan
wor@msazAEpsUl es in water at a pH of 9 at ti me=0PCT/US2008/056654
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[0017]  Fig.3bis a fluorescent image of chitosan microcapsules in water at a pH of 4
at time=24 hours;

[0018]  Fig. 4a is a fluorescent image of chitosan microcapsules in water at a pH of 9
at time=0;

[0019]  Fig. 4b is a fluorescent image of chitosan microcapsules in water at a pH of 9
at time=24 hours;

[0020]  Figs. 5a through 5c are fluorescent images of chitosan microcapsules in water

at shear rates of 0/s, 100/s, and 500/ s respectively.



WO 2008/ 121518PCT/ US2008/ 056654 (I11) wherein R3 is an

al kyl group having five to twenty-five carbon atons.

R3 can also be a linear or branched, substituted or
wamshsisigs ut ed, al kyl group having ten to twenegr/US2008/056654
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cetg]pyr[diniun1ch|qride. I'n addition, nore than one
[0022] qualiigr blaisya Hupascen iswge afwplbacenderesapatleswithoat the presence
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thereoffi 16 XG0 Shéreofhinclsimilar RABwRdYiRREI C subst ances, such
as guns, gelatin, etc. 100291The polyneric
[0024] i choerpaiyiecs thaprésentinyediiangtrevidss fabaaemPpositiondhst includes a
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sour ce. uoride ion source is consider anf I'ng
fouo“ﬁmggu@@nnfgyease a fluoride ion in an aqueous
envi ronment. Exanples of such fluoride ion sources are
described in U S. PatenR!'Nos. 3,538, 230; 3,689, 637;
3,711,604; 3,911, 104; 33?35,306; and 4, 040, 858, which
are all incorporated by nreference in relevant part.
However, it shoul d be ;pdﬁrsL pd that any WD
2008/ 121518PCT/ US2008/ 856654 Suitabl e fluoride ion
source known in the Bft or to be dqnéloped can be
provi ded to the conposition. [0031]'A second aspect of
wherelR!, [R2eSRDR3 hrvvedih indepé¥érdBsa finsardor®hRekedisubstituted or
produci ng pol ynmeric m crocapsul es encapsul ating a
unsubq@mt@i,raékx,l grarp wir@nhsdtogen Ak onpylmydin Rthnd &2 niag) form together

a ring S5 R Dl Autliecule Sl AG el VTP HREes 1O Bl 141 ehforide
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dbi'c organi ¢ solvent, having a di'ssol ve

or the paltytRredfssith RPOH 3D/, etehi t osan, pol ycaprol act one,
or polyacrylic acid) to forma solution, (c)

[0025]di s%b@ satign tdrealsobatrepresemtedrbyestteatned (Ihqueous phase
(i.e., a second aqueous phase), and (d) renoving the
solvent fromthe external aqueous phase of step (c),
for exanple by evaporation or any other j nethod known
in the art. [0032] The invention may al so provide a
nmet hod of producing a quaternary ammoni um salt
encapsul ated by a polyneric mcrocapsul e having a
m crocapsul e di aneter of about 5 mcrons to about 50
m crons. This nethod includes (a) dissolving a polyner
(as described above) and a quaternary ammoni um sal t
(as descri bed above) in an agueous phase, (b)

di spersing the aqueous phase as water-in--oil enul sion
drops (for exanple by pipetting), and (c) stirring the
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[ 0034] The quat ernary ammonium salt of this nmethod can

be any quaternary amoni um salt descri bed above and

preferably cetyl pyridiniumchloride. [0035] The

w@olognersiE m cr ocapsul es produced accordi ng t oP€hiUS2008/056654
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a m crosphere, nicropak\%Fle and the |ike. [00361Al so

included in the invention js a process for

manuf acturing an antim I
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met hods of this di scl osure, and adm xing a dentifrice
whereji Rpyistaneal kpkcgiosun badag éwgtt@ twanty-Ereeaibom ajams. R can also be a
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carborfs Gﬁ‘(e]c%glggl%%%%ﬁﬁeé P ﬁg@éc? Ltolggé] At @CuhAHHARLd dnds.
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the invention Is ucli ng quaternary
[0026]anmDh¢ Yuxeahdryenaspmilatalt dfthe ppaleyirembodiimenogapsiel e
hayi ng an average di aneter of about 5 mcrons to about
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be enclP i G e NBIE RATLEIEF K BICHRPBF TR 1) df sper s ng ¢ he
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[0027] dos gﬂé‘ ?1@%‘?& OV&%I&J%’E\Q/ by g%f?\gzﬂpé&é%g‘%%gir%} ct‘a?lel.YigR{de aa§arlety of
standetlirhichocapbiileqgateriahs! Sﬁtﬂhphﬂir JQH&} materkdb Wkt emitation, are

acid) to forma solution, i spersing the sol ution
chitin,j chiteparexobycagrolagtmesuy Qob’lﬂalé,}élc agitl a@d)thramﬁwnm@vﬁh end

sol vent fromthe, external  a ueou hase éfor xanp

copolygersy A BALGWRY ChHAT BR¥; PREASF Rkt ARG clependent
r
e SR O T LSS 1 e
possiblded takB v RS gg WA LR PO PedPID dbntiirfal foriantarsidsthedate of CPC
pol yneric n1crocapsu|es e personal care Product can
diffusfomraitet ajpady mesicanicrempsdle wihbegores at gttt gerg@edthan at
are products are for exanpl e toothpastes,
about%outhmashes nDusses sprays, films, and other

[0028]7 oy ‘rﬂ? L€ EP{HE‘%enhO %.Eﬁc pry %ﬁﬁ@& fho F%’ﬁ% 'd%Ecr?@é“p%olymenc

uce n1crocapsu avi'ng t oW ng pro
mlcroéla)psﬁle@] Sle@RALEY e 1@@2@11& 8NGeNBFd et FROARICEIE hierocapsule is a
mllimeters (generally smaller the mcrocapsul e size,
polvrrteme rhatetial, buhet Sﬂr@@&réhe cadestabd Hiatythe2hgeedienis may be used as
strib tlon %rocapsule shel | thickness
well in }éﬂ{&?lﬂé ¢ Bﬁ?rﬁéﬁ%? hgrenen-p rapHc s%laﬂames such as gums,
rmeability of the sheII and/ or a dual shell |ayer
gdahﬁ??ﬁcture [ 0041] The present invention can al so use
[0029]cat ThapelyEHEfi@alieicabélies EANRANSdiarssteh oR8b&RG ma& o8 to about
enmul sion 'stabilizer to enhance encapsul ati on
50 mlcebm,(thtemy bdung mgre helgss cfaesge of cdrerstemgy sblthesize ¢ariation.

sul es, Such caps s can shield the CPC from .
(00301 dhe Qaﬁfwgalmlf%mﬁlffw BBgRE onlG joaeseR- e fluoride

ion so?ﬁc%‘l@@&&&%ﬁd r% VE{ 28 Fe?eas@%%gﬁl&éjfb B3 Jel e'ﬁ)é‘%‘r

as an e an I 'm crob up on

envirdieakadra fplésh@f ﬁﬂﬂsﬂﬂc&ﬁdéﬂdﬁil sdaréeekh d@édiﬂﬂakﬂg\ U.S. Patent Nos.
00421Benefits of encapsul ati ng CPC i nclude preventing

3,538, é46§%6371t3e7ﬂéc€t0403u§1bé%/é”e%5 G amd4240.808,i Wh1Cbelre all
ncorgGATSLLBNEA FRATZe Lie dellvery o FLLCCte, i any

itself can act as an enulsion stabilizer to prevent

t he coal escence of water or oil droplets in
water-in-oil or oil-inwater enulsions. [0043] By way of
exanple, and not limtation, specific enbodi nents of
the present invention are ildustrated in the follow ng
exanpl es. WD 2008/ 121518PCT/ US2008/ 056654

dentifrice. The
itation, a paste, gel,
des encapsulating




EXAMPLE 1 100441Chitosan cetyl pyridinium chloride
(CPC) m crocapsul es having 180 ng of CPC (a
conmposition of 10 wt% CPC (1% of the CPC was
wo bmdamisne- | abel ed)) were produced and eval uat BUI/ES2008/056654

su1tabfée§&6ﬁ@eeg)nbs%lu9¥% kﬁ@@/‘l\ﬁ]‘l-{ﬂg bt 18We ;ferd' BhHdBiFided to the

ed to prepare chitosan mcrocapsul es fr
compcmﬂi@{ in-oil emulsions: Chitosan (>85% deacetyl at ed,
Al drich 417963), MIIiQ water, d acial acetic acid,
[0031]FDs. sskerd #3pdch e tllﬁ)P@ﬁEngnW@ﬁO@tWIdyﬁi fafianingthod of producing

M whi t
poly Mg B o Gb B (e BB T BT Coie) s method

t , f
el BBk 0oy ARERBAR Sy A ALBLAIR laqpeous
phase sqictitas onilliPheaehiot dsaiiledas ai (P Hispdrding theaébusl pleke within a
water / 1% (vol.) acetic acid solution by stirring and

hydrophebicsggaie spiventhaving agiizseRiedpaynes dsichf asrchatiahitpsan,
Then 3.3 m ssolumnco ainin
polycigblagifere haSBFIGAFAICH 8%.%5@@%%1&) Epgiigatstiution in

an extgﬁgﬂgréeosfglr'}gggg )slt{,p £ ﬁgﬁg% Pi Pg4s7e A‘FW)%E{%&)% the solvent

from the eRteBRA ajueotis phass af st?b (c)alied efamipl®by SpapoRionaitthny other
stirred at 100 rpm for mnutes to m Xx. e mxture

methO\'ﬁH’anMlllm\é‘cﬁEtr@ sit for 20 minutes to allow air bubbles
e chitopsan sol on t hen added

[00321; o FhETnTioRaRen OGO SO aRoLhl PR ios fruphrnary

arnmogﬁﬂﬂ%aﬂ Qt\éarl%yaa ggfg}rﬂ?ncolfm%%%ﬁﬂgﬁta@{ gxdafpcapsule

m nut es. esul SI on Wa en s

diametéraifh®buB® nfitRutsas abbueb0 adeiong. e masiodindlides (a) dissolving a
chitosan sol ution. [0048] The enul sion was then
polymer grssdescriber aboee)and Pyraterivaieenmoniemmatir(es dessibied above) in
| si on s heated,to a B{rom mat

an 2 @hate P} TIPSO 1S SBTBHR PHREE {apaSxiel By 0 geops (for
examl%'/l\g Pgﬁgxp%ﬂ’in@ y (?E)gtutrﬂ% getn?@g%(f‘xvcgfr y&ﬁﬁl(l{soasttanoeflewhatqu

tempebBhtuge tevi poirMedyie agackes p bdaséethagmﬁmn N8y @Mesium salt

then heated to approxi matel y 9504000 C with conti nued
encap@ﬂﬁteldlpfgjymmllnmh@camuleéw ng day (approxi mat el y 24

hou The color of th erruls shifted fromb to
[0033] 55 iﬁéfﬂl@gﬁmd A RRsone o) Hus Prekhe @E@fe@gbsa? B8 Crifeabout
100° cémul si on was then collected into 50 nl centrifuge

tubes and spun each at 3,500 rpmfor 10 m nutes. Most

[0034]of The qpaferh&lyesmbashisrt daltesh thil hetModicaey &y YGalet Oy
but a l'arge fraction of the smallest particl es (havi ng

ammoanslméltoi‘esmb@wlmmmrpépoerfetaéaémetyhzmldlemmuhhmﬁed
ol ution.was decanted info st e., . Under. .t he

[00351Theif§§ PERENTIHC s osppenpriiced carrrding e thip aathed ean be made
RS SRR L BRSSO AP BRI TSRS
[0036]keealdaQnEhLﬁleﬂafwttllé li®er&t is a process for manufacturing an antimicrobial
dentifrice. The dentifrice can be, without limitation, a paste, gel, powder, etc. The
process includes encapsulating quaternary ammonium salt, such as those described
herein, within polymeric microcapsules using the methods of this disclosure, and

admixing a dentifrice with the encapsulated quaternary ammonium salt.

[0037]  The quaternary ammonium salt of this process is preferably cetylpyridinium

chloride.



[0050] In half of the centrifuge tubes, particles were

re-suspended in the small, remaining anount of m neral

oil using a glass pipette. Al of the renaining
w@2008iizised oi | slurry was transferred from t hesBCT/URI®SS8/056654

t : ' |- iatel: —
00381 A 588 6 oY BB TBGE s
ammo$@kilsh RRnA@Ss AgRHbYIL paliireetid Mi@ow@sdife ARTINEES] kdhee diameter

oil was renoved with a pipette as far as possible.
of abof10®Biiftanstthebotthal ntietcinsofl hishmethisbmclydest(npdssolwergthe

eSB! By PR CEATEL L 10 Lo Dhoch 4
et MRS GL B0 SOOL M R A0 o

describéd hb&}§ havRicea Hﬁfsblﬁzl@@l_r}ﬁﬁ?ﬁeﬂ (@%P&lﬁ&hﬂﬂ_ﬁi%sﬁn,lﬁolrj?caprolactone, or
hexane in each tube. Finally, the solution was

polyadriyli¢ eeidita forougholytiain (Qisperdingthe splapion ibyngnéeringlaqueous
fil tion and left to dry jn a fu hood.
phase,[ @5{5@ I%lfnﬁgagg thepwg,%qrgé}‘orgﬁhe eHERR] éx!qugty.é%phﬁey(for example by
. : C o) .
R T et T et

microd¥psaledBchani cal stability evaluation. Chenmi cal
characterization of chitosan, CPC-encapsul ated

[0039] i cAdsseipsiiided indbe covaidined alpersdr)al gateypirogituicothat includes
experiment. and 2) a chg}giq%gl stability in the ,Presence

quatersiar SpRITagURY $AhencApsB et Re lansamiciosppiyley The personal care

! o o Coal ot abil i !

procs SO AT 1 005 (NS ARENLAR) LTSl prodcs are o

examp¥ 8datBbsted) RESH theREhes UAbu SRS A gk, Eidnd] 41 PBheRtportable forms.
vari ous shear strengths of 100/s "and 500/s. Chem cal

[0040] St albhé presethamvantieniczatproducd H0&tysides haring the following
Experinent: M croscopic techniques were used to

Propegligs Lt BIGRFAREURA SIZEPTBREApETINRN O dieierto daibkietays (generally

sl P34 o BT Be R h R BT se g assbution
3) a midrQiBaEMeE tBRANASs thihedHPRENGhaREs ROKTiEOMQErst Bed 4)
chi tosan, CPC-encapsul ated mi crocapsules in
imperswspiitg oo the shAD ACHRr B2 &l SREIT14y82 308056654
[0055] Stability in the Presence of SLS Experi nment:
[0041] cni 158 RFeseabtVERERPS N A1 @igBip¥Ifassanfeike compounds, such

uspended, in 1% SLS and eval uated for interaction.w th
o PG MGGl b &b AR BATEs R BHRIGEN Sl t process
of forrlfy PEIFRFGRIPHQHIERE. @%@HEQ#}QQ& Earf §Hi81 I BOBC WRILE other
quite Stable and allowed for the rapid rel ease of CPC,
ingreddergs batdithe theypolgpierid midrgcafsutdsesypdl asnbioserat a identifrive, and as
addi hi on, it was found that the addition of 10 wt % CPC
such cpp deHgenihigddils 2p RESEecH R AN PMbEERE Agenyupen dvd bigakage of the
for iqn_ of smaller enmul sion droplets at a given
Capsulsegedgr?&lgafa%t% lfrblgglﬂgA fluorescence image of a collection

[0042]0f BBALAS BNl LALARBUELE ihSufb YBvditir S &Se ttePRfons
I b. The fluorescence derives from oct adecyl

betweehfdhand e-dBntivideciormadatiore ar paxahizd the dibivefy éftedfective CPC
concentration of CPC to serve as a tracer. Figure la

(ie, CERgw i pistaa romipdeotoapy andsha Ch eiteelf Pamactmsguy emnlsion
1 Lt 1.Croc ules; at 24 hours tine, .

stabiliid0prk O R BT SO AR SRl e b Bt g o-im
water elHil§i6aH m crocapsul es observed up to 24 hours at a pH

of 7. In addition, the anmount of rhodam ne dye
[0043]r el Bpsyey dfrexaniple, arid hoslmitationosrapid @sboedisnents of the present
. characterized .fo to 12 weeks at room tenperature.
lm'enft%éretlﬁaﬁ%teg%‘égerﬁwmﬁmﬁe%ye was rel eased from

the chitosan CPC encapsul ated m crocapsul es.

[ 0058] Figure 2 shows the chemi cal stability of

chi tosan CPC encapsul at ed mrocapsul es in the

presence of 1% sodium |l auryl sulfate (SLS). In 1% SLS,

| ess than 0.1% of the chitosan m crocapsul es broke

Y o s " ., . o



10060] Fi gures 3a-3c show the nechanical stability of

chi t osan, CPC-encapsul ated m crocapsul es at vari ous

shear rates. Figure 5a shows chitosan n crocapsul es
wezpssedig o a shear rate of 0/s (that is, no SPEBRD$2008/056654

i.e., the control. FiguipsAbpsigoms chitosan
m crocapsul es exposed to a shear rate of 100/s. Figure

[0044]5C Shﬁm@rc&uty@g@rmmwﬁ ohRpRid (@Cexmmsmhp‘sula leivéxag 180 mg of
rate of 500/s and in a state of active rel ease of

CPC (§ coappsitignroéd 0ot ‘akd G % ﬁéWet@EC%%eﬂ&d%WﬁﬂPde) Were
| d t hout CPC. Fi 6
pmdugﬁ’fg gl.eﬁ ld@?%egsa esﬁwlbﬁﬁé)laﬁ %Y\Acr oggpsul es rr;aggr\(/evl tﬁ
F 1
i e PR S s o

watermh@ﬂmalﬂswnes made with FD&C bl ue #1 and CPC. When CPC

is added to the emulsion, it prevents the coal escence
Chitosah (w83 %rdedeetpladed, AldvidHilgdbBequent |y results in

shel | er capsul es. [0062] Thus, besides providing
Mﬂhc%'fvﬁfﬂ er processing, this nmethod offers the advantage

Glacial Q@éncaac}’cf"” ety of water-soluble, bioconpatible, and
even nucdadhesi ve pol yners can potentially be used.

FD&CENAVRIL Eoad LORe3leRxpepl es of various dentifrice
formul ations are further illustrative of the present
Cetylpymidintiroghbrlef(dP@ot i ntended to linit the invention

h f.oormul ati ons were nade with
Mmerega?g‘&h%%ﬁtﬂa g@% crocapsul es produced in accordance
Sorblt%féhlibid?)?ea[?é@ﬁﬁt% JRVERLEAR. [0064] Table 1 provides a

rice si‘tion Wwth phosphate salts. Table 2

[0046]pr OW dﬁﬁ)sa;n @@H’m&iofnﬁlvﬁ§pf‘£qjm®@ byln@mm% 9 lar &6 of elitosan with 600 mi
cop ol/é Tabl e 3 provides a dentifrice conposition
of watgr ' H %P60!.) Tadticadd ppbxtiqmsﬂae chatisan Maﬁedlém’rp@@ in flerp00 ml of

water el o S TR e P bk PO BRSP4
approximately 60° C for about 1 day. Then 3.3 ml of aqueous solution containing 10
wt% CPC and 10 mg blue dye (pre-dissolved) was added to 200ml of the chitosan
solution.

[0047] A mixture was then prepared by adding an emulsifier (IKA RE162/P) with
800 ml of mineral oil and 8 ml of Span-80, and stirred at 100 rpm for 5 minutes to mix.
The mixture was allowed to sit for 20 minutes to allow air bubbles to rise and pop. The
chitosan solution was then added to the mixture through two 60 ml syringes with 16
gauge needles over a period of approximately 20 minutes. The resulting emulsion was
then stirred for another 30 minutes after adding the last of the chitosan solution.

[0048]  The emulsion was then transferred to a 2 L Pyrex beaker on a magnetic stir
plate. The emulsion was heated to approximately 70° C while stirring and left overnight
(approximately 14-16 hours) to evaporate the acetic acid and most of the water. The
emulsion changed from very milky, light blue to a cloudy, darker blue color. The
emulsion was then heated to approximately 95°-100° C with continued stirring until the
tfollowing day (approximately 24 hours). The color of the emulsion shifted from blue to

pale green.



Sorbitol 28 Gycerine 12 Gantrez-97 1 NaOH (50%
sol ution) 2 Tetrasodi um pyrophosphate 1 Sodi um
Tri pol yphosphat e 7 Carrageenan 0. 35
waz200baxynet hyl cel | ul ose (CMC) 0.8 Silica 95 SoPUTIIS2008/056654

[0049] LauTHé et iBh GvdsHhoh cbiléetEl A5 0mP &M CLARRRH RN each at

3,500 rpm for 10 minutes. Most of the particles had settled following centrifugation, but
a large fraction of the smallest particles (having a size of a few microns or less) remained
suspended. The solution was decanted into waste. Under the microscope it was
apparent that centrifuged particles were quite densely packed and even somewhat
deformed, indicating there was likely still some residual water keeping the particles
soft.

[0050]  In half of the centrifuge tubes, particles were re-suspended in the small,
remaining amount of mineral oil using a glass pipette. All of the remaining particle/ oil
slurry was transferred from these tubes to a glass vial (total volume approximately 15
ml), and centrifuged again at 3,500 rpm for 1 hour. The solution was again decanted
into waste and residual oil was removed with a pipette as far as possible.

[0051]  In the other half of the tubes, particles were resuspended in approximately 10
ml hexane in each tube by vortexing. Liquid was collected from all tubes into 2 tubes,
which were then centrifuged at 3,500 rpm for 10 minutes. Solution was decanted into
waste and particles were resuspended in approximately 10 ml hexane in each tube.
Finally, the solution was filtered through qualitative filter paper by gravity filtration
and left to dry in a fume hood.

[0052]  Methods - Physical and Chemical Stability Characterization: Physical
characterization of chitosan, CPC-encapsulated microcapsules was conducted by a
mechanical stability evaluation. Chemical characterization of chitosan, CPC-
encapsulated microcapsules was conducted by: 1) a hydration experiment and 2) a
chemical stability in the presence of SLS experiment.

[0053] Mechanical Stability Characterization: The mechanical stability of chitosan,
CPC-encapsulated microcapsules were evaluated under continual shearing conditions
at various shear strengths of 100/s and 500/ s.

Chemical Stability Characterization:

[0054] Hydration Experiment: Microscopic techniques were used to evaluate
chitosan, CPC-encapsulated microcapsules in water at various pH conditions.
Fluorescent spectroscopic techniques were used to evaluate the fluorescence change in

the supernatant portion of the chitosan, CPC-encapsulated microcapsules in suspension.



1,5 TABLE 2 Ingredients 510W/W Water 27.26 NaF 0. 24

Na Saccharin 0.3 TiQ2 0.5 WO

2008/ 121518PCT/ US2008/ 056654 Sorbitol 21 dycerine 20
wdaoilogarisyd ene A ycol (PEG 0.5 Gantrez-97 2 PCT/US2008/056654

[0055]  Stability in the Presence of SLS Experiment: Chitosan, CPC-encapsulated
microcapsules were suspended in 1% SLS and evaluated for interaction with SLS.
[0056]  Results: The chitosan, CPC-encapsulated microcapsules produced according
to this method were quite stable and allowed for the rapid release of CPC, due to the
hydrophilicity of the polymer matrix. In addition, it was found that the addition of 10
wt% CPC to the aqueous phase eased processing by allowing the formation of smaller
emulsion droplets at a given shear rate.

[0057] A fluorescence image of a collection of chitosan microcapsules is shown in
Figures 1a and 1b. The fluorescence derives from octadecyl rhodamine-B, which was
incorporated at 1% of the concentration of CPC to serve as a tracer. Figure 1la shows
chitosan microcapsules at zero time. Figure 1b shows the chitosan microcapsules at 24
hours time. There is little change in the shape and size of the chitosan microcapsules
observed up to 24 hours at a pH of 7. In addition, the amount of rhodamine dye
released from the chitosan microcapsules was characterized for up to 12 weeks at room
temperature. Less than 0.1% of the rhodamine dye was released from the chitosan CPC
encapsulated microcapsules.

[0058]  Figure 2 shows the chemical stability of chitosan CPC encapsulated
microcapsules in the presence of 1% sodium lauryl sulfate (SLS). In 1% SLS, less than
0.1% of the chitosan microcapsules broke after 4 weeks time. In addition, no
precipitation was observed due to SLS-CPC interaction.

[0059]  Figures 3 and 4 show the chemical stability of chitosan, CPC-encapsulated
microcapsules at acidic and basic pH conditions. Figure 3 shows the chitosan
microcapsules to be stable in an aqueous environment for up to 24 hours at a pH of 4.
Figure 4 shows the chitosan microcapsules to be stable in an aqueous environment for
up to 24 hours at a pH of 9.

[0060] Figures 5a-5¢c show the mechanical stability of chitosan, CPC-encapsulated
microcapsules at various shear rates. Figure 5a shows chitosan microcapsules exposed
to a shear rate of 0/s (that is, no shear) i.e., the control. Figure 5b shows chitosan
microcapsules exposed to a shear rate of 100/s. Figure 5c shows chitosan microcapsules
exposed to a shear rate of 500/s and in a state of active release of CPC.

[0061]  Figures 6a and 6b show the size of polymer microcapsules made with and

without CPC. Figure 6a shows the size of polymer microcapsules made with FD&C
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NaOH (50% sol ution) 1.2 Carrageenan 0.4

Car boxynet hyl cel lul ose (CMC) 1.1 Silica 21.5 Sodi um

Lauryl Sulfate (SLS) 1.5 Flavor 1.0 CPC M crocapsul es
wd2@817I8ABLE 3 I ngredients % W/W Water 31. 89 PCT/US2008/056654

blue # VIR dHOHAE18 P EPERNALE D6l ShdWs BAEGRALE Polymer microcapsules
made with FD&C blue #1 and CPC. When CPC is added to the emulsion, it prevents
the coalescence of water droplets, which subsequently results in smaller capsules.
[0062]  Thus, besides providing simpler processing, this method offers the advantage
that a variety of water-soluble, biocompatible, and even mucoadhesive polymers can
potentially be used.

EXAMPLE 2
[0063] Examples of various dentifrice formulations are further illustrative of the
present invention and are not intended to limit the invention in any way. Such
formulations were made with CPC-encapsulated microcapsules produced in accordance
with the present invention.
[0064]  Table 1 provides a dentifrice composition with phosphate salts. Table 2
provides a dentifrice composition with Gantrez copolymer. Table 3 provides a
dentifrice composition with PCC. Table 4 provides a dentifrice composition using a

liquid formulation.

TABLE1
Ingredients %% WH/Wt
Water 18.46
NaF 0.24
Na Saccharin 0.45
Sorbitol 28
Glycerine 12
Gantrez-97 1
NaOH (50% solution) 2
Tetrasodium pyrophosphate 1
Sodium Tripolyphosphate 7
Carrageenan 0.35
Carboxymethylcellulose (CMC) | 0.8
Silica 25
Sodium Lauryl Sulfate (SLS) 1.2
Flavor 1.0
CPC Microcapsules 1.5
TABLE 2

Ingredients % WH/Wt

Water 27.26

NaF 0.24

Na Saccharin 0.3

TiOs 0.5

11




0.35 Sorbitol 21 NaOH (50% solution) 0.5 Soda Ash 0.75

Xant han 0.2 Car boxynet hyl cel |l ul ose (CMC) 0. 65

Carrageenan 0.7 PCC 29.4 Silica 10 Sodi um Lauryl
wioBardi{ SLS) 1.6 Flavor 1.2 CPC M crocapsul eBCT/US2008/056654

Sorbitol 21
Glycerine 20
Polyethylene Glycol (PEG) 0.5
Gantrez-97 2
NaOH (50% solution) 1.2
Carrageenan 0.4
Carboxymethylcellulose (CMC) 1.1
Silica 21.5
Sodium Lauryl Sulfate (SLS) 1.5
Flavor 1.0
CPC Microcapsules 1.5
TABLE 3
Ingredients % Wt/Wt
Water 31.89
Monofluoride phosphate 0.76
Na Saccharin 0.35
Sorbitol 21
NaOH (50% solution) 0.5
Soda Ash 0.75
Xanthan 0.2
Carboxymethylcellulose (CMC) 0.65
Carrageenan 0.2
PCC 294
Silica 10
Sodium Lauryl Sulfate (SLS) 1.6
Flavor 1.2
CPC Microcapsules 15
TABLE 4
Ingredients % WH/Wt
Water 4.68
NaF 0.26
Na Saccharin 0.37
Sorbitol 67.1
Glycerine 7.46
Polyethylene GlycolPEG 600 1.5
Tetrasodium pyrophosphate (TSPP) ] 0.53
Carrageenan 0.23
Carboxymethylcellulose (CMC) 0.8
Silica 125
Sodium Lauryl Sulfate (SLS 1.6
Coco Betaine 0.37
Flavor 1.1
CPC Microcapsules 1.5

12




TABLE 4 Ingredients %Il A t/VWI Water 4.68 NaF 0.26 Na
Saccharin 0.37 Sorbitol 67.1 Aycerine 7.46

Pol yet hyl ene d ycol PEG 600 1.5 Tetrasodi um

pyr ophosphate (TSPP) 0.53 Carrageenan 0.23

Car boxynet hyl cel l ul ose (CMC) 0.8 Silica

CLAIMS

L An oral care composition comprising cetylpyridinium chloride
encapsulated by polymeric microcapsules having an average diameter of 5 to 50

microns, wherein the polymeric microcapsules comprise chitosan.

2. The composition of claim 1, further comprising an active agent selected
from the group consisting of stannous ion agent, triclosan, triclosan
monophosphate, chlorhexidine, alexidine, hexetidine, sanguinarine,
benzalkonium chloride, salicylanilide, arginate esters, ethyl lauryl arginate,
bisphenols, domiphen bromide, tetradecylpyridinium chloride (TPC), N-
tetradecyl-4-ethylpyridinium chloride (TDEPC), octenidine, delmopinol,
octapinol, nisin, zinc ion agent, copper ion agent, essential oils, furanones,

bacteriocins and salts thereof.

3. The composition of claim 2, wherein the composition further comprises a

fluoride ion source.

4, A process for manufacturing an antimicrobial dentifrice comprising:
encapsulating cetylpyridinium chloride within polymeric microcapsules;
and
admixing a dentifrice with the encapsulated cetylpyridinium chloride;
wherein the polymeric microcapsules have an average diameter of 5

microns to 50 microns and comprise chitosan.

5. The process of claim 4, further comprising admixing a fluoride ion source

with the dentifrice.
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12.5 Sodi um Lauryl Sulfate (SLS 1.6 Coco Betaine 0.37
Flavor 1.1 CPC Mcrocapsules 1.5 CLAIMS 1. An oral
care conposition conprising cetyl pyridiniumchloride
encapsul ated by polynmeric m crocapsul es having an
average dianeter of 5 to 50 mcrons, wherein the

pol ymeric mcrocapsul es conprise chitosan. 2. The

Goent AgbrBa2k rFoBih sy libttbafiS Blory SettediclS
}é@&n?&ﬁrﬁﬁcrééép%h% %%vh{ﬁgre LfARS S ARRAREOSIH AL ons to 50 microns,

hror hexi di ne, al exi di hexeti di ne, sangui nari ne,
banpsbkiogni um chl ori de, salicylanilide, arginate
ester et hyl lauryl arginate, bhisphenols, doniqpen
br omi @ dissel ebIPYELHIM dNPds Hean agegous phase;

e R WD A A B R g e

R&FRE.a copper ion agent, essential oils, furartones,
bacteriocins and salts thereof. 3. The conposition of
dissolve polymaerdiorforme sobati@i t i on further conprises a
fluorjde.ion.soyrce. 4. A process.for manyfacturing an
ant s nic fisrBitg e rv i ST e ear aichg

cet yl @iy bbb ingtile SBveht ABnYHetxerRgl eyq@bhg hase of step (c) t
mcr o@gpsul es,” and adm xing a dentifrfce vvipt ﬁset%es ep (c) to
forpapsul at ed cetyl pyri di ni um chl ori de; wherein

the polynmeric mcrocapsul es _haye an average di aneter
ety By chlgride eprapsyiiated pelaneric nggoeqtﬁsvgessa n. 5.
The p of ' . | Si m xi ng a
11 or 1 BEE Ry BleFlsinieh b3 es EORPHSE LRRGART 1 10
of producing cetyl pyridiniumchloride encapsul ated by
pol yneric m crocapsul es havi U?' an average di aneter of

B m cAonethpd of prodieding sety ingimghloride encapsulated by

g@égel’r}/ci rp\%récg%(sﬁgats gllfag%g,agql %xlée%%n&ég%gﬁg{ %wgcgrggg\fqe ﬁ(yﬁﬁcmns,
&Iﬂﬁggﬁghobi c organic solvent having a

(a) dissolving a polymer and the cetylpyridinium chloride in an aqueous
phase;

(b) dispersing the aqueous phase as water-in-oil emulsion drops; and

(c) stirring the emulsion of step (b) at an elevated temperature to
evaporate the
aqueous phase and form cetylpyridinium chloride encapsulated polymeric

microcapsules;

wherein the polymeric microcapsules comprise chitosan.

8. The method of claim 7, wherein the elevated temperature is 95° C to

100°C.
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di ssol ved polyner to forma sol ution; (c)

di spersing the solution in an external aqueous phase;
and (d) renoving the solvent fromthe externa
aqueous phase of step (c) to formcetyl pyridinium

chl ori de encapsul ated pol yneric m crocapsul es; wherein
the pol yneric mcrocapsul es conprise chitosan. 7.A

thod o raoduci ng cetyl pyridjni um ¢chl ori.de .
capa ROl Ba SO gREE £ AP PR Ay lpride
' \ Q dfnBief 6P Fo 50 mi d
HEHAI P ARSI i PLELGNRE & iinBief DP9 %o 50 mpigions an
emhptigychitbsahum chl oride in an aqueous phase;
(b) dispersing the aqueous phase as water-in-oi
emul si on drops; and (c) stirring the enul sion

B B b BB YR BB, Bt (B AARE B agen
KIEARS Hot 81k POLipTBRbISHIE 6f AEARGHY B ageht tet1Bsdr) ericlosan

pol ynmeric m crocapsul es conpri se chitosan. 8. The
menbphosphate, ahlnriiexidirey elenidihe heixetidingdsangupariteure i s
95 C.to,100 ..9. A polymeric. mcrocapsul .
beneabemiamhloride priTRlE ARG Fae, S Brenh arsipate
BRRHERIL UM OR DR ES R PIPy TRIIRGR e (PPED N
ruedeedps ethg 1 fridihAincRlorider(TDHEP@pogtenislineg dalmaginiol e
agent selected fromthe group consisting of stannous
PGppingbmising zine iQysegenttIOPPED KA AEFHHES gilg furanones,
hl or hexi di.ne, al exi dj ne,, hexetidirte, sanguirtarine,
IR S %WF%O% ?ﬂad méjéﬁuir%syii%gﬁpiolﬁl de, arginate
esters, ethyllauryl arginate, bisphenols, dom phen
brom de, tetradecyl pyridiniumchloride (TPO),
Nt et radecyl- 4- et hyl pyri di ni um chl ori de ( TDEPC),
oct eni di ne, del nopi nol, octapinol, nisin, zinc ion
agent, copper ion agent, essential oils, furanones,
bacteriocins, salts thereof; and m xtures thereof.
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