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dentifrice formulations to deliver effective antimicrobial benefits.

[0004]  In dentifrice applications, in order for microcapsules to stay intact during the
toothpaste making and storage process, the microcapsules should possess the following
properties: 1) good mechanical properties to sustain shear forces up to about 1000/s
during mixing and high speed filling; 2) good temperature stability that allow the
capsules to stay intact at temperatures up to about 71° C; 3) good chemical stability that
allows the capsules to be stable in the presence of sodium lauryl sulfate having a
concentration of up to about 2% and a pH of about 5-8, and various water and
humectants ratios. In addition, upon brushing, the microcapsules should break and
release CPC to the oral cavity directly without formation of inactive complexes.

[0005]  There are a number of triggers that allow the breakage of microcapsules
during brushing, such as: 1) a mechanical trigger due to the grinding and shearing of
toothbrush bristles; 2) a pH trigger due to the change in pH from a dentifrice base to an

oral cavity environment; 3) an osmotic trigger due to the dilution of a dentifrice by
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SUMVARY OF THE | NVENTI [ 0008] The present invention

ammaqviom shéscohpprisescorgiios tepoeseotatpby gistrgcaurquat er nary
ammoni um salt encapsul ated by a pol yneric
m crocapsul e, wherein the aternary ammoni um sal t
conprises a cation represen qq by a structure;
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R2
wherein R}, R?, and R3, are each independently an alkyl group or a hydrogen atom or
wherein R! and R2? may form together a ring structure; and an anion selected from the
group consisting of a halogen ion, a chloride ion, bromide ion, and a fluoride ion.
[0009]  The present invention further provides for a process for manufacturing an
antimicrobial dentifrice that comprises (a) encapsulating quaternary ammonium salt
within a polymeric microcapsule, and (b) admixing a dentifrice with the encapsulated
quaternary ammonium salt.
[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)
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[0015]  Fig. 2 is a fluorescent image of chitosan microcapsules in the presence of

sodium lauryl sulfate;

[0016]  Fig. 3a is a fluorescent image of chitosan microcapsules in water at a pH of 4
at time=0;

[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.
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quaternary ammonium salt encapsulated by a polymeric microcapsule. The quaternary
ammonium salt includes a cation and an anion. The cation may be represented by the

following structure (I):

(1

wherein R1, R?, and R3 are each independently a linear or branched, substituted or
unsubstituted, alkyl group or a hydrogen atom or wherein R? and R2 may form together
a ring structure. The anion can be any one of various halogen ions, such as a chloride
ion, bromide ion, a fluoride ion, and other similar ions consistent with the intended use
or the salts thereof, such as POy, SOy, etc.

[0025]  The cation can also be represented by structure (II):



optionally include various active agents as well. The
active agents can be a stannous ion agent, triclosan,
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meric mcrocapsules o e present
aboutiZnventi on can include a variety of standard
m crocapsul e materials. Such m crocapsule materials,
[0028]wi t Hbatuse phtheaterion’ palymeric,” as used herein to describe polymeric

microcapsules, means that at least one of the ingredients forming the microcapsule is a
polymeric material, but it should be understood that other ingredients may be used as
well in forming the microcapsule which are non-polymeric substances, such as gums,
gelatin, efc.

[0029]  The polymeric microcapsules can have a diameter of about 5 microns to about
50 microns, the size being more or less if usage is consistent with the size variation.
[0030]  The composition can also include an optional fluoride ion source. A fluoride
ion source is considered anything that can release a fluoride ion in an aqueous
environment. Examples of such fluoride ion sources are described in U.S. Patent Nos.
3,538,230; 3,689,637; 3,711,604; 3,911,104, 3,935,306; and 4,040,858, which are all

incorporated by reference in relevant part. However, it should be understood that any
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[0033]  The elevated temperature of this method is preferably about 95° C to about
100° C.

[0034]  The quaternary ammonium salt of this method can be any quaternary
ammonium salt described above and preferably cetylpyridinium chloride.

[0035]  The polymeric microcapsules produced according to this method can be made
in various shapes and forms such as a microsphere, microparticle, and the like.

[0036]  Also included in the invention 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.
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impermeability of the shell and/or a dual shell layer structure.

[0041]  The present invention can also use cationic surfactant-like compounds, such
as CPC, as an emulsion stabilizer to enhance encapsulation efficiency during the process
of forming polymeric microcapsules. Such capsules can shield the CPC from other
ingredients outside the polymeric microcapsules, such as those in a dentifrice, and as
such can deliver the CPC as an effective antimicrobial agent upon the breakage of the
capsules during teeth brushing.

[0042]  Benefits of encapsulating CPC include preventing adverse interactions
between CPC and a dentifrice formulation to maximize the delivery of effective CPC
(i.e., CPC not in a stable complex form) and the CPC itself can act as an emulsion
stabilizer to prevent the coalescence of water or oil droplets in water-in-oil or oil-in-
water emulsions.

[0043] By way of example, and not limitation, specific embodiments of the present

invention are illustrated in the following examples.
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di styri bution; a mcrocapsul e shel |, thickne :
[0046]_r an 63' ﬁayqsiaja &OH&#M?% Pge}faggﬁ]%é{rlg%rtl% P Srags dﬂ &flfc’cosan with 600 ml
of wafe??ef A '.)la'[cébfc Q%idts%ﬁlt%}?.l Thétittodh Bad¥RLo19BElih th@H® ml of
structure.” [0041] The present invention can also use
watergal % gnolc) utit acidanliutiok By carog add heatiah ths nRGreas an

emul sion stabilizer to enhance encapsul ation o
approgirhatel yedRC dorrabmgttlhdaypr Pasrsd 3 ofl dfagrienys pollugiverdoptaining 10

o, A crocapsul es. Such capsul es can shield CPC. from
Wi QGand HGPE G m LS Gueat e 'E R ot gnsd © A0Erbeibehesan
&ﬂuﬁ8ﬁ0h as those in a dentifrice, and as such can deliver

the CPC as an effective antimcrobial agent upon the

[0047]br eakag@etudé wial@hen 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.



capsul es during teeth brushing. [0042] Benefits of
encapsul ati ng CPC i ncl ude preventing adverse

W@gﬁﬂ%%ﬁé ons between CPC and a dentifrice fpr@%@é@g&ms“s“

Xi'm ze the delivery of effective CPC (i.

[0049]not The egnudsigh|veasciepl @kleetge igtoatbml rentaibage fuhgsfangapun each at

. | si bi | i he. . .
3500 B B ERIE *hERa P 80 Rl BB spgpamton b

a larg@fra@ﬂid)ﬁ bPWRIShal fITH bﬁi‘tﬁ'l'és (fhfaOQ@l siBY o‘f\’ﬁBfe&fmﬁ?féfH)Jnel’ess) remained
and not limtation, specific enbodi nents of the

suspepdes etihe solunhiveas de@nidd indd matsed Undehehefraidrosdopg it was

exanpl es. EXAMPLE 1 [0044] Chitosan cetyl pyridinium
apparghf hat erntyicmed padicisapeis Baterdgnsaly H@?&#@l@f evepgomewhat
conposi ti.on pf 10 w.% .CPC (1% of the,CP S . .
defori RO RRE ABereautny MR ETH SR Ciss i W Reonine she partictes
soft. described bel ow. [0045] The following materials were
used to prepare chitosan m crocapsules from
[0050]wat &t halfobthe emitifigmisibeSipartislan wer8 584 dgsartey iatthe small,
Aldrich 417963), MI1iQ water, d acial_ acetic acid, . )
remaiphgRIpPyat ¢fmingsel Qibneingrgelassepipetey Yol hierpmaining particle/ oil

chlorid Cp neral ojl Ite, heav and .
shurry & e e IR ARG Span HopHen F FAEETA O o Faprigamately 15
ml), akd] k&rﬁ%ﬁﬂg&?h%&ih% 3R BHERAEL Y TH MG S WREaf decanted

chitosan"wth 600 m of water / 1% (vol.) aceti¢ acid
into waetettridoresidiiaé ofl W & osamo wabwithsspipeead as fait dep&bled  of

water / 1% vol.) acetic acid solution by stirring and
[0051]heatn Hig ether halkofi e tbeamarosicrarat yesrpentled imppproximately 10

ml hega%%' in-ggc“::'lq l%u?Be?’b;;n vo1(')tfex1zilx%l.J C{Halds v(\)zlag Eél?enctgcf) Prto%% Qfl rt‘lgbe:léomto 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.



wt %CPC and 10 ng bl ue dye (pre-dissolved) was added to
200mM of the chitosan solution. [0047] A m xture was

Wagﬁﬁllg{fgpared by addi ng an emul sifier (IKA RE%@%@E% 08/056654

m of mneral oil and 8 M of Span-8
[0055]st i Snabdnaun llm@Prqsnmeo@f S SExprronent Ghitosarh&PG-sueapsulated

1 dt f t | buh
microqapop 28 a R AUBORIHE B oL SEEH SOTAPEOVAL PR SRdbaLS
[0056]t 0 f{@ﬁﬂ@ f\g rcﬁltbgfno@t aeN J)@g dTbd SWikkdd §u 'jag%&@ced according

ge needl es over a perio appr oxi

to thlsrﬁlﬁﬂ{oﬂswergtﬁ,ufeeﬁalﬂ)klm Aol ot th@fﬁa}]blhl&@l@tsé bf €0, dize to the
anot her 30 m nutes after adding the |last of the

hydrophilicityari tsopatyinoer. mpoird 8in akdtienuit svasrfouand thatethe addition of 10
nsferred to 2 L Pyrex beaker a, magnetic sti
with Gt emélegﬁﬁua deARs ISR B A ﬁﬁ&ftsrrya%n gf smaller
emulsﬁm Jjﬁ}lﬁ‘% %éa Egteover ni ght (approxi mately 14-16
0 ev ora

e acetic acid and nost of the

[0057]Wat WfluJﬂagcewel lii9iap8 of A2BDedi o SiBhvRkin mlki@canmlgbts shown in
blue to a cl oudy, darker blue color. The emul si on was

Figuresemritelt. ebhd Buamscoxierdersley fi@5n voGdecyl thedeoring-Buathich was
incorpRbtied it g LICORCEFHHE ShuP o, A EIR A or o B dasgoms

- I I |
chltosglg nﬁ{:l%rcS%hr ? Qﬂ?e]r E’gesz g]%ﬁé ?E ﬁﬂ@%@tﬁﬁg ?h%&%sad\gxﬁc?gcdfﬂghpes at 24

hours l@néﬂ Thk8Ss hMESJha‘?lf elif Qh@ﬁ*idﬁecdlﬁﬁs@éﬂgf gt dHi®Man microcapsules
| owm ng centri fugatl on, but a large fraction of the

obserxsamh}b 6324 pauts aelsH(dfa7v|Ing1dd113®methehrraamﬁwf mhedanseodye

i.ned suspended. The sol utiogn s decant ed
releass%s%fr@mh&sqn%ﬂtqaﬁaélﬂwwfépﬁﬁﬂ@ﬁaéaé jarqqte %;&m@q ¥Reks at room

tempe?g ny igs%WE. {l’ %dl o) G ﬁTc'e gggg :‘iS’ﬁ qs%qeré/asgg%la%q tl??(‘.jhltosan CPC

even sone orne € Wwas

encapﬁlbtédﬁmcg}%gq@ual vvater keepi ng the particles soft
[0050] In half of the centrifuge tubes, particles were

[0058]r e- igspeRcdbdwisrthe I&hemn@l btabnlmf mhﬁgsanﬁﬁi’ﬁi erahpaila&rdal

. oil u5|n a gl ass ette, e remainin
MiCTOFHRSIH S| ig, By PTaseOFe 9f ﬁéssomlaﬁémrml éHﬂF‘iedﬁWh clgel ' §hSstess than
0.1% & cl%tgssé% r\ﬂﬁc{illocegps%‘ie%l broRk YiE: FRRLRXHIRE &, acf‘«ﬁtion, 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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m ), and centrifuged again at 3,500 rpmfor 1 hour.
The sol ution was agai n decanted into waste and
' oil was renoved with a pipette as fa
Wég@s’fﬁggé’? [0051] In the other half of the tubié‘éf’isz"“s"’s“s“
blue #3 aleneand wikvoat Kd¥usBighae 6b showp phosizaef eplymer microcapsules

e BP0 SATER B R A S s
the cogl%g(ternicé Hg%té}‘tdl%g?&g, \‘K/Hmhfs%'b_s%f;eég?t%tegﬁl-ts @élﬂ%il&%a‘ﬁ@nles.

ecanted into waste ‘and parti re resuspended’i
[0062]applThus, MRk ley F]:Gvnflingl eirapler ppo@asihgt thiemethadbifyrs theadvantage
solution was filtered through qualitative filter paper
that a ygrigivaefi wgtefsphubde ithpcaanpatilderanidbevarymugoadhepiee pelyaners can
|.0@5§% Met hods - Physical and Chem cal Stability
poten t'&%zati on: Physical characterization of
chitosan, CPC-encapsul atdaipgresapsul es was conduct ed
by a nechanical stability evaluation. Chemni cal
[0063]c haEasingtdszdtviapivusfd eaifiif tics fmmuliiencapdultheedlustrative of the
m crocapsul es was conducted by: 1) a hydration

preserhipeentipthendiate 20t iatervkad todimi the invenyionrdntany waesside
f.SLS experi nent,. 053 chapical Stabhilit .
formugaigl oy SET3aF B CRE-SaeRERAG mé‘ErQBi‘li’ﬁ“??S pfoduced in accordance
with tﬁ@??‘&%ﬁpi Vgggrbﬁncapsul ated m crocapsul es were
eval uat eél under continual shearing conditions at
[0064]var iTable Isp@atid&t 4 déﬂﬂiih‘rfceQf)lﬁkﬂ@lt&)lﬁﬂfﬁithz[ﬂ%@ha@ﬁnsc dlable 2
r

‘Stability Characterization: [0054] Hydration _
providsgredentifnice counprossopivithteatmamweee Tisklg dprovides a

.evaluate chitos -encapsul ated, m crocapsules.in .
dentitEEE EOmppsip UG TS0 SRR B 148 LS EU5ER £ mpos tion using a
liquidsfpﬁﬁhfa‘i’%%‘?pi c techniques were used to evaluate the

fluorescence change in the supernatant portion of the

TABLEHI t osan, CPC-encapsul ated m crocapsul es in
suspensi on. [Q055] Stability in the Presence of SIS

Experi ment : Chi t odagrediP@sencapsul 4t WM ocapsul es
were suspendee: in 1% SLS and eval uatigdief or i ntefaction
wi th SLS.[jQP56] Results: The chit @y
CPC- encap ia%{agglmﬁ:r ocapsutes pro Lﬁ.led accordipg to
this meth t-te—stable—and—gl-owed—for—tne
rapid rel e¥8"8f CPC_due to the |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

TiO» 0.5

11



hydrophilicity of the polynmer matrix.

was found that the addition of 10 wt%CPC to the
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odam ne dye

faQéll ne cnrt osan m cr ocap
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ture.

characte 1
¢Snnrl:1m ne d\ e re! eased from

Less tha.“ﬁtiuﬁqpcﬂ&ﬂﬁ dye

the chitosan CPC encapsul ated m crocapsul es. [0058]
TABLEigure 2 shows the chemical stability of chitosan CPC
ﬁcapsulated m crocapsules in the presence of 1%

sodi um fate (SLS). Tn 1% [SLSy s tha
0. 1%of ]%%Elle?lgid” i E,I U(,z:lpsw es t}W§ eks
time. | due
to SLS- (MﬁﬂoﬂNQFlé‘ﬁt}? WP F‘Wﬂﬁ(ﬂ Ei g ow
the chepNe&acehaibi ity of chitosan,| &P encapsul af ed
m cr ocapSatbetel at aci di ¢ and basi ¢ pHkonditi ons.
Figure 3N§Uq$@xmpgoﬁnkﬁ@san m crocapggl es to be sftable
in an ang@Eplis FNVITonment for up to|ggshours at a pH
of 4. F x t*:]_; 2 shomws—t te—chit Ubdll g Gbuuapbw es tlo be
stabl e ﬂﬂﬁn“ AVH-ORAE p—t-6—24—hodr s at
a pH of Garbmmﬁthyﬂ Cﬁn\’l loge @W& sho AQB e nechanichl
stabi | i | Gauhgedniarosan, CPC- encapsul p@-8d ni crocapsyl es
at vari pp€Cshear rates. Figure 5a sh?® chitosan
nicrocapgykgs exposed to a shear ratggof 0O/s (that is,
no shea éoduﬁﬂ[@ﬁﬂﬁfﬁﬁﬂﬁéfgLS)k'gure PR Shows chitpsan
Flavor 1.2
CPC Microcapsules 1.5
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 12.5

Sodium Lauryl Sulfate (SLS 1.6

Coco Betaine 0.37

Flavor 1.1

CPC Microcapsules 1.5

12



m crocapsul es exposed to a shear rate of 100/s. Figure
5¢ shows chitosan m crocapsul es exposed to a shear
wd Ah$175:5200/s and in a state of active rel eas 1952663056654
[ 0061] Figures 6a and 6b show the size of pol yner
m crocapsul es made wi th a@8AlMMSout CPC. Figure 6a
shows the size of polynmer mcrocapsul es nmade with
We clgip¥ichl ue #1 al one and wi t hout CPC. Figure 6b shows the

5 o T PSR PR B s

polyniir@Vaitk Scdpial« ddl e sieeeruaternaieamaiaiilat salt wdthphises a cation
subsequently results in snmaller capsules. [0062] Thus,
repredpms¢cdiey aptrovtudieng si npl er processing, this method
of fers the advantage that a vaLiety of wat er-sol ubl e,
bi oconpati bl e, and even nuco esive polyners can
potentially be used. EXAMPLE 3 [0063] Exanples of
various dentifrice fornulationg_are further
illTustrative of the present | vgﬁrﬁpn and are not
intended to limt the inv Ion in any way. Such
formul ati ons were made w t'h CPC- encapsul at ed
MvEeRGA RS URE SndITOHaheathch in AGSIddarg eI kil ©shfdrogen
i nvention. ?0064]gTabIe 1 providesga den?i%?f%ﬁ? yiros
atom oomphes¢iniRmngi Rhmplidsphdogetbar ¢ singRibicture; pndvi des a
dentifric cqﬂ?osiﬁion wth Gantre oPoI ner. Taple 3
C iy ﬁﬁl

pRdengEse PR} et OURORSE1BA | ioRgfcRlogide 1on,
' i.f.rice conposition using a liquid
bro Sﬁ% a %ﬂ%%@ﬁ 1 TABLE2TABLE 3 TABLEACLAI NS W

claim 1. A conposition conprising a quaternary
ammoni um sal t encapsul ated by a polyneric
nZ.cr oc Bpsadrepositionaif wlaimel, ulatremidreycationgs represaited by a

conprises a cation
structure:

R

3
\ +
@
wherein R3 is an alkyl group having five to twenty-five carbon atoms.

3. The composition of claim 2, wherein R? is an alkyl group having ten to

twenty carbon atoms.

4. The composition of claim 2, wherein the structure comprises at least three
unsubstituted bonds.
5. The composition of claim 1, wherein the quaternary ammonium salt is

cetylpyridinium chloride.

6. The composition of claim 1, further comprising an active agent selected

from the group consisting of stannous ion agent, triclosan, triclosan monophosphate,

13



represented by a structure: wherein RL R2 and R3 are
each independently an al kyl group or a hydrogen atom

in RlL and R2 may formtogether a ring
‘VQ??ﬁ@?ﬁﬁé; and an ani on sel ected fron1the'grogégiizmmmsaﬁ4
Cde

chlorhexidinetalexjdiste, Aexetidgersangyinagine, pepzalkonigan
..jon,.and .a fluoride,ion. 2. The. c sition of. ¢clakm .

salicy Mg Gt Rota it b Per VLRt B Ry ol Rl fomice,

d FRiRuhScRABridkK YPCY QURr-BaNiyNG. il RiihWeRTUIdr e
tetra ?gﬁggﬁ étgns? 3? Tﬁe g%npositio of gygpﬁwé, mherefn
(TDEIRG), iosteaidiat kyd ngypanigl, habapnol tekin, eirfientagenaicbpper ion agent,

atons. 4. The conposition of claim2, wherein the
essentialrqilst wraneresp brefeyogins pad$alts HredBolunsubst i t ut ed

bonds. 5. The conposition of claim1l, wherein the

guat ernary ammopni um salt js cetyl pyridiniumchloride,

67- Thel RoHRIBEPIFGH Qi herein, r%ﬁywwwrﬁl@Paﬁle

iV t ed: g i 8L] .

comp eyt deBPBEk REARE! SRl EREbbRaPrAERBGHEPI RS c acd.

nmonophosphat e, chl or hexi di ne, al exi di ne, hexeti di ne,

s@ngui : ; :

B nansy tafigodABAR R Rl (16 cobfbobn Rithdomprises a
fluoridempfarcdr om de, tetradecyl pyridi niumchloride (TPC),

N-t etradecyl - 4-et hyl pyri di ni um chl ori de ( TDEPC),

oct eni di ne, del nmopi nol, octapinol, nisin, zinc ion

agent , Aqoppss foomaagéarturieg sermnitiahicoobial déndifaine nesprising:

bacteriocins and salts thereof. 7. The conposi tion of _

claim 1, wHEKaPUlpHBESHIYAIRIIAEY ATHRORER 5716 wilhpa Relgmeric

at | east one. It chi tosan, pol ycaprol act one,
nr%llc(%f)ca;%ugé_, D:léld

and pol yacrylic The conposition of claimb5,

wher ei n t hexiANRAS kideiffied Witdrthe @RBApLSted Juadia e ammonium
I ON source.
salt.

10.  The process of claim 9, wherein the quaternary ammonium salt is

cetylpyridinium chloride.

11.  The process of claim 10, further comprising admixing a fluoride ion source

with the dentifrice.

12, A method of producing a 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) dispersing the solution in an external aqueous phase; and

(d) removing the solvent from the external aqueous phase of step (c) to form

quaternary ammonium salt encapsulated polymeric microcapsules.
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9. A process for manufacturing an antim crobi al
dentifrice conprising: encapsul ating a quaternary
j salt within a polymeric mcrocapsul -
“]agn1§?%§la dentifrice wwth the encapsul at ed 333;er2§??“54
alProni Tha mathod afclaimné2 prberess thef qudtaimarg amhensim selie
quaternary amonjum salt is cetyl pyridiniumchloride.
comprjges aqaElofIERESEN 35HEBICF ur t her conpri si ng
adm xing a fluoride ion sour with the dentifrice.
12. Anmet hod of producing a quaternary ammoni um salt
encapsul ated by a pol yneric m\cfocapsul e having an
average di ameter of about 5 miigrQns to about 50
m crons, conprising: (a) di§g6lvin@3the qguat er nary
ammoni um salt in an aqueows phase; (b) dispersing the
aqueous phase within a hydrophobic organi c sol vent
hahieregn B!, di% soél Redaneaslaghendepenidentty ansdkyl gromp qre) hydrogen
digﬁersiﬁg tg»zgolution i n an external aqueous phase;
atom g NERy ™ Ko ARG TR EOUB FORFTRCT 3 BRBOHEEREef ™I aqueous
SHERoscPLER (i 18 e BL T IHILEREPE Y MBI SBlbrjdg jon
bromidleabmahd a Misfi@eRoh.he quat er nary ammoni um sal t
conprises a cation represented by a structure: wherein
R R2 and R3 are each independently an al kyl group or a

hydrogen at am or wherejn and R2 may. formtogether a .

rHhg gﬁewﬂwfofaﬁgmaﬁ@aw B Peeatgaﬂylﬁrrsmqsa%tgegrta’u%mme-

consi sting of a hal ogen ionR3a chloride ion, bromde

ion, and a fluoride ion. 143\;?e met hod of claim 13,
e

wherein the cation is repres hFd by a structure:

wherein R3 is an alkyl group having five to twenty-five carbon atoms.

15.  The method of claim 14, wherein R3 is an alkyl group having ten to twenty

carbon atoms.

16.  The method of claim 14, wherein the structure comprises at least three

unsubstituted bonds.

17. The method of claim 12, wherein the quaternary ammonium salt is

cetylpyridinium chloride.

18.  The method of claim 12, wherein the polymeric microcapsule comprises at

least one of chitin, chitosan, polycaprolactone, and polyacrylic acid.

19. A personal care product comprising a quaternary ammonium salt

encapsulated by a polymeric microcapsule produced according to claim 12.
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wherein R3 is an al kyl group having five to twenty
-five carbon atons. 15. The nethod of claim 14,
' is an al kyl group having ten to t
W%\gbﬁg’gﬁgéﬁm. 16. The nethod of claim 14, m%’ﬁsﬁoﬁ"é@“?“
0 uctlinegpazermsd icaesspraduce aselaim A BefugHwysempriging a fluoride ion
bonds. Yl. The nethod of claimyYl wherein the
SOurCeyat ernary anmoni um salt is cetyl pyridinium chl ori de.
18. The nmethod of claim 12, wherein the polyneric
],.Crocapsul e.c rises at | east on chitl
' oda b S RRRFG e drui RN PSRy B MiBengrpsylgted by a
polynferR&hReE8Bbs GR v gH%befa?@Rﬁh&'ef& At abbat ShRidfohs to about 50
amoni um salt encapsul ated by a pol yneric m crocapsul e
microps,@dugedimecording to claim 12.20. The personal care
product of clajim 19, further conprising a fluoride ion
debfliseolvig a pRBIMePR the GEieRgy AMHNARBIA S7Y 1 ASHRERHS
salt encapsul ated by a polyneric mcrocapsul e havi ng

phasea average diameter of about 5 microns to about 50

r(LJ? ag %rsilggﬂﬁr dGitdis flake db $804ViNDGi @nﬁﬂéiﬁﬁ‘%ﬁo?ﬂ%mﬂhe
quat er nary” ammohi um salt in an aqueous phase; (b)
dicpgtat sigrthe eheulsiguerdssepftd se an slovatet tammparaturerrolesaporate the
drops; and (c) stirring the enmulsion of step (b) at, an
aqueogp phasernd &vpe FHAFTBAYRIBIPS R B! tensa R trdsP i Agsic
. _and %%rn1quaternary amoni um salt encapsul at ed
MICTORHISMSr i ¢ i crocapsul es. 22. The method of clai m 21,
wherein the quaternary anmoni um salt conprises a
cation represented by a structure: wherein R1, R2, and
RR. arkheamethddhaepeiml@htwierem ghkghatgroup apnmanium salt
hydr n
comprigeds aocga%on represented by a structure:

wherein R}, R2, and R3, are each independently an alkyl group or a hydrogen
atom or wherein R! and R? may form together a ring structure; and
an anion selected from the group consisting of a halogen ion, a chloride ion,

bromide ion, and a fluoride ion.

23. The method of claim 22, wherein the cation is represented by a structure:

R3

AN

N

wherein R3 is an alkyl group having five to twenty-five carbon atoms.
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atomor wherein Rl and R2 may formtogether a ring
structure; and an anion selected fromthe group
i skifng of a halogen ion, a chloride ion, fﬁ%@
W(f%ﬂ?/h%%%é‘a fluoride ion. 23. The method of cllgi;m ?8/056654
vbier ei Pha metlvad pbelain 23ewhersnféds dy abkys grop baeing ten to twenty
wherein R3 is an al kyl group having five to
carbop YOS £ ve carbon atons. 24. The nmethod of clai m 23,
wherein R3 is an al kyl group having ten to twenty

b : h d.of, claim 23, wherein th
B oor i Rinsf PLaais AT et R R TFp coPREREL Y 1608 three
unsuliged efids The method of claim 21, wherein the

quaternary amonium salt is cetyl pyridiniumchloride.
27. The nethod of claim 21, wherein the el evated

t garper phdifRthed 8PaHIm 23, Whefeid BRUEUARPh Ly dBmohi@m salt is
nmet hod of claim 21, wherein the polynmeriC m crocapsul e

cetylpyonpniuseshlatideeast one of chitin, chitosan,
pol ycaprol act one, and polyacrylic acid. 29. A persona
care product conprising a quaternary ammoni um salt
et apslhamethas obclpoh Zhewiheran choelgpaigddepmsdaizee is about 95° C
]Dacq@pg'ng to claim28. 30. The personal care product
to abpt 1tV aFm 29, further conprising a fluoride ion source.
31. A polyneric mcrocapsule conprising a quaternary

a ni.um sal.t rein,th uat.erna anmoni um sal t .

cohor | bk FRkad PEReFhR BEsHR S PA AT R LIAGIS comprises at
1 it @i f83an, Pty Bl RIRP SR Jaer A Aily! group
eaﬂn@%}% H@%rogéﬁgg? nw%gﬁ&hefein R1 ?%JLR§€%ay1?grn1

together a ring structure; and an anion selected from

the gr AURr&H2S catd PRt BoplioeRh f@Mer@argHrliodeuh @At
brom de ion, and a fluoride ion.
encapsulated by a polymeric microcapsule produced according to claim 28.

30.  The personal care product of claim 29, further comprising a fluoride ion

source.

31. A polymeric microcapsule comprising a quaternary ammonium salt,

wherein the quaternary ammonium salt comprises a cation represented by a structure:

wherein R?, R?, and R3, are each independently an alkyl group or a hydrogen
atom or wherein R' and R2 may form together a ring structure; and

an anion selected from the group consisting of a halogen ion, a chloride ion,

bromide ion, and a fluoride ion.

32.  The polymeric microcapsule of claim 31, wherein the cation is represented

by a structure:
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32. The polyneric mcrocapsule of claim31, wherein
the cation is represented by a structure:wherein R3 is
W(ﬁibOS”/U‘lXis group having five to twenty-five car 52008/056654

atons. 33. The polyneric nlcrocapsule of claim

wherein R3 is an al kyl grou haV|ng ten to tmenty
carbon atons. 34. The pol ymeNc jm crocapsule of claim
32, wherein the structure conpn.ses at |east three
unsubstituted bonds. 35. Th ric mcrocapsul e of
claim 32, wherein the quatefnary apmoniumsalt is
cetyl pyridi niumchloride. 3p. ol yneric

m crocapsul e of claim31, f conprising an active
agent selected fromthe group consisting of stannous

| @ReR@eRE is 4 Alkydgadyp havicigdbanororopnéiselatleon atoms.
chl or hexi di ne, al exi di ne, hexetidi ne, sangui nari ne,
benzalkonlun1chlor|de sallcylanlllde arginate

et glgrl aur %ﬁygz{;%.lﬂ tﬁﬁqlg O| 3 5;15 ar aﬁl?fl group

havin t&ﬂ gggrgylcazhtfcg{g%h@/rl di ni um chI orl de (TDEPQ) ,

cteni nopi nol , octapinol, nisin, zinc ion
agent, copper ion agent, essentlal oi l's, furanones,

bact ertaChOsmEH kdcrbbgp£0E of @Rfin GE,X\R/HE&Sn these@éture comprises

at least three unsubstituted bonds.

35.  The polymeric microcapsule of claim 32, wherein the quaternary

ammonium salt is cetylpyridinium chloride.

36.  The polymeric microcapsule of claim 31, 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, salts thereof; and mixtures thereof.
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