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ZINC-CONTAINING COMPOSITIONS WITH ESSENTIAL GILS

BACKGROUND

10081} Dental plague is a biofilm that adheres to tooth and other oral surfaces, particularly at the
gingival margin, and is implicated in the occurrence of gingivitis, periodontitis, caries and other
forms of periedontal disease. Various antibacterial agents can retard the growth of bacteria and
thus reduce the formation of biofilm on oral surfaces. Zinc and other metal cormpounds/salts
have been previously used as antibacterial agents. Without being bound by any theory, free zine
ions are believed to provide antibactenial efficacy by wnhibition of ghucose metabolisra and/or
interaction with the bacterial cell wall, reducing bacterial colonization of the oral cavity (as
discussed in Cummins D, J Clin Periodontol 1991; 18; 455-461). An msoluble zine compound,
zinc oxide, could also deliver strong antibacterial efficacy during tooth brushing.

{8002] It would be desirable to provide an oral care composition which exhibits even greater

biofilm reduction efficacy than previously-known compositions.
BRIEF SUMMARY

{#683] In a first aspect, the present invention provides an oral care composition comprising:
{a} at least one zing won source; and
{b} at lcast two active ingredients, wherein said active ingredients are selected from one
or more of the following groups:
{1} monoterpenoid phenols,
{11} monoterpenoid aldchydes,
{111) sesquiterpenotd alcohols,
{iv}) active compounds from an extract of oregano, and
{v} active compounds frora an extract of rosemary.
{#684] Optionally, the total concentration of the at least one zinc ion source is from (.1 to 4.0
weight %, based oun the total weight of the composition. Further optionally, the total
concentration of the at least one zinc ion source is from 0.5 to 2.0 weight %, based on the total
weight of the coraposition.
{(605] Optionally, the total concentration of the at least two active ingredients is from 500 to
10,000 ppm. Further optionally, the total concentration of the at least two active ingredients is

from 1000 to 5000 ppm.
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{#086] Optionally, the monoterpenoid phenols are carvacrol and thymel Optionally, the
composition comprises carvacrol, Optionally, the composttion comprises thymol.

{8607} Optionally, the monoterpenoid aldehyde is citral. Optionally, the composition comprises
citral.

{6088] Optionally, the sesquiterpencid alcohol is bisabolol.  Optionally, the composition
cormprises bisabolol.

{8689} Optionally, the composition comprises bisabolol and citral. Further optionally, the ratio
of citral to bisabolol 15 from 1:1 to 3:1 by weight; optionally about 2:1 by weight.

{6618} Optionally, the composition comprises bisabolol and carvacrol. Further optionally, the
ratio of bisabolol to carvacrol is from 1:2 to 2:1 by weight; optionally about 1.5:1 by weight.
{#011] Optionally, the composition comprises bisabolol and thymeol,

18012} Optionally, the compeosition comprises citral and carvacrol.

{8013} Optionally, the composition compriscs citral and thymol.

{#6314] Optionally, the composition comprises carvacrol and thymol. Further optionally, the ratio
of thymol to carvacrol is from 8:1 to 13:1 by weight; optionally about 11.25:1 by weight.

{8615} Optionally, the active compounds from an exiract of orecgano are carvacrol, thymoel,
limonene, pinene, p-cymene and caryophyilene. Further optionally, the oral care compesition
comprises an extract of oregano, the extract of oregano comprising carvacrol, thymel, Hrouene,
pinene, p-cymene and caryophyliene.

18616} Optionally, the oral care composition comprises an extract of oregano, the cxtract of
oregano comprising 50 to 70 weight % carvacrol, 10 to 35 weight % thymol and 10 to 20 weight
% p-cymene, based on the weight of the extract of orcgano.

(#6317} Optionally, the composition comprises bisabolol and the extract of oregano. Further
optionally, the ratio of the extract of oregano to bisabolol is from 2:1 to 6:1 by weight; optionally
about 4.4:1 by weight.

18018} Optionally, the composition compriscs citral and the extract of oregano.

{6619} Optionally, the active compounds from an exiract of rosemary are g-pinene, B-pincoe,
borneol, bornyl acetate, camphor, camphene, 1,8-cincole and limonene. Further optionally, the
oral care composition comprises an cxtract of roscroary, the extract of rosemary comprising o-

pinene, P-pineue, borneol, bornyl acetate, camphor, camaphene, 1,8-cineole and limonene.
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{#028] Optionally, the oral care composition comprises an extract of rosemary, the extract of
rosemary comprising 25 to 40 weight % o-piveone, 5 to 20 weight % P-pinene, and 10 to 25
weight % camphor, based on the weight of the extract of rosemary.

{8021} Optionally, the composition compriscs bisabolol and the extract of rosemary. Further
optionally, the ratio of the extract of rosemary to bisabolol is from 40:1 to 60:1 by weight;
optionally about 48:1 by weight,

18622} Optionally, the composition comprises citral and the exiract of rosemary.

18023} Optionally, the composition comprises carvacrol and the cxtract of rosemary. Further
optionally, the ratio of the extract of rosemary to carvacrol s frorn 70:1 to 80:1 by weight;
optionally about 75:1 by weight.

16624} Optionally, the composition comprises thymol and the extract of rosemary.

180251 Optionally, the composition comprises the extract of rosemary and an extract of oregano.
Further optionally, the cxtract of oregano compriscs carvacrol, thymol, limonene, pineune, p-

cymene and caryophyllene.

4D

{#026] Optionally, the extract of oreganc comprises 50 to 70 weight % carvacrol, 10 to 35
weight % thymol and 10 to 20 weight % p-cymene, based on the weight of the exiract of
0rCZans.

{6627} Optionally, the at least one zine ion source is selected from zine citrate, zinc oxide, zinc
acetate, zinc gluconate, zinc glycinate, zine sulfate, zinc phosphate and sodimm zinc citrate.
Further optionally, the composition comprises zine oxide and zinc citrate.  Still further
optionally, the molar ratio of zinc oxtde to zine citrate is from 0.5 to 3:1. Yet further optionally,
the molar ratio of zine oxide to zing citrate is from 1:1 to 3:1, optionally about 2:1.

{6028] Optionally, the composition comprises from 8.1 to 2.0 weight % zinc oxide and from
0.20 to 1.0 weight % zinc citrate; optionally from 0.5 to 1.5 weight % zinc oxide and from 0.25
to 0.75 weight % zing citrate.

18029} Optionally, the composition is a dentifrice, a toothpaste, a gel, a tooth powder, a
mouthwash, a wouthrinse, a lozenge, a tablet, a spray, a guro, or a film.

{#838] In a second aspect, the present invention provides an oral care composition of the present

invention, for use in reducing or inhibiting biofilm formation in an oral cavity.
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{¢0631] In a third aspect, the present invention provides a method of reducing or inhibiting
biofilm formation 1u an oral cavity, the roethod coraprising contacting the oral cavity with an oral
care composition of the present invention.

10G32] In a fourth aspect, the present invention provides the use, in an oral care composition, of
a combination of (a} at least one zinc ion source; and () at least two active ingredients, wherein
said active ingredients are selected from one or more of the following groups: (i) monoterpenoid
phenols; (1) monoterpenoid aldehydes; (i) sesquiterpenotd alcohols; (v} active comapounds
from an extract of oregano; and (v} active compounds from an extract of rosemary; to reduce or
inhibit biofilw formation in av oral cavity.

{#033] Further arcas of applicability of the present invention will become apparent from the
detailed description provided hereimatter. It should be understood that the detailed description
and specific examples, while indicating the preferred embodiment of the invention, are intended

for purposes of tllustration only and are not intended to limit the scope of the invention.
DETAILED DESCRIPTION

{6034} The following description of the preferred embodiment(s) 18 merely exemplary 1o nature
and is i no way intended to limit the invention, its application, or uses.

[B635] As used throughout, ranges are used as shorthand for describing each and every value
that is within the range. Any value within the range can be selected as the terminus of the range.
In addition, all references cited herein are bereby incorporated by referenced in their entireties.
In the event of a conflict in a definition tn the present disclosure and that of a cited reference, the
present disclosure controls.

18036] Unless otherwise specified, all percentages and amounts expressed herein and elsewhere
in the specification should be understood to refer to percentages by weight. The amounts given
are based on the active weight of the material. As referred to heretn, “ppm” (parts per mitlion)
refers to ppm by weight uniess otherwise indicated. In addition, all ratios expressed herein refer
to ratios by weight unless otherwise indicated.

180371 Unless otherwise specified, all experiments described herein are conducted at 25°C and
under atmospheric pressure.

{B038] As discussed above, it would be desirable to provide an oral care composition which

exhibits greater biofilm reduction efficacy than previous oral care compositions.
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{#039] Therefore, in one aspect of the present invention, there is provided an oral care
composition comprising:
{a} at least one zing ton spurce; and
(b} at lcast two active ingredients, wherein said active ingredients are selected from one
or more of the following groups:
(1) roonoterpenoid phenols,
{11} monoterpenoid aldchydes,
{i11) sesquiterpenoid alcohols,
{iv} active corapounds from au extract of oregano, and
(v} active compounds from an extract of rosemary.
{3040} In some embodiments, the total concentration of the at least two active ingredients in the
oral care composition ts from 50 to 12,000 ppm (0.005 to 1.2 weight %), from 100 to 12,600
ppm (0.01 to 1.2 weight %), from 500 to 10,000 ppm (0.05 to 1 weight %), from 700 to 6000
ppm {0.07 to 0.6 weight %), from 900 to 5500 ppm (0.09 to (.55 weight %), from 1000 to 5000
ppm (0.1 to 0.5 weight %), from 3000 to 5000 ppm (0.3 to 0.5 weight %); or about 1000 ppm
{0.1 weight %), about 3000 ppro (0.3 weight %), or about 5000 ppro (0.5 weight %). In some
embodiments, the total concentration of the at least two active ingredients in the oral care
composition 1s from 2500 to 5500 ppm (0.25 to 0.55 weight %), from 4500 to 5500 ppm (0.45 to
0.55 weight %), from 4800 to 5200 ppm {048 to (.52 weight %), or about 5000 ppm (0.5 weight
Yo}
{8041} Terpenes are hydrocarbons formally derived from the combination of one or more five-
carbon isoprene units, CHy=C{CH)CH=CH, (2-methylbuta-1,3-dicne, molecular formula CsHg).
The isoprene units may be linked together to form linear chains, or may be arranged to form
rings {for cxample, benzene rings). Terpenoids (sometimes referred to as “isoprencids™) can be
thought of as being modified terpenes, ¢.g. containing additional functional groups (such as, for
example, alcohol or aldehyde groups) or wherein methyl groups have been moved or removed.
As for terpenes, terpenoids can be classified according to the number of tsoprene units from
which they are formally derived:
« Hemiterpenoids: | isoprene unit (i.e. Cs skeleton)
s Monoterpenoids: 2 isoprene units (i.e. Ty skeleton)

= Sesquiterpenoids: 3 isoprene units {i.e. Cys skeleton)
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 Diterpenoids: 4 isoprene units {i.e. Cy skeleton)

» Sesterterpenoids: S wsoprene unus (1.e. Cys skeleton)

» Triterpenotds: 6 isoprene units (1.e. Csp skeleton)

= Tetraterpenoids: § isoprene units (.. Cyo skeleton)
{#042] A monoterpenoid aldebyde which may be used in the compositions of the present
mvention s citral {also known as 3,7-dirncthyl-2,6-octadienal or lemonal). There are two
double-bond stereotsomers of citral: the E-isomer {which s known as geramal or citral A); and
the Z-isomer {which 18 known as neral or citral B). In the present invention, the citral 18 a mixture
of these two somers at a ratio of 60:40 F-isomer to Z-isomer. The structures of these two

isomers is shown below:

geranial

AN AN
“

neral Q

{8043} In some cmbodiments, the oral care composition comprises citral. In some cmbodiments,
citral is present in the oral care coraposition in an amount of from 500 to 4000 ppro, 600 to 3600
ppm, 1500 to 3500 ppim, 2000 to 3500 ppm, or 3200 to 3400 ppm.

18644} Monoterpenoid phenols which may be used 1 the compositions of the present invention
include carvacrol and thymol. Thymol (also known as 2-isopropyl-5-methylphenol} is isomeric
with carvacrol (also known as S-isopropyl-2-methylphenol, or cymophenol). The structures of

these two compounds are shown below:
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thymol carvacrol

{3045] In some cmbodiments, the oral care composition comprises carvacrol.  In other
embodiments, the oral care composition comprises thymol.

{3046} In some embodiments, carvacrol is present in the orval care composition in an amount of
from § to 3000 ppm, from 10 to 2500 ppm, or from 10 to 2000 ppm. In some embodiments,
carvacrol s present 1o the oral care composition 1o an amount of from 80 to 2000 ppm. In other
embodiments, carvacrol is present in the oral care composition in an amount of from 10 to 75
ppm, frora 35 to 70 ppm, or from 50 to 70 ppm.

{68347} In some embodiments, thymol is present in the oral care composition in an amount of
from 500 to 5000 ppm, from 800 to 4800ppr, from 900 to 4600 ppm, from 2600 to 4600 ppm,
or from 4500 to 4600 ppm.

{8048} In certain embodiments, the oral care composition comprises thymo! and carvacrol. In
sormae embodiments, the ratio of thymol fo carvacrol is from S:1 to 15:1 by weight, from 6:1 to
14:1 by weight, from 8:1 to 13:1 by weight, from 2:1 to 12.5:1 by weight, from 10:1 to 12:1 by
weight, or about 11.25:1 by weight. In some embodiments, the oral care composition compriscs
from 50 to 450 ppm carvacrol and from R0 to 4800 ppm thymol; from 88 to 410 ppm carvacrol
and from 900 to 4600 ppm thymel; from 200 to 410 ppm carvacrol and frorn 2600 to 4600 ppm
thymol; or from 390 to 410 ppm carvacrol and from 4500 to 4600 ppm thymol.

{#049] A sesquiterpenoid alcohol which may be used in the compositions of the present
invention is bisabolol (also known as levomenol). There are two structural 1somers of bisabolol:

g-bisabolol and B-bisabolol. The structures of these isomers are shown below:
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alpha-bisabolol / beta-bisabolol

{G058] In certain embodiments of the present invention, the isomer of bisabolol which is present
in the oral care compositions is a-bisabolol. There are two enantioruers of u-bisabolol: a-(-)-
bisabolol and w~(+)-bisabolol. Of these enantiomers, o-(-)-bisabolol (ilhustrated below) is
naturally occurring, and is found in German chamomile (Matricaria recutita) and Myvoporum

crassifoliuvm. o~{(+})-Bisabolol is also found in natare, but is rare.

Z
",
%
:
:
2
3

alpha-(-}-bisabolol
Synthetic bisabolol is usually a racemic mixture of the two cnantiomers i.¢. a-{)-bisabolol. In
certain embodiments of the present invention, the bisabolol which is preseunt in the oral care
compositions is racemic u-{£}-bisabolol.

{60651] In soroe omboduments, the orval care cowposition compuises bisabolol.  In some
embodiments, bisabolol is present in the oral care composition in an amount of from 10 to 3500
ppm, from 15 to 3100 ppm, or from 20 to 3050 ppm. In certain embodiments, bisabolol is
present in the oral care composition in an amount of from 14 to 1000 ppm, from 20 to 950 ppm,
or from 100 to 950 ppro. In other embodiments, bisabolol 1s present in the oral carc composition
in an amount of from 300 to 3500 ppm, from 1000 to 3200 ppm, or from 1500 to 3100 ppm.
{¢052] In some embodiments, the oral care composition comprises bisabolol and citral. In
certain embodiments, the ratio of citral to bisabolol is from 6.5:1 to 4:1 by weight, fromn 111 t©
3:1 by weight, from 1.5:1 to 2.5:1 by weight, from 1.75:1 to 2.25:1 by weight, or about 2:1 by
weight.  In some erobodireents, the oral care composition comprises from 300 to 2000 ppm

bisabolol and from 500 to 3500 ppm citral; from 300 to 1700 ppm bisabolol and from 600 to



WO 2016/036341 PCT/US2014/053629

3400 ppm citral; from 1000 to 1700 ppm bisabolol and from 1800 to 3400 ppm citral; or from
15006 to 1700 ppm bisabelol and from 3100 to 3400 ppw citral.

{8053] In some embodiments, the oral care compesition comprises bisabolol and carvacrol. In
certain ernbodiments, the ratio of bisabolol to carvacrol is from 13 to 3:1 by weight, from 0.5:1
to 2:1 by weight, from 1:1 to 2:1 by weight, from 1.25:1 to 1.75:1 by weight, or about 1.5:1 by
weight,  In some embodiments, the oral carc composition comprises from 500 to 3500 ppm
bisabolol and from 250 to 2500 ppro carvacrol; from 600 to 3100 ppm bisabolol and from 300 to
2000 ppm carvacrol; from 1500 to 3100 ppm bisabolol and from 1000 to 2000 ppm carvacrol; or
from 3000 to 3100 ppro bisabolol and from 1900 to 2000 ppro carvacrol,

{#054] In some embodiments, the oral care composition comprises bisabolol and thymol.

{655} In some ermbodiments, the corposition comprises citral and carvacrol.

{8056} In some embodiments, the composition comprises citral and thymol.

{80637 In some cmbodiments, the active compounds from an extract of oregano are cyclic
monoterpenes, bicyclic monoterpenes, monoterpensid phenels, bicylic sesquiterpenoids, and
alkylbenzene compounds. In some cmbodiments, the active compounds from an extract of
oregano are carvacrol, thymol, lirooneue, pinene, p-cyroene and caryophyllene. Limonenc is a
cyclic monoterpene, pinene i85 a bicyclic monoterpene, carvophyliene 18 a bicylic
sesquiterpenoid, and p-cymene s an alkylbenzene compound related to cyclic monoterpenes. In
some embodiments, the oral care composition comprises an cxtract of oregano, the extract of
orcgano comprising carvacrol, thymol, Hmoncune, pinene, p-cyrmuene and caryophyliene. In
certain embodiments, the extract of oregano comprises 584 to 70 weight % carvacrol, 10 to 35
weight % thymol and 10 to 20 weight % p-cymene, based on the weight of the extract of
oregano; or 55 to 65 weight % carvacrol, 10 to 35 weight % thymol and 12 to 18 weight % p-
cymene, based on the weight of the extract of oregano. In some embodiments, the extract of
oregano comprises about 61 weight % carvacrol and 1S weight % p-cymeune, based ou the weight
of the extract of oregano.

{6038} In some cmbodiments, the oral care compaosition comprises bisabolol and the extract of
oregano. In some embodiments, the ratio of the extract of oregano to bisabolol is from 1:1 to 7:1
by weight, from 2:1 to 6:1 by weight, from 3:1 to S:1 by weight, from 4:1 to 4.5:1 by weight, or
about 4.4:1 by weight. In some embodiments, the oral care composition comprises from 150 to

1000 ppm bisabolol and from 500 to 4500 ppra extract of orcgano; fromn 180 to 950 ppm
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bisabolol and from 800 to 4100 ppm extract of oregano; from 500 to 950 ppm bisabolol and from
2200 to 4200 ppm extract of oregano; or from 850 to 950 ppm bisabolol and from 3900 to 4100
ppm extract of oregano.

{6039} In some cmbodiments, the composition coraprises ciiral and the extract of oregano.

{6068] In some cmbodiments, the active compounds from an extract of rosemary are cyclic
monoterpenoid  cthers, monoterpenoid  aleohols, monoterpenoid  ketones, and  bicyclic
rmonoterpenes. In sorae emsbodirnents, the active compounds from an extract of rosemary are o~
pinene, B-pincne, borneol, bornyl acetate, camphor, camphene, 1,¥-cincole and limonene.
Borueol is a monoterpenoid alcohol, camphor is 4 monoterpenoid ketone, camphene 18 a bicyelic
monoterpene, and 1,8-cineole (also known as cucalyptol) is a cyclic monoterpenoid cther. In
some embodiments, the oral care composition comprises an extract of roscmary, the extract of
rosemary comprising g-pinene, P-pinene, boreol, borny!l acetate, camphor, camphene, 1,8~
cincole and limonene. In certain embodiments, the extract of roscraary comprises 25 to 40
weight % a-~pinene, 5 to 20 weight % B-pinene, and 10 to 25 weight % camphor, based on the
weight of the extract of rosemary; or 30 to 40 weight % w-pinene, 10 to 15 weight % B-pinene,
and 10 to 1S weight % caraphor, based on the weight of the extract of rosemary. In certain
embodiments, the extract of rosemary comprises about 36 weight % a-pinene, about 13 weight
% B-pinene, and about 16 weight % camphor, based on the weight of the extract of rosemary.
{¢061] In some embodiments, the oral care composition comprises bisabolo!l and the extract of
rosemary. In sorne embodiments, the ratio of the extract of rosemary to bisabolol 1s from 40:1 to
60:1 by weight, from 45:1 to 35:1 by weight, from 46:1 to 50:1 by weight, or about 48:1 by
weight.  In some cmbodiments, the oral care composition comprises from 10 to 150 ppm
bisabolol and from 800 to 5200 ppm extract of rosemary; from 20 to 110 ppm bisabolol and from
970 to 5000 ppm extract of rosemary; from 50 to 110 ppm bisabelol and from 2800 to 5000 ppm
extract of rosemary; or from 90 to 110 ppm bisabolol and from 4800 to 5000 ppro extract of
FOSCINAry.

[80362] In some embodiments, the composition comprises ciiral and the extract of rosemary.
{6863} In some embodiments, the composition comprises carvacrol and the extract of rosemary.
In some embodiments, the ratio of the extract of rosemary to carvacrol 1s from 60:1 to 90:1 by
weight, from 65:1 to 85:1 by weight, from 70:1 to 80:1 by weight, or about 75:1 by weight. In

sorne embodiments, oral care composition comprises from 5 to 80 ppm carvacrol and from 800

10
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to 5300 ppm extract of rosemary; from 10 to 70 ppm carvacrol and from 980 to 5000 ppm extract
of rosemary; from 30 to 70 ppm carvacrol and frora 2800 1o 5000 ppm extract of rosemary; or
from 50 to 70 ppm carvacrol and from 4800 to 5000 ppm extract of rosemary.
{8064} In some cmbodiments, the composition coruprises thymol and the extract of roscroary.
{#865] In some embodiments, the composition comprises the extract of rosemary and an extract
of orcgano.  In some embodiments, the extract of oregano comprises carvacrol, thymel,
limonene, piuene, p-cymene and caryophylliene. In certain erubodirueuts, the extract of oregano
comprises 50 to 70 weight % carvacrol, 10 to 35 weight % thymol and 10 to 20 weight % p-
cymene, based on the weight of the extract of oregano.
{#066] In certain embodiments, the oral care composition comprises a combination of:

{a} bisabolol and citral,

{b} bisabolol and carvacrel,

{¢} carvacrol and thymol,

{d) bisabolol and an extract of oregano,

(¢} bisabolol and an extract of rosemary, or

{(ty carvacrol and an extract of rosemary;
wherein the ratios and amounts of the bisabolol, citral, carvacrol, thymol, extract of oregano and
extract of rosemary in cach of cormnbinations (a) to {(f) may be as described i any of the above
embodiments relating to these combinations.
{8867] In some cmbodiments, the total concentration of the at least one zine ion source in the
oral care composition s from 0.1 to 4.0 weight %, from 0.3 to 3.0 weight %, from 0.5 t0 2.0
weight %, from 1.0 to 1.9 weight %, from 1.3 to 1.7 weight %, or about 1.5 weight %, based on
the total weight of the composition.
{6868] In certain embodiments, the at least one zinc ion source is selected from zing citrate, zine
oxide, zine acetate, zine gluconate, zine glycinate, zine sulfate, zinc phosphate and sodium zing
citrate. In some embodiments, the composition comprises zine oxide and zine citrate. In certain
embodiments, the weight ratio of zine oxide to ziuc citrate 1s from §:5 to S:1; from 0:5 to 4:1, or
from 0:5 to 3:1. In some embodiments, the weight ratio of zine oxide to zinc citrate is from 0.1:1
to 4:1, from 1:1 to 31, from 1.5:1 t0 2.5:1, or about 2:1. In some embodiments, the composition
comprises from 0.1 to 5.0 weight % zinc oxide and from 0.1 to 2.0 weight % zinc citrate; from

0.1 to 2.0 weight % zinc oxide and from 0.20 to 1.0 weight % zinc citrate; from 0.5 to 1.5 weight
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% zinc oxide and from 0.25 to 0.75 weight % zinc citrate; from 0.75 to 1.25 weight % zinc oxide
and frorn 0.4 to 0.6 weight % zive citrate; or about 1.0 weight % zinc oxide and about 0.5 weight
Yo zinc citrate.

1006%] In some embodiments, the composition 1s a dentifrice, a toothpaste, a gel, a tooth powder,
a mouthwash, a mouthrinse, a lozenge, a tablet, a spray, a gum, or a film.

{6670} In a second aspect, the present invention also provides an oral carc composition as
described 1o any of the above embodiments, for use in reducing or inhibiting biofilm formation
in an oral cavity.

[B371] In a third aspect, the present invention also provides a method of reducing or inhibiting
biofilm formation in an oral cavity, the method comprising contacting the oral cavity with an oral
care composition as described in any of the above erbodiments.

{8072] In a fourth aspect, the present invention alsg provides for the use, in an oral care
compostiion, of a combination of (&) at lcast one zinc ton source; and (b) at least two active
ingredients, wherein said active ingredients are selected from one or more of the following
groups: (1) monoterpenoid phenols; (11) monoterpenoid aldchydes; (111} sesquiterpenoid alcohols;
{iv} active compounds from an extract of oregano; and (v} active corapounds from an extract of
rosemary; to reduce or inhibit biofilm formation in an oral cavity. The at lecast one zinc ion
source and the at least two active ingredienis may be as discassed n any of the above
embodiments. Furthermore, the composition may be a dentifrice, a toothpaste, a gel, a tooth
powder, a mouthwash, a mouthrinse, a lozenge, a tablet, a spray, a gum, or g film.

18073] In any embodiments of each of the above aspects, the oral care compositions may further
comprisc additional ingredients. These additional ingredients may include, but are not limntted to,
diluents, bicarbonate salts, surfactants, foam modulators, sweeteners, flavorants, pigments,
antibacterial agents, anticarics agents, anticalculus or tartar control agents, polymers (such as
xanthan gum, carboxymethyleellulose, carrageenan gumy) and mixtures thereof,

18074} In some embodiments, the oral care compositions of the present invention comprise at
icast one bicarbonate salt useful for example to impart a “clean feel” to teeth and gums due to
effervescence and release of carbon dioxide. The one or more additional bicarbonate salts are
optionally present in a total amount of about 0.1 wt. % to about 30 wt. %, for example about |

wt. % 1o 20 wt. %, by total weight of the composition.
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{#G75] The oral care compositions of the invention may also comprise at least one surfactant.
Any orally acceptable surfactant, most of which are anionic, vondonic or armphoteric, can be
used. One or more surfactants are optionally present in a total amount of about .01 wt.% to
about 10 wt. %, for cxample, from about 0.05 wt. % to about 5 wt. %, or from about 0.1 wt. %
to about 2 wi. % by total weight of the composition.
#0376} The oral care compositions of the invention may comprise at lcast one foam modulator,
useful for example to increase amount, thickvess or stability of foam generated by the
composition upon agitation. One or more foam medulators are optionally present in a total
amount of about 8.1 wt. % to about 10 wt. %, for exaraple from about 0.2 wi. % to about 5 wt.
%, or from about 0.25 wt. % to about 2 wt.%, by total weight of the composition.
{86771 The oral care cornpositions of the present invention roay comprisc at least one swoetener
{such as, for example, sodium saccharin}, useful for example to enhance taste of the composition.
One or more swecteners are optionally present in a total amount depending strongly on the
particular sweetener(s) selected, but typically 0.005 wt.% to 5 wt.%, by total weight of the
composition, optionally 0.005 wt.% to 0.2 wt.%, further optionally 0.05 wt.% to 0.1 wt.% by
total weight of the coraposition.
{8078] The compositions of the present invention may also comprise at least one flavorant,
uscful for exarople to enhance taste of the composition. Oune or more flavorants are optiovally
present in a total amount of from about 0.01 wt. % to about 5 wt. %, for cxample, from about
0.03 wt. % to about 2.5 wt.%, optionally about 0.05 wt.% to about 1.5 wt.%, further optionally
about 0.1 wt.% to about 0.3 wt.% by total weight of the composition.
{8079} The compositions of the mvention may coraprise at least one colorant. Colorants herein
include pigments, dyes, lakes and agents imparting a particular luster or reflectivity such as
pearling agents. Any orally acceptable colorant can be used. Onc or more colorants are
optionally present n a total amount of from about §.001 wit.% to about 20 wi.%, for example,
from about 0.01 wt.% to about 10 wt. %, or from about (.1 wt. % to about 5 wt.%, by total
weight of the coraposition.
{(0388] The oral care compositions may also comprise a fluoride ton source. Fluoride ion sources
rnay be added to the compositions of the mvention at a level of about 0.001 wt. % to about 10 wit.
%, ¢.g., from about §.003 wt. % to about 5 wt. %, 0.01 wt. % to about T wt., or about 8.05 wt. %.

However, it 1s to be understood that the weights of fluoride salts to provide the appropriate fevel
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of fluoride 1on will obvicusly vary based on the weight of the counter 1on in the salt, and one of
skill in the art may readily determoine sach amouuts.
{8081} The compositions of the present invention may comprise a saliva stimulating agent
uscful, for example, in amclioration of dry mouth. One or more saliva stimulating agents are
optionally present in saliva stimulating effective total amount.
{3082} The composttions of the present invention may include antisensitivity agents.  Such
agents may be added in effective amounts, e.g., from about 1 wt. % to about 20 wt. % by weight
based on the total weight of the composition, depending on the agent chosen.
{6083} The composition of the inveontion may further comprise an antioxidant.
{#084] The compositions of the present invention may additionally optionally comprise a tartar
control {anticalculus) agent.

EXAMPLES
Example 1
{6685} Compositions 1 to 9 were formulated, each of which contained 1 weight % zinc oxide,
0.5 weight % zinc citrate and two active ingredients selected from bisabolol, citral, carvacrol and
thyrol. For each combination of the aforementioned active ingredicuts, three deuotifrices were
formulated which differed only in the total concentration of the two active ingredients (the total
concentration being 1000 ppro, 3000 ppm and 5000 ppm). The weight ratio of the two active
ingredients for each particular combination was kept constant. The base dentifrice formmlation
was the same for cach of compositions 1 to 9, with only the balance of water in the composition
being adjusted to allow for the differences in concentration of the two active ingredients.

10086} The dentifrice cornpositions 1 to 9 are shown in Tabic 1, below:

Formula Bisabolel Citral Carvacrol Thymeol
{ppm) {ppm) {(ppm) {ppm)

i 3351 664.9

2 1005.3 19947

3 1675.5 33245

4 609.8 3902

5 18294 11706

& 3049.0 1951.0

7 81.6 gik4

i4
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8 244 8 27552
9 40R8.0 45920
Table

{#087] The Biofilm Growth Inhibition University of Manchester Model was used to determine
the ability of the above dentifrices 1 to 9 to reduce oral biofilms. The ability of a Control A
dentifrice (which had the same base formulation as compositions | to @ and contained 1 weight
% zme oxide and 0.5 weight % zinc citrate, but contained no bisabolol, citral, carvacrol or
thymol} and a placebo dentifrice {which had the same base fornwlation as compositions 1 to 9,
but contained no zinc ion sources and no bisabolol, citral, carvacrol or thymol) to reduce oral
biofilms was also tested.

[0088] The protocol for this model is as follows

{1} Dental plaque was collected from four healthy volunteers and pooled together as
inoculum. The Optical Density of the inoculum was matched to 0.3 absorbance at
610nm.

{2y Sterile hydroxyapatite {HAP} disks were incubated under anacrobic conditions at 37°C
for 24 houors with TmL of stenile artificial saliva (with §.01 weight% sucrose) and Tmlb of
pooled saliva in a 24 wel microplate.

(3} For cach test dentifrice (and for cach control) a treatment solution of 1 part dentifrice: 2
parts sterile distilled water by weight was made up. FEach freshly prepared treatment
solation was added to three wells and allowed to contact the HAP disk therein for 10
minutes.

(4} The liguid phasc of cach well was then removed and was replaced by 2mb sterile
artificial saliva.

{5) The disks were then maintained at 37°C under anacrobic conditions for 8 days.

{6y At intervals of 2, 4 and § days, the disks were coliected aseptically and transferved fo
half-strength pre-reduced thioglycollate medium (4.5 mL per disk}.

(7Y 100uL of the dilution 10-4, 10-5 and 10-6 were plated in duplicates for cach disk on
Neomycin/Vancomycin (NV} Agar for Total Gram-negative Anacrobes.

{8} The plates were surface-spread using a sterile spreader and were incubated anacrobically

at 37°C for 72 hours, after which time the number of colonies on each plate was counted.
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{¢089] The logl® CFU/ml (where CFU = colony forming units) for cach composition was
calculated. A lower Logl0 CFU/mi indicates that the composttion tested has greater efficacy 1o
inhibiting biofilm growth.

[8690] The results of the tests are shown in Table 2, below:

Fermaula Avglog CFU/mL
1 6.43
2 6.36
3 6.09
4 6.50
5 6.3%
) 6.17
7 6.44
8 6.42
g 6.27
Contrel A 6.70
Placebs §.11
Table 2

{3091} As can be seen from Table 2, all of the compositions 1 to 9 provided greater efficacy in
reducing biofilm than the Control A formulation {(which contained zinc oxide and zinc citrate,

but no bisabolol, citral, carvacrol or thymol) and the Placebo.

Exampie 2

18092] Compositions 10 to 18 were formulated, cach of which contained 1 weight % zinc oxide,
0.5 weight % zine citrate and two sctive ingredicents selected from bisabelol, carvacrol, oregano
essential ol (an extract of oregano} and rosemary essential oil {an extract of rosemary). For each
combination of the aforcmentioned active mgredients, three dentifrices were formulated which
differed only in the total concentration of the two active ingredients (the total concentration
being 1000 ppm, 3000 ppm and 5000 ppm). The weight ratio of the two active ingredients for
each particular corabination was kept constant. The base dentifrice formulation was the sawe for
cach of compositions 10 to 18, with only the balance of water in the composition being adjusted

to allow for the differences i concentration of the two active ingredients.
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{4093} The dentifrice compositions 10 to I¥ are shown in Table 3, below:

Formula Bisabolol | Carvacrol | Oregane | Rosemary
(ppm) {ppm) {ppm) {ppm)
18 1832 8§14.8
11 5556 24444
12 926.0 4074.0
13 20.4 879.6
i4 61.2 2938.8
5 102.0 4898.0
i6 132 986.8
17 39.6 2960.4
i8 66.0 4934.0
Table 3

{#094] The Biofilm Growth Inhibition University of Manchester Model was used to determine
the ability of the above dentiftices 1 to 9 to reduce oral biofims. The Coutrol data for this test
was not available.

10095] The protocol for this model is as follows

{9y Dental plaque was collected from four healthy volunteers and pooled together as
moculurn.  The Optical Density of the noculum was matched to 0.3 absorbance at
610nm.

{10) Sterile hydroxyapatite (HAP) disks were incubated under anaerobic conditions at 37°C
for 24 hours with ImL of sterile artificial saliva (with 0.01 weight% sucrose) and TmlL
of pooled saliva in a 24 well microplate.

(11) For cach test dentifrice {(and for cach control) a treatment solution of 1 part dentifrice: 2
parts sterile distilled water by weight was made up. Each freshly prepared treatment
solution was added to three wells and allowed to contact the HAP disk therein for 10
minutes.

{12) The liquid phase of cach well was then removed and was replaced by 2mb sterile
artificial saliva.

{13) The disks were then maintained at 37°C under anaerobic conditions for ¥ days.

[
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(14) At intervals of 2, 4 and 8 days, the disks were collected aseptically and transferred to
half-strength pre-reduced thioglycollate voedium (4.5 mL per disk).
{15) 100uL of the ditution 10-4, 10-5 and 10-6 were plated in duplicates for cach disk on
Neoraycin/Vancomycin (NV) Agar for Total Gram-negative Anacrobes.
{16) The plates were surface-spread using a sterile spreader and were incubated anacrobically
at 37°C for 72 hours, after which time the number of colonies on cach plate was counted.
[8096] The logll CFU/ml {(where CFU = colony forraing units) for cach composition was
calculated. A lower Logl0 CFU/mi indicates that the composition tested has greater efficacy in
inhibiting biofilm growth.

{4697} The results of the tests are shown in Table 4, below:

Formula Avglog CFU/mL

16 4.9%

i1 472

12 4.54

i3 4.94

14 4.65

15 4.46

16 4.86

17 4.52

18 4.38
Contrel Not Available

Table 4

{B098] As can be seen from Table 4, all of the compositions 1 to 9 provided excellent efficacy in
reducing biofilm. The control data for this test was not available, but it is believed that the same
improvement in ctficacy would be achieved with corpositions 10-18 as was achieved with

compositions 1 0 9,

Exampie 3
{0099] A commercially available zinc citrate/stannous chloride dentifrice that contained no
bisabolol, citral, carvacrol, thymol, oregano essential oil or rosemary essential o1l (Comparative

Commercial Product) was tested for comparison.

¥
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Comparative Commercial
, 6.49
Product

Table 8§
{6108} Coropositions 1-18 provided great cfficacy in reducing biofilrn over the comumercially
available zinc citrate/stannous chloride dentifrice which did not contain bisabolol, citral,

carvacrol, thymol, orcgano essential oil or rosemary essential oil.
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WHAT IS CLAIMED IS:

1. An oral care composition comprising;:

(a) at least one zinc ion source, wherein the composition comprises from 0.1 to 2.0 weight %
zinc oxide and from 0.2 to 1.0 weight % zinc citrate; and

(b) at least two active ingredients, wherein said active ingredients are selected from the
following: bisabolol; citral; an active compound from an extract of oregano selected from
carvacrol, thymol, limonene, pinene, p-cymene, caryophyllene, and mixtures thereof; and an
active compound from an extract of rosemary selected from a-pinene, B-pinene, borneol, bornyl

acetate, camphor, camphene, 1,8-cineole, limonene, and mixtures thereof.

2. The oral care composition of claim 1, wherein

(a) the total concentration of the at least one zinc ion source is from 0.3 to 4.0 weight %, or
from 0.5 to 2.0 weight %, based on the total weight of the composition; or

(b) the weight ratio of zinc oxide to zinc citrate is from 0.1:1 to 4:1; optionally wherein the
weight ratio of zinc oxide to zinc citrate is from 1:1 to 3:1, further optionally about 2:1; or

(c) the composition comprises from 0.5 to 1.5 weight % zinc oxide and from 0.25 to 0.75

weight % zinc citrate.

3. The oral care composition of any one of the preceding claims, wherein the total
concentration of the at least two active ingredients is from 500 to 10,000 ppm, or from 1000 to

5000 ppm.

4. The oral care composition of any one of the preceding claims, wherein the composition
comprises:
a) at least one of carvacrol and thymol, optionally carvacrol and thymol; and/or

b) citral; and/or

c) bisabolol.

20
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5. The oral care composition of any one of claims 1 to 4, wherein the composition
comprises bisabolol and citral; optionally wherein the ratio of citral to bisabolol is from 1:1 to

3:1 by weight; optionally about 2:1 by weight.

6. The oral care composition of any one of claims 1 to 4, wherein the composition
comprises
a) bisabolol and carvacrol, optionally wherein the ratio of bisabolol to carvacrol is from 1:2

to 2:1 by weight; further optionally about 1.5:1 by weight; or

b) comprises bisabolol and thymol; or

c) comprises citral and carvacrol; or

d) comprises citral and thymol; or

€) comprises carvacrol and thymol, optionally wherein the ratio of thymol to carvacrol is

from 8:1 to 13:1 by weight; optionally about 11.25:1 by weight.

7. The oral care composition of any one of claims 1 to 4, wherein the oral care composition
comprises an active compound from an extract of oregano selected from carvacrol, thymol,
limonene, pinene, p-cymene, caryophyllene, and mixtures thereof; optionally, wherein the
composition comprises 50 to 70 weight % carvacrol, 10 to 35 weight % thymol and 10 to 20
weight % p-cymene, based on the total weight of the extract of oregano; and/or wherein the

composition further comprises bisabolol.

8. The oral care composition of claim 7, wherein the ratio of the active compound from an

extract of oregano to bisabolol is from 2:1 to 6:1 by weight; optionally about 4.4:1 by weight.

9. The oral care composition of claim 7, wherein the composition further comprises citral.

10. The oral care composition of any one of claims 1 to 4, wherein the oral care composition
comprises an active compound from an extract of rosemary selected from a-pinene, B-pinene,
borneol, bornyl acetate, camphor, camphene, 1,8-cineole, limonene, and mixtures thereof, and
wherein the extract of rosemary comprises 25 to 40 weight % a-pinene, 5 to 20 weight % j-

pinene, and 10 to 25 weight % camphor, based on the total weight of the extract of rosemary;
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optionally wherein the composition further comprises bisabolol, and optionally wherein the ratio
of the active compound from an extract of rosemary to bisabolol is from 40:1 to 60:1 by weight,

further optionally about 48:1 by weight.

1. The oral care composition of claim 10, wherein the composition further comprises
1) citral; or
i1) carvacrol, optionally wherein the ratio of the active compound from an extract of

rosemary to carvacrol is from 70:1 to 80:1 by weight; further optionally about 75:1 by weight; or
1ii) thymol; or

iv) an active compound from an extract of oregano, wherein the active compound from an
extract of oregano is selected from carvacrol, thymol, limonene, pinene, p-cymene,
caryophyllene, and mixtures thereof, and wherein the composition comprises 50 to 70 weight %
carvacrol, 10 to 35 weight % thymol and 10 to 20 weight % p-cymene, based on the total weight

of the active compound from an extract of oregano.

12. The oral care composition of any one of the preceding claims, wherein the composition is
a dentifrice, a toothpaste, a gel, a tooth powder, a mouthwash, a mouthrinse, a lozenge, a tablet, a

spray, a gum, or a film.

13. The oral care composition of any one of the preceding claims, for use in reducing or

inhibiting biofilm formation in an oral cavity.

14. A method of reducing or inhibiting biofilm formation in an oral cavity, the method
comprising contacting the oral cavity with an oral care composition according to any one of

claims 1 to 13.
15.  Use, in an oral care composition as defined in any of claims 1 to 13, of a combination of

(a) at least one zinc ion source; and (b) at least two active ingredients to reduce or inhibit biofilm

formation in an oral cavity.
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