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1

ANTI-INFLAMMATORY DENTAL CARE
AGENTS

FIELD OF THE INVENTION

This invention relates to dental care and cleaning prepa-
rations which counteract inflammation of the gums
(gingivitis) through a special combination of active ingre-
dients.

BACKGROUND OF THE INVENTION

Dental care preparations are primarily intended to remove
food residues, discoloration and firmly adhering bacterial
films from the surtace of the teeth. In addition, attempts have
been made to counteract diseases of the teeth and gums such
as, for example, caries, gingivitis and parodontosis by incor-
porating special additives, for example fluorine compounds
or antimicrobial agents, in dental care preparations.

Aparticularly stubborn disease which, unless successfully
treated, can lead to the loosening and loss of teeth is
periodontitis which, in its initial stages, is manifested in
Inflammation and bleeding of the gums (gingivitis). It is
caused by bacteria which colonise the dental pockets and
which are difficult to control by mechanical cleaning of the
teeth with a toothbrush.

Attempts have been made to counteract inflammation of
the gums by addition of antibacterial agents to toothpastes
and mouthwashes. In most cases, however, conclusive
results cannot be obtained in this way. Although certain
non-cationic bactericidal agents, particularly from the group
of chlorinated diphenylethers, have proved to be particularly
cffective, these compounds arc not able on their own-effec-
tively 1o combat persistent inflammation of the gums.

A process for treating the periodontal tissue with a phar-
maceutical composition containing a vitamin A derivative is
known from U.S. Pat. No. 5,188,817. Toothpastes contain-
ing vitamin A have also been commercially ava1lable for
some time (Aronal®).

It has now been found that the anti-inflammatory prop-
erties of, in particular, toothpastes already containing an
antibacterial component can be significantly improved by
addition of a combination of a panthenol or pantothenate and
a retinol or retinol derivative.

SUMMARY OF THE INVENTION

Accordingly, the present invention relates to a dental care
preparation with anti-inflammatory properties containing
polishing components, fluorine compounds, humectants,
binders, a watcr-insoluble non-cationic bactericidal compo-
nent and water, characterized in that it contains a combina-
tion of pantheno] or a salt of pantothenic acid and retinol or
a retinol derivative 1o improve it anti-inflammatory proper-
livs.

DETAILED DESCRIPTION OF THE
INVENTION

Dental care preparations in the context of the present
invention are tooth powders, toothpastes, liquid tooth
crcams and tooth gels. Tooth. pastes and liquid tooth clean-
ing preparations are particularly suitable.

Suitable polishing components arc, in prmc1gle any ot the
known toothpaste abrasives, more particularly those which
do not contain any calcium ions. Accordingly, particularly
suitable polishing components are silicas, aluminium
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hydroxide, aluminium oxide, sodium aluminium silicates,
organic polymers and mixtures of these abrasives.

However, calcium-containing polishing components such
as, for example, chalk, calcium pyrophosphate or dicalcium
phosphate dihydrate may be present in quantities of up to 5%
by weight.

The total content of polishing components is preferably in
the range from 5 to 50% by weight, based on the dental care
preparation.

‘Toothpastes and liquid dental cleaning preparations which
contain silicas as polishing component are particularly pre-
ferred. Suitable silicas are, for example, silica gels, silica
hydrogels and precipitated silicas. Silica gels are obtained
by reacting sodium silicate solutions with strong aqueous
mineral acids to form a hydrosol, ageing to form the
hydrogel, washing and drying. If drying is carried out under
moderate conditions to a water content of 15 to 35% by
weight, the so-called silica hydrogels known, for example,
from U.S. Pat. No. 4,153,680 are obtained. Drying to water
contents below 15% by weight results in irreversible shrink-
age of the previously loose structure of the hydrogel to the
dease structural of the so-called xerogel. Silica xcrogels are
described, for example, in U.S. Pat. No. 3,538,230.

A second particularly suitable group of silica polishing
agents are the precipitated silicas. Precipitated silicas are
obtained by precipitation of silica from dilute alkali metal
silicate solutions by addition of strong acids under condi-
tions which preclude aggregation to the sol and gel. Suitable
progesses for the production of precipitated silicas are
described, for example, in DE-OS 25 22 486 and in DE-OS
31 14 493: A particularly suitable precipitated silica is that
produced in accordance with DE-OS 31 14 493 which has a
BET surface of 15 to 110 m™/g, a particle size of 0.5 to 20
um (at least 80% by weight of the primary particles should
be below.5 um in size) and a viscosity in the form of a 30%
glycerm/water (1 1) dispersion of 30 to 60 Pa.s (20° C.) and
which is used in a quantity of 10 to 20% by weight, bascd
on the toothpaste. In addition, particularly suitable precipi-
tated silicas of this type have rounded corners and edges and
arc commercially obtainable under the name of Sident® 12
DS (DEGUSSA).

Other- precipitated silicas of this type arc Sident 8
(DEGUSSA) and Sorbosil AC 39 (Crosfield Chemicals).
These silicas are distinguished by a weaker thickening effect
and a slightly larger mean particle size of 8 to 14 g for a
specific BET surface of 40 to 75 m*/g and are particularly
suitable for liquid tooth creams. These should have a vis-
cosity (25° C., shear rate D =10 s7%) of 10 to 100 Pa.s.

By contrast, toothpastes which have a far higher viscosity
of more than 100 Pa.s (25° C., D=10 s7%) require a suffi-
ciently high percentage content of silicas with a particle size
of less than 5 tam, preferably at least 3% by weight of a silica
with a particle size of 1 to 3 um. Accordingly, besides the
precipitated silicas mentioned, even finer so-called thicken-
ing silicas with a BET surface of 150 to 250 m?/g, for
example the commercial products Sipernat 22 LS or Siper-
nat 320 DS, are preferably added to such loothpastes.

. .Another polishing component which may be present in a
quantity, -of about 1 to 5% by wecight is, for cxample,
aluminium. oxide in the form of lightly calcined alumina
containing y- and a-aluminium oxide. A suitable aluminium
oxide such as this is commercially obtainable under the
namc of “Poliertonerde P10 feinst” (Giulini Chemice).

‘The dental care preparations according to the invention
may contain sodium fluoride, zinc fluoride, tin(I1) fluoride,
amine fluoride or sodium monofluorophosphate, for
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cxample, as fluorine compounds. A quantity of 0.01 to 0.2%
by weight fluorine in the form of the compounds mentioned
should preferably be present.

Glycerin, sorbitol, xylitol, propylene glycol, polyethylene
glycol or mixtures thereof may be used as humectants. The
dental carc preparations according to the invention prefer-
ably contain a mixture of glycerin, sorbitol and polyethylene
glycol in a ratio by weight of 10:(8-12):(0.1-1) as humecc-
tant.

Suitable binders and consistency factors are, for example,
natura] and synthetic water-soluble polymers such as, for
example, carrageen, tragacanth, guar, cellulose and nonionic
derivatives thereof such as, for example, hydroxyethyl cel-
lulose or methyl hydroxypropyl cellulose. Agar agar, xan-
than gum, pectins, water-soluble carboxyvinyl polymers (for
example Carbopol® types), polyvinyl alcohol, polyvinyl
pyrrolidone and relatively high molecular weight polyeth-
ylene glycols (with molecular weights of 10° 1o 10° D) are
also suitable as binders and thickeners. .

Suitable non-cationic bactericidal components are, {or
example, phenols, resorcinols, bisphenols, salicylanilides
and halogenated derivatives thereof, halogenated carbanil-
ides and p-hydroxybenzoic acid esters. Particularly pre-
ferred antimicrobial components are halogenated
diphenylethers, for example 2,4-dichloro-
2'hydroxydiphenyl ether, 4,4'-dichloro-2'-hydroxydiphenyl
cther, 2,4,4'-tribromo-2'"-hydroxydiphenyl ether and 2,4,4'-
trichloro-2'- hydroxyd1pheny1 ether (Triclosan). They are
preferably used in qUANTICS oF 0.01 to 1% by weight in the
dental care preparations according to the invention. In one
particularly preferred embodiment, Triclosan is used in a
quantity of 0.01 to 0.3% by weight.

D-panthenol [D-~ (+)- 2,4-dihydroxy-N-(3-
hydroxypropyl)-3,3-di-methylbutyramide] corresponds in
its biological activity to pantothenic acid. Pantothenic acid
(R-(+)- N-(2,4-dihydroxy-3,3-dimethylbutyryl-$-alanine)
is an intermediate stage in the biosynthesis of the coenzyme
A and is classcd as a vitamin B complex (B;). These
substances are known to promote the healing of wounds and
to have a tavorable effect on the skin. Accordingly, they have
also occasionally been described in connection with tooth-
pastes. The dental care preparations according to the inven-
tion preferably contain 0.05 to 5% by weight of panthenol or
a salt of pantothenic acid.

Retinol (3,7-dimethyl-9-(2,6,6- tr1methyl 1-
LVLthC\CnyI) ,4,6,4-nonatetracn-1-ol is the international
generic name for vitamin A,. Instead of retinol itself, one of
its derivatives with similar blolog,mal activity, for exq.mple
an ester or retinoic acid (tretinoin), one of its salts. or its
esters may also be used. A retinol ester, more particularly a
fatty acid ester of a C,,.., fatty acid, is preferably used.
Retinol palmitate is particularly suitable. Where a retinol
ester, [or example retinol palmitate with an activity of
1.710° 1.U. per g is selected, it is preferably used in a
quantity of 0.001 10 0.1% by weight. Where other retinol
derivatives are used, a quantity corresponding to a concen-
tration of 107 1o 10° L.U. (International Units) per 100 g is
recommended.

Besides polishing components, fluorine compounds,
humectants and binders, preferred dental care preparations
according to the invention preferably contain

0.01 to 1% by weight of a halogenated diphenyl ether,

0.05 to 5% by wcight of panthenol or a salt of pantothenic

acid and

0.0L to 0.1% by weight of a retinol ester, prctcrably

retinol palmitate. :
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Besides the compulsory components mentioned, the den-
tal care preparations according to the invention may contain
other auxiliaries and additives known per sc. An additive
which has long been known as a toothpaste component is
particularly effective in the dental care preparations accord-
ing to the invention, namely: calcium glycerophosphate, the
calcium salt of glycerol-1-phosphoric acid or glycerol-2-
phosphoric acid or glycerol-3-phospheric acid, the mirror-
image isomer of glycerol-1-phosphoric acid, or a mixture of
these acids. This compound has a remincralizing effect in
toothpastes because it yields both calcium and phosphate
lons. Calcium glycerophosphate is preferably used in quan-
tities of 0.01 to 1% by weight in the dental care preparations
according to the invention. Overall, the dental care prepa-
rations according to the invention may contain typical
auxiliaries and additives in quantities of up to 10% by
weight.

The organoleptic qualities of the dental care preparations
according to the invention may be improved, for cxample,
by addition of 'flavoring oils and sweeteners.

‘Suitable flavoring oils arc any of the natural and synthetic
flavors typically used for oral and dental care preparations.
Natiral flavors may be present both in the form of the
natural essential oils isolated from drugs and in the form of
the individual components isolated therefrom.

Suitable flavoring agents are, for example, peppermint oil,
spearmint oil, eucalyptus oil, aniseed oil, fennel oil, caraway
oil, menthyl acetate, cinnamaldehyde, anethol, vanillin, thy-
mol and mixtures of these components.

Suitable ‘sweetening agents are, for example, saccharin
sodium, sodium cyclamate, sucrose, lactose, maltose, fruc-
lose.

Other typical auxiliaries and additives for toothpastes are:

surfactants, preferably anionic, zwitterionic, amphoteric,
nonionic surfactants or a combination of several dif-
ferent surfactants

solvents and solubilizers, for example lower monohydric
or polyhydric alcohols or ethers, for example ethanol,
1,2-propylene glycol, dicthylene glycol or butyl digly-
col-

pigments, for example titanium dioxide

dyes

buffers, for example primary, secondary or tertiary alkali
metdl _phosphates or citric acid/Na citrate

‘other, wound-healing or anti-inflammatory agents, for
«,.example. allantoin, urea, azulene, camomile-based
-active principles, acetylsalicylic acid derivatives or
¢ _thiocyanatc
. other vitamins such as, for example, ascorbic acid, biotin,
toeopherol or rutin -_—

mineral salts such as, for example, manganese, zinc or
magnesium salts.
The following Examples are intended to illustrate the
mvention.

EXAMPLES

L Toothpastes According to the Invention were Prepared
from the Following Ingredients:

1 2
Water to 100 to 100
Sorbito! 20.0 20.0
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-continued

Giveerin 21.0 210
Polycthyiene glycol 1550 2.0 1y -
Sident 8 SPLS 12,0 —
Sident 12 SPLS — - 12.0
Sident 22 LS 8.0 55
Sipernat 320 DS 1.0 0.5
110, 1.0 1.0
Na:HPO, 0.20 0.20
Na,PO, 0.2§ 0.25
Saccharin Na 0.20 0.20
Na benzoate — 0.49
Na fuoriae 0.32 0.32
Phosphoric acid — 0.l
Carboxvmethy! cellulose 0.6 —
Nanthan gum — 0.8
Na laury! sulfate 1.35 1.35
MgSO,.7H,0 0.210 0.210
/nS0O L THLO 0.088 0.088
Mn80O,.H,0 0.011 0.011
Dyes 0.58 0.0055
Ca glycerophosphate 0.130 0.130
Triclosan 0.100 0.100
Vitamin A, paimitate (1.7 million LU./g) 0.018 0.03
D-panthenol (50%) 0.50 0.25
Flavoring 1.00 1.00

11 Liquid Tooth Creams According 1o the Invention

3 4 5
Water to 100 to 100 - to. 106
Sorbitol (70% 30.0 30.0 20.0
Glycerin (86%) 230 33.0 33,0
Pelyethylene glycol 1550 1.0 1.0 1.0
Fthano! (93.87} 2.0 2.0 2.0
Sident 8 12.0 120 -
Sident 12 SPLS — - 12.0
TiO, Lo 1.0 —
Na,HPO, 0.2 2 0.2
Saccharin Na 0.2 0.2 0.2
Na benzoate 0.49 0.49 0.5
Na fluoride 0.32 0.23 0.33
Xanthan gum 0.5 0.5 0.3
Na lauryl sulfate 1.5 1.5 1.5
PEG 3C glycery: stearate 0.5 0.5 0.5
Mes0,.7 H.0 0.21 0.21 0.21
ZnS0,.7 H;O 0.088 0.088 0.088
MnSQ,.H-O 0.011 0.011 0.011
Dyes 0.0085  0.0055  0.00067
C# glycercphosphate 0.13 0.13 —
Triclosan 0.1 0.1 0.3
Viamin A paimitate {1.7 million L.U./g) 0.018 0.01 0.025
D-panthenoi (30%; 0.5 0.5 0.26
Flavorng 1.0 1.0 1.0

IH. Clinical Comparison

The liquid tooth cream of Example 3 (A) was compared
with a corresponding placebo tooth cream (B) which con-
tained water instead of the components vitamin A palmitate
and panthenol.

Two groups of forty volunteers left their teeth completelv
uncleaned for three days in order 1o develop gingivitis in
accardance with the experimental gingivitis test.

Thereafter onc group used toothpaste (A) (invention) and
the ather group toothpaste (B) in the usual way for 1 minute
twice a day. On the first day of application of the tooth cream
and on the 7th day, the following parameters were deter-
mined on 12 tecth by qualificd dentists using mirror and
probe:
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Silness-1.oe gingival index (score 0-3 points)
degree. of inflammation (score (-3 points)
spontaneous pain sensation (score 0-3 points).
In addition, the volunteers completed a questionnaire in
order (¢ determme the acceptance of the products.

Results

The scores are shown as the average points score of all
volunteers (n=number of volunteers). The standard devia-
tion is shown in brackets.

1. Gingivitis Index

n  Tooth cream A (Example 3) n  Placebo cream (B)

st Day
7th Day

40 1.252 (0.519)
40 0.116* (0.149)

40 1199 (0.473)
40 0.499* (0.385)

*The statistical signiﬁcancc (Kruskal-Wallis Test) is 99.9%.

The calculated gingivitis reduction is thus

1.136 (points) for the tooth cream according to the inven-
tion as against only

0.7 (points) for the placebo tooth cream without vitamin
A palmitate and panthenol.

2. Degree of Inflammation

~ - n--Tooth cream A (Example 3) n  Placebo cream (B)

1stDdy 40"
A Day™ <40 -
3 . .

1.325
0.30*

1.3
0.525=

*Statistical significance: 95%

3. Spontancous Pain Sensation

n  Tooth cream A (Example 3) n  Placebo cream (B)

- 1st Day
7th Day*

40
40

0.65
0.0

0.57

40
40 0.07

The results of the clinical comparison clearly show that
tooth cream (A) according to the invention (Example 3)
reduces gingivitis and inflammation more distinctly than the
placebo cream within the first week of application.

What is claimed is:

1. A dental care composition comprising:

(a) at least one panthenol compound that is panthenol or

a salt of pantothenic acid;

(b) at least one retinol compound that is retinol or a
derivative thereof;

(¢) at least one antibacterial compound, wherein the
.antibacterial compound comprises at least one haloge-
natcd diphenyl ether; and

- (d) from-5 weight percent to 50 weight percent, based on
the total weight of the composition, of at least one
pohshmg .component wherein the composition com-
prises less than 5 weight percent of calcium containing
polishing components selected from the group consist-

“ing of chalk, calcium pyrophosphate and dicalcium
phosphate.

2. The dental care composition of claim 1 further com-
prising one or more humectants, fluorine compounds or
binders, or combinations thereof.

3. The dental care composition of claim 2 wherein the
antibacterial compound further comprises at least one com-
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pound that is a phenol, resorcinol, bisphenol or
salicylanilide, a halogenated derivative of a phenol,
resorcinol, bisphenol or salicylanilide, a halogenated
carbanilide, or a p-hydroxybenzoic acid ester, or combina-
tions thereof.

4. The dental care composition of claim 1 wherein the
dental care composition comprises from 0.01 weight percent
to 1 weight percent of the halogenated dipheny! ether, and
from 0.05 weight percent to 5 weight percent of the pan-
thenol compound, wherein the percentages are based on the
total weight of the composition.

5. The dental care composition of claim 4 wherein the
retinol compound is a retinol ester.

6. The dental care composition of claim § wherein the
retinol ester is present in an amount ranging from 0.001
weight percent to 0.1 weight. percent based on the total
welight of the composition.

7. The dental care composition of claim 6 wherein the
halogenated diphenyl cther is 2,4-dichioro-2'-
hydroxvdiphenyl ether, 4,4'-dichloro-2'-hydroxydiphenyl
cther, 2,4,4-tribromo-2"-hydroxydiphenyl cther or 2,4,4-
trichloro-2'-hydroxydiphenyl ether, or combinatigns thereof.

8. The dental care composition of claim 2 further com-
prising one or more auxiliary compounds in an amount of up
o 10 weight percent based on the total weight of the
composition.

9. The dental care composition of claim 8 wherein at least
one of the auxiliary compounds is calcium glycerophosphate
in an amount of from 0.01 weight percent 10' 1 weight
percent based on the total weight of the composition.

10. The dental care composition of claim 1 wherein the
composition comprises less than 5 weight percent of calcium
containing polishing components.

11, The dental care composition of claim 1 wherein the
dental care composition reduces inflammation of gums.

12. A dental care composition comprising:

() at least one panthenol compound that is panthenol or

a salt of pantothenic acid;

(b) at least one retinol compound that is retinol or a

derivative thereof;

(c) at least one non-cationic bactericidal compound that is
a halogenated diphenyl ether;
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{d) one or more dental care compounds selected from the
group consisting of polishing components, humectants,
fluorine compounds, binders and combinations thereof.

13. A dental care composition comprising:

(2) from 0.01 weight percent to 1 weight percent of at least
one halogenated diphenyl ether;,

(b) from 0.05 weight percent to 5 weight percent of at
least one panthenol compound that is panthenol or a
salt of pantothenic acid;

(¢) from 0.01 weight percent to 0.1 weight percent of a
retinol ester; and

(d) from 5 weight percent to 50 weight percent, based on
the total weight of the composition, of at least one

_ polishing component wherein the composition com-

prises less than 5 weight percent of calcium containing

polishing components selected from the group consist-
ing of chalk, calcium pyrophosphate and dicalcium
phosphate.

14. The "dental care composition of claim 13 further
comprising one or more humectants, fluorine compounds or
binders, or combinations thereof.

15. The dental care composition of claim 14 wherein the
retinol ester is retinol palmitate.

16. A method of reducing inflammation of gums com-
prising:

(a) forming a dental care composition comprising

(1) at least one panthenol compound that is panthenol or
a salt of pantothenic acid;

(ii) at least one retinol compound that is retinol or &
derivative thereof;

.(iii) at least one antibacterial compound, wherein the
antibacterial compound comprises at least one halo-
genated diphenyl ether; and

(iv) from 5 weight percent to 50 weight percent, based

" on the total weight of the composition, of at least one
polishing component wherein the composition com-
prises less than 5 weight percent of calcium contain-
ing polishing components selected from the group
consisting of chalk, calcium pyrophosphate and
dicalcium phosphate; and

(b) contacting the dental care composition with teeth or
gums, or combinations thercof.
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1
DENTIFRICE COMPOSITIONS

This invention relates to dentifrice compositions,
more particularly to dental creams or gels, for inhibiting
the formation of dental plaque.

It is now established that there is a relationship be-
tween dental plaque and gingival inflammation. At pres-
ent, mechanical cleaning by toothbrushing is the most
widely used method of removing plague. However, the
relauvely short period of brushing commonly practised
is insufficient to achieve adequate removal of plaque
especially from areas least accessible to brushmg

The dental literature over the last 25 years is replete
with publications concerned with the use of organic
antimicrobial agents to combat dental plaque. Most
work has concentrated on the use of cationic agents
because these are substantive to oral tissues and are
therefore retained in the mouth, It is believed that their
activity is due to their being adsorbed onto oral surfaces
and gradually released over a period of time (Journal of
Clinical Periodontology 1980: 7 431-442). Unless an
active antimicrobial agent is adsorbed onto oral surfaces
the oral bacteria in the mouth rapidly recover and no
significant reduction in plagque growth would be ex-
pected (British Dental Journal March 1984, 175-178).
However, the successful formulation of a cationic anti-
microbial agent into a commercially acceptable tooth-
paste has not yet been achieved and this is at least in part
due to the incompatibility of cationic antimicrobial
agents with common toothpaste ingredients. In addi-
tion, cationics, especially chlorhexidine which has been
extensively investigated, have the further disadvantage
of causing tooth staining as well as having a long-lasting
bitter taste. Many cationics also cause irritation of the
oral tissues. Attempts to overcome the tooth staining
problem are the subject of many patents. We believe
that there is to date no commercial toothpaste contain-
ing an organic cationic antimicrobial agent whichis
recognised as having a significant anti-plaque benefit.

Although there are references in the literature ‘to

—
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attempts to use antimicrobial agents other than cationic ’

compounds for providing an improvement'‘in “dral
health it is generally considered that the oral substantiv-
ity of these agents is not sufficient to provide a'signifi-
cant antiplaque benefit and they are in any case consid-
ered unattractive because of their generally poor water-
solubility. Hitherto it has been the general belief that it
is necessary for the active agent of a dentifrice to be in
solution in the aqueous phase of the toothpaste.

We have now discovered that it is possible to obtain
substantial reductions in plaque growth by means of a
substantially water-insoluble non-cationic antimicrobial
agent, or mixture of antimicrobial agents, provided the
dentifrice composition containing it has certain charac-
teristics of which details are given below. Such unex-
pected anti-plaque activity we believe is due to the fact
that the special dentifrice composition of the invention
is able to deliver the antimicrobial agent to tooth sur-
face where it is retained for a time sufficient to materi-
ally affect the rate of plaque regrowth, rate of plaque
metabolism and equilibrium plaque level.

Our research has also shown that our special denti-
frice composition is also able to lead to an enhanced
retention in the mouth of zinc salts, generally knoWn fo
have an antl-plaque effect, resulting in an mprovement

in effectiveness in mhlbltmg plaque growth. Various °
zinc salts, for example zinc citrate, are referred to in
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U.S. Pat. No. 4,022,880. The use of zinc carboxyme-
thyloxysuccinate is referred to in U.S. Pat. No.
4,144,323,

According to the present invention there is provided
a dentifrice composition effective to inhibit the growth
of dental plaque comprising a surfactant and an anti-
plaque agent consisting of a substantially water-insolu-
ble non-cationic antimicrobial agent or a zinc salt hav-
ing a water solubility greater than 2 X 10—4g, preferably
greater than 1X 10—2g, per 100g of water at 25° C. and
at pH7, or a mixture thereof, characterised in that there
is present in the dentifrice composition a lyotropic la-
mellar liquid crystal phase comprising alternate layers
of 'surfactant molecules and water molecules (and here-
inafter-referred to as a lamellar liquid crystal surfactant

"phase) having-a lamellar spacing of less than 6.0 nm, the

lamellar liquid crystal surfactant phase being present in
an amount of at least 0.2%, preferably at least 0.3%, and
more preferably at least 0.5%, by weight of the denti-
frice composition.

The determination of whether a dentifrice composi-
tion comprises a lamellar liquid crystal surfactant phase
can be determined by examination of the product ob-
tained by subjecting the dentifrice to a centrifuge sepa-
ration procedure, which will now be described.

The dentifrice is centrifuged with sufficient centrifu-
gal force to separate the main phases present which
usually are abrasive, aqueous, detergent and flavour
phases. A preliminary. centrifugation is convenient to
separate the majority of the abrasive, followed by an
ultracentrifugation to separate the phases of the liquid
portion. The speed and duration of the centrifugation
required is dependent upon the resistance of the formu-
lation towards separation. The separation of a dentifrice
containing sodium carboxymethylcellulose as binder is
facilitated by degrading the binder enzymatically prior
to centrifugation. The dentifrice is incubated with cellu-
lase-contmnmg powder 0.1% w/w, prepared from
Aspefg:]lus niger, activity 1.3 units/mg) for 18 hours at
room’ température to degrade the sodium carboxy-
methylcellulose binder.

-“T'He Fesultdnt slurry or the dentifrice itself, if no pre-
Tirtindry" degradation of the binder is carried out, is
centrifuged at 10,000 xg for 1 hour and the sedimented
abrasive removed. The liquid portion is then ultracen-
trifuged at 200,000xg for 2 hours or until there is no
substantial change in the volumes of the separated lay-
ers. These conditions of centrifugation have generally
been found to be satisfactory for separating the phases
of a dentifrice although longer periods of centrifugation
and ultracentrifugation may sometimes be necessary.

The product obtained by this centrifuge procedure is
referred to herein as the centrifuge separation product.
The centrifuge separation product will consist of a num-
ber of layers. The lower layer of solids and the humect-
ant-containing layer above it will together constitute
the major part of the centrifuge separation product. The
remainder of the centrifuge separation product may
include a layer consisting predominantly of surfactant in
the form of liquid crystals. If present, this layer will
generally constitute the upper layer or one of the upper
layers. Its actual position will depend on the relative
densitiés of the layers. This layer constituting the liquid
crystal surfactant phase of the dentifrice can be re-
moved from the centrifuge separation product and its
welghf‘hs-a ‘percentage of the dentifrice determined.

- The lan&‘éﬁa’x;hquxd crystal surfactant phase is basically

m&ﬂ; Hpor éyers of surfactant molecules separated by
trigata rv.-q
hr"v" x‘_ Gememl

vy
(B3]
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water layers but may comprise other components de-

pending upon the overall composition of the dentifrice. *-

The distribution of such other components between the
surfactant and water layers will depend upon their re-
spective aqueous solubilities and hydrophobicities.

Liquid crystals are well known and a recent book_

describing them is entitled “Aggregation Processes in

Solution” edited by E Wyn-Jones and J Gormally pub-

lished by Elsevier Scientific Publishing Company, Am-

sterdam-Oxford-New York 1983, and particular refer-
ence is made to Chapter 7 entitled “Lyotropic Liquid
Crystals”.

If the centrifuge separation product comprises a la-
mellar liquid crystal surfactant phase then the layer
spacing can be determined by an X-ray scattering tech-
nique.

The layer spacing, d, is defined as the distance be-
tween repeat units in the cross-section of a layered lig-

15

uid crystal structure, i.e,, the combined thickness of the -

detergent sheet and of the water layer sandwiched be-
tween the detergent sheets. It can be measured by Small
Angle X-ray Scattering (SAXS), a technique used to

20

determine long periodicities in the range 1 nm~1,000 nm. .

in crystalline or hquld crystal materials. The ‘Kratky’
SAXS camera used in such work produces, through 2
sophisticated collimation system, a fine beam' of X-rays™ -
(Cu, Karadlatlon) which impinge on the sample con-
- tained in a 1 mm glass capillary or sandwiched between
6u thick Mylar film.

The scattered radiation is detected by a proportlonal
counter which determines the variation in scattered
mtcnsxty with respect to angle The angle correspond-
ing to the peak maximum is measured from the chart
recorder trace and the corresponding ‘d-spacmg is
calculated from Bragg’s equation

2d sin 6=n 80
with n=1, A=0.1542 nm for Cu Kradiation.

Applications of this technique for the measurement of
the lamellar spacing of lamellar liquid crystal phases are
described in Journal of Colloid and Interface Science,
Vol. 41, No. 1, April 1974, pages 59 to 64 and Vol. 86,
No. 2, April 1982, pages 501 to 514.

The lamellar spacing of the liquid crystal surfactant
phase of a dentifrice according to the present invention
is preferably less than 5.0 nm, more preferably less than
4.4 nm.

Dentifrices usually comprise an anionic surfactant
and most commonly used is sodium lauryl ‘sulphate
derived from coconut fatty acids comprising,mainly
sodium dodecyl sulphate, although pure sodium dode-
cyl sulphate can be used. Sodium dodecylbenzene sul-
phonate is another known dentifrice surfactant al-
though it is not usually employed as the sole surfactant
of a dentifrice. It may be used in combination with
sodium lauryl sulphate. Suitable combinations of so-
dium lauryl sulphate and sodium dodecyl benzene Sul-
phonate are in the proportions 4:1 to 1:4 by weight. The
use of a combination of these surfactants in a dentifrice
comprising a zinc-containing anti-plaque agent is de-
scribed in GB-A No. 1 373 003. Sodium lauroy] sarco-
sinate is another well-known dentifrice surfactant that
may also be employed in dentifrices of this invention,

The surfactant in a dentifrice can be present in three
main forms, as a solution, a liquid crystal phase or crys-
talline solid. The form or forms in which the surfactant
is present depends particularly on the other ingredients
of the dentifrice. Thus in the presence of glycerol,
which is very commonly used as the sole or major hu-

mectant hquld the surfactant will generally be present

casa solutlon since glycerol is a solvent for common

dentiftice surfactants. The same applies to propylene
glycol,.also a well-known dentifrice humectant. We
have also found that when sorbitol is employed as the
humectant then in the absence of a flavour oil the sur-
factant, is present as a solid crystalline phase due to its
poor solubility in sorbitol solution. However, in the
presence of flavour oil the solid crystalline surfactant
phase is converted into a lamellar liquid crystal phase.
Thus dentifrice formulations that promote the forma-
tion of a liquid crystal surfactant phase are those based
on the use of sorbitol as the humectant and which also
contain a flavour oil. However, the use in combination
with sorbitol of such amounts of glycerol that do not
prevent the formation of a liquid crystal surfactant
phase is permissible. Other ways of producing a lamel-
lar liquid crystal surfactant phase are, of course, within
the scope of the present invention.

The layer spacing of a liquid crystal surfactant phase
in a dentifrice is influenced by the electrolyte concen-
tration of the aqueous phase. Thus the obtaining of a

- layer spacing of less than 6.0 nm in accordance with this

25

invention can be effected by control of the electrolyte
concehtratiorn: of the aqueous phase. In order to achieve
such-a low, lamellar spacing the electrolyte concentra-

* tiomneeds 10 be telatively high. However, means other
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than control of electrolyte concentration. may be em-
ployed to control lamellar spacing.

An appropriate concentration of the electrolyte can
be produced by the addition of a suitable water-soluble
electrolyte. Only simple experimentation is required to
determine the amount of electrolyte required to give a
low do,value;,xn general, any non-toxic salt or mixture of
salts thatis compatible with the therapeutic ingredient
or mgredxents as well as with the other dentifrice com-
ponents, and is organoleptically acccptable can be used.
The salt that is referred to here is in addition to any
fluorine-containing salt which may be included to give
an anti-caries benefit. Such salt is of course, in addition
to the surfactant (which is also an electrolyte) and any
zinc salt which may also be present. The additional salt
is-also to be distinguished from a binder or thickener for
the aqueous humectant liquid phase, said binder or
thickener being a commonly employed dentifrice ingre-
dient. and which may be constituted by a salt, e.g., so-
dium+carboxymethylcellulose. The surfactant, binder
and fluorine-containing salts when employed at conven-
tional levels do not produce, even in combination, a

. sufficient :concentration of electrolyte to reduce the

layer..spacing +6f..a surfactant liquid crystal phase to
below 6:0nmaeii.

ncThe cation of the added salt is preferably sodium,
potassium, . aluminium, magnesium or zinc. Suitable
anion$ are acetate, chloride, citrate, gluconate, lactate,
sulphate, phosphate, tartrate, glyconate and ascorbate.
Some salts are more effective than others in reducing
the dyvalue at the same molar cation addition. Preferred
salts are those of sodium and aluminijum.

We, have found that the amount of sodium chloride
added is guitably in the range from about 0.1 to about
3%, preferably about 0.1 to about 1%, by weight of the
dentifrice composition. Other salts may be added in
such amounts that the total cation molar concentration
corresponds to those for sodium chloride previously
given. :
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It is not advisable to include any more salt than is
necessary to produce the desired low lamellar spacing.
Excessive amounts may not only impair the organolep-
tic qualities of the dentifrice but in fact will result in the

' 6
5-n-octanoyl-3'-trifluoromethylsalicylanilide

Among the bisphenolic compounds may be men-
tioned
-2,2'-methylenebis(3,4,6-trichlorophenol)

destruction of the liquid crystal phase. We have found 5° 2,2"-methylenebis(4-chlorophenol)

that a liquid crystal surfactant phase may be destroyed
on the addition of 5% sodium chloride. Cotisequently, it.
is recommended that the amount of any added electro”’
lyte should not exceed the cation molar equivaleiit’ of.

2,2"smethylenebis(4-chloro-6-bromophenol)
bis(2-hydroxy-3,5-dichlorophenyl) sulphide

. bis(2-hydroxy-5-chloropheny!) sulphide.
. .“These:antibacterial agents may be employed in the

gbout 3% by weight of the dentifrice of sodium chio- 10+ form. ofctheirizinc derivatives many of which are dis-

ride. In practice, an optimum reduction in layer spacing
can be achieved at levels of addition of sodium chloride .
substantially less than 3% by weight. o0

A zinc salt, if present, will contribute*to the total
electrolyte concentration of the aqueous phase.

A part of the electrolyte present in the aqueous phase
may be composed of ions originating from a solid abra-
sive agent, for example aluminium ions from an alumina
abrasive, and the proportion of such ions in the aqueous

phase can be dependent upon the type of mixer em- 20

ployed, more especially upon the energy employed in
mixing the solid components during the manufacture of
the dentifrice.

The dentifrices of this invention generally have a

weight of liquid crystal surfactant phase of at least 1% 25

and they typically have a content thereof of from 1.5 to
12% by weight.

The antiplaque agent of the dentifrice of the inven-
tion is a substantially water-insoluble non-cationic anti-

+closed. in1J.S. Pat. No. 4,022,880.
.y Exemplifyingithe class of the halogenated hydrox-
-ydiphenyl ethers are the compounds 2',4,4'-trichloro-2-
hydroxy-diphenyl ether and 2,2'-dihydroxy-5,5'-

15 dibromo-dipheny! ether.

Another well-known class of non-cationic antimicro-
bial agents are the esters of p-hydroxybenzoic acid,
especially the methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, hexyl, heptyl and benzyl esters.

Halogenated carbanilides can also be used, which
class is typified by
3,4,4'-trichlorocarbanilide
3-trifluoromethyl-4,4'-dichlorocarbanilide

3,3, 4-trichlorocarbanilide

Other known substantially water-insoluble non-
cationic antimicrobial agents can also be used, for exam-
ple 2,4-dichlorobenzy! alcohol, 3,4-dichlorobenzyl al-
cohol and 3-(4-chlorophenoxy)-propan-1,2-diol.

The preferred antimicrobial agents are halogenated

microbial agent or a zinc salt as defined above or a 30 bisphenolic compounds, and the halogenated hydrox-

mixture thereof. By a substantially water-insoluble anti-
microbial agent is meant herein one having a solubility
in water at 25° C. of less than 1%, preférably less than
0.5% and more preferably less than 0.1%, save ‘that if

the antimicrobial agent contains ionisable groups’the 35

solubility is determined at a pH at which such groups
are not ionised. The antimicrobial agents employed in
dentifrice compositions of this invention can be re-
garded as essentially non-ionic in character.. However,,

ydipheny! ethers. Especially preferred are 2',4,4'-tri-

chloro-2-hydroxy-diphenyl ether (hereafter referred to

as Tticlosan) and 2,2'-methylene bis(4-chloro-6-bromo-
* ‘phenol).”

“The dbove-mentioned antimicrobial agents which are
suitablé for bse-in dentifrices are not antibiotics. Antibi-
. ofics dre 1it génerally used so as to avoid the risk of

‘reglstant straing of bacteria developing.
* Thé aitimicrobial agent will usually be used in an

many suitable antimicrobial compounds contain one or 40 SiMotint of 0,010 5%, preferably 0.05 to 1% by weight

more phenolic hydroxy groups which may Be ionisable
at certain pHs and therefore it is considered inore exact
to describe the general class of antimicrobial”agents
useful in the dentifrice composition of this invention as
being non-cationic in nature.

Examples of classes of non-cationic antimicrobial
agents which may be employed in the dentifrice compo-
sition of the invention are the phenolic and bisphenolic
compounds, halogenated diphenyl ethers, benzoate es-
ters and carbanilides.

Hiustrative of the phenolic antimicrobial compounds,
which include the halogenated salicylanilides, are
2-phenylphenol
4-chlorophenol
4-chloro-2-methylphenol
4-chloro-3-methylphenol
4-chloro-3,5-dimethylphenol
2,4-dichloro-3,5-dimethylphenol
3,4,5,6-tetrabromo-2-methylphenol _
5-methyl-2-pentylphenol B A
4-isopropyl-3-methylphenol S MR
S-chloro-2-hydroxydiphenylmethane "% =~ .-
4',5.dibromosalicylanilide P
3,4',5-trichlorosalicylanilide . :
3,4',5-tribromosalicylanilide
2,3,3',5-tetrachlorosalicylanilide NN L 2
3,3,4,5'-tetrachlorosalicylanilide Py gt
3,5-dibromo-3'-trifluoromethylsalicylanilide .- e

of the déntifrice. A mixture of antimicrobial agents may
of -coursé be used.

The anti-plaque agent of the dentifrice composition
of the invention alternatively may be a zinc salt having

45 a water -solubility greater than 2X10—4 g, preferably

greater than 1X 10—2 g, per 100 g of water at 25° C. and
at pH7: Many suitable zinc salts are described in U.S.
Pat. No. 4,022,880. Preferred zinc salts are those of
mono-, di- and tricarboxylic acids, aipha-hydroxy car-

50 boxylic acids and amino acids Examples of preferred

salts are zinc citrate, zinc tartrate, zinc malate, zinc
lactate, zinc glycinate, zinc glycolate, zinc succinate,
zinc carboxymethyloxysuccinate, zinc gluconate, zinc
salicylate, zinc histamine and zinc histidine. Ammonium

55 and alkali metal zinc citrates as described in U.S. Pat.

No. 4,325,939 may also be used. More than one zinc salt
can’’be of course be employed.

. The zinc salt, or mixture of zinc salts, is desirably
used’in-an:amount such as to provide in the dentifrice

60 from about 0.05 to about 1.5% by weight of zinc.

The preferred zinc salt is zinc citrate. This is readily

"y " availabl#has the trihydrate. This is preferably incorpo-

}x’afé& in ﬁiifi_n?{oﬁm of about 0.2 to about 5% by weight,
* ‘and*forbEst organoleptic acceptability most preferably

65 ‘0:2'18 2% byweight.

- Besr¥éulisrare obtained by using an antimicrobial

¢" dffent in combihdtion with a zinc salt, such as zinc ci-
- trate. Most preferred antiplaque systems are based on

S

"
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the combination of Triclosan and zinc citrate and the
combination of 2,2'-methylenebis(4-chloro-6-bromo-
phenol) and zinc citrate. Combinations of an antimicro-
bial agent and zinc citrate give the best degree of plaque
growth inhibition, the most preferred combination
being that of Triclosan and zinc citrate. With the latter

combinaticn a plaque inhibition approaching that ob-~

tainable with chlorhexidine has been obtained without
the severe drawbacks associated with the use of that
cationic material.

A particularly preferred dentifrice composition ac-
cording to the invention comprises 0.05 to 0.3% Triclo-
san, 0.3% to 1.5% zinc citrate, 0.2 to 1% sodium chlo-
ride and 1 to 3% sodium lauryl sulphate.

The dentifrice composition of the invention prefera-
bly also comprises a particulate abrasive agent compati-
ble with the active ingredients of the toothpaste. Espe-
cially preferred are hydrated alumina and silica abra-
sives, both of which are widely employed in commer-
cial products. The particle size of the abrasive agent
will usually be in the range 2 to 20 microns.as is custom-
ary. Suitable grades of alpha-alumina trihydrate are sold
under the name BACO by BA Chemicals of Great
Britain and under the name MARTINAL by Martio-
swerke GmbH of Germany. Preferred silica abrasives

pei'ature vbittun the range 15° to 35° C., more preferably
22*'t0'32° C.

The following Examples illustrate the invention. Per-
centages are by weight.

5
B - EXAMPLE 1
A number of toothpastes were made from the follow-
ing ingredients.
10 —
Ingredient %
Alumina trihydrate 50.000
Sorbito! syrup (70% solution) 27.000
Sodium lauryi sulphate 1.875
Sodium dodecylb Iphonate 0.625
15 Sodium carboxymethylcellulose 0.800
Zinc citrate trihydrate 1.000
et Triclosan 0.500
Sodium monofluorophosphate 0.850
Flavour ‘oil 1.200
'S6dium saccharinate 0.180
20  Formalin BP 0.040
Water to 100.000
The toothpastes were made using a variety of tooth-
paste mixers' some mixers having a greater energy of
25 mixing tHart others. In some cases there was more water

are the well-known silica xerogels, for example GASI:™

200 (sold by Crosfield Chemicals, Great Britain) and
SYLOID 63 (sold by Grace Corporation USA), and
precipitated silicas, for example ZEO 49 (sold by the
“Huber Corporation USA). The amount of abrasive
agent employed will usually be between 5 and 60% by
weight of the dentifrice composition.

Suitable binders or thickeners for use in dentifrice
compositions are known to those skilled in the art.
Commonly used are sodium carboxymethylcellulose
and xanthan gum. For flavouring dentifrices pepper-
mint and spearmint oils are commonly used, although a
wide variety of other oils also find application. Flavour
oils are usually present in an amount of from 0.1 to 5%
by weight. Apart from the above generally standard
ingredients, a number of optional ingredients may also
be included, especially fluoride, such as sodium mono-
fluorophosphate or sodium fluoride, opacifying agent,
e.g. titanium dioxide, preservative, sweetening agent
and a pH-adjusting agent.

The water content of the dentifrices in accordance

- loss than others. This together with differing amounts

30
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with this invention will generally be between about 25.
and 60% by weight of the dentifrice excludmg msoluble '

solids.
The dentifrices of the invention can be made by ¢on-
ventional methods. Since the obtaining of a low d,5pac-

50

ing of a liquid crystal surfactant phase is controlled by -

the concentration of the electrolyte in the aquetms
phase of the final toothpaste composition, water loss
during manufacture affects the electrolyte concentra-
tion. It is therefore desirable to avoid the use or produc-

of cations from the abrasive which passed into solution
resulted in ‘the toothpastes having differing electrolyte
concentrations. In each case the surfactant was present
in the'toothpaste in the form of a liquid crystal phase but
the lamellar spacings were different for the different
toothpastes as a consequence of the differing electrolyte
concentration of the aqueous phase of the final prod-
ucts. In the manufacture of the toothpastes of this Ex-
ample, and of those of all subsequent Examples, the
ingredients are mixed at a temperature within the range
22° to 32° C. The values for the lamellar spacing, do, are
given in Table I below. These values, and all other d,
values given herein, are those determined within a
month of manufacture of the respective toothpaste.
Also given in Table I are PG values for the respective
products. PG stands for Plaque Growth and the smaller
the PG value the greater the efficacy of the toothpaste
to inhibit the growth of plaque on the teeth. The PG
value is determined from data obtained when following
a standard procedure for the measurement of plague
growth, The methodology of measuring plaque growth
is that according to Harrap as described in J.Clin.Peri-
odaontal., 1974, 1, 166-174 which gives a procedure for
assesémg ‘the amount of plaque on the teeth adjacent to
gl\?al hargin, The procedure is as follows:
f D g»ﬁ!h“e-ldfe afternoon each subject brushes his

: ieét witlf 4 'siniplé; non-active paste (having a composi-

55

tion of excessive temperatures during manufacture and

preferably the temperature of processing is within the
range 15° to 35° C., more preferably 22° to 32° C

The present invention in one aspect relates to a pro-
cess for making a dentifrice composition which includes
added sodium chloride or other water-soluble salt,
which process comprises mixing the water-soluble salt
with the other ingredients so as to result in an aqueous
phase having an electrolyte concentration sufficient to
result in the formation of a liquid crystal surfactant
phase having a lamellar spacing of less than 6.0 nm, the
dentifrice ingredients preferably being mixed at a tem-

65

uon—“as gven'heremafter) for an unspecified pcrlod of
timhe to remove as much plaque as possnble This is im-
mediately followed by brushing for one minute with 1.5
g of the allocated test paste. Residual paste is removed
by rinsing the mouth with water and any remaining
plaque disclosed by painting the teeth with an aqueous
solution of Erythrosin (0.5% w/w) using a soft camel
hair brush. Excess dye is removed by rinsing with water
and the amount of plaque assessed and recorded for
each of 16 teeth (numbers 3 to 6 for each quadrant). The
recorded plaque is designated Po.

No further oral hygiene is permitted for 18 hours
afterwhich time each subject rinses his mouth with
water. to remove food debris and viscous saliva. Plaque
assessment is then carried out as before and recorded
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(P13). The values of P13-Pp for each tooth are averaged
to give a Pig-Po value per mouth. The mean of the
values obtained for the subjects in the'test is the PG
value. Panels of at least 12 subjects are used. The Plaque

Growth value for a toothpaste without active ingredi- 5

ents is usually in the range 22 to 26.
The composition of the simple, non-active toothpaste
referred to above was the following: -

oo

R A
Ingredient AR
Alumins trihydrate 50.00
Glycerin 27.00
Hydroxyethylcellulose 0.95 et
Titanium dioxide 0.50
Water to 100.00

The lamellar spacings and PG values for the tooth-
pastes that were formulated are presented in Table Iin
the order of the magnitude of the lamellar spacings.

TABLE I 20
Lamellar spacing of Liquid PG
Crystal Sufactant Phase (nm) Value
6.6 19.9
6.3 18.5
6.1 16.8 25
5.6 16.1
5.0 15.6
4.8 . 14.5
4.6 . 134
4.3 ' 124

4.0 129 L. 30

This shows that as the d, value decrcaisés the effec-
tiveness of the toothpaste in inhibiting plaque growth
increases. :

The amounts of the liquid crystal surfactant phase for 35

the above toothpastes all exceeded 1.5% :by.weight.of
the respective toothpaste, el

»

EXAMPLE 2

This example shows the beneficial decrease in the PG 40

value that can be obtained by the addition of a relatively
minor amount of electrolyte.

Various toothpastes containing sodium chloride were
made employing the ingredients listed in Table II.

TABLE II
Toothpaste
Ingredient A B [}
Alumina trihydrate 50.000 50.000 50.000
Sorbitol syrup (70%) 27.000 27.000 27.000
Sodium lauryl sulphate 1.875 1.875 1.875
Sodium dodecylbenzene 0.625 0.625 0.625
sulphonate
Sodium 0.850 0.850 0.800
carboxymethylcellulose
Zinc citrate trihydrate 0.500 0.500 0.500 55
Triclosan 0.200 0.200 0.200
Sodium chloride 0.500 0.500 +0.500
Titanium dioxide 0.500 R
Sodivm 0850 0850 0.850""
monofluorophosphate : e R
Sodium saccharin 0.180 0.180 - 0:180 -
Formalin BP — 0,040 §0.0403
Flavour oil 1.200 1.200 1.200
Water to 100.000 100000 100000 33
iy gt

Corresponding toothpaste A’, B’ and C" were made

from which the sodium chloride was omitted. 65

The toothpastes of each pair of tootpastes A A’, B,B’
and CC’ were made in an identical manner using ithe
same mixer. The respective pairs were manufactured

10
using commercial mixer types, respectively Thompson,
Pressindustria and Fryman mixers.
‘Table I1I shows that in each case the inclusion of the
‘sodium chloride resulted in an improvement in effec-

s:ggps§'.§xt Inhibiting plaque growth.

el oy shalany TABLE I
Difference in Difference in
A 4 d(nm)} PG values?
10 3.5 6.3
- 31 5.6
i3 4.3
lthe' salt-containing toothpastes comprised surfactant liquid crystal phase with
smaller d, values than the respecti hp not containing sait

2the malt-containing toothpastes gave lower PG values than the respective tooth-

15 pastes not containing salt

The amount of the liquid crystal surfactant phase in
eachi of the §ix toothpastes exceeded 2% by weight.

EXAMPLE 3

A toothpaste was made from the same ingredients as
for toothpaste A of Example 2 save that in place of
Triclosan was employed the following antimicrobial
agent:

Toothpaste Antimicrobial agent
- D 2,2"-methylenebis(3,4,6-
e b trichlorophenol)

Table IV gives the d, value, percentage weight of the
liquid ‘crystil surfactant phase and PG value for the
‘toothpaste: -

TABLE IV
were s s e v do % w liquid PG
. Toothpaste™  (am) crystal phase value
D 41 3.7 115
-t
EXAMPLE 4

This example illustrates the use of further antimicro-
bial agents.- :
Toothpastes were formulated as for toothpaste C of

45 pxample 2, or toothpaste A as indicated, save that the

antimicrobial agents listed in Table V were used in
place of Triclosan. The lamellar spacings, do, of the
liquid crystal surfactant phase of each toothpaste is also
given in Table V along with the percentage weight of
the liquid crystal surfactant phase.

TABLE V
% wt liquid
Antimicrobial Agent d,{nm) crystal phase
3,4',5-tribromosalicylanilide 4.1 3.0
-«-3,4,4"trichlorocarbanilide 4.1 2.4
bis(2-hydroxy-5-chlorophenyl) 4.1 0.8
sulphide
, ;5-methyl-2:pentylphenol 40 1.7
| ‘% 4-dichlcfobenzyl alcohol 42 1.6
Zut4eghlor6-3,5-dimethylphenol 42 2.0
. Sghioro-2-hydroxydiphenyl 3.9 0.9
o ogthege. L.
i $-n-octanoyl13’-uiﬂuommethyl 4.0 29
silicylanilide
=" t-butyl-p-Hydroxybenzoate® 3.6 3.8
1. .2,2-methylenebis(4-chloro- 4.0 4.0
: 6-brémophenol)*

*formulsted ‘as for toothpaste A of Example 2
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EXAMPLE 15

This example shows that toothpastes having surfac-
tant present in the form of a liquid crystal phase with
low d, spacing result in a superior retention of an anti-
microbial agent on the teeth than do toothpastes for
which the d, value is higher. ‘

In this in vitro procedure human molar teeth were
used. The area of tooth exposed to the test toothpaste
was standardised as follows. Each tooth was-cut in half
vertically and each half was covered in wax, applied
with a camel hair brush, with the exception of a 6 mm?
window left uncovered on the enamel surface of each
half tooth.

Toothpastes were delivered as 50% (w/v) slurries
prepared freshly on the day of the test as follows. The
diluent used was a mixture of ethanol and water (1:2
v/v) with 3H-Triclosan dissolved to give a final level of
Triclosan in the toothpaste/diluent slurry of 20%
greater than the total content of the paste being tested.
For example, 5 g of a formulation containing 2 mg
Triclosan/g paste (i.e. 10 mg Triclosan) was slurried
with 5 ml of the ethanol/water mix containing an addi-
tional 2 mg 3H-Triclosan.

The volume of the test slurry used in each case was 30
pl; this was sufficient to cover the tooth window and
was applied for | minute. After this application the
tooth was washed for 45 seconds in water (2 ml). The
wax was then removed and discarded, and the tooth
washed further, twice in ethanol (2 ml) for 45 seconds
and once in acidified ethano! (2 ml:conc. HCl/ethanol
1/9 v/v) for 30 minutes. The radioactivity collected-in
the final two ethanol rinses and in the acid ethanol wash
was measured in a Packard Tricarb 4530 Scintillation

Counter with appropriate quench correction;: psing

4,656,031
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\ 14
which the lamellar spacing of the liquid crystal surfac-
tant phase is the smaller.

Nineteen panellists rinsed an aqueous slurry of tooth-

paste (1 g toothpaste, 4 ml water) around the mouth for

one minute. After this was expectorated and collected,
a one minute-10 ml water rinse was carried out and

* collected. By analysis it was determined what propor-

10

20

25

35

tion of the zinc in the toothpaste was retained in the

‘mayth. after the rinsing.

. The two toothpastes employed had the formulation
given in Example 1.
The results are given in Table IX.

TABLE IX
% Zinc Retained
dp(nm) in the mouth
Y X¢] 26%"*
T " 63 6%"°

svalues significantly different at the 5% level

Demonstration of long term plaque reduction and gum
‘ ; health benefit

The toothpaste used in this study was that of Table 1
having a d, spacing of 4.3 nm.

The effect of the extended use of a dentifrice contain-
ing 1 % zinc citrate and 0.5 % Triclosan on plaque

"accumulation and gingival health was investigated.

The study was divided into two parts, i.c. a four-week
prestudy period to reduce the influence of motivation
and professional cleaning was followed by a ten-week
experimental period. During the prestudy period, the
participantsiwuséd a placebo dentifrice which had the
same ‘composition as the test toothpaste except that the

" zine citrate and Triclosan were omitted. The ten-week

_ experiméntal-period was divided into two four-week

Insta-ge! Liquid Scintillation Cocktail (United Technol- *-

ogies Packard). This was then expressed as the quantity
of Triclosan binding to the tooth surface in the exposed
window. ,

Appropriate control experiments demonstrated that
radioactivity did not penetrate the wax covering of the
tooth surface. The binding of Triclosan to the wax was
ignored: the wax served simply as a shield and measure-
ment of uptake was by the set area of tooth exposed by
the wax window.

The results are summarised in Table VIII which rep-
resent the mean of nine detcrminations for each tooth-
paste.

TABLE VIII
Triclosan

Triclosan do uptake (1g/6 mm?
Toothpaste Content (%) (nm) tooth surface)
Example 2A 0.2 4.0 1.36 = 0.16*
Example 2A’ 0.2 X 0.87 & 0.04*
Example | 0.5 4.0 1.28 & 0.13%¢ .
Example 1 0.5 6.3

*vglues significantly different at the 5% level

. § - i
*evalues significantly different at the 5% level DTN

v Ny

The batches of toothpastes 2A and 2A' used in ‘this
experiment were different from those for which data are
given in Table IIL 4 J--:-ad»g}:.}}{-‘}n"z
bt [Rioa -
EXAMPLE 16 .

This example concerns the firding that the amount of
zinc retained in the mouth after use of a toothpaste
containing zinc citrate is greater for those toothpastés of

45
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08'9:t 0.11.";); o
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petibds, separated by a two-week interval. During the

-¢wo four-week experimental periods the participants

used. the test and placebo dentifices in a double blind
crossover design experiment. The two-week interval
was adopted in order to minimise the influence of carry-
over effects.

-Volunteers were screened prior to participation in the
study. ' The screcning procedure was as follows. The
partial recording scheme recommended by Cowell et al
in J Clinical Periodontology, 1975, 2, 231-240 was used
to select panellists in which the six specific teeth con-
cerned were free of overt caries and had associated
pocket depths of less than 3.5 mm when probed using
the WHO probe(WHO stands for World Heaith Or-
ganisation). In addition, selected subjects had to exhibit
at least a minimal Ievel of gingival inflammation (more
than 7 bleeding points out of 24 sites) to allow the dem-
onstration of any improvement. Twenty males and
twenty-nine females aged between 23 and 55 years par-
ticipated in the study. No oral hygiene instructions were
given but the participants were encouraged to use suffi-
cient dentifrices to cover the head of the toothbrush
(a%p]rogi@,ately 1.5 g).
¥+ Plagiid was assessed using the Plaque Index accord-
fiig'td Silnéss and Loe (Acta Odont.Scandinavia, 1964.

22,12185). Gmgival inflammation was assessed by the

Gigival ideéx described by Loe (J. Periodontology,
1967 '38, 610-16) and a modification of the Bleeding
Index suggested by Cowell et al (J.Clinical Periodontol-
ogy: 1975, 2, 231-240). Pocket depths were recorded
using 0.5 mm graduated plasticstrips 1.0 mm in width
(Smith, British Dental J., 1975, 139, 369). Assessments
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EXAMPLE 5

This example shows that a wide variety of electro-.

lytes can be used to lower the d,spacing of a liquid
crystal surfactant phase of a toothpaste.

A series of toothpastes were made having the ingredi-
ents of toothpaste C of Example 2 save that the sodium
chloride was replaced by another salt as indicated in
Table VI below. This table also gives the d,spacings for
the ligid crystal surfactant phase of each toothpaste, and
the percentage weight of the liquid crystal surfactant
phase.

TABLE VI

% wt liquid
Salt Do W/W do (nm) crystal phase
Potassium chloride 0.64 35 - ..36
Magnesium sulphate 7H,0 211 4.5 25 ke
Potassium lactate L.10 3.6 14
Potassium tartrate 0.5H>0 1.01 3.7 N
Sodium acetate 0.70 3.5 . 30
Sodium ascorbate 1.69 38 3.2
Sodium lactate 0.96 38 3.0.
Sodium sulphate 0.61 4.2 .29
Trisodium citrate 2H20 0.84 3.6 3.0
Potassium gluconate 2.00 3.3 S % A
Disodium hydrogen 1.53 3.9 34
orthophosphate 12H;0 ]
Potassium acetate 0.84 3.6 12
Sodium glycinate 1H;0 098 3.9 2.7
Sodium gluconate 1.87 39 2.2
Sodium tartrate 2H0 0.99 4.0 2.2

In each case the amount of salt incorporated was ==

equivalent to the same molar cation concentration as
0.5% sodium chloride.

The d, values for toothpastes C and C' were 3.9 nm
and 7.2 nm, respectively.

EXAMPLE 6

This example shows the effect on the lamellar spacing
of a liquid crystal surfactant phase of a dentifrice of
including increasing amounts of sodium chloride in the
dentifrice formulation up to 1% by weight of the denti-
frice. The dentifrice comprised the following ingredi-
ents.

Ingredients %
Alumina trihydrate 50.000
Sorbitol Syrup (70% solution) 27.000
Sodium lauryl sulphate 1875 . .
Sodium docecylbenzene sulphonate .0.625
Sodium carboxymethylcellulose 0.800 v
Zinc citrate trihydrate 0.500
Triclosan 0.200
Sodium monoﬂucrophosphate 0.850
Sodjum saccharinate 0.180
Formalin BP 0.040
Flavour oil 1.200
Sodium chloride see Table
Water To 100.000

The d, values are given in Table VIII together with
percentage weights of the liquid crystal phase.

TABLE VII
% wt liquid
% sodium chloride dy (nm) crystal phase
0.000 1.5 2.1
0.100 7.4 2.0
0200 - 6.4 14
0.300 4.8 L1

0.400 4.1 1.0
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TABLE VII-continued
' % wt liquid
% sodium chloride do (nm) crystal phase
‘ 0.500 4.1 1.1
1.000 3.8 1.7

All the toothphases were made in the same way, the
amount of the sodium chloride being the only variable.

EXAMPLES 7 to 11

The following are further examples of dentrifrice
formulations of the invention that have been made.

; %
Ingredient  Example: 7 8 9 10 11
Alumina tribydrate 50.000 50.000 50.000 50.000 —_
Silica xerogelt’> i+ o —_ - — —  10.000
(Gasil’ 2%’0)?3 ) o
Precipitated sxhca — —  —— 8000
(Sipernat’ 228) ’
Sorbitol syrup’ (70%) ~27.000 27.000 27.000 27.000 45.500
Sodium {auryl . .1.875 2500 1875 1.875 2,400
sulphate e
Sodium dodccyl- 0.625 0500 0.625 0.625 0.800
benzene sulphonate
Sodium carboxy- 0.850 — 0800 0.800 0.800
methyicellulose
Xanthan gum - 1000 - - -
Zinc citrate trihydrate 1.000 0500 0.500 — 0.500
Sodium zinc citrate - - - 2785 -
preparation!,
Triclosan* =~ - 0200 0120 0200 0.500 0.200
Sodium chloride 0.500 - - -— 1.000
Titanium dioxide 0.500  1.000 - —_ -
Sodium monofluoro- 0.850 1200 0.850 0.850 1.120
phosphate
Sodium saccharin 0.180 0.180 — 0.180 0.300
Sodium cyclamste —_— - 2000 - —
Formalin BP 0.040 0040 0.040 0.040 -
Flavour oil 1.200 1.200 1.200 1.200 1.200
Colour 0.008  0.007 - - -
Water to 100,000 100.000 100.000 100.000 100.000

lan aqueous premix of 1.41% trisodium citrate dihydrate and 1.375% zinc sulphate
heptahydrate

Example:
‘ 7 8 9 10 11
d, spacing (nm) 40 39 38 37 3.5
Plaque growth value 12,7 131 - 10.7 -

% wt hqmd crystal phase . 3.8 2.7 26 30 10.0

by

’ ' EXAMPLES 12t0 14

'I’hef ohowmg are yet further examples of dentifrice
f pmulatlons of the invention.

-

K g Parts by weight

Ingredient Example: 12 13 14
55 Alumina trihydrate 5000 5000  50.00
Sorbital syrup (70%) 2700 27.00 27.00
Sodium. lauryl sulphate - 1.50 0.75
Sodiump, dodecylbenzene 2.00 - 0.75
sulphonate
Zinc citrate. trihydrate 1.00 1.00 1.00
60, Triclosan 050 050 0.50
Sodium chloride 1.00 0.50 1.00
Sodium monofluorophosphate 0.85 0.85 0.85
Sodium saccharin 0.20 0.20 0.20
Formalin BP 0.04 0.04 0.04
Flavour oil 1.20 1.20 1.20
65 Water 9.91 9.90 11.91
d, spacing (nm) 34 38 3.6

% wt liquid crystal phase 03 3.1 2.1
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were performed on the buccal, mesial, distal and lingual
surfaces of representative teeth (2 molars, 2 premolars
and 2 incisors) as suggested by Ramfjord (J. Periodon-
tology, 1959, 30, 51-59).

First, the teeth were professionally cleaned to re-
move all traces of supra and subgingival plaque and
calculus. The participants were then provided with
placebo dentifrice and new brushes. The teeth were also
professionally cleaned at the second examination which

S

formed the baselines for the first experimental period of 10

the crossover. The Bleeding and Plaque data recorded

at this examination were used to allocate the panellist to

one of the groups so that the two balanced groups were
formed (Table X). One group was provided with -the

test dentifrice and the other group with the placebo;.
each to be used for four weeks. Following this period,_ .

the clinical parameters were reassessed and the placebo

15

i

dentifrice was used for two weeks to avoid any carry- .

over effects arising from the test dentifrice pnor to the
second phase of the crossover. Clinical examination and
professional cleaning preceeded the second experimen-
tal phase. Each participant was then given their second
dentifrice. Participants were again examined at the end
of this period.

The means of the plaque, gingival and blecdmg indi-
ces for the four-week prestudy period are given below
in Table X.

TABLE X _.

N Plaque Index Gingival Index Bleeding Index
Baseline 0.87 1.00 0.47
Four-week 0.77 0.99 0.49
The means of the plaque, gingival and bleeding indices

for each four-week experimental period and for the
overall study (n=41) for both dentifrices are given
below in Table XI.
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TABLE XI
End of First  End of Second
Experimental  Experimental . Mean of
Period Period . Total Group

Plaque Index ‘_’ ,7 s
Placebo 091 091 T R
Test Dentifrice 0.67 0.67 0.67 ‘
Stat. signif. P> 0.05 0.05 <0001 .-
Gingival Index : )
Placebo 0.92 0.93 T 092,
Test Dentifrice 0.75 071 =+ 073 .
Stat. signif. P> 0.06 0.01 0 001
Bleeding Index o
Placebo 0.49 0.54 051
Test Dentifrice 0.39 042 0.41
Stat. signif.P> 0.09 0.01 0.001

The results shown in Table XI demonstrate a signifi-
cant reduction in plaque accumulation and improve-
ment in gingival health for the test dentifrice copared to
the placebo.

Demonstration of enhanced inhibition of plaque
metabolism

This study demostrates that a toothpaste composition
according to the invention having a liquid crystal sur-
factant phase of low lamellar spaceing provides an en-
hanced inhibition of plague metabolism compared with
one having a liquid crystal surfactant phase of high
lamellar spacing. Inhibition of plague metabolism can be
assessed by measuring the pH fall of plaque after a glu-

55

60

65

cose rinse. The toothpastes used in this crosssover study

o

16
were those of Table I having a d, spacing of 4.0 and 6.3
nm respectwely, and were tested on ten panelhsts who
refrained from toothbrushing for 24 hours prior to the
experiment to allow plaque to accumulate. Each partici-
pant rinsed for 1 minute with 13 g of a 25% solution of
the appropriate toothpaste in water. After 1 hour a
plaque sample was collected, comprising of aliquots of
plaque removed from at least eight incisor teeth. The
pH of this sample dispersed in S pl deionised water was
determined. using an M1-410 Microcombination pH
Probe (Microelectrodes Inc USA), the value being re-
corded 30 seconds after introduction of the pH elec-
trode. The remaining plaque on the teeth was subjected
to a 1 minute rinse with a 15% glucose solution. A

" second plague.sample was taken 5 minutes later and the

pH measured as before. After an interval of 12 days the
e sitépeated with the panellists using the
3'p‘r‘odixct

'I5he meaﬁ ‘valiés for the pH drop caused by the glu-
cose ° challenge after use of the test toothpastes are
showh in Tabie XII The smaller pH drop associated
with the pse of the product with the smaller d, value
indicates that this toothpaste has a greater effect upon

inhibition of plaque metabolism.
TABLE XII
‘do spacing .of liguid Mean drop in plaque
.crystal surfactant pH after glucose
- .phase of toothpaste challenge
401nm ' 0.57*
6.3 nm 0.84*

*values significantly different at the 5% level.

What is claimed is:

1. A dentifrice composition, selected from the group
consisting of a toothpaste, dental cream, or dental gel,
effective to inhibit the growth of dental plaque compris-
ng:. |
a-surfactuant;

a particulate abrasive agent in an amount of between
" about 5 and 60% by weight of the dentifrice com-
posmon,
watqr iifart-amount between about 25 and 60% by
- we:glff'éf the ‘dentifrice excluding insoluble solids;

: u’é gent consisting of an effective amount
of 8 subscantrally water-insoluble non-cationic anti-
: 'mlcroblal ageni or mixture thereof with a zinc sait

havmg a water solubility greater than 2 X 10—4 per

" 100 g of water at 25° C. and pH7,

characterized in that there is present in the dentifrice
composition a lamellar liquid crystal surfactant phase
having -a lamellar spacing of less than 6.0 nm in an
amount of at least about 0.2% by weight of the denti-
frice composition, the lamellar spacing and percentage
weight of the lamellar liquid crystal surfactant phase
being measured after a centrifugation separation proce-
dure, said separation procedure comprising:

(1) sufficient centrifugation to separate the dentifrice
compgsition into its main phases including a liquid
portion; followed by

(2) sufficient ultracentrifugation of the liquid portion
so that the liquid portion separates into layers and
there is no substantial change in the volumes of the
separated layers of the liquid portion, the lamellar

' .hqmd crystal surfactant phase being present as one

of the. separated layers of the liquid portion.
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2. A dentifrice composition as claimed in claim 1,
wherein the lamellar spacing of the liquid crystal surfac-
tant phase is less than 5.0 nm.

3. A dentifrice composmon as claimed in claim 2,
wherein the said lamellar spacing is less than 4, '4'nm.

4. A dentifrice composition as claimed in claim 1,
wherein said lamellar liquid crystal surfactant phase is
present in an amount of at least 0.3% by weight of the
dentifrice composition.

5. A dentifrice composition as claimed in claun 4,
wherein said lamellar liquid crystal surfactant phase is
present in an amount of at least 0.5% by weight of the
dentifrice composition.

6. A dentifrice composition as claimed in claim 1,
wherein the surfactant is an anionic surfactant.

7. A dentifrice composition as claimed in claim 6,
wherein the surfactant is selected from the group con-
sisting of sodium lauryl sulphate, sodium dodecylben-
zene sulphonate, sodium lauroyl sarcosinate and mix-
tures thereof.

8. A dentifrice composition as claimed in claim 1,
wherein the particulate abrasive agent is selected from
alumina and silica abrasives having a particle size in the
range of 2 to 20 microns.

9. A dentifrice composition as claimed in claim 1,
wherein in the formulation of the dentifrice there is q_lso
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included as an ingredient from 0.1 to 3% by weight of 35

sodium chloride or a water-soluble electrolyte salt,

other than a fluorine-containing salt, in an, equivalent -

molar cation concentration effective to rcdqcpvthe la-
mellar spacing of the liquid crystal surfactant phase to
below 6.0 nm, but in an amount insufficient to result in
the destruction of the ligid crystal surfactant phase.

10. A dentifrice composition as claimed in claim 9,
wherein in the fromulation of the toothpaste there is
included 0.1 to 1% by weight of sodium chloride.

11. A dentifrice composition as claimed in claim 1,

35

40

wherein the antimicrobial agent is selected from the .

group consisting of phenolic compounds, bisphenolic
compounds, halogenated diphenyl ethers, benzoate es-
ters and carbanilides.

45
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12. A-dentifrice composition as claimed in claim 1,
wherein‘the antimicrobial agent has a solubility in water
at 25° C. of less than 0.5%.

13. A dentifrice composition as claimed in claim 12,
wheremithemtumcrobxal agent has a solubility in water
at 25° C..of:lessithan 0.1%.

14. A dentifrice composition as claimed in claim 11,
wherein the antimicrobial agent is Triclosan.

15. A-dentifrice composition as claimed in claim 1,
wherein the antimicrobial agent is present in an amount
of 0.01 to 5% by weight.

16. A dentifrice composition as claimed in claim 1,
wherein the zinc salt has a water solubility greater than
1x10—2 g per 100 g of water at 25° C. and pH 7.

17. A dentifrice composition as claimed in claim 1,
wherein the zinc salt is a salt of an orgainic acid selected
from mono-, di-; and tn-carboxylic acids, alphahydroxy
carboxylic acids and amino acids.

18. A dentifrice composmon as claimed in claim 17,
wherein the zinc salt is zinc citrate.

19. A dentifrice composition as claimed in claim 1,
wherein the zinc salt is present in such amount as to
provide from 0.05 to 1.5% of zinc by weight of the
composition.

20. A dentifrice composition as claimed in claim 1,
comprising 0.05 to 3% Triclosan, 0.3% to 1.5% zinc
citrate, 0.2 to 1% sodium chloride and 1 to 3% sodium
lapryl, sulphate

‘21 A dcntﬁ'nce composition as claimed in claim 1,
co:gpnsmg agout 1% to about 3% by weight of an
arpomc §urfactant selected from the group consisting of
sdd;jmrluuryl sulphatac, sodium dodecylbenzene sulpho-
natc, sodium”lduroyl sarcosinate and mixtures thereof,
an antl-pléque agent consisting of from about 0.01% to
abdut 5% by weight Triclosan or a mixture of said
Triclosan with about 0.2% to about 2% by weight zinc
citrate, about 0.1% to about 3% by weight sodium
chioride, about 5% to about 60% by weight of an abra-
sivé selected from alumina and silica abrasives, about
15% ta 70% by weight of sorbitol syrup and about
0.1% t6 5% by weight of flavour oil.

22. A dentifrice composmon as claimed in claim 1,
wherein the lamellar spacing is measured within a

mouth of manufacturmg the dentifrice composition.
s & ¥ ¥ %




