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TOOTHPASTE COMPOSITION /

The present invention relates to a toothpaste composition, and more particu -
lazly, it relates to an anti-plaque toothpaste composition having stable bactericidal activity

5 and excellent rheological properties.

Water-soluble pyridinium compounds, quaternary ammonium compounds
and biguanide compounds are effective cationic bacten'cides for inhibition of plague
formation, and there have hitherto been made a proposition that these bactericides are

i0 blended in toothpaste compositions. When these compounds are mixed with anionic
ingredients such as thickening agents or surfactants in toothpaste compositions, they may
cause electric reaction to deteriorate their bactericidal activity because of their cationic
properties. To prevent such an electric inactivation of bactericidal ac;ivity, there is
proposed a combination of cationic bactericides and nonionic thickening agents or cationic

15 polymers (see, e.g., JP-A 2-223511, JP-A 3-127718 and USP No. 5,176,901).
However, although the bactericidal activity of the cationic bactericides is stabilized in
these compositions, the compositions have poor paste-shape retention and poor rheologi -
cal properties in the sense of use.

To obtain a toothpaste composition having good shape retention, there has

20 been made a proposition that a cationic polymer is bleaded in the composition. For
example, a cationic polymer is combined with silica to cause flocculation between both
substances, so that thickening properties are improved to form a gel. However, the gel
stability is readily deteriorated with time, such as solid-liquid separation, and silica has
silanol groups which can absorb any cationic bactericide and thereby inactivate its

25  _ bacteriocidal activity.
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Under these circumstances, the present inventors have intensively studied to

provide a toothpaste composition which has steble bactericidal activity and overcomes the
problem of poor rheological properties. As the result, they hove found that a

certain cationically-modified .

hydroxyethylceliulose (hereinafter referred to as cationically-modified HEC) having a
particular mole;ular weight and having a particular cationization degree can give
thickening properties without causing any flocculation with silica and it is, therefore,
possible to obtain a toothpaste composition having stable bactericidal activity and irproved
rheological properties by blending such a cationically-modified HEC with a water-soluble
bactericide selected from pyridinium compounds, quaternary ammonium compounds and
biguanide compounds.

Thus, the present invention provides an anti-plague toothpaste composition
comprising: (1) a water-soluble bactericide selected from pyridinium compounds,
quaternary emmenium compourds and biguanide campounds prefersbly in
an amount of 0.001% to 5.0% by weight, based on the total weight of the composition;

(2) a cationically-modified hydroxyethylcellulose having an average molecular weight of

arcund 1,000,000 or higher in the hydroxyethylcellulose portion thereof and having a cationiza -

tion degree of 0.05 ® 0.5 mol/glucese preferably in an emount of 0.9% to 5.0% by weight. besed

20

25

on the total weight of the composition; (3) a surfactant selected from
polyoxyethylene polyoxypropylene block copolymers and alkylolamide compowds

prefersbly in an amont of 0.5% to 13% by weight, based on the tolul weight of the

composition; and (4) a polishing agent prefersbly of the noco-gilica type preferebly in an

anount of 5% to 50% by weight, based on the total weight of the composition.
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The toothpaste composition _contains a water-soluble
pyridinium compound, quaternary ammonium compound or biguanide compound as a
bactericide. The pyridinium compound which can be used is not
particularly limited, so long as it is soluble in water. Preferred is cetylpyridinium
chioride. The quaternary ammoniumn compound which can be used
is also not particularly limited, so’lf)ng as it is soluble in water. Preferred are
benzethonium chloride and benzalkonium chloride. The biguanide compound which can

be used is also not particularly limited, so long as it is soluble in

water. Preferred are mono-biguanide compounds such as p-chlorobenzyl-biguanide; bis -

guanide compounds such as chlorhexidine and alexidine; polybiguanide compounds such

- as polyhexamethylenebiguanide hydrochloride. Moré preferred are salts of chlorhexidine.

These water-soluble bactericides may be used alone or in combination. The
amount of water-sofuble bactericide to be used is usually in the range of 0.001% to 5.0%
by weight, preferably 0.01% to 0.5% by weight, based on the total weight of the
composition.
The cationically-modified HECs are cationic polymers. Preferred among cationically-
modified HECs is hydroxyethylcellulose hydroxypropyltrimethylammonion chloride ether
cbtainsble, for example, by addition of 3-chlaro-2-hydreypropylirimethylamonium chloride

o hydroxyethyloellulose, The catianically-modified HEC which can be used
has an average molecular weight of about 1,000,000 or higher, preferably

1,000,000 to 3,000,000, and more preferably 1,500,000 to 2,700,000, in the hyd -
roxyethylcellulose portion thereof and has a cationization degree (i.e., average moles of
cationic groups added to each of the glucose units constituting the cellulose portion
thereof) of 0.05 to 0.5 mol/glucose. The amount of cationicaily—modiﬁed HEC to be used

is usually in the range of 0.5% to 5.0% by weight, preferably 1.0% to 2.0% by weight,
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based on the total weight of the composition. The use of cationically-modified HEC frequently
makes it unnecessary to use any other thickening agent, although the use of other thickening
agents in combination with cationically-modified HEC is not exclinded.
The polyoxyethylene-polyoxypropylene block copolymers which can be used
include conventional nonionic surfactants which are commercially
: ~ ©
available, for example, under the trade name "PLURONIC" from BASF Corporation in

U.S.A. The alkylolamide compounds are also conventional nonionic surfactants of the

general formula:

CH,CH,0H
RICO . Qr RzCOI;I . CH2CH20H

CH,CH,0H H

wherein R; and R, are independently Cq to C g alkyl. Examples of the alkylolamide are
lauric acid monoethanolamide, lauric acid diethanolamide, coconut ol fatty acid mon -
oethanolamide and coconut oil fatty acid diethanolamide. The alkylolamide is commer -
cially available, for example, under the trade name “TOHOL@from Toho Kagaka Kogyo,
Co., Lid.

The surfactant may be blended in an amount of 0.5% to 13% by weight,
preferably 1.0% to 10% by weight, based on the total weight of the composition.

The polishing agent, preferably of the non-silica type, which can be used
is selected s0 a5 to meet the condition that it does not
cause any absorption of cationic bactericides and their inactivation associated therewith. Tt is
preferved that; the polishing agent has no silmol graups.
Examples of the polishing agent are calcium secondary phosphate dihydrate and
anhydride, calcium primary phosphate, calcium testiary phosphate, calcium carbonate,
callcium pyrophosphate, aluminum hydroxide, alumina, insoluble sodium metaphosphate,
magnesium tertiary phosphate, magnesium carbonate, calcium sulfate, polymethyi meth -

acrylate and synthetic resins. These polishing agents may be used alone or in combina-
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tion. The amount of polishing agent to be used is usually in the range of 5% to 50% by
weight, preferably 10% to 40% by weight, based on the total weight of the composition.

The toothpaste composition can be produced by any method.

Optioosally, other components may be added to the toothpaste composition.
Depending upon the type of toothpaste compositions, appropriate

ingredients such as humecants, ﬂavoriné agents, sweeteners and other therapeutic agents
can be blended into the composition, so long as the effects of the present invention
will not be significantly deteriorated. |

Examples of the humecant are sorbitol, glycerin, ethylene glycol, propylene
glycol, 1,3-butylene glycol, polyethylene glycol, polypropylene glycol, xylitol, maltitol
and lactitol. These wetting agents may be used alone or in combination. The amount of
humecant to be used is usually in the range of 5% to 70% by weight, based on the total

weight of the composition.

Examples of the flavoring agént are menthol, carvone, anethole, eugenol,
methyl salicylate, limonene, cymene, n-decyl alcohol, citronellol, o-terpineol, methyl

acetate, citronellyl acetate, methyl eugenol, cineole, linalool, ethyl linalool, vanillin,
thymol, spearmint oil, peppermint oil, lemon oil, orange oil, sage oil, rosemary oil,
cinnamon oil, peﬂﬁa oil, gaultheria oil, clove oil and eucalyptus oil. These flavoring
agents may be used alone or in combination. The amount of flavoring agent to be used is
usually in the range of about 0.1% to 10% by weight, preferably about 0.5% to 5% by
weight, based on the total weight of the composition.

Examples of the sweetener are saccharin sodium, Acesulfame K, stevioside,

neo-hesperidyl dihydrochalcone, glycyrrhizin, perillartine, thaumatin, aspartylphenyl -
alanine methyl ester and p-methoxycinnamic aldehyde. These sweeteners may be used

alone or in combination, The amount of sweetener to be used is usually in the range of
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0.01% to 1% by weight, preferably 0.05% to 0.5% by weight, baséd on the total wcigﬁt
of the composition.

Examples of the therapeutic agent are nonionic bactericides such as tricrosan;
amphoteric bactericides such as dodecyldiaminoethylglycine; enzymes such as dextran -
ase, amylase, protease, mutanase, lysozyme and Iytic enzymes; monofluorophosphates

of alkali metals, such as sodium monofluorophosphate and potassium monofluoropho -

phate; fluorides such as sodium fluoride and stannous fluoride; tranexamic acid and € -

aminocapric acid; aluminum chlorhydroxyl allantoin; dihydrocholesterol, glycyrrhizin
salts, glycyrrhetic acid, glycerophosphate, chlorophyll, sodium chloride, caropeptide and
water-soluble compounds of inorganic phosphoric acid. These therapeutic agents may be
used alone or in combination.

The present invention will be further illustrated by way of the following
examples and comparative examples.

Unless otherwise indicated, percents (%) are ail by weight.

Examples I and 4 and Comparative Examples 1 to 20

Various togthpaste compositions were prepared from the formulations as
shown in Tables 1 and 2 according to the conventional procedures. Amounts in these
tables are all in percent by weight.

The toothpaste compositions thus obtained were measured for their bacteri -
cidal activity and paste-shape retention by the following measurement method.

Bactericidal Activity Test

About six grams of each toothpaste composition was weighed out, and
suspended in distilled water, followed by centrifugation, which afforded a supernatant.

The supermatant thus obtained was diluted with distilled water into three kinds of dilutions
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each containing cetylpyridinium chloride or benzethonium chloride in a concentration of
0.0001%, 0.0002% or 0.0004%.

In another step, cetylpyridinium chloride and benzethonium chloride were
separately dissolved in distilled water to have a concentration of 0.0001%, 0.0002% or
0.0004%. These six kinds of dilutions “;ere used as standard solutions for measurements
of the minimum bactericidal concentration (%) (hereinafter referred to as MBC). For
chlorhexidine hydrochloride and chlorhexidine gluconate, the standard solutions for
measurements of MBC were prepared in the same manner as described above, except that
the concentration was set to be 0.0125%, 0.025% or 0.05%. |

To 10 ml of each prepared sample, 0.1 ml of suspension containing Strepto -
coccus mutans at a proportion of 108 to 10° CFU/ml was added. The mixture was
allowed to cause bactericidal reaction in water bath at 37°C for 15 minutes. After the
reaction, a loopful of the sample mixture was plated on a trypticase soy agar (TSA) plate
containing 0.5% polyoxyett:ylene monoolate and 0.07% lecithin, and incubated at 3-7"C
under anaerobic conditions (N,/H,/CO,=85/10/5) for 2 days, followed by measurements
of MBC.

The standard MBC was 0.0002% for cetylpyridinium chloride and benze -
thonium chloride, and 0.025% for chlorhexidine hydrochloride and chiorhexidine
gluconate.

The test samples were evaluated for MBC according to the following criteria:

Az MBC of the test sample is not greater than the standard MBC;

B: MBC of the test sample is greater than the standard MBC.
Paste-shape Retention Measurement |
The paste-shape retention was measured by the rack test (using a rack made

of paralle] wires successively fixed with a spacing of 1, 4, 8, 10, 13, 16, 19, 22, 25, 28,
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32 and 34 mm). On the rack, each toothpaste composition was squeezed from a laminate
tube witha cap having a pinhole of 1 mum in diameter, and the paste_~shépe retention was
measured by determining which spacing the toothpaste composition was broken at after
30 seconds.
The test samples were evaluated for shape retention according to the
following criteria:
A: broken at a rack spacing of 22 mm or wider;
B: broken at a rack spacing of narrower than 22 mm.
The resuits are shown in Tables 1 and 2.
As can be seen from Tables 1 and 2, when cationic or nonionic thickening
agents are used, the bactericidal activity of cetylpyrdinium chloride, benzethonium
chloride, chiorhexidine hydrochloride or chlorhexidine gluconate were maintained stable.

Further, only cationically-modified HEC gave satisfactory paste-shape retention. When

alkylolamide compounds were used as a surfactant in place of polyoxyethylene polyoxy -

propylene block copolymers, similar results were obtained.



TABLE

Ingredicnts Ekamples Comparative Examples
v 2 2 3 4 5 6 7 8 9 10
Water-soluble pyridinium compound: _
Cetylpyridinium chloride 02 - 0.2 02 0.2 0.2 0.2 - - - - -
Water-soluble quaternary ammonium . ’
compound: -
Benzethonium chloride - 0.2 - - - - - 0.2 0.2 0.2 0.2 0.2
Cationic thickening agent:
Cationically-modified HEC 1.5 1.5 - - ~ - - - - - - -

(HEC average molecular weight:
2,000,000; cationization degree: 0.20)

Dlmcthyldmllylammomum chloride polymer - 1.5 - - - - - 1.5 - - - -

Cationically-modified guar gum - - - 1.5 -~ - - - 1.5 - - -

Cationically-modified Jocust bean gum - - - - 1.5 - - - - 1.5 - -
Nonionic thickening agent:

Hydroxyethyl cellulose - - - - - 1.5 - - -~ - 1.5 -
Anionic thickening agent:

Sodium carboxymethy! cellulose -~ - - - - - 1.5 - - - - 1.5
Plcnyolxéegt;:ylene (194)* polyoxypropylene 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
glyco .

Calcium hydrogenphosphate 30.0 300 300 300 300 300 300 300 300 3008 300 300
Glycerol 200 200 20.0 206 200 200 200 200 200 200 200 200
Flavor 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Saccharin sodism ' 0.1 0.1 0.1 Q1 -~ 01 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Purified water Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance
Total 100.0 1000 100.0 100.0 100.0 100.0 1100.0 100.0 100.0 100.0 100.0 100.0
Bacteriocidal activity . A A A A A A B A A A A B
Paste-shape retention A A B B B B A B B B B A

*: Each numeral in parentheses means an average polymerization degree in the corresponding portion.




TABLE ]

Ingredicnts

Examqles Comparative Examples
1 2 1 2 3 4 5 6 7 8 9 10
Water-soluble pyridinium compound:

Cetylpyridinium chloride 0.2 - 02 0.2 0.2 02 02 - - - - -
Water-soluble quatemary ammonium
compound:

Benzethonium chloride - 0.2 - - - - - 0.2 0.2 02 0.2 0.2
Cationi¢ thickening agent:

Cationically-modified HEC .5 1.5 - - - - - ~ - - - -

(HEC average molecular weight: .

2,000,000; cationization degree 0.20)

Dxmethyldm]lylammomum chloride polymer — 1.5 - - - - - L5 - - - -

Cationically-modified guar gum - - - 1.5 - - - - 1.5 - - -

Cationically-modified locust bean gum - - - - 1.5 - - ~ - 1.5 - -
Nonionic thickening agent:

Hydroxyethy! cellulose - - - - - 1.5 - - - - 1.5 -
Anionic thickening agent:

Sodium carboxymethyl cellulose - - - - - ~ 1.5 - - - - 1.5
P{)lyolx(ysegtgxglene (194)* polyoxypropylene 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
glyco
Calcium hydrogenphosphatc 300 300 300 300 300 300 300 300 300 300 300 300
Glycerol 200 20,0 20.0 200 200 200 200 200 200 20.0 20.0 200
Flavor 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Saccharin sodium 0.1 0.1 0.1 01~ 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Purified water Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance Balance
Total 100.0 100.0 1000 100.0 100.0 1000 '100.0 100.0 100.0 100.0 '100.0 100.0

Bacteriocidal activity A A A A A A B A A A A B

Paste-shape retention A A B B B B A B B B B A

*: Each numeral in parentheses means an average polymerization degree in the corresponding portion.
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Examples 5 to 12 and Comparative Examples 21 to 26

Various toothpaste compositions were prepared from the formulations as
shown in Tables 3 and 4 according to the conventional procedufes. Amounts in these
tables are all in percent by weight. |

As can be seen from Tables 3 and 4, the blending of cationically-modified
HEC having an average molecular weight of 1,000,000 or higher in the ‘HEC portion
thereof and having a cationization degree of 0.05 to 0.50 gave toothpaste compositions
with good shﬁpe retention. Sirnilar results- were obtained, when benzethonium chk'):ide
was used in place of cetylpyridinium chloride, or when chlorhexidine hydrochloride was,
used in place of chlorhexidine gluconate, or when an alkylolamide compound was used as

a surfactant in place of a polyoxyethylene polyoxypropylene block copolymer.



TABLE3

Comparative Examples

Ingredients Examples
5 6 7 8 21 22 23
Cationically-modified HEC
HEC average Cationization
molecular weight  (mol/glucose)
1,000,000 0.20 1.5 - - v - - -
3,000,000 0.20 - 1.5 ~ - - - -
2,000,000 0.05 - - 1.5 - - - -
2,000,000 0.50 - - - 1.5 - - -
2,000,000 0.01 - - - - 1.5 - -
2,000,000 0.60 - - - - - 1.5 -
500,000 0.20 - - - - - - 1.5
Cetylpyridinium chloride 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Polyoxyethylene (194)* polyoxypropylene 8.0 8.0 8.0 8.0 8.0 8.0 8.0
glycol (39)*

. Caleium hydrogenphosphate 30.0 30.0 30.0 30.0 30.0 30.0 30.0
Glycerol 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Flavor 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Saccharin sodium 0.1 0.1 0. 0.1 0.1 0.1 0.
Purified water Balance  Balance Balance Balance  Balance  Balan Balance
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Bacteriocidal activity A A A A A A A
Paste-shape retention A A A A B B B

*: Each numeral in parentheses means an average polymerization degree in the corresponding portion.

ZT




TABLEA4

Ingredients Examples Comparative Examples
9 10 11 12 24 25 26
Cationically-modified HEC
HEC average Cationization
molecular weight  (mol/glucose) _
1,000,000 0.20 1.5 - - - - - -
3,000,000 0.20 - 1.5 - - - - -
2,000,000 0.05 - - 1.5 - - - -
2,000,000 0.50 - - - 1.5 - - -
2,000,000 0.01 - - - - 1.5 - -
2,000,000 0.60 - - - - - 1.5 -
500,000 0.20 - - - - - - 1.5
Chlorhexidine gluconate 0.2 0.2 02 0.2 0.2 0.2 0.2
Polyoxyethylene (194)* polyoxypropylene 8.0 8.0 8.0 8.0 8.0 8.0 8.0
glycol (39)*
Calciumn hydrogenphosphate 30.0 30.0 30.0 30.0 30.0 30.0 30.0
Glycerol 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Flavor 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Saccharin sodium 0.1 0.1 0 0.1 0.1 0.1 0.1 .
Purified water Balance  Balance  Balan Balance  Balance  Balance  Balance
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Bacteriocidal activity A A A A A A A
- Paste-shape retention A A A A B B B

*: Bach numeral in parentheses means an average polymerization degree in the corresponding portion.

€T
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Example 13

A toothpaste composition was prepared from the following formulation

according to the conventional procedures.

Ingredients
Benzethonium chloride
Cationicalty-modified HEC

mounts {wt%
0.1
1.5

(HEC average molecular weight: 2,200,000,

cationization degree: 0.15)

Coconut oil fatty acid monoethanolamide

~ Aluminum hydroxide
Sorbitol
Sodium fluoride
Flavor
Saccharin sodium
Purified water

The toothpaste corposition of this example also exhibited good bactericidal

activity and good paste-shape retention.

;
Example 14

2.0
35.0
35.0

0.2

10

0.2

Balance

A toothpaste composition was prepared from the following formulation

according to the conventional procedures.

Ingredients
Cetylpyridinium chloride
Cationically-modified HEC

Amounts (wt%)
0.1

2.0

(HEC molecular weight: 1,500,000,

cationiéation degree: 0.20)

PLURONIC F-77

{average polymerization degree:

ethylene oxide, 104; and
propylene oxide, 35)

Polyethylene glycol 400

Calcium carbonate

Mutanase

Flavor

Saccharin sodium

Purified water

6.0

20.0
25.0
0.5
0.8
0.1
Balance
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The toothpaste composition of this example also exhibited good bactericidal

activity and good paste-shape retention.

Example 15

A toothpaste composition was prepared from the following formulation

according to the conventional procedures.

Ingredients Amounts (wt%)
Chlorhexidine gluconate 0.1
Cationically-modified HEC 1.5

(HEC average molecular weight: 2,200,000,
cationization degree: 0.15)

Coconut oil fatty acid monoethanolamide 2.0
Aluminum hydroxide 35.0
-Sorbitol 35.0
Sodium fluoride 0.2
Flavor 1.0
Saccharin sodium 0.2
Purified water Balance

The toothpaste composition of this example also exhibited good bactericidal

activity and good paste-shape retention.

E le

A toothpaste composition was prepared from the following formulation

according to the conventional procedures.

Ingredients Amounts (wit%)
Chlorhexidine hydrochloride 0.1
Cationically-modified HEC 1.5

(HEC molecular weight: 1,500,000,
cationiéation degree: 0.20)

PLURONIC F-77 6.0
(average polymerization degree:

ethylene oxide, 104; and

propylene oxide, 35)
Polypropylene glycol 400 20.0
Calcium carbonate 25.0
Mutanase 0.5
Flavor 1.0
Saccharin sodium 0.1

Water Balance
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The toothpaste composition of this example also exhibited good bactericidal

activity and good paste-shape retention.
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CLAIMS:

1. A toothpaste compositioh comprising:

(1) awater-soluble bactericide selected from
pyridinium compounds, quaternary ammonium compounds and biguanide compounds in
an amount of 0.001% to 5.0% by weight, based on the total weight of the composition;

(2} a cationically-modified hydroxyethylcellulose having an average
molecular weight of 1,000,000 or higher in the hydroxyethylcellulose portion thereof and
having a cationization degree of 0.05 to 0.5 mol/glucose in an amount of 0.5% to 5.0%
by weight, based on the total weight of the compositioln;

(3) asurfactant selected from polyoxyethylene
polyoxypropylene block copolymers and alkylolamide compounds in an amount of 0.5%
to 13% by weight, based on the total weight of the composition; and

(4) apolishing agent of the non-silica type in an amount of 5% to 50% by
weight, based on the total weight of the composition.

2. A toothpaste composition according to claim 1, wherein the water-soluble
bactericide is cetylpyridinium chloride.

3. A toothpaste composition according to claim 1, wherein the water-soluble
bactericide is benzethonium chloride or benzalkonium chloride.

4. A toothpaste composition according to claim 1, wherein the water-soluble
bactericide is a salt of chlorhexidine.

5. A toothpaste composition according to claim 1, wherein the cationically -
modified hydroxyethylcellulose is hydroxyethylcellulose hydroxypropyltrimethy! -

ammonium chloride ether,

"

T




