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This invention relates to dentifrice compositions. More ' 
speci?cally it relates to improvements in dentifrices which 
contain stannous compounds and ?uoride compounds. 
A body of scienti?c literature shows that the use of 

toothpastes containing a source of stannous ions and 
?uoride ions reduces the rate at which dental caries are 
formed (I. C. Muhler et al., J. Dent. Res, 33, 606- (1954-); 
J. C. Muhler et al., J.A.D.A., 50, 1:63 (1955); J. C. 
Muhler et al., J. Dent. Res, 35, 49‘ (1956); W. A. Jordan 
et al., J.A.D.A., 54, 589* (1957)), and that the presence 
of stannous ions with ?uoride ions gives a more effective 
paste than ?uoride alone (I. C. Muhler et al., J.A.D.A., 
51, 556 (1955)). However, a problem in the manufac— 
ture and widespread distribution of such toothpastes is to 
maintain the stannous ions and ?uoride ions, over a period 
of many months, in substantially as available a form for 
reduction of solubility of dental enamel as they are when 
the paste is fresh. Means have been provided for main 
taining the ?uoride ions in an available condition. How 
ever, to insure the maximum bene?t to the user, the stan 
nous ions must be available for reaction with the dental 
enamel and reduction of the solubility thereof. The stan 
nous ions must not have been made unavailable to the 
dental enamel by oxidation to the stannic condition, hy 
drolysis to stannous hydroxide, or reaction with other 
constituents of the paste to form very stable complexes 
or highly insoluble compounds. 
A copending application by Norris and Schweizer, 

Serial No. 647,956, ?led March 25, 1957, now U.S. Pat 
ent 2,946,725, describes an ‘advance in maintaining stan 
nous tin in an available condition in a somewhat acidic 
toothpaste. The pH may be from 3.5 to 6.0 with the 
pH range of 4.0 to 5.5 being preferred. Higher pH 
values than 6 cause the stannous ions to react rapidly with 
other components of the paste and become non-available 
for reaction with dental enamel because of the insolubility 
of the reaction products. It is generally true that increas— 
ing pH from about pH 5 increases the rate, during storage 
of a toothpaste, at which stannous ions become non-avail 
able for reducing enamel solubility. Yet certain proper 
ties important to the consumer such as sudsing and taste 
of the toothpaste are improved as the pH is increased 
from about pH 5. Other properties such as texture can 
also be improved. Higher pH values than about pH 7 
are often disadvantageous since certain ?avoring ingredi 
ents, especially esters, may deteriorate rapidly. Thus the 
pH range of 6 to 7, which can make possible a favorable 
combination of properties important to the consumer, has 
not heretofore been available for use in formulating a 
highly effective dentifrice containing stannous and ?uo 
ride ions. Immediately below a pH of about 6 a com 
promise of maintaining stannous ions in an available con 
dition vs. consumer properties must be made. Formula~ 
tion of a dentifrice pleasant to the consumer is important 
in determining the commercial success of the dentifrice; it 
also affects the frequency at which the consumer will 
brush his teeth and thereby the state of his oral hygiene. 
An almost insoluble stannous salt is used in Norris and 

Schweizer, US. Patent 2,946,725 to provide a reservoir 
of stannous ions. In association with water, at least 10 

\ and not more than 1000 parts per million (p.p.m.) of 
stannous ions are supplied from the solid reservoir. How 
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ever, some of the solid must dissolve before additional 
stannous ions are available to the enamel, and no more 
than 1000 ppm. of stannous ions are provided by the 
reservoir at a given time. 

It is advantageous to provide an excess of stannous 
ions as a reservoir and even more advantageous to pro 
vide the excess of stannous ions in a soluble, immediately 
usable, condition. Using stannous ?uoride as the sole 
source of a high concentration of soluble stannous tin is 
not feasable. The stannous tin quickly becomes non-avail 
able for reaction with enamel as indicated above. Also, 
the two moles of ?uoride carried along with each mole 
of stannous tin may cause the dentifrice to have toxic 
effects. Compounds such as stannous chloro?uoride in 
troduce one mole of ?uoride per mole of stannous tin, 
but the concentration of ?uoride at the stannous tin con 
centrations required for an e?ective reservoir is still high. 
Also, the problem of maintaining the stannous tin in a 
water-soluble, available condition is not solved. Combi 
nations of stannous salts which do not contain ?uoride 
(e.g. stannous chloride) and ?uoride salts which are not 
stannous salts (e.g. sodium ?uoride) permit the adjust 
ment of stannous tin to ?uoride ratios, but do not solve 
the problem of maintaining the stannous tin in a water 
soluble, available condition. 
An object of this invention is to provide a novel ?uoride 

containing dentifrice in which the stannous ions are effec 
tively maintained in an available condition for the reduc 
tion of the solubility of enamel. 
A further object is to provide a dentifrice containing 

a high level of stannous tin in a Water-soluble condition 
for the reduction of the acid-solubility of enamel. 

Another object is to provide a dentifrice containing a 
molar excess of stannous tin over ?uoride, the stannous 
tin being maintained in a water-soluble, available condi 
tion. 
Another object is to provide a dentifrice in which the 

stannous ions are maintained in an available condition at 
pH values of from 5 to 7, and especially in the pH range 
of from 6 to 7. 
Another object is to provide a dentifrice in which the 

pH remains constant at the desired level. 
Another object is to provide a dentifrice in which good 

consumer properties are attained without sacri?ce of the 
availability of stannous ions for the reduction of enamel 
solubility. 
Another object is to provide a dentifrice which is par 

ticularly effective in reducing the acid-solubility of enamel 
when it is applied in the presence of saliva. 

Other objects and improvements will become apparent 
vfrom the following speci?cation. 

In general this invention comprises a dentifrice con 
taining a water-soluble ?uoride, a source of aldonate 
groups containing six carbon atoms, capable of forming 
water-soluble complexes with stannous ions, and from 
about 5000 to about 15,000 ppm. of stannous tin in the 
form of water-soluble salts. The molar ratio of aldonate 
groups to stannous tin is from about one to about three. 
The molar ratio of stannous tin to ?uoride is greater 
than one. 

Stannous ions are maintained for long periods of time 
in the dentifrice in an unusually stable form available 
for the reduction of the acid-solubility of dental enamel. 
Furthermore, such availability of stannous ions is main 
tained at pH values of from about 5 to about 7, whereby 
a dentifrice more compatible with sudsing and ?avor 
ingredients is provided. ‘ 
The term “aldonate group,” as used herein, is intended 

to mean a group of atoms characteristic of an aldonate 
ion, except that the aldonate group need not be ionic; 
that is, it may be present as an aldonic acid, as a salt 
of an aldonic acid or aldonate, as complexes of a metal 
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cation with aldonate ions, etc. Aldonic acids can be 
regarded as derived from sugars and have the empirical 
formula - 

C0011 

OHzOH 

They are discussed by W. W. Pigman and R. M. Goepp 
in “Carbohydrate Chemistry” (Academic Press Inc., New 
York, 1948); chapters '1 and VII are especially pertinent. 
The number of carbon atoms in compounds ordinarily 
considered as aldonic acids may vary from 3 to 7; but 
hereinafter the term “aldonate group” is intended to mean 
an aldonate group containing six carbon atoms. Like the 
sugars, they may belong to the D or the L-series accord 
ing to the con?guration of the asymmetric carbon atom 
farthest away from the —COOi-I group in the chain. 
Aldonic acids quickly set up equilibria with lactones in 
aqueous solution. Hydroxyls in the gamma-position and 
in the delta-position can take part in the intermolecular 
elimination of a molecule of water required to form a lac 
tone from an aldonic acid. An example of equilibria 
involving an aldonic acid containing six carbon atoms and 
gamma and delta lactones follows: 

COOH 
c 0 —H20 --—H20 0 O 
i if, (CHOH) 3 i | 
0 H011 l (CHOH) s ( ‘ )2 H20 E C 011 1120 I 

HG H C 
i H2O H l 

H 0 OH CHsOH 
i 
CHsOH 

Aldono-garnma- Aldonic Aldono-delta 
lactone aei lactone 

Aldonic acids can form water-soluble complexes with 
metallic cations and this ability is presumed to be essen 
tial to the present invention. 
Many other compounds which form water-soluble com_ 

plexes with metallic ions are known, but the aldonates 
appear to be unique for the purposes of this invention. 
The complexing agent may be postulated to react with 
stannous ions to bind them tightly enough that their rate 
of becoming non-available to dental enamel by hydrolysis, 
oxidation, and precipitation is greatly reduced but not so 
tightly that they become non-available to dental enamel. 

Examples of complexers which bind the stannous tons 
more tightly than aldonates, and which do not serve to 
achieve the objects of this invention, are pyrophosphate, 
triphosphate, ethylenediaminetetraacetate, and phytate. 
Examples of complexers which apparently do not bind the 
stannous ions tightly enough are lactate and salicylate. 
The preferred aldonate group of this invention is the 

gluconate group. The term “gluconate group” is intended 
to mean a group of atoms characteristic of a gluconate 
ion, except that a gluconate group need not be ionic, that 
is, it may be present as a gluconic acid, as a water-soluble 
salt of a gluconic acid or a gluconate, as complexes of a 
metal cation with gluconate ions, etc. Gluconate groups 
may be supplied by any appropriate water-soluble com 
pound. Examples of a preferred group of soluble com 
pounds are stannous gluconate, sodium gluconate, potas 
sium gluconate, gluconic acid, and glucono-lactone. In 
order to adjust the molar ratio of stannous tin to gluco 
nate groups and the pH of the paste, it is often advanta 
geous to use a mixture of more than one source of glu 
conate. _ 

Sources of aldonates which will be suitable for this 
invention are the 6-carbon aldonates of the L and D-series 
in the form of their water-soluble salts, in the form of 
aldonic acids, and in the form of aldono-lactones._ The 
six-carbon aldonate groups suitable for use in this inven 
tion are the D and L forms of gluconate, mannonate, 
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A 
galactonate, idonate, gulonate, altronate, talonate, allo 
nate, and mixtures thereof. Stannous tin can be added to 
the dentifrice compositions of this invention as stannous 
aldonate. Sodium, potassium, ammonium, and ferrous 
aldonates can be added as Water-soluble sources of addi 
tional aldonate groups. Aldonic acids and aldono-lac 
tones can be added to adjust the pH of the dentifrice and 
to provide an additional source of aldonate groups. 
A molar ratio of aldonate groups to stannous tin of 

from about onezone to about threezone is preferred. Less 
aldonate than about the same number of moles as there 
are of stannous ion leaves too much stannous tin uncom- ‘ 
plexed, and the primary bene?ts of the aldonate are theref 
by lost. More than about three moles of aldonate groups 
per mole of stannous tin is wasteful of material; and by 
the law of mass action, as applied to the complexation 
reaction involved, may reduce the concentration of tin 
available for reaction with enamel to an ineffective level. 
The ratio of aldonate groups to stannous tin can be 
adjusted, within the speci?ed limits, to control the con 
centration of available tin. A desirable molar ratio of 
the preferred gluconate groups to stannous tin ions is in 
the range of from about twozone to threezone. 

Preferred Water-soluble stannous salts for providing a 
source of stannous tin in the dentifrice of this invention 
are stannous ?uoride, stannous aldonates, stannous chlo 
ride, and stannous sulfate. Mixed stannous halides such 
as Sn2ClF3 and SnClF are also suitable. The total stan 
nous tin content of the dentifrice can not be supplied sole 
ly by those salts having a molar ratio of stannous ions to 
?uoride ions of one or less. They are ordinarily used 
with a non-?uoride stannous salt such as a stannous aldo 
nate. 
The total stannous tin content must be from about 5000 

to about 15,000 p.p.m., the preferred range being from 
about 6000 to about 10,500 p.p.m. stannous tin. Es 
pecially eifective dentifrices are obtained above a mini 
mum total stannous tin content of 8000 p.p.m. The 
advantages of this invention are not substantially obtained 
below the lower limit; in the vicinity of the upper limit, 
treatment of enamel with increased concentration gives 
no further enamel solubility reduction. It is often pre-, 
ferred to add all or part of the stannous tin in the form > 
of aldonate so as to introduce two of the active ingre 
dients in the same compound. For the same reason, it 
is often preferred to add the fluoride as a stannous salt. 
Use of a mixture of stannous aldonate andv stannous ?u; 
oride is one of the preferred aspects of this invention.‘ 

Substantially all of the stannous tin is added in the 
form of Water-soluble salts. However, when the dentié 
frice is slurried with water, not all of the stannous tin is, ‘ 
extracted into the water. Some has become less avail; 
able by interaction with the abrasive, with the thickening 
agent, and with other ingredients of the toothpaste. The 
fraction of the total found in the water will depend on 
the ratio of Weight of dentifrice to volume of water, 
time of contact, age of the paste, etc. When soluble 
stannous tin is determined according to the procedure 
given in detail in Example III, freshly prepared pastes 
must provide a concentration, based on the toothpaste, in 
excess of about 2000 p.p.m. and preferably in excess of 
4000 p.p.m. of soluble stannous tin. 

If the ?uoride is not added ‘as a stannous salt, such as 
have already been named, sodium and potassium ?u 
orides are preferred. Examples of other suitable ?uoride 
salts include InF3, PdFZ, FeFz, and UP and mixtures 
thereof. The term “?uoride salts” is also intended to 
include complex water-soluble ?uoride-containing salts 
such as ?uosilicates, i.e., Na2SiF6, ?uozirconates, i.e., 
CaZrFs, Na2ZrF6, KZZrFG, ?uostannites, i.e., KSnF3, 
?uoborates, i.e., NaBF4, and ?uotitanatcs. 
?uoride salts can also be used. 
The quantity of the water-soluble fluoride compounds 

which is used for efficacious results in the ?uorine-com’ 

Mixtures of 
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taining dentifrices of this invention should be an amount 
equivalent to at least 25 parts of ?uoride ions per mil 
lion parts of dentifrice. Extremely large amounts of ?uo 
ride ions do not appreciably enhance the desirable proper 
ties of the dentifrice and may cause it to have toxic 
effects. Accordingly, the dentifrices of this invention in 
general do not contain a total of ‘more than 4000 parts 
ionized and un-ionized ?uorine per million parts of denti 
frice, and preferably not more than about 1000 parts per 
million. The molar ratio of stannous tin to ?uoride 
is greater than onezone. 
The pH of the dentifrice composition of this invention 

lies between about 5 and 7, the preferred range being 
from about 5.5 to 6.5. Above about pH 7 loss of stan: 
nous ions available for reaction with enamel can be too 
rapid; and, as has been mentioned before, certain ?avor 
ing substances, especially esters, deteriorate rapidly. 
Too low a pH, below about 5, in the dentifrice of this 
invention produces an astringent taste which is highly 
objectionable to most people. It also accelerates the 
hydrolysis of certain of the sudsing agents thereby pro 
ducing an unpleasant “fatty acid taste” and reducing the 
amount of sudsing obtained in use. Furthermore, pH 
values below 5 tend to cause corrosion of metal tubes 
in which the paste is stored, and tend to hydrolyze other 
ingredients such as condensed phosphates if used as 
abrasives. Such hydrolysis can decrease the availability 
of stannous ions by providing anions with which they 
can form very stable complexes or with which they can 
precipitate as highly insoluble compounds. The pH 
values speci?ed herein are for the supernatant from a 
slurry of one part dentifrice to three parts distilled 
water. 
The pH of the dentifrice may be adjusted with strong 

acids such as HCl but it is particularly advantageous to 
use an aldonic acid or aldono-lactone. There is the 
economy of using one of the essential ingredients to serve 
a dual purpose; and to many persons the ?avor of the 
dentifrice is improved, especially in the pH range up to 
about 5.5. 

Dentifrices desirably should also contain abrasive rna~ 
terials. The abrasives preferably should be relatively in 
soluble and relatively stable at the pH ranges herein 
speci?ed. They desirably should not be too abrasive so 
as ‘to scratch the surface of the teeth or unduly abrade the 
dentin, but they desirably should have just su?icient 
abrading power to clean the teeth. In the practice of 
this invention, any dental abrasives can be used which 
have these properties, and are suf?ciently compatible with 
stannous ions and ?uoride ions. 
A preferred class of abrasives for use in ?uoride con 

taining dentifrices of this invention includes insoluble 
condensed phosphates. Examples of such insoluble con— 
'densed phosphates include calcium pyrophosphate, in 
soluble highly polymerized calcium polyphosphate— 
sometimes called calcium polymetaphosphate, and in 
soluble highly polymerized sodium polyphosphate 
sometimes called insoluble sodium polymetaphosphate. 
Mixtures of abrasives can be used. The total amount of 
abrasive materials in dentifrices of this invention can 
range from 0.5% to 95% by weight of the dentifrice. 
Preferably, toothpastes contain from 20% to 60% by 
weight, and tooth powders contain from 60% to 95% 
by weight. 

Dentifrices conventionally contain sudsing agents, al 
though these are not critical in the practice of the pres 
ent invention. Any of the commonly used sudsing agents 
can be used if they are reasonably stable and form suds 
Within the pH range of the dentifrices of this invention. 
Examples of suitable sudsing agents include, but are not 
limited to, water-soluble alkyl and alkyl ether sulfates 
and sulfonates having alkyl groups of from about 8 to 
18 carbon atoms, water-soluble salts of sulfonated mono 
glycerides of fatty acids having from 10 to 18 carbon 
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atoms, water-soluble salts of sulfated fatty alcohols hav 
ing from 10 to 18 carbon atoms, salts of fatty acid 
amides of taurines such as sodium-N-m-ethyl-N-palmitoyl 
tauride, salts of vfatty acid esters of isethionic acid, and 
substantially saturated aliphatic acyl amides of saturated 
aliphatic monoaminocarboxylic acids having 2 to 6 car 
bon atoms and in which the acyl radical contains 12 to 
16 carbon atoms, such as sodium N-lauroyl sarcoside. 
Mixtures of two or more sudsing agents can also be used. 

Sudsing agents in an amount of from 0.5 % to 5.0%, 
by weight of dentifrice, can be used in dentifrices of this 
invention. ‘ 

In preparing toothpastes, it is necessary to add some 
thickening material. Preferred thickening agents are 
water-soluble salts of cellulose others such as sodium car 
boxym'ethyl cellulose and sodium carboxymethyl hydroxy 
ethyl cellulose. Natural gums such as gum karaya, gum 
arabic, and gum tragacanth also can be used as thicken 
ers, but may tend to cause undesirable odors or flavors 
in some formulations. Colloidal magnesium aluminum 
silicate or ?nely divided silica can be used as a part of 
the thickening agent for improvement in texture. Thick 
ening agents in an amount of from 0.5% to 5.0% by 
weight of toothpaste, can be used to form a satisfactory 
toothpaste. 

Suitable hunrectants include glycerine, sorbitol, and 
other polyhydric alcohols. The humectants may com 
prise up to about 35% ‘of the toothpaste composition. 

Dentifrices may additionally contain small amounts of 
?avorings, such as oil of Wintergreen, oil of peppermint, 
oil of spearmint, oil of Sassafras, and oil of anise. Small 
amounts of sweetening agents such as saccharin, dextrose, 
levulose, and sodium cyclamate are also conventionally 
added to dentifrices. 

If desired, a suitable food, drug and cosmetic-approved 
coloring agent may be added to the dentifrice. 
The ability of a dentifrice to reduce the solubility of 

enamel in acid after teeth are treated with that dentifrice 
can be measured in laboratory tests; and, of course, the 
stability of the dentifrice on storage, with respect to sup 
plying available stannous and ?uoride ions to produce 
this solubility reduction, can be measured as a function 
of the age of the dentifrice; The tests are performed as 
follows: . 

Cleaned whole cuspidsland bicuspids are exposed to 
irradiation by neutron bombardment within the Oak 
Ridge National Laboratories’ graphite reactor. The teeth 
are irradiated in a'closed aluminum container containing 
a humid atmosphere to prevent their dehydration.’ The 
neutron ?ux is essentially constant throughout the mass 
of a tooth. Irradiation takes ?ve days. A small part 
of the phosphorus and calcium throughout the calcium 
hydroxyapatite of the enamel is transformed to beta 
emitting P32 and Ca45. Immediately after exposure it is 
desirable to wait about a Week to permit the gamma 
emitting Na24 to decay; radiation from Ca‘i5 is negligible 
at the time the teeth are used. Three radioactive teeth 
are mounted with plastic in the bottom of a large-diameter 
test tube. The plastic and all but the enamel of the teeth 
is then covered with an inert wax. The radioactive teeth 
are then etched by a measured volume of 0.1 N solution 
of lactic acid-sodium lactate which has been adjusted with 
NaOH to a pH of ‘4.5 at room temperature. The solu 
tion is stirred at constant speed and is maintained at a 
constant temperature of 37° C. by a water bath and 
thermostat. After 15 minutes duplicate samples of the 
solution are taken. A fresh portion of solution is used 
‘for each etching of the teeth; Theramount of phosphorus 
and calcium etched from the teeth can be calculated by 
measuring the increase in radioactivity of the etching 

The radioactivity of samples of the solution 
‘is not measured directly; but they ‘are placed in planchets, 
neutralizedjwith sodium carbonate, and evaporated to 
dryness before counting with an end window Geiger tube 
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and automatic scaler. The counts are corrected for coin 
cidence loss. An initial etching is performed until the 
rate of etching of the tooth enamel becomes constant. 
The teeth are then etched for 15 minutes and the amount 
of enamel removed is calculated from the measured 
radioactivity of the samples. A slurry is made containing 
1 part of dentifrice thoroughly dispersed in 3 parts of 
water. This slurry is centrifuged, and the supernatant 
liquid is decanted. The teeth previously etched are im 
mersed in 20 ml. of this liquid for ?ve minutes while the 
liquid is agitated. The teeth are then washed and exposed 
for 15 minutes to the etching solution in the same manner 
as before. The amount of enamel dissolved from the 
teeth is again determined, and the enamel solubility re 
duction, hereinafter referred to ‘as ESR, is calculated as 
a percentage based on the amount of enamel dissolved 
from the teeth prior to treatment with the dentifrice. 
Since a result involves determinations on the same three 
teeth before and ‘after trmtment, each set of teeth serves 
as its own control. The weight of enamel removed dur- ’ 
ing a determination is small, and the area change during 
a test is negligible. Independent duplicate determinations 
are always made and their average is reported; each num 
ber reported is thus derived from six teeth. 
To more closely approximate conditions in the human 

mouth, treatment can ‘be carried out in the presence of 
saliva. The test is run as described above except that 
the dentifrice is slurried with a mixture of two par-ts saliva 
to one part water-instead of water alone. Thus the 
saliva can exert whatever effect it will on the active in 
gredients of the dentifrice or on their reaction with the 
enamel. The saliva is collected daily from several persons 
and stored in the refrigerator until use. Bacterial decom 
position and person-to-person variations are thus min 
imized. This modi?cation of the ESR test is hereinafter 
called the saliva ESR test, and results determined by its 
practice are called saliva ESR values. 
The following examples illustrate this invention with 

greater particularity. Compositions are reported in weight 
percent. The stannous gluconate used in preparing the 
compositions of the examples was as supplied by Metal 
and Thermit Corporation. In reporting test results, a 
dash is intended to mean that no test was made after 
that time interval. 

7 Example I 

The following toothpaste compositions containing 9000 
ppm. stannous tin were prepared. After the indicated 
time intervals, BER and pH values were determined. 

B 

Sorbitol (30% water) _______________________ _. 
Saccharin __________ -_ ._. 

Flavor _____________________________________ ._ 

Color _ _ 

Hydrochloric acid (3.7% solution) __________ _. 
Stannous gluconate (A: 33.7% soln.; 

stannous tluorid e 
Sodium ?uoride... 
Glycerine _____ .- _ 

Sodium coconut monoglyceride sulfonate_._-. 
Sodiumlauryl sulfate“-.. _________________ -- ‘ 

Magnesium aluminum silicate- . _ - - 

Sodium carboxymethyl cellulose ; 
Water _________________________________ __ -1 

Molar ratio gluconate groups to stannous n. 
Molar ratio stannous tin to ?uoride ________ _-1 

After 1 week _______________________________ -. 

After 12 months.. 

In composition A, where all of the stannous tin was 
furnished by stannous gluconate and fluoride was furnished 
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by sodium fluoride, there was no decrease in stannous 
ions available for reduction of enamel solubility; the ESR 
value remained at ‘a high level over an interval of ‘a year of 
storage. The pH also did not change appreciably. Like 
wise, in composition B, where both stannous gluconate and 
stannous ?uoride were employed, the ESR values remained 
at a high level; and the pH was substantially constant. 
saliva ESR value determined on a sample of composition 
A after 13 months of storage was 45. 

Example II 
A toothpaste having essentially the same composition 

as that of Example I-A, except that 0.47% water was re 
placed by color, was prepared. The ESR was 38 after 
one week and the pH was 5.4; the ESR was 41 after 12 
months and the pH was 5.3. 
18 months. The data of this example and Example I 
clearly show the stability of the source of stannous ions of 
this invention. By stability is meant that thelavailability 
of stannous ions for reduction of enamel solubility is main 
tained at a substantially constant high level. 

Example Ill 

The following toothpaste compositions containing 9000 
ppm. of stannous tin in the form of water-soluble salts 
were prepared. After the intervals indicated, ESR, pH, 
and soluble stannous tin values were determined. Soluble 
stannous tin was determined by mixing one part toothpaste 
with three parts distilled water for 10 minutes. The solids 
were then separated by centrifugation for 20 minutes, at 
15,000 rpm. and stannous ion concentration in an‘ 
aliquot of the supernatant was determined iodometrically. 
Results are reported ‘as parts per million soluble stannous . 
tin on the original paste basis. 

A B 

Sorbltol (30% water) 20 .00 20 .00 
Saccharin _________ __ 0 .12 0 .12 ‘ 

Flavor ________________________ ._ . 0.85 0 .85 

Stannous gluconate (31.1% solution)- _ . _. 12 .33 8 .22 
Calcium pyrophosphate ________________ -. 40 .00 40 .00 
Stannous ?uoride.___.-_ _ _____________ .. 0 .40 
Sodium fluoride. _. 0.22 _____________ _. 

Glycerin ___________________________ _ . 10 .00 10 .00 
Sodium coconut monoglyce sulfonate- 0 .81 0 .81 
Sodium lauryl sulfate ________ __ 0 .70 0 .70 
Magnesium aluminum silicate. . 0 .40 0 .40 
Sodium carboxymethyl cellulose. 1.15 1 .15 
Water .................................. __ Balance Balance 
Molar ratio gluconate groups to stannous 

tin ................................... __ 2 .0 1 .3 
Molar ratio stannous tin to fluoride. 1 .6 1 .5 
pH (fresh) _____________________________ _. 6 .6 5 .3 

Soluble Soluble 
ESR Sn, ESR Sn, 

p.p.m ppm. 

After 1 Week.-. 43 . 47 
After 2 weeks ________________________________ __ 6, 880 .... _. 4, 310 
After 4 Weeks. . 
After 6 Weeks .... _- . 

After 8 weeks-_ 
After 12 weeks. 

Both toothpastes maintained high ESR values on stor~ 
age; the pH of each remained essentially constant. The 
soluble stannous tin values show that appreciable fractions 
of the total tin are initially available and remain available 
after 12 weeks storage. In ‘conventional tooth brushing 
use, these toothpastes were judged to have excellent ?avor 
characteristics, superior to those of a stannous ?uoride 
dentifrice having a pH slightly below 5. Their sudsing 
characteristics were equal to those of a highly successful 
conventional slightly alkaline dentifrice and superior to 
the stannous ?uoride dentifrice. The texture and viscosity 
of these toothpastes were good. 

Example IV 
The following toothpaste compositions further illustrate 

the invention. 

The saliva ESR was 40 after 

, . 
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A B 

Sorbitol (30% water) ______________ _n ____________ __ 20 .00 20.00 
Sac/‘harm _ 0.12 0 .12 
Flavor __________________________________________ __ 0.85 0.85 
Color. __ 0 .47 0 .47 
stannous glueonate (31.6% soln.) _____ __ 5.00 8 .10 
Calcium pyrophosphate ______________ __ 40 .00 40 .00 
Stannous ?uoride _______________________________ __ 0 A0 ________ __ 

Sodium ?uoride 0.19 
Glycerin __________________________________ __ 10 .00 10 .00 
Sodium coconut monoglyceride sulfonate 0.81 0.81 
Sodium lauryl sulfate _________________ ._ 0 .70 0 .70 
Magnesium aluminum silicate ______ __ - 0 .40 0 .40 
Sodium carboxymethyl cellulose _________ __ __ 1 .10 1 .10 
Water _________________________________ __ __ Balance Balance 

Molar ratio, stannous tin to ?uoride _____ _. _ 1.1 1 .1 
Molar ratio gluconate groups to stannous t ___ 1.1 2 .0 
Total stannous tin, ppm _______________________ __ 6720 6000 

These compositions lmaintain stannous tin in .an available 
condition for the reduction of solubility of enamel. A 
substantially constant pH of about 5.5 is maintained in A 
and of about 7.0 to 6.5 in B. The toothpastes have good 
consumer properties and are compatible with sudsing and 
?avor ingredients. 

Example V 

The following toothpaste composition containing 9000 
p.p.m. stannous tin and adjusted to the desired pH with 
D-glucono-delta-lactone was prepared. ESR values were 
measured in saliva, and pH values were determined after 
the indicated time intervals. 

Sorbitol (70% soln.) ______________________ ___ 20.00 
Saccharin _____________________________ __‘__._ 0.12 
Flavor ___ __ 0.85 

Color ___________________________________ __ 0.47 

tannous gluconate (32.2% soln.) ___________ __ 8.04 
D-gluccno-delta-lactone ____________________ __ 0.20 

Calcium pyrophospha-te ____________________ __ 40.00 

Stannous ?uoride __________________________ __ 0.40 

Glycerin __ . 10.00 

Sodium coconut monoglyceride sulfonate _____ __ 0.81 
Sodium lauryl sulfate ______________________ __ 0.70 

Magnesium aluminum silicate _______________ ___ 0.40 

Sodium carboxymethyl cellulose _____________ __ 1.20 

Water __ ____ __ Balance 

Molar ratio gluconate groups to stannous tin____ 1.5 
Molar ratio stannous tin to ?uoride _________ __ 1.5 

Saliva ESR 
After 0 Week ___ 46 
After 4 months ___________________________ __ 42 

This paste had good consumer properties. The pH 
remained substantially constant at about 5 and the avail 
ability of stannous ions for reduction of the solubility of 
enamel remained high during storage. ’ 

Example VI 
A toothpaste having the composition of Example I-A 

except that stannous galactonate is substituted for stan 
nous gluconate exempli?es the invention. The composi 
tion maintains stannous tin in an available condition for 
reduction of enamel solubility, maintains a fairly con 
stant pH of about 5.3 and is compatible with sudsing and 
?avor ingredients. . 

What is claimed is: 
1. A dentifrice composition having incorporated there 

in an enamel solubility reducing material consisting es 
sentially of: 

(1) a Water-soluble ?uoride salt providing at least 25 
parts of ?uoride ions per million parts of dentifrice, 
the total amount of ionized and unionized ?uorine 
not exceeding 4000 parts per million parts of denti 
frice, 

(2) stannous tin in the form of a Water~soluble salt, 
providing a total content of stannous tin in solution 
of from about 5000 to about 15,000 parts per million 
parts of dentifrice, and 

(3) a water-soluble source of six-carbon aldonate 
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groups capable of forming water-soluble chemical 
complexes with stannous tin, 

the molar ratio of aldonate groups to stannous tin being 
in the range of from about onezone to about threezone, 
the molar ratio of stannous tin to ?uoride ions being 
greater than onezone, said dentifrice having a pH of from 
about 5 to 7. 

2. The dentifrice composition of claim 1 wherein the 
source ‘of al'donate groups is a stannous aldonate. 

3. The dentifrice composition of claim 1 wherein the 
source of aldonate groups is a sodium aldonate. 

4. The dentifrice composition of claim 1 wherein the 
aldonate is a member selected from the‘ group consisting 
of g-luconate and galactonate groups and mixtures thereof. 

5. The dentifrice composition of claim 1 wherein the 
stannous tin salt is a member selected from the group 
consisting of stannous ?uoride, stannous chloride, stan 
nous sulfate, stannous aldonates containing six carbon 
atoms, and mixtures thereof and the source of at least 
part of the stannous tin and aldonate groups is a stannous 
aldonate containing six carbon atoms. 

6. A toothpaste having incorporated therein an enamel 
solubility reducing material consisting essentially of va 
quantity of a water-soluble ?uoride salt and stannous 
gluconate sufficient to provide from about 6000 to about 
10,500 parts of stannous tin and at least 25 parts of ?uo 
ride ions per million parts of toothpaste but not more 
than about 4000 parts total of ionized and un-ionized 
?uorine per million parts of toothpaste, and a molar ratio 
of gluconate to stannous tin in the range of from about 
onezone to about three:one and a molar ratio of stannous 
tin to ?uoride greater than onezone, said toothpaste hav 
ing a pH of from about 5.0 to 7.0. 

7. The toothpaste ‘of claim 6 wherein the Water-soluble 
?uoride salt is stannous ?uoride. 

8. The toothpaste of claim 6 wherein the water-soluble 
fluoride salt is sodium ?uoride. 

9. A toothpaste having incorporated therein an enamel 
solubility reducing material consisting essentially of a 
quantity of stannous ?uoride and sodium gluconate su?i 
cient ‘to provide from about 6000 to about 10,500 parts 
of stannous tin and at least 25 parts of ?uoride ions per 
million parts of toothpaste, but not more than about 4000 
parts total of ionized and un-ionized ?uorine, and a 
molar ratio of gluconate to stannous tin in the range from‘ 
about one:one to about threezone and a molar ratio of " ’ 

stannous tin to ?uoride greater than about ionezone, said 
toothpaste having a pl-T in the range from about 5.0 to 7.0. 
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