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ABSTRACT OF THE DISCLOSURE 
Method and composition for treating teeth to inhibit 

at least in part formation of calculus. The composition 
includes, in a physiologically acceptable vehicle a solu 
tion of a polyester of a polycarboxylic acid having at 
least three carboxyl groups with a polyalkylene ether 
polyol having a molecular weight of at least 400, the 
ester having a molecular weight of at least 600 and a 
neutralization equivalent from 200 to 5000. 

-_____ 

This invention relates to a composition for inhibiting 
at least in part the deposition of calculus on the surface 
of teeth and pertains more speci?cally to a composition 
comprising a physiologically acceptable vehicle and a 
solution in a suitable solvent of certain acidic polyesters 
of polyalkylene ether polyols. 

Dental calculus is a hard intractable deposit ‘which 
accumulates on those tooth surfaces subject to little 
abrasion or wear under normal conditions. Calculus 
is formed at least partially from material contained in 
the saliva. Frequently these calculus deposits accumulate 
on those surfaces of teeth adjacent to gum tissue and 
tend to cause irritation, pain, and rupture of the gum 
tissue, and if allowed to persist, produce open areas 
between the root of the tooth and its supporting gum 
tissue. These areas, called periodontal pockets, may 
become ?lled with calculus ‘which further aggravates the 
supporting gum tissue and in extreme cases can exert 
suf?cient pressure against the supporting ‘bone to cause 
it to resorb. Recession of the gum tissue from the root 
of the tooth may also occur. If damage to the tissues 
supporting the tooth is sufficiently severe, loss of the tooth 
may result. Even in less severe cases of periodontal or 
gum disease the af?icted individual may ?nd it necessary 
to restrict his diet to soft foods, and in any event dental 
calculus deposits are cosmetically unattractive. 

While dental calculus deposits can be removed me 
chanically by a dentist using special tools, hemorrhage 
of the gum tissue frequently results, and such cleaning 
cannot be carried out effectively by unskilled persons. 
The esters of the present invention when applied to 

teeth inhibit at least in part the formation of calculus 
deposits on the surfaces of the teeth. While the theory 
of operation of the present invention may not be fully 
understood and applicants do not ‘wish to be limited 
thereto, it is believed that the compositions of the present 
invention function by chemical sorption of the acid poly 
esters in dilute solution with the surface of the teeth to 
form an adherent coating which interferes with the nor 
mal mechanism for calculus deposition. The method by 
which the acidic polyesters are applied to the teeth is 
not critical and any method may be employed which 
allows the composition to achieve contact with the tooth 
surfaces. The composition may be applied in the form 
of a toothpaste, mouthwash, chewing gum, etc., and the 
time periods and temperatures normally employed for 
brushing the teeth or using a mouthwash suf?ce to per 
mit the acidic polyester to sorb on the teeth. The amount 
of acid polyester present in the total composition is not 
critical; satisfactory results are obtained when the acid 
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polyester amounts to 0.1 to 20% by weight of the total 
composition including the vehicle. The solvent in which 
the acid polyester is dissolved in the composition may 
‘be water, ethyl alcohol, or other liquid solvent chemically 
inert to the acid polyester and suitable for use in the 
mouth. A mixture of two or more such solvents may be 
employed if desired. 
Any of the usual additives employed in conventional 

mouthwashes or toothpastes may be present in the com 
posltions of the present invention. Such additives include 
menthol, eucalyptol, methyl salicylate, and the like to 
provide ?avor and astringency; thymol, boric acid, ben 
zoic acid or other similar antiseptic; and any of the 
‘usual abrasive materials and thickeners employed‘ in 
toothpaste. 
The polyesters of the present invention may be pre 

pared from a variety of starting'materials but will be 
de?ned in terms of their alcohol and acid components 
as is usual in de?ning esters. The alcoholic component 
may ‘be any polyalkylene ether having at least two hy 
droxyl groups, and having a weight average molecular 
weight of at least 400; among suitable materials are 
tetrahydric polyether alcohols of various molecular 
weights made by the ethoxylation of pentaerythritol, and 
trihydric polyether alcohols made by ethoxylation of glyc 
erol; polyethylene glycol and polypropylene glycol of 
molecular weight 400 to 10,000 are particularly pre 
ferred. The acid component of the polyester may ‘be 
any of a variety of polycarboxylic acids having three or 
more carboxyl groups such as citric, tricarballylic, mel 
litic, trimesic, trimellitic, acontic, pyromellitic, poly 
acrylic, and the like. These acids contain, except for the 
oxygen of the carboxyl and hydroxyl groups, only carbon 
and hydrogen. The useful esters are polyesters in the 
usual sense inasmuch as they contain a plurality of ester 
linkages at spaced intervals in the backbone or chain of 
carbon atoms of the molecule. It is essential that the 
polyester of such alcohol and acid components contain 
some free unreacted carboxyl groups; the proportion 
of such carboxyl groups may be de?ned in terms of the 
neutralization equivalent of the polyester, that is the 
weight average molecular weight of the polyester divided 
by the number of free acidic groups in the molecule 
(Shriner and Fuson, “Systematic Identi?cation of Organic 
Compounds,” 3rd ed. John Wiley, New York, 1948). 
For satisfactory results, the acid polyesters of the pres 
ent invention should have a neutralization equivalent in 
the range of 200 to 5000. The carboxyl groups may be 
terminal groups or they may be pendent on the backbone 
of the polyester molecules. The weight average molecular 
weight of the polyesters preferably is at least 600. 
The acid polyesters may be prepared by esterifying the 

alcohol component with the appropriate acid, or by re 
acting the alcohol component with an acid halide or 
acid anhydride, the relative proportions of the reactant 
being chosen so that the number of hydroxyl groups in 
the alcoholic component is insuf?cient to react with all 
of the carboxyl or acyl halide or acid anhydride groups. 
If necessary, hydrolysis of residual acyl halide or acid 
anhydride groups may be carried out so that the ?nished 
polyester contains free carboxyl groups. 
The composition for use on the teeth, containing a 

solution of the acidic polyester, should have a pH of 2 
to 7, that is, the hydrogen ion concentration in the com 
position should be such that its negative logarithm is 
from 2 to 7. 
The acid polyesters of the present invention were tested 

for effectiveness by immersing sound extracted human 
bicuspid teeth in human saliva at room temperature for 
stated time periods; at speci?ed intervals the teeth were 
removed from the saliva and immersed for a speci?ed 
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time period (usually 30 seconds) in a solution of the 
desired acid polyester. Changes in the calcium content 
of the saliva were determined by analysis, and extent of 
deposition of calculus on the teeth was observed. The re 
sults are set forth in the following speci?c examples 
which are intended to illustrate more clearly the nature 
of the present invention. 

EXAMPLE 1 

In a 100 ml. beaker were placed 30 grams (.005 
mole) of poly (ethylene glycol) 6000, 1 gram (.005 
mole) of pyromellitic dianhydride and 0.1 ml. of 35 
percent aqueous hydrochloric acid as a catalyst. The re 
actants were heated to 90° C., and allowed to remain 
at that temperature for a period of four hours with agita 
tion. The product had a melting point of 52.5 ° C. and 
a neutralization equivalent of 2080. The infrared spectrum 
of the product showed it to be an ester of poly (ethylene 
glycol) and pyromellitic acid. 
A 0.5 percent aqueous solution of the ester was pre 

pared. Two clean, sound bicuspid teeth were treated by 
dipping them in this solution 30 seconds daily for a 
period of three weeks. During the rest of each day the 
teeth were dipped and withdrawn at two second intervals 
in human saliva containing 62.4 parts per million (p.p.m.) 
calcium. After three weeks’ contact between the two 
teeth and saliva the calcium content of the saliva had 
decreased only to 50.8 and 56.0 p.p.m., respectively. Cor 
respondingly, the treated teeth gained 0.24 and 0.31 per 
cent in weight, and mechanically removed scrapings were 
found to contain only 0.12 and 0.16 milligram calcium, 
respectively. 
Two additional teeth obtained from the same person 

were subjected to the same test except that they were 
not treated with the poly (ethylene glycol) pyromellitate. 
The calcium content of the saliva in which these teeth 
were immersed decreased from 62.4 p.p.m. to 11.2 p.p.m. 
and 32.8 p.pm calcium after the three weeks; these un 
treated teeth gained 0.65 and 0.61 percent is weight and 
their ‘scrapings contained 0.26 and 0.23 milligram of 
calcium, respectively. 

EXAMPLE 2 

A similar test was conducted with the ester described 
in Example 1, using the same techniques, with teeth and 
saliva obtained from other people. The fresh saliva used 
in this experiment contained 48.8 p.p.m. calcium. After 
three weeks’ contact with the teeth the calcium content 
of the saliva exposed to the treated teeth decreased to 
28.8 p.p.m. while that exposed to untreated teeth de 
creased to 13.6 p.p.m. The untreated teeth had appreci 
ably larger calculus deposits than the treated teeth. 

EXAMPLE 3 

A test similar to that described in lExample 1 was 
conducted except that a 1 percent aqueous vsolution of 
the ester was used. The saliva used in this test had an 
initial calcium content of 43 p.p.m. which decreased to 
27 p.p.m. when exposed to the treated teeth. In contrast, 
in that portion of the saliva sample exposed to untreated 
teeth the calcium content decreased to 16 p.p.m. Corre 
spondingly, the treated teeth appeared substantially clean 
er and relatively free of calculus deposits when compared 
with the untreated teeth in this test after two weeks’ ex 
posure. 

EXAMPLE 4 

A test similar to that described in Example 1 was 
conducted except that a 2 percent aqueous solution of 
the ester was used. The saliva used in this test had an 
initial calcium content of 61 p.p.m. which decreased to 
55 p.p.m. when exposed to the treated teeth, but de 
creased to only 30 p.p.m. when exposed to untreated teeth. 
correspondingly, the treated teeth appeared substantially 
cleaner and relatively free of calculus deposits when com 
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pared with the untreated teeth in this test after two weeks’ 
exposure. 

EXAMPLE 5 

A test similar to that described in Example 1 was 
conducted except that a 4 percent aqueous solution of 
the ester was used. The saliva used in this test had an 
initial calcium content of 49 which decreased to 36 p.p.m. 
when exposed to the treated teeth, and decreased to 27 
p.p.m. when exposed to untreated teeth. Correspondingly, 
the treated teeth appeared substantially cleaner and rela 
tively free of calculus deposits when compared with the 
untreated teeth in this test after two weeks’ exposure. 

EXAMPLE 6 

A test similar to that described in Example 1 was 
conducted except that in place of the 0.5 percent aqueous 
solution of ester there was employed a mouthwash hav 
ing the following composition. 
Ingredient: Percent by weight 

Thymol ______________________________ __ 0.07 

Eucalyptol ____________________________ __ 0.1 

Methyl salicylate _______________________ __ 2.5 

Menthol ______________________________ __ 0.05 

Benzoic acid ___________________________ __. 0.1 

Boric acid _____________________________ __ 2.0 

Ester of Example 1 _____________________ __ 0.5 
Ethyl alcohol ___________________________ __ 25.0 

Water to 100. 

The saliva used in this test had an initial calcium con 
tent of 58 p.p.m. which did not decrease when exposed 
to the treated teeth. In contrast, that portion of the 
saliva sample exposed to untreated teeth decreased in 
content to 42 p.p.m. after the test. Correspondingly, the 
treated teeth appeared substantially cleaner and relatively 
free of calculus deposits when compared with the un 
treated teeth in this test after two Weeks’ exposure. 

EXAMPLE 7 

In a 100 ml. beaker were placed 30 grams ( .005 mole) 
poly (ethylene glycol) 6000, and 1.2 grams (.005 mole) 
aconityl chloride. The mixture was heated to 70° C. and 
agitated at that temperature for 2 hours. There was then 
added to the reaction mixture 1.8 grams (0.1 mole) of 
water and the mixture was heated to 120° C. for about 
15 minutes until evolution of hydrogen chloride ceased. 
The resulting ester product had a melting point of 47.5 ° 
C. and a neutralization equivalent of 387. A ?ve percent 
aqueous solution of the ester was prepared and tested by 
the procedure of Example 1. The saliva used in this test 
had an initial calcium content of 67 p.p.m. which de 
creased to 55 p.p.m. when exposed to the treated teeth, 
and to 49 p.p.m. when exposed to untreated teeth. Cor 
respondingly, the treated teeth appeared substantially 
cleaner and relatively free of calculus deposits when com 
pared with the untreated teeth in this test after three 
weeks’ exposure. 

EXAMPLE 8 

In a 100 ml. beaker were placed 31 grams (.016 mole) 
poly (propylene glycol) with a molecular weight of 2000, 
3.4 grams (.016 mole) pyromellitic dianhydride and .1 ml. 
35 percent aqueous hydrochloric acid. The mixture was 
heated to 190° C. for 35 minutes and subsequently allowed 
to cool. The resulting ester product was an amber solid 
which had a melting point of 62.5 ° C. and a neutraliza 
tion equivalent of 930. A 0.5 aqueous solution of the poly 
(propylene glycol) ester of pyromellitic acid described 
above was prepared and tested as in Example 1. The 
saliva used in this test had an initial calcium content of 
32 p.p.m. which decreased to 18 p.p.m. when exposed 
to the treated teeth and to 15 p.p.m. when exposed to un 
treated teeth. Correspondingly, the treated teeth appeared 
substantially cleaner and relatively free of calculus de~ 
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posits when compared with the untreated teeth in this 
test after two weeks’ exposure. 

Although speci?c embodiments of the invention have 
been described herein it is not intended to limit the in 
vention solely thereto but to include all of the variations 
and modi?cation which suggest themselves skilled in the 
art within the spirit and scope of the appended claims: 
What is claimed is: 
1. A composition for treating teeth which comprises a 

physiologically acceptable vehicle containing in solution 
from 0.1 to 20 percent by weight of a polyester of (1) a 
polycarboxylic acid having three to six carboxyl groups 
with (2) a polyalkylene ether having two to four hydroxyl 
groups and having a molecular weight of 400 to 10,000, 
said ester having a molecular weight of at least 600 and a 
neutralization equivalent from 200 to 5,000. 

2. A composition as claimed in claim 1 in which the 
acid is citric, tricarballylic, mellitic, trimesic, trimellitic, 
aconitic, pyromellitic. or polyacrylic. 

3. A composition as claimed in claim 1 in which said 
ether‘ is a polypropylene glycol. 

4. A composition as claimed in claim 1 in which the 
pH is from 2 to 7, 
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5. A composition as claimed in claim 1 in which said 

ether is a polyethylene glycol. 
6. A composition as claimed in claim 5 in which said 

acid is pyromellitic. 
7. A method of treating teeth to reduce calculus for 

mation thereon which comprises contacting the surface 
thereof with a composition as claimed in claim 1. 

8. A method as claimed in claim 7 in which the com 
position has a pH of 2 to 7. 

9. A method as claimed in claim 7 in which the ether 
of said composition is polyethylene glycol. 

10. A method as claimed in claim 9 in which the acid 
of said composition is pyromellitic. 
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