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Summary: Oxalic acid was determined in human saliva, teeth, tartar, and in animal teeth. Saliva from dentally
healthy male subjects contained 0.10 = 0.09 mmol/l (n = 41) and those of dentally healthy female subjects
0.18 = 0.17 mmol/l (n = 40). Oxalic acid in tartar from 16 patients was 3.3 = 1.2 mmol/kg tartar. In human teeth,
oxalic acid was 1.0 = 0.3 mmol/kg in milk teeth (n = 12) and 0.9 * 0.6 mmol/kg in permanent teeth (n = 60).
Human teeth were sorted into age groups and into molars, incisors and premolars. In animal teeth, oxalic acid
content varied widely. The formed calcium oxalate is proposed to be a ‘physiological’ protective mechanism for

teeth.

Introduction

Organic acids play an important role in the development
of caries (1). Oxalic acid, the simplest dicarbonic acid,
plays a special role in this process. It is a strong acid
with two dissociation constants (pK,; = 1.23 and pK,
= 3.83). For humans, oxalic acid is a non-essential nu-
trient (2). On the other hand, the body itself produces
oxalic acid, in particular by the decomposition and con-
version of glycine (3) and ascorbic acid (4, 5).

According to Gortner et al. (6), dietary oxalic acid is
deposited as calcium oxalate crystals on tooth enamel
in rats. Thirty years later, oxalic acid was found to be
associated with dentin by Pashley et al. (7). They treated
the dental smear layer resulting from grinding with solu=
ble oxalates and determined that calcium oxalate devel-
oped within seconds. The nearly insoluble calcium oxa-
late was able to strengthen chemically the physical
blockage of the dentinal canals resulting from the
smear layer.

Oxalic acid is a physiological component of the blood.
Its salts, in particular ¢alcium oxalate, can occur in vari-
ous human tissues, including in salivary stones (8). It
can thus be assumed that the teeth are continuously
awash in oxalic acid through saliva. It was the goal of
this study to investigate the oxalate content not only in
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saliva and in tooth tartar but also in teeth, because in
bone, a similar material, we have also discovered oxa-
late.

Methods
Materials
Saliva

The saliva samples examined consisted of mixed saliva gathered
by spitting in the late afternoon from persons with and without
caries, as well as from smokers. The saliva samples (5 ml) were
immediately deep-frozen and lyophilised 12 hours until dry, then
stored tightly closed at —20 °C up to one week for the measure-
ment of the oxalic acid content.

The dry substance was weighed, suspended in 2 ml of an aqueous
solution containing EDTA (8.86 g/l) and adjusted with HCI to a
pH between 1.5 and 3. The sample was heated for approximately
40 minutes to 60 °C in a water bath and then centrifuged. The
supernatant was measured for its oxalate content.

Teeth

Freshly extracted human teeth, sorted as well as possible by denti-
tion, age and sex were cleaned of remaining blood under cold run-
ning water, dried and freed from any remaining bone, periodontal
membrane, and tartar with a scalpel. Finally the samples were pre-
served in liquid nitrogen. For the determination of oxalate the deep-
frozen teeth were crushed with a hammer, and any remaining fill-
ings and the pulp removed with a forceps. In a bronze-mortar the
tooth fragments were ground to a powder in liquid nitrogen and
then weighed. For the determination of oxalic acid the tooth pow-
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der and the tartar were dissolved in 8.5 mol/l HCI (approx. 2 g
dental material/10 ml HCI) and heated approx. 40 minutes to 60 °C
in a water bath to accelerate the solubilization and to destroy en-
zymes which could perhaps interfere with the enzymatic oxalate
determination. Oxalate dissolves in this process quantitatively, but
does not decompose at this temperature. The resulting solution had
a pH value of < 3, which meets the requirements of the test equip-
ment used. The solution was finally filtered to remove insoluble
components and then immediately measured for oxalic acid. The
oxalic acid content in solubilized teeth had dropped significantly
even after approximately one week, and after approx. 3 weeks, no
oxalate was measurable in the solution. The reason for this is still
not clear.

During the dissolution of the individual teeth in acid, the sample
solution took on various colourations, ranging from light yellow to
dark. An influence of the solubilized teeth’s own colour on the
absorbance measurement in the enzymatic measurement of oxalic
acid could be ruled out. The solution with the solubilized teeth was
diluted by factor 30 for the oxalic acid determination. The darkest
sample solution showed in dilution an absorbance of only —=0.04
compared to a blank.

A series of animal teeth was prepared in the same manner as the
human teeth.

Tartar O

The examined tartar came from patients with very carious teeth,
and was stored and processed in the same manner as the teeth.

Determination of the oxalic acid content

A test set from Sigma Diagnostics (Deisenhofen, Germany) was
used for the actual oxalate determination. As this test equipment is
designed for the determination of oxalic acid in urine, the samples
had to be adapted accordingly. The determination method used is
based on the oxidation of oxalate by oxalate-oxidase!), and leads
to the formation of carbon dioxide and hydrogen peroxide. The
resulting H,O, was measured by the formation of a blue indamine
dye. The maximum absorbance of this dye was determined with a
spectral photometer (Response® spectral photometer, Gilford,
Giessen, Germany) at 592 nm (waveband 0.5 nm). For the mea-
surement of the absorbance, polystyrene cuvettes (Greiner,
Niirtingen, Germany) were used. Oxalate was calculated using the
calibrator of the test kit.

An aliquot of 1 ml of the solution of oxalic acid to be méasured
was bound to an adsorber specific to the test. This oxalate was then
set free using 0.2 mol/l NaOH and further processed in accordance
with the test requirements. Each measurement series was accompa-
nied by a blank and a calibrator. The analyses were performed in
duplicate. Each sample examined was accompanied by an internal
oxalate standard (4.5 mmol/l) to record the influence of any in-
terfering substances and to correct the results accordingly. The in-
ternal standard also served to check the accuracy of the results. In
approximately 95% of all samples the correction factor was be-
tween 1.5 and 3. The recovery varied therefore between 33 and
75%, indicating the presence of substances which had interfered
with the determination method. In only a few cases was this factor
higher. The interfering substances remain thus far unidentified.

Reproducibility studies yielded an intra-assay coefficient of varia-
tion of 2% (n = 10), and an inter-assay coefficient of variation of
5% (n = 11) when a lyophilized urine specimen was examined for
oxalate (mean value 0.26 mmol/l) with this test system. Using two
different lyophilized saliva samples the intra-assay coefficient of

") Enzyme
Oxalate oxidase (EC 1.2.3.4)

variation was 1.8 and 2.2% (n = 10), and the inter-assay coefficient
of variation 5.4 and 8.6% (n = 11).

Statistics

In order for the investigations to yield statistically valid results,
experimental groups with the same or similar variable constell-
ations were created. The statistical package SAS was used. Since
the oxalate concentrations between the different groups differed
little from each other, the number of cases in the groups of the
human teeth turned out to be so small that no meaningful statxstxcal
significance could be shown.

Results

Whenever possible, results are given as mean * stan-

dard deviation.

Oxalic acid in saliva

Saliva samples (n
from the test subjects in the afternoon, were examined.
The saliva from the dentally healthy male subjects
(n = 41) contained 0.1 % 0.09 mmol/l, those of the den- |

tally healthy female subjects (n =40) 0.18 * 0.17 ‘
mmol/l. Table 1 shows the oxalic acid concentration in | A
saliva of these subjects, divided into three¢ age groups. g

167), which had been collected

In table 2 the oxalic acid concentration in the saliva of ? '

dentally healthy smokers is shown.

Tab.1 Relationship between age and oxalic acid concentration
(mmol/l) in saliva from dentally healthy test subjects.

Age Men . Women

Oxalic acid Oxalic acid
[a] [mmol/I] n) [mmol/1] (n)
10—-25 0.09 £ 0.07 (12) 017009 (19
range 0.02 — 0.26 0.09 — 0.50
26—50 0.12+0.10 (23) 0.16 = 0.09 O
range 0.01 — 0.49 0.07 — 1.10
>50 0.13 = 0.09 (6) 0.13+0.07 (14
range 0.03 — 0.24 0.09 — 0.27

Tab.2 Oxalic acid concentration in saliva from dentally healthy
smokers.

Men Women
(n=17) n=09)
Age [a] 16—69 41—66
Oxalic acid concentration,
mean [mmol/1] 0.20 £ 0.16 0.21 £ 0.09
range [mmol/l] 0.07 — 0.78 0.09 — 0.38
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In five male smokers aged from 16 to 53 with carious
lesions, the oxalic acid concentration in saliva was 0.09
mmol/l, 0.13 mmol/1, 0.19 mmol/l, 0.23 mmol/l and 0.04
mmol/l. In one 24 and one 50 year-old female smoker
with carious lesions the oxalic acid concentration in sa-
liva was 0.27 and 0.07 mmol/l, respectively.

In table 3 the oxalic acid concentration in saliva from
men and women with carious lesions is shown.

Oxalic acid in tartar

Tartar sufficient for the determination of oxalic acid
could be obtained from 16 patients. In these patients a
mean oxalic acid content of 3.3 * 1.2 mmol/kg tartar
was found with a concentration varying between 2.8 and
11.8 mmol/kg tartar. Information regarding the age and
sex of the patients was not available.

Oxalic acid in human teeth

The human molars examined were sorted by dentition.
Their oxalic acid content is shown in table 4. Both heal-
thy and diseased teeth are included.

Table 5 shows the oxalic acid concentrations in defective
molars, sorted into age groups.

In a further investigation, the remaining incisors, premo-
lars and molars of test subjects ranging in age from 18
to 67 years were examined. The results are shown in ta-
ble 6.

Tab.3 Oxalic acid content in saliva from male and female sub-
jects with carious lesions.

Men Women

(n = 17) (n = 8)
Age [a] 16—74 16—66
Oxalic acid coricentration;
mean [mmol/1] 0.21 = 0.18 0.20 =0.08
range [mmoV/1] 0.06 — 0.68 0.10 — 0.36

.

Tab.4 Mean oxalic acid content in human molars of both denti-
tions. -

Milk

Permanent
teeth teeth
(n=12) (n = 60)
Age [a] 7-11 11-78
Oxalic acid concentration,
mean [mmol/kg] 1.0 = 0.30 0.9 = 0.60
range [mmol/kg] 0.7 — 1.60 0.1 —3.00
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Tab.5 Mean oxalic acid content in defective molars, by age.

"Age range 10-30 [a] 31-50 [a] >50 (a]
Number of cases 16 16 8

Oxalic acid

concentration,

mean [mmol/kg] [.0x 1.8 0.8 = 0.60 0.9 + 0.60
range [mmol/kg] 0.1 —3.0 02-27 02-1.0

Tab. 6 Oxalic acid in human incisors, premolars and molars (in-
cluding healthy and diseased teeth).

Incisors Premolars Molars
Healthy teeth (n=28) n=9) (n = 13)
Oxalic acid
concentration,
mean [mmol/kg] 0400l 0.6 =*0.02 0.8 +0.03
range [mmol/kg] 03-0.70 02-0.80 0.2 — 1.60
Diseased tecth (n = 16) (n=17 (n = 34)
Oxalic acid
concentration,
mean [mmol/kg] 0.8*+070 0.7*0.30 0.9 £0.70
range [mmol/kg] 0.1-220 03-1.00 0.1 —2.70

When all healthy permanent teeth were compared with
all diseased permanent teeth without consideration of
age, sex or type of tooth, a mean oxalic acid content of
0.9 * 0.6 mmol/kg tooth was found in the n = 64 dis-
eased teeth, and in the n = 49 healthy teeth a mean oxa-
lic acid content of 0.8 * 0.4 mmol/kg tooth.

When these teeth were then sorted by sex, a mean oxalic
acid content of 0.9 * 0.7 mmol/kg tooth was found in
diseased teeth from women (n = 33), and 0.9 * 0.6
mmol/kg tooth for men (n = 31). In the healthy teeth of
women (n = 28), an oxalic acid content of 0.8 *= 0.3
mmol/kg tooth was found, and in men (n = 21) 0.7
* 0.4 mmol/kg.

Oxalic acid in animal teeth

Table 7 shows the mean oxalic acid concentrations
found in animal teeth.

Discussion

The determination of oxalic acid in urine, plasma and
blood as well as in tissues is complicated by the fact
that glyoxalate and, in particular, ascorbate can grad-
ually change into- oxalate non-enzymatically at pH > 4,
event at —20 °C (9—11). The reason for this phenome-
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Tab. 7 Mean oxalic acid concentration in animal tccth.

Species (n) Oxalic acid
[mmol/kg tooth,
dry weight]

Cow (64) 0.8 +0.20

Pig (66) 0.9 +£0.20

Dog @) 1.4 £0.30

Cat (13) 1.7 £ 0.70

Rabbit (14) 1.3 £ 0.70

Fox a7 2.0 x0.70

Roe Deer (€3} 1.4 = 0.70

Wild Boar (molars) (1) 1.8 £ 0.70

Wild Boar (fangs) @ 29 %040

non is not clear. For this reason, we processed the acidi-
fied samples immediately. To correct the low recoveries
indicating unknown interfering substances with the de-
termination method, we used internal standards.

As oxalic acid occurs in plasma at concentrations around
0.01—0.02 mmol/l (12), the occurence of oxalic acid in
saliva is not surprising, even though saliva is not simply
a filtrate of plasma. The oxalic acid concentration in
saliva is, however, around ten times that in blood. The
unanswered question is how the oxalate gets into the
saliva. That the oxalic acid is formed from ascorbate
would appear unlikely, since the ascorbate level in saliva
is very low or not measurable at all (13). At any rate,
there is no correlation with the plasma-ascorbate level
(13—16). Since there is a correlation between the plasma
ascorbate level and leukocyte-ascorbate, the oxalic acid
in saliva could be a product of leukocyte metabolism.
The leukocytes also contribute to the formation of hy-
drogen peroxide in the oral cavity by the formation of
H,0, and glyoxylic acid from glycine by means of an
FAD-dependent D-aminooxidase (17). Formation by
oral cavity bacteria is also conceivable, as several spe-
cies of Streptomyces and Aspergillus produce oxalic acid
(18, 19).

It is also conceivable that the oxalic acid measured in
saliva is dependent on the food consumed. The oxalate
content in the daily diet can fluctuate considerably.
Singh et al. (20) determined fluctuations of approx. 0.89
to 22.2 mmol/day in the diet of the Indian population.
For a saliva analysis independent of the circadian
rthythm of eating, samples taken from subjects with an
empty stomach would be best suited. As organizational
problems arose, samples were taken in the afternoon
(before afternoon coffee or tea) as a compromise. Indivi-
dual differences in salivation rate contributed to the
large variation range of the saliva oxalate concentra-
tions.

Omori et al. (21) demonstrated the existence of oxalic
acid in saliva using HPLC methods. The oxalic acid

concentrations given by these authors were lower than
ours. Yamamoto et al. (8) and Omori et al. (21) found
oxalic acid in salivary stones and saw a close connection
between their formation and oxalic acid.

As our experiments have shovgr'l, oxalic acid can also be
found in teeth. However, we are at present not yet cer-
tain in which dental tissue the oxalic acid is to be found.
Oxalic acid can reach the tooth not only through the
blood, but through saliva as well. As oxalic acid can be
found in bones in concentrations of 0.3—0.4 mmol’kg
dry substance (22), the oxalate content of the teeth
should not depend solely on a secretion on the tooth
surface in the form of pellicle or plaque formation. Milk
teeth contained, on average, more oxalic acid than per-
manent teeth; however, as a result of the small case
groups and the high mean variation, the difference was
not significant. In the teeth from women, slightly higher
values were measured than in the teeth from men. As
men secrete more oxalic acid than women and children
(23), assuming the same diet, more oxalate should re-
main in the organism in women and children. This pre-
sumption could apply at least for teeth. The oxalate
content may possibly rise from anterior to posterior, as
shown by the examination of the incisors, premolars and
molars. During the chewing process, the molars stay in
contact with the chyme the longest. The higher oxalic
acid content in animal teeth could be associated primar-
ily with a different diet. It must also be taken into con-
sideration that the animals examined eat not only by day,
but by night as well. Why the fangs of the wild boar
show a particularly high oxalic acid content remains an
open question.

As oxalic acid in organisms is histologically more prone
to be deposited on lesions (24), it is not at all surprising
that it is deposited on carious teeth. The oxalic acid con-
centration in tartar is around one hundred times greater
than in saliva, based on the same mass. As oxalic acid
comes in contact with calcium-rich tissue, calcium oxa-
late is formed, which is known for its high degree of
insolubility in water. In this manner, the open dentinal
canaliculi are provided with an effective “physiological”
protective mechanism. Schmidt (25) investigated the su-
perficial histological effect of oxalic acid applied to
teeth with aid of the relief adhesion method and discov-

ered a sealing effect by the formation of crystals on the
enamel surface of teeth. A preceding fluoride treatment

provoked a particularly thick deposit of crystals. Thus,

nature itself already accomplishes that which is only be-

ing tested in dental therapy, namely treatment with prep- ' -

arations containing oxalate to reduce dentin permeability

and sensitivity (26). ot
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