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Daytime of sampling, tooth-brushing and
ascorbic acid influence salivary thiobarbituric
acid reacting substances – A potential clinical
marker of gingival status
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Abstract. Background. Salivary thiobarbituric acid reacting substances (TBARS) have been previously shown to correlate
with the impairment of gingival tissue. Although the details on the origin and the composition of this heterogeneous group of
compounds in saliva are unknown, the potential clinical usefulness makes necessary the studies of factors influencing the salivary
TBARS levels.
Aim. To observe the effects of daily dynamics, tooth-brushing and ascorbic acid administration on salivary TBARS levels.
Subjects and methods. Self-collected samples were obtained from 10 young healthy men collecting samples in the morning, in the
afternoon and in the evening during 2 consecutive days. Ascorbic acid (250 mg) was administered orally after the last sampling
on day 1 and before every sampling on day 2. Additional sampling was performed before and after tooth-brushing. TBARS
levels in saliva specimens were detected spectrofluorometrically. Sialic acid content was measured using a modified method of
Warren.
Results. Salivary TBARS levels vary significantly during a day (p < 0.001) with highest concentrations in the morning. Both,
tooth-brushing (p < 0.05) and short-term antioxidative treatment with ascorbic acid (p < 0.005) decrease salivary TBARS levels.
Sialic acid content of saliva is not influenced significantly by any of the investigated factors.
Conclusion. TBARS levels in saliva are affected by daytime of sampling, tooth-brushing and ascorbic acid pre-treatment. These
results must be considered in clinical research using salivary TBARS levels. Sialic acid seems not to be a major component
of TBARS in saliva. Further studies should clarify the molecular compounds of salivary TBARS and uncover the role of oral
microbial factors.
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1. Introduction

Inflammatory diseases of the gingival tissue have
been previously associated with increased oxidative
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stress (OS). This assumption was proved using mea-
surement of markers of OS in direct tissue speci-
mens [5], which are quite difficult to obtain and, in ad-
dition, it is an invasive procedure for the patient. In a
previous study, we have shown that markers of OS can
be measured in saliva [3]. The level of thiobarbituric
acid reacting substances (TBARS) correlates with the
papillary bleeding index (PBI) and could be used clin-
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ically as a simple and non-invasive marker of gingival
status [4].

However, there are major problems yet to solve. We
still do not know the origin of TBARS in saliva. Al-
though diffusion from plasma seems not to influence
the salivary levels of TBARS considerably [6], the site
of their production remains unknown. Some indices
point towards microbial flora, but also immune sys-
tem activation and especially cell-mediated immune re-
action are known to increase reactive oxygen species
(ROS) concentrations [11].

Most clinical biochemical parameters have a num-
ber of pitfalls that are, unfortunately, unknown to the
users – both, the patients and the doctors. To these
pitfalls belong external influences that significantly
influence the results and endogenous chronobiolog-
ical rhythms, which often cause considerable time-
dependent variations of the parameters. Previous report
on a circadian rhythm of antioxidative status [9] forced
us to look at the possible daily variations of salivary
TBARS. According to our knowledge, neither antiox-
idative treatment nor tooth-brushing were previously
investigated on the effects on salivary TBARS. Thus,
the aim of this study was to look for daily variations and
the short-term effects of ascorbic acid or tooth-brushing
on salivary TBARS levels.

2. Subjects and methods

2.1. Design

10 young healthy male volunteers (aged 21.8 ± 1.8
years) were asked to collect salivary samples during two
consecutive days. All probands participated already on
our previous studies and thus understood the details of
the procedure. Moreover, the results of biochemical
analyses were similar to probands within the lowest
PBI quartile in our previous clinical study. Sampling
was performed at 08:00, 14:00 and 20:00 on both days
without stimulation. An additional morning sampling
was carried out 10 minutes after tooth-brushing. The
volunteers were instructed not to eat or drink 30 min-
utes before any sampling and were allowed to brush
their teeth twice daily (between the two morning sam-
pling times and after the evening sampling). Ascorbic
acid was administered orally using effervescent tablets
at a dose of 250 mg in the evening (day 1) after the
last sampling and before every sampling (at least 30
minutes) on day 2. The volunteers were asked to flush
their mouths with the sparkling fluid for one minute
and then swallow it.

2.2. Biochemical analysis

Collected saliva samples were frozen (−20◦C) un-
til measurement. Salivary TBARS were determined
by the spectrofluorometric method (λex. = 535 nm,
λem. = 553 nm) after derivatization with 0,6% thio-
barbituric acid in acidic medium of acetic acid (100◦C,
45 min.). After derivatization, the coloured product
was extracted to n-butanol, centrifuged (3000 rpm,
10 min.) and measured [13,18]. The calibration
curve was calculated using 1,1,3,3-tetrametoxypropan
as a malondialdehyde standard. TBARS concentrations
were expressed in µmol/l. Sialic acid was measured
using a modified method by Warren [2,7,19]. Due to
missing sialic acid standard, determined concentrations
are expressed in arbitrary units (AU).

2.3. Statistical analysis

Standard nonparametric Wilcoxon test for two re-
lated samples and Friedman test for more related sam-
ples were used (both tests at the significance level
α = 0.05). Analysis of the results was performed
with MicrosoftTM Excel 2000 software, XLStatistics
5.51, MicrococalTM Origin 6.0 and SPSS for Win-
dows 11.0.

3. Results

Although the gingival status of our probands was not
assessed in this study, the overall relatively low levels
of salivary TBARS indicates a low PBI, if compared to
our previous clinical study [4]. The daily variations of
salivary TBARS levels, the effect of tooth-brushing and
ascorbic acid administration, as well as the dynamics
of sialic acid levels are shown on Figs 1–4.

4. Discussion

Salivary TBARS are a useful marker of gingival sta-
tus. However, before the introduction of this parameter
into the clinical stomatological use, important issues
must be solved. Especially, factors influencing the lev-
els of salivary TBARS should be examined. We have
decided to prove some of these possible factors.
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Fig. 1. Daily variations of salivary TBARS. Note the consid-
erable decrease between the morning and afternoon samplings
(χ2 = 13.56; p < 0.001). The results are presented as mean +
standard deviation.

4.1. Daily variation

As seen on Fig. 1 salivary TBARS exhibit a signifi-
cant daily variation. Of the three sampling times morn-
ing levels are clearly the highest. Detailed analysis of
the possible circadian rhythm in the future is needed.
Of course, night samples will be difficult to obtain. The
nocturnal dynamics is more or less of theoretical value,
as most clinical sampling will be done during the day.
The daily variations on the other hand are very impor-
tant for the understanding and interpretation of TBARS
levels in the clinical use. Further research should con-
centrate on a question how TBARS dynamics affects
the relationship of salivary TBARS and PBI.

4.2. Tooth-brushing

Cleaning the teeth decreases salivary TBARS levels
(Fig. 2). This result is not surprising. As TBARS are of
local oral origin, tooth-brushing cleaves the oral cavity
and TBARS containing saliva is replaced by fresh blank
saliva virtually without TBARS [17]. Most patients
coming to a stomatologist clean their teeth straight be-
fore the visit. Thus, the previously found correlation
expects saliva samples after tooth-brushing. This fur-
ther stimulates our effort to uncover the real origin of
salivary TBARS.
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Fig. 2. Effect of tooth-brushing on salivary TBARS levels. Note
the significant decrease of salivary TBARS after tooth-brushing
(Z = −1.96, p < 0.05). The results are presented as 5., 25., 50.,
75. and 95. percentile.
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Fig. 3. Effect of ascorbic acid administration on salivary TBARS
levels. Ascorbic acid induced a significant decrease of TBARS
(Z = −2.81; p < 0.005). Note that especially volunteers with
higher TBARS levels responded to the ascorbic acid antioxidative
treatment.

4.3. Ascorbic acid

As TBARS are accepted and widely used markers of
lipoperoxidation [12], external antioxidative treatment
might influence the salivary TBARS levels [10]. The
effect of ascorbic acid (Fig. 3) proved that salivary
TBARS are a marker of local oxidative stress similar
to other biological specimens and tissues. On Fig. 3
the comparison between the morning levels on day 1
(basal values) and the morning levels on day 2 (after
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Fig. 4. The dynamics of salivary sialic acid levels. Although there seems to be a trend to reduction of sialic acid concentrations due to ascorbic
acid treatment, no significant changes have been found (χ2 = 1.75; p < 0.42). The results are presented as mean + standard deviation.

ascorbic acid administration) can be seen. Induced
decrease at 14:00 and 20:00 was slight and did not reach
the level of significance. The main arising question
is what could be the effects of long-term antioxidative
treatment. There are numerous studies showing a clear
benefit of antioxidants on gingival diseases [1,10,14–
16]. Whether this therapy also durably influences the
salivary TBARS levels is unknown.

4.4. Sialic acid

No changes have been observed in salivary sialic
acid levels during the experiment. It could be expected
that at least tooth-brushing might affect the levels, as
sialic acid is a sugar on the surface of cells and cleaning
the teeth might influence the concentration of salivary
epithelial cells torn out from the mucous. But this was
not the case. Sialic acid is thus a more stable parameter
than TBARS, however, the salivary concentrations of
sialic acid have not been previously proved for correla-
tions with gingival status.

TBARS are a group of heterogeneous substances [8].
Despite the fact that TBARS are widely used for mea-
surement of malondialdehyde (MDA), our previous re-
sults showed that only about 50% of salivary TBARS
could be accounted to MDA [4]. Thus, in saliva TBARS
seem to be composed to a considerable part of other
substances. Previous reports about chemical analysis of
TBARS suggest other aldehydes to react with the thio-
barbituric acid [7]. Especially 9-hydroxy-nonenal as a
further product of lipoperoxidation seems to be a major

component. On the other hand, some studies point to-
wards sialic acid as the source of interference in MDA
measurement using the thiobarbituric acid [12]. Sialic
acid is a chemically completely different compound
that could make the interpretation and maintenance of
TBARS as a marker of OS very difficult. As both fac-
tors improving the gingival status, tooth-brushing and
ascorbic acid decrease TBARS but do not affect the
sialic acid levels, it can be concluded that sialic acid
does not make up a substantial part of salivary TBARS,
at least not the part that is related to the gingival status.
Similar finding eliminated MDA from the list of candi-
dates for salivary TBARS compounds [4]. That is why
other molecules should be considered. The decrease,
which followed tooth-brushing, supports our hypothe-
sis of local origin. The effect of ascorbic acid reveals
the relation of the unknown compound to oxidative
stress. What is the mysterious element? A product of
oxidative stress induced tissue impairment other than
MDA seems thus to be the answer. Hydroxynonenal
and prostaglandin endoperoxide could be the plausi-
ble candidates. However, other molecules, previously
not considered, should be proved in further research.
Moreover, the role of local oral microbial diversity as
a potential producer of salivary TBARS (or inducer of
their production) must be evaluated.

In conclusion, our study shows that salivary TBARS
undergo a significant daily variation with highest lev-
els in the morning. Short-term ascorbic acid treatment
and tooth-brushing decrease the salivary TBARS lev-
els, while sialic acid levels in saliva are not affected.
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Further studies are needed to determine the major com-
pound of salivary TBARS and to uncover the role of
oral microbial flora in salivary TBARS production.
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