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Abstract. Background. Thiobarbituric reacting substances (TBARS) are markers of lipoperoxidation. The best-known specific
TBARS is malondialdehyde (MDA). Results from our previous studies have shown that TBARS can be measured in saliva and
are increased in patients with gingivitis. Whether MDA is the main TBARS in saliva from patients with altered parodontal status
is unknown.
Aim. To observe the relationship between the parodontal status and TBARS, MDA and the number of epithelial cells in saliva.
Subjects & Methods. In Study I saliva and plasma samples of 15 patients (8F, 7M) suffering from inflammatory periodontal diseases
were gathered and TBARS levels were measured in these samples. In Study II saliva samples from 217 consecutive stomatologic
patients were collected and analysed for TBARS spectrofluorometrically, MDA by high-performance liquid chromatography and
epithelial cell count by light microscopy. Papillary bleeding index (PBI) was determined in standard stomatologic examination.
Results. In Study I results from our previous studies showing no correlation between salivary and plasma TBARS levels were
confirmed. This indicates that the local salivary level of TBARS is unlikely to be directly affected by systemic oxidative stress.
In Study II higher PBI was associated independently (adjusted for age and sex) tightly with higher TBARS (p < 0.001) and with
lower number of epithelial cells in saliva (p < 0.05). Smokers had higher salivary MDA levels (p < 0.003) and lower number
of epithelial cells in saliva (p < 0.01).
Conclusion. Salivary TBARS are a simple parameter that partially reflects the parodontal status with a potential usefulness in the
clinical stomatology. We show herein that salivary MDA is dependent on age and smoking, but there is no correlation between
MDA and PBI. Further studies should uncover the main salivary TBARS compound in patients with altered parodontal status and
trace the origin of these salivary lipoperoxidation markers.
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bavého 3, 841 01 Bratislava, Slovak Republic. E-mail: petercelec@
hotmail.com.

1. Introduction

Thiobarbituric acid reacting substances (TBARS) are
produced during lipoperoxidation – oxidative stress-
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induced damage of lipids and are, thus, a widely used
marker of oxidative stress [9,29]. However, they rep-
resent a heterogeneous group of compounds – best-
known is malondialdehyde (MDA). MDA is a product
of breaking long carbon strings of fatty acids. Some
time ago TBARS were thought to be equal to MDA,
however, since doubts were published regarding this
equation [16], the term MDA should be only used in as-
sociation with the use of high performance liquid chro-
matography (HPLC) and other specific measurement
methods.

TBARS is associated with parodontopathies when
measured directly in the injured gingival tissue [38]. In
our previous studies we have shown that TBARS can
be found in measurable concentrations in saliva and
that these levels are higher in patients with parodon-
topathies and their origin is unlikely to be plasma [8,
24]. Whether the difference in patients is caused by a
rise of MDA and which other factors influence salivary
TBARS levels is unknown. The aim of this study was
to uncover these questions and, moreover, to find out
how tight is the correlation between salivary TBARS
and the severity of the parodontopathy with regard to
the potential clinical usefulness of this parameter.

2. Subjects & methods

2.1. Subjects & sampling

In Study I saliva and plasma samples of 15 patients
(8 females and 7 males) with an average age of 46.3 ±
16.3 yr. suffering from inflammatory periodontal dis-
eases were gathered. In Study II saliva samples from
217 consecutive stomatologic patients (143 females and
74 males) with an average age of 31.6 ± 13.9 yr. were
collected. Samples in both studies were taken in the
morning before eating or washing the teeth without the
use of any stimulants [24]. Patients with known sys-
temic diseases were excluded. Self-reported smoking
(defined as current smoking of more than one cigarette
per day) was involved in the analysis as a known pro-
ducer of local oxidative stress. In study II patients
underwent an examination of their parodontal status
using an adapted Papillary Bleeding Index (PBI; with
bleeding scores 0, 1, 2, 3; [11]).

2.2. TBARS determination

Collected plasma and saliva samples were frozen
until measurement. Salivary and plasmatic TBARS

were gauged by spectrofluorometric method (λ ex. =
515 nm, λem. = 535 nm) after derivatization with
0,67% thiobarbituric acid in acidic medium of phospho-
ric acid (100◦C, 45 min.; [21]). After derivatization, the
coloured product was extracted to n-butanol [22], cen-
trifuged (3000 rpm, 10 min.) and measured against the
standard (1,1,3,3-tetrametoxypropan). TBARS con-
centration was expressed in µmol/l on the basis of the
calibration curve.

2.3. MDA determination

Salivary and plasmatic levels of MDA were deter-
mined by high performance liquid chromatography [5,
17]. Samples were prepared as for TBARS determina-
tion. As mobile phase was used methanol:buffer saline
solution (2:3), which was prepared as follows: 120 ml
of phosphate buffer saline was filled to 600 ml with
distilled water and 400 ml of methanol was added [6].
Mobile phase was corrected to pH 6,3 by phosphoric
acid. Flow rate was set to 0,75 ml/min using one 307
Piston pump model. Separations were made with a col-
umn Sepharon SGX C18 3 × 150 mm, 7 µm particles
(Tessek, Ltd., Czech republic). The effluent (100 µl)
was monitored with LKB Broma 2151 photometer de-
tector set to the wavelength of 532 nm. Retention time
of MDA was about 4 minutes.

2.4. Epithelial cells count

Large whole round or oval shaped epithelial cells in
10 µl of diluted saliva (200 µl vortexed saliva with-
out centrifugation and 800 µl of distilled water) were
counted. The examined volume of 10 µl matches with
one view field (10x objective and 15x ocular) in light
microscopy. The examinator had no information about
the reference of the samples.

2.5. Statistical analysis

Multifactorial ANOVA, independent t-test, standard
nonparametric Wilcoxon test for two related samples
and Pearson correlation analysis were used. Analysis
of the results was performed with Microsoft Excel
software, XLStatistics 5.51 and SPSS 11.0.
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Fig. 1. Salivary TBARS correlate tightly with PBI. Patients with
higher PBI had higher levels of salivary TBARS (p < 0.001).
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Fig. 2. Epithelial cells in saliva were higher in non-smokers than in
smokers (p < 0.01).
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Fig. 3. Salivary MDA levels were higher in smokers than in
non-smokers (p < 0.003).

3. Results & discussion

No significant correlations were found in Study I
between salivary and plasma TBARS in patients with
parodontopathies (p = 0.95) confirming our results
from previous studies and indicating that an influence
of plasma TBARS on salivary levels is unlikely. The
origin of TBARS in saliva is still unknown [27], how-
ever, a local intraoral production is very probable [31].
This result also underlines that systemic oxidative stress

does not alter salivary TBARS directly [28,34,35]. We,
thus, assume, that salivary TBARS may reflect the lo-
cal oral oxidative stress, although the producer is still
hidden [25]. Some indices point towards oral microbial
flora as possible source or cause of oxidative stress [37].
Whether the overproduction of reactive oxygen species
is involved in the pathogenesis of parodontopathies or
it is just a consequence of the local inflammation is
unknown [36], although some hypotheses were already
published [39]. Although PBI – a standard marker
of the parodontal status was higher in the older age
(p < 0.014), we found that even after adjustment for
age the level of salivary TBARS is under tight influence
of PBI (p < 0, 001; Fig. 1) and the interaction of age
and PBI (p < 0.016). Surprisingly, there is no signifi-
cant relationship between PBI and MDA (p = 0.12). It
can be concluded, that TBARS other than MDA must
be associated with higher PBI and, thus, with worse
parodontal status. Sialic acid belongs to the agents that
are described to imitate MDA in the determination us-
ing thiobarbituric acid [26]. Moreover, sialic acid can
be found in great amounts at the surface of most cells
and is therefore a suitable candidate [4,18]. Further re-
search should concentrate on the salivary levels of free
sialic acid [19,33] and their relationship to the paro-
dontal status [7,10,23]. On the other hand, the number
of epithelial cells in saliva – a possible source of sialic
acid [41] was found to be higher in patients with lower
PBI (p < 0.05) and in non-smokers (p < 0.01; Fig. 2).

We suppose two possible hypotheses for the explana-
tion of these relations. Defective mucosal tissue has an
altered regenerationcapacity [13], especially in chronic
inflammatory diseases like chronic gingivitis [12] or
due to smoking [30]. Therefore, the turnover of the ep-
ithelial cells is diminished and the number of epithelial
cells in saliva is, thus, reduced. Another possibility is
that the difference is caused by cell counting criteria [2].
Only definite large round or oval shaped epithelial cells
were included, not vague fragments or cell grit [40].
It is possible that the overall cell material amount in
saliva is higher in patients with parodontopathies [20],
but the number of whole large cells is reduced due to
the inflammation associated tissue injury [31]. MDA
as a specific marker of oxidative stress was higher in
older patients (p < 0.03). Oxidative stress is increased
in the older age, particularly due to the locally reduced
activity of cellular antioxidative enzymes [1,37]. Be-
sides, MDA was also significantly higher in smokers
than in non-smokers (p < 0.003; Fig. 3), however, this
influence disappeared after the adjustment for age.

Smoking is known for inducing oxidative stress and,
hence, this difference can be explained by a local over-
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production of reactive oxygen species and a subsequent
lipoperoxidation due to smoking [15,32,42]. On the
other hand, reported smoking was not associated with
worse parodontal status (p = 0.84). A detailed analysis
of the effects of smoking on salivary TBARS requires
a further study concentrating on smoking habits, which
has not been the aim of this study.

The main finding of this study is that TBARS are
a simple and suitable parameter that reflects the paro-
dontal status in stomatologic patients. Its usefulness in
the clinic should be further evaluated. However, more
than a tool for the first diagnosis the TBARS dynamics
could be used for the evaluation and monitoring of the
treatment procedure and healing progress.
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tatnı́ková for helpful comments and support. This study
was financially supported by grants of the Comenius
University Grant UK 116/2004 and 117/2004 and by
the Agency for Science and Technology APVT-20-
003104.

References

[1] Y. Abiko, N. Shimizu, M. Yamaguchi, H. Suzuki and H.
Takiguchi, Effect of aging on functional changes of periodon-
tal tissue cells, Ann Periodontol 3 (1998), 350–369.

[2] J.K. Aps, M.K. Van den, J.R. Delanghe and L.C. Martens,
Flow cytometry as a new method to quantify the cellular con-
tent of human saliva and its relation to gingivitis, Clin Chim
Acta 321 (2002), 35–41.

[3] P.M. Bartold, O.W. Wiebkin and J.C. Thonard, The effect of
oxygen-derived free radicals on gingival proteoglycans and
hyaluronic acid, J Periodontal Res 19 (1984), 390–400.

[4] B. Berra, C. Franzini and L. Corbetta, Sialic acid of human
saliva, Ann Laringol Otol Rinol Faringol 64 (1965), 300–307.

[5] M.A. Carbonneau, A.M. Melin, A. Perromat, M.J. Maviel and
M. Clerc, Free malondialdehyde determination by HPLC ap-
plied to microsomal studies, Food Addit Contam 7(1) (1990),
S35–S40.

[6] M.A. Carbonneau, E. Peuchant, D. Sess, P. Canioni and M.
Clerc, Free and bound malondialdehyde measured as thiobar-
bituric acid adduct by HPLC in serum and plasma, Clin Chem
37 (1991), 1423–1429.

[7] V. Cattaneo, S. de Rysky and D. Goggi, Quantitative analysis
of sialic acid in chronic gingivitis, Bull Group Int Rech Sci
Stomatol 12 (1969), 369–374.

[8] P. Celec, T. Cervenka, J. Hodosy, P. Boor, S. Vesela, L. Halcak,
D. Ostatnikova, A. Tomandlova, V. Rendekova and J. Podhrad-
sky, Thiobarbituric acid reacting substances and their relation
to the gingival inflammation, Timisoara Medical Journal 54
(2004), 81–85.

[9] I.L. Chapple, Reactive oxygen species and antioxidants in
inflammatory diseases, J Clin Periodontol 24 (1997), 287–
296.

[10] G. Davis and R.J. Gibbons, Accessible sialic acid content of
oral epithelial cells from healthy and gingivitis subjects, J
Periodontal Res 25 (1990), 250–253.

[11] T. Engelberger, A. Hefti, A. Kalenberger and K.M.
Rateitschak, Correlations among papilla bleeding index, other
clinical indices and histologically determined inflammation of
gingival papilla, J Clin Periodontol 10 (1983), 579–589.

[12] C. Guarnieri, G. Zucchelli, F. Bernardi, M. Scheda, A.F. Valen-
tini and M. Calandriello, Enhanced superoxide production
with no change of the antioxidant activity in gingival fluid
of patients with chronic adult periodontitis, Free Radic Res
Commun 15 (1991), 11–16.

[13] L. Hakkinen, V.J. Uitto and H. Larjava, Cell biology of gingival
wound healing, Periodontol 24 (2000), 127–152.

[14] J. Hodosy, P. Celec, T. Cervenka, J. Vodrazka, S. Vesela, A.
Tomandlova, P. Bozek, L. Halcak, V. Rendekova, D. Ostat-
nikova, Z. Putz and A. Izakovicova, [The relationship of sali-
vary thiobarbituric acid reacting substances to parodontal sta-
tus – their origin in parodontopathies], Ceska Stomatologie
104 (2004), 57–70.

[15] L.G. Holmes, Effects of smoking and/or vitamine C cervical
fluid flow in clinically healthy gingiva, Quintessence Int 21
(1990), 191–195.

[16] D. Jardine, M. Antolovich, P.D. Prenzler and K. Robards, Liq-
uid chromatography-mass spectrometry (LC-MS) investiga-
tion of the thiobarbituric acid reactive substances (TBARS)
reaction, J Agric Food Chem 50 (2002), 1720–1724.

[17] F. Karatas, M. Karatepe and A. Baysar, Determination of free
malondialdehyde in human serum by high-performance liquid
chromatography, Anal Biochem 311 (2002), 76–79.

[18] K. Kikuta, [Sialic acid in human whole saliva. Reliability
of assay methods and correlation with periodontal disease],
Nichidai Koko Kagaku 11 (1985), 27–34.

[19] L. Koc, A. Yarat, N. Emekli, S. Serdengecti and B. Berkarda,
Salivary sialic acid and cancer, J Marmara Univ Dent Fac 2
(1996), 523–526.

[20] E.N. Kologrivova, E.K. Ruf, N.V. Bobkova and M.P. Lebedev,
[Cellular content of mixed saliva sediment in patients with
chronic mucosal inflammation], Tsitologiia 42 (2000), 441–
443.

[21] D. Koracevic, G. Koracevic, V. Djordjevic, S. Andrejevic and
V. Cosic, Method for the measurement of antioxidant activity
in human fluids, J Clin Pathol 54 (2001), 356–361.

[22] E.N. Korobeinikova, [Modification of the determination of
lipid peroxidation products in a reaction with thiobarbituric
acid], Lab Delo 4 (1989), 8–10.

[23] A. Majewska, B. Zaslonka and B. Kolaczkowska, [Free and
total sialic acid in saliva and dental caries], Czas Stomatol 39
(1986), 583–590.

[24] K.K. Makinen, K.P. Isotupa, T. Kivilompolo, P.L. Makinen, S.
Murtomaa, J. Petaja, J. Toivanen and E. Soderling, The effect
of polyol-combinant saliva stimulants on S. mutans levels in
plaque and saliva of patients with mental retardation, Spec
Care Dentist 22 (2002), 187–193.

[25] I.J. Marton, G. Balla, C. Hegedus, P. Redi, Z. Szilagyi, L.
Karmazsin and C. Kiss, The role of reactive oxygen interme-
diates in the pathogenesis of chronic apical periodontitis, Oral
Microbiol Immunol 8 (1993), 254–257.

[26] R.L. Mattoo and S. Roseman, Quantitative determination of
sialic acid in the monosialoganglioside, GM1, by the thiobar-
bituric acid method, Anal Biochem 246 (1997), 30–33.



P. Celec et al. / Salivary thiobarbituric acid reacting substances and malondialdehyde 137

[27] E. Meucci, C. Littarru, G. Deli, G. Luciani, L. Tazza and G.P.
Littarru, Antioxidant status and dialysis: plasma and saliva
antioxidant activity in patients with fluctuating urate levels,
Free Radic Res 29 (1998), 367–376.

[28] P.A. Moore, R.J. Weyant, K.R. Etzel, J. Guggenheimer, M.B.
Mongelluzzo, D.E. Myers, K. Rossie, H. Hubar, H.M. Block
and T. Orchard, Type 1 diabetes mellitus and oral health:
assessment of coronal and root caries, Community Dent Oral
Epidemiol 29 (2001), 183–194.

[29] S. Moore, K.A. Calder, N.J. Miller and C.A. Rice-Evans, An-
tioxidant activity of saliva and periodontal disease, Free Radic
Res 21 (1994), 417–425.

[30] R. Nagler, S. Lischinsky, E. Diamond, N. Drigues, I. Klein and
A.Z. Reznick, Effect of cigarette smoke on salivary proteins
and enzyme activities, Arch Biochem Biophys 379 (2000),
229–236.

[31] R.M. Nagler, S. Lischinsky, E. Diamond, I. Klein and A.Z.
Reznick, New insights into salivary lactate dehydrogenase of
human subjects, J Lab Clin Med 137 (2001), 363–369.

[32] M. Nishida, S.G. Grossi, R.G. Dunford, A.W. Ho, M. Trevisan
and R.J. Genco, Dietary vitamin C and the risk for periodontal
disease, J Periodontol 71 (2000), 1215–1223.

[33] M. Ponnio, H. Alho, P. Heinala, S.T. Nikkari and P. Sillanau-
kee, Serum and saliva levels of sialic acid are elevated in al-
coholics, Alcohol Clin Exp Res 23 (1999), 1060–1064.

[34] E. Ponte, D. Tabaj, M. Maglione and M. Melato, Diabetes
mellitus and oral disease, Acta Diabetol 38 (2001), 57–62.

[35] M.R. Quirino, E.G. Birman and C.R. Paula, Oral manifest-

ations of diabetes mellitus in controlled and uncontrolled pa-
tients, Braz Dent J 6 (1995), 131–136.

[36] R. Romanelli, S. Mancini, C. Laschinger, C.M. Overall, J.
Sodek and C.A. McCulloch, Activation of neutrophil collage-
nase in periodontitis, Infect Immun 67 (1999), 2319–2326.

[37] U. Skaleric, C.M. Manthey, S.E. Mergenhagen, B. Gaspirc
and S.M. Wahl, Superoxide release and superoxide dismutase
expression by human gingival fibroblasts, Eur J Oral Sci 108
(2000), 130–135.

[38] G. Tuter, B. Kurtis and M. Serdar, Interleukin-1beta and thio-
barbituric acid reactive substance (TBARS) levels after phase
I periodontal therapy in patients with chronic periodontitis, J
Periodontol 72 (2001), 883–888.

[39] O.N. Voskresenskii and E.K. Tkachenko, [The role of lipid per-
oxidation in the pathogenesis of periodontitis], Stomatologiia
(Mosk) 4 (1991), 5–10.

[40] T. Watanabe, N. Ohata, M. Morishita and Y. Iwamoto, [The
correlationship between the protease activity and the epithelial
cells in the saliva from the patients with gingivitis or marginal
periodontitis], Nippon Shishubyo Gakkai Kaishi 22 (1980),
246–251.

[41] J.E. Williams, Relationship of sialic acid to dental caries, J
Dent Res 46 (1967), 514–521.

[42] B. Zappacosta, S. Persichilli, P. De Sole, A. Mordente and
B. Giardina, Effect of smoking one cigarette on antioxidant
metabolites in the saliva of healthy smokers, Arch Oral Biol
44 (1999), 485–488.


