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    Abstract

Thiobarbituric acid-reacting substances (TBARS) are widely used as markers of oxidative stress and lipoperoxidation. Salivary TBARS are affected by age, smoking and periodontal status. The origin of these compounds in saliva is unknown, but microbial factors and inflammation have been previously postulated as potential candidates. Virulence factors of Enterococcus faecalis include resistance to oxidative stress and the production of extracellular free radicals. E. faecalis has been linked to the pathogenesis of caries and periodontitis, both associated with oxidative stress. It is hypothesized that E. faecalis produces an extracellular superoxide causing oxidative damage to membranes of host cells. This lipoperoxidation leads to increased salivary TBARS levels. The hypothesis should be tested in future studies.


	TBARS
	malondialdehyde
	salivary biomarkers
	oxidative stress

In endocrinology, saliva has become a widely recognized source of information, both in clinical studies and basic research. Several steroid hormones can be measured in saliva (1). The sampling is really non-invasive making it especially useful in studies involving children or in those with repeated sampling. However, the most important advantage is that the salivary levels correlate tightly with the free bio-available fraction in plasma, which is difficult to measure.
Malondialdehyde is a marker of oxidative stress. It is used for the estimation of lipoperoxidation as it is a degradation product of fatty acids. The most widely used technique for the determination of malondialdehyde is the colorimetric method using the reaction with thiobarbituric acid (2). The specificity of this reaction is discussed in the literature, as other compounds react with thiobarbituric acid (3). This group of compounds is called thiobarbituric acid-reacting substances (TBARS). Although the group is heterogeneous, it is still used as a marker of oxidative stress, as the vast majority of TBARS are products of oxidative damage of lipids.
TBARS are detectable in saliva. The concentrations are much lower than in plasma, but still measurable with sufficiently sensitive methods. The intraindividual and interindividual variability of salivary TBARS is under investigation. Factors already known to increase the levels of salivary TBARS include age, smoking and periodontal status (4-6). Although significant, the effect of all these factors is rather small. Thus, other factors determining the levels of salivary TBARS have to be identified to understand the potential of using salivary TBARS in research or even in a clinical setting.
The origin of TBARS detected in saliva is unknown. It seems that in contrast to other biomarkers measured in saliva, the source of salivary TBARS is not plasma. However, this finding comes from a small underpowered study that showed no correlation between salivary and plasma levels of TBARS (4). Nevertheless, much more probable is that salivary TBARS are produced locally in the oral cavity. An important source of free radicals that cause oxidative stress is inflammation (7). The papillary bleeding index, as a marker of the periodontal status, correlates with salivary TBARS significantly (4).
Therefore, inflammation seems to contribute to the local production, yet only a small fraction of the variability of salivary TBARS can be explained by inflammation of the gums (8).
Enterococci, Gram-positive bacteria, are commensal microorganisms naturally present in humans and are often found in the environment. Enterococci are facultative anaerobic organisms; they prefer using oxygen, but can also persist in the enviromnent without oxygen. These bacteria normally constitute human intestinal flora, however the endogenous sources are attributed mostly to enterococcal infections.
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Figure 1. 
The hypothesis: E. faecalis strains present in the oral cavity produce extracellular superoxide, free radicals which cause oxidative damage of the membrane lipids of host cells leading to an increasing level of salivary TBARS, a marker of oxidative stress and lipoperoxidation (TBARS: thiobarbituric acid-reacting substances, HNE: hydroxynonenal, MDA: malondialdehyde).




Enterococcus faecalis is one of the two most common species of the genus Enterococcus. Strains isolated from different clinical and environmetal sources possess a large number of genes that encode potential virulence factors among isolates. This organism can be found in various niches in the gastrointestinal tract including the oral cavity. E. faecalis is highly resistant to both the host immune system and environmental conditions such as pH, temperature and osmolarity. E. faecalis virulence factors enable its survival and even the colonization of previously sterile loci such as the dental root canal (adhesion production, high exchange rate of plasmids, production of metalloproteinase and hyaluronidase) (9). The virulence is in some aspects even stronger than the virulence of the caries-causing Streptococcus mutans (10). Indeed, the presence of E. faecalis among other bacteria is associated with root caries (11).
One of the main characteristics of pathogenic strains of E. faecalis is the extracellular production of superoxide anion. E. faecalis produces extracellular superoxidase and is increasingly associated with nosocomial and opportunistic infections in humans. The vast majority of clinical isolates are able to produce this free radical, indicating the importance of superoxide production for its virulence (12). The mechanism of superoxide production was the reduction of oxygen by dimethylmenaquinone - a molecule important in anaerobic respiration (13). Recently, the production of extracellular superoxide by E. faecalis has been linked to carcinogenesis, at least in the colon. Wang and Huycke showed in vitro that the produced superoxide induced cyclooxygenase-2, promoting chromosomal instability in mammalian cells (14).
E. faecalis not only produces free radicals but it has also several antioxidant mechanisms for surviving oxidative conditions including peroxidases, catalase and superoxide dismutase (15, 16). The oxidative stress response is mediated by the transcription factors hypR and PerR (17, 18). The mechanisms of antioxidative metabolism of E. faecalis have been recently reviewed (19).
Based on the presented data in the literature, it is hypothesized that E. faecalis producing extracellular superoxide might be an important contributor to the levels of oxidative stress markers in the oral cavity (Figure 1). Superoxide anion radicals cause lipoperoxidation of the lipids in the plasma membrane of surrounding host cells leading to the production of hydroxynonenal and malondialdehyde, the main components of TBARS. The hypothesis is testable by association studies analyzing the correlation between levels of salivary TBARS and the quantitative presence of E. faecalis using currently available molecular techniques. It also can be proven experimentally by analyzing the effects of adding E. faecalis to the oral microflora of gnotobiotic experimental animals on the salivary markers of oxidative stress. Proving this hypothesis is important to uncover the origin of salivary TBARS, but also to understand the role of E. faecalis-induced oxidative stress in oral diseases such as caries or periodontitis.
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