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Abstract

:

Featured Application


Here, we propose an alternative use of Vea® Oris, a commercial product recommended at present for the maintenance of general oral health, specifically against caries and halitosis. Made by only vitamin E and capric/caprylic acid, it could represent a “more natural strategy” than the chemical-derived products normally proposed for this aim.




Abstract


Streptococcus mutans and Fusobacterium nucleatum are two key bacteria of the oral microbiota. Due to their ability to form biofilms on oral tissues, they are both involved in the onset of the most common oral diseases. F. nucleatum is also the principal producer of hydrogen sulfide (H2S), causative of the awkward bad breath of halitosis. In this study, the oral product Vea® Oris, made by vitamin E and capric/caprylic acid only, was evaluated as a potential treatment for the most common oral diseases. Different concentrations of the product were tested against both S. mutans and F. nucleatum. The effect on planktonic and biofilm growth was investigated for both strains, and for F. nucleatum, the influence on H2S production was evaluated. From our data, the product did not relevantly reduce the planktonic growth of both strains, whereas it validly counteracted biofilm assemblage. Moreover, an interesting trend of H2S reduction was highlighted. Overall, these results suggested, on the one hand, a synergistic antimicrobial–antibiofilm action of two Vea® Oris components and, together, potential modulation activity on H2S production. However, the study should be implemented to confirm these only preliminary findings, certainly extending the panel of tested bacteria and using alternative methods of detection.
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1. Introduction


The oral cavity is one of the most complex environments in the human body due to the continuous variation of homeostasis conditions. Over 700 diverse bacterial species have been identified as potential colonizers of the oral niches [1,2,3]. The bacterial composition of the oral microbiota is responsive to different intrinsic and extrinsic factors. These intrinsic factors are not changeable by the host, related to genetic factors (e.g., ethnicity, gender, immune response, medical conditions, etc.), characteristics of the oral cavity such as temperature and saliva composition (pH, buffer capacity, hormones, and secreted substances), and characteristics of adhesion surfaces (e.g., roughness of tooth surface). Extrinsic factors are modifiable by the host, related to the environment, habits and lifestyle, and regard hygiene, diet, the use of drugs, smoking, medications, sex, access to dental care, etc. [4,5,6,7]. Intrinsic and extrinsic factors contribute, together with host aging, to colonization by different microbial pools of the oral cavity. As a result of this complex interaction, the balance between beneficial and pathogen species is continuously altered, passing from eubiosis to a dysbiosis state and, as a consequence, to the onset of oral pathologies such as caries, gingivitis, and periodontitis [2,4].



Innovative metagenomic approaches have greatly benefited researchers and clinicians to correlate the modulation of the diverse bacterial species in the oral cavity with all possible stimuli acting in this body environment [3,8]. Through sequencing methods, the relationships between beneficial and pathogenic species have been extensively studied, and the composition of the polymicrobial biofilms on teeth, gingiva, tongue surface, and other soft tissues has been deeply characterized [7]. As is now well known, the biofilm structure constitutes a protected sub-environment in which various bacterial species interact to protect themselves from possible surrounding perturbations, as a kind of “mutualist survival strategy” of the microbial community. This microbial assembly is quite difficult to inhibit and remove from the adhesion surface, and this is also verified for the biofilms formed in the oral cavity [9,10,11]. Indeed, the most common oral pathologies, such as plaque and dental caries, gingivitis, and periodontitis, are due to biofilm deposition [7,12]. The process of biofilm formation in the oral cavity occurs in three subsequent steps, i.e., first, adhesion to the surface; then, the colonization step; and finally, biofilm assemblage and maturation [13]. Diverse bacterial species participate in biofilm development as “early” or “late” colonizers [14]. The “early” colonizers are involved in the first two steps of biofilm formation. Because of their ability to bind salivary proteins, they adhere to hard or soft tissues, colonize the oral niches, and provide an adhesive substratum for the “late” colonizers [6,13,14,15].



The early colonizers belong mainly to the Streptococcus genus. S. mutans is the most represented species in supragingival plaque, childhood caries, and dentinal and root lesions. Due to its rapid metabolism and strong acid tolerance, it is recognized as the most cariogenic bacteria in the oral cavity [6,12,13].



On the other hand, the Gram-negative anaerobe F. nucleatum, acting halfway between the early and late colonizers, can be considered a key player of the oral biofilm maturation stage. Due to its coating adhesion molecules and polysaccharide receptors, it co-aggregates both with the early and late streptococcal colonizers; these latter, mainly Gram-negative, anaerobes belong to the genera of Bacteroidetes and Spirochaetes [13,14,15]. In addition to this bridging role in the biofilm network, the enhanced prevalence of F. nucleatum within the deep periodontal pockets suggests that this germ also plays an active role as a periodontal pathogen [16,17]. In this niche, F. nucleatum stimulates the production of host matrix metalloproteinases, the increased levels of which concur to the initial periodontal inflammation in periodontal diseases [14]. This pathogen is also provided by significant hemolytic activity and, more interestingly, is the main producer of hydrogen sulfide (H2S) in the oral cavity. H2S, together with methyl mercaptan (CH3SH) and dimethyl sulfide (CH3SCH3)24, is one of the volatile sulfur compounds (VSCs) produced by periodontopathic anaerobic bacteria and principally responsible for typical malodor in halitosis [18,19,20,21,22]. Consistently, the uncomfortable phenomenon of halitosis is associated with an increase in VSCs producer species, principally F. nucleatum but also Porphyromonas gingivalis, Treponema denticola, Prevotella intermedia, and Eubacterium [18,19,21,22]. On these assumptions, inhibiting F. nucleatum in the oral cavity could represent an excellent double-sided strategy to reduce both the formation of the oral biofilm causative of oral diseases and the uneasiness of halitosis. An even more efficient approach to massively prevent/reduce oral pathologies could also be represented by the simultaneous inhibition of the main early colonizer, S. mutans. At present, rather than specific action against these key oral germs, lifestyle modulation and the use of innovative cosmetics are recognized as the only strategies to maintain a generally balanced microbiome in the oral cavity [2,4].



Indeed, mouthwashes and many dentistry products made by antimicrobial compounds, such as chlorhexidine, triclosan, cetylpyridinium chloride, and chlorine dioxide, are often used against the oral biofilm to treat bad breath [19,20]. Nevertheless, the use of such products is more often associated with an increase in bacterial resistance, as well as with the undesirable killing of nonpathogenic commensal species and a dysbiosis state [23,24]. Surely, the use of natural products is, at least conceptually, a more appreciable strategy to prevent and contrast oral pathologies, even more if these products can selectively impact the pathogenic species of the buccal microbiota. A potential “natural therapy” could also modify the applicability of the treatment, not only as curative but also as a preventive therapy, both in pediatric and old-aged patients. Natural derivatives such as propolis, cranberry, tea, Galla chinensis, grapes, coffee, and cacao-containing polyphenols have already demonstrated their activity against oral biofilms [20,25,26,27,28]. Similarly, hinokitiol, green tea powder, and eucalyptus extract have been beneficially used against oral malodor [19,29,30,31].



Further, oxidative stress was found as an important causative factor of dysbiosis and oral disorders, and the action of diverse antioxidant substances against oral bacteria has also been studied. Fat-soluble vitamins (vitamin A, vitamin E-tocopherol and b-carotene), water-soluble vitamins (vitamin C and vitamin B complex), trace elements (zinc, magnesium), and bioflavonoids (plant derived) neutralize the reactive oxygen species (ROS) causative of many oral pathologies [32,33,34,35,36,37,38,39]. These antioxidant compounds are generally consumed through fruits and vegetables, and they are maintained at an optimal level in individuals by a well-balanced diet [40,41]. Conversely, the low quotes of these antioxidants found in individuals affected by oral diseases clearly suggest their potential role against oral pathogens [4,32,42].



Among all the known compounds, vitamin E is the major fat-soluble antioxidant in cell membranes [43,44]. It exerts a considerable anti-inflammatory action and enhances the humoral immune response [43,45,46,47,48]. Its beneficial effect on oral health has already been documented through improvements in all periodontal parameters in patients treated with vitamin E (decrease in plaque and biofilm formation indexes, probing depth, clinical attachment level, and bleeding on probing) [32,39,42,49]. Literature findings regarding the action of naturally derived compounds and those considered above are summarized in Table 1.



Based on these assumptions, here, we tested in vitro the two key oral bacteria S. mutans and F. nucleatum using the innovative product Vea® Oris made by only two components, vitamin E (alpha-tocopherol) and caprylic/capric triglyceride obtained from coconut oil and glycerin. It is already available on the market as a safe product recommended for oral mucosa protection and maintenance. Although no specific germ action has been previously demonstrated, the interesting “vitaminic” formulation encouraged us to consider it a “natural alternative strategy” against S. mutans and F. nucleatum and, consequently, against caries and halitosis.



We therefore tested the effect of different concentrations of Vea® Oris on the planktonic and biofilm growth of S. mutans and F. nucleatum. For F. nucleatum, the influence of Vea® Oris on H2S production was also evaluated.




2. Materials and Methods


The commercial product Vea® Oris (by Hulka s.r.l.) was tested as inhibition treatment against S. mutans DSM 20523 and F. nucleatum subsp. vincentii DSM 19507.



2.1. Effect of Vea® Oris Treatments on Planktonic and Biofilm Growth


Strains were cultured in Difco™ Columbia Broth (BD, Biosciences) at 37 °C for 48 h under static conditions. The optical density at 600 nm (600 nm O.D.) was measured after incubation using the Lambda 25 spectrophotometer (PerkinElmer). Dilutions were prepared to obtain inocula with a starting O.D. of 0.1. For each strain, aliquots of 150 µL were distributed into the wells of a 96-well plate. Vea® Oris was added at concentrations of 5, 10, and 20% (% v/v), i.e., volumes of 50, 100, and 187 µL/mL, respectively (Figure 1, yellow and green wells with the drop symbol). Aliquots of strains not added with Vea® Oris preparation were used as controls for bacterial growth (Figure 1, yellow and green wells without the drop symbol). All treatments and controls were produced in triplicates, and triplicates of 96-well plates were assessed. Liquid sterile paraffin was added to cover the surface of each inoculated well, providing suitable anaerobiosis conditions. Blanks for the spectrophotometric measurement were also produced as described. Triplicates of the same volume (150 µL) were prepared with Columbia Broth not added (Figure 1, gray wells without the drop symbol) or added with 5, 10, and 20% Vea® Oris (Figure 1, gray wells with the drop symbol).



All 96-well plates were sealed, and the O.D. at 600 nm was measured at the starting point using the VICTOR X5 multilabel plate reader (PerkinElmer). The plates were then incubated at 37 °C for 48 h under static conditions. After incubation, the O.D. was measured again to evaluate the variation of growth [53,54]. The O.D. measurement was performed in triplicates, and the O.D. value was calculated as the mean value of replicates. The values obtained for all inocula strains, without and with Vea® Oris, were normalized for the respective experimental blanks, i.e., the broth without and with Vea® Oris. The growth with Vea® Oris was then compared to that without, and the concentration-effect of the product was finally evaluated (ANOVA, Tukey’s HSD with p ≤ 0.05).



After the final O.D. measurement, biofilm produced under Vea® Oris treatments with respect to the control was estimated. All inoculated wells were subjected to the staining procedure implemented by Stepanovic et al. (2000), with some experimental modifications [55,56,57]. The experimental procedure up to this point described is also schematically represented in Figure 2.



Then, the wells were emptied and washed three times using 250 µL of 0.9% NaCl. A 200 µL volume of methanol solution was added to each well and maintained in static incubation for 15 min to fix the adherent cells to the plastic surface. The methanol solution was discarded, and the plates were dried under biological laminar flow in an upside-down position. Subsequently, 200 µL of 1% crystal violet solution (Gram staining kit, Biolife Italiana srl) was added and maintained in static incubation for 5 min. The staining solution was removed, and the plates were washed under moderate tap water flow. The dye trapped in adherent cells was resolubilized, and 160 µL of 33% glacial acetic acid was added. Finally, the O.D. at 570 nm of each well was measured in triplicates using the VICTOR X5 multilabel plate reader (PerkinElmer) [55,56]. The O.D. value for each treatment and the control was calculated as the average of measures.



The O.D. values are proportional to the amount of the resuspended staining and the number of cells fixed at the well surface as a biofilm.



Therefore, the biofilm formed by strains with 5, 10, and 20% (% v/v) Vea® Oris was compared to the biofilm formed by controls without the product. The effect of increasing concentrations of Vea® Oris on biofilm production was then evaluated by comparing the values obtained for different treatments between each other. More precisely, the biofilm formed by the strains in control conditions (without Vea® Oris) was considered 100% biofilm formation. The reduction of biofilm due to Vea® Oris was estimated as the percentage difference between the biofilm without (100% biofilm) and with 5, 10, and 20% Vea® Oris (ANOVA, Tukey’s HSD with p ≤ 0.05).




2.2. Potential Ability of Vea® Oris Treatments to Modulate H2S Production


Since Fusobacterium has been largely demonstrated as the most relevant genus associated with halitosis [19,20,21], F. nucleatum subsp. vincentii DSM 19507 was also investigated for its ability to form a malodorous H2S product under Vea® Oris treatments. Our experimental setup is described in detail and also schematically shown in Figure 3.



F. nucleatum was cultivated in Columbia Broth at 37 °C for 48 h. The culture was centrifuged at 5000 rcf for 3 min, and the cells were collected at the bottom of the culturing tube. The bacterial pellet was resuspended in 40 mL of sulfide indole motility (SIM) medium (Thermo Scientific™). SIM medium allows for the detection of H2S produced due to its specific formulation. It contains ferrous ammonium sulfate that, by reacting with the volatile compound, forms ferrous sulfide, a black precipitate that ultimately acts as a detector of H2S produced [58,59].



Three-milliliter aliquots of SIM cultures were distributed in 15 mL falcon tubes containing 150 (5% v/v), 300 (10% v/v), and 600 (20% v/v) µL of Vea® Oris, respectively. Each Vea® Oris treatment was assessed in triplicates. Three-milliliter triplicates of controls and spectrophotometric blanks were also produced with F. nucleatum cultures without Vea® Oris and with SIM broth alone, respectively. One milliliter of liquid sterile paraffin was added to the top of all tubes to provide anaerobiosis conditions. The tubes were incubated at 37 °C for 48 h. After incubation, the formation of the black compound was spectrophotometrically estimated. The absorbance of all inocula was measured first within the wide range of 400–700 nm at 1 nm steps with the Lambda 25 spectrophotometer (PerkinElmer). The final values of absorbance in this range for different treatments were calculated as the average of values measured for each set of triplicates. All values were previously normalized for blanks. The resulting absorbance spectra of Vea® Oris treatments were compared to the control (no Vea® Oris addition). The normality of data was checked using the Shapiro–Wilk test (α = 0.05), and the significance of comparisons was assessed using the Student’s t-test with p ≤ 0.05 applied to triplicates of the normalized absorbance values from all treatments.



The wavelength at which the darkened control of F. nucleatum produced the maximal absorbance was considered the detection wavelength of the black compound and consequently of H2S. This control absorbance was considered to be 100% of H2S production. The variation of H2S induced by Vea® Oris treatments was calculated as a percentage variation with respect to the control value.





3. Results


3.1. Variation of Planktonic and Biofilm Growth


All the notable variations induced by Vea® Oris treatments on the planktonic and biofilm growth of S. mutans and F. nucleatum are described below.



As shown in Figure 4, compared with the control, the planktonic growth of S. mutans was significantly but only slightly increased by Vea® Oris at 5 or 10% (% v/v), with increments of 17 and 14% (p < 0.01), respectively. Conversely, the 20% concentration did not exert a significant modulation of the planktonic bacterial growth (p = 0.90).



Interestingly, all the Vea® Oris concentrations significantly reduced the biofilm growth of the cariogenic species S. mutans. A biofilm reduction of 26% was obtained with Vea® Oris at 5% (% v/v) and a decrement of 32% with Vea® Oris at 10 and 20% (% v/v) (p < 0.01).



Similarly, for F. nucleatum, as highlighted in Figure 5, Vea® Oris did not influence planktonic growth (p > 0.05), whereas it significantly reduced the ability of the bacterium to form a biofilm, regardless of the applied concentration (p < 0.01). Even more interesting is that all the tested concentrations of 5, 10, and 20% induced similar biofilm decrements, of 50, 52, and 40%, respectively.




3.2. Variation of H2S Production


Regarding the effect of Vea® Oris on the H2S production of F. nucleatum, after the incubation time (see Section 2), the darkening of the SIM medium was observed for all inocula, both without and with Vea® Oris (Figure 6). However, already with the naked eye, slight differences in medium darkening were appreciable between the treated and untreated cultures (Figure 6). Moreover, compared with the control, a gradual reduction in dark color resulted in incremental concentrations of Vea® Oris.



These by-eye outcomes were confirmed through the spectrophotometric analysis. The absorbance spectra of the treated samples clearly differed from the untreated samples (Figure 7A). The range of maximal absorbance for all samples was between the wavelengths of 400 and 420 nm. Within this range, the curves for Vea® Oris treatments showed a gradual reduction of absorbance values, proportional to the increments of concentrations (Figure 7B).



These results suggest that the production of H2S was inversely influenced by the addition of Vea® Oris in a concentration-dependent manner.



To get inside the quantitative differences of H2S production in the absence/presence of Vea® Oris, the wavelength of maximum absorbance for the control was first identified. The absorbance value measured for the control at that wavelength was compared with those of samples treated with Vea® Oris (see Section 2).



In detail, the maximum absorbance value was measured for the control at the wavelength of 407 nm. Effectively, at this wavelength, the treated samples registered a gradual reduction in the absorbance value, and then H2S produced, along with the increments of Vea® Oris (Figure 8). The measured O.D. values were normally distributed (Shapiro–Wilk test, p = 0.07157), and then a parametric Student’s t-test was performed to evaluate the significance of comparisons between treatments. Nonsignificant differences were found between treatments (Student’s t-test, with p ≤ 0.05), and only negligible percentage decrements of absorbance of 6, 9, and 13% were calculated with respect to the control. Despite the low rates of decrement obtained, the graduality of the H2S reduction trend along with the increments of Vea® Oris is worthy of note (Figure 8).





4. Discussion


In this study, the action of the oral preparation Vea® Oris was investigated against S. mutans and F. nucleatum, two oral bacteria that can be considered key players of the most common oral diseases.



S. mutans is one of the most cariogenic species of the mouth environment [6,20,60]. Due to its ability to colonize oral surfaces, rapid metabolism, and strong acid tolerance, it manages the first stage of biofilm formation and is recognized as the principal early colonizer [12,14]. On the other hand, F. nucleatum acts in the later stage of oral biofilm maturation as a bridging species between the early and late colonizers. The latter are needed to assemble the complex structure of a mature and resistant oral biofilm [6,13,14]. Moreover, F. nucleatum is involved in the onset of gingivitis and periodontal diseases [17,61]. Due to its great ability to produce the malodorous sulfur compound H2S, its enrichment in the oral cavity is also associated with the onset of halitosis [18,19,22,62].



The product Vea® Oris tested in this study is made by only two components from natural sources, vitamin E (α-tocopherol acetate) and caprylic/capric triglyceride. This formulation was tested at concentrations of 5, 10, and 20% (% v/v) on growing cultures of S. mutans and F. nucleatum strains. The effect of the Vea® Oris treatments on both planktonic and biofilm growth was evaluated. In addition to F. nucleatum, the influence on H2S production was verified.



From our results, the planktonic growth of F. nucleatum was not modulated by the product at any tested concentration. For S. mutans, no significant variation was similarly registered with the higher 20% (% v/v) concentration, and only a weak stimulation was obtained with the 5 and 10% (% v/v) concentrations.



On the contrary, regarding biofilm formation, the results suggested that the Vea® Oris mixture of vitamin E and capric/caprylic acid clearly decreased the ability of both S. mutans and F. nucleatum to assemble the biofilm structure. Depending on the Vea® Oris concentration, a biofilm reduction of 26–32% for S. mutans and 40–52% for F. nucleatum was estimated.



Although no studies have so far been conducted with a similar mixture of vitamin E (alpha-tocopherol) and capric/caprylic acid, these results lead us to estimate a possible synergistic antimicrobial–antibiofilm action of the two components. Undoubtedly, vitamin E as alpha-tocopherol acetate has already confirmed its antibiofilm action against bacteria associated with the urinary tract, mainly belonging to the genera Staphylococcus and Proteus [63,64]. Regardless of the methods used for biofilm estimation and the strain tested, the application of alpha-tocopherol acetate induced a reduction in biofilm of at least 50% [63,64]. However, although the specific action of tocopherols on the planktonic and biofilm growth of the buccal bacteria has been little investigated, Smolarek et al. showed that toothpaste added with tocopherols produced in vitro antimicrobial activity against S. mutans and E. faecalis [65]. At the same time, the bactericidal effects of medium-chain fatty acids (MCFAs), to which the capric/caprylic acid of Vea® Oris belongs, was also highlighted. Huang et al. demonstrated that short-, medium-, and long-chain fatty acids exhibit patterns of inhibition against a wide panel of oral bacteria, comprising S. mutans, Streptococcus gordonii, Streptococcus sengis, Candida albicans, Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum, and Porphyromonas gingivalis [66]. This inhibitory action of fatty acids is clearly species specific, since it is related to the profile of fatty acids produced by each species itself. It could be thought of as a “system of cross-balancing” of the oral microbiota ecology based on a pool of molecules active against competitors of the same environment. For instance, it was demonstrated that caprylic acid at a dose of 25 μg/mL completely inhibited the growth of F. nucleatum and reduced the growth of S. mutans by 50% [66]. Indeed, F. nucleatum produces butyric, isovaleric, and propionic acids but does not produce capric/caprylic acid to which, therefore, it is sensitive. On the contrary, since S. mutans is the major acidogenic and aciduric microorganism in the oral cavity, it showed higher resistance to the effect of many fatty acids comprising capric/caprylic acid [66].



However, no potential antibiofilm action of capric/caprylic acid has been highlighted. Rather, 1-monoglyceride of capric acid, monocaprin, tested against S. aureus, C. albicans, and S. mutans, showed inhibitory action against strains in the planktonic phase but no effect on the same strains in the biofilm growing state [67].



Then, considering our data in the light of these previous findings, we can infer that the effect of Vea® Oris against S. mutans and F. nucleatum is effectively the result of the two combined actions of the two components. The planktonic growth of the two bacteria may be held off by the more prevalent antimicrobial effect of caprylic/capric acid, whereas the antibiofilm effect of Vea® Oris may be principally ascribed to alpha-tocopherol acetate. The possibility of a potential synergistic interaction seems to also be supported by the following discussed studies. Medium-chain fatty acids such as caprylic and lauric acids have been demonstrated to enhance their bactericidal effect when used in association with essential oils (i.e., carvacrol, eugenol, b-resorcylic acid, trans-cinnamaldehyde, thymol, and vanillin), which, similarly to alpha-tocopherol, are extracted from plants and seeds [68,69]. Consistently, we are encouraged to speculate a similar relationship of synergism between caprylic/capric acid and alpha-tocopherol acetate in the Vea® Oris formulation. The enhanced activity of the mixture may be due to the same mechanism of synergism identified by Chapple et al. (2013) for ascorbate and α-tocopherol in association. These two compounds, recycling each other, produce an increased antioxidant effect with respect to the ascorbate alone [70].



Our results also suggested the potential of using Vea® Oris to modulate the H2S production of F. mutans in halitosis. Although the tested concentrations of Vea® Oris in our experiments induced only weak and nonsignificant decreases in H2S of 5–12%, an interesting concentration-dependent trend of reduction was obtained. Although further investigations are needed to investigate this H2S-inhibitory putative action, we can confidently speculate that the observed effect is principally attributable to vitamin E. Indeed, Lagha et al. (2017) demonstrated that green tea extract and the principal tea catechin, epigallocatechin-3-gallate (EGCG), at a high concentration of 2000 ug/mL markedly reduced the H2S production of F. nucleatum (reduction of about 80%) [51]. A weaker but significant reduction was also verified at lower concentrations (≤500 ug/mL) for both substances and theaflavins [51]. A similar inhibitory action was verified for thymoquinone, the prevalent aromatic compound of the essential oil obtained from N. sativa seeds [50]. Used at the concentration of 100 ug/mL, it reduced 40% of the H2S level in F. nucleatum cultures and, at the even lower concentration of 6.25 µg/mL, 45% of H2S production in Porphyromonas gingivalis cultures. These data lead us to suppose, also for alpha-tocopherol, a possible involvement of its similar aromatic structure in inhibitory action. Compounds with this aromatic architecture could interfere with competitors involved at currently unknown steps of the H2S pathway. Going deeper inside the possible molecular mechanism of inhibition, we could speculate action at the genetic level, as is for cetylpyridinium chloride (CPC), a heteroaromatic ammonium salt often used as a component of oral hygiene products [71].



Daily use of mouth rinses containing CPC was found to reduce VSCs and oral malodor through both direct and indirect activities of the aromatic compound. It exerts inhibitory activity on the growth of the oral bacteria F. nucleatum and P. gingivalis and acts at the genetic level, suppressing the expression of their mgl and cdl genes involved in VSC production [71]. Nevertheless, due to the uncertainty of data obtained in this preliminary study, we undoubtedly recognize that deeper investigations are needed to confirm the same or at least a similar genetic mechanism of inhibition for Vea® Oris. Overall, such encouraging results certainly set the stage for further in vitro, and possibly in vivo, studies to confirm the beneficial use of Vea® Oris seen herein against caries and halitosis.




5. Conclusions


The present study focused on two key bacteria mainly involved in the onset of oral pathologies, i.e., S. mutans and F. nucleatum. The principal aim was to hopefully find a “more natural” strategy that could simultaneously act on the pathogenic processes that these germs put in place in the oral cavity. Overall, the results we obtained were quite encouraging, although they need to be confirmed and implemented. Indeed, our data suggested that the Vea® Oris preparation, made by vitamin E and caprylic/capric acid only, has good potential as a nonchemical strategy to counteract biofilm formation in the oral cavity, rather than the planktonic growth of bacteria. Conversely, its action on H2S production, causative of halitosis, was not clearly shown. However, a weak trend of H2S decrease dependent on Vea® Oris concentrations was found at least. Even if the applicability of the product as a treatment of the main oral pathologies is still to be validated, in our opinion, these results certainly lay the foundations for implementing and deepening the study.







Limitations of the Study


This study was conceived as a pilot study and focused on only two tested bacterial strains, i.e., S mutans and F. nucleatum. Although these bacteria play a key role in the onset of the most common oral diseases, there is certainly a need for the study to be extended to other oral germs and bacterial strains to confirm the results and to eventually evaluate the species-specific effects of the tested product. At the same time, other detection methods should be implemented and applied to compare the results obtained with different methodologies.
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Figure 1. Experimental setup. S. mutans without Vea® Oris (yellow wells) and with 5, 10, and 20% Vea® Oris (yellow wells with the drop symbol); F. nucleatum without Vea® Oris (green wells) and with 5, 10, and 20 (green wells with the drop symbol). Blanks were made by Columbia Broth not added with Vea® Oris (gray wells) and added with the tested Vea® Oris concentrations (gray wells with the drop symbol). 
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Figure 2. Experimental procedure to evaluate the planktonic and biofilm growth of S. mutans and F. nucleatum strains. 
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Figure 3. Experimental procedure to detect H2S produced by F. nucleatum in SIM broth under the shown treatments. 
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Figure 4. Vea® Oris activity on S. mutans growth. (a) The planktonic (gray triangles) and biofilm (blue circles) growth of S. mutans untreated (0%, CTR) and treated with the indicated concentrations of Vea® Oris. The error bars indicate the standard deviation (SD) of the O.D. values. (b) Mean values and standard deviation (SD) of planktonic and biofilm growth; (c) statistical significance of all comparisons through ANOVA analysis with Tukey’s HSD test, p ≤ 0.05. 
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Figure 5. Vea® Oris activity on F. nucleatum growth. (a) The planktonic (gray triangles) and biofilm (blue circles) growth of F. nucleatum untreated (0%, CTR) and treated with the indicated concentrations of Vea® Oris. The error bars indicate the standard deviation (SD) of the O.D. values; (b) mean values and standard deviation (SD) of planktonic and biofilm growth; (c) statistical significance of all comparisons through the ANOVA analysis with Tukey’s HS test, p ≤ 0.05. 






Figure 5. Vea® Oris activity on F. nucleatum growth. (a) The planktonic (gray triangles) and biofilm (blue circles) growth of F. nucleatum untreated (0%, CTR) and treated with the indicated concentrations of Vea® Oris. The error bars indicate the standard deviation (SD) of the O.D. values; (b) mean values and standard deviation (SD) of planktonic and biofilm growth; (c) statistical significance of all comparisons through the ANOVA analysis with Tukey’s HS test, p ≤ 0.05.



[image: Applsci 12 02457 g005]







[image: Applsci 12 02457 g006 550] 





Figure 6. Effect of the Vea® Oris addition on H2S production. On the right: darkened F. nucleatum culture with no addition (0% v/v) and with the addition of 5, 10, and 20% (% v/v) Vea® Oris. On the left: blanks used for the spectrophotometric normalization made by SIM medium with no addition (0% v/v) and with the addition of 5, 10, and 20% (% v/v) Vea® Oris. 
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Figure 7. Variation of H2S production. Absorbance spectra of F. nucleatum cultures untreated (gray curve, CTR) and treated with 5, 10, and 20% (% v/v) Vea® Oris (yellow, orange, and brown curves, respectively). (a) Absorbance spectra along the wide wavelength range of 400–700 nm; (b) absorbance spectra within the range of 400–420 nm, where the maximal absorbance was registered for all treatments. 
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Figure 8. Modulation of H2S production. Colored bars indicate the absorbance values registered at the wavelength of H2S detection (407 nm) for the untreated culture (gray bar, CTR) and cultures treated with the indicated percentage (% v/v) of Vea® Oris (yellow, orange, and brown bars respectively). The error bars indicate the standard deviation (SD) of measures, and the dashed lines show the decreasing trend. 
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Table 1. Action of naturally derived compounds in the oral cavity. Summary of literature findings.
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	Source
	Active Compounds
	Effect on Oral Microbiota/Tissues
	References





	Tea, propolis, cranberry, Galla chinensis, grapes, coffee, cacao
	Polyphenols
	Reduction of oral biofilm
	[20,25,26,27,28]



	Hinokitiol (from Cupressaceae trees), green tea powder, eucalyptus extract, oil from N. sativa seeds
	Terpenoids, terpenes, theaflavins, catechins
	Reduction of oral malodor
	[19,29,30,31,50,51]



	Blueberries, strawberries, grapes, avocado, tomatoes, spinach, and carrots
	Fat-soluble vitamins (vitamin A, vitamin E-tocopherol and b-carotene); water-soluble vitamins (vitamin C and vitamin B complex); trace elements (zinc, magnesium); and bioflavonoids (plant derived)
	Oxidative stress was demonstrated as being causative of oral dysbiosis and oral pathologies. Antioxidant compounds counteract the oxidative stress factors restoring oral eubiosis
	[4,32,33,34,35,36,37,38,39,42]



	Oils from seeds (almonds, sunflowers, pine nuts, olives, peanuts, coconut, corn, hemp, wheat, etc.)
	Vitamin E, alpha-tocopherol
	Treatment with vitamin E induces in the oral cavity a sensitive decrease in plaque and biofilm formation, probing depth, clinical attachment level, and bleeding on probing
	[39,42,49,52]
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
i

[

$¢28E3

$3353

3

|

/

38583

(s8V) BONvEHOSEY

e 1| Vea®Oris

H

wr
o
ar
sr
nr

or
o

93553333338

sV BRVIHOSIY






media/file4.png
Incubation
(37 ° C,48h)

96 well plate |

0.D.
( (600 nm)

A

Incubation
(37 ° C,48h)

( .D.

Biofilm
staining






nav.xhtml


  applsci-12-02457


  
    		
      applsci-12-02457
    


  




  





media/file16.png
ABSORBANCE (407 nm)

1.00 -
0,90 -
0.80 -
0.70 -
0.60 -
0.50 -
0.40 -
0.30 -
0.20 -
0.10 -
0.00 -

5%

10%

20%

CTR

5%

10 %

20 %

Vea® Oris

addition





media/file2.png
Vea® Oris adding

5% v/v
50 ul/ml (x3)

g d 4

10% v/v
100 uliml (x3)

@@U

20% viv
187 uliml (x3)

g J 4

O

8

9 10 11

OO

Legend:

Added with Vea® Oris

NO'T added with Vea®: oris (CTRs)

S. mutans

I nucleatum

medium

©0©O

Q00O






media/file5.jpg
E nucleatum

DSM 19507
Incubation i

Centrifuge L
Columtia. lumhl ioort’s mmp|| Kesuspersion,

e e

Vea® Oris 5% 0% 2%
notadded Vea® Oris Vea® Oris Vea® Oris
) - T T

Detection (¢
of the black.
precipitate






media/file3.jpg
Incubation
@ can

Incubation
@ can

Biofim
stining






media/file1.jpg
Vea® Oris adding

S% v | 10% viv 20% viv
Soulml (3) | {100 umi 3)| | 187 il (3)

400 1383 1308038

Added with Vea e

00O






media/file7.jpg
Paskoic Bl
0 TREATMENT s ') i

CR oo omsom

0.0 (6001570 )

0

0

02

o

o

+ % 020007 046408
T
LI W ovam coum
A A o
A A

FRT————

TREmETS
PAIR Planktonic ~ Biofilm
0% 5% 10% 2% CTRvs 8% P01 o0
b . it o an
(@) 3esl. 0 L) CTRvs 20% 0% o0l
P
o g o
[ R

(©





media/file10.png
0.D. (600/570 nm)

0.9 Planktonic Biofilm
0.8 TREATMENT {(mean value *SD) (mean value = SD)
' CTR 0.15 £ 0.05 0.74 = 0.1
0.7 5% 0.16 1 0.05 0.37 4 0.05
0.6 10% 0.12 + 0.009 0.35 + 0.01
b 20% 0.16 + 0.01 0.44 + 0.06
0.4
0.3
0.2
01 Tukey HSD inference (ANOVA)
0.0 TRE‘;EXIRENTS Planktonic Biofilm
0% 5% 10% 20%
CTR CTR vs 5% 0.90 p<0.01
(a) : . 2 CTR vs 10% 0.69 p<0.01
Vea® Oris addition (% v/v) CTR vs 20% 0.90 p<0.01
5% vs 10% 0.58 0.90
5% vs 20% 0.90 0.43
Growth: A. Planktonic © Biofilm 10% vs 20% 0.48 0.26

(c)





media/file12.png
Vea® Oris addition

5%

10%

20%

Blanks F. nucleatum
(no strain added) I cultures






media/file9.jpg
op. eostonm)

@

%

®

Tukey HSD intence (ANOVA)

©





media/file0.png





media/file14.png
ML MG SEoen e o
= [~ = R - R o

(SAV) IONVIHOSIV

[£9

L19
019
£09
965
68¢
8¢
CLE
89S

195/

pSs
LFS
0bS

£€8

1 9ts

0.0 |

61
zIs
505
861
16
P8t
LLY
0Ly
£oF
95t
6
aas
Sep
8T
1F47
Pl
LOY
00t

Wavelenght (nm)

Vea®Oris

LEGEND:
CTR
5%

+
-
e 10%

—— 20%

0.90

s 0T
61F

91%
Siy
riv
(3 14
iy
484
01y
60%
8o0%
LoV
9%
sov
roy
£0r
oy
0¥
00y

= w;

8
8
0.75
7
6
0.60

(SAV) ADNVIIO0SIV

Wavelenght (nm)






media/file8.png
O.D. (600/570 nm)

=
a

=
(=)

=
N

=
=N

=
()

=
[

=]

=
-

(a)

0%
CTR

Growth:

0
B A
5% 10%

20%

Vea® Oris addition (% v/v)

A Planktonic

O Biofilm

TREATMENT  Planktonic  Biofilm

(mean value +SD) (mean value < SD)

CTR 025+0.01  0.62+0.004
5% 02940007 046+ 0.03
10% 028002 0424002
20% 025+0006 0424003
(b)
Tukey HSD inference (ANOVA)
TREATMENTS : :
PAIR Planktonic Biofilm
CTR vs 5% p<0.01 p<0.01
CTR vs 10% p<0.01 p<0.01
CTR vs 20% 0.90 p<0.01
5% vs 10% 0.90 0.15
3% vs 20% p<0.01 0.15
10% vs 20% p<0.01 0.90

(c)





media/file11.jpg
F. nucleatum

Blanks

(o strain added)

cultures

0%
(©R)

H

0%

UODIPPE SLQ @LIA

20%





media/file6.png
F. nucleatum

DSM 19507
I%C;lﬁlla?; - (Eggz]’glri.tflg; - Resuspension
broth, 37 © C, _— ' (SIM broth, 40 ml)

48 h)

3x aliquots

3x aliquots

(3 ml each) (3 ml each)

3x aliquots

3x aliquots

(3 ml each)

(3 ml each)

Vea® Oris 5% 10% 20%

not added Vea® Oris Vea® Oris Vea® Oris
each each each

(CTR)

Incubation
37 ° C, 48 hours

Detection (O.D.)
of the black
precipitate






media/file15.jpg
ABSORBANCE (407 nm)

Vea® Oris
additi

090 e

w{ M W b

mi B CR
0.60

050 B 5%
040

30 0%
o]

o.mj B 2%
0.00

CTR 5% 10% 20%





