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Abstract: Several new products with innovative formulations are being proposed to facilitate oral care.
Here, we evaluated the effects of a commercially available product, a toothpaste and chewing gum
named Biorepair Peribioma, on oral microorganisms of healthy subjects. Saliva from six volunteers
was collected during 20 min of mastication of a traditional gum (gum A) and the Biorepair Peribioma
gum (gum P). Orthodontic elastics (OE) were in vitro contaminated with salivary samples, both A
and P, and subsequently exposed or not to a Biorepair Peribioma toothpaste-conditioned supernatant
(Tp-SUP). The salivary samples were tested for initial microbial load; hence, the contaminated OE
were assessed for microbial growth, adhesion, biofilm formation and persistence; moreover, species
identification was assessed. We found that the salivary samples A and P had similar microbial
load; upon contamination, microbial adhesion onto the OE was detected to a lower extent when
using saliva P with respect to saliva A. Microbial growth and biofilm formation, assessed at 24 h,
remained at lower levels in OE exposed to saliva P, compared to saliva A. This difference between
salivary samples A and P was confirmed when measuring biofilm persistence (48 h), while it was
lost in terms of microbial re-growth (48 h). The Tp-SUP treatment drastically affected microbial
load at 24 h and strongly impaired biofilm formation/persistence, in OE exposed to both salivary
samples A and P. Finally, such treatment resulted in consistent overgrowth of Lactobacilli, bacterial
species originally present both in the Biorepair Peribioma toothpaste and gum. In conclusion, by an
in vitro pilot study, we show that the Biorepair Peribioma toothpaste and gum deeply affect oral
microorganisms’ behavior, drastically impairing their ability to contaminate and produce plaque onto
orthodontic devices.
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1. Introduction

The oral cavity is a highly complex ecological niche, comprising resident microbial communities
that crucially participate at the maintenance of local homeostasis. The latter can be affected by
several factors, such as poor oral hygiene, poor diet, and use of drugs, as well as occurrence of dental
appliances. In addition, immunodeficiency or a variety of systemic diseases greatly impact on oral
health [1,2]. When the homeostasis of the oral microbiota is perturbed by external factors, high numbers
of opportunistic pathogens can prevail locally and organize themselves in microbial biofilms. The latter
predispose to the onset of oral diseases, by promoting a persistent and deleterious inflammatory
process [3].

Saliva is a fundamental element in oral health. It is responsible for continuous clearing of
substances and acids neutralization as well; in addition, because of its high content in inorganic ions,
it also helps the remineralization process, constantly occurring on teeth surfaces [4]. The protection of
oral tissues provided by saliva occurs also by moisturizing and buffering them with high calcium and
phosphate concentrations [5]. Saliva contains antimicrobial compounds, such as lysozyme, lactoferrin
and lactoperoxidase, which control both resident microbiota and potential oral pathogens, by interfering
with their multiplication rate or by a direct killing activity. Lysozyme acts on peptidoglycan,
the fundamental component of bacterial cell wall. Lactoferrin acts as an iron sequestering agent, therefore
depriving bacteria of an important element for their metabolic processes. Peroxidase intervenes in
the redox balance of the oral environment, by neutralizing the hydrogen peroxide produced by
oral bacteria [6]. Saliva also contains essential biological components, such as salivary mucins and
glycoproteins, which promote epithelial cell health as well as early dental plaque development [7].
Mucins are very resistant to a variety of proteolytic enzymes occurring in the bacterial plaque around
the teeth and in the crevicular area, especially in patients with periodontitis. In addition, mucin is
protective and prevents ulceration in soft tissues membranes. In inflammatory diseases, proteases
are also generated by polymorphonuclear (PMN) leukocytes. Bacterial and PMN proteases (such as
elastase, collagenase and cathepsin) affect the integrity of the mucous membranes [3]. Upon secretion,
saliva is sterile, but soon it becomes an important vehicle for microorganisms in the oral cavity.
Depending on their ability to closely adhere to biotic and abiotic surfaces and to aggregate with each
other, some oral microorganisms can easily produce biofilm both on teeth and on orthodontic appliances
and dental prostheses [9]. As a result, they can exert their pathogenic potential locally, negatively
affecting oral homeostasis and/or directly damaging oral tissues, including mucous membrane, enamel
and cement [10-13].

The most frequent oral diseases are caries and periodontitis, both associated with the presence
of disease-promoting bacterial biofilms on tooth surfaces. Dental caries prevalence is steadily
increasing [14] as well as periodontitis, which is commonly observed as a chronic disease, generally
developing from gingivitis [15,16]. The microbial species most commonly implicated in caries lesions
are Streptococcus mutans (S. mutans) and Streptococcus sobrinus (S. sobrinus) [17]. Differently, Streptococcus
salivarius (S. salivarius) is considered for its role in prevention of dental caries [18], periodontal
disease [19], and halitosis [20]. In this scenario, the possible synergistic or antagonistic relationships
among different microbial species and their impact on tooth structure and/or on periodontium
inflammation are being investigated. Interestingly, probiotic bacteria have been proposed as a means
to counteract the onset of periodontal disease, thanks to their capacity to inhibit the proliferation of
pathogenic germs within the periodontium. In particular, initial studies describe the use of probiotics,
such as Lactobacillus and Bifidobacterium spp, to contain the level of S. mutans, thus exerting a beneficial
role for the oral environment homeostasis [21,22].

Therefore, the “bacteriotherapy” represents a novel approach with enormous potential in the
management of oral health and in the containment of local dysmicrobism. In addition, recent studies
highlight the effectiveness of various natural substances on supporting oral homeostasis; besides
exerting direct antimicrobial activity, such substances have the ability to counteract dental plaque,
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caries formation, tooth staining, gingival inflammation; also, promotion of enamel recalcification has
been documented [23,24].

Several dental malocclusions need to be treated through removable orthodontic clear aligners
(Frankel, Bionator, etc.), or fixed orthodontic appliances, such as brackets, tubes or bands, several types
of archwires, ligating materials and others. These orthodontic materials, that per se offer a reliable
support for microbial adhesion, significantly reduce the efficacy of patient’s oral hygiene, making way
for debris retention areas; the latter will ultimately facilitate microbial persistence and growth with
subsequent development of dental caries, periodontal diseases or other oral infections [25].

Clinical experience reveals that, because of the complexity of brackets design and/or ligation
methods, is uncommon to encounter patients with cleaned fixed appliances and microbial plaque
carefully removed [26,27]. According to the literature, among different types of orthodontic materials,
elastomeric chains or single elastics are highly involved in favoring microbial adhesion/colonization and
in turn cross-infections [28,29]. When using these polyurethane devices, it should also be considered
that they may undergo alterations to different degree upon contact with physical/chemical agents [30].

The importance of plaque control in maintaining oral health leads to the continuous search
for innovative products. In this context, it has recently produced a new fluorine-free toothpaste
and a chewing gum, both named Biorepair® PERIBIOMA™ (Coswell S.p.A., Bologna, Italy), have
been recently put on the market. These two innovative products contain microRepair®BIOMA
(Coswell S.p.A., Bologna, Italy), consisting of biomimetic hydroxyapatite microcrystals combined with
selected probiotics aimed at promoting balance of oral microbiota. Such products are expected to repair
tooth enamel, protect from microbial plaque formation and help to contain/prevent inflammation
and gingival bleeding; in particular, hydroxyapatite crystals are able to bind enamel and dentine,
reducing sensitivity and favoring tooth enamel remineralization. The hydroxyapatite crystals also
mediate antimicrobial functions by releasing locally calcium, phosphate and zinc ions, especially when
the tooth is affected by dental plaque or under acid pH conditions [31,32]. In accordance with the
manufacturer’s guidelines, they can be used for clinical application at all ages, even in kids, with no
risks related to ingestion. Actually, children are possibly tempted to the idea of chewing a gum and
therefore are easily encouraged towards oral hygiene.

Nowadays, there is a lack of microbiological research in this field, which makes the present
work a novelty in the field of oral hygiene maintenance, providing an original input for the
introduction/implementation of novel easy-to-use tools in clinical practice.

The aim of the present study was to evaluate in vitro the effects of the Biorepair Peribioma
toothpaste and gum on oral cavity microorganisms. Accordingly, salivary samples, collected from
healthy volunteers during gum mastication, were used to contaminate in vitro orthodontic elastics
(OE); then, microbial growth, biofilm formation and persistence were analyzed at different times in the
presence or absence of the toothpaste. Consistent antimicrobial effects were observed.

The clinical implications of these findings are discussed.

2. Materials and Methods

2.1. Chewing Gums and Toothpaste-Conditioned Supernatant Preparation

Two different types of chewing gums, a traditional gum (Vigorsol) and the Biorepair®
PERIBIOMA™ gum (Coswell S.p.A., Bologna, Italy), both sugar-free, hereafter indicated as gum A
and gum P, were provided to the volunteers for saliva collection, as detailed below (see Section 2.2).

The Biorepair® PERIBIOMA™ toothpaste was used to prepare a toothpaste-conditioned
supernatant. In particular, 50 gr of toothpaste were suspended in 100 mL of saline solution and
incubated for 18 h at 37 °C, under gentle shaking. After incubation, the opalescent solution was
centrifuged at 1200 rpm for 10 min and the supernatant collected, aliquoted and frozen at —20 °C
(hereafter indicated as Tp-SUP).
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2.2. Volunteer Selection and Saliva Collection

Six healthy volunteers were selected according to several inclusions and exclusions criteria, in line
with other studies on the efficacy of toothpastes [33,34]. In particular, the inclusion criteria were:
both genders, age between 18-64 years, self-declaration of no basic pathologies and no pregnancy;
the exclusion criteria were: non-compliance of the subjects regarding to oral hygiene instructions, use
of mouthwashes and antibiotics during the last month. For all the volunteers enrolled, mouthwashes
use was prohibited for the entire duration of the study; food and drink were allowed up to 1 h before
saliva collection. The enrolled subjects were asked to provide their saliva at least in 3 sessions (every
2 weeks). Here below, are presented the peculiarities of the volunteers: sex: 3 males and 3 females, age
range: 25-51; body mass index range: 23, 9-28, 7; no diseases; no pregnancy.

Saliva collection was performed as detailed in the flow chart (Supplementary Material, Figure S1).
Firstly, three volunteers (1, 2 and 3) chewed the gum A and the other three volunteers (4, 5 and 6)
chewed the gum P, for 20 min, during which saliva samples were collected and named A1, A2, A3
and P4 P5, P6. Secondly, the volunteers were asked to rinse their mouths with fresh water and then
the volunteers 1, 2 and 3 chewed the gum P while the volunteers 4, 5 and 6 chewed the gum A, for
further 20 min. During that time, a second series of saliva samples (Saliva A4, A5 and A6, and saliva
P1, P2 and P3) were collected. Subsequently, all the saliva samples were delivered to the microbiology
laboratory, where saliva A1-A6 were pooled as well as the saliva P1-6 (equal volumes from each
volunteer were mixed) and immediately used as detailed below.

The present study had been approved by the local Ethics Committee (Prot. AOU: 14075/20;
Prot. EC: 0014230/20, dated 21 May 2020).

2.3. Assessment of Microbial Load and Identification of the Main Culturable Species

Initially, the saliva A and P pools were analyzed to establish the microbial load, by Colony Forming
Units (CFU) assay on selective growth media (Tryptic Soy Agar, Sabouraud Dextrose Agar, Mitis
Salivarius Agar and De Mann-Rogosa-Sharpe Agar; OXOID; Milan, Italy) under aerobic conditions.
The colonies grown after 24 h were phenotypically clustered by color, morphology, size and counted.
Subsequently, representative colonies of each type were sub-cultured in Columbia agar plates (OXOID;
Milan, Italy) and then identified by MALDI-TOF MS (Bruker Daltonics, Bremen, Germany) and by
API® IDENTIFICATION KIT (Biomerieux, Marcy 1’Etoile, France).

2.4. Contamination of the Orthodontic Elastics by Saliva

For the present study, the orthodontic elastics (OE) were provided by Leone S.p.A. Florence, Italy.
The OE were sterilized by autoclave at 121 °C, for a cycle of 15 min, as indicated elsewhere [35,36]. Then,
the OE were exposed to the saliva A and P pools for in vitro contamination, in line with previously
described protocols [37]. Briefly, the OE were placed in a 1.5 mL tube containing saliva A or P
(100 pL/elastic) and incubated for 1 h at 37 °C with 5% CO,, under gentle shaking.

2.5. Evaluation of Microbial Adhesion onto OE, Growth and Biofilm Formation

During the 1 h contamination, the samples were concomitantly exposed to the Carboxy-fluorescein
Diacetate, Acetoxymethyl Ester (CFDA), that measures both enzymatic activity and cell-membrane
integrity (Thermo Fisher Scientific, Waltham, MA, USA), according to manufacturer’s instructions.
After the 1 h incubation, the elastics were washed with warm saline and transferred to 96 well black
microtiter plate, where each well was filled with 100 uL of fresh Tryptic Soy Broth (TSB), supplemented
with 2% sucrose (OXOID; Milan, Italy); then, the plate was read at the Fuoroskan microplate
reader (Thermo Fisher Scientific, Waltham, MA, USA). The fluorescence signal (excitation/emission:
485/538 nm) was expressed as relative fluorescence units (RFU) and considered as a measure of
microbial adhesion to the OE (RFU/OE).
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The plate was further incubated for 23 h at 37 °C with 5% CO,;. Then, samples were exposed to
saline or Tp-SUP (100 puL/well) and the CFDA reagent was added again for additional 1 h. At the
end of such incubation time (24 h), total microbial load/well was assessed by CFU assay and species
identification was performed by MALDI-TOF MS and API system, as detailed above. In parallel
samples, the OE were washed twice with warm saline, transferred to new wells with fresh TSB plus
2% sucrose and the RFU was measured by Fluoroskan microplate reader. The fluorescence signal

(excitation/emission: 485/538 nm) was expressed as RFU and taken as a measure of biofilm formation
onto the OE (RFU/OE).

2.6. Evaluation of Microbial Re-Growth and Biofilm Persistence

The OE were further incubated up to 48 h from contamination. Then, microbial re-growth was
assessed by CFU analysis and the isolates were identified as detailed above. In parallel groups,
the CFDA reagent was added; 1 h later, the OE were washed with warm saline and then residual
biofilm was measured by fluorescence analysis, as previously described. The fluorescence emission by
live cells (excitation/emission: 485/538 nm) was expressed as RFU and taken as a measure of residual
biofilm onto the OE (RFU/OE).

2.7. Statistical Analysis

Data depicted in the graphs are the mean + SEM from replicate samples of at least 3 independent
experiments. Quantitative variables were tested for normal distribution by Shapiro-Wilk test.
Statistical differences between groups were analyzed according to Mann-Whitney U test (Figure 1) or
Kruskal-Wallis followed by Dunn’s multiple comparisons tests (Figures 2 and 3) by using GraphPad
Prism 8. Data depicted in the tables are the CFU mean values of 3 independent experiments.

Values of **** p < 0.0001, *** p <0.001 and * p < 0.05 were considered significant.

3. Results

3.1. Initial Microbial Load and Identification of the Main Culturable Species in Saliva A and P

Initially, we evaluated the microbial load and characterized the bacterial species growing in saliva
A and P, under aerobic conditions. As shown in Table 1, the microbial load detected at time 0 in saliva
A was slightly lower as compared to that obtained from saliva P (379.1 vs. 501 CFU/100 pL x 104,
respectively); such difference did not reach statistical significance. Microbial identification revealed
that the most representative species were Streptococcus mitisjoralis (S. mitis/oralis), reaching 67.01 and
81%, in saliva A and P, respectively. S. salivarius was the second most abundant species recovered in
saliva A (16.8%) but not in saliva P (2.9%); differently, the latter counted 10.9% of Neisseria flava/subflava
(N. flavajsubflava). The third and fourth most abundant species in saliva A were S. thermophilus
(8.9%) and N. flava/subflava (7.1%), while in saliva P, the third and fourth most abundant species
were S. thermophilus (4%) followed by S. salivarius (2.9%). Rothia aeria (R. aeria) was identified only
occasionally in both saliva A and P, while neither Candida nor Lactobacillus spp. were ever detected in
either salivary samples.
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Table 1. Initial microbial load and evaluation of the main microbial species in Saliva A and P.

Species Identified at Time 0 h Saliva A Saliva P
CFU (%) CFU (%)
Neisseria flava/subflava 27 7.1 55 10.9
Streptococcus thermophilus 34 8.7 24 4
Streptococcus mitis/oralis 254 67.0 406 81
Streptococcus salivarius 64 16.8 15 29
Rothia aeria <0.1 0.02 1 0.1
Candida spp. <0.1 - <0.1 -
Lactobacillus spp. <0.1 - <0.1 -
Total CFU/100 pL x 10* 379.1 100 501 100

The two pools of saliva A and P, collected from six healthy volunteers, during mastication of gum A and P, were
analyzed to assess the total microbial load, at time 0 h, by CFU assay. The colonies isolated after incubation
in selective media were counted and identified by MALDI-TOF MS or API gallery system. The microbial load,
expressed as mean of CFU/100 uL x 10% saliva, and the percentage of bacterial species detected are shown.

3.2. Microbial Adhesion onto OE, Growth and Biofilm Formation

The ability of microorganisms occurring in the saliva A and P to mediate adhesion onto OE
was evaluated. Accordingly, two sets of pre-sterilized OE were exposed to each pool of saliva in the
presence of CFDA to allow fluorescence staining of cells. After 1 h at 37 °C, a condition commonly
used to allow microbial adhesion onto abiotic surfaces [37], the OE were washed with warm saline,
transferred to new wells containing fresh medium and analyzed for fluorescence emission. As shown
in Figure 1, the fluorescence signal, indicating the amounts of viable and metabolically active cells,
was significantly lower in saliva P, as compared to saliva A contaminated OE (about 50% difference).

400

300

200

RFU/OE

100

Treatments

Figure 1. Microbial adhesion onto saliva-contaminated orthodontic elastics (OE). Two sets of OE were
exposed to saliva A and P for 1 h at 37 °C. During that time, fluorescence staining of viable cells was
allowed by Carboxy-fluorescein Diacetate, Acetoxymethyl Ester (CFDA) addition. Then, the OE were
washed with warm saline and transferred to new wells. The plate was read by the Fluoroskan reader
and the fluorescence signal was recorded. The depicted values represent the mean (RFU/OE) + SEM of
48 replicates obtained by 3 independent experiments. *** p < 0.001.

Subsequently, the contaminated OE were incubated for further 23 h, under standard culture
conditions, to allow microbial growth. Then, each set of OE (saliva A and saliva P contaminated groups)
was split in two sub-groups and exposed to saline or Tp-SUP (in both cases, 100 uL/well were added)
for additional 1 h at 37 °C. Subsequently, each sample was assessed for microbial growth by CFU assay,
followed by MALDI-TOF MS/API colonies identification. As depicted in Table 2, when comparing
the total CFU from saliva A- and saliva P-contaminated OE maintained in saline, about 1 log lower
values were found in the latter group. Moreover, the treatment with Tp-SUP strongly reduced the
CFU, in both saliva A- and saliva P-contaminated OE; particularly, the reduction was approximately
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of 2 logs when comparing saliva A/saline vs. saliva A/Tp-SUP and of about 1 log considering saliva
P/saline vs. saliva P/Tp-SUP.

Table 2. Microbial load onto saliva-contaminated OE subsequently exposed or not to Tp-SUP.

Species Identified at Saliva A/Saline Saliva P/Saline Saliva A/Tp-SUP  Saliva P/Tp-SUP

Time 24 h

CFU (%) CFU (%) CFU (%) CFU (%)
Neisseria flava/subflava <0.1 0.028 <0.1 0.2 <0.1 227 <0.1 2.94
Streptococcus thermophilus 7 1.98 <0.1 0.2 <0.1 2.27 <0.1 2.94
Streptococcus mitisjoralis 342 97.1 48 99.1 4 90.9 3 88.2
Streptococcus salivarius 3 0.85 <0.1 0.2 <0.1 227 <0.1 2.94
Rothia aeria <0.1 0.028 <0.1 0.2 <0.1 2.27 <0.1 2.94
Candida spp. <0.1 - <0.1 - <0.1 - <0.1 -
Lactobacillus spp. <0.1 - <0.1 - <0.1 - <0.1 -
Total CFU/100 pL x 10* 352.4 100 48.6 100 4.6 100 3.6 100

The two sets of OE, contaminated with saliva A and P and incubated for 23 h, were split in two sub-groups
and exposed to saline or Tp-SUP for additional 1 h. Each sub-group was then analyzed to assess the total
microbial load at time 24 h, by CFU assay. The colonies isolated after incubation in selective media were counted,
clustered and identified by MALDI-TOF MS or API gallery system. The results are given as microbial load
(mean of CFU/100 uL x 10%) and as percent of bacterial species.

In parallel, species identification revealed that the most representative one, both in saliva
A and P/saline groups, was S. mitisjoralis (97.1% and 99.1%, respectively). Tp-SUP treatment did
not substantially change this percentage. Furthermore, when considering the crude numbers,
the S. mitisjoralis CFU counted in saliva A/Tp-SUP-treated samples were 2 logs lower than those
in saliva A/saline-treated samples; such decrease was of about 1 log when comparing saliva P/Tp-SUP
vs. saliva P/saline. The second most representative species in saliva A/saline was S. thermophilus,
followed by S. salivarius and traces of N. flava/subflava and R. aeria, while, in all the other groups, these
species were consistently below the detection limit of the assay. Subsequently, in parallel groups,
the saliva-contaminated OE were incubated for 23 h at 37 °C + 5% CO; and then exposed to saline or
Tp-SUP for additional 1 h, in the presence of CFDA. Then, the OE were washed with warm saline,
transferred to new wells, and the fluorescence emission was measured.

As shown in Figure 2, a consistent difference was detected when comparing the RFU onto
saliva A/saline vs. saliva P/saline OE although without reaching significance (p = 0.0621). Moreover,
Tp-SUP treatment drastically reduced the amounts of biofilm, independently of the groups considered.
In particular, when comparing saliva A/saline vs. saliva A/Tp-SUP or saliva P/saline vs. saliva
P/Tp-SUP, significant decreases were consistently observed upon Tp-SUP treatment in both cases.
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Figure 2. Early biofilm formation onto saliva-contaminated OE exposed or not to Tp-SUP.
The saliva-contaminated OE were incubated for 23 h at 37 °C + 5% CO, and then exposed to saline or
Tp-SUP for additional 1 h, in the presence of CFDA, to allow fluorescence staining. Then, the OE were
washed with warm saline and transferred in new wells. The plate was read by the Fluoroskan microplate
reader and the fluorescence signal was recorded. The depicted values represent the mean + SEM
(RFU/OE) of 13-16 replicates obtained by 3 independent experiments. **** p < 0.0001; *** p < 0.001.

3.3. Microbial Re-Growth and Biofilm Persistence

To assess the microbial regrowth under the different conditions, the 4 groups of OE, were incubated
for further 24 h (up to time 48 h) in fresh medium and tested by CFU assay and MALDI-TOF MS/API
analysis. Table 3 shows that the total CFU detected in all the groups were similar, ranging between
552 to 953 x 10%/100 pL. Interestingly, S. mitisjoralis was the most representative species both in saliva
A/saline and saliva P/saline groups (91.01% and 85.3%, respectively), while, these same species were not
detected in Tp-SUP treated groups, no matter whether A or P saliva groups were considered. In contrast,
in the Tp-SUP-treated groups, most of the microbial population was identified as Lactobacillus spp.
(>90%); such bacteria were undetectable (<0.1 CFU x 10%/100 uL) in the two groups that had not
received the Tp-SUP treatment.

Table 3. Microbial re-growth onto saliva-contaminated and Tp-SUP treated OE.

Species Identified at Saliva A/Saline  Saliva P/saline  Saliva A/Tp-SUP  Saliva P/Tp-SUP

Time 48 h

CFU (%) CFU (%) CFU (%) CFU (%)
Neisseria flava/subflava <0.1 0.018 <0.1 0.01 <0.1 0.01 <0.1 0.01
Streptococcus thermophilus 13 2.3 63 7.01 57 5.98 57 8.23
Streptococcus mitisforalis 503 91.0 763 85.3 <0.1 0.01 <0.1 0.01
Streptococcus salivarius 36 6.5 68 7.61 6 0.63 5 0.72
Rothia aeria <0.1 0.018 <0.1 0.01 <0.1 0.01 <0.1 0.01
Lactobacillus spp. <0.1 0.018 <0.1 0.01 890 93.3 630 91.0
Total CFU/100 L x 10* 552.3 100 894.3 100 953.3 100 692.3 100

The OE, that had been contaminated with Saliva A and P (time 0 h), incubated for 23 h and exposed or not to
the Tp-SUP (for 1 h), were further incubated at 37 °C + 5% CO, (up to 48 h) and then analyzed by CFU assay.
The colonies isolated after incubation in selective media were counted, clustered and identify by MALDI-TOF MS
or API gallery systems. The results are given as microbial load (mean of CFU x 10%/100 uL) and as percentage of
bacterial species.
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To evaluate biofilm persistence, at time 48 h, the OE were washed again, transferred to new wells
and labelled with CFDA fluorescent reagent for 1 h.

As shown in Figure 3, the RFU/OE were consistently lower in saliva P/saline than in saliva A/saline
groups, although without reaching significance. The exposure to Tp-SUP significantly reduced the
RFU/OE in both groups. When comparing saliva A/saline with saliva A/Tp-SUP or saliva P/saline with
saliva P/Tp-SUP, statistically significant differences were observed.
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Figure 3. Biofilm persistence following Tp-SUP treatment. The saliva-contaminated OE, that had been
exposed to Tp-Sup or saline (at time 23 h, for 1 h) were further incubated at 37 °C + 5% CO, up to
48 h in fresh medium. Then, the OE were label with CFDA for 1 h to allow fluorescence staining,
washed with warm saline and transferred to new wells containing fresh medium. The plate was
read by the Fluoroskan microplate reader and the fluorescence signal was recorded. The depicted
values represent the mean RFU/OE + SEM of 15 replicates obtained by 3 independent experiments.
***p <0.001; * p <0.05.

4. Discussion

Here, we provide the first in vitro data concerning the effects of the Biorepair-PERIBIOMA
toothpaste and chewing gum on the ability of oral microbiota to adhere, grow and produce biofilm
onto orthodontic devices.

Orthodontic therapy with fixed appliances is commonly used to treat malocclusions and teeth
irregularities; in these cases, orthodontic materials such as brackets, tubes and elastics are widely
employed. These materials prevent an accurate oral hygiene and promote an increase in microbial load,
deposition of debris and formation of plaque. With the aim of promoting a better oral hygiene, a new
toothpaste, fluorine-free, and a chewing gum, Biorepair® PERIBIOMA™, added with probiotics, have
recently been developed; little information exists on their mechanisms of action.

Among the most important components in the oral environment, saliva is an integral part of oral
health; particularly, it plays a role in caries control and bacterial plaque containment [8]. Although being
sterile when secreted [38], saliva immediately becomes a major vehicle of microorganisms, either
resident microbiota in healthy subjects as well as pathogens in patients with oral cavity diseases.
From here, our choice of using saliva from healthy donors as source of oral microbial population to be
employed in an in vitro model that, by mimicking orthodontic materials contamination, would allow
to evaluate the efficacy of novel tools for oral hygiene. The Biorepair® PERIBIOMA™ gum and a
traditional gum, both sugar-free, have been used to facilitate saliva collection.

In line with the literature [39], we show that the microbial species, isolated by a culture-based
approach from saliva A and P are mainly S. mitisjoralis and S. salivarius, followed by N. flava/subflava
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and S. thermophilus. Interestingly, the number of CFU observed in saliva P is slightly higher (397 vs.
501 CFU/100 pL x 10* A vs. P samples) as compared to that of saliva A; unexpectedly, the relative
abundance of S. salivarius appears to be enhanced in the latter group (16.88% vs. 2.99%, A vs.
P samples). These results suggest that the gum P is slightly more effective in mechanically removing
local microorganisms than a traditional gum. The partial fluctuation in relative abundance of some
species may be due to their different susceptibly to mechanical gum-mediated detachment and/or to
the different ingredients contained in each gum.

Being adhesion a crucial step in microbial biofilm formation, both on oral tissues and abiotic
surfaces, here we investigated the ability of microbial communities occurring in saliva A and saliva P
to adhere onto OE. As indicated by the fluorescence data, adhesion occurs, irrespectively of the saliva
employed; yet, the phenomenon is less pronounced when using saliva P, implying that, although
slightly more numerous, this microbial population exhibits a reduced efficacy on binding to an abiotic
surface, such as OE. Whether the slightly higher numbers of S. mitisjoralis detected in saliva P may
account for the overall less efficient adhesion, remains to be established. Furthermore, we cannot
exclude that, in our in vitro model, hydroxyapatite crystals and probiotics, present in both Peribioma
products, remain and persist in saliva P samples and, thus, may interfere with microbial adhesion to
OE. In line with these data, we show that, after 24 h incubation, the Saliva P/saline group had 1 log
lower microbial CFU than the counterpart samples (Saliva A/saline); once again, we may hypothesize
that the hydroxyapatite, contained in gum P and likely persisting in Saliva P samples, may have limited
microbial growth. To a similar extent, the Saliva P significantly reduces biofilm formation onto the
OE (time 24 h). This phenomenon is also evident at a later time, indicating that saliva collected after
chewing the gum P consistently affects biofilm persistence more than saliva A (17.42 vs. 33.84 RFU,
respectively; at time 48 h).

Here, we have used the Tp-SUP as a simplified and easy-to-use tool, for assessing toothpaste
effects against oral microorganisms in vitro. In particular, we show that the Tp-SUP exerts relevant
antimicrobial activity, regardless of the saliva used to contaminate the orthodontic devices; specifically,
both parameters, namely microbial growth and biofilm formation, are significantly impaired.
The Tp-SUP-mediated microbial abatement ranges between 1 and 2 logs, which is already evident
at time 24 h, when using the CFU assay. In contrast, at later times (48 h), microbial re-growth
occurs comparably in all the groups, irrespective of the gum initially used for saliva collection and
independently upon the in vitro Tp-SUP treatment. Furthermore, it should be noted that, at that time,
the microbial composition greatly varies upon Tp-SUP exposure; in particular, the streptococci mostly
detected in saliva A and saliva P/saline groups (>90%) are drastically displaced by Lactobacilli in
saliva A and saliva P/Tp-SUP groups (>90%). This finding may be explained considering that the
Biorepair® PERIBIOMA™ products also contain probiotics, such as L. reuteri, L. salivarius, L. plantarum
and Bifidobacterium. The reason for adding probiotics to such oral care products is that such microbial
species may adhere to dental tissues and become part of the oral plaque; in turn, they may compete
with cariogenic and periodontal pathogens for nutrients and space, thus preventing caries formation
and gingivitis [40,41]. In our hands, the late detection of Lactobacilli is in line with previous results
(data not shown) showing that, indeed, Tp-SUP culture allowed growth of colonies subsequently
identified as Lactobacilli.

The efficacy of Tp-SUP is further emphasized by the fact that also biofilm persistence is significantly
affected after such treatment: the extent of the inhibition is similar both in saliva A and saliva P
contaminated OE.

Overall, by an in vitro model, we provide the first evidence on the efficacy of the Biorepair®
PERIBIOMA™ toothpaste and gum in impairing adhesion, growth and biofilm formation/persistence
by oral microorganisms onto orthodontic devices. We favor the idea that, by different pathways,
the hydroxyapatite crystals and the probiotics, abundantly present in such oral care products, may
act in concert controlling local microbial communities. Moreover, based on the present in vitro data,
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we may envisage that the combined use of toothpaste and gum can ameliorate oral daily care, thus
clinically reducing the risk of developing oral diseases, especially those related to microbial agents.

5. Conclusions

Efficacious strategies helping to maintain a good oral hygiene are necessary to prevent or treat
oral diseases, especially when they are associated with microbial biofilms, commonly produced onto
oral tissues and dental devices. This in vitro pilot study raises the possibility that the daily use of the
Biorepair® PERIBIOMA™ gum and toothpaste may, on the one hand, profoundly impact on microbial
adhesion, growth and biofilm formation onto abiotic surfaces and, on the other hand, may promote
replacement of potential oral pathogens with microorganisms beneficial to oral health. By this in vitro
prototype, wide-spectrum studies may be pursued opening to other orthodontic/dentistry materials as
well as towards other novel health-care products.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3417/10/19/6721/s1,
Figure S1: Flow-chart of the saliva collection.
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