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Objective. Periodontitis is a common disorder that leads to the loss of both tooth and personal well-being, contributing to worsen the
risk for metabolic and cardiovascular diseases. Recently, probiotics, characterized by rapid oral dispersion, have been topically used.
Here, we present data of a mucoadhesive gel containing probiotics, capable of ensuring a slow release of bacteria to prevent and treat
periodontitis. Methods. An original mucoadhesive gel (AL0005) that is anhydrous and of food grade, loaded with the blend of lactobacilli
and plants’ dry extracts, has been assayed. Resulfs. The release kinetics of the bacterial mixture in different experimental models in vitro,
including simulated saliva or physiological solutions, showed a significant and stable release for 5-8 hours. In one in vivo study of a
mouse model of periodontitis, a locally applied mucoadhesive gel enriched with probiotic strains improved significantly the tissue
pathology when compared with vehicle-exposed mice. Conclusions. Together, the results suggest that this mucoadhesive gel can be useful
in the normalization of the gum bacterial flora and improvement of the tissue pathology of gum disorders.

1. Introduction

Dysbiosis of the subgingival plaque has been associated to
the development of periodontitis. In a variable time frame,
the normal bacterial flora, consisting of Gram-positive
species, is progressively substituted by a pathogenic “red
complex,” consisting mainly of facultative intracellular
anaerobic pathogens such as Porphyromonas gingivalis,
Aggregatibacter  actinomycetemcomitans,  Treponema
denticola, Tannerella forsythia, and Prevotella melanino-
genica [1, 2]. These bacteria eventually colonize the
subgingival sites, escape the host’s defense system due to
their ability to enter inside host cells, and cause chronic
inflammation and tissue damage. Therefore, periodontitis

is a chronic multifactorial inflammatory disease associ-
ated with a dysbiotic dental plaque that results in local
inflammation and the progressive destruction of the
supporting structures of the teeth, namely periodontal
ligament and alveolar bone. This is one of the most
common diseases affecting the oral cavity [3]. According
to the WHO, in Europe, severe periodontitis with rapid
loss of tooth attachment (>2 mm/year) occurs in 5-20% of
middle-aged adults (35-44 years) and about 40% of el-
derly (65-74 years) [4, 5]. Interestingly, it represents a risk
factor for systemic complications, including preterm low
birth weight, cardiovascular disease, and type 2 diabetes,
requiring a timely treatment for reducing their incidence
[6, 71.
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Once periodontitis is diagnosed, the current gold
standard treatment is the scaling and root planning (SRP)
performed in the dentist’s office. It consists in curettage and
bacterial plaque removal from the gingival pockets followed
by systemic or local antibiotic or anti-inflammatory pre-
scriptions for some weeks. Among effective antimicrobial
and anti-inflammatory substances, chlorhexidine has long
been known. It is commonly used, although, after a pro-
longed use, it may lead to undesirable side effects such as the
pigmentation of teeth and oral tissues [8, 9].

Recent meta-analyses are challenging the use of anti-
biotics, suggesting that the effects of systemic treatments
should be balanced against their adverse events, the most
important being the development of antibiotic resistance
(MDR) to oral and nonoral microorganisms [10, 11].
Particularly, most antibiotics also affect the local gum
commensal bacteria that are engaged in stopping the ex-
pansion of anaerobic pathogens in the plaque, damaging
the natural antimicrobial barrier properties of the oral
microbiome.

The identification of novel approaches to combat these
pathogens by enhancing the natural antimicrobial barrier of
the gum while respecting the oral microbiota is in progress.
Promising approaches include the targeting of proresolution
mediators, such as maresin 1 [12], or endothelial modula-
tors, such as asymmetric dimethylarginine (ADMA) [13],
known to play a role in the complex healing process asso-
ciated to local inflammation.

For the treatment of intraosseous periodontal defects, in
recent years, the results of various researches have been
published. Through the use of resorbable biopolymers of
hyaluronic acid, have been prepared mucoadhesive buccal
films based on hydroxypropylmethylcellulose for the local
release of Levilactobacillus brevis CD2 in order to ensure a
controlled local release of enzymes, such as arginine de-
aminase and sphingomyelinase, which have anti-inflam-
matory properties [14-21].

Hydrolase produces L-citrulline and ammonia from
L-arginine, with a reduction in nitric oxide levels and
therefore in the levels of some of the known inflammatory
cytokines. Bacterial sphingomyelinase can hydrolyze platelet
activating factor (PAF), a potent inflammatory cytokine
known to be associated with oral mucositis in radiotherapy.
In addition to the PAF, also the ADMA, a well-known
inhibitor of the metabolism of nitric oxide, is critical in some
oral diseases. Actually, Isola et al. have demonstrated how
serum and salivary ADMA levels increase both in peri-
odontitis patients and coronary heart disease ones, despite
ADMA not being closely related to periodontal disease
severity [13].

To partially overcome these events, local delivery systems
have been studied for antibiotics that were generally used as
systemic treatment. For example, mucoadhesive formula-
tions were developed to deliver metronidazole and satra-
nidazole [22]. These formulations were based on different
gelling agents, such as carboxy-cellulose, hydro-cellulose, or
the Carbopol® 934P polymer, all designed to adhere to the
gums for several hours or days, therefore reducing the
dosing frequency and ensuring a prolonged action.
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The administration of probiotics (live bacteria) as oral
dispersion has also been proposed as an aid to proper
therapeutics and a possible alternative to antibiotics, at least
in certain circumstances. The aim of these supplementation
is the enrichment of the oral microbiota with nonpathogenic
commensals to colonize subgingival plaque and counteract
the “red complex” bacteria expansion and to produce anti-
inflammatory effects, possibly via activation of the Tool-like
receptor pathways [23]. The rational of using live bacteria
such as Lactobacillus and Bifidobacterium in the restoration
of normal functioning of infected or inflamed tissues is based
on converging experimental findings collected in vitro and in
vivo, as recently reviewed by Sanders et al. [24].

In particular, randomized controlled trials were per-
formed with probiotics oral dispersion in subjects with
periodontal health problems. In one study [25], lozenges
containing Limosilactobacillus reuteri DSM 17938 and ATC
PTA 5289 improved periodontal health in navy sailors at sea
when compared with placebo. Bleeding on probing, gingival
index, plaque control record, probing attachment level, and
probing pocket depth were improved when assessed at 14
and 42 days of treatment, showing highly significant im-
provements when compared with placebo. In another
randomized placebo-controlled trial [26], lozenges con-
taining Bifidobacterium animalis subsp. lactis (B. lactis)
HNO19 were used as adjuvant to scaling and root planning
(SRP) standard treatment in patients with periodontitis.
Forty-one patients were recruited and monitored clinically,
immunologically, and microbiologically. The group receiv-
ing the probiotic lozenges showed improvement in all the
monitored markers when compared with placebo at 30 and
90 days. Interestingly, other probiotics, such as Streptococcus
salivarius K12, Lacticaseibacillus rhamnosus SP1, and Lac-
tobacillus helveticus SBT2171, were also found to improve
periodontal health [27-29].

The use of probiotics has been also investigated in
prevention and treatment of cancer therapy-induced oral
mucositis. A systematic review and meta-analysis based on
five studies on a total of 435 patients showed the efficacy of
probiotics in the reduction of incidence and/or mitigation of
the severity of this side effect of cancer therapy, which is
extremely detrimental for patients’ quality of life [30].

Overall, these studies support the tenet that oral expo-
sure to Gram-positive probiotics could reinstate a normal
bacterial flora in the gum of subjects at risk of periodontitis
and contribute to the improvement of periodontal tissue
damage in subjects affected by periodontitis.

Finally, modulation of the immune system is one of the
most plausible mechanisms underlying the beneficial effects
of probiotics on human health. The administration of ex-
ogenous probiotics could enhance the innate immunity as
well as modulate pathogen-induced inflammation via Toll-
like receptor-regulated signaling pathways [31]. Moreover,
the probiotic administration improves commensal barrier
and, consequently, the competition against pathogenic
bacteria [32]. The competition between commensals and
pathogens is a principle of general validity, applicable both
in the treatment of all dysbiosis including the treatment of
periodontitis.
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In these studies [25, 26], the lozenges allowed the ex-
posure of the whole mouth to probiotics for a period esti-
mated in tens of minutes/day, requiring several daily
administrations. It is possible that selective local targeting of
specific gum region affected by dysbiosis with high-con-
centration probiotics for several hours/days (instead of
minutes) would hasten the normalization of the bacteria
flora of the subgingival plaque. Such delivery profile could be
provided by mucoadhesive preparations, which are generally
well accepted by the users.

Mucoadhesive preparations consist of solid systems
based on polymers that adhere to mucosae [14]. So far,
among oral drug delivery methods for the treatment of
periodontitis, there are mucoadhesive gel preparations re-
leasing chlorhexidine, antibiotics, hydrogen peroxide, and
natural substances [15, 16, 33]. Polymers by themselves may
have an additional therapeutic effect: a recent study showed
the use of a resorbable biopolymer of hyaluronic acid for the
treatment of infrabony periodontal defects [34]. A proof of
concept that mucoadhesive gel preparations could deliver
probiotics in the oral cavity was recently published: Abruzzo
et al. reported a preparation of hydroxypropyl methylcel-
lulose mucoadhesive buccal films containing Levilactoba-
cillus brevis CD2 [35].

The aim of the present work was to develop a stable
formulation of a mucoadhesive lipogel that would be capable
to release probiotics of the Lactobacillus genus, mostly
known for their putative eubiotic actions and capacity to
replicate in a hostile environment. The formulation was
added with two natural ingredients, aloe and blueberry
extracts. Nutrients found in cranberries and blueberries can
be highly effective in protecting the teeth against bacteria
responsible for accelerating tooth decay [36-38], and adding
lemon essential oil gives the formulation a pleasant taste. The
formulation is strictly anhydrous to prevent bacterial
growth. The gel should be applied on the dysbiotic plaque for
the restoration of the bacteria flora, eventually resulting in
improvement of periodontal health. In this article we will
describe the gel preparation, its characterization in vitro, and
preclinical study in mice.

2. Material and Methods

2.1. Mucoadhesive Gel Preparation. For the preparation of
the mucoadhesive gels (AL0005), cosmetic-grade ingredi-
ents compatible with the oral cavity and normally used in
marketed products, such as toothpastes, were used (Table 1).
To ensure the stability of the lipogel, modified silicas (MPs)
such as silica dimethyl silylate (AEROSIL) and hydrox-
ypropyl methylcellulose (HPMC) (BENECEL K100M) were
also used, as described in Table 1.

2.2. Bacteria under Study. A series of Lactobacillus strains
with known antimicrobial activity and mucosal colony-
forming properties have been considered: Levilactobacillus
brevis (L.  brevis),  Lactiplantibacillus  plantarum
(L. plantarum), Lacticaseibacillus paracasei (L. paracasei),
Limosilactobacillus reuteri (L. reuteri), and Lacticaseibacillus

rhamnosus (L. rhamnosus), so defined according to a recent
nomenclature [39]. These probiotics were kept in lyophilized
form until blending into lipogel.

2.3. Determination of Bacterial Load. To estimate the total
bacterial load, both in the lyophilized powder (starting
material) and in lipogels, as well as their relative release from
the lipogels, at different times, the classic method of colony-
forming unit (CFU) count and an innovative method,
named Lacto-Counter Assay (LCA), were applied [40, 41].

CFU count is an internationally validated and applied
method. However, it is not reliable if the bacteria are aggregated
or in biofilm. LCA is a specific assay for the enumeration of
lactobacilli based on the BioTimer Assay (BTA), a biological,
innovative method that allows us to count free, aggregated,
adherent, or biofilm microorganisms without manipulating the
sample [40, 41]. In these tests, to enumerate Lactobacillus spp.,
an original reagent that contains a pH indicator able to change
color related to the microbial metabolism (production of
secondary metabolites) was developed. The concentration of
secondary metabolites was correlated to the number of bacteria
present in the sample at time 0 by means of calibration curves,
reported in the following paragraph.

2.3.1. LCA Specific Reactive to Count Lactobacillus spp.
The LCA specific reactive was prepared as follows: 5.2 g of
“de Man, Rogosa, and Sharpe” (MRS) broth (Oxoid LTD,
UK) was dissolved in 810 ml of distilled water. After ster-
ilization at 121°C for 15min, 80 ml of 10% filtered glucose
(Sigma Aldrich, Italy) solution, 100 ml of 10% filtered lactose
(Sigma Aldrich, Italy), and 10 ml of 0.25% filtered phenol red
(Sigma Aldrich, Italy) solution were added and the pH was
adjusted to 7.2+0.1. The final reagent appeared clear and
red. To perform the LCA, test tubes, containing the LCA
reagent and the sample, were covered with paraffin to obtain
anaerobiosis and incubated at 37°C. The color changes from
red to yellow (Figure 1).

Color change, due to metabolism of Lactobacillus spp.,
was measured through the change of OD values at 420 nm
(yellow) at regular time intervals (30 min) until 24 h. The
time required for color change of LCA reagent from red to
yellow was correlated to initial microbial concentration by
correlation line (Figure 2). This correlation line is identical to
that obtained to enumerate Bifidobacterium spp.

Briefly, serial twofold dilutions of distinct planktonic
overnight broth cultures of Lactobacillus spp. were performed
in 24-well plates (BD, Italy) at 37°C in a total volume of 1 ml of
LCA reagent and simultaneously plated in MRS agar plates and
enumerated by CFU count. The time required for color switch
of LCA reagent was plotted versus the mean values of the log;,
of CFUs/ml for Lactobacillus spp. (Figure 2). The equation and
the linear correlation coefficient describing the correlation line
was y=-0.2397x+ 7.828R* = 0.9646.

2.4. Enumeration of Lyophilized Lactobacilli by LCA and CFU
Method. First, the bacteria present in the lyophilized cultures,
used for lipogel formulations, were enumerated by both LCA



International Journal of Dentistry

TaBLE 1: Cosmetic ingredients (INCI) included in the basic lipogel used in this work.

Commercial name Source INCI %

LABRAFAC® caprylic/capric MCT (medium-chain triglycerides) Gattefosse Caprylic/capric triglyceride 70.0
Ethylcellulose Asha Cellulose Ethylcellulose 5.0
COMPRITOL® 888 CG Gattefosse Glyceryl behenate 2.5
AEROSIL® R 972 Evonik Silica dimethyl silylate 31

BENECEL™ K4M Ashland Hydroxypropyl methylcellulose — 11.7
BENECEL™ K100 M Ashland Hydroxypropyl methylcellulose 7.0

Other natural ingredients

Aloe vera gel powder regular 200X Terry Laboratories LLC Aloe barbadensis leaf extract 0.2
Freeze-dried powder blueberries extract, 15% anthocyanins LaBioTRE Vaccinium myrtillus fruit extract 0.4
Lemon essential oil Muller and Koster Citrus limonum peel oil 0.1

Fi1GUrk 1: Lacto-Counter Assay (LCA) reagent with the phenol-red shifts the color from red to yellow due to its acidification by the

lactobacilli metabolism.
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F1GURE 2: Correlation line between the number of Lactobacillus spp. and the time of color change of the Lacto-Counter Assay (LCA) reagent.

and CFU method. Each lyophilized culture (1 g) was dissolved
in LCA reagent (10 ml) to have a final concentration of 100 mg/
ml. This sample was incubated at 37°C in anaerobiosis,
monitoring over time the color change of LCA reagent. In
parallel, 100 yl of this solution, after appropriate dilutions, was
plated in MRS agar plates and enumerated by CFU count.

2.5. Test of Bacteria Release in Physiological Solution or
Simulated  Saliva. Lipogel  preparations containing

Lactobacillus strains were profiled for their release properties
when immersed in a liquid phase consisting either of
physiological solution (solution) or simulated saliva (SS)
prepared according to Marques et al. [42]. SS composition
corresponded to sodium chloride (8 g/L), sodium phosphate
dibasic (2.38g/L), and potassium phosphate monobasic
(0.19g/l) with a pH of 6.8. Briefly, at time 0, samples of
lipogels were immersed in LCA and tested to evaluate the
total bacterial load at baseline. Subsequently, samples of
lipogels were immersed in the solution/SS and bacterial
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FIGURE 3: Representative picture of the model developed: (a) plastic cones with the mucoadhesive lipogel incorporated immersed in artificial
saliva; (b) plastic cones with the mucoadhesive lipogel incorporated immersed in Lacto-Counter Assay (LCA) reagent after 2 h of incubation
with artificial saliva; (c) artificial saliva immerged in LCA reagent after 2h of incubation with plastic cones containing the mucoadhesive
lipogel incorporated; (d) color change of sample B solution in LCA; and (e) color change of sample C solution in LCA.

release was evaluated after 30 min, 2, 5, and 8h. At each
incubation time, 1 ml of solution was collected and mixed
with 1 ml of LCA reagent to quantify the number of bacteria
released. In parallel, to check the bacteria still present in the
lipogels at each time, an aliquot of lipogel was collected,
weighted, and immersed in 1ml of LCA. The number of
loaded or released bacteria were normalized at 1 g of lipogel.
The loaded bacteria in the lipogel were enumerated only with
LCA because CFU count was considered unreliable in the
counting bacteria inside the lipogel. The bacteria released in
solution/SS were enumerated using both LCA and CFU
count.

2.6. Test of Adhesion and Bacteria Release on Sterile Plastic
Cones. To simulate the conditions of the lipogel application
on a gingival surface of the mouth, a model based on plastic
cones containing the mucoadhesive lipogels was developed
(Figure 3). Such cones were then immersed in different
solutions (i.e., physiological solution, PBS, artificial saliva)
and incubated at 37°C. Samples of the solutions were col-
lected at different time points and checked for the bacterial
amount released that was enumerated using both LCA and
CFUs.

2.7. Test of Bacteria Release on Filter Papers. A further
qualitative test was performed using filter papers to evaluate
the release of lactobacilli from lipogels. Briefly, 1 g of each
lipogel was diluted in 99 ml of MRD (maximum recovery
diluent) or SS (simulated saliva) and serially diluted. Ster-
ilized filter papers were kept in contact respectively for 2 and
5 hours with diluted lipogels. Filter papers were recovered
with sterile forceps and placed on MRS agar plates and
incubated for 72h at 37°C under anaerobic conditions.
Colonies released and adhered on filter papers were counted

and compared with those obtained at the same dilution for
quantitative enumerations.

2.8. Test of Adhesion to Hydroxyapatite Discs. 'To compare the
adhesive properties of bacteria released from lipogels with
the same capability of the whole lipogel, we optimized a
model using 100% synthetic tri-calcium phosphate-based
3D Biotek -TCP discs. This assay was performed according
to Tan et al. [43] with minor modifications. Each lipogel (1 g)
was diluted in 99ml of MRD or in 99ml of SS, until a
concentration of about 10° CFUs/ml was reached. 1 ml of the
four suspensions was used for viable count determination
(TO time point), and an equal aliquot was used to cover 3D
Biotek B-TCP models for 2 and 5 hours. Following incu-
bation, 3D Biotek 3-TCP discs were collected in a 9 ml tube
of diluent and bacteria retained on the surface were removed
by mild ultrasonication and rapid vortex mixing. The
number of total bacteria was determined by means of viable
counts, and the percentage of adhesion calculated as follow:

u
p=" 4100,
M 1)

where (i) P represents the adhesion percentage of analyzed
strains to 3D Biotek 3-TCP discs; (ii) 4 represents the viable
count of analyzed lipogels bonded to 3D Biotek 3-TCP discs
expressed as a logarithmic value; and (iii) M represents the
viable count of analyzed lipogels transformed as a loga-
rithmic value of the TO suspension total charge.

2.9. Antimicrobial Activity: Competition Test. To assess the
ability of Lactobacillus released by the lipogel preparations to
counteract the presence and adhesion of different strains of
oral pathogens, a competition test was performed according
to Shokryazdan et al. [44]. Five different strains present in
the “red complex” were selected: Porphyromonas gingivalis



DSM 20709, Treponema denticola DSM 14222, Tannerella
forsythia ATCC 43037, Prevotella melaninogenica DSM
7089, and Aggregatibacter actinomycetemcomitans ATCC
700685. The pathogens were purchased from international
bacterial collection and cultivated on Columbia blood agar
base (Oxoid, Thermo Fisher Scientific) supplemented with
5% defibrinated horse blood. To allow the growth of
T. forsythia (ATCC 43037), N-acetylmuramic acid (NAMA;
Sigma-Aldrich) was added to the medium at a final con-
centration of 10ug/ml. Columbia medium was prepared
accordingly to the manufacturer’s instructions and was
sterilized at 121°C for 15 minutes. The medium was thawed
in a water bath and directly poured in plates within an
anaerobic chamber (atmosphere 85% N, 10% CO,, 5% H,).
Strains were revitalized in the anaerobic cabinet by direct
streak on oxygen-free Columbia blood agar plates. Plates
were incubated for 48 h at 37°C under anaerobic atmosphere.
The halo size produced by each strain against each pathogen
was measured in duplicate.

2.10. Antimicrobial Activity: Agar Well Diffusion Test. For the
assessment of the antagonistic activities of the Lactobacillus
strains against the 5 pathogens, the approaches described by
Shokryazdan et al. [44], Toure et al. [45], and Sajedinejad
et al. [46] were considered. In order to avoid possible
problems due to the mixing and spreading of different
bacterial cultures on the same plate surface, modifications to
the methods were applied. Six-well culture plates were
poured in the anaerobic chamber with 4ml of Columbia
blood agar (5%) and allowed to solidify. P. melaninogenica
DSM 7089, P. gingivalis DSM 20709, T. denticola DSM
14222, T. forsythia ATCC 43037, and
A. actinomycetemcomitans ATCC 700685 were cultured in
Brucella broth (Liofilchem) supplemented with 5% of horse
blood for 48 h at 37°C in an oxygen-free cabinet. Pathogens
were inoculated with a cotton swab on Columbia blood agar
microplates, and the wells for diffusion assay were prepared
using a sterile cork borer. Lipogel preparations were accu-
rately weighted and diluted 1:20 with artificial saliva (SS)
[42]. Liquid cultures of the Lactobacillus blend were
centrifuged 10 minutes at 3000 rpm; the supernatants were
collected and divided in two aliquots. The pH was measured
for one of the two aliquots, while the other was adjusted to 7
with NaOH 1 M. All supernatants were 0.22 ym filter-ster-
ilized. Chlorhexidine digluconate aqueous solution (Sigma-
Aldrich) was diluted at 0.2% concentration, and 100 ul of the
prepared solutions were dispensed in the inoculated wells to
provide antibacterial control. Plates were incubated at 37°C
for 48 h in the anaerobic chamber.

2.11. Ligature-Induced Periodontitis in C57Bl/6 Mice.
Rodents are the ideal animal model for the pathological and
therapeutic research of periodontitis, among these in par-
ticular the mouse models are the most convenient and
versatile.

In recent years, several models have been developed by
injection of human oral bacteria or chemicals or by placing a
retentive ligature around the molar teeth. The ligature-
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induced periodontitis model has several advantages com-
pared with other models, including rapid disease induction
and predictable bone loss that can be easily measured and
quantified. In this model, a ligature is placed around the
teeth to facilitate development of a dysbiotic oral microbiota
and damage to the gingival tissue. Indeed, the ligatures are
able to facilitate local accumulation of bacteria and thereby
enhance bacteria-mediated inflammation and bone loss
[47-50].

The in vivo effect of lipogel preparations was assessed
using the mouse model described by Marchesan et al. [49]
and Abe and Hajishengallis [47] with modifications. At day
0, mice are lightly anaesthetized with the combination of
tiletamine and xylazine (25mg/kg and 4 mg/kg, respec-
tively), and the maxillary second molar tooth is ligated by a
5-0 nonabsorbable silk surgical suture to induce periodontal
inflammation. Treatments are applied daily (see paragraphs
3.5 and 4.5). Animals are sacrificed by CO, asphyxia at
different time points postligation. The contralateral molar
tooth unligated served as baseline control for bone height
measurements. To obtain such measurements, after the
sacrifice, skulls are dissected out and boiled in water at 15 psi
for 10 min. After defleshing, the skulls are subjected to
brushing and bleaching. The maxillae are stained with a 0.5%
eosin and 1% methylene solution. Periodontal bone heights
are assessed using a stereomicroscope connected to a Nikon
Digital Sight camera and measured using Zen software.
Measurements are performed on the second molar (buccal
groove). Periodontal bone heights are measured as the
distances from the cementoenamel junction (CEJ]) to the
alveolar bone crest (ABC). The total bone loss in the ligated
side was calculated subtracting the CEJ-ABC distance for the
ligated side of each mouse from the CEJ-ABC distance of the
contralateral unligated side of the same animal.

3. Experimental Plan

3.1. Identification of the Lactobacillus Strains to be Included in
the Lipogel Preparations. In a preliminary experiment,
various preparations of lipogel were loaded individually with
either Bifidobacterium animalis subsp. Lactis BLCl
(DSM17741), or L. reuteri LR92 (DSM 26866), or L. brevis
SP48 (DSM 16806), or L. helveticus SP27 (DSM29575), or
L. rhamnosus SP1 (DSM21690), or L. paracasei LMG-S-
26420 (CBA-L87), obtaining 6 different preparations. The
goal of this experiment was to identify at least 3 strains able
to remain viable into the lipogel preparations and they were
released into the liquid solutions for at least 8 hours,
reaching at that time the same bacteria enumeration mea-
sured in the respective lipogel.

3.2. Development of Two Lipogel Preparations (AL0006 and
AL0007) with Different Blends of Lactobacillus Strains and
Assessment of Their Performance. Two different lipogel
preparations containing 2 and 3 different Lactobacillus
strains were selected and prepared in two different batches:
the first one on a 10-gram scale, with a lower quantity of
bacteria (2x10(8) CFU/g), and the second one on a 100-



International Journal of Dentistry

gram scale, with a higher quantity of bacteria (2x10(10)
CFU/g). These 2 lipogel preparations were assessed in a
series of studies aimed to optimize the lipogel formulations
in respect to their proposed use in human periodontal
mucosa, focusing on adhesive properties and bacterial re-
lease profiles. The tests were (a) adhesion and release on
sterile plastic cones, (b) bacterial release on filter papers, and
(c) adhesion to hydroxyapatite discs.

3.3. Stability of Lactobacillus in the AL0O006 and AL0007
Lipogel Preparations over Time. The stability and the bac-
terial release ability of the two formulations (AL0006 and
AL0007) when maintained at room temperature (21°C) were
monitored after 3 (T3), 6 (T6), 9 (T9), and 12 (T12) months
with the LCA technique in order to overcome the limits of
the traditional CFU counts. At each time point, the release of
the different components of the lactobacilli blend was
assessed in a physiological solution up to 5h. The loaded
bacteria in the lipogel were enumerated with LCA, while the
bacteria released were enumerated using both LCA and
CFUs.

3.4. Assessment of the Antimicrobial Activity against “Red
Complex” Pathogenic Strains. The competition test (para-
graphs 2.8; 2.9) was run on various lipogel preparations
containing single probiotics L. helveticus SP27 or
L. rhamnosus SP1 or L. paracasei LMG-S-26420 (CBA-L87)
against P. melaninogenica DSM 7089, P. gingivalis DSM
20709, T. denticola DSM 14222, T. forsythia ATCC 43037,
and A. actinomycetemcomitans ATCC 700685, respectively.
Strains were revitalized in the anaerobic cabinet by direct
streak on oxygen-free Columbia blood agar plates. Plates
were incubated for 48 h at 37°C under an anaerobic atmo-
sphere. The halo size produced by each strain against each
pathogen was measured in duplicate.

Eleven different conditions were tested in duplicate
against the pathogens and their blend to observe their an-
timicrobial activities. P. melaninogenica DSM 7089,
P. gingivalis DSM 20709, T. denticola DSM 14222,
T. forsythia ATCC 43037, and A. actinomycetemcomitans
ATCC 700685 or all pathogen together were considered as a
separate testing group. After inoculation on the Columbia
blood agar microplates, diluted supernatant of centrifuged
lipogel preparations either AL0006 or AL0007 was added to
the wells for diffusion assay. Sterile MRS and one uncut
inoculated well were used as positive growth controls, while
chlorhexidine digluconate aqueous solution (Sigma-
Aldrich) diluted at 0.2% was used as the positive antimi-
crobial control.

3.5. Testing Lipogel Preparation on Ligature-Induced Exper-
imental Periodontitis in C57BI/6 Mice. The ligature-induced
periodontitis model was performed as described in the
Methods section. C57Bl/6 mice, male, 9 weeks old with a
body weight between 18 and 20 g upon arrival, were used for
this study. Mice were divided into three experimental groups
(15 mice/group): the first group exposed to AL0006 (active

treatment), the second group daily exposed to AL0005
(lipogel alone), and the third group left untreated. From day
1, the mice of groups 1-2 were treated under light anaes-
thesia (isoflurane) with the group-specific lipogel, daily from
Monday to Friday for 3 weeks. The gels were applied late in
the afternoon, and the animals were maintained without
drinking for 1 h at least and fasted overnight. The animals (3
mice/group) were sacrificed by CO, asphyxia at three dif-
ferent time points postligation (days 8, 15, and 22). The
remaining mice were sacrificed at day 29. The contralateral
molar tooth unligated served as baseline control for bone
height measurements. Animal studies were performed in
accordance with the European Directive 2010/63/EU on the
protection of animals used for scientific purposes, applied in
Italy by the Legislative Decree 4 March 2014, n. 26.

3.6. Statistical Analysis. Results were expressed as the mean
values + standard deviation (SD) of three independent ex-
periments. For inferential purpose, ANOVA or Kruskal
Wallis was used, followed by post hoc comparison tests. In
each case, a p value<0.05 was considered statistically
significant.

4. Results

4.1. Viable Bacterial Load and Release from Lipogels. The
results related to the preliminary experiments are reported
in Figure 4. Out of 6 different lipogel preparations with
different lactobacilli, those containing L. rhamnosus SP1,
L. helveticus SP27, and L. paracasei CBAL87 were selected,
given their stable presence of viable bacteria in the lipogel
over time (blue line) and their level of release of viable
bacteria in a physiological solution for up to 8 hours (red
line). The data obtained with the other lactobacilli initially
considered are not reported here.

4.2. Development of Two Lipogel Preparations (AL0006 and
AL0007). Three strains of Lactobacillus selected since they
fitted the minimal requirements obtained in the preliminary
experiments, i.e., L. rhamnosus SP1, L. helveticus SP27, and
L. paracasei CBAL87 were considered for proposing the two
lipogel preparations carrying a mixture of Lactobacillus: the
first, named AL0006, containing 2 strains, i.e., L. rhamnosus
SP1 and L. helveticus SP27, and the second, named AL0007,
containing 3 strains, i.e., L. rhamnosus SP1, L. helveticus
SP27, and L. paracasei CBALS87. Details of the bacteria
enumeration in the high-load lipogel preparations are
shown in Table 2.

4.2.1. Bacteria Release in Solution/SS over Time. The per-
formance of the two Lipogel preparations with Lactobacillus
mixture AL0006 and AL0007 was studied by assessing
changes in the bacterial load in each lipogel over time, i.e.,
the number of bacteria released in a physiological solution
(g/ml) and the residual bacteria in the lipogel (g) were
measured at various intervals up to 8 h (Figure 5). AL0006
was loaded with 1.3 x10° CFU/g of L. rhamnosus SP1 (1%)
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FIGURE 4: Enumeration of viable Lactobacillus from various lipogel preparations. Measurements were performed with LCA for the bacteria
within the lipogels (blue line) and with both LCA and plate-spreading in agar for the bacteria released in solutions (Y-axis) at different time
points (X-axis). Gel: lipogel preparations loaded with bacteria. Solution: artificial saliva was prepared according to Marques et al. [42].
Values are expressed as mean of three independent experiments.

TaBLE 2: Lyophilized mixture of probiotics enumerated through colony-forming units (CFUs) and Lacto-Counter Assay (LCA).

Species Strains CFUs/g Bacteria/g; LCA
e L. helveticus SpP27 10 10
+ +
AL0006 (Lyophilized) I thamnosus P 1.6 +0.3x10 1.2+0.1x10
L. helveticus Sp27
AL0007 (Lyophilized) L. rhamnosus SPI 1.0+ 0.7 x10" 1.0+0.1 x 10"
L. paracasei CBA-L87
Lipogel AL006 Lactobacillus mix release Lipogel AL007 Lactobacillus mix release
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FiGure 5: Lacto-Counter Assay (LCA) enumeration of Lactobacillus mix contained in lipogels AL0006 and AL0007 and released in
physiological solution. Time TO is referred to the quantity of lactobacilli present in the lipogels, while time points 30, 120, 300, and 480 min
refer to the quantity of bacteria remaining in the lipogels (1 g) or released in physiological solution (solution) (1 g/ml) after each incubation

time.

and 4.1 x 10° CFU/g of L. helveticus SP27 (1%), while AL0007
was loaded with 8.71x 10°CFU/g L. rhamnosus SP1,
2.75x10° CFU/g L. helveticus SP27, and 2.72x10” CFU/g
L. paracasei CBALS87.

4.2.2. Bacteria Release on Filter Papers. The two lipogels
AL0006 and AL0007 were spread on filter paper disks,
separately, and immersed in either MRD or SS. Bacteria were
then counted, with the aim to provide an estimated number
of bacteria released over time in the two solutions. As shown
in Figure 6, both lipogel preparations released bacteria in
presence of both diluents. Semiquantitative results on filter
paper were plotted against quantitative measurements on
MRS plates at the same three different time points in
presence of both diluents and are presented in Table 3. The

table shows the percentage of recovery of released bacteria
on the surface of filter paper. Percentages were calculated by
considering 100% the logarithmic count obtained by the
quantitative method divided by the log-transformed value of
colonies recovered on paper. The result of the semiquan-
titative filter test agreed with those obtained with the plate-
spreading on the MRS agar test. MRD allowed a slightly
higher recovery on filter paper compared with SS, probably
due to the presence of a small percentage of peptone in its
recipe. Overall, in MRD or SS, both gels, AL0006 and
AL0007, released bacteria in the same range.

4.2.3. Test of Adhesion to Hydroxyapatite Discs. The Syn-
thetic tricalcium phosphate/hydroxyapatite (TCP-HA) disc
model has been used to evaluate the adhesive properties of
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FIGURE 6: Comparison between the release of bacteria from filter papers added with the two lipogel preparations AL0006 and AL0007 in
presence of MRD or SS and measured at different time points (TO: baseline, T2: 2h, T5: 5h).

TaBLE 3: Comparison of the results obtained with the filter paper test (semiquantitative assessment) and the plate-spreading on the agar test
(Quantitative assessment) to estimate the release of bacteria in two different diluents (MRD or SS), and % recovery.

Gel Diluent Time points (h) Plﬁ;:fg?;%i:g FilLtzrglp(;a E;I‘J:St % Recovery
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TaBLE 4: Bacteria released from lipogel samples, incubated in MRD or SS, and the calculated % of adhesion to hydroxyapatite disks.

. . . 3D inset TO .
Gel Diluent Time points (h) Adhesion %
CFUs/ml Log10 CFUs CFUs/ml Log10 CFUs

MRD 6.4E + 04 4.8 45E + 06 6.7 72.2
AL0006 SS T2 1.8E+04 4.3 7.3E+06 6.9 62.1

MRD 4.5E+04 4.7 4.3E+06 6.6 70.2
AL0007 SS T2 1.9E+04 4.3 2.5E+06 6.4 67.0

MRD 7.3E+ 04 49 4.5E+06 6.7 73.0
AL0006 SS T 3.0E+04 4.5 7.3E+06 6.9 65.3

MRD 2.3E+04 4.4 43E+ 06 6.6 65.8
AL0007 SS T 6.4E + 04 4.8 2.5E+06 6.4 75.2

the gels and the bacteria released according to Tan et al. [43]  fostered in adhesion in MRD, compared to SS, however such
with minor modifications as described in the Method sec-  gap was reduced by observing the adhesion after 5 hours,
tion. As shown in Table 4, lipogel AL0006 seemed to be  due an enhancing the percentage of adhesion in SS.
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TaBLE 5: Lacto-Counter Assay (LCA) enumeration of bacterial load contained in the two lipogels evaluated at TO and after 3 (T3), 6 (T6), 9

(T9), and 12 (T12) months on a shelf at room temperature.

Code TO (bacteria/g) T3 (bacteria/g) T6 (bacteria/g) T9 (bacteria/g) T12 (bacteria/g)
AL0006 4.9+0.1x10° 4.0+0.1x10° 4.1+01x10° 22+0.1x10° 2.1+01x10°
AL0007 3.9+0.1x10° 43+0.1x10° 3.8+0.1x10° 2.5+0.1x10° 2.1+01x10°

TaBLE 6: Lacto-Counter Assay (LCA) enumeration of lactobacilli contained in the lipogels AL0006 and AL0007.

) TO 30 min 8h

Time (months)
Start Gel Solution Gel Solution Gel Solution Gel Solution

AL0006 lipogel preparation
TO 490x10°  3.81x10° 224x10° 249x10° 1.55x107 1.10x10® 450x10° 0.68x10®  6.42x10°
T3 400x10° 3.70x10° 553x10° 214x10° 8.63x10° 1.84x10® 2.00x10° 1.13x10*®  2.00x10®
T6 410%x10°  3.23x10°  3.00x10° 4.83x10° 144x107 4.64x10® 3.30x10°7 1.19x10° 8.65x10°
T9 220x10°  1.97x10° 6.33x10° 1.13x10° 7.23x10° 625x10° 320x107 577x107 7.98x10°
T12 210x10°  1.97x10°  6.62x10° 120x10° 9.46x10° 6.45x10% 720x107 235x10° 1.31x10®

. TO 30 min 8h
Time (months) lg lg 1ml PS lg 1ml PS lg 1ml PS lg 1ml PS
AL0007 lipogel preparation
TO 3.90x10°  3.14x10° 1.60x10° 2.60x10° 1.87x10° 1.70x10® 3.80x10® 1.16x10° 7.51x10°
T3 430x10°  2.00x10° 4.67x10° 7.60x10° 1.80x10% 4.90x10® 2.70x10® 1.44x10®  7.00x10®
T6 3.80x10°  1.32x10° 3.56x10° 8.04x10° 249x10° 546x10®°  7.34x10° 2.41x10° 8.56x10°
T9 250x10°  1.64x10° 3.64x107 1.50x10° 4.00x10° 6.44x10®° 1.83x10® 1.40x10°® 8.17x10°
T12 212x10°  1.98x10° 2.62x10° 110x10° 857x10° 533x10° 3.12x10° 9.36x107 1.04x10°

Enumerations of bacteria on lipogels AL0006 (a) and AL0007 (b) and their release in physiological solution. Time TO is referred to the quantity of lactobacilli
present in the lipogels, while time points 30 min, 2, 5, 8 h refer to the quantity of bacteria remaining in the 1 g lipogel (Gel) or released in solutions (1 g/ml)
(solution) after each incubation time. Bacterial load and release from lipogels to physiological solution (PS) were evaluated after 3 (T3), 6 (T6), 9 (T9), and 12
(T12) months on a shelf at room temperature. Values are reported as mean. The standard deviation (SD) ranged between 0.1 and 0.3 for all the means and was
not reported.

TaBLE 7: Results of inhibition zone measures for each pathogen against the three Lactobacillus strains selected for lipogel preparations.

P. melaninogenica. P. gingivalis

A. actinomycetemcomitans ATCC  T. forsythia  T. denticola DSM

Strain DSM DSM

7089 20709 700685 ATCC 43037 14222
L. rhamnosus SP1 45+0.5 7.0+1 6.5+0.5 7.0+1 7.5+0.5
L. helveticus SP27 0 0 3.5+0.5 0 0
iéﬁ“’““m’ CBA- 8+0.5 10.5+0.5 85+0.5 10.5+0.5 85+15

Note. The data are the mean and SD value of two independent experiments.

TaBLE 8: Results of agar diffusion well assay to assess antibacterial properties of the lipogel-bacteria preparations.

Tested Pathogens  P. melaninogenica P. gingivalis ~ A. actinomycetemcomitans T. forsythia T. denticola
conditions blend DSM 7089 DSM 20709 ATCC 700685 ATCC 43037 DSM 14222
IR0071

(AL0005) — — ++ + ++ ++
IR0071A

(AL0006) + + ++ + ++ ++
IRO071B — — ++ ++ ++ ++
(AL0007)

Chlorhexidine +++ +++ +++ +++ +++ +++
0.2%

MRS broth — — — — — —

Note. All the results were obtained in duplicate. Samples solubilized in SS. “+” indicate a weak inhibition; “++” intermediate inhibition; “+++” strong

inhibition; “—” no inhibition.
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FIGURE 7: Representative images of maxillae, stained with eosin and methylene solution, at day +8, +16, +22, and +29.

Conversely, AL0007 displayed a higher percentage of
adhesion after 5-h incubation in presence of SS than with
MRD, with a significant increase in the release of viable
bacteria from 2- to 5-hour coincubation. This gel showed in
the normal laboratory diluent a reduction in the percentage
of adhesion following coincubation from 2 to 5 hours. The
difference in adhesion of released bacteria to hydroxyapatite
disks could be due to their different strain composition.

4.3. Stability of Bacteria Viability in Lipogels and of Their
Release Performance. Lactobacillus viability in the two lip-
ogel preparations AL0O006 and AL0007 was assessed by
means of LCA at TO and after 3 (T3), 6 (T6), 9 (T9), and 12
(T12) months, left on a shelf at room temperature. The
results of TO are presented in Table 5. The bacterial load of
the two lipogels was stable up to 6 months (T6), while a slight
decrease in viability was registered for both lipogels at 9 (T9)
and 12 (T12) months.

In addition, a bacteria release test over 8 h was performed
at each of the stability time points (T0), (T3), (T6), (T9), and
(T12) for both preparations. Results, shown in Table 5,
indicated that bacterial enumerations were slightly reduced
from TO to T12, but it was interesting to observe a repro-
ducible behaviour of both lipogel preparations in releasing
the bacteria in solutions from 30 min to 8h of incubation.
This trend was evident throughout the 12 months of as-
sessment (Table 6).

4.4. Assessment of the Antimicrobial Activity against “Red
Complex” Pathogenic Strains. The results of the competition
tests (inhibition zone) using each Lactobacillus strain se-
lected for lipogel preparations against the various “red
complex” pathogens are summarized in Table 7. Two strains,
L. rhamnosus and L. paracasei, showed a good ability (larger
inhibition zone) in counteracting the growth of all patho-
gens, with a numerical major activity of L. paracasei with
respect to L. rhamnosus. Conversely, L. helveticus was not
able (smaller inhibition zone) to contrast the growth of most
strains, with the exception on A. actinomycetemcomitans.
The results of the agar well diffusion test are reported in
Table 8. The antibacterial agent chlorhexidine showed a
strong effect, generating wide halos in all the wells, providing
an internal standard for the test. An additional treatment
group was included, containing the lipogel without any
bacteria, identified as AL0005. Among the bacteria-loaded
lipogel preparations, AL0006 gel was the most effective since
it was the only preparation active towards the blend of all the
pathogenic strains. Conversely, AL0007 gel was not effective
towards the all-pathogen blend but exerted a stronger effect
on A. actinomycetemcomitans, probably due to the presence
of L. paracasei. However, the presence of L. paracasei may
affect the performance of L. rhamnosus and L. helveticus, the
two strains present in AL0006. Intriguingly, the lipogel
formulation without bacteria AL0005 showed by itself a
good activity against the single strains of P. gingivalis,
T. denticola, and T forsythia, but not on the all-pathogen
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blend, probably due to the presence of botanical extracts
used as ingredients in the formulation (AL0005), as de-
scribed in Table 1.

4.5. Testing Lipogel Preparations on Ligature-Induced Ex-
perimental Periodontitis in C57Bl/6 Mice. A mouse “ligature-
induced model” [47] was assessed to evaluate the efficacy of
the mucoadhesive gel loaded with probiotics (AL0006)
versus the same gel without probiotics (AL0005) in coun-
teracting the progression of periodontitis.

As shown in Figure 7, at day +8, the treatment seemed to
have no effect. In fact, the CEJ-ABC distance for the ligated
side of the second molar displays significantly increased
bone heights, therefore progressive bone loss in all experi-
mental groups, markedly more evident for gel blank
(AL0005)-treated groups. From day +15, the gel AL0006
treatment is shown to be able to statistically significantly
counteract the progression of the bone loss compared with
untreated and gel blank groups. The effectiveness of gingival
gel ALO006 remains constant even after the stop of the
treatments (21 days postligation) until the end of the study.
The protective effect of gel AL0006 was also demonstrated by
the absence of tooth loss due to less destruction of the al-
veolar bone and connective tissues that surround and
support the teeth, a feature found only in the gel AL0006-
treated group.

To further confirm the efficacy of the AL0006 gel, the
data on tooth loss after processing of the skull must be
considered.

Overall, after four weeks of study, in the different ex-
perimental groups of postligation mice, the loss of second
molar tooth ligated was observed in 6/15 mice in the un-
treated group, as well as in the blank group treated with gel
AL0005, while 0/15 was observed in the group treated with
gel AL0006.

The effect of gingival gel treatment (gel AL0006) on the
kinetics of total bone loss in the ligated buccal side versus
contralateral unligated side, at 8, 15, 22, and 29 days after the
placement of ligatures on the left maxillary molars in mice, is
shown in S.I. Figure 1.

5. Discussion

Out of 6 different lipogel preparations, with different lac-
tobacilli, those containing L. rhamnosus SP1, L. helveticus
SP27, and L. paracasei CBAL87 were selected given their
stable presence of viable bacteria in the lipogel over time and
because of their level of release of viable bacteria in a
physiological solution for up to 8 hours (4.1). AL0006
(L. rhamnosus SP1 and L. helveticus SP27) and AL0007 (plus
L. paracasei CBAL87) lipogels were prepared (4.2) and
evaluated for their ability to release the included viable
bacteria in different conditions (4.2.1-4.2.3).

The first experimental setup was optimized to evaluate
the decimal counts of viable bacteria following simple re-
hydration in the ratio 1:100 of samples with simulated saliva
(SS). Both samples revealed a very good performance by
releasing 5 x 10° CFUs/g or more viable bacteria following 2
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hours rehydration. Prolongation of the incubation time
results in a gradual increase in viable relieved cells, estimated
for up to 5 hours (4.2.1).

When 1:100 diluted lipogels (following dilution in MRD
and in SS and incubation for 2 and 5 hours) were layered on
MRS Petri dishes covered with filter paper (and then in-
cubated for 72 hours at 37°C under anaerobic conditions),
both samples released bacteria over time, as shown by the
clear presence of colonies on filters. (4.2.2)

Finally, when the samples were tested by means of
adhesivity model, they showed good adhesive properties on
synthetic tricalcium phosphate/hydroxyapatite (TCP-HA)
disks. (4.2.3)

The contribution of simulated saliva to the release of
viable bacteria seemed stronger over time since after 2 and 5
hours for AL0006 percentages of adhesion, in SS, increased
from 62.1 to 65.3% and for AL0007 from 67 to 75.2, while
values in MRD were stable for AL0006 (72.2 vs 73.0) and
were reduced for AL0007 (from 70.2% to 65.8%).

Stability of bacteria viability in lipogels and of their
release performance were evaluated for both lipogels
AL0006 and AL0007 by means of LCA at T0 and after 3 (T3),
6 (T6), 9 (T9), and 12 (T12) months, left on a shelf at room
temperature. The bacterial load of two lipogels was stable up
to 6 months (T6), while a slight decrease in viability was
registered for both lipogels at 9 (T9) and 12 (T12) months. It
was interesting to observe a reproducible behaviour of both
lipogel preparations in releasing the bacteria in solutions
from 30min to 8h of incubation. This trend was evident
throughout the 12 months of assessment (4.3).

This study was completed with an assessment of the
antimicrobial activity of two lipogels against “red complex”
pathogenic strains, versus the same lipogel without bacteria
(AL0005), and an in vivo test on ligature-induced experi-
mental periodontitis in C57Bl/6 mice on the mucoadhesive
gel loaded with probiotics (AL0006) versus the same gel
without probiotics (AL0005).

In general, the results of the competition tests showed a
good ability of two-strain formulation (AL0006) in coun-
teracting the growth of all pathogens. It was more effective
than AL0007 gel and the corresponding bacteria-free lipogel
formulation (AL0005). AL0007 gel was less effective towards
pathogenic blend and P. melaninogenica but exerted a
stronger effect on A. actinomycetemcomitans, probably due
to the positive interaction of probiotic strains within the
mixture (4.4).

Lastly, a ligature-induced periodontitis mouse model
was assessed to evaluate the efficacy of the mucoadhesive gel
loaded with probiotics (AL0006) versus the same gel without
probiotics (AL0005) in counteracting the progression of
periodontitis. Evaluated over four weeks, the last without gel
application, after a week the cementoenamel junction al-
veolar bone crest (CEJ-ABC) distance for the ligated side of
the second molar displays significantly increased bone
heights, therefore progressive bone loss in all experimental
groups, markedly more evident for gel blank (AL0005)-
treated groups. From day +15, the gel AL0006 treatment is
shown to be able to statistically significantly counteract the
progression of the bone loss compared with untreated and
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gel blank groups. The effectiveness of gingival gel AL0006
remains constant even after the stop of the treatments (21
days postligation) until the end of the study. The protective
effect of gel AL0006 was also demonstrated by the absence of
tooth loss due to less destruction of the alveolar bone and
connective tissues that surround and support the teeth, a
feature found only in the gel AL0006-treated group. (5)

6. Conclusion

Dysbiosis of the subgingival plaque has been associated to
the development of periodontitis where the normal bacterial
flora is progressively substituted by a pathogenic “red
complex,” consisting mainly of anaerobic facultative intra-
cellular pathogens such as Porphyromonas gingivalis,
Aggregatibacter actinomycetemcomitans, Treponema denti-
cola, Tannerella forsythia, and Prevotella melaninogenica.
These bacteria eventually colonize the subgingival sites,
escape the host’s defense system due to their ability to enter
inside host cells, and cause chronic inflammation and tissue
damage. Therefore, periodontitis can be associated with a
chronic, multifactorial inflammatory form caused by oral
dysbiosis. These events result in progressive destruction of
the supporting structures of the teeth, namely periodontal
ligament and alveolar bone, one of the most common
diseases affecting the oral cavity. Interestingly, these events
should not be considered as only a disorder affecting the oral
cavity normally associated, in the most serious cases, with
tooth loss, but its effects also spread at a systemic level with a
negative impact on metabolism (i.e., type 2 diabetes),
pregnancy (preterm low birth weight), cardiovascular sys-
tem, and many others.

Once periodontitis is diagnosed, the current gold
standard treatment is the scaling and root planning (SRP)
consisting in curettage and bacterial plaque removal from
the gingival pockets followed by systemic antibiotic and anti-
inflammatory prescriptions for some weeks, with the risk of
also altering the natural oral microbiota.

For the treatment of intraosseous periodontal defects, in
recent years the results of various researches have been
published. Through the use of resorbable biopolymers of
hyaluronic acid have been prepared mucoadhesive buccal
films based on hydroxypropylmethylcellulose (HPMC) for
the local release of Levilactobacillus brevis CD2 in order to
ensure a controlled local release of enzymes, such as arginine
deaminase and sphingomyelinase, which have anti-inflam-
matory properties. Hydrolase produces L-citrulline and
ammonia from L-arginine, with a reduction in nitric oxide
levels and therefore in the levels of some of the known
inflammatory cytokines. Bacterial sphingomyelinase can
hydrolyze platelet activating factor (PAF), a potent in-
flammatory cytokine known to be associated with oral
mucositis in radiotherapy. In addition to the PAF, also the
asymmetric dimethylarginine (ADMA), a well-known in-
hibitor of the metabolism of nitric oxide, is critical in some
oral diseases as recently demonstrated, where higher serum
and salivary ADMA levels increase both in periodontitis
patients and coronary heart disease ones, despite ADMA not
being closely related to periodontal disease severity.
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To partially overcome these events, local delivery systems
have been studied. For example, mucoadhesive formulations
were developed to deliver antibiotics. These formulations
were based on different gelling agents, such as carboxy-
cellulose, hydro-cellulose, or the Carbopol® 934P polymer,
all designed to adhere to the gums for several hours or days,
therefore reducing the dosing frequency and ensuring a
prolonged action.

Mucoadhesive-based gel films are considered suitable
formulations in terms of comfort, and there are few bio-
materials that can be used for this purpose, such as modified
cellulose and hyaluronic acid.

Through a systematic preliminary investigation, we have
now assessed the load, survival, and release of a set of
bacterial strains among those described in literature to have
a positive impact on oral dysbiosis. The mucoadhesive gel
formulations thus prepared, enriched with single strains,
were left up to eight hours in a physiological solution or in
artificial saliva. After an initial screening, three probiotics
were selected and two different formulations were prepared,
the first one including Lactobacillus helveticus SP27 and
Lacticaseibacillus rhamnosus SP1 (AL0006) and the second
one that was further enriched with Lacticaseibacillus para-
casei CBA-L87 (AL0007). In the viability, stability, and in
vitro release tests, these bacterial consortia confirmed the
results initially obtained on individual strains. And they
were subsequently evaluated in an in vivo study in a mouse
periodontitis model.

The lipogel (AL0005) was prepared with caprylic/capric
triglyceride, ethylcellulose, and hydroxypropyl methylcel-
lulose, glyceryl behenate, and silica dimethyl silylate. The
formulation was added with two natural ingredients, aloe
and blueberry extracts. Nutrients in cranberries and blue-
berries can be highly effective in protecting the teeth against
a complex of bacteria responsible for accelerating tooth
decay, and adding lemon essential oil gives the formulation a
pleasant taste. The formulation is strictly anhydrous to
prevent bacterial growth.

Overall, the aim of the project was to develop a
mucoadhesive gel (lipogel) film able to steadily deliver a
consortium (two or more) of probiotics in the mouth cavity,
over a period of 5-8 hours, compatible with an evening
application before going to sleep, ensuring a slow release
during the night. Furthermore, the formulation should
ensure stability over time, compatible with product com-
mercialization. The synergistic effect of probiotics and bo-
tanicals represents a novelty in this field for the benefit of
patients when this mucoadhesive gel will be available on the
market. These findings are protected by a proprietary patent
[51].
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the kinetics of total bone loss in the ligated buccal side versus
contralateral unligated side at 8, 15, 22, and 29 days after the
placement of ligatures on the left maxillary molars in mice.
The graphs show measurements on the buccal surfaces in-
dicating bone loss in the ligated side relatively to unligated
baseline control. Data shown represent the average + SE of 3
mice/group for sacrifice at 8, 15, and 22 days and 6 mice/
group for sacrifice at 29 days. *P<0.05 vs untreated;
TP <0.05 vs gel blank (AL0005). (Supplementary Materials)

References

[1] R. Mohanty, A. J. Asopa, M. D. Joseph et al., “Red complex:
polymicrobial conglomerate in oral flora: a review,” Journal of
Family Medicine and Primary Care, vol. 8, no. 11, pp. 3480-
3486, 2019.

International Journal of Dentistry

[2] R. M. Vasconcelos, N. Sanfilippo, B. J. Paster et al., “Host-
microbiome cross-talk in oral mucositis,” Journal of Dental
Research, vol. 95, pp. 725-733, 2016.

[3] GBD 2017 Disease and Injury Incidence and Prevalence

Collaborators, “Global, regional, and national incidence,

prevalence, and years lived with disability for 354 diseases and

injuries for 195 countries and territories, 1990-2017: a sys-

tematic analysis for the Global Burden of Disease Study 2017,”

Lancet, vol. 392, pp. 1789-8583, 2018.

https://www.euro.who.int/en/health-topics/disease-

prevention/oral-health/data-and-statistics.

[5] P. E. Petersen and H. Ogawa, “The global burden of peri-
odontal disease: towards integration with chronic disease
prevention and control,” Periodontology 2000, vol. 60, no. 1,
Article ID 15e39, 2012.

[6] Y. W.Han and X. Wang, “Mobile microbiome: oral bacteria in
extra-oral infections and inflammation,” Journal of Dental
Research, vol. 92, no. 6, pp. 485-491, Article ID 485e491, 2013.

[7] P. S. Kumar, “From focal sepsis to periodontal medicine: a
century of exploring the role of the microbiome in systemic
disease,” Journal of Physiology, vol. 595, no. 2, pp. 465-476,
Article ID 465e476, 2017.

[8] Z. L. S. Brookes, R. Bescos, L. A. Belfield, K. Ali, and

A. Robertsc, “Current uses of chlorhexidine for management

of oral disease: a narrative review,” Journal of Dentistry,

vol. 103, Article ID 103497, 2020.

G. Perinetti, M. Paolantonio, C. Cordella, S. D’Ercole, E. Serra,

and R. Piccolomini, “Clinical and microbiological effects of

subgingival administration of two active gels on persistent
pockets of chronic periodontitis patients,” Journal of Clinical

Periodontology, vol. 31, pp. 273-281, 2004.

[10] S. L. Munasur, E. B. Turawa, U. M. E. Chikte, and
A. Musekiwa, “Mechanical debridement with antibiotics in
the treatment of chronic periodontitis: effect on systemic
biomarkers—a systematic review,” International Journal of
Environmental Research and Public Health, vol. 17, no. 15,
pp. 5601-5619, 2020.

[11] C. M. Faggion, M. P. Cullinan, M. Atieh, and J. Wasiak, “An
overview of systematic reviews of the use of systemic anti-
microbials for the treatment of periodontitis,” British Dental
Journal, vol. 217, pp. 443-451, 2014.

[12] C.W.Wang,R. A. Colas, J. Dalli et al., “Maresin 1 biosynthesis
and proresolving anti-infective functions with human-local-
ized aggressive periodontitis leukocytes,” Infection and Im-
munity, vol. 84, pp. 658-665, 2015.

[13] G. Isola, A. Alibrandi, M. Curro et al., “Evaluation of salivary
and serum ADMA levels in patients with periodontal and
cardiovascular disease as subclinical marker of cardiovascular
risk,” Journal of Periodontology, vol. 91, no. 8, pp. 1076-1084,
2020.

[14] S. Komati, S. Swain, M. E. B. Rao, B. R. Jena, and V. Dasi,
“Mucoadhesive multiparticulate drug delivery systems: an
extensive review of patents,” Advanced Pharmaceutical Bul-
letin, vol. 9, no. 4, pp. 521-538, 2019.

[15] A. Fini, V. Bergamante, and G. C. Ceschel, “Mucoadhesive
gels designed for the controlled release of chlorhexidine in the
oral cavity,” Pharmaceutics, vol. 3, pp. 665-679, 2011.

[16] S. R. Mallery, G. D. Stoner, P. E. Larsen et al., “Formulation
and in-vitro and in-vivo evaluation of a mucoadhesive gel
containing freeze dried black raspberries: implications for oral
cancer chemoprevention,” Pharmaceutical Research, vol. 24,
no. 4, pp. 728-737, 2007.

[17] J. Bao-Zhong, D. Xiao-Qi, X. Xin, and Z. Feng-He, “Devel-
opment and in vitro evaluation of mucoadhesive patches of

[4

[9


https://downloads.hindawi.com/journals/ijd/2022/5007930.f1.docx
https://www.euro.who.int/en/health-topics/disease-prevention/oral-health/data-and-statistics
https://www.euro.who.int/en/health-topics/disease-prevention/oral-health/data-and-statistics

Int

(18

(19

[20

[21

[22

[23

[24

[25

[26

[27

[28

[29

(30

[31

[32

ernational Journal of Dentistry

methotrexate for targeted delivery in oral cancer,” Oncology
Letters, vol. 15, no. 2, pp. 2541-2549, 2018.

] T. M. M. Ways, W. M. Lau, and V. V. Khutoryanskiy,
“Chitosan and its derivatives for application in mucoadhesive
drug delivery systems,” Polymers, vol. 10, no. 267, pp. 1-37,
2018.

] A. Abruzzo, F. Bigucci, T. Cerchiara, F. Cruciani, B. Vitali,

and B. Luppi, “Mucoadhesive chitosan/gelatin films for buccal

delivery of propranolol hydrochloride,” Carbohydrate Poly-

mers, vol. 87, pp. 581-588, 2012.

N. Salamat-Miller, M. Chittchang, and T. P. Johnston, “The

use of mucoadhesive polymers in buccal drug delivery,”

Advanced Drug Delivery Reviews, vol. 57, pp. 1666-1691, 2005.

] A.F.Borges, C. Silva, J. F. Coelho, and S. Simdes, “Oral films:

current status and future perspectives: I-Galenical develop-

ment and quality attributes,” Journal of Controlled Release,

vol. 206, pp. 1-19, 2015.

K. Bansal, M. K. Rawat, A. Jain, A. Rajput, T. P. Chaturvedi,

and S. Singh, “Development of satranidazole mucoadhesive

gel for the treatment of periodontitis,” AAPS PharmSciTech,

vol. 10, no. 3, pp. 716-723, 2009.

] P. D. Kim, X. Xia-Juan, K. E. Crump, T. Abe,
G. Hajishengallis, and S. E. Sahingur, “Toll-like receptor 9-
mediated inflammation triggers alveolar bone loss in exper-
imental murine periodontitis,” Infection and Immunity,
vol. 83, no. 7, pp- 2992-3002, 2015.

] M. E. Sanders, A. Benson, S. Lebeer, D. J. Merenstein, and

T. R. Klaenhamme, “Shared mechanisms among probiotic

taxa: implications for general probiotic claims,” Current

Opinion in Biotechnology, vol. 49, pp. 207-216, 2018.

U. Schlagenhauf, J. Rehder, G. Gelbrich, and Y. Jockel-

Schneider, “Consumption of Lactobacillus reuteri-containing

lozenges improves periodontal health in navy sailors at sea: a

randomized controlled trial,” Journal of Periodontology,

vol. 20, pp. 1-11, 2020.

] M. M. Invernici, S. L. Salvador, P. H. F. Silva et al., “Effects of
bifidobacterium probiotic on the treatment of chronic peri-
odontitis: a randomized clinical trial,” Journal of Clinical
Periodontology, vol. 45, pp. 1198-1210, 2018.

] K. Zupancic, V. Kriksic, 1. Kovacevic, and D. Kovacevic,

“Influence of oral probiotic Streptococcus salivarius K12 on

ear and oral cavity health in humans: systematic review,”

Probiotics Antimicrob Proteins, vol. 9, no. 2, pp. 102-110, 2017.

G. Rodriguez, B. Ruiz, S. Faleiros et al., “Probiotic compared

with standard milk for high-caries children: a cluster ran-

domized trial,” Journal of Dental Research, vol. 95, no. 4,

pp. 402-407, 2016.

E. Kobatake, R. Kobayashi, T. Kabuki, and T. Kurita-Ochiai,

“Lactobacillus helveticus SBT2171 upregulates the expression

of B-defensin and ameliorates periodontal disease caused by

Porphyromonas gingivalis,” Microbiology and Immunology,

vol. 63, no. 8, pp. 293-302, 2019.

Z.Shu, P. Li, B. Yu, S. Huang, and Y. Chen, “The effectiveness

of probiotics in prevention and treatment of cancer therapy-

induced oral mucositis: a systematic review and meta-anal-

ysis,” Oral Oncology, vol. 102, Article ID 104559, 2020.

C. Vanderpool, F. Yan, and D. B. Polk, “Mechanisms of

probiotic action: implications for therapeutic applications in

inflammatory bowel diseases,” Inflammatory Bowel Diseases,

vol. 14, pp. 1585-1596, 2008.

J. Plaza-Diaz, F. J. Ruiz-Ojeda, M. Gil-Campos, and A. Gil,

“Mechanisms of action of probiotics,” Advances in Nutrition,

vol. 10, no. 1, pp. S49-S66, 2019.

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

15

S. Nguyen and M. Hiorth, “Advanced drug delivery systems
for local treatment of the oral cavity,” Therapeutic Delivery,
vol. 6, no. 5, pp. 595-608, 2015.

F. Briguglio, E. Briguglio, R. Briguglio, C. Cafiero, and
G. Isola, “Treatment of infrabony periodontal defects using a
resorbable biopolymer of hyaluronic acid: a randomized
clinical trial,” Quintessence International, vol. 44, no. 3,
pp. 231-240, 2013.

A. Abruzzo, B. Vitali, F. Lombardi et al., “Mucoadhesive
buccal films for local delivery of lactobacillus brevis,” Phar-
maceutics, vol. 12, no. 241, pp. 1-13, 2020.

N. Philip, H. M. H. N. Bandara, S. J. Leishman, and
L. J. Walsh, “Inhibitory effects of fruit berry extracts on
Streptococcus mutans biofilms,” European Journal of Oral
Sciences, vol. 127, no. 2, pp. 122-129, 2019.

N. P. Kamath, S. Tandon, R. Nayak, S. Naidu, P. S. Anand, and
Y. S. Kamath, “The effect of aloe vera and tea tree oil
mouthwashes on the oral health of school children,” European
Archives of Paediatric Dentistry, vol. 21, no. 1, pp. 61-66, 2020.
B. Karim, D. J. Bhaskar, C. Agali et al., “Effect of Aloe vera
mouthwash on periodontal health: triple blind randomized
control trial,” Oral Health and Dental Management, vol. 13,
no. 1, pp. 14-19, 2014.

J. Zheng, S. Wittouck, E. Salvetti et al., “A taxonomic note on
the genus Lactobacillus: description of 23 novel genera,
emended description of the genus Lactobacillus Beijerinck
1901, and union of Lactobacillaceae and Leuconostocaceae,”
International Journal of Systematic and Evolutionary Micro-
biology, vol. 70, pp. 2782-2858, 2020.

L. Rosa, A. Cutone, M. Coletti et al., “Biotimer assay: a reliable
and rapid method for the evaluation of central venous
catheter microbial colonization,” Journal of Microbiological
Methods, vol. 143, pp. 20-25, 2017.

L. Rosa, M. S. Lepanto, A. Cutone et al., “BioTimer assay as
complementary method to vortex-sonication-vortex tech-
nique for the microbiological diagnosis of implant associated
infections,” Scientific Reports, vol. 9, no. 1, p. 7534, 2019.
M. R. C. Marques, R. Loebenberg, and M. Almukainzi, Dis-
solution technologies: simulated biological fluids with possible
application in dissolution testing, pp. 15-28, 2011.

H. Tan, Z. Peng, Q. Li, X. Xu, S. Guo, and T. Tang, “The use of
quaternised chitosan-loaded PMMA to inhibit biofilm for-
mation and downregulate the virulence-associated gene ex-
pression of antibiotic-resistant staphylococcus,” Biomaterials,
vol. 33, no. 2, pp. 365-377, 2012.

P. Shokryazdan, C. C. Sieo, R. Kalavathy et al., “Probiotic
potential of lactobacillus strains with antimicrobial. Activity
against some human pathogenic strains,” BioMed Research
International, p. 16, Article ID 927268, 2014.

R. Touré, E. Kheadr, C. Lacroix, O. Moroni, and I. Fliss,
“Production of antibacterial substances by bifidobacterial
isolates from infant stool active against Listeria mono-
cytogenes,” Journal of Applied Microbiology, vol. 95, no. 5,
pp. 1058-1069, 2003.

N. Sajedinejad, M. Paknejad, B. Houshmand et al., “Lacto-
bacillus salivarius NKO02: a potent probiotic for clinical ap-
plication in mouthwash,” Probiotics Antimicrob Proteins,
vol. 10, no. 3, pp. 485-495, 2018.

T. Abe and G. Hajishengallis, “Optimization of the ligature-
induced periodontitis model in mice,” Journal of Immuno-
logical Methods, vol. 394, pp. 49-54, 2013.

H. S. Oz and D. A. Puleo, “Animal models for periodontal
disease,” Journal of Biomedicine and Biotechnology, vol. 2011,
Article ID 754857, 2011.



16

[49] J. Marchesan, M. S. Girnary, L. Jing et al., “An experimental
murine model to study periodontitis,” Nature Protocols,
vol. 13, no. 10, pp. 2247-2267, 2018.

[50] H.S.Ozand].L.Ebersole, “A novel murine model for chronic
inflammatory alveolar bone loss,” Journal of Periodontal
Research, vol. 45, no. 1, pp. 94-99, 2010.

[51] G. Giannini, E. Merlo Pich, I. Ragusa, G. N. Nardone, and
P. Valenti, “Buccal mucoadhesive gel containing probiotics
for use in the prevention and treatment of periodontal dis-
eases,” Patent N. IT102021000001169, 2021.

International Journal of Dentistry



