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1) INTRODUCTION

Oral diseases, especially dental caries, are the most common of the chronic diseases. They are
important public health problems in industrialized countries and they are emerging public health
problems in developing countries because of their prevalence, the cost of treatment and their
impact on individuals and the society [Hamissi et al., 2008].

Oral diseases affect various aspects of children’s quality of life, causing considerable pain, acute
and chronic infections, eating and sleep difficulty, reduced body weight and loss of school days
[Acs et al., 1992].

In addition, oral diseases affect not only physically but also psychologically, resulting in difficulty
to socialize.

The prevalence of dental caries has declined in western countries in last decades [Campus et al.,
2007]. Epidemiological studies have shown, particularly, that caries severity drastically decreased
in the last thirty years; the values of the Italian DMFT (decayed, missing, filled teeth), for example,
have decreased by almost 90% in 12 year-old children since the late 1970s: from 6.9 [Vogel et al.,
1979] to 1.09 [Campus et al., 2006].

Significantly gains in oral health have been observed over the last few years in countries like
Germany, England, USA, Scandinavia, Scotland, Norway and Australia [Cypriano et al., 2008].
Among Norvegian adolescents, between 1985 and 2000, the DMFT declined by 49%; 10.2 +/- 0.75
to 5.2 +/- 0.78 [Birkeland et al., 2002].

Oral health in Germany improved considerably between the years 1994 and 2000. The mean DMFT

values for Germany decreased from 2.44 in 1994-1995 to 1.81 in 1997 and 1.24 in 2000.



Nevertheless, the results in different federal states showed a wide variation in caries prevalence
[Pieper and Schulte, 2004].

A substantial decline in the prevalence of dental caries may be attributed to preventive
systems,such as tooth-brushing, dietary control, topical and systemic use of fluorides and fissure
sealants [Birkeland et al., 2002; Tinanoff et al. ,2002].

The most recent epidemiological data suggest that this decline has remained constant in the last
years [Marthaler, 2004], and in some areas, children of low socioeconomic status and immigrants
from outside Western Europe, still, generally have higher caries disease levels [Tinanoff et al.,
2002].

The unequal distribution of caries needs the identification of individuals with the highest caries risk
from tender age to adopt new preventive strategies suitable for these groups [Hamissi et al.,
2008]. For these reasons, caries epidemiology will remain an indispensable part of dental public
health [Birkeland et al., 2002; Ferrazzano et al.,2006; Marthaler, 2004].

A recent document has set out new oral health objectives for the year 2020. The new goals are: to
increase the proportion of caries-free 6-year-olds, to reduce the DMFT particularly the D
component (decayed) at age 12 with special attention to high-risk group within the population and
to reduce the number of teeth extraction due to dental caries at age 18 [Hobdell et al., 2003].

It’s well known that dental caries has a multi-factorial etiology [Kutsch and Young, 2011].

It is caused by three main factors: carbohydrate, bacteria and susceptible teeth (the host) [Lenander-
Lumikari and Loimaranta, 2000].

Among the three above mentioned factors, bacteria are considered to play a leading role in the
development and progression of caries [Marsh; 1994].

Streptococci mutans and Lactobacilli casei are known as cariogenic oral bacteria [Loesche, 1986;
Seminario et al., 2005].

S. mutans synthesize adherent, water-insoluble glucans from sucrose by the action of

glycosyltransferases (GTFs). The synthesis of glucans favours the firm adherence of the cariogenic
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bacteria to tooth surface and contributes to the composition of the dental plaque polysaccharide
matrix [Tanzer et al., 1974 and Koo et al., 2002].

The virulence key factor is the ability of bacterium to produce organic acids from carbohydrate
(anaerobic glycolysis) [Loesche, 1986]. The accumulation of acids in dental plaque reduces the pH
value of the bio-film to less than 5.5 and causes decalcification of tooth enamel and consequentelly
dental decay [Freedman and Tanzer, 1974].

L. casei are acidogenic in presence of carbohydrates; they are acid tolerant [Crossner et al., 1989]
and they are often isolated from established carious lesions [Loesche and Syed,1973; Staat et al.,
1975].

Since these bacteria are the main factors in dental caries development, it is necessary to use
antibacterial substances capable of reducing their pathogenicity [Palombo, 2014].

The research for foods and vegetables, naturally rich in bioactive compounds, already in use in
traditional medicine, is considered as good alternatives to synthetic chemicals [Kim, 2005].

To date, numerous plant products have been analyzed for their effectiveness in the prevention of
dental plaque formation. However, only a very small number of these natural products have been
used for therapeutic applications. This limited use is due to various factors such as adequate
effectiveness, stability, smell, taste and cost [Ferrazzano et al., 2009].

Vulnerary plants represent one of the largest legacies provided by folk medicine worldwide
[Forrest, 1982]. The therapeutic activities of these plants are numerous and span widely. Some of
them present astringent properties, other are endowed of anti-inflammatory power. Some plants, for
example, may be immune-stimulant and/or possess recognized antimicrobial activity [Houghton et
al., 2005]. For these reasons, vulnerary plants are an inexhaustible sources of research for such
types of compounds, especially those aimed at fighting microbial infections. Indeed, Brantner and
Grein demonstrated that about 60% of plant extracts used in traditional medicine exhibit

antibacterial actions [Brantner and Grein., 1994].



In the scientific community there is a growing awareness that some dietary components may affect
the overall health. Suitably, the role of food as an agent for improving health has been recognized,
initiating the development of new classes of food, known as functional foods [Honkanen, 2009].
The concept of functional foods is to improve the general conditions of the body and to decrease
the risk of illness and disease [Sird et al., 2008]. Bioactive compounds present as natural
constituents in food have the potential to provide health benefits, beyond the basic nutritional value
of the product [Biesalski et al., 2009].

Most of the bioactive molecules are derived either directly or indirectly from naturally occurring
sources, especially, terrestrial food plants and marine species or from animal products [Shahidi,
2009; Venugopal, 2009].

Subsequently, these natural bioactive compounds are being incorporated in the form of ingredients
in functional and novel foods, dietary supplements and even pharmaceuticals with the purpose of
delivering specific oral health benefits.

In conclusion, there is a need for developing new natural agents which can act to prevent the carious
lesion, or which can act to arrest the process of demineralization, when the dental caries has already

been initiated.

2) SCIENTIFIC BACKGROUND

Polyphenols

In recent years, there has been an increased interest in polyphenolic compounds found in plant
foods. This is probably due to the mounting evidence that several of these may have beneficial
effects on humans.

Polyphenols constitute one of the most common and widespread groups of substances in plants.
Simple phenols consist of a single substituted phenolic ring; flavones and their derivatives -

flavanoids and flavanols- are phenolic structures containing one carbonyl group [Cowan, 1999.].



Polyphenols occurr in all vegetative plant organs, and also in flowers and fruits.

Plants are the main source of the polyphenols daily intake in human diet, but other strong
contributors are tea, coffee, cereals and fruit, due to their high consumption. Despite their wide
distribution, the healthy effects of dietary polyphenols have come to the attention of nutritionists
only in the last years. The main factor responsible for the delayed research on polyphenols is the
variety and the complexity of their chemical structure.

The biological properties of polyphenols include antioxidant [Balz and Jane, 2003; Luczaj and
Skrzydlewska, 2005], anticancer [Krishnan and Maru, 2004; Yamane et al., 1996; Zhang et al.,
2002;] and anti-inflammatory [Sang et al., 2004] effects.

Experimental studies strongly support a role of polyphenols also in the prevention of cardiovascular
disease, osteoporosis, diabetes mellitus and neurodegenerative disease [Scalbert et al., 2005].

In the last years, polyphenols from some edible plants have attracted attention as potential sources
of agents capable of controlling the growth of oral bacteria [Taguri et al., 2004].

Polyphenols could be able to influence the process of caries formation at crucial different stages.

In fact, they have been shown to inhibit the adherence of mutans streptococci to saliva-coated
hydroxyapatite [Smullen et al., 2007]. Polyphenols are able to interact with microbial membrane
proteins, enzymes, and lipids, thereby altering cell permeability and permitting the loss of protons,
ions, and macromolecules [lkigai et al., 1993]. It has been, in fact, demonstrated that when S.
mutans was pretreated with Sunphenon, (a mixture, containing polyphenols), its cellular
attachment to a saliva-treated hydroxyapatite surface was significantly reduced, showing that the
phenomenon was a consequence of a specific interaction with the bacteria [Otake et al., 1991].

In addition, several works have demonstrated that polyphenols inhibit in vitro the
glucosyltransferases activity of S. mutans (GTases) [Hattori et al.,1990; Kashket et al., 1985;

Ooshima et al.,1993; Sakanaka et al., 1989].



Experiments also demonstrate the inhibition of salivary amylase activity by polyphenols. The effect
on salivary amylase may contribute significantly to reduce the cariogenicity of starch-containing
foods [Kashket and Paolino; 1988].

Following in vitro studies on plant extracts suggest an activity against several metabolic activities of
mutans streptococci, resulting in a decrease in growth and virulence [Brighenti et al., 2008;
Hirasawa et al., 2006; Otake et al., 1991; Matsumoto et al., 1999].

In particular, it has been proved that tea polyphenols can inhibit the adherence of Streptococcus
mutans and Actinomyces viscosus to salivary acquired pellicle of the tooth surface [Xiao et al.,
2000].

Smullen et al. have shown that the extracts from unfermented cocoa, green tea and red grape seeds
have a bacteriostatic effect on S. mutans. and reduce its adherence to glass [Smullen et al., 2007].
Studies on the development of anti-plaque agents for prevention of dental caries have investigated
the effect of some tea preparations and their individual components on the glucan synthesis
catalyzed by glucosyltransferase (GTF) from mutans streptococci. Extracts of green tea and
polyphenol mixtures showed appreciable inhibition in the synthesis of insoluble glucan [Hattori et
al., 1990].

Experiments demonstrate also the inhibition of salivary amylase activity by extracts of a
commercial tea. The effect on salivary amylase may contribute significantly to reduce the
cariogenicity of starch-containing foods [Kashket et al.,1988]. Besides to these in vitro evidences,
there is a correlation between subjects with a diet rich in tea respect to subjects with a different
diet [Signoretto et al., 2006; Jones et al., 1999].

Infact, tea has been considered a healthful beverages since ancient times and, actually, for its health
benefits, tea has been included, in particulary green tea, in the group of beverages with

biofunctionally properties [Cabrera, 2006].
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Stevia Rebaudiana

In the northern regions of South America, Stevia rebaudiana has been used by tribal people for
centuries and since 1970s, extract and pure stevioside was utilized in Japan for sweetening and
flavoring foods and beverage as a substitute for several synthetic sweeteners.

Stevia is being cultivated in continental China, Taiwan, Thailand, Korea, Brazil, and Malaysia
and today it is also grown in Israel, Ukraine, UK, Philippines, Canada, Hawaii, California, and all
over South America.

Stevia is a botanically derived from the Stevia rebaudiana Bertoni plant (from the Asteraceae
family) and consists of glucoside compounds called steviol glycosides (SG).

Steviol glycosides (SG) are the secondary metabolites responsible for the sweetness of Stevia
[Gardana et al., 2003].

They are synthesized by steviol glycosides biosynthesis pathway operating in the leaves.

Out of various SG, stevioside and rebaudioside A are the most abundant and most studied
[Wolwer-Rieck, 2012].

An extract of these compounds may be up to 250 times sweeter than sucrose [Gardana et al., 2003].
Recent studies on absorption and metabolism of glycosides in rats and humans have shown that
stevioside and rebaudoside are not metabolized by gastric juice in the stomach and they are not
absorbed by the small intestine due to their high molecular weight [Koyama et al., 2003].

In the colon, glycosides are transformed into steviol by human microflora.

It 1s interesting to note that the human intestinal microflora is not able to metabolize steviol, the
only metabolities found in feces.

A part of free-steviol are absorbed by the colon and trasported to the liver, where they are converted
into steviol glucuronide and eliminated through the urine. The remaining part is escreted through
feces [Genus, 2007].

In blood plasma, no stevioside, no free steviol metabolities were found [Genus, 2007].

In 1991, the FDA banned stevia, claiming it was an "unsafe food additive."



For this reason, nowdays stevioside and steviol have been subjected to extensive genetic testing
[Yadav and Guleria, 2012; Williams and Burdock, 2009]. The majority of the findings show no
evidence of genotoxic activity. Neither stevioside nor its aglycone steviol have been shown to react
directly with DNA or demonstrate genotoxic damage in assays relevant to human risk.

Nowdays, it can be concluded that these substances do not pose any genetic damage following
human consumption [Brusick, 2008].

Passing through the digestive process without chemically breaking down, stevia could replace
sugar for those who need to control their blood sugar levels [Strauss, 1995].

Infact, stevia could become the ideal sweetener for anyone who suffers from diabetes,
hypoglycemia, high blood pressure, obesity and chronic yeast infections.

The role of Stevia against diabetes is really importan but it has not been inequivocally demostrated
[Shivanna et al., 2012].

Some authors assert that Stevia’s utility is due to its antioxidant properties; this is supported by
analysis of the phenols that may be extracted from the plant. Stevia has a large overall proportion of
phenols, up to 91mg/g; it is proposed that these constituents extracted from the leaves are the major
agents contributing to wards the antihyperglycemic activities exerted by the plant [Mohd-Radzman
et al., 2013; Shivanna et al., 2013].

This is further supported by the fact that the leaves have a greater ability to scavenge free radicals
and prevent lipidic peroxidation.

Products containing stevia also seem to interfere with bacterial metabolism [Giacaman et al.,
2013]

Debnath has shown that leaf extracts in different solvent system has potential antimicrobial activity
against medically important bacterial as E. coli, B. subtilis, S. mutans, S. aureus and fungal strains

[Debnath, 2008].
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Stevioside and rebaudioside A were tested for cariogenicity in albino Sprague-Dawley rats
colonized with Streptococcus sobrinus. It was concluded that neither stevioside nor rebaudioside A
are cariogenic under the conditions of this study [Das et al., 1992].

Experimental biofilm caries model were exposed to Stevia. Stevia determinned the reduction of
the number of mutans streptococci with respect to sucrose [Giacaman et al., 2013].

Gamboa has evaluated the antibacterial activity of Stevia rebaudiana Bertoni leaf extracts against
cariogenic bacteria by the well diffusion method. The zones of inhibition present at the MIC

(Minimum Inhibitory Concentration) were from 9 mm to 17.3 mm [Gamboa and Chaves., 2012].

In conclusion, stevia is unique in its potential as a sweetening agent. It is natural, non-toxic, non-
mutagenic, non-caloric and non cariogenic [Nikiforov and Eapen, 2008; Philippe et al., 2014;
Williams and Burdock, 2009].

Even if these numerous properties of stevia are now widely recognized, many aspects relating to
their in vivo metabolism and their relationship to the overall plant physiology, still need to be
understood [Ceunen and Geuns, 2013]. For this reason further studies, in vivo and in vitro, are

necessary.
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3) EXPERIMENTAL STUDY

Aims

The intent of this research program was to determine a new way in caries prevention.
The score was the valuation of anti-caries effects of bio-active molecules of natural origin, in order
to elaborate a new preventive methodology. The under discussion molecules were polyphenols.

For this aim, this research project has been divided in three parts.

Part 1: Screening and scoring of antimicrobial and biological activity of Italian vulnerary plants

against major oral pathogenic bacteria.

Part 2: Antimicrobial properties of green tea extract against cariogenic microflora: an in vivo

study.

Part 3: In vivo antimicrobial efficacy of Plantago Lanceolata extract mouth-rinse on salivary

bacterial counts.

12



Part 1
Screening and scoring of antimicrobial and biological activity of Italian

vulnerary plants against major oral pathogenic bacteria.

Abstract - This study aims to evaluate the activity of Italian vulnerary plants against the most
important oral pathogenic bacteria. This estimate was accomplished through a fivefold process: a) a
review of ethnobotanical and microbiological data concerning the Italian vulnerary plants; b) the
development of a scoring system to rank the plants; c) the comparative assessment of
microbiological properties; d) the assessment of potential cytotoxic effects on keratinicyte-like cells
and gingival fibroblasts in colture by XTT cell viability assay; e) clinical evaluation of the most
suitable plant extract as anti bacterial agent in a home-made mouthwash.

The study assays hexane (H), ethanol (E), and water (W) extracts from 72 plants.

The agar diffusion method was used to evaluate the activity against Streptococcus mutans,
Streptococcus sobrinus, Lactobacillus casei, Actinomyces viscosus. Twenty-two plants showed
appreciable activity. The extracts showing the strongest antibacterial power were those from
Cotinus coggygria Scop., Equisetum hyemale L., Helichrysum litoreum Guss, Juniperus communis
L. and Phyllitis scolopendrium (L.) Newman subsp. scolopendrium. The potential citotoxic effect of
these extracts was assessed. On the basis of these observations, a mouthrinse containing the
ethanolic extract of H. litforeum has been tested in vivo, resulting in reduction of the salivary

concentration of S. Mutans.

METHODS AND MATERIALS
Ranking procedure
Seventy-two plants, reported as vulnerary in at least three different ethno-botanical records, were

ranked according to the following criteria:
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a) - Indication of an established vulnerary use in traditional medicine of different Countries
e Extensively used: 3 points
e Used: 2 points

e QOccasionally used: 1 point

b) - Specific use in the treatment of oral affections
e Extensively used: 3 points
e Used: 2 points

e Occasionally used: 1 point

¢) - Available data on the antimicrobial activity of extracts or isolated principles from a
selected plant

e Frequently reported: 3 points

e Some times reported: 2 points

e Rarely reported: 1 points

d) - Distribution
e Plant easily found, forming large population: 1 point

e Plant difficult to found or forming undersized populations: 0 points

Collection of plant samples

Plants were collected during spring and summer 2008 in the regional parks of Matese and Cilento,

Campania, Italy, or in the Botanical Garden of University Federico II of Naples.
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Shortly after collection, plants were oven-dried at 50 °C for 48 hours. Dried plants were finely
grinded and the resulting powder-like materials stored at -20 °C. For each plant, a voucher sample

was saved at the Department of Biological Sciences, University Federico II of Naples.

Preparation of plant extracts

Exactly 4 g of each powdered plant material were soaked in 40 ml of hexane, then in 40 ml of
ethanol and finally in 40 ml of water. Each extraction was carried out in a ultrasonic bath for 30
minutes, followed by 24 hours continuous stirring (90 rpm) in a rotary shaker. Extracts were then
filtered on paper (Whatman, n.1) and concentrated using a vacuum roto-evaporator at 38 °C. The
dried material was finally stored at -20 °C. Powders were solubilized in aqueous DMSO (10%)
before further use. To assess biological activity of on lymphocytic cells, the solutions were diluted

1:10 with water (final DMSO concentration was 1%).

Bacterial strains

The bacterial strains used for the screening were: Actinomycesviscosus (ATCC 19246) and
Lactobacillus casei (ATCC 393), obtained from American type Culture Collection (ATCC;
Rockville, MD, USA); Streptococcus mutans and Streptococcus sobrinus were from clinical
specimens obtained at the Diagnostic Unit of Microbiology of the University of Naples “Federico
II”. Bacteria were grown on Trypticase Soy Agar II with 5% Sheep Blood (TSS; Becton Dickinson,

USA) plates at 37°C in 5% CO, for 48h.

Antimicrobial tests

The initial screening of antibacterial activity was performed using the agar well diffusion method.
Inocula were prepared from overnight cultures of each bacterial strain and adjusted to 0.5
McFarland standard of turbidity. Bacterial strains were evenly spread on the surface of TSS agar

plates using sterile swabs and three wells of 8 mm diameter were punched into the agar medium.
15



The vacuum-dried extracts from water, ethanol and hexane, were re-dissolved in water containing
10% DMSO (Sigma Aldrich Milan, Italy); these stocks were serially diluted to give concentrations,
referred to the dry powder, ranging from 200 to 12.5 mg/ml. The assay was initiated pouring 100ul
of each of these solutions into separate wells (100 pl of 10% DMSO solution were used as negative
control). A 0.3% Triclosan solution in DMSO was used as positive control. The plates were
incubated at 37°C in 5% CO, atmosphere for 48h. The antibacterial activity of plant extracts was
evaluated by measuring the diameter (expressed in mm) of inhibition zone observed around each
well. All tests have been performed in triplicate and repeated twice.

The minimum inhibitory concentration (MIC) was measured by the standard microdilution method
in 96-wells polystyrene plates using Brain-Heart Infusion (BHI) medium. The starting inoculum
was 5 x 105 CFU ml™' and the concentrations for the plant extracts ranged from 100 to 6.25 mg ml™
(twofold dilution). The MIC was considered the lowest concentration of extract able to inhibit any
visible bacterial growth. To determine the MBC (minimal bactericidal concentration) 50 pL of
bacterial suspension from the wells containing extract concentrations equal or higher than the MIC,
were inoculated in 5 mL of sterile BHI medium and incubated for 24 h at 37 °C in 5% CO,
atmosphere. MBC was considered the lowest concentration that inhibited completely bacterial

growth. Each extract was tested in triplicate; each experiment was performed twice.

Cell lines

Human gingival fibroblasts (HGF-1) and keratinocyte cell line HaCaT cell lines were both obtained
from ATCC (Rockville,MD, USA). Both cell lines were cultured in Dulbecco's Modified Eagle
Medium, containing 10% Foetal Calf Serum (FCS), 2 mM L-glutamine, and 50 pg/mL gentamicin
(fibroblasts) or 100 pg/mL streptomycin + 100 units/mL penicillin (HaCaT). The media were
changed every second day. Cell culture reagents were purchased from Life Technologies (San

Giuliano Milanese, Italy).
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Biologic assays on human normal (gingival fibroblasts) or immortalized (keratinocyte-like)
cells

Cell viability was assayed by using the Cell Proliferation Kit II (XTT, Roche, Milanltaly). This
assay is based on the cleavage of the yellow tetrazolium salt XTT to form an orange formazan dye
by metabolic active cells [Sun et al.,1997]; therefore, this conversion only occurs in viable cells.
The plant extracts, were provided to our laboratory in the relative extraction solvents having all a
nominal concentration of 50 mg/ml. The extracts were dried under vacuum and re-dissolved in
DMSO 10% in water. Samples were stored at -30°C until use. Before measurements, samples were
brought to room temperature under agitation and added to culture media in a ratio 1 to 10. In details,
90 ul of suspensions of fibroblast or HaCaT cells (containing ~1x10" cellsin complete medium)
were seeded into 96-well plates. Then, 10 pl of each extract (50 mg/ml in 10% DMSO) were added
to each well so that the final extract concentration was 5 mg/ml, while the DMSO content was
reduced to 1%. Cells were incubated in these conditions at 37°C for 24 hours in 5% CO,
atmosphere. Triplicate samples were prepared for any individual condition.

As a positive control for cyto-toxicity we used Triclosan at low concentration (0.03% as compared
with 3% used in toothpastes). This synthetic is a polychloro-phenoxyphenolan endowed with
antibacterial and antifungal properties. For these reasons it is currently largely used in oral hygiene

as additive of toothpastes to prevent gingivitis.

In vivo test: efficacy of H. litoreum ethanolic extract against mutans streptococci

The study enrolled 28 volunteers (12 males and 16 females) ranging in age from 12 to 18 years.
The participants were recruited from young patients of the Departement of Paediatric Dentistry -
University Hospital of Naples “Federico 11, Italy. The study plan was approved by the Local
Committee for Medical and Health Research Ethics-University of Naples “Federico II”. Patients

and their parents received verbal and written explanations about the study and written informed
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agreementform tobe signed to partecipate. The study protocol was in accordance with the Helsinki
Declaration of Human Rights.

Inclusion criteria were: good general health (ASA I-II) and agreement to strictly comply with the
procedures indicated by the study protocol. Exclusion criteria were prior exposure (less than two
weeks) to antibiotic treatment and/or prior use (<12 hours) of anti-bacterial mouthwashes.
Similarly, individuals carrying fixed orthodontic appliances, were excluded from this study.
Participating volunteers were randomly distributed into two groups of 14 subjects: group A
representing patients using H. litoreum mouthwash (a 1% ethanolic extract of H. litoreum, at a
concentration of 12,5mg/ml), and group B representing those using placebo solution (20 ml of a 1%
ethanol in water).

A first sample of saliva was collected from each patient before the treatment (t0) in order to
establish the baseline levels of mutans streptococci. After the collection of first sample, all
participants were instructed to mouth-rinse with 20 ml of H. litoreum extract (group A) or placebo
solution (group B) for 1 minute. This procedure has to be repeated three times a day (after
breakfast, after lunch and at the bed time), after normal oral hygiene procedures, for fourteen
consecutive days. Saliva samples were collected at day 7 (t1) and 14 (t2) of treatment.

Mutans streptococci counts in saliva were determined by CRT bacteria test (IvoclarVivadent,
Bologna, Italy), a method used in dental clinics for a semiquantitative evaluation of the main
cariogenic bacteria in saliva [Dziedzic et al., 2013].

The saliva samples were collected in sterile containers and used to wet the blue Mitis-salivarius-
agar with bacitracin for determination of mutans streptococci as indicated by the kit’s manufacturer.

Vials were incubated at 37 °C for 48 hours .
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Statistical analysis

All data from in vitro tests (section 2.7) were expressed as mean £+ SD. Significance was assessed
by the Student's t test for unpaired data for comparisons between two means. Statistical significance
was defined as *, p <0.01; **, p< 0.001; *** p<0.0001.

All data from in vivo samples (section 2.10) were processed with the Statistical Package forSocial
Sciences (version 10.0, SPSS Inc., Chicago, Illinois, USA). A regression binary logistic analysis

was made. Statistical significance level was established at p < 0.05

RESULTS

Plant selection and ranking

Data from Guarrera [Guarrera, 2006] and from the ethno-botanical database of Campania
and South Italy [De Natale et al., 2009] were used in listing 312 vulnerary plants of Italian Flora.
Since this number appears to be quite large and not easy to manage, only the species reported as
vulnerary in at least three different ethno-botanical reports were selected and included in this study.
On this basis, only 72 plants responded to this criterion. These plants were then ranked according to
the scoring system outlined in the Method section. Table 1 resumes the score assigned to each plant
associated with the estimated antibacterial activity. The antibacterial potential of the selected plants,
assessed by using ethno-botanical data, ranked 20 species with a score > 6 (group A), and the

remaining 52 between 5 and 1 (group B).

Antimicrobial activity

Out of 72 plants tested only 20 (28%) exhibited variable degrees of inhibitory activity against one
or more bacterial species (Table 1, last column). The most active plants belong all to the high rank
group A, whereas only few extracts from group B were endowed of a measurable antibacterial
activity. The only notable exception is represented by Equisetum hyemale, which at least at the

highest concentration, was definitely effective towards three strains, S. sobrinus, S.mutans and L.
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casei. Table 2 presents the results obtained in typical well-diffusion bioassays, compared to that
shown by a Triclosan 0.3% solution.

The water extract from Cotinus coggygria engenders the major effects, being active against all the
four bacteria at any concentration tested. The hexane extract of Juniperus communis inhibited the
growth of all bacteria except that of L. casei. The ethanolic extract obtained from Helichrysum
litoreum was effective against S. mutans and A.viscosus, while the ethanolic extract from Phyllitis
scolopendrium subsp. scolopendrium was successful against S. mutans and L. casei. The ethanolic
extracts of Bellis perennis and Ceterach officinarium Willd. s.1. showed a small inhibitory activity
against S. sobrinus; when used at the highest concentrations, both extract induced a tiny reduction
in the growth rate of L.casei. The ethanolic extracts of Thymus vulgaris L. s.l. exhibited a mild
activity against S. sobrinus and L. casei.

A selective inhibitory activity towards A. viscosus was evidenced by the ethanolic extract of
Gentianalutea L. s.1. The other plant extracts, but only at the highest concentration tested, were all
endowed of a scarcely noticeable activity against two or even one bacterial strain.

The antimicrobial activity of more effective extracts was investigated also in terms of minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). The water and
ethanolic extracts of Cotynus coggyria demonstrated a considerable activity against all the bacteria
tested, while the extract from hexane appeared very selective against S.sobrinus. Similarly, the
ethanolic extract of Helychrisum litoreum was very effective against S. mutans and A. viscosus. All

the remaining extracts were all characterized by high MIC values (=100 mg/ml).

Activity of plant extracts on human cells viability

Activity of the extracts was assessed observing the consequences of their action on the viability two
eukaryotic cell lines, one normal (human gingival fibroblasts) and one immortalized (HaCaT cells).
The assay was done by means of a specific test (XTT assay) that provides information on cell

proliferation/impairment through the assessment of changes in mitochondrial specific enzymatic
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activity of cells under observation. In general, no statistically significant changes were observed in
cells treated with extracts from most plants included in this study (extracts from 72 plants).
However, some interesting exceptions ensued, as among the extracts endowed of in vitro
antibacteric activity, some were void and some were endowed of inhibitory properties on the
growth of both fibroblasts and HaCaT cells. Specifically, the ethanolic extract from both H.
litoreum and E. hyemale did not affect the viability of both cell lines, while the ethanolic extract
from P. scolopendrium and the water extract from C. coggigrya were slightly but measurably
inhibitory (p<0,001). The etanolic extract from C. coggigrya and the hexane extract from J.
Communis appeared to be, in turn, frankly toxic to both cell lines (p<0.0001) The control of these
experiments was provided by Triclosan, whose addition to cells at low concentration (0.03%, i.e. up
to 100 times lower than that used in toothpastes) caused a profound reduction (up to >90%) in the

cell viability as measured by XTT assay (Figure 1).
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Figure 1: Effects of selected plant extracts (as indicated) on viability of keratonocyte-like cells and
gingival fibroblasts as measured by XTT assay. Statistical significance is defined as *, p <0.01; **,

p< 0.001; *** p<0.0001.

Preliminary in vivo assessment on the efficacy of H. litoreum ethanolic extract against
Streptococcus mutans

The CRT bacteria test results were expressed as a low (<10°CFU) or a high (>10°CFU) bacterial
count. Variations in S. Mutans density of the CFU (CFU/ml) at t0, t1, t2 for the test group (A) are

summarized in figure 2.

m<10® CFU
= 10° CFU

FREQUENCY

Figure 2: variation of S. mutans concentration (CFU/ml) at t0, t1, t2 (Group A).

The differences in CFU (CFU/ml) density of MS were statistically significant between t0 and t1
(»=0.012) and between t0 and t2 (p=0.005); between tl and t2 they were not statistically
significant.

Variations in S. Mutans density of the CFU (CFU/ml) at t0, t1, t2 for the control group (B) were

represented in figure 3.
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Figure 3: variation of S. mutans concentration (CFU/ml) at t0, t1, t2 (Group B).

The differences in CFU (CFU/ml) density of S. mutans between t0 and t1, t0 and t2, t1 and t2 were
not statistically significant.

At t0 the differences in CFU (CFU/ml) density of S. mutans between groups A and B were not
statistically significant, while at t1 and t2 the differences were statistically significant, respectively

[tl: OR=0.15 (CI=0.28-0.81); t2: OR=0.06 (CI=0.01-0.44)].

DISCUSSION

We observed and report that about twenty vulnerary plants of Italian flora showed inhibitory
activity against cariogenic bacteria. A good correlation was found between the speculative ranking
system we adopted and the results of some specific bioassays: taking into account a cut-off value of
6 points, almost all the plants endowed of a measurable activity, presented a score above this
boundary.

The species demonstrating an antimicrobial action belong to 13 families of vascular plants, not
having any phylogenetic relationship. However, the most represented family was that of Lamiaceae,

which includes many species with documented biocide activity [Sarac and Ugur, 2007].
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All the bacterial strains tested revealed a higher sensitivity to ethanolic, followed by aqueous
extracts. While the precise reasons of the higher activity displayed by ethanolic extracts are not
clear to now, the possible presence of flavonoids and related compounds (very soluble in alcohols),
may explain such property. Indeed, the flavonoids inhibitory action against cariogenic bacteria has
been suspected since long time [Sato et al., 1996]. The aqueous extracts contain more polar
compounds [Nikitina et al., 2007], are probably less effective against cariogenic bacteria, due to the
strong hydrophobicity of their cell surfaces [Weiss et al., 1982]. To now, the minimal antimicrobial
effect of extracts from hexane finds no clear explanation and definitely deserves further
investigation. Interesting enough, we did not observed activity in extracts from plants as Thymus
vulgaris, which, indeed, are known for their antimicrobial action [Panizzi et al., 1994].

A possible explanation for such discrepancy may reside in environmental factors and plant
chemotypes [Hernandez et al., 2009] that can both strongly affect the amount of the active
compounds produced by the plant.

Cotinus coggygria was the most active species among the plants selected for the screening. This
plant is largely used in the Balkan and Anatolian regions to cure wounds, and reduce
inflammations, as well as for the treatment of gastrointestinal and respiratory disorders. In Asiatic
Countries C. coggigrya, is also known as a bactericide, and frequently administered against
hepatitis and even anemia [Ajaib et al., 2010]. A relative of this species, Rhus coriaria, which
grows in the Mediterranean Region, has demonstrated inhibitory properties towards Streptococcus
mutans and S. sanguinis, common components of dental plaque [Babpour et al., 2009]. These
authors attributed this effect to the presence of large amounts of tannins in the plant. Tannins can
then generate smaller phenolics compounds (pyrogallol, catechol, ellagic acid) with known
bactericidal actions. Similarly, C. coggigrya is very rich in phenolic compounds (i.e. 923.33 + 14
uM, calculated as quercetin equivalents [Ivanova et al., 2005]), and displays a significant

antimicrobial activity.
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Helichrysum litoreum Guss, 1s a species endemic to Central-South Italy, Sicilia, andSardinia [Conti
et al., 2006]. Preliminary research evidenced bactericidal activity of H. litoreum crude extracts, as
also reported for other Helichrysum species [Guida et al., 1999]. In the species H. compactum the
antimicrobial activity has been attributed to flavonoids and chemically related compound [Siizgeg et
al., 2005]. The data obtained in the present study on the specific activity of H. litoreum extracts
against S. mutans and the absence of cytotoxic effects are in agreement with the results previously
reported for H. italicum by Nostro et al. [Nostro et al.,2004].

We have found that also Phyllitis scolopendrium, a fern belonging to Aspleniaceae, possesses
significant activity towards cariogenic bacteria. The same holds true for the other Pteridophyta, E.
hymale, a plant of Euro-Asiatic origin, but also diffused in the American continent. Indeed, recently
it has been reported a specific activity of this species against Staphylococcus aureus [Canales et al.,
2005], but, to date, this is the first report describing inhibitory activity of the plant against oral
pathogen. The extracts of Phyllitis scolopendrium and C. coggydria, present a small but measurable
effect on cell viability.

Another active species, J. communis, is already known for its antimicrobial properties: it has been
shown that the essential oil from J. communis berries had definite inhibitory effect against Gram
positive and Gram negative bacterial species [Pepeljnjak et al., 2005], and that the hexane extract of
J. communis leaves was extremely effective against pathogenic multi-resistant bacteria [Sati and
Joshi, 2010]. The extract is measurably citotoxic.

Interesting enough, two out of six active extracts have shown no statistically significant cytotoxicity
on both keratinocyte-like transformed cells and normal gingival fibroblasts as the cells wellbeing
was fully unaffected by their presence (even for extended time). At variance, two other extracts
were endowed of slight growth-inhibitory properties and two were frankly cytotoxic (the reduction
in cell viability in the latter cases was similar to that caused by the polychlorophenoxy phenol

Triclosan, a widely used antibacterial and antifungal agent). The two non cytotoxic extracts, namely
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H. litoreum and E. hyemale, displayed a different antimicrobial activity, the first being clearly more
active.

The present in vivo study has shown that a regular daily rinsing with mouthwash containing H.
litoreum ethanol extract could reduce on 50% of subjects the salivary levels of S. mutans, which are
the most virulent cariogenic pathogens in the oral cavity. This is probably due to both inhibition of

growth and adherence of S. mutans cells to teeth surfaces.

CONCLUSIONS

The results of this study on a large sample of vulnerary plants of Italian flora has identified a limited
number of extracts that may find real application in the prevention of dental caries, as they work as
effective weapons against all the major bacterial constituent of the plaque.

Further long-term studies in vivo involving more subjects are needed to clarify if this approach

could represent an effective complementary strategy for reducing the severity of this illness.

Part 2

Antimicrobial properties of green tea extract against cariogenic microflora: an in vivo study

Abstract - The aim of the present study was to in vivo test the effectiveness of an experimental
green tea extract in reducing the mutans streptococci and lactobacilli levels in saliva using a means
of selective colture media.66 healthy patients with age range from 12 to 18 years were recruited and
randomly divided into 2 Groups [Group A (n=33) and group B (n=33)]. Group A was asked to
rinse the mouth with 40 ml of an experimental green tea extract, for 1 minute, 3 times a day for a
week; Group B was asked to rinse with 40 ml of a placebo mouth-rinse.

Baseline (t0), four days (t1) and seven days (t2) saliva samples were obtained.

The counts of mutans streptococci and lactobacilli were investigate by chair-side kits.
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Data were statistically processed. A regression binary logistic analysis was made. Statistical
significance level was established at p<0.05. The treatment group showed a statistically significant
reduction in colony counts of mutans streptococci and lactobacilli respect to the control group.

These findings showed the efficacy of a green tea extract on cariogenic oral flora, opening a
promising avenue of clinical applications in the preparation of specific and natural anti-cariogenic

remedies.

METHODS AND MATERIALS

Subjects and study design

The study population consisted of 66 volunteers, 36 female and 30 male, who were in good physical
condition with an age range from 12 to 18 years.

The participants were recruited from the Department of Paediatric Dentistry of the University of
Naples “Federico 117, Italy.

They were selected with the following criteria. Inclusion criteria were: good general health (ASA I-
1) and agreement to comply with study procedures. Exclusion criteria were: antibiotic treatment
during the 14 days before starting the test, the use of an antibacterial mouth-rinse during the 12
hours before the test, presence of dental fixed orthodontic appliances and conditions that interfered
with examination procedure (not cooperating subjects).

Participation was voluntary. Patients and their parents received verbal and written explanations of
the experimental protocol and the study aims and written informed consent was signed by them
prior to the start of the study. Permission was received from the appropriate authorities. The study
protocol was in accordance with the Helsinki Declaration of Human Rights.

The subjects were randomly distributed into two groups of 33 (Group A and B) . All the subjects
were submitted to a clinical examination carried out by two professionals, in the same room and
using the same dental unit (so that all patients were examined under the same lighting conditions).

The presence of tooth decay was assessed by systematic evaluation of each subjects’ caries
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experience using the DMFT index (number of decayed, missing and filled teeth). In the Group A

the mean DMFT value was 3.13 £ 1.76; in the Group B the mean DMFT value was 3.09 + 1.89.

Experiment design —Group A

33 subjects were involved in this group. Prior to the start of the experiment, the subjects’ salivary
concentration of mutans streptococci and lactobacilli was calculated through a sample of saliva in
order to establish the baseline levels (t0).

Means of selective colture media (CRT bacteria, Ivoclar Vivadent) were used for detection of the
mutans streptococci and lactobacilli counts in saliva.

The test was conducted with the following way:

e Each subject chewed a enclosed paraffin pellet in order to stimulate the salivation;

e The saliva was collected in a sterile plastic container and then placed, using a pipette, on the
blue mitis-salivarius-agar with bacitracin for determination of mutans streptococci and on

the light culture medium, Rogosa agar, for determination of lactobacilli.

e A NaHCO; tablet was added to the container: this tablet was able to release CO, when it

came into contact with moisture, creating favourable conditions for bacterial growth.

e The vial with each agar plate was marked with the name of the patient and the date using a

waterproof pen;

e All the vials were placed upright in the incubator Cultura/Ivoclar Vivadent at 37 °C / 99 °F

for 48 hours

After the collection of first sample, all participants of group A were instructed to rinse with 40 ml
of an experimental mouth-rinse for 1 minute.
This procedure ought to be repeated three times a day (after breakfast, after lunch and before

sleeping), after normal oral hygiene procedures, for seven days.
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After the 4™ and at the 7" days of treatment with mouth-rinse formulation, the salivary sample was
re-collected and immediately incubated, in according to the step-by-step procedure above described,
in order to calculate the density of the CFU (CFU/ml) of mutans streptococci and lactobacilli for
each subject during (t1) and immediately after (t2) the treatment.

Therefore, a total of three saliva sample (t0, t1, t2) were taken for each individual.

During the 7-day experimental period no alterations were made to the subjects diet and oral hygiene

procedures.

Experiment design-Group B

33 subjects were involved in this group. Prior to the start of the experiment, the subjects’ salivary
concentration of mutans streptococci and lactobacilli was calculated through a sample of saliva, in
order to establish the baseline levels (t0) with the same procedure above mentioned for Group A.
After the first collection of sample, the participants of group B rinsed with 40 ml of a placebo
mouth-rinse without polyphenolic substances, for 1 minute, 3 times a day (after breakfast, after
lunch and before sleeping for seven days).

Subsequent saliva samples were obtained on 4th (t1) and 7th day (t2) after the beginning of the
study.

During the 7-day experimental period no alterations were made to the subjects diet and oral hygiene

procedures.

Mouth-rinse formulation
Two different mouth-rinse formulations were prepared:

1) Experimental (Group A)
Experimental mouth-rinse was prepared with pulverized Camelia Sinensis leaves.

For each rinsing, 1.6 g of pulverized leaves were suspended in 40 ml of distilled water at

100 °C for 3 minutes. After this procedure the mouth-rinse was kept at room temperature.
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2) Placebo (Group B)
40 ml of distilled water were coloured with food dye.

Both mouth-rinses were put into hermetically sealed plastic bottles.
At the end of the treatments the data were processed with the Statistical Package for
Social Sciences (version 10.0, SPSS Inc., Chicago, Illinois, USA). A regression binary logistic

analysis was made. Statistical significance level was established at p < 0.05.

RESULTS

The mean stimulated saliva secretion rate was 1.41 + 0.53 ml/minute for all subjects.

The CRT bacteria test results are expressed as a low (<10°CFU) or a high (>10°CFU) bacterial
count.

Statistical analysis within group A

Variations in mutans streptococci and lactobacilli density of the CFU (CFU/ml) at t0, t1, t2 for the

test group were summarized in figures 4 and 5, respectively.

50 - m <10°CFU
240 - m >10°CFU

TO T1 T2

Figure 4: variation in streptococci mutans density of the CFU (CFU/ml) at t0, t1, t2 (Group A).
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Figure 5: variation in lactobacilli density of the CFU (CFU/ml) at t0, t1, t2 (Group A).

The differences in CFU (CFU/ml) density of MS between t0 and t1 were statistically significant
(»<0.001); between t0 and t2 they were statistically significant (»p<0.001); between t1 and t2 they
were not statistically significant.

The differences in CFU (CFU/ml) density of lactobacilli between t0 and t1 were statistically
significant (p<0.001); between t1 and t2 they were not statistically significant (p<0.001); between

t0 and t2 they were statistically significant (»p<0.001).

Statistical analysis within group B

Variations in mutans streptococci and lactobacilli density of the CFU (CFU/ml) at t0, t1, t2 for the

control group were represented in figures 6 and 7, respectively.
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Figure 6: variation in streptococci mutans density of the CFU (CFU/ml) at t0, t1, t2 (Group B).
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Figure 7: variation in lactobacilli density of the CFU (CFU/ml) at t0, t1, t2 (Group B).

The differences in CFU (CFU/ml) density of mutans streptococci between t0 and t1, t0 and t2,

tl and t2 were not statistically significant, respectively.
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The differences in CFU (CFU/ml) density of lactobacilli between t0 and t1, t0 and t2, t1 and t2
were not statistically significant, respectively.

Statistical analysis between groups A and B

At t0 the differences in CFU (CFU/ml) density of mutans streptococci between groups A and
B were not statistically significant, while at t1 and t2 the differences were statistically
significant, respectively [t1: OR=3.12 (CI=1.13-8.60); t2: OR=4.2 (CI=1.44-11.23)].

At t0 the differences in CFU (CFU/ml) density of lactobacilli between groups A and B were
not statistically significant, while at tl1 and t2 the differences were statistically significant,

respectively [t1: OR=4.02 (CI=1.44-11.23); t2: OR=4.24 (CI=1.47-12.16)].

DISCUSSION

The primary etiological dental caries agents are known to be several restricted strains of oral
bacteria; thus, the majority of current commercial anti-plaque products are antimicrobial
compounds, but many antibiotic and chemical bactericides currently used may disturb the
bacterial flora of the oral cavity, resulting in induction and overgrowth of antibiotic-resistant
bacteria and other opportunistic pathogens such as Candida albicans [Gunsolley., 2006].

So many researchers in the world have been searching for alternatives to prevent the occurrence
of this process for example using natural substances, derived from food.

The analysis of the literature suggests that diet may influence dental decay experience in two
ways: it may inhibit or it may promote the disease.

Far more is known about dietary factors which promote dental decay than those which inhibit
it.

The studies carried out in these last decades have supported the anti-bacterial role of
polyphenols but at the present time their potential use in the control of bacteria responsible of

cariogenesis is still under scrutiny [Ferrazzano et al., 2009].
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A relatively larger body of evidence has been accumulated on the effects of tea (particularly the
green tea) on plaque formation, whereas the data on others polyphenols sources are at a
preliminary stage, although in the case of cranberry numerous evidences have been
accumulating [Bodet et al., 2008].

The present in vivo study has shown that the 60% of subjects, undergoing to green tea mouth-
rinse, presented a significant lowering of mutans streptococci and the 42,4% of subject,
undergoing to green tea mouth-rinse, presented a significant lowering of lactobacilli than the
subjects undergoing to placebo mouth-rinse.

This is probably due to the antibacterial properties of polyphenols associated to the inhibition
of adherence of bacterial cells to teeth surfaces.

In fact, the results from the present study on the in vivo tea extracts activity against oral
microorganisms supported the hypothesis that tea polyphenols exert an anti-caries effect via
an anti-microbial mode-of-action [Li JYet al., 2004].

Our findings reflected what was found in literature, where the association between use of
specific foods and reduction of oral cariogenic bacteria has emerged [Hamilton-Miller,
2001].

Therefore, our study, demonstrating the in vivo effect of tea extracts on cariogenic bacteria,
could open a promising avenue of applications, since they are relatively safe, have taste and
odor largely appreciated and could be used at a reasonable cost in the preparation of specific

anticariogenic remedies.

CONCLUSIONS
The present study demonstrated that daily consumption of green tea could reduce the salivary

levels of mutans streptococci and lactobacilli, which are the most virulent cariogenic pathogens
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in the oral cavity. This approach could be an alternative strategy for the prevention of dental
caries.

More studies, particularly in vivo and in situ, are necessary to establish conclusive evidence for
the effectiveness of polyphenols against dental caries with the aim of improving oral health; it
is essential to determine the nature and distribution of these compounds in our diet and to better
identify which of the hundred of existing polyphenols are likely to provide the greatest effects.
Since the evidence of therapeutic effects of dietary polyphenols continues to accumulate, it is
becoming more and more important to understand the nature of in vivo absorption and

metabolism.

Part 3

In vivo antimicrobial efficacy of Plantago Lanceolata extract mouth-rinse on salivary

bacterial counts.

Abstact - The aim of the present study was to in vivo examine the antimicrobial short—term
efficacy of an experimental mouth-rinse containing polyphenols in reducing Streptococci
mutans and Lactobacilli casei levels in saliva using a means of selective colture media.
The study sample consisted of 44 adolescents divided into a study group (A) and a control group
(B). Group A was instructed to rinse with an experimental mouth-rinse containing Plantago
Lanceolata extract and Group B received a placebo mouth-rinse for a week.
Salivary counts of S. mutans and L. casei were estimated with a chair-side test at baseline, at the
fourth and the seventh day of the experimental study.
Bacterial colonies were categorized as low (<10° colony forming unit (CFU)/ml of saliva) or

high (> or = 10°> CFU/ml).
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In the test Group lower levels of salivary S. mutans were recorded after the conclusion of the
experimental period respect to the baseline data, instead a slight decrease, not statistically
significant, was observed after the treatment for L. casei counts. No significant differences were
recorded between the baseline and the final samples both for S. mutans and L. casei counts in
the control Group.

These findings suggest that Plantago Lanceolata extract could represent a natural anti-

cariogenic agent by exhibiting antimicrobial properties against S.mutans.

METHODS AND MATERIALS
The experimental study was divided into two parts.
Primarily, the in vitro citotoxicity effect of Plantago lanceolata extract was evaluated with a

XTT assay, followed by an in vivo evaluation of the antimicrobial properties.

XTT assay

The assay is based on the cleavage of the yellow tetrazolium salt XTT to form an orange
formazan dye by metabolic active cells. This conversion only occurs in viable cells. The
formazan dye formed is soluble in aqueous solutions and it is directly quantified using a
scanning multi-well spectrophotometer (ELISA reader) that ensures a high degree of accuracy.
Cells, grown in a 96 well tissue culture plate, are incubated with the yellow XTT solution (final
concentration 0.3 mg/ml) for 4-24 h. After this incubation period, orange formazan solution is
formed, which is spectrophotometrically quantified using an ELISA plate reader.

An increase in number of living cells results in an increase in the overall activity of
mitochondrial dehydrogenases in the sample.

Plantago lanceolata extracts are dried and resuspended in 40 pl of aqueous solution containing

0.1% DMSO (dimethyl sulfoxide). 5000 murine fibroblasts are grown in a 96 well tissue micro-
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plates (Culture medium, e.g., DMEM containing 10% heat inactivated FCS (fetal calf serum), 2
mM Lglutamine, 0.55 mM L-arginine, 0.24 mM L-asparagine- monohydrat, 50 uM 2-
mercaptoethanol, HTmedia supplement (1x), containing 0.1 mM hypoxanthine, and 16 uM
thymidine and additionally supplement media with streptomycin was used) in a final volume of
100 pl culture medium per well, according to the media needs of the cells in a humidified
atmosphere (e.g., 37°C, 5% CO,) for an incubation period of 24 h.

After the incubation period for each well 0.5% plant extracts was added and then the micro-
plates were incubated for 24 h in a humidified atmosphere (e.g., 37°C, 5% CO,).

After the second incubation period, to each well was added 50 pl of 5 ml XTT labeling reagent

with 0.1 ml electron coupling reagent (final XTT concentration 0.3mg/ml).

In vivo test

The sample consisted of forty-four adolescents (24 males and 20 females) attending to the
Department of Paediatric Dentistry of the University of Naples “Federico II”, Italy, ranging 12
to 18 years old.

The inclusion criteria are good general health (ASA I-1I) and agreement to comply with study
procedures. Oral status was determinate by clinical examination carried out by two professionals
in the same room and using the same dental unit (so that all patients were examined under the
same lighting conditions).

The exclusion criteria are use of antibiotics in the 14 days prior to the beginning of the study.

2 subjects of the 44 had used antibiotics for medical reasons in the 2-weeks before the study,
and were excluded.

Furthermore, during the research period, two girls did not wish to continue their participation;
therefore, the entire protocol was completed by 40 subjects.

Participation was voluntary. All parents, after receiving verbal and written explanations of the

experimental protocol and the study aims, gave written informed consent.
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Permission was received from the appropriate authorities. The protocol study was in accordance
with the Helsinki Declaration of Human Rights and approved by the Ethical Committee of the
School of Dentistry, University of Naples “Federico 117, Italy.

A controlled random clinical study was carried out. The subjects were divided into 2 groups
(Group A and Group B). Patients were randomly assigned to test and control groups using
blocked randomization

from a computer-generated list. The group A was instructed to rinse with an experimental mouth-
rinse containing P. lanceolata extracts for seven days and the group B received received the same
regimen with a placebo solution.

Then salivary counts of S. mutans and L. casei were estimated with a chair-side test, containing
two agar surfaces: the blue mitis-salivarius-agar with bacitracin was used to detect mutans
streptococci, while the light culture medium, Rogosa agar, was used to evaluate /actobacilli
casei, according to the manufacturer's instructions.

Salivary samples were taken from each patient in three stages and the levels of S.mutans and L.
casei were determined at baseline (T0), at the fourth day of the experimental study (T1) and at
the seventh day of the experimental period (T2).

No special dietary restrictions were imposed to the subjects and no tooth brushing was allowed
for at least 1 h after having lunch and dinner.

Saliva was inoculated on a dip-slide with the selective media for mutans streptococci and
lactobacilli. After adding a NaHCO; tablet to the tube, the dip-slides were immediately
cultivated at 37°C for 48 hours. This tablet was able to release CO, when it came into contact
with moisture, creating favourable conditions for bacterial growth.

The colonies were identified with the aid of a stereomicroscope with x10 magnification and the
density of the CFU (CFU/ml) was visually compared with the aid of a chart provided by the

manufacturer.
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Bacterial colonies were categorized as low (<10° colony forming unit (CFU)/ml of saliva) or
high (> or= 10° CFU/ml).

a) Mouth-rinse preparation

Two different mouth-rinse formulations were prepared:

1) Experimental (Group A)

Experimental mouth-rinse was prepared with pulverized P. lanceolata leaves.

P. lanceolata was collected from the grassy areas of the Phlegrean territory (Italy).

The taxonomic identification of these plants was done by the Department of Biological Sciences
/ Section of Plant Biology, University of Naples “Federico II”, Naples, Italy.

The leaves of Plantago were shade dried at 60 degree for 48 hours and then were ground to a
fine powder. Two grams of powder were extracted using 20 ml of water, with centrifugation at
3000 r/min for 15 min, and then the supernatant was collected.

Solvent was then removed by evaporation [Ozanet., 2007].

For each rinsing, 0.4 g of pulverized leaves was suspended in 10 ml of distilled water at 100 °C
for 3 minutes. The preparation was left in infusion for 8§ minutes then filtered and placed in
containers of 10 ml. After this procedure the mouth-rinse was kept at room temperature.

2) Placebo (Group B)

Placebo mouth-rinse was prepared with distilled water colored with food dye.

Both mouth-rinses were put into hermetically sealed plastic bottles. The test and the control
mouth-rinses, given in a randomized order, had a similar taste and consistency and were
delivered in white bottles marked “A”or “B”. The content was unknown to both the test and
control group.

b) Experiment design —Group A

Twenty subjects were involved in this group. In the experimental period, after the collection of

first saliva sample, all participants of group A were asked to rinse with 10 ml of the

39



experimental mouth-rinse for 60 seconds, three times a day (after breakfast, after lunch and
before sleeping), after oral hygiene procedures, for seven days.

After the 4th and at the 7th days of treatment with mouth-rinse formulation, the salivary sample
was re-collected and immediately incubated, in according to the step-by-step procedure above
described, in order to calculate the density of the CFU (CFU/ml) of streptococci mutans and
Lactobacilli for each subject during (T1) and immediately after (T2) the treatment.

All the subjects were, however, encouraged to maintain their normal oral hygiene habits.

¢) Experiment design-Group B

20 subjects were involved in this group. After the first collection of saliva sample, the
participants of group B were instructed to rinse with 10 ml of a placebo mouth-rinse without
phenolic substances, for 1 minute, 3 times a day (after breakfast, after lunch and before
sleeping) for seven days. Subsequent saliva samples were obtained on 4th (T1) and 7th day (T2)
after the beginning of the study.

All the subjects were, however, encouraged to maintain their normal oral hygiene habits.

At the end of the treatments, the data were processed with the Statistical Package for Social
Sciences (version 10.0, SPSS Inc., Chicago, Illinois, USA). A regression binary logistic analysis

was made. Statistical significance level was established at p < 0.05.

RESULTS
XTT assay
The cytotoxicity of plant extracts was evaluated by comparing the amount of soluble orange
formazan of the fibroblasts cells in contact with the extract, with control cells without agents
cultured in parallel using the same conditions with comparable media changes. The amount of

soluble orange formazan salt formed in the sample is a direct expression of the number of cells
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that remain viable and the presence of toxic substances is greatly enhanced by decreasing the
activity of the enzyme.

XTT assay results are presented in figure 8.
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Figure 8: percentage of cell viability between cells treated with plant extracts and control cells.

On the basis of the made tests, plant extracts are not cytotoxic.

The amount of orange formazan salt produced by fibroblasts in contact with the extracts is
almost comparable to that of the control group. In fact, while the viability of cells in the control
group was 100%, the values range for cells treated with plant extracts were between 85% and

115% (Fig. 8).

In vivo test
Statistical analysis within the test group

Variations in S. mutans and L. casei density of the CFU (CFU/ml) at TO, T1, T2 for the test

group were summarized in figures 9 and 10, respectively.
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Figure 9: density of the Streptococci mutans CFU (CFU/ml) at TO, T1, T2 (test group).
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Figure 10: density of the Lactobacilli casei CFU (CFU/ml) at TO, T1, T2 (test group).

The differences in S. mutans CFU (CFU/ml) density between TO and T1 and between TO and

T2 were statistically significant (both at p<0.001); between T1 and T2 they were not

statistically significant.
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The differences in L. casei CFU (CFU/ml) density between TO and T1, TO and T2, T1 and T2
were not statistically significant.

Statistical analysis within the control group

Variations in S. mutans and L. casei density of the CFU (CFU/ml) at TO, T1, T2 for the control

group were represented in figures 4 and 5, respectively.
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Figure 4: density of the Streptococci mutans CFU (CFU/ml) at TO, T1, T2 (control group).
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Figure 5: density of the Lactobacilli casei CFU (CFU/ml) at TO, T1, T2 (control group).

The differences in CFU (CFU/ml) density of S. mutans between TO and T1, TO and T2, T1 and
T2 were not statistically significant, respectively.

The differences in CFU (CFU/ml) density of Lactobacilli between TO and T1, TO and T2, T1 and
T2 were not statistically significant, respectively.

Statistical analysis between test and control groups

The differences in S. mutans CFU density between the test and control groups were not
statistically significant at TO, but the differences between the test and control groups were
statistically significant at Tland T2, respectively [T1l: OR=0.095 (CI=0.021-0.440); T2:
OR=0.048 (CI=0.008-0.273)].

At TO, T1 and T2, the differences in L. casei CFU density between the test and control groups

were not statistically significant, respectively.

DISCUSSION
The study was undertaken to investigate the short-term effect of mouth-rinse containing

phenolic extracts from Plantago lanceolata on caries-associated microorganisms in saliva.
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The novel approach used in the present research was the phenolic extracts utilized, since P.
lanceolata mouth-rinse might represent a new option for the microbiological control of dental
caries, being the active principle easily obtained, of low cost and showing beneficial effects.
Nowadays, given the incidence of oral disease, increased resistance by bacteria to antibiotics,
adverse affects of some antibacterial agents currently used in dentistry and financial
considerations in developing countries [Palombo, 2011], the utilization of new therapies for
treatment of oral cavity diseases is of great importance. In fact, there is an urgent need for
alternative prevention and treatment options that are safe, effective and economical.

On the basis of this consideration, P. lanceolata extract might be used as a further measure to
reduce oral bacteria counts.

In fact, this in vivo study has shown that the subjects, undergoing to P. lanceolata mouth-rinse,
presented a significant lowering of Streptococci mutans than the subjects undergoing to placebo
mouth-rinse.

All subjects exhibited detectable levels of salivary Streptococci mutans and Lactobacilli casei at
baseline and about over 90 per cent had levels >10°> CFU.

In the Group A with the experimental mouthrinse, the number of subjects with high Streptococci
mutans count decreased from 90 to 30 per cent.

The high levels of Streptococci mutans did not decrease after use of Plantago mouthrinse in four
of twenty studied subjects, possibly due to low compliance or a high sucrose intake, but other
hypotheses, such as dissolution of the active principles, because polyphenols are highly unstable
molecules that undergo oxidation, should not be discarded.

Regarding L. casei, a slight decrease in the density of the CFU (CFU/ml) was observed
between the pre- and post -consumption samples in the test Group, although not statistically
significant.

Apart from strain-specific differences, a possible explanation of poor reduction of L. casei

respect S. mutans is that S. mutans normally grow on exposed surfaces, easy accessible for the
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phenolic substrate, while L. casei are recovered in shed retentive areas with limited contact with
the mouth-rinse.

No significant differences were observed between the baseline and the final samples both for S.
mutans and L. casei counts in the control Group.

The reduction of the Streptococci mutans counts in the test Group respect to the control Group
could be explained with the capability, in vitro, of phenolic substances present in the plant
extract to inhibit the bacterial adherence to saliva-coated hydroxyapatite and/or inhibit the
glucosyltransferases activity [Kashket et al., 1985; Ooshima et., 1993; Sakanaka et al.,1989;
Smullenet al., 2007].

The adherence of bacterial cells to tooth surface is of great importance to the development of
carious lesions, and the interference with some of the mechanisms of adherence can prevent
dental caries. Furthermore, as suggested by Ozan, phenolic substances present in plants extracts
probably act on the microbial membrane or surface of the cell wall, causing structural and
functional damage [Ozan et al., 2007].

Researchers are currently interested in the promising perspectives that natural substances offer as
alternatives for the control of caries disease in terms of antimicrobial response and lower
associated risks.

The results of this study showed that daily usage of P. lanceolata mouth-wash for seven days
decreased the S. mutans counts in saliva, instead a slight decrease, not statistically significant,
was observed after the treatment for Lactobacilli counts in the test Group.

Further studies, particularly in vivo and in situ, are needed to establish conclusive evidence for
the effectiveness of P. lanceolata extract against dental caries either alone or in combination

with conventional therapies for improving oral health.
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4) CONCLUSIONS

The results of in vitro study on a large sample of vulnerary plants of Italian flora has identified
extracts that may find real application in the prevention of dental caries.

The in vivo study demonstrated that daily consumption of plants extract could reduce the
salivary levels of mutans streptococci and lactobacilli, which are the most virulent cariogenic
pathogens in the oral cavity.

These findings opening a promising avenue of clinical applications in the preparation of specific

anti-cariogenic remedies
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Table 1: Weighing and scoring of 72 vulnerary plants of Halian flora,

Established
vulnerary
use

affections

Tested
antimicrobial
activity

Species Final
distribution score

Inhibitory
activity
against
bacteria
of oral

(lora

Plantagoe major
L. subsp. major
(SB52)
Plantaginaceas
Rosmuarins
officinalis L.
(DSB56)
Lamiaceae
Sambicnes
nigral. (DSB5E)
Caprifoliaceas
Malvasylvestris
L. sulssp,
sylvestris
(DSB45)
Malvaceae
Bellis perennis 1.
(DSBIm
Asteraceas
Cupressus
serpervirens L.
(DSR20)
Cupressaceas
Tuniperus
copmmumnis .
(SH37)
Cupressacese
Leveasrd nla
angustifolia
Mill, subsp,
angnsiifolia
(DSH39)
Lamiaceae
Menthaaquatica
L. sl (DSB46)
Lamiaceas

Thyrmus vulgarts
L. 5.l (D5B6S)
Lamiaceae

(253

[

[

[ %]

I

[N

LB

Lt

(5]

b

2

T

H++

11

55



Lamiaceae
Arctivemlappa L.
(DSES)
Asteraceas
Ceterach
officinarim
Willd. s1.
(DSBLT)
Aspleniaceae
Colinus
cogEygria Scop.
(DSB19)
Anacardiaceae
Equisetum
arvense L. 5.l
(DSB25)
Equisetaceae
Eucalyptus
globulus Labill.
(1SBR29)
Rutaceae
Crentinnaliten
L. sl (DSB32)
Gentianaceae
Helichrysim
{itorenm Guss
(5B34)
Asteraceas
Ohcalis
corficidata L.
(DSB48)
Oxalidaceae
Rumexcrispus L
(DSBST)
Polygonaceae
Verbena
officinalis L.
(DSH 72)
Verbenaceae
Adigntum
capriflis -veneris
L. (D5B2)
Adiantaceac
Alliaria petiolata
(M. Bieh.)

Cavara et
Grande (1D5B4)
Brassicaceae

Artemisiaanmng
L. (DsBa)
Asteraceac

[
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| ]
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ot
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Asteraceae
Asphodelus
ramaosies L.
subsp, raos s
(DSBT)
Asphodelaceae
Calemintha
mepeta (1.) Savi
subsp. nepeta
(IsB12)
Lamiaceae
Calystegia
silveetica (KiL)
Griseh. ([DSB13)
Convelvulaceae
Cynodon
dactylon (L)
Pers. (DSR22)
Poaceae
Cynoglossum
creticron Mill.
(Isp23)
Boraginaceae
Equisetum
tedrmatein Ehrh.
(DSB27)
Equisetaceae
Erigeron
canadensis L.
(DSB28)
Asleraceae
CGeraninm
prarperensn Vill
(DSB33)
Geraniaceae
Heliotropiim
erropagun L.
(DSB35)
Boraginaceae
Hypericim
perforatim L.

(IsB36)

Clusiaceae
Lanteries mobilis L,
(DSB38)
Lauraceae

Lavendnla
dentata 1.

| DSBA0)
Lamiacese
Micronteria
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Micrameria
Judiana (1.)
Benth. ex Rchb.
(SBAT)
Lamiaceae
Parietaria
judaical.,
(15H49)
Urlicacoae
Rosacanina L,
(DSBS5)
Rosaceae
Scrophnlaria
nodosa L
(DSB59)
Scrophulariaceas
Silene italica (L.}
Pers, 5.1
(DSBE0)
Caryophyllaceae
Sonclus asper
(1.} Hill subsp.
plancescens
(Tord.) Ball
(D5Be1)
Asteraceae
Taraxacum
officinale Weber
(DSH6T)
Asteraceae
Verbascum
fhapsus L.
subsp. Hhapsus
(1XSB73)
Scrophulariacea
Achillen
millefoliten L.
subsp.
millefolirom

([SB1)
Asteraceae
Asplenitm
onopteris L,
(DSBaE)
Aspleniaceae

Asplenitm
trichomanes 1.
sl (IEB9)
Aspleniaceae
Borago
officinalis L.
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officinalis L.
(DSBLL)
Boraginaceae
Capparis spinosa
L. subsp.
rupestris (Sm.)
Nyman (DSB15)
Capparaceac
Cichoritem
intybus L, 5.1,
(DSBLR)
Asteraceae
Equisetum
fiyerale 1.,
(DSB26)
Equisetaceas
Frmaria
capreotata L.
subsp,
capreolata
(DSR30)
Fumariaceae
Lavateracretioa
L. (ID5B41)
Malvaceae
Ligustrun
vidpare ( DSB4A2)
Oeaceae
Phyliitis
scolopendriam
(1..) Newman
subsp,
scolopendrinm

[ DSBS50)
Aspleniaceas
Semilax aspera 1.

(DSB63)
Smilacaceae
Stachys sylvatica
L. (DSB65)
Lamiaceae

Stellariamedia
(1.} Vill, s.L
(S B66)
Caryophyllaceae
Tencrivm
[ruticans L.
subsp, fruticans
(D5B68)
Lamiaceae
Urtica

[E%]

LS}

[ 2%
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Ulriicee
membranacea
Poir. ex Savigny
(DSET0)
Urlicaceae
Valeriana
officinalis L.
(DSHT1)
Valerianaceae
Vibwernaan tionns
L. subsp. tinus
(1DSB74)
Caprifoliaceae
Leamays L,
(DSBET5)
Poaceae
Cenfranthus
ruber (1.) DC,
subsp, nubler
(D5B16)
Valerianaceae
Cymbalaria
mineralis Gaertn.,
B. Mey,
Scherb 5.1,
(DSB21)
Scrophulariaceae
Linariavulgaris
Mill. subsp,
vidgaris
(DSBA3)
Scrophulariacese
Silene latifolia

Poir. subsp, alba
(Mill) Greuler
et Burdet
(DSE6L)
Caryophyllaceae
Silene vulgaris

i Moench)
Garcke 5.l
(DSB62)
Caryophyllacese
Genlinn
crrectata L sl
(DSB31)
Gentianaceas
Robirnia
pseudoacacia ..
(DSB54)
Fabaceas

0

et

Tapd

Lok
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0.3%

Antibacterial activity is expressed as mean {+standard deviation) wones of inhibition (mm). A = 125mg/mL, B = 25
mgiml, © = 50 mg/mL, W = water, B = ethanol, H = hexane.
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Table 2 — Antibacterial activity, expressed as mean (£ standard deviation) zones of inhibition (mm), of plant extracts
towards S. mutans, S. sobrinus, Actinomyces viscosus, and L. casei. A = 12.5 mg/mL B = 25 mg/mL C = 50 mg/mL.
W = water, E = ethanol, H = hexane.

9,3+0,4 10,1+0,3 9,3+0,4
10,8+0,4 11,8+0,4
Equisetum hyemale 1040 1340 13,1+0,3 15,8+0.4

10,1+0,3 11,8+0,4 9+0 10,1+0,3 13,1+0,3 10+0 10,1+0,3 11,8+0,4
9+0 11,8+0,4 140 10,2+0,4 11,8+0,4 18+0

Juniperus communis

Helichrysum litoreum

Phyllitis scolopendrium 11,8+0,4 14,3£0,5 16+0 11,8+0,4 15+0 17+0
Bellis perennis 10,1+0,3 12+0 15,8+0,4 10,8+0,4
Ceterach officinarum 9,1£0,3 11,8+0,4 10+0
Thymus vulgaris 11,8£0,4 140 13,1+0,3

Cupressus sempervirens 9,3+0,4 10,1+0,3
Lavandula angustifolia 11,8+0,4 12+0

Gentiana lutea 9+0 11,840,4 14,3+0,5

Rosa canina 11,8£0,4 14,7+0,5

BT~ e T > TR< B - Rl o> o IO - T ol o= B - B o B o~ T - B ol o= I < > I e == Y o

Artemisia annua 10+0

Cynoglossum creticum 13+0
Eucalyptus globulus 10+0

Hypericum perforatum 10,8+0,4

Lavandula dentata 13+0

Sambucus nigra 11,8+0,4

Valeriana officinalis 10,1+0,3

Verbena officinalis 10,1£0,3

Triclosan 0.3% 15+0 16+0 20+0 17+0
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Table 3: MIC (Minimum Inhibitory Concentration) and MBC (Minimum Bactericidal Concentration) of more effective plant extracts against S. mutans, S.

sobrinus, A. viscosus, and L. casel.

S. sobrinus
MIC90 MBC
Y 12.5 50
Cotinus coggygria M 25 100
H 50 100
Equisetum hyemale M 100 100
Juniperus communis H >100 >100
Helichrysum litoreum M >100 >100
Phyllitis scolopendrium M >100 >100

S. mutans

MIC90 MBC
50 100
50 100
>100 >100
>100 >100
>100 >100

5 25
>100 >100

MIC and MBC are expressed in mg/ml. W = water, E = ethanol, H = hexane

A. viscosus
MIC90 MBC
50 100
25 100
>100 >100
>100 >100
>100 >100
25 50
>100 >100

L. casei

MIC90 MBC
50 100
100 100
>100 >100
>100 >100
>100 >100
>100 >100
>100 >100
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