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ABSTRACT: The term ‘probiotic, which means for life, is
used when referring to bacteria associated with beneficial
effects on a human being, and by definition, probiotics are
live microbes which, when administered in an adequate
amount, confer health benefits to its host. The present review
Jfocuses on potential applications of numerous formulations
incorporated with novel probiotic strains. Mainly,
Lactobacilli and Bifidobacterium strains are leading in the
management of various dental diseases. Although in recent
times much focus has been given to understand the role of
probiotics and their mechanism inside the gut, till date,
only limited studies have been carried out ro know the exact
role and viability of probiotics in oral health formulations
(tooth powder and/or paste) conferring oral health benefits.
Hence, this area of research should be explored for managing
several oral infections through potential probiotics. Further,
incorporating the selected potential probiotics with a suitable
carrier in the form of toothpaste/ powder may be formulated
and validated for oral health care in appropriate animal
models andfor human subjects. All of these issues have
been discussed in this review article with various strategies
involved in the management of oral health through novel
probiotics.
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INTRODUCTION

The term ‘probiotics’ meaning for life’ was introduced by
Lilly and Stillwell, (1965), that is linked with advantageous
effects on its host metabolism and these are described as live
microbes which, when administered in adequate sums, confer
a health benefit to its host (FAO/WHO, 2002; Hill et al.,
2014). Improvement in the endogenous microflora of the
host has also been reported by appropriate probiotic intake.
Usually, probiotics were linked with the gastrointestinal
tract (GIT) and certain attributes make them potent for
managing various diseases (Fig. 1), however, in the recent
times, several investigators have proposed their role in oral

FIGURE 1. Some of the properties of novel probiotic
(Kaur et al., 2017)
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health maintenance (Amizi¢ et al., 2016). The present study
aims to review published literature concerning probiotics and
their beneficial effects in oral health management. The human
mouth harbors diverse microflora (viruses, fungi, protozoa,
archaea, and bacteria) offering a unique opportunity for
researchers in assessing their role with several diseases such
as dental caries, periodontal disease and oral cancer/ tumors
(Mok et al., 2017).

Growing evidence of periodontal disease suggests its possible
association with several systemic ailments (diabesity, hormonal
vunbalances and other bodily malfunctions etc.) and their
treatment with probiotic therapy is to be studied and explored
(Iluzzi et al., 2014; Kumar et al., 2017) as well, in the near
future. Interestingly, periodontal disease and dental caries affect
a large portion of society, thereby, becoming a serious health
concern globally, therefore certain alternative therapies may
be required to confer satisfactory results without consistent
potential risks to the subject (Meurman and Stamatova, 2007).

Some common oral ailments viz. dental caries (tooth
decay) and periodontal (gum) diseases (Wade, 2013) are
of great concern nowadays. Indeed, certain variation in oral
microflora can easily attract pathogenic organisms which
can lead to different oral health problems such as dental
caries, periodontitis and halitosis. Currently the evidence for
periodontitis is less strong than dental caries, and the use of
probiotics appears to be an effective method for managing the
oral microflora (Banas and Popp, 2013). Many studies have
shown that they can reduce oral levels of the cariogenic species
like Streptococcus mutans (Anil and Monisha, 2012; Bizzini et
al., 2012).

Nowadays, Antibiotics are primarily used for the treatment of
oral diseases and other alternative treatments include the use of
plant-derived compounds (such as in Ayurveda), antimicrobial
peptides, and of course with beneficial live microbes (Cotter et
al., 2013), i.e. probiotics. Therefore, the challenge for medical
practitioners and scientists around the world is to manage
problems related to dental disease by exploring some natural
effective and easy alternative approaches. Recently, beneficial
microbes present in the GIT, oral cavity, vaginal areas
remained an area of interest in research and pharmaceutical
sector. However, the use of probiotics, either in the form of
powder or paste, as such or combined with other compounds,
for management of dental disease and disorders is gaining
importance, but it is yet to be fully explored to combat oral
diseases like dental caries, periodontal diseases, and halitosis
(Amiié et al., 2016).

Ever since the oral infections occupied the prime space
affecting the human being, studies focusing on the role
of probiotic importance in oral care were conducted
thoroughly. Strains of the genera Lactobacillus and
Bifidobacterium are the most widely acknowledged strains
for oral treatments and are advantageous in response to
consistent and adequate intake for building a healthy oral
environment (Haukioja et al., 2006; Majstorovic et al.,
2013) of the host.

PROBIOTIC FORMULATION FOR ORAL HEALTH
MANAGEMENT

For maintaining oral health and curing dental diseases the
role of probiotics is distinguished, and in the recent times
these are being used as oral replacement therapy i.e. adhering
to dental tissues as biofilms and/or plaque and competing
with the cariogenic and periodontal pathogens (Bizzini et al.,
2012) thereby, avoiding dental caries, gingivitis and improving
overall oral health. A remarkable advantage of probiotics is
the ease of administration in the oral cavity, as, probiotics can
be easily given as live cultures orally (Seminario-Amez et al.,
2017). Some advantages of their use orally are as follows:

e A natural treatment with lesser and/or no side effects.
e Combat with the oral pathogens instantly.

e Maintain healthy teeth and gums.

e Reduce inflammation of the oral cavity.

A novel oral probiotic should have adherence and colonizing
properties (both in hard and soft surfaces) in the oral cavity.
The mechanisms of probiotic action in the oral cavity is almost
the same as for gut (Paineau et al., 2008) such as:

e In modulation of immune responses and metabolic
effects.
e  Standardization of the gut and/or oral microflora.

Dental caries, a bacterial disease occurs by the acid
demineralization of the tooth enamel and for preventing it,
a probiotic must form dental biofilms and thereby, inhibit
harmful microbes. The oral microflora consists of organized
biofilms with diverse and multispecies microbial communities
(Marsh and Zaura, 2017) within it. Very few reports are there
focussing on the role of probiotics in curing periodontal
diseases, and hence resulting in a poor understanding of the
precise ecology and mechanisms involved in its treatment. Klais
et al., 2005 studied the effect of Lactobacillus brevis on chronic
periodontitis, and concluded to the improvement in targeted
clinical parameters (plaque index, gingival index, bleeding) for
all patients, resulting in significant reduction in salivary levels of
prostaglandins and in suppression of periodontal pathogens by
oral probiotics (Shimauchi et al., 2008). One of the beneficial
effects of L. brevis could be attributed to its capability to
prevent nitric oxide production (Riccia et al., 2007). Clinical
studies on probiotics and their role in preventing halitosis
were also reported. Mainly, anaerobes act on salivary and food
proteins and produce volatile sulphur compounds in the oral
cavity resulting in the onset of halitosis and as per studies
conducted by Stamatova and Meurman, 2009, the strain of
Streptococcus salivarius is considered as a commensal probiotic
due to its presence in non-halitosis patients. Kang et al., 2006,
studied about the various strains of Weissella cibaria producing
hydrogen peroxide that is acting as an inhibitor against volatile
sulphur compounds produced by Fusobacterium nucleatum
and hence, concluded that gargling with a solution comprising
W, cibaria can lead to net reduction in the production of
hydrogen sulphide and methane thiol, while, preventing the



bad breath (Scully and Greenman, 2008). Various methods
for probiotic administration in improving oral and/or dental
health were studied (Table 1) e.g. Nise et al., 2001, used
Lactobacillus rhamnosus GG in milk that reduced counts of S.
mutans in saliva. Krasse et al., 2005, used Lactobacillus reuteri
in chewing gum that reduced the plaque index and other oral
diseases.
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against Actinomyces naeslundii. Krasse et al., (2005) studied
the effect of L. reuteri on gingivitis. L. reuteri has been
reported to reduce the number of periodontal pathogens in
the subgingival microflora of patients with gingivitis and also,
managed candida infections in the oral cavity by modulating
the oral microflora with probiotic bacteria (Iniesta et al., 2012;
Mallikarjuna et al., 2016; Jorgensen et al., 2017).

TABLE 1. Status and effects of commonly used Probiotic bacteria on Oral health management

Probiotics

Effect on Oral Health

References

Lactobacillus acidophilus | and Streptococcus salivarius

Lactobacillus paracasei | Improved inhibitory effect on oral pathogens such as Candida albicans

Amizié et al., 2016

Lactobacillus gasseri

Lactobacillus fermentum

Periodontal pathogens are suppressed effectively

Klais ez al., 2005

L. reuteri

inhibited.

Periodontal disease and dental caries causing pathogens were significantly

Baca-Castafén et al., 2015

L. Rhamnosus Improved oral health of children’s.

Nise ez al., 2001

Studies have also been done on probiotics promoting oral
health and inhibiting cariogenic species such as S. mutans
and thereby, stopping the production of volatile sulphur
compounds to prevent halitosis (Cai et al., 2016). In addition,
lactobacillus administration has been reported to cure gingivitis
and gum bleeding (Krasse et al., 2005). Thus, there is a need
to explore beneficial probiotics that can be analyzed with safe
storage conditions and used for maintaining daily microflora
balance while used in the form of tooth powder/paste or any
other medium fit for oral intake.

The oral cavity in adults harbors numerous bacterial species,
with the healthy subject having distinctive, predominant
microflora that is highly diverse and site specific (Aas et al.,
2005). Studies focussing on oral microflora are needed and
therefore, new hypothesis is proposed, where the aim is to
maintain a healthy balance ratio in the oral cavity between
probiotics and pathogenic bacteria (Laleman et al., 2014;
Laleman and Teughels, 2015).

In oral health, important mechanisms of probiotics include
the capability to adhere and persist on the oral mucosa and
teeth surface. Probiotic lactobacilli have shown different
degrees of adhesion to saliva-coated hydroxyapatite surfaces
under in-vitro studies, and it seems that L. rhamnosus strains
can adhere better than L. reuteri or L. delbrueckii subsp.
bulgaricus strains to saliva-coated hydroxyapatite (Haukioja
et al., 2006). Probiotics develop biofilms, as demonstrated
for example with L. rhamnosus GG and L. reuteri (Lebeer et
al., 2009). Early in vitro studies demonstrated that lactobacilli
possess antimicrobial activities against periodontol pathogens
including Actinomyces, Porphyromonas gingivalis and Prevotella
Intermedia (Sookkhee et al., 2001; Simark-Mattsson et al.,
2007). Baca-Castanén et al., (2015) tested the antimicrobial
activity of L. reuteri on pathogenic bacteria involved in the
formation of dental caries and periodontal disease and
confirmed its inhibitory effect against S. mutans, followed by
Tannerella forsythia and Streprococcus gordonii, and minutely

In a recent study, L. reuteri did not significantly affect the
plaque accumulation, inflammatory reactions and biofilm
composition during experimental gingivitis studies (Hallstrom
etal., 2013). In subjects with periodontitis, significantly higher
adherence in biofilms, reduced plaque index and bleeding and
decreased number of P gingivalis have been observed after L.
reuteri consumption (Teughels et al. 2013). The consumption
of L. reuteri containing lozenges combined with scaling and
root planning provided a better clinical improvement when
compared to placebo lozenges combined with scaling and root
planning in chronic periodontitis patients (Ince et al., 2015).
Existing evidence suggests that probiotic health effects are
strain specific and the most common probiotic bacteria are
used in the preparation of yogurts, juices, and tablets. The
primary target for probiotics is the GIT, but when used orally,
also the mouth is exposed to them. Furthermore, the effects of
probiotics on oral health have being studied extensively at the
moment and new studies are published at an increasing rate.
To be effective in the mouth the probiotic microbes should
have the following properties:

e Resist the oral environmental conditions and defense
mechanisms.
Should be able to adhere to saliva-coated surfaces.
Easily colonize and grow in the mouth.
Inhibit oral pathogens.
Should be safe to the host.

The use of probiotic bacteria is ‘generally regarded as safe’
(GRAS) by the United States Food and Drug Administration
(FDA), which is mainly focused on understanding the role
of probiotics and their mechanism in GIT. Consequently, to
strengthen the above characteristic consistent clinical evidence
will be needed . This is especially expected at the basic
science level where probiotics interaction with dental disease-
causing microbes are to be explored and used with canonical
pharmaceutical approaches.
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Commercial probiotic formulations for oral health

In the global market, some probiotic formulations are
available to prevent the formation of dental plaque and
promoting the health of the gums, teeth and better breath
(listed in Table 2). In addition to the above products,
numerous probiotic formulations are present in the market
claiming good oral health and still more products must be in
pipeline as this area of research wishes further investigations
in the near future.
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TABLE 2. Marketed probiotic formulations claiming improved oral health

Name of Formulation Description

1) Nature Wise, Time Release Claims to help in inhibiting certain harmful bacteria responsible for bad breath, tooth

Probiotics, Oral Health, Fresh Mint | decay, sore throat, and other upper respiratory infections. BLIS K12 and BLIS M18
Flavour, Chewable Tablets strains help in preventing the formation of dental plaque and significantly boost ear,

nose, and throat immune defenses (www.iherb.com).

Claims to target bad breath and it contains top oral probiotic Strains i.e. S. salivarius

K12, S. salivarius M18, L. reuteri and L. paracasei) combating the indiscriminate effects
2). Hyperbiotics - Pro-Dental Probiotic
Natural Mint

of antibacterial. These strains reside on the tongue, tonsils, and ear, nose and throat area
so chewing them is the perfect delivery method combating bad breath and promote

healthy teeth, gums, ears, throat, and sinuses (www.iherb.com).

A food supplement, containing the patented lactic acid bacterium i.e. L. reuteri DSM
17938 and L. reuteri ATCC PTA 5289) that claims to promotes good microbes to
restore a natural balance in the oral cavity (www.biogaia.com).

Consisting two probiotic strains L. brevis CECT 7480 and L. plantarum CECT 7481,

and, claiming to promote the health of the gums, teeth, and better breath. These

3) Sunstar Gum PerioBalance

4) Jarrow Formulas - Jarro-Dophilus
Oral Probiotic Peppermint - 30

Lozenges documented strains help promote and maintain beneficial oral microflora for improving

the oral health (www.luckyvitamin.com).

CONCLUSION AND FUTURE PROSPECTS

During the last few decades, there has been an increase in
exploring oral probiotics and hence, the present article focussed
on the available oral probiotic strains and their use in improving
and managing the oral health. Furthermore, nowadays we have
certain probiotic formulations and/or products in the market
that claims in the improvement of oral health. Still, systematic
studies and randomized control trials are required to screen for
novel probiotic strains and improved oral delivery.

Also, due to their impact on oral microflora and immune
responses, the application of oral probiotic in various
formulations not for combating dental diseases but also as a
potential preventive intervention requires more information.
Regarding this latter point, it is worth mentioning the growing
interest in applying new generation sequencing (NGS) analysis
of oral microbiota in view to detect subclinical pathological
conditions amenable to be targeted probiotic treatment.
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