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ABSTRACT

Probiotics are living bacteria that can benefit our health. They may reduce the overgrowth of
pathogens and are used in the form of food and food supplements. Probiotics which is being
commonly used for the management of intestinal tract problems has recently been used to promote
oral health. The concept of administering beneficial bacteria with a view to replace harmful microbes
by useful ones is revived by probiotic concept. In oral cavity probiotics form a biofilm that is protective
against oral diseases. Probiotics can compete for adhesion sites as well as for nutrients and growth
factors with cariogenic, halithogenic, fungal and periodontal pathogens thereby inhibiting their
growth. Thus they may be useful in preventing and treating various oral diseases. Probiotics with gene
therapy are capable of yielding amazing success in intercepting and treating diseases. A literature
search in Pub-Med, Google scholar, EBSCO HOST, SciELO, ScienceDirect database was done for English
articles, using the following search terms: “probiotics” ,“oral health”, “dentistry”; no restrictions were
used for publication dates. Aim of this article is to provide an insight about probiotics and their
applications in dentistry.
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OZET

Probiyotikler, saghga yararli olabilen yasayan bakterilerdir. Patojenlerin asir bilyiimesini azaltabilir ve
besin veya besin destegi seklinde kullanilabilir. Yaygin olarak intestinal sistem problemlerinin
diizeltilmesi icin kullanilan probiyotikler oral saghgin desteklenmesi icin son zamanlarda
kullamilmaktadir. Zararli bakterilerin yerine yararli bakterilerin tathik edilmesi konsepti ile probiyotik
konsepti canlandi. Agiz boslugundaki probiyotik formlarinin olusturdugu biyofilm oral hastaliklara
karsi koruyucu olabilir. Probiyotikler kariyojenik, halitojenik, fungal ve periodontal patojenler icin
adezyon bolgeleri olusturmasi sebebiyle biiyimelerini inhibe ederler. Cesitli oral hastaliklarin
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onlenmesi ve tedavisinde kullanigh olabilirler. Probiyotiklerle gen terapisi hastaliklarin durdurulmasi
ve tehlikesinin onlenmesi i¢in inanilmaz bir basar potansiyeline sahiptir. Pub-Med, Google Akademik,
EBSCO HOST, SciELO, ScienceDirect veritabanlarinda ingilizce makale taramasi su terimler kullanilarak
yapildi ve yayinlanma tarihine gére zaman kisitlamasi yapilmadi: “probiyotik”, “Agiz saghg”, “dis

vy

hekimligi”. Bu makalenin amaci dis hekimliginde probiyotikler ve uygulamalan hakkinda bir yeni bir
bakis agisi saglamasidir.
Anahtar kelimeler:Probiyotik, oral saglik, dis iiriikleri, periodontal hastaliklar, halitoz.

Introduction

The term Probiotic, meaning “for life,” is derived from Greek language and was first used by
Lilly and Stillwell in 1965 to describe substances secreted by one microorganism which
stimulates the growth of another'. In first decade of 1900 Ukrainian bacteriologist Elie
Metchnikoff regarded as the originator of concept of probiotics claimed that longevity of some
populations in Bulgaria, Turkey and Armenia was due to regular consumption of fermented
milk products rich in live lactic acid bacteria which may neutralize deleterious effects of qut
pathogens, thus extending life span. He discovered Lactobacillus bulgaricus and showed that
cholera could be prevented by the presence of antagonistic organisms in the intestine. Mann
and Spooering in 1974 discovered that the fermented yogurt reduced blood serum
cholesterol. In 1984 Hull identified the first probiotic species, the Lactobacillus acidophilus.
Later in 1991, Holcombh identified Bifidobacterium bifidum. World Health Organization (WHO)
in 1994 described probiotics as the next most important in immune defense system following
antibiotic resistance. These incidences paved way for a new concept of probiotics in medicine
and dentistry””. The aim of this article is to provide an insight about probiotics in general and
their various applications in dentistry.

Probiotics and Their Importance

Probiotics have been used to improve gastrointestinal health and their popularity has
prompted interest for their role in promotion of oral health. Intestinal infections caused by
Escherichia coli, Campylobacter fetus subsp. jejuni, Clostridium perfringens and C. botulinum has
been found to be reduced by Lactobacillus supplements. The Lactobacillus has shown
promising results and Bifidobacterium longum has been successfully used to reduce the after-
effects of antibiotic therapy®”.
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Oral infections are more common disease affecting mankind. A healthy mouth is habituated
by huge number of microorganisms that live in harmony with the host so as to maintain good
oral health. Kazor & team in 2003 reported that there are more than 600 species that
colonize the oral cavity. When pathogenic microorganisms predominate, disease ensures.
Replacing the pathogenic bacteria with healthy bacteria is a novel idea. With the emergence
of multiresistant strains, antibiotic resistance has become a booming problem that has led
scientists to develop novel means for fighting infectious diseases. There has been a major shift
of treatment from speific bacterial elimination to altering bacterial ecology by probiotics".
Mouth is the mirror of systemic health. So improving the oral health through probiotics can
have significant improvement in systemic health. Normalization of oral microbiota is
supported by the ecological plaque hypothesis which suggests that selective pressure in
environmental conditions can change the balance between oral health and disease. As there
are bacterial species associated with oral diseases, there are also species that seem to be
associated with oral health. Such friendly bacteria can be used as probiotics to normalize oral
microbiota® ",

Definition

WHO defined probiotics as live microorganisms which when administered in adequate
amounts in food or as dietary supplement confer a health benefit on the host'. Probiotics act
by inhibiting or reducing the number of pathogenic microorganisms and can have favourable
impact on host health.

Probiotics can be bacteria, molds or yeast. However, most probiotics are bacteria and lactic
acid bacteria are more popular”. Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus
lactis, Lactobacillus helviticus, Lactobacillus salivarius, Lactobacillus plantarum, Lactobacillus
bulgaricus, Lactobacillus rhamnosus, Lactobacillus johnsonii, Lactobacillus reuteri,
Lactobacillus  fermentum, Lactobacillus  del-brueckii, Streptococcus thermophilus,
Enterococcus faecium, Enterococcus faecalis, Bifidobacterium breve, B. bifidum, B. longum,
and Saccharomyces boulardii are commonly used probiotics. A probiotic may be made out of a
single bacterial strain or it may be a consortium as well'®,
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Prebiotic and Synbiotic

Probiotics should not be confused with prebiotic. The term prebiotic was introduced by Gibson
and Roberfroid" who exchanged “pro” for “pre” which means “before” or “for”. Prebiotics are
“non-digestible food ingredient that beneficially affects the host by selectively stimulating the
growth and/or activity of one or a limited number of beneficial bacteria in the colon. They are
short-length  carbohydrates, such as fructooligosaccharides, gluco oligosaccharides,
galctosaccharides and inulin that resist digestion. They are fermented in the colon to produce
short-chain fatty acids, such as acetate, butyrate, and propionate and also have positive
effects on colonic cell growth and stability™.

The term synbiotic is used when a product contains both probiotics and prebiotics. It includes
both the live cells of the beneficial bacteria and the selective substrate™.

Probiotic Bacteria for Oral Health

To be able to exert its properties in the oral cavity, it is essential for probiotic organism to
resist the oral environmental conditions and defense mechanisms, to be able to adhere to
saliva coated surfaces, to colonize and grow in the mouth and to inhibit oral pathogens.
Generally, there is scarce evidence that probiotics permanently resides in the human body and
in the mouth, in particular'.

Oral probiotics are those bacteria that are intended to work in the mouth to alter the oral
biofilm to be more healthful. A basic prerequisite to be an oral probiotics is the ability to bond
and inhabitant over the oral mucosal surfaces.

Some of the oral probiotic strains are”.

1. lacticacid producing bacteria (LAB)- Lactobacillus, Bifidobacterium, Streptococcus
2. Non Lactic acid producing bacterial species- Bacillus, propionibacterium

3. Non pathogenic yeasts- Saccharomyces

4. Non spore forming and non flagellated rod or coccobacilli

The most commonly used strains belong to the genera Lactobacillus and Bifidobacterium™,
genera that are commonly found in the oral cavity. Researchers have proved that lactobacilli
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strains maintain oro microbiological balance®. The lactobacilli show good survival in saliva
and Weissella cibaria adheres to epithelial cells. Evidence indicates that these probiotics
consumed in food products can colonize the oral cavity”.

Lactobacillus rhamnosus GG, ATCC 53103 originally isolated from the human intestinal flora
produces a growth inhibitory substance against Streptococcus sobrinus and it has been
proposed to reduce the risk for caries'. A lactic acid bacterium has been shown to increase
folic acid content of yogurt, buttermilk and kefir and to increase niacin and riboflavin levels in
yogurt, vitamin B12 and vitamin B6 in cheese™. Streptococccus salivarius strains are early
colonizers of oral surfaces and are amongst the most numerically predominant members of
the tongue microbiota of healthy individuals without halitosis”. Other strains may include L.
casei Shirota, L. paracasei, Escherichia coli”®*'. Dello vibrio bacteriovorous is a newer probiotic
strain introduced few years back. These bacteria are generally regarded as safe (GRAS)
because they can reside in the human body causing no harm and, on the other hand, are also
important for promoting health'". They play a crucial role in halting, altering, or delaying oral
diseases.

The Lactobacillus species help in production of enzymes to digest and metabolize proteins and
carbohydrates”. Lactic acid bacteria can produce different antimicrobial components such as
organic acids, hydrogen peroxide, carbon peroxide, diacetyl, low molecular weight
antimicrobial substances, bacteriocins, and adhesion inhibitors, which also affect oral
microflora’. They aid in synthesis of vitamin B and vitamin K and facilitates break down of bile
salts. They enhance innate and acquired immunity as well as help in inhibition of
proinflammatory mediators””. They are helpful in infections and cancers due to their
immune stimulatory properties. They inhibit pathogenic microorganisms in biofilm, are
cariostatic, prevent candidal colonization, act as antioxidants and protect oral tissues from
diseases™. Long term consumption of milk can cause a significant decrease in caries risk®.
Lactic acid bacteria are harmful to dental tissues because of acids they generate. But when
these bacteria are consumed with milk which has good buffering capacity and calcium
content, acidity is minimized together with protection of tooth surface”. Lactococcus lactis
and Streptococcus thermophilus was shown to be able to modulate the growth of the oral
bacteria, and in particular to diminish the colonization of Streptococcus oralis, Veillonella
dispar, Actinomyces naeslundii and of the cariogenic Strep. Sobrinus™>. L. rhamnosus does
not ferment sucrose and is safer for teeth. It has the ability to lower the counts of S.mutans™.
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Bifidobacterium species is anaerobic and is present mostly in large intestine. They are among
the first anaerobes in the oral cavity’'. Benefits of these species include metabolization of
lactose, generate lactic ions from lactic acid, synthesize vitamins, ferment indigestible
carbohydrates, produce short chain fatty acids, reduce antibiotic associated diarrhea,
traveller’s diarrhea, relieve constipation, alleviate inflammatory bowel disease and prevent
DNA damage. They may also prevent the onset of cancers. Bifidobacterium species reduce

gingival and periodontal inflammation'®".

Streptococcus thermophillus and L. bulgaricus are primary cultures used in yoghurt

production. Benefits of these species are to metabolize lactose, improve lactose intolerance

and antimicrobial activity"” .

Saccharomyces boulardii: it is a non colonizing lactic acid producing yeast. It prevents
antibiotic associated diarrhea, Clostridium difficle associated disorders, acute diarrhea,
traveller’s diarrhea, AIDS related diarrhea, and to prevent relapse of Crohn’s disease. Most of
the beneficial species enhance vitamin production and reduce serum cholesterol level and
have anticarcinogenic activity. It helps in immune function enhancement, secretes proteases
and other substances that breakdown bacterial enterotoxins and inhibits their binding to
intestinal receptors™.

Mechanism of Action
In oral health, possible mechanisms may be™

1. Production of antimicrobial substances such as Organic acids, Hydrogen peroxide and
Bacteriocins. Some produce lactase.

2. Bindingin Oral Cavity
a) Compete with pathogens for adhesion sites

b) Involvement in metabolism of substrates (competing with oral micro organisms for
substrates available) as well as for available nutrients and growth factors.

3. Immuno modulatory
¢ Stimulate non specificimmunity

d) Modulate humoral and cellularimmune response
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e) Effect on local immunity

4. Modify oral conditions

f)  Modulating pH

g) Modification of oxidation reduction potential
h)  Regulation of mucosal permeability

i) Selection pressure on developing oral microflora towards colonization by less pathogenic
species.

Probiotics act on dental plaque formation, its complex ecosystem and are involved in binding
of oral microorganisms to proteins. They stimulate macrophages, produce cytokines, escalate
natural killer cell and raise the levels of immunoglobulins™. The increase in the number of
Immunoglobulin A producing cells is the most remarkable property induced by probiotic
organisms and also by fermented milk yogurt”. Other mechanism may include mucin
production, down regulation of inflammatory responses®, defensin production, inhibit
pathogen induced production of pro-inflammatory cytokines, inhibiting collagenases,
decreasing Matrix Metalloproteinase (MMP) production, induction of expression of
cytoprotective proteins on host cell surfaces, etc. Since mouth represents the first part of the
gastrointestinal tract, at least some probiotic mechanisms may also play a role in this part of
the system and also they can be introduced here at much higher concentration with minimum
loss in number'™ ¥ Probiotics inhibit pathogens but do not inhibit friendly bacteria. Studies
have shown that once the pathogenic organisms are replaced the reintroduction of the
pathogen does not occur easily®.

Probiotic Sources

Probiotics are available to consumers mainly in the form of dietary supplements and foods.
Yogurt and other fermented foods, soybeans, asparagus are the main sources of naturally
occurring probiotic bacteria in the diet and are considered as ideal vehicles. The fresher the
yogurt, the more viable bacteria it contains. These dairy sources of probiotics are rich in
calcium and thus may prevent demineralization of teeth. Other carriers for probiotics may
include kombucha, miso, kefir, biodrink etc.

Probiotics are provided in products in one of the five basic ways™*".
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1. Aculture concentrate added to a beverage or food (such as a fruit juice).
2. Inoculated into prebiotic fibers.

3. Inoculants into a milk-based food (dairy products such as milk, milk drink, yoghurt,
cheese).

4. As concentrated and dried cells packaged as dietary supplements (non-dairy products)
such as powder, capsule, gelatin tablets

5. They can also be supplied as mouth washes, lozenges, chewing gums, tooth pastes and
straws.

In India, Sporlac, Saccharomyces boulardii and yoghurt are commonly used. Lactobacilli
solution is an example of probiotic given to pediatric patients. The recent one is genetically
modified Bacillus mesentricus which acts as an alternative to B-Complex capsules. Only
sporulating lactobacilli are used with some of the antibiotic preparations. “BION”
commercially available in Indian market (combination of pro- and pre-biotic) has 0.48 billion
spores of Lactobacillus bifidum, Streptococcus thermophilus, and 0.10 billion spores of
Saccharomyces boulardi along with 300 mg of fructo-oligosaccharides, is prescribed as single
dose daily before meals in the morning™""”.

Swallowing a tablet won't do as much for the oral ecology as letting it dissolve in the mouth.
Probiotics are administered in different quantities that allow for colonization. Permanent and
daily consumption of probiotics has been recommended for optimal results. The probable
benefits increase with an early childhood use. Maternal use of some probiotic strains seems to
influence the composition of breast milk’™*. However, caution should be exercised in the
administration of probiotics in children because their oral microflora is not been established
yet. Current evidence indicates that probiotic effects are strain-specific; therefore, a beneficial
effect attributed to one strain cannot be assumed to be provided by another strain, even when
it belongs to the same species. A combination of strains can enhance effects in a synergistic
manner'’.

Criteria for Selection of Probiotics

Fuller in 1989 listed the features of good probiotic. An ideal probiotic must have following

properties’**:-
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1. Nontoxic and non pathogenic preparation.
2. Produce beneficial effects to host.

3. Should withstand gastrointestinal juices and be capable of surviving and metabolizing in
gut environment.

Should have good shelf life.
Should replace and reinstate the intestinal microflora.
Should be present as viable cells, preferably in large numbers.

an effector strain should possess a high degree of genetic stability'.

e N o s

They should be of human origin”.

Therapeutic Actions of Probiotics

Probiotics have multiple areas of action (Table 1). The areas of their medical therapeutics
include heart diseases, allergic reaction, irritable bowel syndrome, reduction of liver toxicities,
hypertension, urogenital health, respiratory tract infections, infections with Helicobacter
pylori, optimize effects of vaccines, et **>,

Probiotics Applications in Dentistry

Dental Caries

To limit or prevent dental caries a probiotic must adhere to dental surfaces and integrate into
the bacteria that make up the dental biofilm, compete with and antagonize cariogenic
bacteria to prevent their proliferation, and produce little acid in the metabolism of food-grade
sugars”. Inclusion of Lactobacillus rhamnosus GG and L. rhamnosus LC 705 in milk or processed
cheese lowers salivary counts of S. mutans and reduces the incidence of dental caries in
children”.  Lactobacillus reuteri as probiotic in fluid or tablet form, chewing qum® or
lozenge®™*, or as administered in yoghurt" has been found to decrease S mutans level in
saliva. L. reuteri secretes two bacteriocins, reuterin and reutericyclin, that inhibits the growth
of a wide variety of pathogens. It also has strong capacity to adhere to host tissues and has
anti inflammatory effects”. Ice creams containing Bifidobacterium Lactis Bb-12 showed a
significant growth inhibitory effect against S. mutans™*. Bifidobacterium DN-173 010,
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ingested once daily with yogurt demonstrated a significant reduction of salivary S. mutans®.
Effects of lactic strains used as probiotics in oral cavity were evaluated by Comelli et al*.
Lactobacillus paracasei and Lactobacillus plantarum also interfere with mutans streptococci®.
Plidenta Pro-t-action toothpaste is the first toothpaste in the world to contain probiotic
(Lactobacillus paracasei) which co-aggregates mutans Streptococci and thus reduces caries-
causing bacteria in the mouth”.

Table 1- Areas of probiotic actions

Medical

Dentistry

Nutrition and Food sciences

Immunology

Oncology

Agriculture- to restore soil fertility

Animal and poultry industry- to prevent diseased food

Veterinary practice-infections, food allergies, Gastrointestinal diseases, Horses in
competition,etc

IN[onjLn|BlWIN|[—

Urease enzymes of oral bacteria hydrolyze urea to ammonia which neutralizes plaque acids.
Urease activity appears to influence plaque biochemistry and metabolism in a manner that
reduces cariogenicity, suggesting that recombinant, ureolytic bacteria may be useful to
promote dental health”. These recombinant microorganisms will reside in dental plaque, and
the ammonia produced from salivary and dietary substrates (urea and arginine) will prevent
the colonization of cariogenic bacteria and ensure internal pH homeostasis. As long as this
effector strain persists as a resident of the indigenous flora, the host is protected®.
Lactobacillus, streptococci and bifidobacterium species, are genetically designed to have
greater adhesion and hence competitively inhibit 5. mutans®.

Probiotic milk powder containing L. paracasei SD1 was found to reduce mutans streptococci
counts and apparently able to colonize the oral cavity of the orthodontically treated cleft lip
and palate patients and it could be detected up to 4 weeks following cessation of dosing®. L.
casei ATCC 11578 has been shown to affect the adherence of the streptococci to saliva-coated
hydroxyapatite (HA), by slightly inhibiting the adherence of S. mutans and it could even
release the already bound streptococci from the HA”',
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S. mutans strain BCS3-L1 is a genetically modified effector strain designed for use in
replacement therapy to prevent dental caries. Recombinant DNA technology was used to
delete the gene encoding lactate dehydrogenase in BCS3-L1 making it unable to produce
lactic acid. This effector strain was also designed to produce elevated amounts of a novel
peptide antibiotic called mutacin 1140 that gives it a strong selective advantage over most

other strains of S. mutans®'®.

Genetically modified probiotics with enhanced properties can be developed (“designer
probiotics”). For example, a recombinant strain of Lactobacillus that expressed antibodies
targeting one of the major adhesions of S. mutans (antigen I/1l) was able to reduce both the
viable counts of S. mutans and the caries score in a rat model™.

ProBiora3 mouth wash is a probiotic containing three GRAS probiotics; Streptococcus rattus
JH145, Streptococcus oralis KJ3, and Streptococcus uberis KJ2. These low-acid—producing oral
inhabitants quickly colonize the oral cavity to inhibit the growth of pathogenic streptococci
strains. Streptococcus oralis KJ3 produces hydrogen peroxide to inhibit adjacent pathogenic
bacteria by oxygenating the plaque™.

Lactobacillus casei variety rhamnosus (LCR32) contained in Lactyl and Lactobacillus johnsonii
(LA1) contained in Chamyto was found to decrease the colonization of main dental caries
producing bacteria S. mutans. Thus these probiotics could be used as support in the prevention
and prophylaxis in high risk cariogenic patients®.

Halitosis

Bad breath in oral cavity is mainly ascribed to the production of volatile sulfur compounds
(VSC) predominantly by gram negative anaerobes residing in periodontal pockets and on the
dorsal surface of tongue®'. Probiotics are able to breakdown putrescence odors by fixating on
the toxic gases (volatile sulfur compounds) and changing them to gases needed for
metabolism.

A definite inhibitory effect on the production of VSC by Fusobacterium nucleatum was
observed after ingestion of Weissella cibaria both in vitro and in vivo. In children, a marked
reduction in the levels of hydrogen sulphide and methanethiol was registered after gargling
with W. cibaria containing rinse. Hydrogen peroxide and bacteriocins generated by W. cibaria
inhibits proliferation of F.nucleatum.
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Streptococcus salivarius produces bacteriocin salivaricin reducing the number of bacteria
producing VSC including hydrogen sulphide, methyl mercaptan and dimethyl sulphide. Gum
or lozenges containing S. salivarius K12 reduces levels of VSC by inhibiting gram positive
microorganisms in patients with halitosis. S. salivarius K12 secrete powerful antimicrobial
molecules called BLIS: Bacteriocin Like Inhibitory Substances and boosts immune system. It
also decreased Streptococcus mutans count in saliva of orthodontic adolescents and long term
intake prevented sore throat in childrens. Weissella confusa isolates and microorganisms
forming lactic acid also appear to decrease halitosis™?*%***"*¥

Periodontal Disease

A decrease in gum bleeding and reduced gingivitis has been observed with the application of
L. reuteri. Acilact, a probiotic complex of five live lyophilized lactic acid bacteria, has been
claimed to improve both clinical and microbiologic parameters in gingivitis and mild
periodontitis patients'’. Chewing gum containing L. reuteri ATCC55730 and ATCCPTA5289
decreased the levels of pro-inflammatory cytokines TNF-a and IL-8 in GCF®. Probiotic strains
included in periodontal dressings at optimal concentration of 108 CFU/ml diminished the
number of most frequently isolated periodontal pathogens: Bacteroides sp., Actinomyces sp.
and S. intermedius, and also Candida albicans. Inhabitant lactobacilli inhibit P. gingivalis and
Prevotella intermedia™.

In a beagle dog model, subgingival application of Streptococcus sanguinis, Streptococcus
salivarius, and Streptococcus mitis after scaling and root planning, significantly suppressed the
re-colonization of Porphyromona qulae and P. intermedia”*. Tablets containing L. salivarius
WB21 reduced pathogens in subgingival plaque and decreased pocket probing depth and
plaque index in individuals with high risk of periodontal disease such as smokers®.
Lactobacillus brevis demonstrated anti-inflammatory effects in patients with chronic
periodontitis. This when delivered through lozenges and sucked improved plaque index,
gingival index, and bleeding on probing. Anti-inflammmatory effects of L.brevis are attributed
to its capacity to prevent production of nitric oxide and consequently the release of
Prostaglandin E2 and activation of MMPs induced by nitric oxide. Lactobacillus helveticus
produces short peptides that act on osteoblasts and increase their activity in bone formation,
thereby reducing bone resorption associated with periodontitis. Individuals with a regular
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intake of yogurt or beverages containing lactic acid have lower probing depths and less loss of
dinical attachment compared to those who consume few of these products.

In one study the prevalence of lactobacilli, particularly Lactobacillus gasseri and Lactobacillus
fermentum, in the oral cavity was greater among healthy participants than among patients
with chronic periodontitis®. Probiotics decrease pH and ensures that plaque bacteria cannot
form dental plaque and calculus which causes the periodontal disease. Also antioxidants
produced by them prevent plaque formation by neutralizing the free electrons that are
needed for the mineral formation. S. oralis and S. uberis have been reported to inhibit growth
of periopathogens of the Socransky*“s red and green complex both in laboratory and animal
models. In the absence of these bacteria, tissues become more prone to periodontal disease.
Chewing gum “PERIO BALANCE” a combination of two strains of L. reuteri specially selected for
their synergetic properties in fighting cariogenic bacteria and periodontopathogens. Each
dose of lozenge contains at least 2x10° living cells of L. reuteri prodentis. Lozenge has to be
used daily after meal or in the evening after brushing teeth, to allow probiotics to spread and
adhere to various oral surfaces.

Staab B, Eick S, et al found reduction of MMP-3, Elastase activity in 50 students with plaque
induced gingivitis after having probiotic milk drink for 8 weeks containing L. casei species. In
another study by Kang et al. mouth rinse with probiotic W. cibaria (MS1 reduced plaque
scores. Hence, W. cibaria isolates possess the ability to inhibit biofilm formation™. Probiotic
Bacillus Subtilis, reduced attachment loss and alveolar bone loss in rats with ligature induced
periodontitis and also it protected the small intestine from reactive changes induced by LIP*.
Lactobacillus reuteri-containing probiotic lozenges used in chronic periodontitis patients
caused significant pocket depth reduction, attachment gain in moderate and deep pockets
and reduction in Porphyromonas gingivalis®.

Candidiasis

A reduction in the prevalence of Candida Albicans in elderly after consumption of probiotic
cheese containing L. rhamnosus strains GG and L(705 and Propionibacterium freudenreichii ssp.
shermanii JS has been demonstrated. Lactobacilli probiotics inhibits the growth of C. albicans
possibly due to the low pH milieu produced by the lactobacilli. Candida-infected mice fed with
L. acidophilus exhibited accelerated clearance of C. albicans from the mouth. Also Lactobacillus
fermentum appears to be promising. Hasslof P et al (2010) found that two L. plantarum strains
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16,21,26,47,52,53 B

and L. reuteri ATCC 55730 displayed the strongest inhibition on Candida albicans
animalis reduces the incidence and severity of mucosal candidiasis”.

Orthodontics

The presence of fixed orthodontic appliances in the mouth can allow microorganisms to
accumulate, causing enamel demineralization that produces white spot lesions. Studies have
shown that short-term consumption of fruit yogurt containing bifidobacteria alters the levels
of salivary mutans streptotocci and lactobacilli in patients with fixed appliances. In one study
200 g once daily fruit yogurt containing Bifidobacterium animalis subsp lactis N 173010
significantly reduced salivary mutans streptococci counts in two weeks. No effect was
produced on lactobacilli counts™. A study showed that the consumption of probiotic curd
(Active plus) and the topical application of probiotic toothpaste (GD) caused significant
decreases in the S mutans levels in the plaque around the brackets of orthodontic patients®.

Voice Prosthesis

Turkish yogurt containing Streptococcus thermophilus and Lactobacillus bulgaricus effectively
abolished the biofilm formation on indwelling voice prostheses. Patients in Netherlands
consuming buttermilk containing Lactococcus cremoris, Lactococcus lactis spp. which
produces antimycotics and other substances prolonged the lifetime of indwelling voice
prostheses. Lactobacilli have long been known for their capacity to interfere with the
adhesion of uropathogens to epithelial cells and catheter materials, while S. thermophilus can
effectively compete with yeasts in their adhesion to substratum surfaces, like silicone

rubber',

Xerostomia

Evidence suggests that probiotics can also efficiently lessen the risk xerostomia®.
HIV

Probiotic bacteria may slow down AIDS progression. Studies of Lin Tao and his colleagues
showed that Lactobacillus strains produce proteins capable of binding Mannose found on HIV
envelope. The binding of sugar enables the bacteria to stick to the mucosal lining of the
mouth and digestive tract forming colonization. One strain secreted abundant mannose
binding protein particles into its surroundings, neutralizing HIV by binding to its sugar
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coating. They also observed that immune cells trapped by lactobacilli formed a clump. This
would immobilize any human cells harboring HIV and prevent them from infecting other
cells”. Lactobacilli given at high concentrations is viricidal for HIV-1 and there is inverse
association between vaginal Lactobacilli and HIV seroconversion”.

Cancer

Probiotics represent an emerging option for cancer prevention. Probiotics can interfere at
various stages of cancer process such as interfering with chromosomal and DNA damage".
They may also detoxify carcinogens such as B-glucuronidase, for example Lactobacillus
Bulgaricus and Streptococcus thermophilus in colon preventing colon cancers™”. In a recent
study probiotic Lactobacillus salivarius REN isolated from centralians showed highly potent
anti-genotoxicity in rat oral cancer models in an initial assay. High dose of L. salivarius REN
effectively suppressed 4NQO-induced oral carcinogenesis in initial and post-initial stage and
the inhibition was in a dose-dependent manner. It also decreased neoplasm incidence (65%
to 0%). Probiotic acts by protecting DNA against oxidative damage and down regulating
(yclooxygenase (COX)-2 expressions. It also significantly decreased the expression of
proliferating cell nuclear antigen (PCNA), and induced apoptosis in a dose-dependent
manner. The findings of this study suggest that probiotics may act as potential agents for oral
cancer prevention®.

Miscellaneous

Few strains of lactic acid bacteria, such as S. thermophilus, L. bulgaricus and other lactobacilli
in fermented milk products, can alleviate symptoms of lactose intolerance by providing
bacterial lactase to the intestine and stomach and favouring calcium absorption, thus
minimizing osteoporosis'***. Studies have indicated a decrease in the numbers of
lactobacilli, preceding the development of an allergy. Probiotics have been shown to reduce
the incidence of childhood eczema by half. They may exert a beneficial effect on allergic
reaction by improving mucosal barrier function. In addition, probiotics consumption by young
children may beneficially affect immune system development. Probiotics such as Lactobacillus
GG may be helpful in alleviating some of the symptoms of food allergies such as those

associated with milk protein®*,
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Probiotic Augmentation with Gene Therapy

Gene therapy can be used to manipulate the gene components of potential probiotics strains
which currently can't be used because of possible undesired effects. Its main thrush is not only
on reducing the harmful properties of pathogenic strains naturally colonizing the oral cavity,
but also to enhance the properties of a potentially beneficial strain’’. In field of oral
immunology, probiotics are being used as passive local immunization vehicles against dental
caries. Bacteriophages have been detected in oral pathogens, such as Actinobacillus
actinomycetemcomitans, and they may play a role in the pathogenicity. Phage therapy must
be studied for oral and dental diseases in the same way as has been attempted for systemic
infections™.

Several mutated strains of S. mutans that lack the machinery to efficiently meatbolize
fermentable carbohydrates to organic acids have been developed. One example is S. mutans
with a glucosyltransferase C (gtfC) gene mutation. The introduction of mutated gtfC gene
affects the ability of S. mutans to produce extracellular glucans resulting in decrease of
extracellular matrix component of mixed oral biofilms®.

Probiotics and Future

Any probiotic bacterial strain must be fully characterized and undergo in vitro and in vivo
studies demonstrating its mechanism of action and potential side effects. Spectrum of
resistance to antibiotics, metabolic and hemolytic activities, ability to produce toxins,
infectious power in immunosuppressed animal models, and side effects in human subjects
should be investigated.

Efficient methods of probiotic administration in oral cavity, their dosages for different
optimum therapeutic uses, their actions on various pathogens in the oral cavity and also on
the safety of use of these in various pathological conditions should be determined.

Advances in biomedical engineering will help in developing systems that deliver probiotics to
the host. This includes encapsulating probiotics, such that they rehydrate at specific sites, and
encasing prebiotics in nano-aggregates that protect against adverse body environments.
(apsules with biosensor coat in future may detect optimal conditions for the release of
probiotic contents. Molecular, nano, biochemical, microbiological and engineering sciences
hold the key to future advances in the dlinical applications of probiotic products”.
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Precautions and Contraindications

Side effects of probiotics tend to be mild and digestive (such as gas or bloating). They possibly
can cause unhealthy metabolic activities, too much stimulation of the immune system, or
gene transfer.”® Uncertainty about specificity of probiotics effects is a cause of concern’. There
always remains the possibility that probiotic consumption can cause infection and that
individuals will respond in different ways to a specific strain’.

Probiotics might cause infections in critically ill or severely immunocompromised patients.
Lactobacillus strains have been reported to cause bacteremia in patients with short-bowel
syndrome. Fungemia has been reported when Saccharomyces capsules were opened and
administered in patients with central venous catheters. Lactobacillus preparations are
contraindicated in persons with a hypersensitivity to lactose or milk. S. boulardii is
contraindicated in patients with a yeast allergy™. Lactobacillus endocarditis was reported after
dental treatment in a patient taking L. rhamnosus®. Liver abscess was reported in an
individual on L. rhamnosus GG. Stimulation of immune system by probiotics showed
degradation in autoimmune diseases, and transferred antibiotic resistance to pathogens. The
mode and time of the administration as well as the age of the subject taking probiotics is
crucial.

Conclusion

The application of probiotic strategies may, in near future provide an end to many infections
occurring in oral cavity. The selection of the best probiotic for oral health is an issue that calls
for further study. Probiotics provide an effective, natural, non invasive and economic means to
combat oral diseases. Thus, a mere change in diet by including probiotic foods may halt,
retard, or even significantly delay the pathogenesis of oral diseases, promoting a healthy
lifestyle to fight oral infections. A complete understanding of the broad ecologic changes they
induce in the mouth is essential to assess their long term consequences for oral health and
disease.
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