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Abstract

The scoping review aimed to examine the evidence on the role of synbiotics in caries pre-
vention. PubMed, SCOPUS, and Web of Science databases search were performed. Any in
vitro study, clinical trial, systematic review with/without meta-analysis, umbrella review/
meta-evaluation, narrative review addressing the role of synbiotics in caries prevention
were included in the scoping review. Data were extracted from the included studies using
pre-approved registered protocol. Twenty-eight records were identified, of which 5 in vitro
studies, 1 quasi-experimental clinical trial and 1 narrative review were included in the pres-
ent review. No controlled clinical trials or systematic reviews on the role of synbiotics in car-
ies prevention could be identified. Except 1, all in vitro studies examined the combined
effect of saccharides and lactobacilli spp. as potential synbiotics on the growth of Strepto-
coccus mutans. However, the proposed synbiotics in 4 in vitro studies either did not qualify
or remained ambiguous of its eligibility as a potential synbiotic for caries prevention. One
recent in vitro study explored the possibility of L-arginine and Lactobacillus rhamnosus GG
synbiotic for caries prevention. The quasi-experimental clinical study without a control arm
did not explicitly mention the intervention composition and thus, its synbiotic potential
remains unclear. A narrative review highlighted the potential of combining arginine (prebi-
otic) with arginolytic bacteria (probiotic) as a synbiotic, which appears promising for caries
prevention. The eligibility of the proposed synbiotics as a true synbiotic needs to be carefully
addressed. Due to a lack of controlled clinical studies on synbiotics for caries prevention,
evidence on their caries-preventive potential is weak. Future studies are needed to examine
the combination of amino acids (esp. arginine) with probiotics as a potential synbiotic
against cariogenic pathogens.

Introduction

Global Burden of Disease Study in 2016 estimated that 2.4 billion people suffer due to dental
caries of permanent teeth worldwide, with an additional 486 million children suffer from
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caries of primary teeth [1]. Dental caries negatively influences oral-health related and psycho-
social quality of life [2-4]. Besides detrimental impact on quality of life, extra financial burdens
are imposed for treatment of dental caries and subsequent maintenance. Therefore, prevailing
caries prevention is inevitable to reduce the global burden of caries and associated negative
impacts.

Dental caries is a chronic dysbiosis-associated biofilm disease that manifests when the cari-
ogenic pathogens dominate over the healthy oral commensals. Metabolism of fermentable car-
bohydrate by the cariogenic pathogens leads to prolonged acidic microenvironments in the
tooth-adhered biofilm. Demineralization of the tooth hard tissues occurs below the critical pH
when the net mineral loss is higher than the mineral gain [5]. Thus, contemporary dental car-
ies prevention and management should include a two-prong strategy for regulating the patho-
genic biofilms and restoring mineral loss. Regular use of fluoride toothpaste has led to a
remarkable decline in the dental caries worldwide [6], as it substantiates continuous availabil-
ity of low levels of fluoride in the oral cavity, which inhibits enamel demineralization and pro-
motes remineralization [7]. However, fluoride offers limited biofilm control [8]. Thus, for
effective caries control, it is imperative to supplement fluoride with biofilm-targeted strategies
that aid to reverse the microbiome dysbiosis.

Biofilm-targeted strategies for restoring ecological symbiosis can either be biofilm inhibi-
tory or biofilm modulating. Inhibition of bacterial biofilm using antimicrobial agents raises
the concern of antimicrobial resistance in the long term, which escalates the negative impact
on oral microbial ecology. Oral biofilm homeostasis is a key component of maintaining oral
health and preventing disease [9]. Therefore, the biofilm modulating approach that restores or
maintains homeostasis in the oral cavity is desirable for caries prevention. Biofilm modulation
aims to enhance the growth of healthy oral commensals, effectively attenuating the presence of
pathogens, thereby maintaining a diverse symbiotic ecological microcosm. The modulation
can either be triggered by stimulating the metabolic activities of commensals or external sup-
plementation of beneficial probiotics.

Prebiotics and probiotics are well known for their beneficial effects on the health of the
human gastrointestinal tract. Prebiotic was first defined by Gibson and Roberfroid as “a non-
digestible food ingredient that beneficially affects the host by selectively stimulating the growth
of bacteria, and thus improves host health” [10]. Oral prebiotics such as arginine have been
extensively studied in the current decade for caries prevention with synthesized and appraised
evidence from clinical trials [11,12]. Although the synthesized evidence with arginine-contain-
ing products showed superior caries-preventive effect than controls, the appraisal had raised
concerns on research ethics of clinical trials. Furthermore, long-term use of arginine poses a
risk of increased plaque alkalization and overgrowth of oral anaerobes such as Porphyromonas
gingivalis [13].

Another N-containing compound-carbamide, has been studied for its anti-caries prebiotic
effect; however, the clinical trials showed no significant difference in the anti-caries effect
between the carbamide-based intervention and control [14,15]. Recently, two potential prebio-
tics (B-methyl-D-galactoside and N-acetyl-D-mannosamine) were identified for the oral cavity
which selectively triggered commensal bacteria in vitro demonstrating a biofilm shift with
dominance of commensals [16,17]. However, their effect in caries prevention is yet to be
discerned.

As per WHO, probiotics are defined as “live micro-organisms which when administered in
adequate amounts confer a health benefit on the host” [18]. Similar to prebiotics, several clini-
cal studies examining the effect of probiotics on caries prevention have been conducted in the
last two decades using different probiotics strains and species in several deliverable forms [19].
Lactobacilli and bifidobacteria probiotics have been extensively studied in clinical trials with
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empirical caries-preventive effect; however, probiotic colonization in the oral cavity is tran-
sient. Therefore, formulations enhancing probiotics survival are needed to impart long-stand-
ing caries-preventive benefits.

Synbiotics are defined as “mixtures of probiotics and prebiotics that beneficially affects the
host by improving the survival and implantation of live microbial dietary supplements” [20].
The development of synbiotics may be more efficient in the prevention of dental caries than
the use of either one alone as the mixture could compensate for the drawbacks of the individ-
ual components while imparting a synergistic caries-preventive effect. The evidence of prebio-
tics and probiotics on dental caries prevention has been separately reported in clinical trials
and summarized in several systematic reviews [11,12,19]. However, until now the role of syn-
biotics in caries prevention is currently unclear. A preliminary search of published studies
examining the effect of synbiotics on caries prevention showed relatively broad heterogeneity
in design and quality; therefore, a systematic review was inappropriate. Instead, we performed
a scoping review to critically review the evidence of synbiotics on caries prevention, addressing
any research gaps to inform the design for future investigations.

Methods

The present study is reported as per PRISMA-ScR guidelines (S1 Table) and previous reports
on scoping review methodology [21-23]. A previous report is the seminal paper [21] on the
scoping reviews, which formed the basis for conducting the present study.

Study protocol

The study protocol was prepared prior to conducting the study selection and registered on
Open Science Framework for public view with the accession link - https://osf.io/srdc5/. The
protocol was drafted using PRISMA-ScR guidelines and included the following sections-study
aim, search strategy, eligibility criteria, outline for data summary charting as per consensus by
all the contributors of the study.

Inclusion criteria

Any in vitro study, clinical trial, systematic review with/without meta-analysis, umbrella
review/meta-evaluation, narrative review addressing the role of synbiotics in caries prevention
were included in the scoping review.

Exclusion criteria

Studies with no keywords specific components, commentaries, opinions, and articles in lan-
guages other than English were excluded from the review. Articles addressing the role of probi-
otics (only) or prebiotics (only), without including synbiotics in caries prevention, as well as
those addressing the role of synbiotics on other oral diseases, like oral candida infections or
periodontitis were also excluded from this review.

Database search strategy

The articles were identified for inclusion in the review from the databases PubMed, Scopus,
and WoS. Additionally, google search was performed and expert opinion was sought (CKYY,
ECML) for identifying articles with the final refined search strategy. Further, references of the
identified articles were hand searched prior to initiating the screening process to identify
potential records for inclusion in the review. All possible search using the search strategy was
conducted until 17 July 2020.
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The search strategy included the use of wildcard (*) for the keyword “synbiotics” whereby
“synbiotic” was limited and the wild card specified any further number of characters for search
by the databases. Then, a Boolean operator “AND” was incorporated in the database search to
connect the keyword “caries”. The keyword “prevention” was not included in the search so as
to identify a larger number of records on synbiotic and caries using the most significant key-
words. The detailed search strategy for individual databases is shown in S2 Table.

Study selection and data charting

Irrespective of the study design, peer-reviewed articles in English that fulfilled the inclusion/
exclusion criteria, addressing the role of synbiotics in caries prevention were eligible for inclu-
sion. The base map for final inclusion was—Population-(any)-concept-(synbiotics)-context-
(caries prevention). No specific primary or secondary outcome measure(s) were defined for
the review. The study selection and data charting process were performed by two independent
reviewers (MNB and ME). Disagreements in the process were resolved by seeking expert
advice from two other reviewers (CKYY and ECML). The articles for final inclusion in the
review were as per the consensus of all the reviewers.

The data charted for the included studies was as per the pre-approved registered protocol.
The variables extracted to chart the data were author (year), location, study type and objec-
tives, results and conclusion, and inferred limitations. The charted data was approved and con-
firmed by all the reviewers prior to summarising the results. Data synthesis for the scoping
review was planned on multiple controlled clinical studies included in the review.

Results
Evidence selection

The flow of the evidence selection in the present review is shown in Fig 1. Twenty-seven rec-
ords were identified from 3 databases and other sources (expert opinion by CKYY, ECML and
google search). From the search of reference lists of identified records, 1 additional study was
identified for possible inclusion. The study was retrieved for screening and eligibility assess-
ment. Therefore, a total of 28 records were identified, of which 7 were duplicates. Twenty-one
records were screened for title and abstract content; of which 10 [24-33] were excluded. Of the
excluded studies, 1 study was a mini-review that discussed the potential of synbiotics for oral
candida infections [24], 8 studies were on prebiotics/probiotics (alone or both discussed as an
individual intervention) [25-32], and another study explored the polymicrobial interactions in
pathogenicity [33]. Full-text of 11 articles were reviewed for eligibility assessment and eventu-
ally 7 [34-40] were included in the review based on the inclusion/exclusion criteria. The rea-
sons for excluding 4 articles [41-43] are presented in the Fig 1.

Study characteristics

The study characteristics of the included publications are presented in Table 1. Of the 7
included articles in the review, 5 [34,35,37-39] were in vitro studies, 1 article was a quasi-
experimental clinical trial [40]; while 1 article [36] was a narrative review. No controlled clini-
cal trials or systematic reviews on the role of synbiotics in caries prevention could be identified.
Of the 5 in vitro studies, 2 studies [35,37] were preliminary reports examining the effect of syn-
biotics and their effects on cariogenic bacterium Streptococcus mutans. One study was from
the UK [37], 1 from Japan [38], 1 from Hong Kong [39], and 2 studies [34,35] were from Thai-
land. One clinical trial was from Mexico [40] and a narrative review [36] was from Europe. It
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Records identified — 28
(PubMed — 3, Scopus — 16, WoS — 4, Other Sources - 5

A 4

Duplicates Removed — 7

v

Records screened for title — 21 Excluded — 10

»| Synbiotics for oral candida infections —1
v Prebiotics/Probiotics — 8

Articles for eligibility assessment — 11

Bacterial interactions — 1

Excluded - 4

Reasons for exclusion

1. de Vrese & Schrezenmeir (2008) - a chapter in a book (Food Technology) -
did not discuss the effect of synbiotics on caries prevention.

» 2. Anilkumar & Monisha (2012) - a review article that defined synbiotics with
no highlights on the effect of synbiotics for caries prevention.

3. Manigandan et al. (2012) - a review article explains the potential of
synbiotics to modulate gut microbiome and metabolic activities.

4. Monteagudo-Mera et al. (2019) - a review mentioned the effect of probiotics

v

| Inclusion ‘ | Eligibility I | Scmeningl ’ Identification l

Studies included for review — 7

for caries management but not synbiotics.

Fig 1. Study selection process.

https://doi.org/10.1371/journal.pone.0237547.9001

is noteworthy that all the studies were published in the current decade (2010 onwards) empha-
sizing that the concept of synbiotics in caries prevention is relatively recent.

Except one, all in vitro studies [34,35,37,38] examined the combined effect of saccharides
and lactobacilli spp. on the growth of S. mutans. Three in vitro studies [34,35,37] utilized Lac-
tobacillus acidophilus as a probiotic in their proposed synbiotics. One recent in vitro study
explored the possibility of L-arginine and Lactobacillus rhamnosus GG synbiotic for caries pre-
vention [39].

A quasi-experimental clinical trial, included a synbiotic intervention (unclear of its prebi-
otic component) with multi-species probiotics [40]. The narrative review [36] highlighted the
potential of combining the prebiotic arginine with probiotic arginolytic bacteria (e.g. Strepto-
coccus dentisani and Streptococcus A12) and develop a synbiotic for caries prevention, based
on the evident effect of arginine against caries as shown by the primary studies included in the
review. However, such an arginine-based synbiotic is yet to be developed, implemented, and/
or further assessed in laboratory and clinical studies.

Evidence insights on synbiotics for caries prevention

The included articles in the review are further discussed in the following sub-categories based
on their proposed synbiotics.

Saccharides and lactobacilli spp. or multi-species synbiotics

The first preliminary report, unveiling the caries-preventive potential of synbiotic by examining its
effect of on the growth of S. mutans was published in 2011 [37]. The study evaluated the effect of a
synbiotic combination of L. acidophilus NCFB 1748 (probiotic) with glucomannan hydrolysate
(GMH), which is a polysaccharide to stimulate the growth of probiotic microorganisms. The L.
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Table 1. Study characteristics of the included publications.

SN Author City, Country | Study Type Study Objectives
(Year)
1 | Tester & Al- | Glasgow, UK | In vitro study To determine the effect of L.
Ghazzewi acidophilus (probiotic) and
(2011) glucomannan hydrolysate
(prebiotic) on the growth of S.
mutans.
2 | Kojimaetal. Kanagawa, In vitro study | To discover probiotic and prebiotic
(2016) Japan candidates that can be developed as
a novel synbiotics against bacterial
and fungal pathogens.
3 | Nunpanetal. | Phitsanulok, | Invitrostudy | To investigate the inhibitory effect
(2017) Thailand of synbiotics between galacto-
oligosaccharides and L.
acidophuilus (TISTR
2365T = DSMZ 20079T) on the
growth of S. mutans (DSMZ
20523T)
4 | Nunpanetal. | Phitsanulok, | In vitro study To investigate the effect of
(2019) Thailand probiotics (L. acidophilus ATCC
4356 or DSMZ 20079) on S. mutans
(A-32) after the probiotics received
the prebiotics (galacto-
oligosaccharides and fructo-
oligosaccharides).
5 Zaura & Copenhagen, Narrative To discuss the current evidence for
Twetman Denmark review the role of oral prebiotics and
(2019) probiotics in caries prevention and
caries management, as well as the
future directions in the field.
6 | Hernandez San Luis, Quasi- To evaluate the effect of a synbiotic
et al. (2020) Mexico experimental (Lactiv®) on salivary viscosity

clinical trial (primary outcome) and buffer

capacity (secondary outcome).

The development and evaluation of
oral synbiotic products would be of

probiotics may be a future synbiotic
for the prevention and management

The synbiotic use over a period of 6

individuals with active tooth decay.

Results and Conclusions Limitations

Lactobacillus acidophilus outgrew S.
mutans in the presence of
glucomannan hydrolysate. The
study concluded that the proposed
synbiotics can potentially improve
the ecology of mouth by suppressing
the oral pathogens.

The article was a preliminary in
vitro study whereby the
mechanistic of the proposed
synbiotics was not explained. In
addition, only 1 concentration
(2%) of the prebiotic was tested
against the control without
appropriate rationale for such a
comparison.

The study identified arabinose,
xylose, and xylitol as suitable
prebiotics and five lactobacilli
strains isolated from oral cavity as
suitable probiotics; whereby, the
lactobacilli strain had an inhibitory
effect on the production of insoluble
glucans by S. mutans. The combined
prebiotics and probiotics can be
developed as a suitable synbiotics to
incorporate in oral healthcare
products that can neutralize the
growth of oral pathogenic
microorganisms without disrupting
the balance of healthy environment.

Optimal combinations of
saccharides and lactobacilli needs
to be elucidated and the active
molecules that mediate the
inhibitory effect of lactobacilli
should be identified.

The galacto-oligosaccharides did The findings was from a
not enhance the function of L. preliminary study whereby the
acidophilus to inhibit the growth of | proposed synbiotics showed some
S. mutans. effects against S. mutans but the
effect was non-significant.

The prebiotics—galacto-
oligosaccharides and fructo-
oligosaccharides, had no effect on
the growth of L. acidophilus
(probiotic), and the 3% fructo-
oligosaccharides significantly
decreased the growth rate of S.
mutans. The 3% galacto-
oligosaccharides and 1% fructo-
oligosaccharides seem to have the

The study authors did not
identify the mechanistics of the
proposed synbiotics for its effect
against S. mutans.

potential to decrease the growth rate

of S. mutans when applied together

with the probiotics (L. acidophilus).

The review article authors suggest
the possibility of arginine and
arginolytic probiotics as a future
synbiotics for caries prevention;
however, the development and
evaluation of such a combination
is needed.

interest in the future management
of dental caries. Combining
prebiotic arginine with arginolytic

of dental caries.

The authors of the study did not
include any control arm (as per
the study design) and the patient
recruitment was based on
consecutive-convenience
sampling.

days significantly decreased the
salivary viscosity and improved
saliva buffer capacity of 24

(Continued)
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Table 1. (Continued)

SN Author City, Country
(Year)
7 Bijle et al. Hong Kong,
(2020) SAR China

https://doi.org/10.1371/journal.pone.0237547.t001

Study Type

In vitro study

Study Objectives

To examine the effect of L-arginine
on the growth of L. rhamnosus GG
and combined L. rhamnosus GG
and L-arginine synbiotic on the
growth of S. mutans

Results and Conclusions

Increasing concentrations of L-
arginine enhanced the growth of L.
rhamnosus GG. The synbiotic (L-
arginine at 2% w/v. + L. rhamnosus
GG) significantly inhibited the
growth of S. mutans. The proposed
synbiotic has a significant potential

Limitations

The study contributors used a
mono-species closed microbial
biofilm model as opposed to open
model. The effect of the
promising synbiotic can be
further explored in future studies
using polymicrobial open biofilm

to develop as an anti-caries regimen. model.

acidophilus and S. mutans were co-cultured in modified Columbia base broth supplemented with
2% GMH for 72 h and then plated using spread plate technique for 48 h to determine the growth
of bacteria (S. mutans and L. acidophilus) compared to the respective controls. Results of the study
showed that after incubation, L. acidophilus outgrew S. mutans in the presence of GMH. The
study concluded that the consumption of GMH as a prebiotic by the probiotic (L. acidophilus) can
potentially improve the ecology of the mouth by promoting the growth of beneficial bacteria and
suppressing pathogens. The synbiotic could potentially be used as a prophylactic or therapeutic
agent for reducing the presence of pathogens associated with tooth decay and be further developed
for applications in oral health. However, the preliminary study did not outline the mechanistic
properties of the proposed synbiotic. Furthermore, only 1 concentration (2%) of the prebiotic was
tested against the control without providing appropriate rationale for such a comparison.

The second study [38], which was conducted in Japan, attempted to develop new synbiotics
against oral pathogens (bacterial and fungal). Prebiotic screening was conducted by a sugar
assimilation test using 12 saccharides; while 40 strains of lactobacilli (22 strains isolated from
human oral cavity, 11 strains from dairy products and 7 reference strains) were used for probi-
otic screening. The amount of insoluble glucan produced by S. mutans was determined using
phenol-sulphate staining as a growth inhibitory test. Five strains (L. gasseri, L. fermentum, L.
paracasei, L. plantarum, and 120. Lactobacillus spp.) isolated from human oral cavity inhibited
insoluble glucan production by S. mutans. In contrast, the lactobacilli strains isolated from the
dairy products did not show an inhibitory effect on oral pathogens. Saccharide assimilation test
showed that S. mutans growth was inhibited in the presence of xylose, xylitol, and arabinose,
which demonstrated strong prebiotic potential. The study revealed that not only live lactobacilli
probiotic bacteria, but lactobacilli with culture supernatant were also capable of inhibiting S.
mutans. The study identified potential prebiotics and probiotics that could be further developed
as suitable oral synbiotics for incorporation into oral healthcare products. However, optimal
combinations of saccharides and lactobacilli that can be employed for clinical use still need to
be determined and the mechanistic properties of synbiotics should also be identified.

Another preliminary study [35] evaluated the efficacy of the galacto-oligosaccharides
(GOS) to enhance the probiotic (L. acidophilus TISTR 2365T or DSMZ 20079T) for inhibition
of S. mutans DSMZ 20523T. The efficacy of the synbiotic against S. mutans was determined by
assessing their growth rates using CFU assay. The concentrations of GOS used in the study
were 1%, 2%, 3% & 4% v/v. The growth rate of S. mutans increased in the presence of 1% and
2% GOS; while the growth rate of S. mutans decreased with 3% and 4% GOS compared to the
control group. The growth rate of L. acidophilus increased with 1% GOS supplementation;
whereas, with 2% GOS the growth of L. acidophilus decreased and relatively constant growth
rate of L. acidophilus was seen with 3% and 4% GOS. The study concluded that GOS was not
an efficient prebiotic and did not enhance the function of the probiotic (L. acidophilus) to
inhibit the growth of S. mutans.
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Another reported in vitro study [34] evaluated the efficacy of prebiotics GOS and fructo-oli-
gosaccharides (FOS) for enhancing the growth of probiotic L. acidophilus ATCC 4356 (DSMZ
20079T) and the combined pre- and pro-biotics for inhibiting S. mutans A32-2 (a clinically
isolated strain from patients with high active caries). The studied GOS concentrations were
1%, 2%, 3%, 4% and 5% v/v; while FOS concentration was 1%, 2%, 3%, 4% and 5% w/v, respec-
tively. The growth rates of S. mutans, L. acidophilus or combined S. mutans and L. acidophilus
was determined at 3, 6, and 12 h after culture or co-culture. The study showed that S. mutans
growth significantly decreased when co-cultured with L. acidophilus in the 3%, 4%, and 5%
GOS supplemented medium. Further, with the FOS supplemented medium, the growth rate of
S. mutans was significantly inhibited at all concentrations when co-cultured with L. acidophi-
lus. There was no reported significant difference in the growth rate of L. acidophilus in all con-
centrations of GOS- and FOS- supplemented media as compared to the control.

Furthermore, the effect of the prebiotics on the cellular fatty acids and the secreted fatty acids
were determined for S. mutans and L. acidophilus separately and co-cultured. The percentage of
cellular fatty acids and secreted fatty acids, individually grown or co-cultured in the prebiotics-
supplemented culturing medium were similar to the control group. The influence of the prebio-
tics supplementation on pH of the medium was evaluated. It was found that the pH of the FOS-
and GOS-supplemented medium was similar for both S. mutans and L. acidophilus; whereas the
pH with individual cultured S. mutans was higher than that of either the individual L. acidophilus
culture or the co-culture. The study concluded that the 3%, 4% and 5% GOS and 1% FOS with L.
acidophilus could be potential synbiotics against S. mutans. However, the study did not identify
the mechanistic properties of the proposed synbiotics against cariogenic pathogen S. mutans.

A quasi-experimental clinical study [40] was performed on 24 individuals (16 females, 8
males) with mean age of 10.92 years and active tooth decay. In this study, the effect of a com-
mercial synbiotic (Lactiv®), Teva Termekek, Budapest, Hungary) primarily indicated for gut
microflora, on salivary viscosity (primary outcome) and saliva buffer capacity (secondary out-
come), as biomarkers indicating caries-preventive potential was evaluated. The primary out-
come variable was assessed using a calibrated Ostwald Pipette method and the secondary
outcome measure was determined using bromocresol blue-HCI method. After 6-day daily syn-
biotic intake, it was observed that the salivary viscosity decreased significantly compared to the
baseline data, while the saliva buffer capacity was improved from low to medium or high. The
synbiotic intervention in the study included multi-species probiotics with L. acidophilus, L.
plantarum, L. rhamnosus, Bifidobacterium infantis, and S. thermophilus. No explicit mention
of the prebiotic component could be discerned. However, in the discussion section of the arti-
cle, the study authors discussed saccharides-inulin and fructans which could possibly be the
prebiotic component of the synbiotic intervention while the effect of prebiotic on probiotic
was unexplained. The contributors of the study concluded that daily administration of synbio-
tic decreases salivary viscosity and increases buffering capacity of the saliva.

Arginine and probiotics as synbiotics

A very recently published in vitro study [39] highlights the possibility of L-arginine and L.
rhamnosus GG synbiotic for caries prevention. The authors of the study examined the effect of
L-arginine on the growth of L. rhamnosus GG and the combined L-arginine and L. rhamnosus
GG on the growth of S. mutans ATCC 700610 (UA159). The probiotic L. rhamnosus GG was
derived from a commercial probiotic formulation Culturelle (i-Health, Inc., Cromwell, USA)
and was found to match the L. rhamnosus ATCC 53103 strain. The effect of prebiotic arginine
on the growth of probiotic L. rhamnosus GG was examined using metabolic activity assess-
ment indicative of bacterial viability with qualitative analysis by confocal laser scanning
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microscopy. Further, the effect of synbiotic on the growth of pathogenic S. mutans was esti-
mated using conventional CFU counting, determination of biofilm biomass, qualitative evalu-
ation of biofilm thickness using confocal imaging, and a molecular method using real-time
qPCR. Biochemical assessments were performed to determine spent media pH and lactic acid
production immediately after treatment and 24-h post-treatment when incubated in an anaer-
obic chamber. The study results showed that the increasing concentrations of L-arginine
enhanced the growth of the probiotic L. rhamnosus GG. The synbiotic significantly inhibited
the growth of cariogenic pathogen S. mutans. The study also highlights the possible mechanis-
tic properties by which arginine augments the growth of the probiotic L. rhamnosus GG while
further ciphering a contemplated mechanism of action on a cariogenic pathogen and oral
commensals. The study limitations included the use of a closed biofilm model as opposed to
an open poly-microbial model which can be explored through further studies.

A narrative review [36] summarized the current evidence on the role of oral prebiotics and
probiotics in caries prevention and caries management. The review comprised two main sec-
tions-one on the role of oral prebiotics and the other on oral probiotics. In the first section,
the role of urea (carbamide) and arginine as prebiotic supplements in caries prevention were
discussed. Based on the included primary studies, the review found that urea supplementation
might lead to calculus formation with limited evidence on caries inhibition. Conversely, argi-
nine was found to be as a promising caries-inhibiting prebiotic, but with concerns on bias of
the clinical trials due to involvement of the industry.

The second section reported a favourable role of probiotics for caries prevention. However,
the clinical trials reviewed highlighted problems with blinding, attrition, selection bias and
short study duration. The clinical studies also differed in use of intervention species and strains
as probiotics, leading to additional limitations for data synthesis. The review also emphasized
the need to assess the cost-effectiveness of probiotic therapy, which had not yet been reported
in the literature. Given the weaknesses of the reported evidence, the study concluded that pro-
biotics might serve as an adjunct to an individual’s established preventive practice.

In summary, the review authors suggested that the combination of oral prebiotics (argi-
nine) and recently isolated probiotic arginolytic strains (Streptococcus dentisani and Strepto-
coccus A12) show potential promise in the prevention of dental caries and present a
developmental challenge for the future, this reaffirms the recommendations from another
review [44], which stated that the combination of arginine and ADS (Arginine Deiminase Sys-
tem)-positive probiotics might constitute a non-pharmacological advancement for caries pre-
vention. Further development and evaluation of such a combination needs to be explored.

Currently, the evidence on the role of synbiotics in caries prevention is relatively weak as
only in vitro studies, a quasi-experimental clinical study, and a narrative review were found to
address this specific topic. Data synthesis could not be performed as no controlled clinical
studies were identified.

Discussion

According to the search results, this is the first review on the effect of synbiotics in caries pre-
vention. Results of the present review show that most of the identified potential synbiotics for
caries prevention are still in their laboratory or pre-clinical stages of investigations with no
controlled clinical studies or animal studies reported. The potential caries-preventive synbio-
tics that have been tested thus far include saccharides (prebiotic) and lactobacillus spp. or lac-
tobacillus spp. including multi-species probiotics; whereas only 1 in vitro study explored the
possibility of an arginine-based synbiotics. Moreover, no synbiotic consumer product for car-
ies prevention could be identified in the literature, highlighting the need for commercial
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development, but with care to determine its cost-effectiveness versus beneficial effects. There-
fore, it can be summarized that the use of synbiotics for caries prevention is still in its inceptive
stages of investigation, which is evident from the results of the present review with all the
included articles being published in the recent decade (2010 onwards).

It is noteworthy that 2 [35,37] out of 5 [34,35,37,38] in vitro studies were preliminary
reports with one concluding that GOS did not enhance the function of L. acidophilus to inhibit
the growth of S. mutans [35]. The result of the preliminary report on GOS was in agreement
with another study [34] that also showed no effect on the growth rate of L. acidophilus, in both
individually cultured or co-cultured media, with all concentrations of GOS and FOS as com-
pared to the control. However, the growth rate of S. mutans was significantly reduced when
co-cultured with L. acidophilus and the proper concentrations of prebiotics (GOS and FOS)
[34]. In the study of GOS or FOS prebiotics, the medium used for bacterial growth was MRS
broth, a suitable growth medium for both S. mutans and L. acidophilus. However, despite the
use of suitable growth medium, the growth of L. acidophilus ATCC 4356 was not substantiated
in the presence of the saccharide prebiotics. According to the definition of synbiotics, it can be
inferred that, although the combination has a synergistically inhibitory effect on the growth of
S. mutans, which could be due to the inhibitory potential of the individual components; the
proposed GOS or FOS prebiotic-based synbiotics do not fulfil the definition of synbiotics as
they did not enhance the growth of L. acidophilus (probiotic).

Another preliminary report [37] on synbiotics that utilized GMH-based prebiotics showed
that L. acidophilus probiotics outgrew pathogenic S. mutans in the mixed cultures when sup-
plemented with 2% GMH. However, the study did not explicitly explain the effect of GMH
supplemented to L. acidophilus compared to the control. Hence, further studies are needed to
resolve the effect of GMH on L. acidophilus probiotic using advanced molecular methods, in
addition to the conventional techniques used in the preliminary study, before its eligibility as a
potential prebiotic can be determined.

Similar to the above discussed preliminary report, the study [38] exploring the prebiotic
and probiotic effects of 12 saccharides and 40 lactobacilli spp. showed that all lactobacilli spp.
exhibited growth with all 12 saccharides. However, the comparative growth of the investigated
lactobacilli spp. with/without saccharide prebiotics was not explicitly shown. Thus, similar to
GMH, any of the 12 saccharides with 40 lactobacilli spp. as a combined synbiotic remains
unconfirmed. Nonetheless, the study highlighted the potential use of probiotic culture super-
natant, in addition to the live probiotic, for inhibition of insoluble glucan production activity
of S. mutans. This suggests that metabolites or by-products of the bacteria, rather than the
presence of the bacteria themselves, are responsible for the inhibitory effect. Ultimately, the
study identified 5 potential probiotics and 3 prebiotics that inhibited the activities and growth
of S. mutans. Further studies are needed to examine the combined effect of prebiotics—xylose,
xylitol, and arabinose with L. gasseri, L. fermentum, L. paracasei, L. plantarum, and 120. Lacto-
bacillus spp. as synbiotics and the actions of individual synbiotic against the cariogenic patho-
gen S. mutans.

Only 1 clinical trial [40] explored the effect of multi-species probiotics likely combined with
saccharides prebiotics as a synbiotic (commercial product for gut microflora) for caries pre-
vention using salivary viscosity and buffer capacity as biomarkers. The study duration was lim-
ited to 6-day; however, still significant changes were determined between pre- and post-
treatment outcome measures. Being a quasi-experimental clinical trial, no control arm was
included and thus, limited controlled observations to derive adequate evidence. Another limi-
tation of the study was that the subject recruitment was based on consecutive-convenience
sampling which excludes a randomization component. Also, the mechanistic properties of
the synbiotics were not clearly identified while additional constraints of mechanistic
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understandings were implied since the prebiotic component in the synbiotic intervention was
not explicitly mentioned. Therefore, referring to the intervention as a synbiotic remains
unclear.

The included narrative review suggests the development of an arginine-based synbiotic
with arginolytic bacteria, Streptococcus dentisani and Streptococcus A12, for the prevention and
management of dental caries, though no studies on arginine-based synbiotic formulations
could be identified for inclusion in the current scoping review. Based on several in vitro studies
[45-48] and clinical trials [49-51], arginine has been shown to have potential prebiotic effect
against cariogenic microcosms; as it is known to improve pH and enhance ecological homeo-
stasis. Arginine increases the growth of arginolytic bacteria (Streptococcus sanguinis, Strepto-
coccus gordonii, and Streptococcus parasanguinis), which can maintain ecological symbiosis
and prevent microbial dysbiosis. Therefore, the inclusion of the prebiotic arginine in a synbio-
tic formulation represents a promising approach for the control of oral biofilm, decreasing the
risk of dental caries and addressing a worldwide problem. However, this review highlights the
challenges of developing a combined synbiotic formulation due to such non-existing therapy
with an appropriate deliverable form. Although challenging, a recently published in vitro study
[39] explored the possibility of arginine-based synbiotic and explained the mechanistic of the
combined prebiotic and probiotic intervention to develop as a synbiotic against cariogenic
pathogen. It is noteworthy, that the in vitro study [39] included L. rhamnosus GG probiotic for
the development of an arginine-based synbiotic intervention as opposed to the suggestions in
the narrative review that recommend to utilize arginolytic probiotics (Streptococcus dentisani
and Streptococcus A12).

Taken together, the evidence for saccharides-based synbiotics for caries prevention is weak.
By contrast, the potential of amino acid (esp. arginine)-based synbiotics appears promising for
caries prevention. Arginine, a semi-essential amino-acid, is metabolized by arginolytic bacteria
to produce ornithine, citrulline, CO,, ATP, and ammonia; whereby ammonia production neu-
tralizes the acids produced by the cariogenic consortia [52] with evident effects shown in clini-
cal trials. Most probiotics supplements either contain Lactobacillus spp. or Bifidobacterium spp.
or both, of which several Lactobacillus spp. have been shown to have a caries-preventive or
inhibitory effect through clinical trials [19]. Lactobacillus spp. can inhibit human pathogenic
oral bacteria (S. mutans, S. sobrinus, P. gingivalis), increase pathogenic bacteria colonization
resistance, replenish and restore healthy microflora, and enhance immunological functions
[53-57]. Lactobacillus spp. are also known to survive better in harsh conditions of oral cavity
and gastro-intestinal tract as compared to other probiotics [58]. Further, Lactobacillus spp.
need amino acids and peptides for their growth and cellular activities [59]. Certain lactobacilli
spp. also lack the potential to synthesize amino acids for their growth and thus, require exoge-
nous amino acid supplementation [39,60,61]. Findings of this scoping review show that all
proposed synbiotics in in vitro studies included lactobacilli spp. with independent inhibitory
effect against cariogenic S. mutans. Hence, the development of a combined amino-acid (esp.
arginine) prebiotic and lactobacilli spp. probiotic as a caries-preventive synbiotic seems appro-
priate, due to their useful synergistic effect and low risk of complications.

The present review proposes three recommendations for future research: (i) evaluation of
the combined (prebiotic and probiotic) synbiotic for its effect on cariogenic pathogens in an
open/closed mono- and multi-species biofilm model, followed by high quality RCT's with ade-
quate follow-up period, (ii) identification of the mechanisms of actions of synbiotic supple-
mentation against cariogenic pathogens and dental caries, and (iii) determination of the
efficacy of specific strains of probiotics, optimal dosage of pro- and pre-biotics, and treatment
duration for future synbiotics research. Above all, the role of fluorides in caries prevention
cannot be ignored as it has been the mainstay in the prevention of dental caries as evident by
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the decline of dental caries worldwide [62]. Hence, every attempt should be made to see that
the proposed synbiotics and fluorides do not have antagonistic effects against each other,
which might reduce the overall effectiveness of the individual therapy.

The main limitations of this review are: (i) the scant number of studies into the effect of syn-
biotics on caries prevention; (ii) the searches were limited to English language and (iii) a lack
of appraisal of the quality of evidence though this is an optional element in scoping review. On
the other hand, the present review addresses the major essential elements of the scoping review
i.e. examining the available research, summarizing research findings, and identifying research
gaps. This review does not provide any recommendations on the intervention nor establish a
platform to undertake further systematic review as the concept is still in its infancy stages of
development and requires high-quality controlled clinical data to provide conclusive recom-
mendation for dissemination of the concept. The scoping review clearly identifies the need to
further explore the caries-preventive effects of synbiotic to optimize their use.

Conclusion

Based on the findings of the present review, it is concluded that: (1) Several synbiotics have
been proposed for caries prevention; however, their eligibilities for classification as true syn-
biotics needs to be carefully addressed. (2) Due to a lack of clinical studies on synbiotics for
caries prevention, evidence on their caries-preventive potential is weak. (3) Amino acid (esp.
arginine)-based synbiotics appears promising for caries prevention. Future studies are needed
to examine the potential synbiotic against cariogenic pathogens.

Supporting information

S1 Table. PRISMA-ScR checKlist.
(DOCX)

S2 Table. Database specific search strategy.
(DOCX)

Author Contributions

Conceptualization: Mohammed Nadeem Bijle.

Funding acquisition: Cynthia Kar Yung Yiu.

Methodology: Mohammed Nadeem Bijle.

Resources: Cynthia Kar Yung Yiu.

Supervision: Manikandan Ekambaram, Edward C. M. Lo, Cynthia Kar Yung Yiu.
Writing - original draft: Mohammed Nadeem Bijle.

Writing - review & editing: Mohammed Nadeem Bijle, Manikandan Ekambaram, Edward C.
M. Lo, Cynthia Kar Yung Yiu.

References

1. Collaborators GBD 2016 Disease and Injury Incidence and Prevalence. Global, regional, and national
incidence, prevalence, and years lived with disability for 328 diseases and injuries for 195 countries,
1990-2016: A systematic analysis for the Global Burden of Disease Study 2016. Lancet. 2017; 390:
1211-1259. https://doi.org/10.1016/S0140-6736(17)32154-2 PMID: 28919117

PLOS ONE | https://doi.org/10.1371/journal.pone.0237547  August 12, 2020 12/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237547.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0237547.s002
https://doi.org/10.1016/S0140-6736%2817%2932154-2
http://www.ncbi.nlm.nih.gov/pubmed/28919117
https://doi.org/10.1371/journal.pone.0237547

PLOS ONE

Synbiotics in caries prevention

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Martins-Junior PA, Vieira-Andrade RG, Correa-Faria P, Oliveira-Ferreira F, Marques LS, Ramos-Jorge
ML. Impact of early childhood caries on the oral health-related quality of life of preschool children and
their parents. Caries Res. 2013; 47: 211-218. https://doi.org/10.1159/000345534 PMID: 23257929

Mota-Veloso |, Soares MEC, Alencar BM, Marques LS, Ramos-Jorge ML, Ramos-Jorge J. Impact of
untreated dental caries and its clinical consequences on the oral health-related quality of life of school-
children aged 8-10 years. Qual Life Res. 2016; 25: 193—199. https://doi.org/10.1007/s11136-015-
1059-7 PMID: 26135023

Acharya S, Tandon S. The effect of early childhood caries on the quality of life of children and their
parents. Contemp Clin Dent. 2011; 2: 98—-101. https://doi.org/10.4103/0976-237X.83069 PMID:
21957384

Bowen WH. The Stephan Curve revisited. Odontology. 2013; 101: 2—8. https://doi.org/10.1007/s10266-
012-0092-z PMID: 23224410

ten Cate JM, Buzalaf MAR. Fluoride mode of action: Once there was an observant Dentist. . . J Dent
Res. 2019; 98: 725-730. https://doi.org/10.1177/0022034519831604 PMID: 31219410

Castioni NV, Baehni PC, Gurny R. Current status in oral fluoride pharmacokinetics and implications for
the prophylaxis against dental caries. Eur J Pharm Biopharm. 1998; 45: 101—-111. https://doi.org/10.
1016/s0939-6411(97)00083-0 PMID: 9704908

Dang MH, Jung JE, Lee DW, Song KY, Jeon JG. Recovery of acid production in Streptococcus mutans
biofilms after short-term fluoride treatment. Caries Res. 2016; 50: 363—-371. https://doi.org/10.1159/
000446408 PMID: 27355469

Seneviratne C, Zhang C, Samaranayake L. Dental plaque biofilm in oral health and disease. Chinese J
Dent Res. 2011; 14: 87-94.

Gibson GR, Roberfroid MB. Dietary modulation of the human colonic microbiota: Introducing the con-
cept of prebiotics. J Nutr. 1995; 125: 1401-1412. hitps://doi.org/10.1093/jn/125.6.1401 PMID: 7782892

Astvaldsdottir A, Naimi-Akbar A, Davidson T, Brolund A, Lintamo L, Attergren Granath A, et al. Arginine
and Caries Prevention: A Systematic Review. Caries Res. 2016; 50: 383—-393. https://doi.org/10.1159/
000446249 PMID: 27403876

LiJ, Huang Z, Mei L, Li G, Li H. Anti-caries effect of arginine-containing formulations in vivo: A system-
atic review and meta-analysis. Caries Res. 2015; 49: 606—617. https://doi.org/10.1159/000435894
PMID: 26536588

Zheng X, Cheng X, Wang L, Qiu W, Wang S, Zhou Y, et al. Combinatorial effects of arginine and fluo-
ride on oral bacteria. J Dent Res. 2015; 94: 344-53. https://doi.org/10.1177/0022034514561259 PMID:
25477312

Machiulskiene V, Nyvad B, Baelum V. Caries preventive effect of sugar-substituted chewing gum. Com-
munity Dent Oral Epidemiol. 2001; 29: 278-288. https://doi.org/10.1034/j.1600-0528.2001.290407 .x
PMID: 11515642

Petersen PE, Razanamihaja N. Carbamide-containing polyol chewing gum and prevention of dental
caries in schoolchildren in Madagascar. Int Dent J. 1999; 49: 226—-230. https://doi.org/10.1111/.1875-
595x.1999.tb00526.x PMID: 10858758

Slomka V, Herrero ER, Boon N, Bernaerts K, Trivedi HM, Daep C, et al. Oral prebiotics and the influ-
ence of environmental conditions in vitro. J Periodontol. 2018; 89: 708-717. https://doi.org/10.1002/
JPER.17-0437 PMID: 29577296

Slomka V, Hernandez-Sanabria E, Herrero ER, Zaidel L, Bernaerts K, Boon N, et al. Nutritional stimula-
tion of commensal oral bacteria suppresses pathogens: the prebiotic concept. J Clin Periodontol. 2017;
44: 344-352. hitps://doi.org/10.1111/jcpe.12700 PMID: 28128467

FAO/WHO. Health and nutritional properties of probiotics in food including powder milk with live lactic
acid bacteria. Rep a Jt FAO/WHO Expert Consult 2001. Cordoba, Argentina; 2006. https://doi.org/10.
1201/9781420009613.ch16

Cagetti MG, Mastroberardino S, Milia E, Cocco F, Lingstrdom P, Campus G. The use of probiotic strains
in caries prevention: A systematic review. Nutrients. 2013; 5: 2530-2550. https://doi.org/10.3390/
nu5072530 PMID: 23857225

Andersson H, Asp NG, Bruce A, Roos S, Wadstrém T, Wold AE. Health effects of probiotics and prebio-
tics a literature review on human studies. Scand J Nutr. 2001; 45: 58—-75. https://doi.org/10.3402/fnr.
v45i0.1790

Arksey H, O’Malley L. Scoping studies: Towards a methodological framework. Int J Soc Res Methodol
Theory Pract. 2005; 8: 19-32. https://doi.org/10.1080/1364557032000119616

Garritty C, Moher D, Aldcroft A, Levac D, Hartling L, Moriarty J, et al. PRISMA extension for scoping
reviews (PRISMA-ScR): Checklist and explanation. Ann Intern Med. 2018; 169: 467—473. https://doi.
org/10.7326/M18-0850 PMID: 30178033

PLOS ONE | https://doi.org/10.1371/journal.pone.0237547  August 12, 2020 13/15


https://doi.org/10.1159/000345534
http://www.ncbi.nlm.nih.gov/pubmed/23257929
https://doi.org/10.1007/s11136-015-1059-7
https://doi.org/10.1007/s11136-015-1059-7
http://www.ncbi.nlm.nih.gov/pubmed/26135023
https://doi.org/10.4103/0976-237X.83069
http://www.ncbi.nlm.nih.gov/pubmed/21957384
https://doi.org/10.1007/s10266-012-0092-z
https://doi.org/10.1007/s10266-012-0092-z
http://www.ncbi.nlm.nih.gov/pubmed/23224410
https://doi.org/10.1177/0022034519831604
http://www.ncbi.nlm.nih.gov/pubmed/31219410
https://doi.org/10.1016/s0939-6411%2897%2900083-0
https://doi.org/10.1016/s0939-6411%2897%2900083-0
http://www.ncbi.nlm.nih.gov/pubmed/9704908
https://doi.org/10.1159/000446408
https://doi.org/10.1159/000446408
http://www.ncbi.nlm.nih.gov/pubmed/27355469
https://doi.org/10.1093/jn/125.6.1401
http://www.ncbi.nlm.nih.gov/pubmed/7782892
https://doi.org/10.1159/000446249
https://doi.org/10.1159/000446249
http://www.ncbi.nlm.nih.gov/pubmed/27403876
https://doi.org/10.1159/000435894
http://www.ncbi.nlm.nih.gov/pubmed/26536588
https://doi.org/10.1177/0022034514561259
http://www.ncbi.nlm.nih.gov/pubmed/25477312
https://doi.org/10.1034/j.1600-0528.2001.290407.x
http://www.ncbi.nlm.nih.gov/pubmed/11515642
https://doi.org/10.1111/j.1875-595x.1999.tb00526.x
https://doi.org/10.1111/j.1875-595x.1999.tb00526.x
http://www.ncbi.nlm.nih.gov/pubmed/10858758
https://doi.org/10.1002/JPER.17-0437
https://doi.org/10.1002/JPER.17-0437
http://www.ncbi.nlm.nih.gov/pubmed/29577296
https://doi.org/10.1111/jcpe.12700
http://www.ncbi.nlm.nih.gov/pubmed/28128467
https://doi.org/10.1201/9781420009613.ch16
https://doi.org/10.1201/9781420009613.ch16
https://doi.org/10.3390/nu5072530
https://doi.org/10.3390/nu5072530
http://www.ncbi.nlm.nih.gov/pubmed/23857225
https://doi.org/10.3402/fnr.v45i0.1790
https://doi.org/10.3402/fnr.v45i0.1790
https://doi.org/10.1080/1364557032000119616
https://doi.org/10.7326/M18-0850
https://doi.org/10.7326/M18-0850
http://www.ncbi.nlm.nih.gov/pubmed/30178033
https://doi.org/10.1371/journal.pone.0237547

PLOS ONE

Synbiotics in caries prevention

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

Munn Z, Peters MDJ, Stern C, Tufanaru C, McArthur A, Aromataris E. Systematic review or scoping
review? Guidance for authors when choosing between a systematic or scoping review approach. BMC
Med Res Methodol. 2018; 18: 1-7. https://doi.org/10.1186/s12874-017-0458-6 PMID: 29301497

Ohshima T, Kojima Y, Seneviratne CJ, Maeda N. Therapeutic application of synbiotics, a fusion of pro-
biotics and prebiotics, and biogenics as a new concept for oral Candida infections: A mini review. Front
Microbiol. 2016; 7. https://doi.org/10.3389/fmicb.2016.00010 PMID: 26834728

Anusha RL, Umar D, Basheer B, Baroudi K. The magic of magic bugs in oral cavity: Probiotics. J Adv
Pharm Technol Res. 2015; 6: 43—47. https://doi.org/10.4103/2231-4040.154526 PMID: 25878972

Malathi L, Jayasrikrupaa, Balachander N, Rani V, Anbazhagan V, Masthan KMK. Probiotics in dentistry
—A review. Biosci Biotechnol Res Asia. 2014; 11: 193-197. https://doi.org/10.13005/bbra/1253

Grover HS, Luthra S. Probiotics—the nano soldiers of oral health. Journal, Indian Acad Clin Med. 2012;
13:48-54.

Elavarasu S, Jayapalan P, Murugan T. Bugs that debugs: Probiotics. J Pharm Bioallied Sci. 2012; 4:
S319-S322. https://doi.org/10.4103/0975-7406.100286 PMID: 23066281

Vitetta L, Briskey D, Hayes E, Shing C, Peake J. A review of the pharmacobiotic regulation of gastroin-
testinal inflammation by probiotics, commensal bacteria and prebiotics. Inflammopharmacology. 2012;
20: 251-266. https://doi.org/10.1007/s10787-012-0126-8 PMID: 22427210

Caramia G, Silvi S. Probiotics: From the ancient wisdom to the actual therapeutical and nutraceutical
perspective. Probiotic Bacteria and Enteric Infections: Cytoprotection by Probiotic Bacteria. 2011.
https://doi.org/10.1007/978-94-007-0386-5_1

Mahendra L, Mahendra J, Muthu J, Rajashree R. Probiotics—An Emerging promise in oral health. Bio-
medicine. 2011; 31: 283-290.

Kaur IP, Kuhad A, Garg A, Chopra K. Probiotics: Delineation of prophylactic and therapeutic benefits. J
Med Food. 2009; 12: 219-235. https://doi.org/10.1089/jmf.2007.0544 PMID: 19459724

Peters BM, Jabra-Rizk MA, O’'May GA, William Costerton J, Shirtliff ME. Polymicrobial interactions:
Impact on pathogenesis and human disease. Clin Microbiol Rev. 2012; 25: 193-213. https://doi.org/10.
1128/CMR.00013-11 PMID: 22232376

Nunpan S, Suwannachart C, Wayakanon K. Effect of prebiotics-enhanced probiotics on the growth of
Streptococcus mutans. Int J Microbiol. 2019; 2019: 4623807. https://doi.org/10.1155/2019/4623807
PMID: 31467551

Nunpan S, Suwannachart C, Wayakanon K. The inhibition of dental caries pathogen by using prebiotic
and probiotic combination. JDAT. 2017; 67: 31-38.

Zaura E, Twetman S. Critical appraisal of oral pre- and probiotics for caries prevention and care. Caries
Res. 2019; 53: 514-526. https://doi.org/10.1159/000499037 PMID: 30947169

Tester RF, Al-Ghazzewi FH. A preliminary study of the synbiotic effects of konjac glucomannan hydroly-
sates (GMH) and lactobacilli on the growth of the oral bacterium Streptococcus mutans. Nutr Food Sci.
2011; 41: 234-237. https://doi.org/10.1108/00346651111151357

Kojima Y, Ohshima T, Seneviratne CJ, Maeda N. Combining prebiotics and probiotics to develop novel
synbiotics that suppress oral pathogens. J Oral Biosci. 2016; 58: 27-32. https://doi.org/10.1016/}.job.
2015.08.004

Bijle MN, Neelakantan P, Ekambaram M, Lo ECM, Yiu CKY. Effect of a novel synbiotic on Streptococ-
cus mutans. Sci Rep. 2020; 10: 1-9. https://doi.org/10.1038/s41598-019-56847-4 PMID: 31913322

Hernandez Y, Medina B, Mendoza E, Sanchez-Vargas LO, Alvarado D, Aranda-Romo S. Short-term
effect of a synbiotic in salivary viscosity and buffering capacity; a quasiexperimental study. J Oral Res.
2020; 9: 96—101. https://doi.org/10.17126/joralres.2020.014

Anilkumar K, Monisha AL. Role of friendly bacteria in oral health—A short review. Oral Heal Prev Den.
2012; 10: 3-8.

de Vrese M, Schrezenmeir J. Probiotics, prebiotics and synbiotics. Adv Biochem Eng Biotechnol. 2008;
111: 1-66. https://doi.org/10.1007/10_2008_097 PMID: 18461293

Monteagudo-Mera A, Rastall RA, Gibson GR, Charalampopoulos D, Chatzifragkou A. Adhesion mech-
anisms mediated by probiotics and prebiotics and their potential impact on human health. Appl Microbiol
Biotechnol. 2019; 103: 6463—-6472. https://doi.org/10.1007/s00253-019-09978-7 PMID: 31267231

Nascimento MM. Potential uses of arginine in dentistry. Adv Dent Res. 2018; 29: 98—103. https://doi.
org/10.1177/0022034517735294 PMID: 29355411

Sharma S, Lavender S, Woo JR, Guo L, Shi W, Kilpatrick-Liverman LT, et al. Nanoscale characteriza-
tion of effect of L-arginine on Streptococcus mutans biofilm adhesion by atomic force microscopy.
Microbiology. 2014; 160: 1466—1473. https://doi.org/10.1099/mic.0.075267-0 PMID: 24763427

PLOS ONE | https://doi.org/10.1371/journal.pone.0237547  August 12, 2020 14/15


https://doi.org/10.1186/s12874-017-0458-6
http://www.ncbi.nlm.nih.gov/pubmed/29301497
https://doi.org/10.3389/fmicb.2016.00010
http://www.ncbi.nlm.nih.gov/pubmed/26834728
https://doi.org/10.4103/2231-4040.154526
http://www.ncbi.nlm.nih.gov/pubmed/25878972
https://doi.org/10.13005/bbra/1253
https://doi.org/10.4103/0975-7406.100286
http://www.ncbi.nlm.nih.gov/pubmed/23066281
https://doi.org/10.1007/s10787-012-0126-8
http://www.ncbi.nlm.nih.gov/pubmed/22427210
https://doi.org/10.1007/978-94-007-0386-5%5F1
https://doi.org/10.1089/jmf.2007.0544
http://www.ncbi.nlm.nih.gov/pubmed/19459724
https://doi.org/10.1128/CMR.00013-11
https://doi.org/10.1128/CMR.00013-11
http://www.ncbi.nlm.nih.gov/pubmed/22232376
https://doi.org/10.1155/2019/4623807
http://www.ncbi.nlm.nih.gov/pubmed/31467551
https://doi.org/10.1159/000499037
http://www.ncbi.nlm.nih.gov/pubmed/30947169
https://doi.org/10.1108/00346651111151357
https://doi.org/10.1016/j.job.2015.08.004
https://doi.org/10.1016/j.job.2015.08.004
https://doi.org/10.1038/s41598-019-56847-4
http://www.ncbi.nlm.nih.gov/pubmed/31913322
https://doi.org/10.17126/joralres.2020.014
https://doi.org/10.1007/10%5F2008%5F097
http://www.ncbi.nlm.nih.gov/pubmed/18461293
https://doi.org/10.1007/s00253-019-09978-7
http://www.ncbi.nlm.nih.gov/pubmed/31267231
https://doi.org/10.1177/0022034517735294
https://doi.org/10.1177/0022034517735294
http://www.ncbi.nlm.nih.gov/pubmed/29355411
https://doi.org/10.1099/mic.0.075267-0
http://www.ncbi.nlm.nih.gov/pubmed/24763427
https://doi.org/10.1371/journal.pone.0237547

PLOS ONE

Synbiotics in caries prevention

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Tada A, Nakayama-lmaohiji H, Yamasaki H, Hasibul K, Yoneda S, Uchida K, et al. Cleansing effect of
acidic L-arginine on human oral biofilm. BMC Oral Health. 2016; 16: 40. https://doi.org/10.1186/s12903-
016-0194-z PMID: 27001253

Agnello M, Cen L, Tran NC, Shi W, McLean JS, He X. Arginine improves pH homeostasis via metabo-
lism and microbiome modulation. J Dent Res. 2017; 96: 924-930. https://doi.org/10.1177/
0022034517707512 PMID: 28486080

Huang X, Zhang K, Deng M, Exterkate RAM, Liu C, Zhou X, et al. Effect of arginine on the growth and
biofilm formation of oral bacteria. Arch Oral Biol. 2017; 82: 256—-262. https://doi.org/10.1016/j.
archoralbio.2017.06.026 PMID: 28668766

Srisilapanan P, Korwanich N, Yin W, Chuensuwonkul C, Mateo LR, Zhang YP, et al. Comparison of the
efficacy of a dentifrice containing 1.5% arginine and 1450 ppm fluoride to a dentifrice containing

1450 ppm fluoride alone in the management of early coronal caries as assessed using Quantitative
Light-induced Fluorescence. J Dent. 2013; 41 Suppl 2: S29-S34. https://doi.org/10.1016/j.jdent.2010.
04.005

Yin W, Hu DY, Li X, Fan X, Zhang YP, Pretty IA, et al. The anti-caries efficacy of a dentifrice containing
1.5% arginine and 1450 ppm fluoride as sodium monofluorophosphate assessed using Quantitaive
Light-induced Fluorescence (QLF). J Dent. 2013; 41 Suppl 2: S22—-S28. https://doi.org/10.1016/j.jdent.
2010.04.004

Yin W, Hu DY, Li X, Fan X, Zhang YP, Pretty IA, et al. A clinical investigation using quantitative light-
induced fluorescence (QLF) of the anticaries efficacy of a dentifrice containing 1.5% arginine and
1450 ppm fluoride as sodium monofluorophosphate. J Clin Dent. 2013; 24: A15-22. PMID: 24156136

Burne RA, Marquis RE. Alkali production by oral bacteria and protection against dental caries. FEMS
Microbiol Lett. 2000; 193: 1-6. https://doi.org/10.1111/j.1574-6968.2000.tb09393.x PMID: 11094270

Caglar E, Kargul B, Tanboga |. Bacteriotherapy and probiotics’ role on oral health. Oral Dis. 2005; 11:
131-137. https://doi.org/10.1111/j.1601-0825.2005.01109.x PMID: 15888102

Koll P, Mandar R, Marcotte H, Leibur E, Mikelsaar M, Hammarstrém L. Characterization of oral lactoba-
cilli as potential probiotics for oral health. Oral Microbiol Immunol. 2008; 23: 139-147. https://doi.org/10.
1111/1.1399-302X.2007.00402.x PMID: 18279182

Meurman JH, Antila H, Korhonen A, Salminen S. Effect of Lactobacillus rhamnosus strain GG (ATCC
53103) on the growth of Streptococcus sobrinus in vitro. Eur J Oral Sci. 1995; 103: 253—-258. https://doi.
org/10.1111/.1600-0722.1995.tb00169.x PMID: 7552958

Pham LC, Hoogenkamp MA, Exterkate RAM, Terefework Z, De Soet JJ, Ten Cate JM, et al. Effects of
Lactobacillus rhamnosus GG on saliva-derived microcosms. Arch Oral Biol. 2011; 56: 136—147. https:/
doi.org/10.1016/j.archoralbio.2010.09.019 PMID: 20971447

Grenier D, Bonifait L, Chandad F. Probiotics for oral health: Myth or reality? J Can Dent Assoc (Tor).
2009; 75: 591-596.

Maragkoudakis PA, Zoumpopoulou G, Miaris C, Kalantzopoulos G, Pot B, Tsakalidou E. Probiotic
potential of Lactobacillus strains isolated from dairy products. Int Dairy J. 2006; 16: 189—199. https://doi.
org/10.1016/j.idairyj.2005.02.009

Hayek SA, Ibrahim SA. Current limitations and challenges with lactic acid bacteria: a review. Food Nutr
Sci. 2013;2013: 73-87.

Laakso K, Koskenniemi K, Koponen J, Kankainen M, Surakka A, Salusjarvi T, et al. Growth phase-
associated changes in the proteome and transcriptome of Lactobacillus rhamnosus GG in industrial-
type whey medium. Microb Biotechnol. 2011; 4: 746—766. https://doi.org/10.1111/j.1751-7915.2011.
00275.x PMID: 21883975

Kankainen M, Paulin L, Tynkkynen S, Von Ossowski |, Reunanen J, Partanen P, et al. Comparative
genomic analysis of Lactobacillus rhamnosus GG reveals pili containing a human-mucus binding pro-
tein. Proc Natl Acad Sci U S A. 2009; 106: 17193-17198. https://doi.org/10.1073/pnas.0908876106
PMID: 19805152

Walsh T, Glenny A-M, Worthington H V, Marinho VC, Appelbe P. Fluoride toothpastes of different con-
centrations for preventing dental caries in children and adolescents. Cochrane Database Syst Rev.
2019; 3: CD007868. https://doi.org/10.1002/14651858.CD007868.pub3 PMID: 30829399

PLOS ONE | https://doi.org/10.1371/journal.pone.0237547  August 12, 2020 15/15


https://doi.org/10.1186/s12903-016-0194-z
https://doi.org/10.1186/s12903-016-0194-z
http://www.ncbi.nlm.nih.gov/pubmed/27001253
https://doi.org/10.1177/0022034517707512
https://doi.org/10.1177/0022034517707512
http://www.ncbi.nlm.nih.gov/pubmed/28486080
https://doi.org/10.1016/j.archoralbio.2017.06.026
https://doi.org/10.1016/j.archoralbio.2017.06.026
http://www.ncbi.nlm.nih.gov/pubmed/28668766
https://doi.org/10.1016/j.jdent.2010.04.005
https://doi.org/10.1016/j.jdent.2010.04.005
https://doi.org/10.1016/j.jdent.2010.04.004
https://doi.org/10.1016/j.jdent.2010.04.004
http://www.ncbi.nlm.nih.gov/pubmed/24156136
https://doi.org/10.1111/j.1574-6968.2000.tb09393.x
http://www.ncbi.nlm.nih.gov/pubmed/11094270
https://doi.org/10.1111/j.1601-0825.2005.01109.x
http://www.ncbi.nlm.nih.gov/pubmed/15888102
https://doi.org/10.1111/j.1399-302X.2007.00402.x
https://doi.org/10.1111/j.1399-302X.2007.00402.x
http://www.ncbi.nlm.nih.gov/pubmed/18279182
https://doi.org/10.1111/j.1600-0722.1995.tb00169.x
https://doi.org/10.1111/j.1600-0722.1995.tb00169.x
http://www.ncbi.nlm.nih.gov/pubmed/7552958
https://doi.org/10.1016/j.archoralbio.2010.09.019
https://doi.org/10.1016/j.archoralbio.2010.09.019
http://www.ncbi.nlm.nih.gov/pubmed/20971447
https://doi.org/10.1016/j.idairyj.2005.02.009
https://doi.org/10.1016/j.idairyj.2005.02.009
https://doi.org/10.1111/j.1751-7915.2011.00275.x
https://doi.org/10.1111/j.1751-7915.2011.00275.x
http://www.ncbi.nlm.nih.gov/pubmed/21883975
https://doi.org/10.1073/pnas.0908876106
http://www.ncbi.nlm.nih.gov/pubmed/19805152
https://doi.org/10.1002/14651858.CD007868.pub3
http://www.ncbi.nlm.nih.gov/pubmed/30829399
https://doi.org/10.1371/journal.pone.0237547

