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The present study aimed to purify and characterize the antimicrobial protein from Lactobacillus paracasei
SD1, which is a strain from the human oral cavity. Antimicrobial activity was obtained from purifying the
culture supernatant of L. paracasei SD1. Purification of the active compound was achieved with ammo-
nium sulfate precipitation followed by chloroform and gel filtration chromatography. As revealed by SDS-
PAGE, the active fraction was homogeneous, showing a protein with an approximate molecular weight of
25,000 Da. It was confirmed as having a molecular mass of 24,028.2 Da by mass spectrometry. The
antimicrobial compound, named “paracasin SD1”, exhibited a broad spectrum against oral pathogens.
Paracasin SD1 was stable in a pH range between 3.0 and 8.0 at 100 °C for 5 min, and showed resistance to
a-amylase, catalase, lysozyme and whole saliva. However, its activity was lost after proteinase K and
trypsin treatment. The results obtained suggest the possibility of using paracasin SD1 for application in
prevention/treatment of oral diseases.

Characterization
Oral diseases

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

There has been an increased interest in the role of probiotic
bacteria for promoting and maintaining human health, including
oral health [1,2]. The genus Lactobacillus includes gram-positive
rod-shaped bacteria, which are facultative or microaerophilic an-
aerobes. They are extensively used as probiotics in the food in-
dustry and certain Lactobacillus species are also of importance in
general health, providing a beneficial microflora in the intestinal
tract [2], vagina [3] and oral cavity [4]. They have been proposed to
promote oral health due to their ability to inhibit the growth
against oral pathogens e.g. cariogenic Streptococcus [5—7], and
periodontal pathogens [5,7]. The production of antimicrobials
against certain pathogens is often considered as an important trait
in terms of probiotic efficacy, thus it has been an important crite-
rion in the selection of a probiotic strain. A variety of antimicrobial
compounds usually include organic acids, short-chain fatty acids,
hydrogen peroxide, and bacteriocin.

Several bacteriocins of Lactobacillus paracasei of different origins
have been characterized; for example, various bacteriocins were
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found to be produced by L. paracasei subsp. paracasei BMK2005
isolated from feces, L. paracasei BGBUK2-16 isolated from tradi-
tional homemade cheese, and L. paracasei HD1.7 isolated from
traditional Chinese fermented vegetable food, which contained
small peptides sized 2.4, 7.0 and 11.0 kDa, respectively [8—10]. A
larger size of bacteriocin (56 kDa) was produced by L. paracasei
HL32 isolated from an intestinal tract [ 11 ]. However, the knowledge
of antimicrobial proteins or bacteriocins produced by L. paracasei
strains having an oral origin is still limited.

L. paracasei SD1 is a human oral strain possessing potent anti-
microbial activity against cariogenic and periodontal pathogens [7].
In addition, it has been proven to give a benefit for clinical trials in
reducing the pathogenic agents in the oral cavity of volunteers [12].
However, the antimicrobial protein substance has not been studied
as yet. Thus, the present study aimed to purify and characterize the
antimicrobial protein of L. paracasei SD1.

2. Materials and methods
2.1. Bacterial strains and strain selection

A total of 21 L. paracasei strains, 20 clinical isolates from the oral
cavity and a L. paracasei CCUG 32212 reference strain, were
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obtained from the previous study of Piwat et al. [13], and the cul-
ture collection was kept at —80 °C in the Department of Stoma-
tology, Faculty of Dentistry, Prince of Songkla University, Thailand.
All strains were identified using restriction fragment length poly-
morphism (RFLP) analysis of a polymerase chain reaction (PCR)
[14]. Sequencing of the 16S-rRNA was performed for strains with
uncertain identifications.

Initially, the cell free supernatant and supernatant of sonicated
cells of all tested strains were screened for inhibitory activity, and
Streptococcus mutans ATCC 25175 was used as an indicator strain at
this step. After recovery from storage, each tested strain was
inoculated into a De Man Rogosa Sharpe (MRS) broth at 37 °C for
24 h. Bacterial cells were separated from the broth culture by
centrifugation at 8000 g for 10 min. The supernatant was adjusted
to pH 6.5 with 1 M NaOH and then treated with proteinase K,
catalase and lysozyme at a final enzyme concentration of 1 mg
mL~'. The treated supernatants were tested for antimicrobial ac-
tivity using an agar well diffusion assay.

The supernatant was concentrated 10-fold in a Speed-Vac
concentrator, and then the pH was adjusted to 6.5 with 1 M
NaOH. One part of the concentrated supernatant was extracted
with equal volume of either chloroform or ethyl acetate separately.
After thoroughly mixing, the organic phase evaporated and the
sediment was resuspended in phosphate buffer saline (PBS, pH 7.0)
to the original volume.

The bacterial cells were washed three times with PBS, and the
sediment was than resuspended in PBS to the original volume. The
washed cells suspension was sonicated with a cell disrupter to lyse
the bacterial cell wall for 5 min in an ice bath. Cell debris was
removed by centrifugation at 8000 g for 10 min, and the superna-
tant was used as the sonicated cell free extract.

All samples were examined for inhibitory activity against
S. mutans ATCC 25175 using a microdilution assay. The inhibitory
activity was defined as >80% inhibition growth of an indicator
strain by the tested sample compared to the control (indicator
strains with medium only).

From our screening study, the results indicated that the stron-
gest inhibitory activity was observed in the aqueous phase of the
supernatant of L. paracasei SD1. Thus, the strain was subjected to a
further bacteriocin purification study.

2.2. Purification of the bacteriocin

One liter of the supernatant of L. paracasei SD1 was precipitated
with 40% ammonium sulfate overnight at 4 °C with stirring. The
precipitated proteins were collected by centrifugation of 20,000 g
at 4 °C for 20 min and then resuspended in 10 mL of 0.1 M PBS. The
precipitated proteins were dialyzed twice against 2 L of 0.05 M PBS
for 24 h using a dialysis bag with a molecular weight cutoff of
3.5 kDa. The dialyzed proteins were mixed thoroughly with an
equal volume of chloroform and then centrifuged with 6000 g at
4 °C for 10 min. The organic phase was evaporated and the sedi-
ment was resuspended in PBS.

The sample (0.5 mL) was loaded on a Superdex 200 HR 10/30
column (LKB-Pharmacia, Uppsala, Sweden); a fast protein liquid
chromatography (FPLC) system. A buffer was applied in 0.5 mL
min~! with a 0.05 M sodium phosphate buffer (pH 6.5) with the
addition of 0.15 M NacCl for elution, with a time interval of 20 min
after the samples were injected. The elution was monitored
simultaneously at 280 nm and controlled in 0.5 mL min~ . Fractions
of 3 mL each were collected and then dialyzed two times against 2 L
of distilled water for 24 h using a dialysis bag with a molecular
weight cutoff of 3.5 kDa. The flow-through and the dialysates were
concentrated by lyophilization before testing for bacteriocin
activity.

2.3. Determination of protein concentration

The protein content was estimated using Bradford’s assay [15], a
reagent kit of Bio-Rad Laboratories, USA. A sample (20 pL) was
added to 1 mL of the Bradford reagent, and then mixed for 1 min at
room temperature. The mixture was measured for the protein
concentrations at 595 nm by comparing with bovine serum albu-
min (Sigma—Aldrich, USA) as the standard.

2.4. Tricine sodium dodecyl sulfate polyacrylamide gel
electrophoresis (tricine SDS-PAGE)

Tricine-SDS PAGE analysis of purified bacteriocin was performed
according to Schagger et al. [ 16], with 12% acrylamide gel. Following
electrophoresis, the gel was cut into two parts; one was stained
with Coomassie brilliant blue R-250 (Bio-Rad, Canada), whilst the
other was fixed in 20% (v/v) isopropanol and 10% (v/v) acetic acid
for 1.5 h, and then rinsed in sterile distilled water for 16 h. After the
final rinse step, the gel was overlaid with soft agar medium inoc-
ulated with the tested indicator strain.

2.5. Mass spectrometry

The active fraction was dissolved at the concentration of 1 mg
mL~! in 50% acetonitrile in water, and 10 puL of sample was applied
in liquid chromatography mass spectrometry (LC-MS, model V BIO-
Q triple-quadrupole; Biotech, Altrincham, UK).

The sample was pumped at a flow rate of 5 uL min~, delivered
by a 140-A solvent delivery system (Applied Biosystems, Foster City,
Cailf.). The capillary tip was set at a voltage of 3.2 kV, and the
sample cone voltage was set at 30 V. The mass spectrometer was set
to scan the mass range of 20,000—30,000 Da. The mass spec-
trometer was calibrated by preliminary analysis of horse heart
myoglobin (Sigma—Aldrich, USA).

2.6. Sensitivity to heat, pH, and enzymes

The thermal sensitivity of purified bacteriocin was evaluated by
heating at 60, 80 and 100 °C and autoclaved at 120 °C for 20 minin a
water bath. After cooling, the inhibitory activity was tested and
compared with the nontreated control. A residual inhibitory ac-
tivity was measured using the microdilution assay. The stability of
the lyophilized bacteriocin during a long-term storage was tested at
25, 4 and —20 °C over 6 months. Bacteriocin aliquots were taken
from storage every month and were measured for antimicrobial
activity.

The effect of pH on purified bacteriocin activity was tested at
various pH values from 3.0 to 9.0. The bacteriocin powder was
dissolved with the buffer, incubated for 4 h at 37 °C, and then the
pH was adjusted to 6.5 with either 1 M NaOH or 1 M HCl. Then the
samples were assayed as described above.

Sensitivity to enzymatic proteolysis was tested by treatment of
bacteriocin aliquots in 0.05 M PBS pH 7.0 with proteolytic enzymes
(trypsin and proteinase K), a-amylase, catalase and lysozyme at a
final enzyme concentration of 1 mg mL™. Sensitivity to whole saliva
was also tested. After 3 h of incubation at 37 °C, the reaction was
stopped by boiling for 3 min and then the samples were subse-
quently assayed for antimicrobial activity. The control was prepared
in parallel by incubating without the enzyme. In all the sensitivity
tests, S. mutans ATCC 25175 was used as the indicator strain.

2.7. Inhibitory spectrum of the bacteriocin

The bacteriocin was tested for its inhibitory activity using the
broth microdilution assay. Several indicator strains (see Table 3)
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Table 1
Purification stage and antimicrobial activity of L. paracasei SD1.

Purification stage Volume Total Specific activity

(mL) protein (AU pg™1)
(ng)
Culture supernatant 1000 63,000 53.8
Ammonium sulfate precipitation 50 700 2041
Chloroform extraction 50 135 1048.2
Gel filtration chromatography 1 0.8 46,875.0

Note. AU (arbitrary units) was expressed as the reciprocal highest dilution inhibiting
the growth of the indicator strain.

were chosen on the basis of their importance in and relatedness to
the oral ecosystem. All test strains were grown overnight in MRS or
brain heart infusion broth. The bacteriocin sensitivity of various
indicators was presented using MIC. Antimicrobial protein titers
were reported in arbitrary units (AU) per mL or pg, and one AU was
defined as the reciprocal of the highest dilution showing inhibitory
action towards the sensitive strains.

3. Results
3.1. Screening antimicrobial protein production

A total of 20 clinical L. paracasei strains and a reference strain,
L. paracasei CCUG 32212, were screened for inhibitory activity
against S. mutans ATCC 25175. It was demonstrated that a 10 times-
concentrated supernatant of all tested strains exhibited a stronger
activity compared to the supernatant from the sonicated cell
extract. Extract with chloroform and ethyl acetate did not result in
any removal of the substance from the aqueous phase. Of those,
L. paracasei SD1 exhibited the strongest inhibitory growth on
S. mutans ATCC 25175. The inhibitory activity from the supernatant
of L. paracasei SD1 was partially lost after treatment with catalase
and lysozyme, and it was completely absent after treatment with
proteinase K (Fig. 1).

3.2. Purification of bacteriocin from L. paracasei SD1

Initially, the antimicrobial protein was precipitated from a cell
free supernatant of L. paracasei SD1 with 40, 60 or 80% ammonium
sulfate. It was shown that the strongest antimicrobial activity
against S. mutans ATCC 25175 was recovered in the protein pellet,
which was saturated with 40% ammonium sulfate. Increased spe-
cific activity of the precipitated protein (from 204.1 to 1048.2 AU
ng~") was found after treatment with chloroform (1:1 v/v)
(Table 1).

The 40% ammonium sulfate precipitated protein was further
purified using gel filtration chromatography (Superdex 200 HR 10/
30 column) with the FPLC system. It was revealed that the specific
antimicrobial activity increased from 53.8 AU pg~! (in the

@  ®

supernatant) to 46,875 AU pg~! (in the active fraction). Also an
inhibition zone of the specific antimicrobial activity against
S. mutans ATCC 25175 was detectable, and the tricine SDS-PAGE
electrophoresis estimated the protein molecular mass at approxi-
mate 25,000 Da (Fig. 2a). The LC-MS analysis demonstrated a
specific protein molecular mass of 24,028.2 Da (Fig. 2b).

3.3. Characterization of bacteriocin activity

3.3.1. Enzyme sensitivity

The bacteriocin activity was completely inactivated by trypsin
and proteinase K, and a relative loss of activity was observed after
treatment with lysozyme. The bacteriocin activity was found to be
resistant to a-amylase, catalase and whole saliva (Table 2).

3.3.2. pH and heat sensitivity

The antimicrobial activity seemed to be active across a broad pH
range between pH 3.0—8.0, and the most active activity was
observed with acidic pH between 5.0 and 6.0. The antimicrobial
activity was completely lost at pH value 9.0.

The antimicrobial activity did not show any detectable loss of
activity when heated at 60 °C, and there was a slight decrease of
activity at 80 °C. There was no detectable activity observed when it
was heated at 120 °C (Table 2). It was found that storage of para-
casin SD1 for 6 months at 25, 4 and —20 °C did not affect its activity.

3.3.3. Spectrum of activity

The antibacterial activity of the purified antimicrobial protein
produced by L. paracasei SD1 was tested against selected oral
pathogens using the microdilution assay. A total of 12 strains
belonging to 6 species of Gram-positive, Gram-negative bacteria
and Candida albicans were examined. The results demonstrated
that all tested strains were sensitive to the purified protein except
Fusobacterium nucleatum. It was noted that Gram-positive bacteria
was more sensitive than Gram-negative bacteria (Table 3).

4. Discussion

This work describes the purification and characterization of an
antimicrobial protein produced by a strain of L. paracasei SD1 iso-
lated from the human oral cavity. An earlier report showed that
L. paracasei SD1 had strong antimicrobial activity against a wide
range of oral pathogens [7]; however, the specific antimicrobial
compound has not yet been identified. In this study, it was
demonstrated that the antimicrobial compounds of L. paracasei SD1
were found in the cell-free supernatant, which may include
bacteriocin, hydrogen peroxide and antioxidative activity. The
finding of partial loss activity after the catalase treatment indicated
that there was hydrogen peroxide in the supernatant. The active
compound also had a proteinaceous nature because its activity was
lost after treatment with proteinase K. The organic solvent could

(©) (C))

Fig. 1. The inhibitory activity of the culture supernatant of L. paracasei SD1 against S. mutans ATCC 25175 treated with various enzymes. (a) untreated supernatant, (b) treated with

proteinase K, (c) treated with catalase, and (d) treated with lysozyme.
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Fig. 2. (a) Tricine-SDS PAGE analysis of purified bacteriocin from L. paracasei SD1: (Lane 1) Coomassie brilliant blue stained gel, (Lane 2) gel overlaid with soft agar containing
S. mutans ATCC 25175, and (Lane M) molecular weight standard, low range (Bio-Rad), and (b) Liquid chromatography mass spectrometry of paracasin SD1; only one peak was

obtained corresponding to a molecular mass of 24,028.2 Da.

not remove any antimicrobial protein from the aqueous phase of
the culture supernatant, which indicated that the bacteriocin pro-
duced from L. paracasei SD1 has a hydrophilic character.

In this study, we report on purification and characterization of
the bacteriocin named “paracasin SD1”, produced by L. paracasei
SD1. It was demonstrated that paracasin SD1 was purified from cell-
free supernatant by precipitation with ammonium sulfate, chloro-
form extraction and gel filtration chromatography. The chloroform
extraction of the ammonium precipitated protein increased the
antimicrobial activity, suggesting a high degree of purification of
paracasin SD1. The antimicrobial activity of ammonium sulfate
precipitated proteins increased after mixing with chloroform. It
may explain by that some bacteriocins appear in their native state
as aggregates with other molecules e.g. lipid materials. These ag-
gregates may mask the antimicrobial activity partially. Such com-
plexities can be eliminated by extraction with chloroform [17]. This
was supported by a study of Contreras et al. [18], who demon-
strated that a simple one-step methanol-chloroform extraction
could remove most fatty acid contamination from the ammonium
sulfate precipitated bateriocin, which resulted in a pure bacteriocin
[18].

The molecular mass of the purified protein was determined by
LC-MS, and it was found to be 24,028.2 Da. To our knowledge,
paracasin SD1 might be a novel bacteriocin produced by L. paracasei

Table 2
Effects of enzyme, pH and heat treatment on purified paracasin SD1 produced from
L. paracasei SD1.

Treatment Antimicrobial activity =~ Treatment  Antimicrobial activity
Enzyme Heat °C/min
a-amylase +++ 60/5 +++
Catalase +++ 80/5 +++
Lysozyme + 100/5 +
Proteinase K - 120/5 —
Trypsin - 60/10 +++
Whole saliva +++ 80/10 ++
pH 100/10 -

3.0 + 120/10 —

4.0 ++ 60/20 +++
5.0 +++ 80/20 +

6.0 +++ 100/20 —

7.0 ++ 120/20 —

8.0 +

9.0 —

SD1 since its molecular mass differs from previous bacteriocins
reported by others [8—10,19]. Paracasin SD1 has a rather high
molecular weight compared with those of peptides (2—4 kDa)
produced by non-oral origin L. paracasei strains.

Accumulating evidence suggests that probiotics exert various
biological roles through several mechanisms, one of the most
considered being bacteriocin production. The results in the present
study agree with previous studies indicating that bacteriocin pro-
duction is a specific feature of certain strains. Among the
L. paracasei strains screened for their bacteriocin in this study, an
antimicrobial protein band was found only in L. paracasei SD1 (data
not shown). For this reason, bacteriocin production has been an
important criterion in the selection of certain probiotic strains.
Moreover few studies have demonstrated the impact of bacteriocin
production on the ability of a strain to complete within the GI tract
and/or positively influence the health of the host [20]. Apart from
directly inhibiting competing strains or pathogens of bacteriocins,
they may function as colonizing peptides, facilitating the intro-
duction and/or dominance of a producer into an already occupied
niche [21]. In addition, bacteriocins may function as signaling
peptides, either signaling other bacteria through quorum sensing
and bacterial cross talk within microbial communities or signaling
cells of the host immune system [22—26]. For these reasons, ability
of strains to produce bacteriocin has always received attention.

Table 3
Bacterial strains used and antimicrobial activity of purified paracasin SD1.

Indicator strains Antimicrobial activity

Gram positive bacteria:

Streptococcus mutans ATCC 25175 +++
Streptococcus sobrinus ATCC 33478 +++
Lactobacillus casei ATCC 393 +++
Lactobacillus fermentum ATCC 14931 +++
Lactobacillus paracasei CCUG 32212 ++
Lactobacillus plantarum ATCC 14917 +++
Lactobacillus rhamnosus ATCC 7469 ++
Lactobacillus salivarius ATCC 11741 ++

Gram negative bacteria:
Aggregatibacter actinomycetemcomitans ATCC 33384 +
Fusobacterium nucleatum ATCC 25586 -

Porphyromonas gingivalis ATCC 33277 +
Yeast:
Candida albicans ATCC 90028 ++

Note. Antimicrobial activity was determined by the microdilution assay against an
oral pathogenic S. mutans. + + +, antimicrobial activity >37,500 AU mL™'; + +,
antimicrobial activity >25,000 AU mL™'; +, antimicrobial activity >12,500 AU
mL~'; -, non-detected antimicrobial activity. All tests were performed in triplicate.

Note. Antimicrobial activity was determined by the microdilution assay against an
oral pathogenic. + + +, antimicrobial activity >37,500 AU mL™'; + +, antimicrobial
activity >25,000 AU mL~"; +, antimicrobial activity >12,500 AU mL~!; -, non-
detected antimicrobial activity. All tests were performed in triplicate.
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Regarding the characterization of paracasin SD1, a broad spec-
trum of antimicrobial activity against Gram-positive bacteria,
Gram-negative bacteria, and even anti-Candida was found. It was
noted that Gram-positive bacteria was more sensitive to paracasin
SD1 than Gram-negative bacteria. This may be explained by the
observation that bacteriocins usually exhibit antimicrobial activity
against closely related strains of bacteria to the producer [27].
However, why E nucleatum was not sensitive to paracasin SD1, is
difficult to explain.

The antimicrobial activity may be influenced by the action of the
pH, temperature and proteolytic enzymes. This study has demon-
strated that paracasin SD1 could be active in a broad pH range from
3.0 to 8.0, although maximum activity was detected within a nar-
row pH range of 5.0—6.0. The antimicrobial activity appeared to be
relative heat-stable, since inhibitory activity was maintained upon
heating at 100 °C for 5 min. Therefore, paracasin SD1 could be used
in pasteurized products. In addition, paracasin SD1 was stable and
unchanged antimicrobial activity over long periods of storage.

Concerning sensitivity tests to various enzymes, it was found that
paracasin SD1 was inactivated by trypsin, a proteolytic enzyme,
which usually presents in the small intestine. However, the anti-
microbial activity of paracasin SD1 was not sensitive to a-amylase,
catalase, lysozyme and whole saliva, indicating that paracasin SD1
may be practical to use as a topical application in the oral cavity.

5. Conclusion

Paracasin SD1 displayed an attractive antimicrobial activity,
being active against the following oral pathogens: S. mutans,
Streptococcus sobrinus, Porphyromonas gingivalis and Aggregati-
bacter actinomycetemcomitans. This and other interesting features
make paracasin SD1 an attractive candidate for oral applications,
especially for prevention and/or treatment of oral diseases.
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Abstract: Background: A previous study revealed.actobacillus paracase SD1, a
probiotic strain, could reduceutans streptococci (MSYhe aim of this study was to
evaluate the long-term effectslofparacasel SD1 on the colonization of MS, and whether
caries lesions developeM ethods. After informed consent, 122 children were recmlite
and randomly assigned to the probiotic or controugs. The probiotic group received
milk-powder containind-. paracasei SD1 and the control group received standard milk-
powder once daily for 6 months. Salivary MS anddhacilli were enumerated using
differential culture at baseline and at 3-montleiwnals for 12 months. The persistence of
L. paracasei SD1 was investigated using AP-PCR for DNA-fingemgirig. Oral health was
examined at baseline and at the end of the studyding to WHO criteriaResults: The
long-term consumption could prolong colonization Lof paracasei SD1. Significantly
reduced MS counts and increased lactobacilli lewedse found among children in the
probiotic group. There was less caries in the mtabigroup at the end of the study. A
significant reduction of the development of newieaiesions (4.5 times) was observed in
the high caries risk group but not in the low cariesk group.Conclusions: Results
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demonstrate that the long-term daily ingestiorhef human-derived probiotlc paracasei
SD1 significantly reduces the number of MS andesarisk.

Keywords: Lactobacillus paracasei SD1;mutans streptococci; probiotics; dertaties

1. Introduction

Dental caries still remains one of the most commdseases worldwide, especially in developing
countries. A great effort has been made searclonghe means to reduce cariogenic microflora,
however, this seems to have been unsuccessful mpletely eradicating caries-associated
microorganisms. A number of studies have repotteduse of probiotic strains for the prevention of
oral diseases, including dental caries [1, 2].

Lactobacillus species are the major organisms that have beemopsty evaluated as potential
probiotics for the prevention of dental caries.sTisi mainly due to their purported inhibitory adiv
against cariogenic mutans streptococci (MS) [3aB}]] the fact that they are generally consideregl saf
for oral administration in humans [6]. A numberinfvivo clinical control trials have been performed
and most of those demonstrated positive effectsralbiotics on reducing MS [2]. Probiotic strains
previously used for oral care are those mainlyvaerifrom non-oral origins e.g. the gastrointestinal
tract. They might not be ideal strains for the oealvironment since this quite differs from the
gastrointestinal habitat. This has been supporethé findings that such strains usually colonize i
the oral cavity for only a short time [7-9]. Howeyenost of the information received has been from
short-term consumption of probiotics. A long tertady is needed to clarify whether how long the
probiotics would persist and whether a cariogenmraobial shift would be induced.

Another point of concern is that most studies ole@ithe number of MS as the outcome, while
reports of outcomes of caries lesion developmenstall lacking. This is impossible to do so unless
long-term study is carried out.

Our previous studies demonstrated thaxttobacillus paracasel SD1, an oral human-derived strain,
is a good candidate to be a probiotic for oral thedlhe randomized double blinded studies showed
that a short-term, 4-week consumption of milk powdentainingL. paracasel SD1 could reduce
salivary MS in volunteers. The strain could st#l tound up to 4 weeks following cessation of dosing
[10, 11].

The aims of the present study were to investigageldng-term effect of. paracasei SD1 on the
colonization of MS, and the persistencelLofparacasei SD1in vivo was also evaluated. Moreover,
caries lesion development was monitored.

2. Results and Discussion

In recent years, bacteriotherapy in the form ofoptic bacteria with an inhibiting effect on oral
pathogens has been a promising concept, thus,gtiobpplications for prevention and/or treatmeit o
oral diseases have received increased attentiamt-Simd long-term intervention in clinical trigiswve
been performed, and most have shown that receproigiotic strains could decrease the MS levels in
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either saliva or dental plague. However, some uiffe results have also been reported. This
inconsistency has been explained by the differemins used or differences in study design and/or
study population [12-18].

Most studies on probiotics and dental caries hagasmred changes in MS counts, but only a few
studies have used dental caries as the endpoirsumezaent. This study was designed as a randomized
double-blinded clinical long-term trial on the effe ofL. paracasel SD1, a human oral-origin strain,
on both MS level and dental cari@he number of children investigated in this stuslygiven in the
flow chart of Figure 1. The baseline charactersst€ the children in both groups who participated i
the study are presented in Table 1. There weretatcstgcally significant differences between the
groups in age, pH of saliva and caries status (DMftThe baselind(> 0.05). The sex in both groups
was a significant differencd?(< 0.05), there were more females in the probigtimup than in the
control group.The dropout rate from the baseline was low, andpdiamce with the study protocol
during the intervention was satisfactory basedhenmformation from the logbook.

Figure 1. Flow-chart showing the progress of children pgrating at each time period of
the 12 months study

| Eligibility (2=246) ‘

Ineligibility (n=80), due to

Ineligibility (n=44), caries
not providing consent form

more than 3 teeth |

Randomization (n=122) ‘

Probiotic group (A}, Non-probiotic group
=60 (B). n=62
J’ Start intervention \L

Baseline measurement: clinical T0

examination, saliva (pH, MS, examination, saliva (pH, MS, —
lactobacilli), n=60 lactobacilli). n=62

l l

3 month measurement: saliva (pH. T3
MS, lactobacilli), n=62

Baseline measurement: clinical

3 month measurement: saliva (pH.
MS, lactobacilli), n=56 (4 withdrawal
of consent

! l B

6 month measurement: saliva (pH. 6 month measwrement: saliva (pH. T6
MS, lactobacilli), n=60 (2 did not

MS, lactobacilli), n=35 (1 did not
allocated intervention) allocated intervention)

UOTJUA AT

9 month measwrement: saliva (pH. 9 month measurement: saliva (pH, T9 o
MS, lactobacilli), n=353 (2 lost to MS, lactobacilli), n=37 (3 lost to é
follow-up) follow-up) Z

12 month measurement: clinical 12 month measurement: clinical T1]

examination, saliva (pH, MS, examination, saliva (pH, MS,
lactobacilli), n=53 lactobacilli). n=57
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Table 1. General characteristics of children

Characteristics Control Praobiotic
Age (year$ 13.13+0.71 13.25+0.73
Sex:
male 41 23
female 22 36
DMFT at baseline 0.91+1.40 0.86+1.12
pH of saliva:
TO 7.47+0.29 7.50+0.30
T3 7.18+0.42 7.38+0.49
T6 7.60+0.60 7.78+0.36
T9 7.70+0.41 7.57+0.49
T12 7.32+0.47 7.30+0.56

In previous studies, the follow-up samplings weeneyally conducted at the termination of
probiotic intervention, and any information on th&st intervention re-growth of the suppressed targe
bacteria afterwards was minimal. This study moseiiothe MS levels more frequently during the
intervention and follow-up time. It was hypothesizthat long-term exposure to probiotics could
prevent or delay MS colonizing, and accordinglyverg dental caries. Thus, evaluation of the study
was based on MS colonization and the incrementeoftad caries between the children receiving
probiotic milk and control milk. The levels of sary MS and lactobacilli at baseline and at the ehd
the study are demonstrated in Figure 2. At basethme mean counts (legCFU/ml £ SD) of MS in
the probiotic and control groups were 4.21+1.01 &w8+1.82, respectively, which was not a
statistically significant differenceP(> 0.05).significant differences of MS levels between the two
groups were found at T®(< 0.001) and T6F = 0.001). The MS levels did not change significant
among children taking the control milk throughohe tstudy, except that it significantly increased
during T9-T12 P = 0.011). The number of MS in the saliva of chelrin the probiotic group was
found to have significantly decreased during anddhths after receiving the probiotic milk (T3-T9)
compared to the baseline € 0.001). At the end of the study (T12), the M&lewvas not significantly
different compared to the baseline. It was assutinaidthe presence bf paracasei SD1 resulted in an
inhibiting effect on MS. However, it should be mbtehat probiotic action involves several
mechanisms including production of antimicrobialbstances, competition with pathogens by
preventing cellular adhesion and invasion, and ratihun of local and systemic immune functions
[19]. We have also found a significant increasesafvary innate immune among children receiving
the probiotic milk at T3 (published separately).f&q there is no clear explanation for the obstoma
why there was a rapid decrease of MS at T3, it trighthe result of several mechanisms of probiotic
action in combination. This requires the furthercedation.

At baseline, the mean counts of lactobacilli in pnebiotic and control groups were 5.57+0.91 and
5.92+1.77, respectively, being significantly lowerthe probiotic group than in the control grotp<
0.001). The significant differences of lactobadaitiunts between both groups were found atH' 3 (
0.027), T6 P = 0.003), T9R = 0.043) and T12R < = 0.027). During the follow-up period, the level
of lactobacilli increased significantly in both gms compared to the baseline; however, it increased
more in the probiotic group than in the controlgyro An oral colonization withL. paracasel SD1
showed good compliance due to the presence. gdaracasei SD1 in the saliva. At baseling,
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paracasei SD1 was not detectable in either the control drdgesup. During the study, the finding bbf
paracasel SD1 could be detected as 85%, 80%, 60% and 0% ,aT@,3T9 and T12, respectively,
among the children who were receiving probiotickyidut it was not found in the control group.

The finding above raised the question of whetherfobiotic bacteria can permanently colonize in
the mouth and whether or not there is any residtiatt after discontinuation. Some studies showed
that different strains of probiotic strains actaagansient colonizer in the oral cavity, and stgsdon
plague and saliva have shown that ingested preabia@tcteria were recoverable up to 1-2 weeks after
termination of intake [7-9]. However, the prolongade for colonization ot. paracasel SD1, of at
least 3 months (T6-T9) after cessation of dosinghe mouth of the children taking the probiotidkmi
was noted in the present study. The colonizatioh. gfaracasei SD1 seemed to last longer than the
other studies [7-9]. This may relate to its oriffimm the human mouth, where the environment is more
suitable for the strain to survive. Another podgipis that prolonged exposure to the probioti@ists
may be needed. Our previous study evaluated thet-wm (4-weeks) consumption of milk
containingL. paracasei SD1, and demonstrated that the strain could bec@detdor a further 4 weeks
afterwards. A short contact time of an extrinsicatiministered probiotic to the oral cavity mayae
limiting factor, since the already established wixxal ecology may prevent any introduced probiotics
from colonizing and becoming a part of the commbkosa biofilm.

Figure 2. The number of salivary mutans streptococci (MS) kctobacilli (LB) at the
baseline (TO) and during the 12 months of studyTI3). The parameters were evaluated
by the Wilcoxon signed-rank test: * Significanée< 0.05), ** SignificanceR < < 0.001)
difference versus baseline.

Microorganisms (log ;, CFU/ml)

TO T3 T6 T9 Ti12

Follow up time (month)

A LB o MS

Group A (probiotic) ------—--- Group B (control)

Any residual effect after a long-term taking of guots containing probiotics has always been an
issue of interest. The establishment of probiotmiss in the oral cavity could promote caries
development due to their acidogenic and aciduripe@rties. Howevel,. paracasei strains have been
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shown being less acid-producers compared to stoitgproducers e.d.actobacillus salivarius [20].

In this study, lactobacilli level significantly ireased in both groups, but the increase was fourchm
more in the probiotic than in the control groupl pérticipants were advised not to take food onkiri
containing probiotic (lactobacilli) during the studHowever, increase of lactobacilli level in the
control group might be derived from an unexpectaatee e.g. pickling vegetables and fruits, which is
commonly ingested among Thai people. However, g m@ed that there were no negative side effects
following the probiotic intervention. Although flucations in saliva pH were observed, they were
within the neutral range. Throughout the study, ghkvary pH was found closely the same from the
baseline to the end of the study in both groupsI@ 4).

There have been only a few reports of randomizedrolbed clinical trials using caries as the
outcome, especially regarding, clinical evaluatidmprobiotic bacteria that originated from the niout
Most strains that have been isolated and develémredastrointestinal health have been adopted for
use in dental research. The 6 months intervenbtovied by 6 months observation in this study may
still be too short for monitoring caries progressibluoride is commonly used in Thailand, which may
be another factor delaying caries progression. Weweour results revealed thiat paracasei SD1
showed a beneficial effect on dental caries; tiveas less dental caries among the children in the
probiotic group at the end of study (Table 2). Tinman of decay teeth (DT) in the probiotic group was
lower than in the control group, although there wasstatistically significant difference (Table 2).
When the caries increment OT) and caries risk were taken for analysis, aificant increase in the
caries increment was observed among children ircoinérol group with high caries risk compared to
the probiotic group (Table 2). In addition, it raled that the long-term intake of milk containibg
paracasel SD1 reduced the risk of caries significantly (ORL.85,P = 0.019) in children with high
caries risk (Table 3 Amongchildren with low caries risk, it seemed that tmelyotic group had more
caries increase>(1) than the control group, however, it was notistiaally significant OR = 0.45P = 0.342)
(Table 3).The definition of caries risk here is based onegittiental caries alone or combined with
microbiological examination. This is in agreemeithvanother study of caries trial reporting theseff
of probiotics in reduction of caries risk and carigcidence [12]. Theoretically, a reduction of MS
over time would reduce caries risk, at least of mesiwons. The clinical significance of our findings
supported that a long-term exposure to milk comgih. paracasei SD1 could prevent or delay MS
colonization resulting in reduction of caries risk.

Table 2. Mean decay teeth (DT) £ SD at TO and mean cane®ments4 DT) £ SD at
T12 in the control and probiotic groups

Control group Probiotic group

Total: (n=110)

DT at TO 0.61+1.10 0.68 +0.98
ADTatT12 0.57 £0.95 0.30 £0.57
Low caries risk:
(n=56)
DT at TO 0.0 0.0
ADTatT12 0.30+0.79 0.35+0.56

High caries risk:
(n=54)
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DT at TO 1.43+1.31 1.26+1.03
ADT at T12* 0.91+1.04 0.26+0.57
* Significance (p = 0.007), the parameters werduatad by the Mann-Whitney U test

Table 3. Number of children with caries increment of thattol and probiotic groups with
low and high caries risk

Number of children (%) with

Low caries risk (n=56) High caries risk (n=54)*
Control Probiotic Control Probiotic
No caries increase 25 (83.3) 18 (69.2) 11 (47.8) (8@B)
Caries increase 1 5(16.7) 8 (30.8) 12 (52.2) 6 (19.4)
Total 30 (100) 26 (100) 23 (100) 31 (100)
OR 0.45 4.55

* Significance (p= 0.019), the parameters were evaluated by theSGhare test

It has been accepted that the effects of probgitains are strain specific, not all thactobacillus
are probiotics that possess the ability to cont=lth benefits for the host [21]. Thus exploring th
desirable properties of certain strains is nee@rd. previous study revealed tHat paracase SD1
could produce paracasin SD1, a specific antimiedolprotein, against various oral pathogens
including cariogenic bacteria [22]. It may suppibet advantages of this strain in respect to itemnual
use as a bacterial replacement, which is a mearsnalbatting infections by the administration of aon
pathogenic bacteria to displace pathogenic miciaasyns.

3. Experimental Section
ubjects

To be considered for invitation, subjects had teehgood oral health with caries3 teeth, absence
of untreated active carious lesions, absence loéegingivitis or periodontal disease, be a nonisno
and have daily tooth-brushing habits using fluocdataining toothpaste. The exclusion criteria were
(i) habitual consumption of probiotics or xylitdlj) systemic antibiotic medication taken within 6
weeks, (iii) allergy to cows' milk, lactose intad@ice, severe food allergy, and (iv) systemic oesev
chronic diseases.

The sample size calculation was based on our pusvétudy [11]; it was calculated that there
would be an estimated 80% power at the 0.05 leveigmificance, using two-sided testing, to detect
mean difference on the logarithm scale of 0.55M& count assuming a standard deviation of 0.63.
Twenty participants per group were needed. Aftgusithent to evaluate the result of the caries
increment and for 20% dropouts, a total sample@iZ&0 was judged as necessary for this study.

The project was thoroughly explained to the chitdaed their parents in a meeting organized at the
school. From a total of 246 children, 202 were iblgy but only 122 volunteered after informed
consent was given by their parents. The study gomupprised 122 children (58 females, 64 males),
12-14 years of age (mean: 13£19.72 years). A flow chart of the study is outlinedFigure 1. All
subjects were asked to immediately report any agveide effects and to fill in the questionnaingrfo
after 6 months of milk consumption.
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Sudy Design

The prospective investigation was a follow-up afauble-blinded, randomized placebo-controlled
trial in two parallel groups, with a study periofil® months. The study was approved by the Faculty
of Dentistry Ethics Committee at the Prince of SdagUniversity, Thailand. Children were
randomized to the study or control group by medndrawing lots, and they were coded as A or B.
The code was kept by an independent monitor. Tbde avas not unveiled until all data had been
analyzed. Neither the researchers nor cliniciarsrealth care personnel knew whether the children
received control or intervention milk during theucge of the study. The project was registeredat th
http://www.clinicaltrials.in.th/ one of the primary of WHO Registry Network, Ctial Trials identifier
TCTR20130904001.

Intervention

Children in the probiotic group drank 5 g of reditnged milk powder with probiotit.. paracasei
SD1 in 50 ml water once daily, whereas childrethi control group drank 5 g of reconstituted milk
powder without probiotic bacteria in 50 ml watercerdaily for 6 months. The probiotic milk powder
containedL. paracasei SD1 10 CFU/mg and was prepared according to Teanpaisah [23]. The
test and the control milks were delivered in ptasiags marked “A” or “B”, and all children were
asked to drink under observation everyday by thdtihecare staff. On the holidays or weekends,
children were asked to drink their milk at home &mdeturn the plastic bags.

The compliance was checked by the health care staff filled in a logbook everyday with
information on attendance of children and whethierat the children had been drinking the milk.

Oral Examination

Oral examinations were performed at baseline antheatend of the study after 12 months by 3
dentists (PS, TS and TK). Before the start of shely, the 3 examination teams were calibrated
against each other and inter-examiner reliabik#sts were carried out before the baseline and éefor
the re-examination.

Dental caries status was recorded according to Wiit€ria [24]. The caries increment ODT) was
calculated for each participating individual as thi#erence between the baseline score and the 12-
month score.

Caries risk was determined on the basis of combatiagtal and microbiological results according
to the modification of Nase et al. [12], which ddi®d the children into ‘high risk’ and ‘low risk’
‘High risk’ was recorded if the child had eitheba score > 0 and/or MS count1® cfu/ml. If there
was no caries (DT score = 0) and the MS count><fil@ml, the child was recorded as ‘low risk’.

Microbial evaluation

Unstimulated saliva samples were collected at besélr0), 3 (T3), 6 (T6), 9 (T9) and 12 (T12)
months. Each sample was made in a 10-fold seriati@h and cultured on a Mitis Salivarius
Bacitracin agar or a de Man, Rogosa and Sharpe [Mig& being the selective media for MS and
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lactobacilli, respectively. After 48 h of incubatian anaerobic condition at 37°C, the number of MS
and lactobacilli were counted as colony formingsi(CFU)/ml.

Five to ten colonies of lactobacilli on MRS platgere collected, purified and kept at -80°C for
tracing ofL. paracasel SD1 using AP-PCR fingerprints [10].

Analysis of data

All numerical data were presented as means andatameviations. The general characteristics of
the children (gender, age, pH of saliva and casiatis-DMFT) between control and probiotic groups
were analyzed using the chi-square test for caisgdichotomized variables and the Mann-Whitney
U test for interval variables. The number of colaounts of MS and lactobacilli were presented as
logio CFU/mI. The changes in bacterial counts and salipét from baseline to the intervention period
were analyzed using Wilcoxon Signed rank test. filmaber of colony counts of MS, and lactobacilli
between the two groups were analyzed using the Mdhitney U test. The difference of caries
increment between the two groups was analyzed dyidnn-Whitney U tesiThe chi-square test was
used to compare the percentages of children witlesancrement between the study groups. The
software package used was the Statistical Packadggotial Sciences (SPSS Inc., Chicago, IL, USA),
and the differences were considered significantn#he 0.05.

4. Conclusions

In conclusion, the long-term daily consumption afknpowder containind.. paracasel SD1 has
resulted in the reduction of both numbers of MSsativa and caries risk. The long-term exposure
seems to be an essential factor for prolonged c@dtion of the probiotic strain. Therefore, prolendg
administration or the repeated application of thebmtics may be needed to maintain the desired
probiotic effect for benefits on oral health.
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Abstract

Background: Probiotic supplementation can reduce mutans streptococci (MS) numbers. One of its proposed
mechanisms is immunomodulation. Salivary human neutrophil peptide 1-3 (HNP1-3) levels have previously been
demonstrated to be higher in caries-free than in caries-susceptible children, suggesting their preventive role against
caries. We aimed to compare salivary HNP1-3 levels between an intervention group with probiotics and a control
group.

Methods: A randomized double-blinded clinical trial was conducted. Sixty schoolchildren were equally allocated to
either an intervention or control group. The use of a probiotic strain, Lactobacillus paracasei SD1, has shown to
reduce MS numbers in volunteers. In unstimulated whole saliva, HNP1-3 levels were assayed by ELISA, and MS and
lactobacilli counts were assayed by colony counting at baseline (TO) and at 3 (T3), 6 (T6), and 12 months (T12). The
International Caries Detection and Assessment system was used to assess caries status.

Results: In the intervention group, salivary HNP1-3 levels were significantly greater than those in the control group
at T3 and T6 (p < 0.001), whereas MS counts were significantly decreased (p < 0.01). In the intervention group,
positive and negative correlations were found between HNP1-3 levels and lactobacilli counts and between MS and
lactobacilli counts, respectively. However, there was no significant correlation between enhanced HNP1-3 levels and
decreased MS numbers. The caries increment for the pit and fissure surface, but not for the smooth surfaces, was

significantly decreased in the intervention group compared with the control group (p =0.01).

Conclusions: Probiotics can temporarily enhance salivary HNP1-3 levels; however, their action to reduce new pit
and fissure caries probably involves microbial interactions.

Trial registration: TCTR20130904001 (registration date: September 04, 2013).

Keywords: Alpha-defensins, Dental caries, Mutans streptococci, Probiotics, Saliva

Background

Dental caries is one of the most prevalent diseases in
both children and adults worldwide [1]. However, the
success of all caries preventive programs has been im-
peded by its multifactorial nature. The disease is a result
of demineralization, caused by the interactions of cario-
genic bacteria, a diet rich in fermentable carbohydrates,
and host components, such as tooth and saliva proper-
ties [2]. Although many bacterial species can play a role
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in the caries process [3], mutans streptococci (MS) have
been considered major pathogens associated with early
caries development [4]. The main virulence properties of
MS are acidogenicity, acid tolerance, biofilm formation
and tooth adhesion [5]. Strong association between MS
quantities and the pathogenesis of dental caries is dem-
onstrated by several previous studies, reviewed in [6].
Probiotic administration is considered a potential strat-
egy for improving or maintaining oral health. According
to the World Health Organization (WHO), probiotics are
“live microorganisms which, when administered in ad-
equate amounts, confer a health benefit on the host” [7].
Several mechanisms have been proposed for the probiotic
action, including production of antimicrobial substances,
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competition with pathogens by preventing cellular adhe-
sion and invasion, and modulation of local and systemic
immune functions [8-11]. In a recent systematic review
[12], several clinical trials have shown the capacity of pro-
biotic supplementation to reduce MS counts, but the de-
creasing effect is variable and short-lasting. Moreover,
only very few studies have so far investigated the quan-
tities of lactobacilli (LB) and the prevention of new caries
occurrence by probiotic supplementation.

Although LB, commonly used as probiotics, have been
associated with caries progression [13], a recent study
has revealed that only a certain species, i.e., Lactobacil-
lus salivarius, is more related to caries development by
its ability to produce high levels of acids [14]. In contrast
to these cariogenic bacteria, Lactobacillus paracasei iso-
lated from caries-free subjects possesses an ability to
suppress MS growth [15,16]. In this study, Lactobacillus
paracasei SD1 was introduced as a probiotic strain and
used in the oral cavity because of its several previously-
demonstrated properties, including inhibition of MS
growth, less acid production than other LB, and good
adherence to oral epithelial cells [17].

Human neutrophil peptides 1-3 (HNP1-3) are small
cationic antimicrobial peptides that provide the first line
of host defense against a broad spectrum of microorgan-
isms [18]. HNP1-3 are expressed in ductal epithelial cells
of submandibular salivary glands and secreted into saliva
[19]. They are also produced by neutrophils and released
into gingival crevicular fluid [20]. The preventive role of
HNP1-3 against dental caries has been suggested by the
significantly higher salivary HNP1-3 levels in caries-free
children than in those experiencing caries demonstrated
by Tao et al. [19]. Since one of the probiotic mechanisms
has been proposed to be involved with host immune
regulation, we, therefore, hypothesized that probiotic
supplementation might help prevent dental caries by
augmentation of local host immunity via enhanced pro-
duction of salivary HNP1-3. The aims of this study were
to examine the effects of probiotic intervention on saliv-
ary HNP1-3 levels, MS counts, and LB counts, and to
determine the correlations between these host and mi-
crobial parameters. Furthermore, new occurrences of
carious lesions for the second permanent molars during
a 12-month clinical trial were assessed and compared
between the control and intervention groups.

Methods

Overview of study design

This trial was designed as a randomized, double-blinded
and placebo-controlled method with two parallel groups.
The study protocol was approved by the Human Experi-
mentation Committees of the Faculties of Dentistry,
Chiang Mai University and Prince of Songkla University,
Thailand. Informed consent was obtained from the
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parents or guardians of each participant before the com-
mencement of this study. Sixty eligible and healthy par-
ticipants out of 246 children were allocated equally to
either of the two groups, the control and probiotic
groups, using a simple randomization procedure by
means of drawing lots (Figure 1). The inclusion and ex-
clusion criteria are identified in Participants and in
Figure 1. For the double-blinded method, the code
was kept by an independent monitor. This code was
not unveiled until all data had been analyzed. None of
the researchers, the clinicians, the participants, the
teachers, or the statistician knew whether the children
received control or intervention milk throughout the
entire course of this study. The trial was registered at
the http://www.clinicaltrials.in.th/, one of the primary
WHO Registry Networks, Clinical Trials identifier
TCTR20130904001. The whole experimental period
lasted for 12 months, and the outcome measurement of this
study consisted of four parameters: salivary HNP1-3, MS
and LB levels at four different time points: TO (baseline), T3
(three months of intervention), T6 (six months of inter-
vention) and T12 (six months after cessation of the
intervention), and the presence of carious or deminera-
lized lesions at TO and T12 (Figure 1). The priori sam-
ple size calculation was performed with a focus on
mean differences of MS counts between two independ-
ent groups using G Power software [21], with the effect
size equal to 0.8 at 5% statistical significance level and
90% power of test. The calculation yielded no fewer
than 28 participants in each group.

Preparation of milk powder supplemented with probiotics

The probiotic strain, Lactobacillus paracasei SD1, was
isolated from caries-free volunteers and has been previ-
ously shown to exert the maximal inhibitory effect on
Streptococcus mutans in vitro [17]. The bacterial strain
was identified by PCR-RFLP of the 16S ribosomal RNA
gene and sodium dodecyl-polyacrylamide gel electro-
phoresis [22]. The probiotic intervention was manufac-
tured in a form of milk powder by the spray drying
technique. The culture conditions and the spray drying
technique were performed as previously described [23].
Briefly, a culture of Lactobacillus paracasei SD1 was in-
oculated in a mixture of 1% probiotics and a 3-liter
quantity of heat-treated (50°C for 30 min) and 20%
reconstituted skimmed milk, and then spray dried with a
spray dryer (model B191 Buchi mini spray dryer; Flawil,
Switzerland). The final product was yellowish white
powder with moisture contents of 3.44 + 0.85% and vi-
able counts of 7.5 + 0.20x10° cfu/g, which was stored at
4°C. The viability of Lactobacillus paracasei SD1 in the
inoculated milk powder was previously assessed in a six-
month study by examining its growth in triplicate Man
Rogosa and Sharpe (MRS) pour plates under anaerobic
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Figure 1 A consort flow chart showing the number of participants in the control and probiotic groups at the beginning and
completion of the trial. Out of 246 children enrolled in this trial, 60 participants remained eligible due to the inclusion and exclusion criteria.
Sixty participants were equally allocated to either the control or the probiotic group by simple randomization described in the Methods. Participants
received milk powder with or without probiotics during the first six-month intervention, and saliva samples were collected for analyses of HNP1-3 levels,
MS and LB counts at four different time points: TO, T3, T6 and T12. Oral examination for evaluation of ICDAS scores was performed at TO and T12.

incubation for three days at 37°C [23]. It was demon-
strated that the maximum survival rate of Lactobacillus
paracasei SD1 in the skimmed milk powder was 99% if
the milk powder was stored at 4°C for six months [23].
However, the survival rate declined sharply if the milk
powder was stored at 25°C [23]. The milk powder in
general appearance for both probiotic and control
groups looked identical, except for the absence of the
probiotic strain in the control group, and was packaged
in the same clear plastic bags marked with a name of
each participant. The packaging and delivering steps
were performed by a research assistant who was blinded
from every step of sampling and analyzing.

Participants

The inclusion criteria were: (i) good oral health with car-
ies in two or fewer teeth (ii) presence of four second
molars in the mouth (iii) absence of untreated active
deep carious lesions (iv) absence of periodontitis (v)
non-smoking and (vi) daily tooth brushing habit using
fluoride toothpaste. The exclusion criteria were teenagers

with systemic diseases, receiving systemic antibiotics
within six weeks, routine consumption of probiotics or
xylitol, allergy to cows’ milk, lactose intolerance and severe
food allergy. Prior to the commencement of the clinical
trial, all participants were informed not to consume any
products containing probiotics, such as yoghurt, drinking
yoghurt, cheese, etc., throughout the entire duration of
this trial. The participants in both groups were instructed
to mix 5 g of milk powder in 50 ml water and drink once
daily, except on the days of saliva collection, for six
months under the supervision of instructors. On the holi-
days or the weekends, all children were informed to drink
their milk at home and to return the empty plastic bags.
The compliance was checked by their teachers who filled
in a logbook every day with information on school attend-
ance of children and on whether or not the children had
been drinking the milk. It was apparent that no children
participating in this study were absent from their classes
due to sick leave during the first six-month intervention.
All participants were asked to immediately report any side
effects.



Wattanarat et al. BMC Oral Health (2015) 15:19

Analyses of salivary HNP1-3 levels

A 2-ml quantity of unstimulated whole saliva was col-
lected and equally divided in two aliquots, one for ana-
lysis of HNP1-3 levels and the other for analysis of
microbiological levels. The first aliquot was added with
Nonidet P-40 (Sigma-Aldrich, St. Louis, MO) to the final
concentration of 0.1% (v/v), centrifuged at 15,000 rpm at
4°C for 10 min [19], and the cleared supernatant was
collected and stored frozen for further analysis of
HNP1-3 levels by an HNP1-3 ELISA kit (HyCult Bio-
technology, Uden, the Netherlands) according to the
manufacturer’s instruction. In brief, diluted saliva sam-
ples (1:200) were applied to a pre-coated plate in tripli-
cate with the specific primary antibody to HNP1-3, and
incubated for 1 h at room temperature. For a negative
control, dilution buffer without addition of the saliva
samples was added to the pre-coated plate. After wash-
ing four times with washing buffer, each well was incu-
bated with the biotinylated tracer antibody for 1 h at
room temperature. Then, the streptavidin-peroxidase
conjugate was added and incubated for 1 h. After that,
3,3",5,5 -tetramethylbenzidine, a chromogenic substrate,
was added for 20 min, and the reaction was then
stopped by the addition of 2% oxalic acid. The concen-
trations of HNPI1-3 in saliva samples were calculated
from a standard curve established by various known
concentrations of an HNP1-3 standard, used as the
ELISA system control. The concentrations of salivary
HNP1-3 were then normalized by their total protein
content using a BCA protein assay (Pierce Inc., Rock-
ford, IL) according to the manufacturer’s instruction.

Microbiological assays

The quantities of salivary MS and LB were evaluated by
a typical colony counting method at TO, T3, T6 and T12.
The second aliquot of saliva samples was ten-fold di-
luted from 1:10 to 1:10,000. Each dilution (10 pl) was
dropped onto the selective agar plates, Mitis Salivarius
Bacitracin (MSB) agar for MS (Difco Laboratories,
Detroit, MI) and MRS agar for LB (Difco Laboratories).
The conditions for incubation were anaerobic, 10% H,,
10% CO, and 80% N, at 37°C for 48 h. The colony
counting was performed under a microscope in
duplicate.

International Caries Detection and Assessment System
(ICDAS)

At the beginning and the end of this study (T0 and
T12), all participants were examined for oral health and
dental caries status by two experienced dentists (S.P. and
S.T.) with the Cohen’s kappa values 0.85 and 0.82 for the
intra- and inter-examiner calibrations, respectively. The
examination was performed by using a mouth mirror
and an air syringe under an operating light. The caries
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data for each tooth surface, including occlusal (pit and
fissure) and smooth surface (buccal, lingual, mesial and
distal) caries, were recorded according to the criteria of
the International Caries Detection and Assessment
System (ICDAS) [24]. The ICDAS codes consist of: 0 =
sound, 1=first visual change in enamel, 2 =distinct
visual change in enamel, 3 =localized enamel break-
down, 4 =underlying dentin shadow, 5 = distinct cavity
with visible dentin, and 6 = extensive cavity within visible
dentin. Caries risk assessment in this study was deter-
mined by the modified criteria previously described by
Nase and co-workers [25], which include both clinical
caries status and MS quantities as follows. The “high
risk” participants were defined as having both an
ICDAS score >0 and MS levels >10° cfu/ml, whereas
the “moderate risk” ones had either an ICDAS score >0
or MS levels 210° cfu/ml and the “low risk” ones had
an ICDAS score =0 and MS levels <10 cfu/ml.

Statistical analyses

The Mann—Whitney U test was used to analyze inter-
group differences in salivary HNP1-3 levels. Differences
in salivary HNP1-3 levels among four different periods
in each group were analyzed by the Kruskal-Wallis test,
followed by the Mann—Whitney U test. The number of
colony counts for MS and that for LB were presented
as log cfu/ml and analyzed by the independent sample
t-test. Correlations between each pair of the data from
HNP1-3 levels, MS and LB counts in each group were
tested by the Pearson Correlation test. Regression ana-
lysis was performed for the significant correlation data.
An odds ratio (OR) for caries increment was calculated
by Crosstabulation. The software package used was the
Statistical Package for Social Sciences (SPSS version
17.0 Inc., Chicago, IL), and the differences were consid-
ered significant when p-values were less than 0.05. All
of these statistical methods were performed by a bio-
statistician (T.S.).

Results

Demographic data

A total of 60 participants (age ranges 13—15 years; n =26
for males and 34 for females) completed this 12-month
clinical trial (Figure 1). No adverse side effects from pro-
biotics or milk powder intake in this cohort were re-
ported. The compliance for daily consumption of milk
powder in both groups was carefully monitored under
the supervision of schoolteachers and well controlled
throughout the first six-month intervention period. The
assessment for caries risk revealed that the percentages
of participants classified in the “high risk”, the “moderate
risk” and the “low risk” groups were 50, 31.7 and 18.3,
respectively. Although the randomized procedure was
performed to allocate all 60 eligible participants to the
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control or probiotic group, it was coincident that the
percentages of high, moderate and low caries risk in the
control versus the probiotic group were almost equal as
follows: 50.0 versus 50.0, 33.3 versus 30.0, and 16.7 ver-
sus 20.0, respectively.

Raised salivary HNP1-3 levels in the probiotic group

The median salivary HNP1-3 levels, expressed in the
unit of pg/mg of total proteins, in the probiotic group
were significantly greater than those in the control group
at T3 (1.0250 versus 0.5145 pg/mg; p <0.001) and T6
(1.1470 versus 0.5415 pg/mg; p < 0.001), but not at TO or
T12 (Figure 2). With respect to the kinetics of salivary
HNP1-3 levels in the probiotic group during the 12-
month period of this clinical trial, it was demonstrated
that the HNP1-3 levels were temporarily elevated during
the six-month intervention period (Figure 2). In other
words, these levels were significantly increased at T3
and T6 (p <0.001) and gradually declined at T12. How-
ever, no significant changes in salivary HNP1-3 levels in
the control group at four time points (T0, T3, T6 and
T12) were observed (Figure 2).

Decreased MS counts as opposed to increased LB counts
by probiotic intervention

The mean counts and standard errors for salivary MS
and LB (log cfu/ml) at TO, T3, T6 and T12 in the control

[ control
[@ probiotic

HNP1-3 levels/total proteins (1g/mg)

0 . . r
TO T3 T6

months

Figure 2 Significant but transient increase in salivary human
neutrophil peptide (HNP) 1-3 levels by probiotic supplementation.
The y-axis of box plot graph demonstrates salivary HNP1-3 levels
normalized by total protein concentration in the unit of ug/mg for
the control (empty boxes) and the probiotic (gray boxes) groups
from four different periods of saliva collection: TO, T3, T6 and T12.
*=p<0.05; ***=p<0.001. The solid lines show the significant
differences between two groups, while the dotted lines represent

T12

the significant differences within the probiotic group.
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and probiotic groups are demonstrated in a linear graph
(Figure 3). At baseline (TO0), it was demonstrated that the
mean salivary LB count in the probiotic group (a solid
line) was not significantly different from that in the con-
trol group (a dotted line), while the mean salivary MS
count in the probiotic group was significantly higher than
that in the control group (p < 0.05; Figure 3). However,
at T3 and T6, a significant reduction in MS counts in
the probiotic group was clearly evident when com-
pared with those in the control group (T3 =p<0.001
and T6 = p < 0.01), whereas a significant increase in LB
counts was instead observed (p<0.05; Figure 3). In
contrast to the probiotic group, no significant changes
in the mean counts for salivary MS and LB were found
in the control group (dotted lines in Figure 3). At T12,
the mean count for salivary MS in the probiotic group
was increased and returned almost to the baseline,
while the mean count for salivary LB in the probiotic
group was still significantly higher than that in the
control group (p < 0.01; Figure 3), suggesting the ability
of LB to be retained in the oral cavity despite cessation
of the probiotic intervention for six months.

Significant reduction in the caries increment for the pit
and fissure surface in the probiotic group

The percentages of sound (ICDAS score =0) and un-
sound surfaces (ICDAS scores =1-6) from all five tooth
surfaces, including pit and fissure, mesial, distal, buccal,
and lingual, at TO and T12 in both control and probiotic
groups are illustrated as stacked bars to a total of 100%
(Figure 4A). It was apparent that the percentages of cari-
ous lesions in the second permanent molars in both
control and probiotic groups increased in almost all
tooth surfaces during this 12-month study and that the
pit and fissure caries in both groups was more preva-
lent in our cohort than was caries in the other four
smooth surfaces, including mesial, distal, buccal and
lingual (Figure 4A). Sums of the percentages of caries
increment for all five tooth surfaces, including the pit
and fissure surface and four smooth surfaces, and for
four smooth surfaces in the probiotic group versus the
control group were 25.5 versus 44.2 and 15.2 versus
21.4, respectively (Figure 4B). The percentages of caries
increment only in the pit and fissure surface were 10.3
versus 22.8 (Figure 4B). Interestingly, the percentage of
new caries occurrence for all five tooth surfaces (OR =
1.605; 95% CI 1.007-2.557; p =0.045) and for the pit
and fissure surface (OR =2.582; 95% CI 1.235-5.400;
p =0.01) was significantly lower in the probiotic group
than that in the control group, whereas there was no sig-
nificant difference in new caries occurrence between two
groups for the four smooth surfaces (OR =1.506; 95% CI
0.726-3.126; p = 0.269).



Wattanarat et al. BMC Oral Health (2015) 15:19

Page 6 of 11

8; 7.0(0.1 a0 7.0(0.1))
--¢-- LB control
f— —$— LB probiotic
g 6 --0-- MS control
GE —<— MS probiotic
&
on
24
=
<
§ 5703}
2
0 T T T
TO T3 T6 T12
months
Figure 3 Significant but transient reduction in salivary mutans streptococci (MS) counts by probiotic intervention. The linear graph
illustrates mean log counts of MS (open circles) and those of lactobacilli (LB; black circles) in the unit of cfu/ml (y-axis) in both probiotic (solid lines) and
control (dotted lines) groups from four different periods of saliva collection (x-axis): TO, T3, T6 and T12. * = p < 0.05; ** =p < 0.01; ***=p < 0.001. Error
bars represent standard errors (SE). The values of mean log MS and LB counts and (SE) are shown in the solid boxes for the probiotic group and in the
dotted boxes for the control group in each period of saliva collection.

Lack of correlation between increased levels of HNP1-3
and decreased numbers of MS

Correlations between each pair of salivary HNP1-3 levels
in pg/mg of total protein, MS counts and LB counts in
log cfu/ml in both control and probiotic groups were de-
termined by the Pearson Correlation test (see Additional
file 1 for the data of each parameter), and it was revealed
that significant correlations between these parameters
were only found in the probiotic group, but not in the
control group (Figure 5). Particularly, salivary HNP1-3
levels were positively correlated with LB counts (r=
0.376; p <0.001; Figure 5B) with the equation from the
regression analysis: y = 0.653x + 5.929, where y is the log
LB count and x is the HNP1-3 level, whereas LB counts
were inversely associated with MS counts (r=-0.282;
p =0.002; Figure 5F). Nevertheless, no significant cor-
relation was noted between salivary HNP1-3 levels and
MS counts in the probiotic group (Figure 5D), suggest-
ing that enhanced salivary HNP1-3 levels by the pro-
biotic intervention are not associated with decreased
MS quantities.

Discussion

The main findings from this study include (a) a signifi-
cant but temporary increase in salivary HNP1-3 levels at
T3 and T6 in the probiotic group; (b) a significant in-
crease in LB counts as opposed to a transient decrease
in MS counts during probiotic intervention; (c) positive
and negative correlations found between HNP1-3 levels

and LB counts and between LB counts and MS counts,
respectively, in the probiotic group; and (d) a significant
reduction in caries increment for the pit and fissure sur-
face, not for the smooth surfaces. Among these four
major findings, the significant increase in salivary
HNP1-3 levels by probiotic supplementation during the
six-month intervention period is of great interest since it
is probable that Lactobacillus paracasei SD1 may exert
an immunostimulatory effect by enhanced production of
innate immune effectors, especially HNP1-3, from ductal
epithelial cells of submandibular salivary glands [19],
which are then secreted into the saliva. The possible
immunostimulatory effect of Lactobacillus paracasei
SD1 warrants further investigations. In addition, the in-
nate immune activation by Lactobacillus paracasei SD1
is corroborated with the significant correlation between
elevated salivary HNP1-3 levels and increased LB counts
seen in Figure 5B. Activation of host immunity, particu-
larly increased production of secretory immunoglobulin
A (sIgA), has been previously shown to be one of the
principal mechanisms for probiotics in the gastrointes-
tinal tracts [26-28] and in the oral cavity [29-31]. In this
study, the rationale to investigate only the salivary
HNP1-3 levels during probiotic intervention was based
on the observation from a single previous study that
demonstrated significantly higher HNP1-3 levels in the
saliva samples from caries-free children than those from
caries-susceptible children [19]. However, it is necessary
to further determine the salivary levels of other
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immune-related effector molecules, especially other anti-
microbial peptides besides HNP1-3, in a future study. It
is noted that the levels of salivary HNP1-3 detected in
our cohort were comparable to those measured by the
same ELISA method performed by Tao and co-workers
[19]. Interestingly, the HNP1-3 levels were temporarily
elevated during the six-month intervention period and
gradually declined to the baseline levels after cessation
of probiotic intake. The temporary induction of HNP1-3
levels was in line with the transient induction of sIgA
levels in saliva by probiotic intake [30], indicating that
daily consumption of probiotics seems to be required for
a sustainable increase in host immune responses.
Nevertheless, the raised salivary HNP1-3 levels did not
significantly correlate with the decreased MS counts, but
the LB counts were instead correlated inversely with the
MS counts, suggesting that the mechanism for probiotic
action in the oral cavity may probably involve the com-
petition and/or the interaction between two distinct

microorganisms as previously shown by Teanpaisan and
Piwat [22] rather than enhanced production of HNP1-3.
It is worthwhile to note that the inverse correlation be-
tween MS and LB counts was weak, so this suggests that
other factors that were not tested in this study, such as
different MS strains recovered from different individuals
[32], may play a role in the regulation of MS numbers
by LB. In contrast to no significant change in MS counts
in the control group, it was evident that the MS counts
were transiently decreased in the probiotic group at T3
and T6, consistent with the finding from a previous
study [33]. This, again, confirms the short-lasting effect
of probiotics against MS numbers, similar to the transi-
ent increasing effect on HNP1-3 levels. It is interesting
to note a prolonged increase in LB counts irrespective of
the cessation of probiotic intervention, which may be ex-
plained by the ability of Lactobacillus paracasei SD1 to
be retained in the oral cavity, as previously reported [22]
and by the counting method for total LB on MRS agar



Wattanarat et al. BMC Oral Health (2015) 15:19

Page 8 of 11

A Control
8 r=-0.062; p=0.501
AR o
° & o oo 0
=6l °®% &"89? 808 o,
E i
& 69 00 o °
= o
24 ’
®m
q o
2]

B Probiotic
o] r=0.376; p=0.000
y=0.653x+5.929; p=0.003
— 8
E
€ 7
on
<
m 6
o
5_

0
Y00 05 1.0 1.5 20 25 30
HNP1-3 levels/total proteins (1g/mg)

4
00 05 10 1.5 20 25
HNP1-3 levels/total proteins (Lg/mg)

MS log cfu/ml

drawn with the equation: y = 0.653x + 5.929; p = 0.003.

3 r=0.158; p=0.085 r=-0.114; p=0.216
o 6 . °
E 6 o ° g o ° © oo °
2 . ewo ’ E T N
o gogg%% e 00 og o © 4 o B 00080009 % o °
P4l SefE T ° g W hawe & B .
= 8 8 = ° v e °
<} o w ° o ° 2] o ©°° &
E °8° o ° E 2] ° 0o 0 ° o
24
700 05 1.0 15 20 25 30 77000 0.5 1.0 1.5 2.0 2.5
HNP1-3 levels/total proteins (ug/mg) HNP1-3 levels/total proteins (ug/mg)
8 r=0.091; p=0.326 0. r=-0.282; p=0.002
. ° 0o °0§3 ° o
8 ° c%°9° %OQ,CD °
6|’ oI o Nk S T
; g oo ® o ; s o ° ° °o0 o o ©
ko &0 S T 8 ° %cogﬁgogocp
%1)4 ° gn ° o eo oogoogwoo °
= -6 ° ° o Bw oo
=] =] o S
.J R 'J %o ©
2 o
5 ° w
ol : : : , al - :
0 2 4 6 8 0 2 4 6

Figure 5 Positive and negative correlations between salivary human neutrophil peptide (HNP) 1-3 levels and log counts of lactobacilli
(LB) and between log counts of mutans streptococci (MS) and those of LB, respectively, in the probiotic group. The correlation
coefficients (r) and the significance levels (p-values) between each pair of three parameters, including HNP1-3 levels in ug/mg, LB counts in log cfu/ml
and MS counts in log cfu/ml were determined and illustrated for both control (A, C and E) and probiotic (B, D and F) groups. The regression analysis
could be determined only for the significant correlation between increased HNP1-3 levels and increased LB counts in B, and a regression line was

MS log cfu/ml

in this study, rather than the specific quantification of
Lactobacillus paracasei SD1. Consequently, it is possible
that the increased MS counts back to the baseline levels
at 12 months were attributable to the absence of Lacto-
bacillus paracasei SD1, although the total LB counts
were still high. In this study, we did not examine the
morphology of LB recovered from saliva samples in
great detail with Gram stain, although some colonies of
LB on MRS plates were randomly selected and checked
for the presence of Lactobacillus paracasei SD1 by a

qualitative assay like Arbitrarily Primed-Polymerase
Chain Reaction fingerprints [22]. Therefore, the inability
to confirm the morphology of LB and to quantitatively
compare the levels of Lactobacillus paracasei SD1 be-
tween the control and probiotic groups at each time
point is a limitation of this study and this inability may
preclude the possibility of Lactobacillus paracasei SD1
retention in the oral cavity.

In addition to the laboratory results regarding HNP1-3
levels and microbial counts in saliva, we extended our
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investigation into the clinical findings relating to caries
increment in our cohort. The significant reduction by
approximately 2.6 fold for caries increment within
12 months was observed for the pit and fissure caries in
the probiotic group when compared with the control
group (Figure 4B), suggesting that probiotic intervention
in milk powder helps reduce the occurrence of new cari-
ous lesions for the pit and fissure surface. In addition to
considering the pit and fissure surface alone, the sum of
the percentages for caries increment in all five tooth sur-
faces was also significantly reduced in the probiotic
group (Figure 4B). These results differ from the findings
from two previous studies, which demonstrated a low
odds ratio for caries prevention on occlusal surfaces
from milk containing Lactobacillus rhamnosus GG in
preschool children [25] and lack of significant difference
in new caries occurrence between the probiotic and con-
trol groups [34]. A possible explanation for this discrep-
ancy is that the participants in each of those studies
were categorized as low caries risk, whereas half of the
participants in our study were categorized as high caries
risk, according to the modified criteria for caries assess-
ment mentioned in the Methods. Therefore, as sug-
gested by the results of those studies and ours, probiotic
intervention may be beneficial to reduce the new occur-
rence of pit and fissure caries in children with high car-
ies risk.

In this study, it was demonstrated that the probiotic
intervention did not reduce new caries occurrence on
the smooth surfaces. This may be explained by the fact
that pit and fissure caries is more associated with MS
quantities than is smooth surface caries, consistent with
the critical role of MS in pit and fissure caries develop-
ment [35]. Moreover, it was apparent that the effect of
probiotics on smooth surface caries varied among differ-
ent smooth surfaces (Figure 4A). Particularly, the pro-
biotics appeared to have a caries-reducing effect on the
distal and lingual surfaces, but not on the mesial and
buccal surfaces. Nevertheless, such mixed effects did not
reach a statistically significant level when sum of the
percentages for caries increment in four smooth sur-
faces was determined (Figure 4B). Some factors that
can influence distinct outcomes between occlusal and
smooth surface caries and then preclude statistical veri-
fication include the location of second permanent mo-
lars (whether in maxillae or in mandibles), the sample
size, and the 12-month duration of this study. There-
fore, it is suggested that a larger study with a longer
follow-up duration and with special attention to the
tooth location be further conducted to more precisely
verify all of the statistically significant and non-
significant findings and to define the extent and mech-
anism behind any observable beneficial effects from
probiotic intervention.
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Utilizing non-sweetened milk powder as a suitable ve-
hicle to introduce the probiotics in this study provided
several health benefits for the participants, including
provision of more nutrients, good compliance, and add-
itional caries prevention from some constituents in milk
powder, such as casein, calcium and phosphorous [36].
Moreover, among several different LB species that have
been reported as probiotics, it has been previously
shown that Lactobacillus paracasei exerted a maximum
inhibitory effect on MS [15,16], possibly by its ability to
produce paracasin SD1 that functions against MS in the
oral cavity [37]. Furthermore, compared with various
probiotic strains used in other studies, predominantly
isolated from the gastrointestinal tract [33,34,38,39],
Lactobacillus paracasei SD1 used in our study was iso-
lated from the oral cavity of caries-free volunteers. How-
ever, this probiotic strain could only exert a temporary
effect on MS reduction and HNP1-3 induction despite a
prolonged increase in LB counts in the saliva samples.
This may be because the colony counting method on
MRS agar cannot differentiate our probiotic strain from
other LB strains that already reside in the participants’
mouths. Otherwise, it is probable that our probiotic
strain can possibly increase the number of other LB
strains, a possibility that warrants further investigations.

Although cariogenic progression varies between differ-
ent individuals and sometimes lasts longer than a year,
the 12-month randomized and double-blinded clinical
trial was designed in order to control different inherent
factors between the control and probiotic groups. Add-
itionally, the ICDAS was chosen as a tool to assess cari-
ous lesions in this short period of study because it is
sensitive enough to detect an early carious lesion [40].
Further studies into the underlying mechanisms of in-
creased HNP1-3 production by our probiotics in differ-
ent oral cell types are currently being investigated, and
additional studies into the activation of other oral im-
mune effectors classified in acquired and innate immun-
ity are essential to verify the real potential benefits and
applications of probiotics for good oral health, especially
for caries prevention. Several confounding factors that
were beyond our control in each individual, including
variations in the baseline levels of salivary HNP1-3, in
the different quantities and strains of MS, in the quan-
tities of fermentable carbohydrate consumption, and in
the quality of oral hygiene care, are noted and may affect
the outcomes of this study.

Conclusions

Probiotic supplementation with Lactobacillus paracasei
SD1 can temporarily enhance salivary HNP1-3 levels
and decrease the numbers of MS. The significant correl-
ation, found between increased LB counts and decreased
MS counts, suggests that probiotic action may involve
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the competition or interaction between two distinct mi-
croorganisms. In this study, the increment of pit and
fissure caries, but not of smooth surface caries, was di-
minished by probiotic supplementation in the form of
milk powder.

Available supporting data

The data of mutans streptococci (MS) and lactobacilli (LB)
counts and human neutrophil peptide (HNP) 1-3 levels at
TO, T3, T6 and T12 are provided in the Additional file 1.xls
on BMC Oral Health website.

Additional file

Additional file 1: Data of mutans streptococci (MS) and lactobacilli
(LB) counts and human neutrophil peptide (HNP) 1-3 levels at TO,
T3, T6 and T12.
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Abstract

Microencapsulation was evaluated as a means of preserving Lactobacillus paracasei
SD1, a human-derived strain with probiotic potential, in orange and aloe vera juices. The
microencapsulation parameters included alginate concentration, calcium chloride
concentration and hardening-time, and the efficacy of microencapsulation to preserve the
survival of microencapsulated bacteria compared to free cells during exposure in fruit juices
were determined. The results revealed that the viable count of free-cell form markedly
decreased compared to microencapsulated form. The microencapsulation of 2% alginate
(w/v) and 0.05 M CaCl, gave the best result to preserve the probiotic. It was found that
viability of microencapsulated probiotic bacteria was found significantly higher than free-cell
in fruit juices during 8 weeks of storage time at the refrigerator. The potential probiotic trait
related to inhibitory effect was not affected after microencapsulation process. In summary,
the microencapsulation method may be an alternative way in preserving the viability of

probiotic L. paracasei SD1.

Key words: Microencapsulation, Probiotic, Lactobacillus paracasei SD1, Fruit juices
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1. Introduction

There has been an increased interest in the role of probiotic bacteria for promoting
and maintaining human health including oral health (Salminen et al., 1998; Parvez et al.,
2006), and Lactobacillus has been proposed recently to promote oral health. Most studies
have reported an inhibitory activity of oral Lactobacillus against cariogenic Streptococcus
(Simark-Mattsson et al., 2007; Teanpaisan et al., 2011), and some also have demonstrated
growth suppression of periodontal pathogens (Koll-Klais et al, 2005; Teanpaisan et al.,
2011). Therefore, probiotic strains have been increased an attention to incorporate into a
variety of food products including yoghurts, cheese, drinks and dietary products. Of those,
fruit juices may be alternative products for the incorporation of probiotic. Nowadays, most
people consume fruit juices as daily soft drink due to their nutritional relevance e.g. organic
acids, minerals, fiber and a good source of antioxidant compound (vitamins A, C and E). It
has recommended that the probiotic bacteria should be alive and be present at amount of at
least 10°-10” CFU/ml or g in the products (Rybka and Kailasapathy, 1995). However, it was
reported that the free-cell probiotic bacteria may not survive in sufficient numbers when
incorporated into food products. The viability of probiotic strains could be influenced by
several factors of soft drinks e.g. acidic pH, oxygen level, antibacterial components and

packaging conditions (Vinderola et al., 2011).

Among the available techniques for immobilizing living cells, entrapment in calcium
alginate beads has been proven to be useful for the immobilization of various probiotic strains
including Lactobacillus rhamnosus, Lactobacillus salivarius, Lactobacillus plantarum, L.
acidophilus, L. paracasei, Bifidobacterium bifidum, Bifidobacterium infantis and
Bifidobacterium lactis (Khalil and Mansour, 1998; Chandramouli et al., 2004; Ding and
Shah, 2008). Calcium alginate beads act as a physical barrier to protect probiotic living cells

from adverse environment e.g. acidic pH. In addition, alginate has the benefits of being non-
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toxic to the cells being immobilized, and it is an accepted as food additive (Prevost and
Divies, 1992). However, there are different conditions for the use of calcium alginate as a
matrix for bacterial cells microencapsulation. The reported concentrations of sodium alginate
vary widely from 0.5% to 4% (w/v). Also, the concentration of calcium chloride and
hardening time of capsules in the calcium chloride solution for stabilization of the beads vary
greatly from 0.05 to 0.2 M and 5 min to 2 h, respectively (Sheu and Marshall, 1993;
Jankowski at al., 1997; Khalil and Mansour, 1998; Truelstrup Hansen et al., 2002). Therefore,
the appropriate condition of calcium alginate bead for individual product needs to be
optimized.

We have previously reported the use of spray drying to preserve the probiotic
Lactobacillus paracasei SD1 in milk power, and such produce has been proven to give a
benefit for clinical trials in reducing the pathogenic agents in the oral cavity (Teanpaisan and
Piwat, 2013; Ritthagol et al., 2013). Thus, we now extend the use of calcium alginate as an
alternative way to preserve human-derived Lactobacillus paracasei SD1. It hypothesized that
calcium alginate could preserve the probiotic bacterial cells, therefore, the survival time of
the probiotic bacteria in the microencapsulated form would longer than the free cell form in
fruit juices. The aims of the present study were to optimize the microencapsulation
parameters including alginate concentration, calcium chloride concentration and hardening
time, and to evaluate the efficacy of microencapsulation to preserve the survival of

microencapsulated probiotic bacteria compared to free cells during exposure to fruit juices.

2. Materials and methods
2.1 Bacterial strains and culture conditions
Probiotic strain Lactobacillus paracasei SD1 was isolated previously from the human

oral cavity, and was identified as L. paracasei according to 16S-rRNA gene profiles by
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restriction fragment length polymorphism analysis (PCR-RFLP) and protein profiles by
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) (Teanpaisan and
Dahlén, 2006). The strain was stored at -80°C until used.

The probiotic strain was activated by growing twice on MRS agar at 37°C in
anaerobic condition (80% N,, 10% H;, and 10% CO,) for 24 h, and the strain was then
propagated in 500 ml MRS broth in the same condition for 24 h. Cells were harvested by
centrifugation at 3,000 x g for 10 min, and washed twice with 0.85% (w/v) normal saline.
Cell count was determined by anaerobic on MRS agar after 48 h at 37°C in anaerobic
condition. The cell suspension was subsequently used either directly (free cells) in assays or
subjected to microencapsulation as described below.

2.2 Preparation of microencapsulation of probiotic

Initially, the microencapsulation parameters including alginate concentration (1.5%,
2% and 3% (w/v), calcium chloride concentration (0.01, 0.05 and 0.1 M) and hardening time
(5 min, 30 min, and 1 h) were optimized for viability of microencapsulated bacteria.

The alginate and bacteria suspension with initial cell load approximately 10° CFU/ml
was slowly dispensed using a pipette into a beaker containing a solution of calcium chloride
with a magnetic stirrer at 200 rpm. After certain hardening time, the calcium alginate beads
were removed and washed thoroughly with sterile distilled water. The calcium alginate beads
were then kept at 4°C in 0.85% saline solution until further use.

2.3 Evaluation of bacterial viability in free-cell form and microencapsulated form

To determine the viable counts of L. paracasei SD1 in free-cell form and
microencapsulated form, the initial cell loads of free-cell form (3 x 10° CFU/ml) and
microencapsulated form (1-5 x 10° CFU/ml) were monitored monthly over a period of 6

months of preserving at 4°C. For the enumeration of the microencapsulated cells,
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microcapsules were disrupted and counted using MRS agar and incubation at 37°C for 48 h
in anaerobic condition. Also, free-cells were counted as the same procedure.
2.4 Evaluation of bacterial viability in fruit juices

Commercially sterilized (according to the manufacturing system) orange and aloe
vera (TIPCO F&B Co., Ltd., Thailand) were used for all experiments. Fruit juices with no
added preservatives and a long shelf life were obtained.

Probiotic free-cell form or microencapsulated form was added in 100 ml of each fruit
juice at final 10° CFU/ml, and thoroughly mixed under sterilized process in a laminar flow
cabinet. Fruit juices contained probiotic free-cell form or microencapsulated form were
separated to a small portion in sterile bottles, and kept in room temperature (25°C) or
refrigerator (4°C). For monitoring of probiotic viability, an enumeration of the probiotic cells
was performed weekly over a period of 6 weeks and at 8 and at 12 weeks, using colony
counting on MRS agar with incubation at 37°C for 48 h under anaerobic condition. The pH of
juices contained free- or microencapsulated bacteria were also monitored using pH meter. All
experiments were performed in triplicate to determine an average mean and standard
deviation.

2.5 Inhibitory effect of L. paracasei SD1 before and after microencapsulation

Before and after microencapsulation, the inhibitory effect of L. paracasei SD1 against
Streptococcus mutans was assessed by an agar overlay method (Teanpaisan et al., 2011). In
brief, L. paracasei SD1 was inoculated on the surface of the brain heart infusion agar and
incubated anaerobically (80% N,, 10% Hy, and 10% CO,) for 24-48 h at 37°C to develop
visible macro-colonies.

Streptococcus mutans ATCC 25175 was precultivated in the brain heart infusion
broth (BHI), and then the suspension of cells was adjusted to an optical density (OD) 0.25 at
600 nm. Thereafter, 5 ml of BHI soft agar (7 g/l agar) were seeded with 100 pl of an
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overnight culture of S. mutans ATCC 25175 strain and immediately poured over the macro-
colonies of L. paracasei SD1. The plate was incubated anaerobically at 37°C for 24 h. An
inhibitory zone, resulting in the releasing of inhibitory substance of L. paracasei SD1 against
the growth of S. mutans, was observed.
2.6 Statistical analysis

All the results were expressed as mean + SD from three individual experiments.
Differences among treatments were evaluated by one-way ANOVA and paired t-test.
Significant differences between means within and among the treatment were determined
using Tukey’s HSD test. Results were considered statistically significant when P < 0.05. All

statistical analysis was carried out using SPSS (Chicago, Illinois, USA).

3. Results and Discussion
3.1 Effect of alginate concentration and CaCl, concentration on viability of L. paracasei
SD1

In the present study, we investigated the use of microencapsulation to preserve viable
cells of the oral human-derived L. paracasei SD1 strain.

The initial microencapsulated parameters were investigated to determine the
conditions which were optimum for probiotic viability. There was 2- to 3-log CFU decrease
in bacterial cells count (from 10° CFU/ml) after microencapsulation. The data obtained in
these trials indicated that the viability count of L. paracasei SD1 significantly decreased (P <
0.05, one way ANOVA) when the CaCl, concentration was further increased to 0.10 M
(Figure 1). An increased survival of probiotic was found in the microcapsules that had been
hardened for 30 min compared with that in the microcapsules which had been hardened for

only 5 min (data not shown).
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3.2 Survival of free cells and microencapsulated L. paracasei SD1 during storage at
refrigerator

There is no uniformity in the reported microencapsulation procedure for certain use,
thus, the microencapsulation parameters, including alginate concentration, calcium chloride
concentration and hardening time of capsules in calcium chloride, were quantitatively
determined and optimized in this study. The survival time of probiotic bacteria in the
microencapsulated form compared to the free-cell form was performed. The detail of result is
given in Figure 2. The viable count of free-cell decreased markedly, and no viable cells were
recovered after 3 months of refrigerated storage. It demonstrated that the survival time of
probiotic bacteria in the microencapsulated form was longer than in free cell form. Generally,
viability of microencapsulated L. paracasei SDI1 in various concentrations of alginate and
CaCl,, gradually decreased from a 2-log to 4-log CFU of probiotic counts over 6 months of
refrigerated storage. Results were similar to the previous reports (Khalil and Mansour, 1998;
Chandramouli ef al., 2004; Ding and Shah, 2008), which revealed that calcium alginate could
preserve the bacterial cell viability. This is due to its ability of calcium alginate act as a
physical barrier to protect probiotic cells from adverse effect.

There were probiotic count differences (1-log to 2-log CFU) among the various
concentrations of calcium alginate. However, the microencapsulation of 2% alginate (w/v)
and 0.05 M CaCl, gave the maximum viable cells count of probiotic and uniform spherical
microcapsule formation. Thus, it was selected for further use in the experiment of fruit juices.
3.3 Survival of free-cell form and microencapsulated form of L. paracasei SD1 in fruit
juices during storage at either refrigerator or room temperature

The results of survival of probiotic bacteria in free-cell form and microencapsulated
form in orange and aloe vera juices at a refrigerator and room temperature are shown in

Figure 3. It revealed that viability of microencapsulated probiotic bacteria was significantly
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(P < 0.05, paired t-test) higher than that of free probiotic bacteria in both orange and aloe
vera juices during 12 weeks of storage time at either a refrigerator (Fig. 3A) or room
temperature (Fig. 3B).

After 8 weeks, only the microencapsulated form could preserve probiotic bacteria at
the level of 10° CFU/ml, which means number of 1.02 + 0.43 x 10° and 2.51 + 0.28 x 10°
CFU/ml for orange and aloe vera juices at a refrigerator, respectively (Fig. 3A). As it has
recommended that the probiotic bacteria should be alive and be present at amount of at least
10°-107 CFU/ml or g in the products (Rybka and Kailasapathy, 1995). Therefore, results in
this study have proven that microencapsulated probiotic in a refrigerated condition was able
to maintain viability in the fruit juices in satisfied number (10° CFU/ml) for at least 8 weeks.

The loss of viability of probiotic bacteria seemed to be greater in the orange juice than
in the aloe vera juice when it was compared in the same form (either encapsulated form or
free cells form). However, it was not statistically significant (P > 0.05, paired #-test). Some
reports also showed that acid environment influenced the survival rate of probiotic bacteria
(Kailasapathy and Rybka, 1997; Ding and Shah, 2008).

It is noted that the storage time in this study could be more prolonged than the others,
in which storage time was only 2 week (Adhikari et al., 2000; Saarela et al., 2006).
Microcapsules may provide a favorable environment for the probiotic strain, as well as a
physical barrier from the harsh, e.g. acidic condition of the fruit juices.

3.4 pH changes in fruit juices containing free cells and microencapsulated probiotic
bacteria during a storage at either a refrigerator or room temperature

The pH changes in the orange juice and the aloe vera juice containing free- and
microencapsulated probiotic bacteria during a storage period of 12 weeks at either a
refrigerator (Fig. 4A) or room temperature (Fig. 4B) were monitored. It was found that the

pH of orange juice (3.3 = 0) and aloe vara juice (4.2 = 0) containing microencapsulated
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probiotic cells did not change over the whole period of 6 weeks of storage at either a
refrigerator or room temperature. The pH of juices with free-cell form started to drop after 3
and 5 weeks at room temperature and a refrigerator, respectively. Free probiotic bacteria may
have utilized sucrose in juices and produced small amounts of organic acids, lowering the pH
of the product during storage. The results indicated that microencapsulation could maintain
the pH of juices containing probiotic cells.
3.5 Inhibitory effect of L. paracasei SD1 before and after microencapsulation

L. paracasei SD has been reported as a novel probiotic strain that could reduce
cariogenic bacteria in volunteers receiving milk powder containing L. paracasei SDI
(Teanpaisan and Piwat, 2013). It has been shown previously that L. paracasei SD1 produces
a broad-spectrum antimicrobial activity that exhibits activity against oral pathogens such as
Streptococcus mutans, Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans
and Tanerella forsythia (Teanpaisan et al., 2011). Antimicrobial activity is a desirable trait
for probiotic cultures (Collins et al., 1998) and may be used to competitively exclude
undesirable microorganisms in the oral cavity, thereby playing a role in probiotic persistence
in the host. In this study, it was shown that the potential probiotic trait related to inhibitory
activity was not affected after microencapsulation process compared to before
microencapsulation process (Figure 5).
4. Conclusions

Our findings highlight the need to take into consideration the technological properties
of probiotic strains, and emphasize the importance of strain selection with regard to
processing, as well as health-promoting properties. In this study, it was shown that 2%
alginate and 0.05 M CacCl, could provide a survival of L. paracasei SD1 up to 8 weeks. The
fruit juices contained microencapsulated L. paracasei SD1 had high levels of viable probiotic

(>10° CFU/g) in the refrigerated storage. In addition, inhibitory effect of L. paracasei SDI1
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was not affected after microencapsulation process. Thus, a supplemented fruit juice by
incorporating microencapsulated L. paracasei SDI1 in calcium alginate beads might be an
alternative source for providing a live beneficial organism to consumers. However, 8 weeks
survival of L. paracasei SD1 in microencapsulated form may be too short for the

manufacturing products, it will need to improve for a longer time.
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Figure captions:
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Figure 1. Effect of alginate concentration and CaCl, concentration on

paracasei SD1
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Figure 3. Survival of free-cell and microencapsulated L. paracasei SD1 in juices during

storage at a refrigerator (A) and room temperature (B)
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Abstract

There is limited information concerning the adhesion and aggregation of human oral
lactobacilli. In this study, the adhesion of 10 Lactobacillus species was investigated using
H357 oral keratinocyte cells as an in vitro model for oral mucosa. Coaggregation with the
representative oral pathogen, Streptococcus mutans ATCC 25175, and the physicochemical
cell properties was also evaluated. The results demonstrated significant variations in adhesion
(42-96%) and aggregation (autoaggregation, 14-95%; coaggregation, 19-65%). All strains
showed a high affinity for chloroform, and most strains had a moderate-to-high
hydrophobicity. All strains, except L. casei and L. gasseri, showed a moderate affinity for
ethyl acetate. There was a strong association of autoaggregation with coaggregation
(r;=0.883, P<0.001). The highest mean for autoaggregation (74%) and coaggregation (47%)
belonged to the L. gasseri strains. Correlations between the adhesion and surface
characteristics and aggregation were observed among the L. fermentum and L. paracasei
strains; however, there was a variation in the strains properties within and between species.
This study indicated that the L. gasseri, L. fermentum, and L. paracasei strains might be
potential probiotics for the human oral cavity given their desirable properties. It should also

be emphasised that a selective process for probiotic strains is required.

Significance and Impact of the Study

Adhesion to host tissues and bacterial aggregation (auto- and coaggregation) are high
important criteria for selecting strains with probiotic potential. These abilities are commonly
involved with surface-charged characteristics. This is the first study to investigate the oral
Lactobacillus species using an oral keratinocyte cell line. Significant results were found for
the correlations between the adhesion and surface charge characteristics and for aggregation

among certain strains of L. gasseri, L. fermentum, and L. paracasei. This observation could
2
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45  be useful when collecting background information for the selection of probiotic strains for

46  use in oral health.
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Introduction

The genus Lactobacillus spp. contains over 160 species that are gram-positive, rod-
shaped, non-spore-forming and catalase-negative bacteria. They are found in diverse
environments such as food, vegetables and sewage, and they live in close contact with
humans in the gastrointestinal tract, vagina and oral cavity. Their ability to inhibit the growth
of various pathogens has gained attention, and they have been used as probiotics in the gut
for decades (Parvez et al. 2006; Andrews and Tan 2012).

In the oral cavity, Lactobacillus usually comprises less than 1% of the total
microbiota in the normal oral microflora (London 1976); however, some strains have
previously been reported in relation to the progression of dental caries (van Houte 1994;
Teanpaisan et al. 2007). It has been suggested that there were differences among various
strains with respect to their ability to produce acid (Piwat et al. 2012). These findings implied
that not all Lactobacillus spp. strains had a caries-inducing effect (Piwat ef al. 2010; Piwat et
al. 2012). Some strains have been demonstrated to be potential probiotics for oral health
(Nase et al. 2001; Nikawa et al. 2004; Teanpaisan and Piwat 2014), although the mechanisms
of their interactions are not entirely understood.

Adhesion to host tissues is the first step in bacterial colonisation and also influences
the subsequent phases leading to commensalism or infectious diseases. The ability to adhere
to mucosal host surfaces has always been considered to be an important property among the
bacterial strains used as probiotics (FAO/WHO 2002). The bacterial cell surface charge and
hydrophobicity have been shown to influence the strength of bacterial adhesion (Harty and
Knox 1991; Piette and Idziak 1992). In addition, some studies have reported that aggregation
ability was found to be related to bacterial adherence property (Collado et al. 2008; Xu et al.

2009; Tuo et al. 2013).
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Bacterial aggregation between microorganisms of the same strain (autoaggregation)
or between different species and strains (coaggregation) is of considerable importance in
several niches, such as the human gut and oral cavity, where probiotics are active (Collado et
al. 2008; Keller et al. 2011). Probiotics can inhibit the adherence of pathogenic bacteria to
mucosa either by forming a barrier via autoaggregation or by direct coaggregation with the
pathogens. Therefore, the adhesion and aggregation abilities are prerequisite factors in
developing selection criteria for new probiotic strains. Most studies have been performed
with the non-oral Lactobacillus strains, and information on the adhesion of Lactobacillus

strains derived from the human oral cavity is still limited.

The objectives of the present study were to assess the adhesion and aggregation
abilities and the surface charges of various Lactobacillus species derived from the human oral
cavity, and to determine whether there was any correlation among the adhesion, surface

charges, and aggregation.
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Results and Discussion

Bacterial adhesion to host cells is a complex process involving contact between the
bacterial cell membrane and interacting surfaces. The ability to adhere to epithelial cells and
mucosal surfaces has been considered to be one of the selection criteria for probiotic strains.
Because it is difficult to investigate bacterial adherence in vivo, adhesion has been studied
using cell lines of human origin in culture as in vitro models (Xu et al. 2009). To our
knowledge, this study may be the first to examine the adhesion ability of various oral
Lactobacillus strains to the oral mucosa in an in vitro model using an oral keratinocyte H357
cell culture. An adhesion assay used in this study provided the advantages of internalisation
and externalization data for various Lactobacillus strains towards oral keratinocyte H357 cell
culture. The results for the total adhesion, externalization abilities, and internalisation abilities
between and within 10 Lactobacillus species are shown in Fig. 1. There was great variation in
the total adhesion, externalization abilities, and internalisation abilities among individual
strains at the inter- and intra-species levels, which ranged from 42-96%, 2-83% and 0-84%,
respectively. L. rhamnosus and L. salivarius had the highest mean value for total adhesion
(79%) followed by L. mucosae (74%) and L. vaginalis (71%). However, the internalisation of
L. vaginalis (50%) and L. mucosae (47%) was much higher than the externalisation (21% and
26%, respectively). L. gasseri showed high externalisation (40%), whereas its internalisation
was low (22%). It was noted that the strains within the L. fermentum, L. paracasei and L.
gasseri species showed a wide range of externalisation and internalisation.

Concerning the aggregation ability, all strains tested in this study performed
autoaggregation and coaggregation with S. mutans ATCC 25175. Aggregation among the
oral Lactobacillus strains depended on the time of incubation. The autoaggregation and

coaggregation of all strains were different (Fig. 2). The highest means for autoaggregation
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(74%) and coaggregation (47%) belonged to the L. gasseri strains. The lowest mean
autoaggregation (31% and 38%) and coaggregation (28% and 26%) values were found
among the L. oris and L. mucosae strains, respectively. There was a strong correlation
between autoaggregation and coaggregation (r; = 0.883) with a significance of P < 0.001, as
shown in Fig. 3.

Many studies have demonstrated that bacterial surface charges are involved in the
adhesion to the host mucosa and in attachments within and between the bacterial species
(Wadstrom et al., 1987; Pelletier et al. 1997; Del Re et al. 2000; Collado et al. 2007; Xu et
al., 2009). The bacterial surface charges are also involved in aggregation (Kos et al., 2003;
Del Re et al. 2000; Collado et al. 2007; Xu et al. 2009). There were positive correlations
between the adhesion ability and aggregation to hydrophobicity, as demonstrated by the high
adherence or high aggregation to xylene, an apolar solvent (Harty and Knox 1991; Collado et
al. 2007; Xu et al. 2009; Darilmaz et al. 2012). In this study, the oral Lactobacillus strains
were derived from saliva, and the results were generally consistent with the study of
lactobacilli that were isolated from various locations in the mouth (Colloca et al. 2000). Most
oral Lactobacillus strains were revealed to have moderate-to-high hydrophobicity and
hydrophilic surface charges; however, L. gasseri had a low hydrophobicity and affinity for
ethyl acetate (Fig. 4). All strains, except L. casei and L. gasseri, showed moderate affinity for
ethyl acetate, a basic solvent. All Lactobacillus strains displayed a higher affinity for
chloroform, an acidic solvent, than for the ethyl acetate solvent, which was similar to the
results of a previous study (Pelletier et al. 1997). This finding indicates that Lactobacillus
strains are strong electron donors. This is expected because most bacterial surfaces possess an
overall electronegative charge (Beveridge and Graham 1991).

The correlation between the total adhesion ability and the internalisation of all

Lactobacillus strains and surface charges is shown in Table 1; however, this information was
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clearly observed in only the L. fermentum and L. paracasei strains (Table-2-SuppInfo). The
individual strain with high surface charges was significant in internalisation and in
aggregation, especially when the data from the 15 selected L. fermentum strains was
analysed, given that the coefficient correlation was much higher (Figure-5-Supplnfo). A
similar result was also observed for the coaggregation of all strains, in which a significant
correlation with all solvents was found (Table 1). However, this correlation was clearly
revealed in only the L. fermentum and L. paracasei strains (Table-2-Supplnfo, Figure-5-

Supplnfo and Figure-6-Supplnfo).

The results implied that the internalisation of certain oral Lactobacillus strains, for
example L. fermentum and L. paracasei, may play an important role in adhesion within the
human oral cavity. However, it was noted that L. gasseri strains showed high externalisation
and aggregation (auto- and coaggregation) abilities and that they had low hydrophobicity and
low affinity to ethyl acetate. This finding indicates that L. gasseri strains might perform their
adhesion and aggregation via a different mechanism. This may be supported by the findings
of a specific protein, an aggregation-promoting factor, of L. gasseri (Boris et al. 1998;
Ventura et al. 2002). Adhesion is a complex process involving non-specific (hydrophobicity
and hydrophilic) and specific ligand-receptor mechanisms. In this study, the mechanisms of
adhesion were not studied. Thus, it was not possible to define which strains were bound
because of the specific interaction mediated by adhesin(s) and in strains bound by non-
specific interactions. Future work is needed to study the adhesion mechanisms that involve

specific interaction as mediated by adhesin(s).

A relation between the aggregation and adhesion ability has been reported for some
bifidobacterial species and Lactobacillus strains derived from the gut origin (Perez et al.
1998; Del Re et al. 2000; Kos et al. 2003; Rickard et al. 2003). In this study, a positive

8

Page 8 of 26



Page 9 of 26

©CoO~NOUTA,WNPE

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

correlation between aggregation and internalisation was found among L. paracasei and 15

selected L. fermentum strains (Figure-7-Supplnfo and Figure-8-Supplnfo).

The findings in this study indicated that L. paracasei and L. fermentum strains may be
potential probiotics for the human oral cavity according to the desirable properties for
selecting probiotic strains. It should also be emphasised that a selective process for probiotic

strains is required.

In addition, the ability of microorganisms to adhere to oral mucosal surface and to
aggregate (auto- and coaggregation) may have ecological significance in the oral cavity. In
this study, most oral Lactobacillus strains revealed high adhesion (either through
externalisation or internalisation) ability to oral keratinocyte H357 cells, which may have
resulted from the findings of moderate-to-high hydrophobicity and the surface charges of
those strains. The ability to adhere to the host cells reportedly correlated to surface charges,

which would aid in the initial attachment.

A certain strain with high auto- and coaggregation might result in a low level of
detection in the oral cavity because aggregation followed by swallowing is generally regarded
to be an important factor in the removal of organisms from the mouth. In addition, many
authors have reported that the aggregation ability is a desirable property for selecting
probiotics strains (Collado et al. 2007; Keller et al. 2011; Darilmaz et al. 2012; Tuo et al.
2013). Organisms with the ability to coaggregate with other bacteria such as pathogens may
have an advantage over non-coaggregating organisms, by aggregating and removing the
pathogens from the environment. This finding may support the evidence showing that L.
gasseri was found to be less prevalent in the saliva of high-caries children (2.6%) than in that
of low-caries children (15%) (Piwat et al. 2010). In addition, another study (Koll-Klais et al.

2005) reported that L. gasseri was significantly less prevalent in chronic periodontitis patients
9
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(8%) than in healthy subjects (64%). In this study, L. gasseri was found to have a high
coaggregation ability with a cariogenic pathogen (S. mutans), which may explain the
phenomenon above. It should be stated that this is a preliminary study on the aggregation of
oral Lactobacillus strains, and only S. mutans has been used as a representative oral
pathogen. Therefore, it is advisable to include more oral strains for investigation to identify

whether the aggregation of Lactobacillus strains could influence the oral microbiome.

In conclusion, the results demonstrated that various Lactobacillus spp. derived from
the oral cavity showed different abilities in terms of adhesion and aggregation. Correlations
between the adhesion and surface characteristics and aggregation were observed among the
L. fermentum and L. paracasei strains; however, there was a variation in the strain properties
within and between species. The L. grasseri strains exhibited higher auto- and coaggregation
with S. mutans than the other strains. To our knowledge, this is the first study to investigate
oral Lactobacillus species with oral keratinocyte cell line, which could be useful in the
collection of background information for selecting probiotic strains for use in oral health. It
should also be emphasised that a case-by-case assessment is needed to select strains that

provide the most suitable bacteriotherapy in the oral cavity.
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Materials and Methods

Bacterial strains and culture conditions

A total of 197 oral Lactobacillus strains from 10 species were obtained from the
previous study by Piwat et al. (2010), and they had already been identified using a restriction
fragment length polymorphism (RFLP) analysis of a polymerase chain reaction (PCR)
(Teanpaisan and Dahlen 2006) and 16S rRNA PCR-Denaturing gradient gel electrophoresis
(Piwat and Teanpaisan 2013). The 16S-rRNA sequencing was performed for strains with
uncertain identifications. The culture collection was kept at -80°C in the Department of
Stomatology at the Faculty of Dentistry, Prince of Songkla University, Thailand. The strains
that were used in this study included 10 strains of Lactobacillus casei, 61 strains of
Lactobacillus fermentum, 17 strains of Lactobacillus gasseri, 12 strains of Lactobacillus
mucosae, 9 strains of Lactobacillus oris, 22 strains of Lactobacillus paracasei, 12 strains of
Lactobacillus plantarum, 18 strains of Lactobacillus rhamnosus, 27 strains of Lactobacillus

salivarius, and 9 strains of Lactobacillus vaginalis.

The Lactobacillus strains were initially cultured for 18-24 h on MRS agar, and a
distinct colony of each bacterium was then transferred to MRS broth for an additional 18-24
h incubation. Streptococcus mutans ATCC 25175, the strain used in the aggregation assay,
was cultured on a blood agar plate for 18-24 h, and a colony was transferred to brain heart
infusion broth for an additional 18-24-h incubation. All strains were incubated under

anaerobic conditions (10% H,, 10% CO, and 80% N,) at 37°C.

Study of adhesion ability

The H357 keratinocyte, the oral squamous carcinoma cell line used in this study, was

a kind gift from Professor Paul Speight of the University of Sheffield, UK. The cells were
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grown and maintained in keratinocyte growth medium containing 3 parts Dulbecco’s
modified Eagle’s medium (DMEM) plus 1 part Ham’s F-12 nutrient mixture supplemented
with 10% foetal calf serum, 10 ng ml” of epidermal growth factor, 5 g ml™" of insulin, 0.5 g
ml” of hydrocortisone, 100 TU ml” of penicillin, 100 g ml” of streptomycin and 2.5 g ml” of
amphotericin B ml”. To harvest the cells for experiments, the cells were lifted from a culture
plate by trypsinisation with 0.25% trypsin and 0.05% EDTA at 37°C for 10 to 15 min and
collected by centrifugation. The keratinocytes were subcultured in 24-well plates at
approximately 10°-cells well” and were grown at 37°C in 5% CO, for 2 days to reach
confluence.

A total adhesion (externalisation and internalisation) assay was performed as
described by Kintarak er al. (2004). Each tested Lactobacillus strain was grown anaerobically
overnight in 10 ml of MRS broth at 37°C. The bacterial cells were harvested and washed
twice with phosphate-buffered saline (PBS). A bacterial inoculum containing approximately
10® CFU ml™ suspended in DMEM was added to each cell culture well, and the plate was
incubated at 37°C in 5% CO, for 90 min. Non-adherent bacteria were washed off, and then
the adherent bacteria plus intracellular bacteria were quantified as the total adhesion.

For internalisation, the procedure was the same as the one mentioned above. After
washing off the non-adherent bacteria, 1 ml of a solution containing 100 g ml™" of gentamicin
in DMEM was added to each well to kill extracellular bacteria. The plates were incubated
with gentamicin for 2 h at 37°C in 5% CO, and then washed twice with PBS.

To determine the number of bacteria, the keratinocytes were trypsinised with trypsin-
EDTA and lysed with 0.1% Triton X-100, and serial dilutions were plated onto MRS agar to
determine the viable bacterial counts.

Total adhesion or internalisation was reported as percentages from duplicates

according to the formula for total adhesion or internalization as follows: (%) = (A¢/A) x 100,
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where A and A were the log;o number of bacterial cells (CFU ml™) before and after adhesion
or internalisation. Adhesion (externalisation) was calculated as total adhesion minus

internalization.

Microbial adhesion to solvents

The microbial adhesion to solvents (MATS) test was performed according to the
method of Rosenberg er al. (1980) with some modifications. Bacterial cells were washed
twice with PBS and resuspended in the same buffer to an absorbance (Agoonm) Of
approximately 0.2 % 0.05 to standardise the number of bacteria to approximately 10° CFU ml"
!, Three millilitres of bacterial suspension was added with 1 ml of each of the following
solvents: xylene (nonpolar neutral solvent), chloroform (monopolar acidic solvent), and ethyl
acetate (monopolar basic solvent). After a 10-min pre-incubation at room temperature, the
two-phase system was mixed by vortexing for 2-min. The aqueous phase was removed after
20 min of incubation at room temperature, and its absorbance was measured at 600 nm. The
results were reported as percentages from triplicates according to the formula MATS (%) =
(A-Ag/A) x 100, where A and Ay were the absorbance before and after mixing solvents,
respectively. The strains were classified as having low (0-35%), moderate (36-70%), or high
(71-100%) hydrophobicity or charged surfaces.
Study of aggregation (autoaggregation and coaggregation) ability

The autoaggregation of each Lactobacillus strain was performed using a
spectrophotometric assay according to the method of Kos et al. (2003) with some
modifications. Bacterial cells were prepared as above. Cell suspensions (4 ml) were mixed by
vortexing for 10 s, and autoaggregation was determined after 1, 2, and 24 h of incubation at

37°C. The autoaggregation percentage was expressed as (1- A ¢me/A initia) X 100.
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The coaggregation of each Lactobacillus strain was examined, and Streptococcus
mutans ATCC 25175 was chosen to represent a cariogenic bacterium in this experiment.
Bacterial suspensions were prepared as described for autoaggregation analysis, and S. mutans
was cultured in a brain heart infusion broth. Equal volumes of bacterial cells (2 ml) from the
tested Lactobacillus strains and S. mutans were mixed and incubated at 37°C for 1, 2, and 24
h. The absorbance (600 nm) was determined for the mixture and for the bacterial suspensions
alone. The percentage of coaggregation was determined as [(Apaciobacitius + As. murans)!2-(Amix)/

(ALactobacillus + AS. mutans)/2 X 100]

Statistical analysis

All experiments were independently conducted two or three times, and each assay
was performed in duplicate. The results were expressed as the means + standard deviation.
The software package used for the analyses was the Statistical Package for Social Sciences
(SPSS Inc., Chicago, IL, USA). Correlation coefficients were performed using Spearman’s

rho test, and the differences were considered significant when P < 0.05.
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Figure legends

Figure 1 The total adhesion (a), externalisation (b) and internalisation (c) of different oral
Lactobacillus spp. were demonstrated. The boxplot shows the median, percentile (first and
third percentile), and minimum-maximum distribution of value. Different letters are

significantly different at P < 0.05.

Figure 2 The autoaggregation ([J) and coaggregation (M) of different oral Lactobacillus
species. Different letters (compared within the same parameter) are significantly different at

P <0.05.

Figure 3 The 24 h autoaggregation vs 24 h coaggregation (O) correlation of different oral

Lactobacillus species with ry=0.883 P < (0.001.

Figure 4 The characterisation of bacterial adhesion to different solvents using xylene (LJ),
chloroform () and ethyl acetate (l) of different oral Lactobacillus species. Different letters

(compared within the same parameter) are significantly different at P < 0.05.

Figure-5-SupplInfo The correlation of different solvents vs internalisation (@) and different
solvents vs coaggregation (O): (a) xylene, of 61 total L. fermentum strains with r;= 0.257 P
= 0.045 and r, = 0.558 P < 0.001, respectively; (b) chloroform, of 15 selected L. fermentum
strains with r;=0.795, P < 0.001 and r, = 0.821_P < 0.001, respectively; (c) ethyl acetate, of
15 selected L. fermentum strains with ry = 0.624 P = 0.013 and r, = 0.664, P = 0.007,
respectively; and (d) xylene, of 15 selected L. fermentum strains with r; = 0.763, P = 0.001

and ry=0.821 P < 0.001, respectively.

Figure-6-SupplInfo The correlation of different solvents vs internalisation (@) and different
solvents vs coaggregation (O) of 22 L. paracasei; (a) chloroform, with ;= 0.561_ P = 0.007

and r; = 0.525, P < 0.012, respectively; (b) ethyl acetate, with ry= 0.195 P = 0.385 and 1y =

20
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16 423  Figure-8-SuppInfo The correlation of internalisation vs autoaggregation (A) and
18 424  internalisation vs coaggregation (A) of 15 selected L. fermentum strains with ry = 0.806, P <

20 425  0.001, and rs=0.788, P < 0.001, respectively.
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Table 1 Correlation coefficient of Spearman (r;) between surface properties and adhesion or

Assay

Bacterial adhesion to solvent

Xylene

Chloroform

Ethyl acetate

Total adhesion

Externalization

Internalization

Aggregation:

Autoaggregation

Coaggregation

0.341 (0.000)
0.008 (0.912)

0.269 (0.000)

0.223 (0.002)

0.223 (0.002)

0.093 (0.191)
0.122 (0.088)

0.222 (0.002)

0.308 (0.000)

0.341 (0.000)

0.192 (0.007)
0.043 (0.550)

0.188 (0.008)

0.235 (0.001)

0.183 (0.010)

() indicates P-value

22

Page 22 of 26



Page 23 of 26

cd a

©CoO~NOUTA,WNPE

0
(=3
|
o
o
o
&
a
g
I‘I l_ln

ally
o
H{He

[ERN
N
Total adhesion, %
i

[
T

=3
|

~
=5
=

80—

&

60—

N NN N
0~ o Ul
Externalization, %
3 &
HT e
HI e
HHs
—{ [z
— [
—Ihg
I+

w
N
—_
&
I
‘)“\‘\.

33 100

80

60

w W
o
Internalization, %
S
?
HIH-

H s
HI—&
{IHE
T~

47 Figure 1 The total adhesion (a), externalisation (b) and internalisation (c) of different oral Lactobacillus spp.
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Abstract

This study aims to evaluate the antioxidant activity of oral Lactobacillus strains in
vitro. Two-hundred and one strains of oral Lactobacillus were investigated antioxidant
properties through scavenging activity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical, inhibition of lipid peroxidation, and resistance to reactive oxygen species (ROS). In
addition, the levels of enzymatic antioxidant as superoxide dismutase (SOD) activity and
non-enzymatic antioxidant as glutathione (GSH) content of intracellular cell-free extracts
were assessed, and was also evaluated the relationship between antioxidant parameters of
Lactobacillus and caries status. The results showed that all Lactobacillus strains exhibited
wide dispersion of free radical scavenging, inhibition of lipid peroxidation, SOD activity and
GSH content within/between species, indicating that antioxidant properties may be strain
dependent. Among ten species of Lactobacillus, L. paracasei, L. fermentum and L. plantarum
showed among the highest free radical scavenging, inhibition of lipid peroxidation, SOD
activity and GSH contents. Moreover, L. paracasei, L. fermentum and L. rhamnosus showed
high viability in 1 mM hydrogen peroxide and 1 mM hydroxyl radicals. Inhibition of lipid
peroxidation and GSH were found to be the factor significantly negative associated with
caries status (p<0.05). The odds ratios of developing caries status decrease when having
inhibition of lipid peroxidation and GSH activity were 0.951 and 0.844 respectively. It can be
concluded that the antioxidant efficacy of Lactobacillus may be involve in defence

mechanism against oxidative stress and could also be used to alternative dental therapies.

Key words: Antioxidant activity, Oxidative stress, Lactobacillus.



1. Introduction

Oxidative stress is caused by an imbalance between the production of reactive oxygen
species (ROS), or free radicals and antioxidant defenses leading to the disturbance of the
human normal health. It is believed that oxidative stress plays critical roles in various
diseases such as cancer, diabetes, neurodegenerative diseases, emphysema, cirrhosis,
atherosclerosis, myocardial infarction and arthritis. It has been claimed that antioxidant is the
first line to defense against ROS [1]. In oral cavity, antioxidant defense system has been
found to implicate with oral diseases that the level of antioxidant could be altered in response
to an infection or diseases. For examples, antioxidant capacity of saliva was sometime found
significantly increased in children with active and/or severe caries [2, 3]. In addition, some
studies reported that total antioxidant capacity of serum in periodontitis was lower than in
health [4]. It indicated that the balance of oxidant-antioxidant system may also involve in oral
diseases.

The formation of ROS can be prevented by antioxidants which found in natural
sources such as vegetables, fruits and microbial sources [5]. Thus, consumption of
antioxidant supplements has been recommended to prevent human bodies from oxidative
damage. Several studies have reported that consumption of living or lyophilized cultures of
probiotic bacteria can reduce free radicals thereby reducing oxidative stress, due to their
ability to produce antioxidants [6, 7]. Antioxidant activities including superoxide dismutase
(SOD), glutathione reductase (GR) and glutathione (GSH) have been reported for some
Lactobacillus species [2, 8-11]. Most reports have studied the antioxidative potential in
probiotic strains Lactobacillus spp. and Bifidobacterium spp. derived from the gut and
fermented foods [8, 10, 12, 13]. There is limited information on antioxidant activities of
Lactobacillus strains isolated from oral cavity. Whether those antioxidant activities of

Lactobacillus strains have an influence on oral diseases is unknown. The aims of this study
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were to investigate the activities and types of antioxidants of oral Lactobacillus, and to

determine whether there was any association between antioxidants and caries status.



2. Materials and methods
2.1 Bacterial strains and culture condition

A total 201 of oral Lactobacillus strains represent 10 different species were obtained
from the previous study [14] , and the culture collection was kept at -80°C in the Department
of Stomatology, Faculty of Dentistry, Prince of Songkla University, Thailand. The details
including the number of strains, type of species and caries status of the individuals are shown
in Table 1. All strains were identified using the restriction fragment length polymorphism
(RFLP) analysis of polymerase chain reaction (PCR) and the denaturing gradient gel
electrophoresis (DGGE) [15, 16]. Sequencing of the 16S-rRNA was performed for strains
with uncertain identifications.

2.2 Preparation of intact cells and intracellular cell-free extracts

The strains were recovered from the -80°C storage and cultured on a Man Rogosa and
Sharpe (MRS) agar plate at 37°C for 24-48 h under anaerobic condition (80% N, 10% H,
and 10% CO,). After recovery, each strain was inoculated into 50 mL MRS broth in
anaerobic condition at 37°C for overnight. Bacterial cells were then harvested by
centrifugation at 5,000 rpm for 10 min, and washed three times with phosphate buffered
saline (PBS, pH 7.4). The washed cells were resuspended in PBS, and adjusted to
approximately 10° CFU/mL. The cells suspension was used as intact cells.

The washed cells suspension was sonicated with a cell disrupter for 5 min in an ice
bath. The cell debris was removed by centrifugation at 10000 rpm for 10 min, and the
supernatant was used as the intracellular cell-free extracts.

2.3 Determination of antioxidant activity

2.3.1 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging activity

The DPPH radical-scavenging activity of various Lactobacillus species was evaluated
using the modified method of Lin and Chang [10]. In brief, 100 pL of intact cells or

intracellular cell-free extracts and 100 pL of freshly prepared DPPH solution (0.2 mM in
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ethanol) were mixed and allowed to react for 30 min at room temperature. Deionized water
and DPPH solution without bacteria were used as controls. The ability of scavenged DPPH
was monitored by the decrease in absorbance at 517 nm. The scavenging ability was defined
as:

Scavenging activity (%) = [1 - (Asampte/ Acontror)] X 100

2.3.2 Inhibition of lipid peroxidation

The antioxidant activity of Lactobacillus strains was determined using the TBA
method of Lin and Chang [10], based on the monitoring inhibition of linoleic acid
peroxidation. Linoleic acid was chosen as the source for unsaturated fatty acid and, a Fe/H,0,
system was used for the catalysis of oxidation. The linoleic acid emulsion was made up of 0.1
mL of linoleic acid, 0.2 mL of Tween 20 and 19.7 mL of deionized water. The total volume
of reaction mixture (2.3) mL contained 0.5 mL PBS (0.02 M, pH 7.4), 1.0 mL linoleic acid
emulsion, 0.2 mL FeSO,4 0.01% (w/v), 0.2 mL 0.02% H,0; (v/v), and 0.4 mL samples were
mixed and incubated at 37°C for 24 h. Deionized water was substituted for samples as the
control. After 24 h of incubation, 2 mL of the reaction solution were mixed with 0.2 mL of
trichloroacetic acid 4% (w/v), 2 mL of thiobarbituric acid 0.8% (w/v) and 0.2 mL of
butylated hydroxytoluene 0.4% (w/v). The mixture was incubated at 100°C for 30 min and
allowed to cool. Chloroform was then added for extraction. The extract was obtained and the
absorbance was measured at 532 nm. The ability of inhibition by the samples was defined as:

|nh|b|t|0n aCthlty (%) = [l' (Asamp|e/Ac0mr0|)] Xloo

2.4 Determination the types of antioxidants

2.4.1 Superoxide dismutase (SOD) activity of intracellular cell-free extracts

The SOD activity was the ability of tested samples to inhibit the forming of red
formazan nitroblue tetrazolium produced by xanthine and xanthine oxidase reaction [17]. The

SOD activity in this study was performed using the method of Ukeda et al.[18]. In brief, the
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reaction mixture contained 2.4 mL of 50 mM sodium phosphate buffer (pH 7.8), 0.1 mL of 3
mM xanthine, 0.1 mL of 3 mM ethylenediaminetetraacetic acid, 0.1 mL of 0.75 mM
nitroblue tetrazolium (NBT), 0.1 mL of 15% bovine serum albumin and either 0.1 mL of
intracellular cell-free extracts or of PBS as blank. After the reaction mixture were incubated
at 37°C for 5 min, followed adding 0.1 mL of 0.01 U xanthine oxidase was incubated at 37°C
for 20 min. SOD activity was measured at 560 nm that was determined by referring to a
standard curve. Inhibition of NBT reduction to 50% of maximum was defined as 1 U of SOD

activity, and SOD activity was expressed in unit per milliliter (Unit/mL).

2.4.2 Glutathione (GSH) content of intracellular cell-free extracts

GSH of in intracellular extracts of Lactobacillus strains was performed using
Ellman’s reagent [19] 5,5-dithiobis-2-nitrobenzoic acid (DTNB). The reaction mixture
contained 0.2 mL of intracellular cell-free extracts, 2.3 mL of 0.2 M phosphate buffer (pH
7.5) and 0.5 mL of 1.0 mM DTNB and incubated at 25°C for 10 min in the dark. The
sulphydryl groups present in GSH forms a colored complex with DTNB, which was
measured by colorimeter at 412 nm. An increase in absorbance indicated an increase in GSH
levels. The amount of GSH was determined using its molar extinction coefficient (g) of
13600 M/cm/ and expressed in terms of nanomole per milliliter (nmol/mL). The GSH was
calculated as the following equation.

GSH = (A - Ay) x dilution factor of sample / €
A and A, are the absorbances of in the presence and the absence of sample, respectively.
2.5 Study the resistance of lactobacilli to reactive oxygen species (ROS)

The effect of different ROS namely hydrogen peroxide and hydroxyl radicals on the
viability of different Lactobacillus strains was determined using the method of Kullisaar et al.
[9]. L. fermentum 10 strains, L. paracasei 9 strains, L. rhamnosus 9 strains, L. oris 5 strains,
L. gasseri 5 strains and L. salivarius 5 strains were selected from caries free and caries

individual.



2.5.1 Resistance to hydrogen peroxide and hydroxyl radical

Bacterial strains were harvested by centrifugation at 5000 rpm for 10 min after
overnight incubation at 37°C in anaerobic condition, and washed twice in 0.85% NaCl. The
cell suspensions contained 10° CFU/mL, and incubated with 1.0 mM H,0, at 37°C. At 2 h
intervals, the removed aliquots were plated onto MRS agar, and incubated at 37°C in
anaerobic condition for 48 h. The number of bacteria survival was counted.

In addition, the cell suspensions were exposed to hydroxyl radicals that were
generated via the Fenton reaction by which [20] contains 10 mM terephthalic acid (1,4-
benzenedicarboxylic acid, Sigma) in phosphate buffer, Lactobacillus cultures at the level of
10° CFU/mL, and CuS0O,.5H,0. The reaction was initiated by the addition of 1.0 mM H,0,.
Aliquots were drawn at 15 min time intervals, and the number of bacteria survival was
performed as described above.

2.6 Data analysis

All values were expressed as meanzstandard deviation (X+SD). A Kolmogorov-
Smirnov test was applied to examine the normality of data distribution. Differences in
antioxidant activity and type of antioxidant among the Lactobacillus species were evaluated
using Kruskal-Wallis test followed by Mann-Whitney U test, and were considered to be
significant at p<0.05. Logistic regression analysis was used to evaluate the odds ratios of
these factors for carries status. Significance was considered at p < 0.05. All statistical analysis

was carried out using SPSS (Chicago, Illinois, USA).



3. Results
3.1 Antioxidant activity of Lactobacillus species

DPPH free radical scavenging activity and inhibition of lipid peroxidation within 10
Lactobacillus species are shown in Figure (1 A,B). There was a wide variation in the
antioxidant activities of different Lactobacillus strains. The free radical scavenging activity of
each strain ranged from 11.3 to 53.2% and inhibition of lipid peroxidation ranged from 10.30
to 77.8% respectively. The antioxidant activity of Lactobacillus strains was expressed in both
intact cells and intracellular cell-free extracts. There was a great diversity in their antioxidant
activity. The antioxidant activity in terms of inhibition of lipid peroxidation of some
Lactobacillus species was higher than for free radical scavenging activity. L. paracasei had
the highest scavenging activity mean of 34.3% followed by L. mucosae, L. rhamnosus, L.
casei, L. fermentum and L. salivarius. The least scavenging activity was found for L.
plantarum, L. vaginalis, L. oris and L. gasseri that were significantly lower than the rest.
(Fig. 1 A).

In the inhibition of lipid peroxidation tests, the results revealed that L. plantarum, L.
rhamnosus and L. mucosae had strong an inhibition activity mean of 64.8%, 59.1% and
55.1%, while L. salivarius, L. fermentum, L. vaginalis, L. casei and L. paracasei exhibited
moderate inhibition activity, and L. oris and L. gasseri had the significantly lowest inhibition
activity (P<0.05) (Fig. 1 B).

3.2 Antioxidants types of Lactobacillus

The SOD activity of all strains showed a ranged from 0 to 0.69 Unit/mL (Fig. 2 A).

L. fermentum strains showed a high variation and significantly higher SOD activity (mean
0.42 Unit/mL) than other Lactobacillus spp. Some strains of L. paracasei also showed high
activity while the lowest activity was found for L. oris and L. gasseri

The level of GSH content of the Lactobacillus strains was ranged from 0 to 22.41

nmol/mL (Fig. 2 B). The strains exhibited the highest content were L. paracasei (mean 13.28



10
nmol/mL) followed by L. casei and L. fermentum (mean 11.93, 11.95 nmol/mL respectively).
L. gasseri and L. oris (4.96, 3.97 nmol/mL) showed the lowest activity.

3.3 Resistance to hydrogen peroxide and hydroxyl radicals

The effect of hydrogen peroxide on the viability of Lactobacillus strains are shown in
Figure 3. We found that L. fermentum, L. paracasei and L. rhamnosus showed the most
resistant against 1.0 mM hydrogen peroxide after 8 h, while L. oris, L. gasseri and L.
salivarius displayed the most sensitive to hydrogen peroxide (Fig. 3A). Moreover,
Lactobacillus strains in caries free showed higher viable than caries. However, it was not
statistically significant (P > 0.05), except L. fermentum and L. paracasei in caries free can
resistance to 1.0 mM hydrogen peroxide after 8 h higher than caries (P < 0.05) (Fig. 3 B).

In the presence of 1.0 mM hydroxyl radicals, L. fermentum, L. paracasei and L.
rhamnosus survived up to 60 min, while L. oris, L. gasseri and L. salivarius survived for 15
and 45 min respectively (data not shown).

3.4 Association between all of the antioxidant parameters and caries status

The binary logistic regression revealed that inhibition of lipid peroxidation and GSH
were found to be the factor significantly negative associated with caries status (Table 2). The
odds ratios of developing caries status decrease when having inhibition of lipid peroxidation

and GSH were 0.951 and 0.844 respectively.
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4. Discussion

Recently, natural antioxidants have received much attention from scientists and
general public due to their role inthe maintenance of human health and prevention
and treatment of diseases. Lactobacillus strains are considered to be beneficial
microorganisms and it has been increasing interest worldwide in the potential probiotic.
Several studies have reported that some Lactobacillus strains were isolated from fermented
food and intestinal tract can improve the antioxidant status in vitro and in vivo [8, 12, 21].
However, there have been a few published studies investigating the role of antioxidant
activity of Lactobacillus species isolated from oral cavity. Also, the antioxidant of
Lactobacillus strains on caries status is relatively little unknown. Therefore, the field of
research has focused on the antioxidant activities of Lactobacillus strains, and correlations
between antioxidant parameters of Lactobacillus strains and caries status were also
determined.

Since the antioxidant mechanisms for in vitro assay methods were diverse, the
antioxidant activity should be determined by different ways. Two-hundred and one strains of
oral Lactobacillus examined derived from caries free and caries individuals. In this study, our
results showed that Lactobacillus strains possessed antioxidant activities of both intact cells
and intracellular cell-free extracts, which displayed through two major mechanisms. It is
DPPH free radical scavenging (direct method) and inhibition of lipid peroxidation (an
indirect method) [22]. L. paracasei, L. mucosae and L. fermentum showed high scavenging
activity, and L. plantarum, L. rhamnosus and L. mucosae showed high inhibition of lipid
peroxidation while L. oris and L. gasseri showed low activities in both mechanisms. It was
noted that the strains within each species of Lactobacillus showed a wide range of antioxidant
activities. Different Lactobacillus strains possess different level of antioxidant activity.
Results were similar to the previous reports Achuthan et al., 2012 and Amaretti et al., 2013

[8, 23] which revealed that the antioxidant activity of Lactobacillus are varies among strains,
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and antioxidant activity have also been found variety of mechanisms. Our results indicate that
Lactobacillus exhibited antioxidant activity dependent on species/strain.

Furthermore, intracellular cell-free extracts exhibited stronger antioxidant activity
than intact cells. This was probably because many substances in Lactobacillus could be the
source of the antioxidant activity. Previous studies have shown that SOD and GSH in
Lactobacillus are the major compound antioxidant which plays an important role in
protecting organisms against toxicity and detoxifying superoxide anion, hydrogen peroxide
and hydroxyl radical. These are regarded as a major source of oxidative stress [24, 25].
Therefore, we have investigated type of antioxidant in the intracellular cell-free extracts of
Lactobacillus strains. The present of this study found that almost all Lactobacillus strains
possessed both SOD and GSH. We also observed that L. fermentum and L. paracasei showed
high SOD activity, GSH content and antioxidant activities, while L. oris and L. gasseri
showed low SOD activity, GSH content and antioxidant activities. This result can be
supported by previous research which revealed that SOD and GSH may be the main function
of antioxidant activities of Lactobacillus strains [9, 24, 25].

In addition, the high antioxidant activity of Lactobacillus strains is one of the reasons
for their able to decrease the risk of accumulation of ROS. All the three species (L.
fermentum, L. paracasei and L. rhamnosus) displayed tolerance in presence of 1.0 mM
hydrogen peroxide (weakly reactive, but it is highly diffusive and has long lifetime) up to 8 h
significantly longer than other species. In the presence of highly damaging hydroxyl radicals
(highly reactive), L. fermentum, L. paracasei and L. rhamnosus remained viable after 60 min,
while L. oris, L. gasseri and L. salivarius survived for 15 and 45 min (data not shown). It
demonstrated that the viability of Lactobacillus strains may depend on antioxidant activity,
types of antioxidants and upon dose of hydrogen peroxide and hydroxyl radicals [13, 21].
Besides, the survival time of Lactobacillus strains from caries free seemed to be greater in

those isolated from individuals with caries. However, it was not statistically significant
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(P>0.05), except L. fermentum and L. paracasei in caries free can resistance to 1.0 mM
hydrogen peroxide after 8 h higher than caries (P < 0.05). L. fermentum and L. paracasei are
predominant species in the oral cavity due to type of antioxidants could be influence on
survival of these species [24, 25]. It is possible to exert antioxidant mechanisms to protect
themselves against oxidative stress. This is agreement with some reports showing that almost
all bacteria are well protected against ROS by antioxidant activity [21].

In the oral cavity, dental caries and periodontal disease are the most common
infectious diseases worldwide. Recently it has been claimed that oxidative stress may play an
important role in the onset and the development of several inflammatory oral pathologies and
dental caries may also be included [2, 26]. Most studies have reported that the antioxidant
activity of salivary associated with dental caries and also periodontal [2, 4], while only a few
studies have examined the relationship between antioxidant activity of Lactobacillus strains
and caries status. Thus, in this study verify their relationship status. Our results found that
antioxidant activity in term inhibition of lipid peroxidation and GSH to be the factor
significant negative associated with caries status (P<0.05). Previous studies have reported
that lipid peroxidation is used to indicate oxidative stress while GSH may play a major role in
reduced the deleterious effect of lipid peroxidation [27, 28]. To the best of our knowledge,
our data provides the first evidence of a logistic regression relationship between antioxidant
parameters of Lactobacillus and caries status. Our data suggest that a high GSH level from
Lactobacillus could be help decrease caries. Amaretti et al., 2013 reported that Lactobacillus
strains may enhance antioxidant defenses in the host by producing and releasing GSH which
are absorbed and distributed in the organism [23]. Moreover, Ahmad et al., 2013 reported that
antioxidant activity was higher in caries active group[2]. Similarly, Han et al., 2013 showed
that who had DMFT showed a higher concentration of GSH [29]. Therefore, our results
suggested that Lactobacillus have to build up antioxidant mechanisms to protect themselves

against oxidative stress, and also can protect the host from attack free radicals when
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Lactobacillus colonized and propagated in the oral cavity [30]. Thus, we indicated the
antioxidant activity was higher in salivary caries due to there are a large number of
lactobacilli which can produce antioxidant.

Additionally, antioxidant from Lactobacillus has an indirect function to prevention or
treatment of oral diseases [30]. For example, Peran et al., 2006 reported that GSH was
released from L. fermentum can prevents colonic inflammation in the TNBS model of rat
colitis [31], and also consistent with Mendi et al., 2014 found that antioxidant activity of
Lactobacilli could protective effect on gingival fibroblasts [21]. In this study, we also
observed that L. fermentum L. paracasei, L. casei, L. plantarum and L. rhamnosus showed
high inhibition of lipid peroxidation and GSH activity. Interestingly, these species plays an
important role in maintaining good oral health, and also used as probiotic [30]. The
antioxidant activity appeared to be relative viability of Lactobacillus. Therefore, those strains
may be considered for further study in clinical trials. In the present study, suggested that
antioxidant activity derived from Lactobacillus strains could be a good natural therapy agent

for counteract ROS and reduce the risk of oral disease.
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5. Conclusion
The result of this study believed that Lactobacillus species exhibited antioxidant
activities in all major ways, and antioxidant properties of Lactobacillus strain are variation
within/between species. To our knowledge this is the first study to investigate antioxidant
activity of oral Lactobacillus species, and also used as base on information of antioxidant
activity. We suggested that the antioxidant activity from oral Lactobacillus could be a good

natural therapy agent for oral diseases.
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8. Legend

Table 1 Bacterial strains in the oral cavity used in this study

Caries free Caries
Species 0 dmft > 1 dmft Total
[subjects/strains] [subjects/strains]

L. fermentum 5/9 28/42 33/51
L. salivarius - 15/41 15/41
L. plantarum - 4/11 4/11
L. mucosae - 6/12 6/12
L. casei - 6/10 6/10
L. paracasei 214 5/18 7122
L. rhamnosus 1/4 5/10 6/14
L. vaginalis 1/8 1/2 2/10
L. oris - 5/12 5/12
L. gasseri - 4/18 4/18
Total 9/25 79/176 88/201

Decayed, missing and filled teeth (DMFT) index
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Fig. 1. The antioxidant activity of intact cells and intracellular cell-free extracts of
Lactobacillus species isolated from oral cavity. Boxplotes indicate the mean, median, 25th

and 75th percentiles, and the minimum-maximum values. Different letters means statistically

significant difference (P < 0.05)
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Fig. 3. (A,B) The survival of Lactobacillus strains in the presence of 1.0 mM hydrogen

peroxide. (B); Dotted lines and solid lines indicate caries free and caries respectively. * p<

0.05; (Mann-Whitney U-test), statistically-significantly different between caries free and

caries.



Table 2 Association between caries status* and antioxidant activities and types of

antioxidants
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Variables No. of strains B Odds ratios 95%ClI P-value
Antioxidant activity
Scavenging activity (%) 201 -0.003 0.997 0.943-1.054 0.920
Inhibition activity (%) 201 -0.039 0.962 0.932-0.993 0.016
Types of antioxidants
SOD (Unit/mL) 201 -2.038 0.130 0.010-1.645 0.115
GSH (nmol/mL) 201 -0.166 0. 847 0.763-0.941 0.002

* Caries free; dmft=0, Caries; dmft > 1
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