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ORIGINAL ARTICLE

Short-term effect of chewing gums containing probiotic Lactobacillus
reuteri on the levels of inflammatory mediators in gingival crevicular
fluid
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Abstract

Objective. To investigate the effect of a chewing gum containing probiotic bacteria on gingival inflammation and the levels
of selected inflammatory mediators in gingival crevicular fluid (GCF). Material and Methods. Forty-two healthy adults
with moderate levels of gingival inflammation entered a double-blind placebo-controlled study design. The subjects were
randomly assigned to one of three parallel arms: Group A/P was given one active and one placebo gum daily, Group A/A
received two active chewing gums, and Group P/P two placebo gums. The chewing gums contained two strains of
Lactobacillus reuteri: ATCC 55730 and ATCC PTA 5289 (1 x 108 CFU/gum, respectively). The subjects were instructed to
chew the gums for 10 min over the course of 2 weeks. Bleeding on probing (BOP) and GCF sampling were conducted at
baseline and after 1, 2 and 4 weeks. The levels of IL.-13, TNF-a, IL-6, II.-8 and IL-10 were determined using luminex
technology and multiplex immunoassay kits. Results. BOP improved and GCF volume decreased in all groups during the
chewing period, but the results were statistically significant (p <0.05) only in Groups A/P and A/A. The levels of TNF-o and
IL-8 decreased significantly (p <0.05) in Group A/A compared with baseline after 1 and 2 weeks, respectively. A non-
significant decreasing tendency was also observed concerning IL-1B during the chewing period. The levels of IL-6 and
IL-10 were unaffected in all groups after 1 and 2 weeks. Conclusions. The reduction of pro-inflammatory cytokines in
GCF may be proof of principle for the probiotic approach combating inflammation in the oral cavity.
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Introduction and bifidobacteria can reduce the levels of caries-
associated bacteria in saliva [8-10]. Concerning
periodontal conditions, Teugels and co-workers
[11] have shown that application of beneficial bac-
teria, as an adjunct to scaling and root planning, can
inhibit re-colonization of pathogens in periodontal
pockets and reduce bleeding on probing in dogs.
Other clinical trials have demonstrated a reduced
prevalence of moderate to severe gingival inflamma-

According to the World Health Organization, pro-
biotic bacteria are defined as live micro-organisms
which, when administered in adequate amounts,
confer a health benefit on the host [1]. The mechan-
isms of action are not fully known, but the back-
ground thinking is that relatively harmless micro-
organisms compete with pathogens and exert health-

promoting and therapeutic effects locally and sys- tion as well as improved plaque index and probing
temically by influencing the immune system. While depth in adults after regular use of probiotic chewing
the beneficial impact of probiotic bacteria is well gums or tablets [12,13]. However, the registrations
established for certain gastrointestinal diseases [2—4], were made by clinical-visual scoring. Since it is
its possible role in combating oral infections is generally considered that the gingival crevicular fluid
sparsely investigated [5-7]. Previous studies iz vivo reflects the inflammatory reactions involved in peri-
have suggested that probiotic strains of lactobacilli odontal disease with elevated concentrations of
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cytokines [14-16], it was of interest to perform a
placebo-controlled trial in order to further study the
effect of probiotics on the inflammatory reaction.
The aim of the present study was therefore to
investigate the effect of short-term use of probiotic
chewing gums on gingival inflammation and the
levels of selected pro- and anti-inflammatory cyto-
kines in gingival crevicular fluid. The null hypothesis
was that the levels of cytokines would not differ from
baseline or from values obtained after use of a
placebo chewing gum.

Materials and methods
Subjects

The study group comprised 42 healthy adults who
volunteered during March-June 2007 after verbal
and written information had been given to them.
The mean age was 24 years, with a slightly uneven
sex distribution (16 F, 26 M). All subjects were
outpatients at the dental school in Copenhagen,
Denmark and had signed an informed consent form.
The inclusion criteria were: (i) presence of at least
two buccal marginal sites with moderate chronic
gingival inflammation according to the Loée index
[17] with a probing depth of <4 mm, (ii) no
habitual use of probiotic food, and (iii) being a
non-smoker. The exclusion criteria were (iv) preg-
nancy, (v) a history of antibiotics and/or anti-
inflammatory drugs within 30 days prior to the
baseline examination, (vi) a low stimulated saliva
secretion (<0.8 ml/min), as well as (vii) rampant
decay with excessive open caries lesions. Before the
study, the subjects were given thorough instructions
concerning oral hygiene, with special emphasis on
daily toothbrushing with fluoride-containing tooth-
paste. Sample size was determined by a power
analyse (x=0.05 and B =0.2) based on cytokine
mean values and standard deviations obtained pre-
viously [18].

Study design

The project was ethically approved by the Ethics
Committee in the Capital Region of Denmark
(H-KF-2007-0025). The prospective study was a
double-blind placebo-controlled randomized trial
with three parallel arms. After baseline examination
and sampling, the subjects were randomly assigned
to one of the study groups with the aid of computer-
generated random numbers. Those in Group A/P
(n =15) were given one active chewing gum and one
placebo gum, Group A/A (n=14) received two
active chewing gums, and Group P/P (n =13) two
placebo chewing gums. Follow-up registrations and
samplings were conducted 1, 2, and 4 weeks after
baseline. Four patients dropped out and were

excluded during the study period since they failed
to attend their recall visits.

Intervention

The probiotic chewing gums contained two strains
of Lactobacillus reuteri (ATCC 55730 and ATCC
PTA 5289) at a dose of 1 x 108 CFU/gum, respec-
tively. The placebo gum was identical in size and
composition but without the addition of the probio-
tic strains. Both gums were provided by BioGaia AB,
Lund, Sweden. The participants were instructed to
actively chew one of the assigned chewing gum
pellets for 10 min twice daily — in the morning and
in the evening and at least 1 h after any intake of
food. The gums were packed in identical pots with a
plastic screw cap and each of the participants was
given two pots; one marked “morning”, the other
“evening”. The three groups were separated by a
colour code. All clinical registrations, as well as the
laboratory analyses, were carried out without knowl-
edge of the group assignment. The code was kept in
a locker by an independent monitor at the University
of Copenhagen and not unveiled until after the
statistical analyses had been finalized.

Clinical procedures

Two contralateral buccal sites from the upper
incisors (42%), canines (34%) or premolars (24%)
were selected from each participant. The distribu-
tion of teeth did not differ significantly between the
experimental groups. Visual supragingival plaque
was carefully removed with a periodontal probe
and cotton pellets. The sites were then gently dried
in air and gingival crevicular fluid (GCF) was
collected using periopaper strips (ProFlow, Amity-
ville, N.Y., USA) gently inserted in the gingival
sulcus for 20 s, as previously described [18]. The
position of the strip was marked on a chart in an
effort to standardize the samplings. In the event of
blood contamination, the strip was discarded
followed by a renewed collection after a few minutes.
The volume of the collected GCF sample was
immediately recorded using a Periotron 8000
(ProFlow) and expressed as pl. The strips were
thereafter transferred to plastic tubes and stored
frozen at —70°C wuntil assayed. After the GCF
samplings, an assessment of the bleeding upon
probing [19] was carried out at four sites around
each selected tooth.

Laboratory procedures

The absorbed GCF was eluated in neutral 120 pl
PBS (phosphate-buffered saline) containing 0.05%
Tween 20. The levels of IL-18, TNF-o, IL-6,
IL-8 and IL-10 were determined using luminex
technology and multiplex immunoassay panels



(LINCOplex; LINCO Research, Inc., USA) in
accordance with the manufacturer’s manual. The
concentrations of the cytokines were expressed as
pg/ml.

Statistical methods

All data were processed with the SPSS software
(v. 16.0; Chicago, Ill., USA). The follow-up values
were compared to baseline within each regimen with
the aid of the non-parametric Wilcoxon paired two-
sided test; differences between the groups were
subjected to the Wilcoxon unpaired test. A p-value
<0.05 was considered as statistically significant.
Three values considered as outliers (one baseline
sample of IL-6 in Group A/P; two samples of IL-8 in
Group P/P) were omitted from the statistical
calculations since they differed more than 10-fold
(> +3 SD) from the mean value of the group.

Results
Chlinical variables

The clinical variables on the various sampling
occasions in each group are presented in Table I
and II. There were slightly more sites with positive
BOP in the placebo group at baseline compared with
the two active groups, but the difference was not
statistically different. The number of sites with BOP
diminished during the experimental period in all
groups and the decrease was statistically significant
in Groups A/P and A/A after 2 weeks of chewing
(Table I). There were no statistically significant
differences in the amount of gingival crevicular fluid
at baseline. The registered amounts tended to
decrease by time in all groups and the difference
compared with baseline was statistically significant
in the two groups with active chewing gums at the
2-week follow-up (Table II). No harmful side effects
or adverse events were reported during the interven-
tion period.

Inflammatory mediators

The mean concentration of the selected inflamma-
tory mediators is displayed in Table III. No statisti-
cally significant differences between the groups were
recorded at baseline. The levels of TNF-a and IL-8
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were significantly reduced compared with baseline in
Group A/A after 1 and 2 weeks, respectively, while
no significant alterations were seen in Groups A/P
and P/P. A similar decreasing tendency was recorded
for IL-1PB in Group A/A during chewing, but the
difference failed to reach statistical significance. The
concentrations of IL.-6 and IL-10 remained mainly
unchanged in all groups during the 2-week chewing
period. At the follow-up samplings 2 weeks after the
chewing protocol (4 weeks after baseline), the
recorded cytokine levels did not differ significantly
from baseline in any of the study groups, with the
exception of IL-6 in Group A/A.

Discussion

This study was undertaken to investigate the inflam-
matory response in the oral cavity after short-term
exposure to probiotic bacteria, and this, to our
knowledge, is the first in vivo report on the issue.
The main finding was that statistically significant
reductions of the pro-inflammatory cytokines TNF-
o and IL-8 were demonstrated following the use of
chewing gums containing Lactobacillus reuteri. Inter-
estingly, a dose-response relationship, or a threshold
level, seemed to appear, since no significant effects
were disclosed in Group A/P with one active daily
gum, but it would be premature to propose any
clinical recommendations at this early stage.
Compliance with the study protocol was judged
acceptable based on interviews and by picking up the
distributed chewing gum pots. The improved gingi-
val conditions displayed in all the groups were partly
explained by the thorough oral hygiene instructions
that preceded the project, although a pure placebo
effect of participating in a trial cannot be excluded.
Unfortunately, no attempt was made to monitor or
estimate the amount of plaque accumulation during
the intervention, nor was any cultivation of the
supra- or subgingival microflora performed. It has
to be stressed, however, that the selected teeth, as
well as the teeth adjacent to the gingival sampling
sites, were not subjected to mechanical forces in
prosthetic constructions that otherwise could influ-
ence the cytokine levels [20]. The GCF sampling
was standardized, but the volumes were generally
small. This may have given rise to possible errors in
the cytokine concentrations obtained, which

Table I. Distribution of bleeding on probing at baseline and designated time intervals during and after a 2-week use of chewing gums
containing Lactobacillus reuteri. Values in table denote percentage positive sites.

A/P (active +placebo)

A/A (active+active)

P/P (placebo+placebo)

Time (n =13, 104 sites) (n =13, 104 sites) (n =12, 96 sites)
Baseline 54 58 68
1 week 23 23 58
2 weeks 8% 8% 45
4 weeks 23 15 64

*Statistically significant difference compared to baseline (Wilcoxon paired test, p <0.05).
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Table II. Volume of gingival crevicular fluid (ul, mean (SD)) at baseline and at designated time intervals during and after use of chewing

gums containing Lactobacillus reuteri.

A/P (active +placebo)

A/A (active +active)

P/P (placebo+placebo)

Time (n=13, 26 sites) (n=13, 26 sites) (n =12, 24 sites)
Baseline 0.30 (0.18) 0.30 (0.12) 0.38 (0.16)
1 week 0.19 (0.11) 0.19 (0.12) 0.32 (0.15)
2 weeks 0.17 (0.09%) 0.14 (0.10%) 0.27 (0.15)
4 weeks 0.18 (0.09%) 0.17 (0.07) 0.25 (0.13)

*Statistically significant difference compared to baseline (p <0.05, Wilcoxon signed rank test).

together with the individual variability resulted in
considerable standard deviations in this material.
For example, previous studies have shown that
fluctuations in the host-response curve over time
may have an influence on the recorded concentra-
tions [21]. The expressed cytokine levels were not
adjusted to the amount of GCF in each sample and
expressed as “output”, but it is very likely that
reduced concentrations, together with a reduced
flow, will enhance the cytokine alterations over a
given time unit.

A gingival infection is caused by a mix of Gram-
positive and Gram-negative species and character-
ized by pronounced leukocyte infiltration and
inflammatory exudation in the marginal area [22].
The mechanism of probiotic action in the oral cavity
is not fully understood, but is commonly explained
by a combination of local and systemic immunomo-

dulation as well as non-immunologic defense
mechanisms [23]. The principal health-promoting
effects in the gastrointestinal tract are ascribed to
enhancement of mucosal immune defense and
macrophage activity as well as elevations of the
numbers of killer cells, T-cells, and interferon levels
[2]. In that perspective, our present results were not
unexpected. The cytokines TNF-o and IL-1f, pro-
duced and secreted by antigen-presenting cells such
as monocytes, macrophages, fibroblasts, and dendri-
tic cells, are the central mediators of the pro-
inflammatory cascade causing tissue damage
[24,25]. IL-1p induces production of the cytokine
IL-6 from Th-2 cells, so it was interesting to observe
the “delayed” reduction of the latter cytokine in the
present material. The levels of chemokine IL-8,
produced mainly by macrophages and epithelial cells
and with a mainly chemotactic function [26], were

Table III. Concentration of inflammatory mediators (pg/ml, mean (SD)) in gingival crevicular fluid at baseline and at designated time
intervals during and after use of chewing gums containing Lactobacillus reuteri.

A/P (active +placebo)

A/A (active +-active)

P/P (placebo +placebo)

Variable/time (n=13, 26 sites) (n=13, 26 sites) (n =12, 24 sites)
IL-1B
Baseline 10.5 (10.5) 9.0 (7.6) 10.4 (12.3)
1 week 10.1 (9.8) 4.7 (6.9) 13.8 (14.0)
2 weeks 9.1 (8.9) 4.4 (4.7) 9.3 (10.5)
4 weeks 10.2 (11.6) 9.8 (11.1) 10.9 (13.3)
TNF-o
Baseline 0.23 (0.24) 0.41 (0.29) 0.45 (0.52)
1 week 0.32 (0.31) 0.14 (0.15%) 0.43 (0.49)
2 weeks 0.41 (0.34) 0.24 (0.26) 0.39 (0.36)
4 weeks 0.22 (0.19) 0.33 (0.36) 0.40 (0.38)
IL-6
Baseline 0.92 (1.67) 1.90 (3.28) 1.53 (2.48)
1 week 0.67 (0.68) 0.94 (1.70) 1.60 (2.49)
2 weeks 0.76 (1.23) 0.95 (1.69) 1.91 (2.50)
4 weeks 0.99 (1.20) 0.74 (1.56%) 1.03 (1.87)
1L-8
Baseline 116.2 (51.8) 103.3 (36.8) 107.3 (69.9)
1 week 102.2 (43.7) 86.2 (54.4) 82.9 (32.9)
2 weeks 95.2 (60.2) 77.4 (31.8%) 85.8 (42.0)
4 weeks 97.7 (69.0) 105.8 (63.8) 106.7 (60.6)
1L-10
Baseline 0.28 (0.27) 0.24 (0.38) 0.32 (0.44)
1 week 0.32 (0.38) 0.19 (0.24) 0.28 (0.31)
2 weeks 0.32 (0.38) 0.22 (0.37) 0.24 (0.26)
4 weeks 0.20 (0.23) 0.19 (0.20) 0.20 (0.20)

*Statistically significant difference compared to baseline (p <0.05, Wilcoxon signed rank test).



also reduced in the active gum group (A/A). The anti-
inflammatory cytokine II.-10, which was unaffected
in the present study, is produced by monocytes and
mast cells and is thought to downregulate the
expression of cytokines produced by Th-1 cells
[27]. This cytokine is considered an essential im-
mune-regulator in the intestinal tract, albeit its role in
gingival inflammation is less explored [28]. Alto-
gether, our results demonstrating that the levels of
inflammatory cytokines TNF-a and IL-8 are signifi-
cantly reduced by Lacrobacillus reuteri, given in
chewing gums, may to some extent explain the
mechanism of probiotic action in the oral cavity.

In light of the present findings, it is relevant to
further speculate on the specific mechanisms of
action ascribed to the probiotic strains incorporated
in the chewing gums tested. Lacrobacillus reuteri is a
member of the beneficial and commensal microbiota
in the mammalian oral cavity and gastrointestinal
tract; ATCC 55730 is derived from mother’s milk,
while the PTA 5289 is an oral isolate. It has
previously been demonstrated that a Lactobacillus
reuteri strain can exhibit a powerful suppressive effect
on TNF-a production by human monocytes and
macrophages [29]. Furthermore, it has been pro-
posed that Lacrobacillus reuteri may produce an
undefined immunomodulin capable of inhibiting
TNF-a production by LPS-activated monocytoid
cells [30]. A notable observation was that the effect
of the putative immunomodulin, secreted from the
cells, was not dependent on the presence of the
entire bacteria [30]. It has also been postulated that
the antibacterial agent reuterin, produced from
glycerol by Lactobacillus reuteri, could play a role in
the probiotic effects of Lacrobacillus reuteri [31].
Furthermore, recent studies have shown that a
wide spectrum of intestinal bacteria are very sensi-
tive to reuterin [32,33], but whether or not this is the
case concerning bacteria associated with periodontal
diseases remains an open question. Although the
complexity of the periodontal microbiota resembles
that of the gastrointestinal tract, where infections are
treatable via supplementation of probiotics, the
composition of the bacterial communities inhabiting
the mouth and the large intestines is quite different.
Oral research on the potential beneficial effects of
probiotic supplementation is still in its infancy, and
one strain with a proven intestinal effect may not be
the optimal strain in the oral environment [5,34,35].
Collectively, our @ wvivo data confirm previous
observations concerning TNF-a, and the null hy-
pothesis could be rejected for TNF-a and IL-8. It
should be pointed out, however, that the number of
patients was quite small and the follow-up time
relatively short. Thus, the present report can be
regarded as a pilot study that should be verified in
further clinical trials. The outcome justifies screen-
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ing for the most effective probiotic strain, or
combination of strains, for various oral diseases.

In conclusion, this in wivo study provides the
first indications of the significant dose-dependent
modulating effect of a short-term intake of probiotic
bacteria on the oral immune response, and the
results reinforce previous beneficial clinical observa-
tions on gingival health.
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