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Probiotic effect of feeding Lactococcus lactis and
Streptococcus thermophilus on periodontitis induced rat model
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Dysbiosis of oral microbiome by change of the environments induces pathogen related disease. Especially, Porphyromonas gingivalis
is associated with periodontitis. Various studies have showed probiotic efficacy for periodontitis related bacteria. The purpose of
this study was to investigate the therapeutic effect of probiotics on periodontitis using periodontitis induced rat model. The ligature-
induced periodontitis rats using P. gingivalis were fed the regular diet with or without probiotics for 20 days, and the periodontal
status was then analyzed by micro computed tomograpy and levels of inflammatory cytokines. Also, the levels of P. gingivalis and the
colonization of probiotics were analyzed by quantitative real-time polymerase chain reaction. The rat that fed on the diet containing
Streptococcus thermophilus, Lactococcus lactis, and both probiotics significantly showed higher mass of the alveolar bone compared
to the rat that fed on regular diet. Also, the rat that fed on the diet containing probiotics reduced the levels of inflammatory cytokines.
The count of P. gingivalis was reduced in the rat fed containing probiotics. Furthermore, S. thermophilus and L. lactis were detected
in the rat containing each probiotic bacterium. This study established that S. thermophilus and L. Jactis may be suitable probiotics for

therapeutic and preventive periodontitis.
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INTRODUCTION

More than 700 bacterial strains may be found in oral cav-
ity [1]. Oral microbes are composed of proportionally bal-
anced beneficial, commensal and pathogenic bacteria and
form biofilm as a micro-ecosystem [2]. Once established,
the microflora in the biofilm remains relatively stable over
time despite regular minor perturbations to the oral envi-
ronment, and this stability is termed microbial homeostasis.
Also they co-exist with communication among interspecies

or intraspecies that contribute to ecologic stability [3,4].
This microbial homeostasis can break down on occasion by
substantial change of oral environment. Significant param-
eters regulating the homeostasis include the host defenses
and the composition of the diet. In case of dental caries,
the ecological biofilm was changed by the composition of
the diet, and the ratio of cariogenic bacteria in the biofilm
was increased [2]. Also, when the microbial homeostasis
was broken by some major factors, Gram-negative anaer-
obes as periodontitis related microbes increase in the accu-
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mulated subgingival biofilm [1,5,6], by which periodontitis
is occurred. Therefore, periodontal disease is considered
to associate with multi-bacterial infection with anaerobic
microbes such as Porphyromonas gingivalis, Tannerella
forsythia, and Treponema denticola [5]. The bacterial com-
plex interacts with host tissue and cell causing the release
of broad array of inflammatory and osteoclastogenic cyto-
kines.

Probiotics are beneficial bacteria to host and produce
antimicrobial agents as bacteriocin against pathogenic bac-
teria [7]. Among probiotics, Lactococcus lactis and Strep-
tococcus thermophilus are Gram-positive and facultative
anaerobic bacterium [8,9]. These bacteria are widely used
in the production of fermented dairy foods. Also, both pro-
biotics produce antimicrobial agents against gut pathogenic
bacteria and reduce inflammation [10-12]. Furthermore,
these probiotics showed antimicrobial activity against peri-
odontopathogens and inhibited their virulence factors in
vitro study [11]. In order to provide the beneficial effects of
probiotics on oral disease such as dental caries and peri-
odontitis for the host, probiotics have to colonize on host
at the site. Therefore, in this study, the beneficial effects
of both probiotics on periodontitis were investigated using
periodontitis rat model.

MATERIALS AND METHODS

Bacterial strain and cultivation

P. gingivalis ATCC 33277 was used for induction of peri-
odontitis and cultured with brain heart infusion (BHI) broth
(BD Biosciences, San Jose, CA, USA) supplemented with
hemin (1 pg/mL) and vitamin K (0.2 pg/mL) at 37°C in an
anaerobic condition (5% H,, 10% CO,, and 85% N,). Also, L.
lactis HY 449 and S. thermophilus HY 9012 were gratefully
donated from Yakult (Korea Yakult Co., Yongin, Korea) and
cultivated with BHI broth at 37°C, anaerobically.

Animals and induction of experimental periodontitis
Male Wistar rats (250-300 g) were purchased from ORI-

ENT Co. (Seongnam, Korea) and used to induction of peri-
odontitis. Also, all experiments using rat were carried out
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in separate space with facilities for animal experiments.
The rats were allowed food and water ad libitum and were
maintained on a 12 hours light and dark cycle at 24°C with
50% to 60% humidity for 1 week before use. Also, all ani-
mals were maintained by according to the guidelines of
laboratory animal ethics committee in Dankook University.
The rats were anesthetized with isoflurane gas and the
sterile 4-0 (diameter, 0.4 mm) braided silk (Perma-hand
silk; Ethicon, Somerville, NJ, USA) was placed around the
cervix of the lower second molars and knotted medially.
The rats were randomly allocated into five groups with 5
rats per group. Control group was not ligated with the silk
and the others were ligated with P. gingivalis inoculated
silk. The grouping of experimental rats was described in
more detail in Table 1. In order to induce periodontitis, P.
gingivalis suspension (100 L, 1x10° colony-forming unit
[CFU]/mL) was inoculated into the knotted silk, and the
rats were bred for 20 days. Control group (10 rats) was fed
the regular diet, and the experimental groups (15 rats per
group) were fed the diet containing L. lactis, S. thermophi-
lus, or both probiotics (1x 10" CFU/g). The diets with
mixture regular food and probiotics were made by Korean
Yakurt. After displacing the ligatures, gingival crevicular
fluid (GCF) and bacteria in subgingiva were collected with
four paper points (#40, taper size 0.04 mm). Two paper
points were used for enzyme-linked immunosorbent assay
(ELISA) analysis to investigate inflammatory cytokines, and
the remaining paper points were used for bacterial count.

Analysis of micro-computed tomography

Mandible was subjected by micro-computed tomogra-
phy (CT) using an X-ray micro-CT scanner (SkyScan 1172;

Table 1. Groups of experimental rats

Group Treatment
Control None-ligature and regular diet
Regular diet Ligature and regular diet

Streptococcus thermophilus diet  Ligature and diet containing
S. thermophilus

Lactococcus lactis diet Ligature and diet containing
L. Iactis

Ligature and diet containing

S. thermophilus+L. lactis

S. thermophilus+L. lactis diet
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SkyScan Co., Kontich, Belgium) after collection at end time
point of the experiment. The image intensifier to obtain
two-dimensional images of each level, the scanning was
performed under the condition of 80 keV, 100 pA, and 16.8
magnification with the spot size of 8 um. The level of alve-
olar bone resorption was analyzed according to the method
by Park et al. [13]. Briefly, linear measurements were taken
from the cementoenamel junction to the root apex line in
the interdental region between the first and second molars.
The ratio of remaining alveolar bone between first and
second molar in the left mandible was compared among
each group. The three-dimension (3D) area of alveolar
bone was measured by program under development which
can calculate 3D area from 3D image of micro-CT data and
confocal laser microscopy data.

Bacterial count with real-time polymerase chain
reaction

For count of P. gingivalis or probiotics in subgingiva of
the ligature site of the rats, quantitative real-time poly-
merase chain reaction (PCR) was performed using specific
primer of each bacterium. First, the standard curve was
generated using from various bacterial count (1x 10’ to 1
x10) and Cycle threshold (Ct) of amplified DNA of each
bacterium. Each bacterial DNA was extracted from various
amount of the bacteria by G-spin Genomic DNA extrac-
tion kit (NtRON Biotech., Seongnam, Korea) after counting
the bacteria with bacterial counting chamber (Marienfeld-
Superior, Lauda-Konigshofen, Germany). DNA was mixed
with TB Green premix Ex Taq GC (Takara Bio Inc., Kyoto,
Japan), 0.4 uM of each primer pair in 20 uL final volume.
The mixture was carried out real-time PCR with ABI prism
7500 real-time PCR system (Applied Biosystems, Foster
City, CA, USA). The condition of the PCR was 40 cycles at
denaturing 94°C for 10 seconds, annealing at 60°C for 10
seconds, and extension at 72°C for 33 seconds. The se-
quence of the used primers was as follows: 5°-CTC GTG
GTC ACA AGC AGT AG-3’ and 5’-GGA ATG ACG GTT TCA
ATC GTG-3’ for L. lactis gene; 3’-TCA CTA TGC TCA GAA
TAC AAA TC-3’ and 5'-ACC CAT ACA AAG ATG GAA GTA
G-5’ for S. thermophilus gene; 5’-TGC AAC TTG CCT TAC
AGA GGG-3" and 5'-ACT CGT ATC GCC CGT TAT TC-3’

for P. gingivalis gene. The bacterial level was calculated
using Ct level from the standard curve. The PCR products
were investigated for each specific amplification product
using a dissociation curve of amplification.

Enzyme-linked immunosorbent assay

The collected GCF using paper point from the rat were
eluted by Dulbecco’s phosphate-buffered saline to inves-
tigate inflammatory cytokines, and the levels of interleukin
(IL)-1p and tumor necrosis factor (TNF)-o. was measured
by ELISA kit (BD Biosciences) according to manufacturer’s
protocol.

Statistical analysis

All results were expressed as mean+ standard deviation
and analyzed by Kruskal-Wallis non-parametric analysis
and Mann-Whitney non-parametric analysis using SPSS
ver. 24 (IBM Corp., Armonk, NY, USA). p-value less than
0.05 were considered statistically significant.

RESULTS

Micro—-CT analysis

When the alveolar bone was investigated the periodonti-
tis-induced rat after feeding various diets by micro-CT, the
area of alveolar bone in the rat fed regular diet was 422.58
+11.66 mm®. Compared with the control group (547.62
+6.53 mm?), it is 125.04 mm’ lower area. As shown Table
2, the rat fed the diet containing S. thermophilus, L. Iactis,

Table 2. Alveolar bone mass of periodontitis induced rat fed various
diet

Group Alveolar bone mass (mm”®)

Control

Regular diet 547.62+6.53
Periodontitis-induced rat

Regular diet 422.58+11.66

Streptococcus thermophilus diet 450.74+11.26

Lactococcus lactis diet 483.47+9.96

S. thermophilus+L. Jactis diet 525.13+6.39

Values are presented as meantstandard deviation.
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and both probiotics significantly showed higher area of the
alveolar bone (450.74+11.26, 483.47+9.96, and 525.13+
6.39 mm’, respectively). When 3D image of alveolar bone
was generated, the interdental space reduced in the rat
fed the diet containing probiotics compared to the rat fed
regular diet (Fig. 1).

Investigation of cytokine levels

In ligation-induced periodontitis rat model, the rat fed
the regular diet showed the highest level of IL-1p and IL-6
expression. Also, the rat fed the diet containing S. ther-
mophilus or L. lactis significantly exhibited higher level

A Regular diet B st diet

C LI diet

of IL-1p and IL-6 expression compared to control group
(non-periodontitis rat) (p<0.05) (Fig. 2). However, com-
paring the rat fed the regular diet, the levels of IL-1p and
IL-6 expression was measured less in the rat fed the diet
containing S. thermophilus or L. lactis. Interestingly, the rat
fed the diet containing both probiotics did not show sig-
nificant difference with control group.

Analysis of bacteria levels
Periodontitis-induced rat fed various diets in the pres-

ence or the absence of probiotics was investigated the lev-
els of P. gingivalis, S. thermophilus, and L. lactis by quan-

D st+LI diet

Fig. 1. Micro-computed tomography (CT) image of ligature-induced periodontitis rat. The ligature-induced periodontitis rats were fed the diet
with Streptococcus thermophilus (St diet; B), Lactococcus lactis (L1 diet; C), and S. thermophilus+L. lactis (St+Ll diet; D) or without probiotics (A),

and the ligature site of the rat was analyzed by micro-CT.
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Fig. 2. Investigation of inflammatory cytokine production. The ligature-induced periodontitis rats were fed the diet with or without Streptococ-
cus thermophilus (St diet), Lactococcus lactis (Ll diet), and S. thermophilus+L. lactis (St+LlI diet) probiotics, and the gingival crevicular fluid was
collected with paper point. The levels of interleukin-1p (IL-1f; A) and interleukin-6 (IL-6; B) were measured by enzyme-linked immunosorbent
assay kit. A letter (*) represents significant difference compared to non-ligature control group (p<0.05), and a letter (°) expresses significant differ-
ence compared to the rat fed regular diet (p<0.05).
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titative real-time PCR. As shown Fig. 3, control group was
not detected the bacteria, and the levels of P. gingivalis in
the rat fed diet containing each probiotics were significant-
ly reduced (p<0.05). P. gingivalis was detected the lowest
level in the rat fed the diet containing both probiotics.
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Fig. 3. Count of Porphyromonas gingivalis on the periodontitis site.
The ligature-induced periodontitis rats were fed the diet with or
without Streptococcus thermophilus (St diet), Lactococcus lactis (L1
diet), and S. thermophilus+L. lactis (St+LlI diet), and the bacteria was
collected with paper point. DNA from the paper point was extracted
by a bacterial DNA extraction kit, and the levels of P. gingivalis was
measured by quantitative real-time polymerase chain reaction. A
letter (*) represents significant difference compared to non-ligature
control group (p<0.05), and a letter ® expresses significant difference
compared to the rat fed regular diet (p<0.05).
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Investigation of probiotics colonization

Probiotics colonization is important to keep beneficial
effects on oral disease. Therefore, probiotics colonization
in the ligation site of the rat was investigated. As shown
Fig. 4, each probiotics was detected in the group of the diet
contain each probiotic bacterium. Especially, S. thermoph-
ilus and L. lactis were detected together with similar levels
in the rat fed the diet containing both probiotics. This data
indicates that S. thermophilus and L. lactis can co-exist in
oral cavity.

DISCUSSION

Dysbiosis of oral microbiome by change of the envi-
ronments induces the disease, such as dental caries and
periodontitis [14,15], and epidemiological studies to dental
patients suggests that P. gingivalis, T. forsythia, and T. den-
ticola are related with periodontitis [1], and Streptococcus
mutans is a cariogenic bacterium [16]. Therefore, studies
have been performed to efficiently remove these bacteria.

Probiotics have been used to therapy and prevent hu-
man diseases [7]. Recently, probiotics have also been tried
to apply oral diseases [17], and the antimicrobial activity
of various probiotics against oral bacteria [18,19]. Previous
studies showed that S. thermophilus and L. lactis have the
antimicrobial activity against periodontopathogens and S.
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Fig. 4. Colonization of probiotics on the periodontitis site. The rats were fed the diet with or without Streptococcus thermophilus (St diet), Lacto-
coccus lactis (L1 diet), and S. thermophilus+L. lactis (St+LlI diet), and the bacteria was collected with paper point. DNA from the paper point was
extracted by a bacterial DNA extraction kit, and the L. Jactis (A) and S . thermophilus (B) were measured by quantitative real-time polymerase
chain reaction. A letter (*) represents significant difference compared to non-ligature control group (p<0.05).



Probiotic effect on periodontitis

mutans and did not have aciduricity [8,11,16]. Therefore,
both probiotics are considered candidate probiotics for
dental caries and periodontitis. Next, efficacy of both pro-
biotics for periodontitis was investigated using ligation-
induced periodontitis animal model.

Ligature-induced periodontitis rat model by placing the
wire inoculated P. gingivalis showed high levels of cytokine
expression and reduction of alveolar bone mass. Therefore,
the rat can be investigated effects of probiotics. When the
ligature-induced periodontitis rats were fed the diet in
the presence or the absence of S. thermophilus, L. lactis,
and both probiotics, the mass of mandibular alveolar bone
showed higher levels in the rat fed the diet containing S.
thermophilus, L. lactis, and both probiotics compared to
the rat fed the regular diet. Also, the inhibitory effect on
bone resorption exhibited to be large in order of the diet
containing S. thermophilus, L. lactis, and both probiotics.
Next, we investigated cytokine expression of the rat in var-
ious conditions. Similar to micro-CT data, the expression of
the inflammatory cytokines, which was highly induced in
the rats fed regular diet compared to control group, were
lower in the rats fed the diet containing probiotics. These
results indicated that the diet containing probiotics showed
a definite therapeutic effect on periodontitis.

Next, to investigate whether the inhibitory effects of
probiotics on periodontitis was by P. gingivalis elimination
or by reduction of inflammation, the count of P. gingivalis
on the site was examined by real-time PCR. Various stud-
ies have suggested that P. gingivalis was detected greater
frequency and at higher levels at the periodontitis sites, and
the certain periodontitis indicators are correlated with the
presence or levels of P. gingivalis [20-22]. P. gingivalis was
detected lower levels in the rats fed containing probiotics
compared to the rat fed the regular diet. Therefore, the in-
hibitory effect of S. thermophilus and L. lactic on induction
of periodontitis may be caused by elimination of P. gingi-
valis.

Finally, probiotics colonization is important to keep ben-
eficial effects on infectious disease [23]. Therefore, the rats
of each group were investigated and measured probiotics
levels by quantitative real-time PCR using specific prim-
ers for S. thermophilus and L. Iactis. The primers did not
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show non-specific reaction for any oral bacteria (data not
shown). S. thermophilus and L. lactis were detected in the
rats fed the diets containing each probiotic bacteria. Inter-
estingly, S. thermophilus and L. lactis were detected in the
rat fed the diet containing both probiotics. Most bacteria
compete interspecies to survive and to occupy favorite
place. On the basis of the results, S. thermophilus and L.
lactis may not only compete with each other but coexist,
and their competition, exclusion, and displacement act
only against P. gingivalis.

Most probiotics have aciduricity (acid tolerance) which
can induce dental caries [24,25]. The acid tolerance of
probiotics can be an advantage for intestinal disease, but
it can be a disadvantage for oral diseases. Therefore, the
application of probiotics for prevention and treatment of
periodontitis are careful because of dental caries. However,
S. thermophilus and L. lactis did not have aciduricity [11,16]
and show the antimicrobial activity against P. gingivalis.

S. thermophilus and L. lactis reduced cytokine expression
and alveolar bone loss and showed the antimicrobial activ-
ity against P. gingivalis on the ligature site. Furthermore,
these probiotics colonized the oral cavity of the rat model.
On the basis of these results, S. thermophilus and L. lactis
may be suitable probiotics for therapeutic and preventive
periodontitis.
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