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[ . Introduction

Despite leaping advancement in modern dental medi-
cine, dental caries and periodontal disease are the most
prevalent dental disease in man, and dental caries espe-
cially in children is becoming a very important dental
disease. Dental caries develops through a series of
process in which inorganic materials of a tooth are decal-
cified followed by destruction of organic materials.
Prevention of dental caries is important since it is irre-
versible at the initial stage”.

Since dental caries is a disease that develops due to
various factors working in a complex way, various ways
are being tried to prevent this disease®™. Until now, flu-
oride has been used for preventing dental caries, and it
is true that fluoride has contributed in a great deal in
preventing this disease. But when over-supplied, the
complications such as discoloration of teeth, disturbance
of bone formation, and osteoporosis are reported®”.

Recently interests have been increased in the suppres-
sion and disintegration of plaque biosynthesis which is
the direct cause of decalcifying teeth®. Plaque is com-
posed of bacteria and acellular material, and glucan.
Acellular material is an extracellular polysaccharide syn-
thesized from sucrose by glucosyltransferase (GTF) of
Streptococcus mutans(S. mutans) in the mouth which is

composed of dextran, mutan, and fructan®”

. Non water-
soluble mutan is sticky and has a strong adhesive char-
acteristic which promote the adhesion and proliferation
of bacteria including S. mutans to the tooth surface: and
water-soluble dextran and fructan are the energy
sources for the bacteria. The acid, produced as the
byproduct of these bacteria, are continually destroying
the tooth substance, if it is not neutralized from the
buffering action of saliva®*!”.

The most simple and effective way to remove the
plaque is the mechanical method using a toothbrush or
other oral hygiene products'. However, this method is
influenced by individual s brushing habit and anatomi-
cal structure of the teeth.

Suppressing the plaque formation is more fundamental
way*!"'? for prevention of dental caries and periodontal
disease. In the mean time, although efforts were made
to inhibit S. mutans proliferation and to reduce the
plaque using antibacterial substances such as mouth
rinse, tooth paste, gum, and gel,"*"®
rary. Although attempts were made to break down

effects were tempo-
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plaque using dextranase and mutanase which could af-
fect the substrate of plaque, glucan®*”, and to develope
anticaries vaccine®?”, these one have not been realized
yet clinically.

Thus, recently, among the normally residing bacteria
in the mouth, researches are interesting in suppressing
the plaque formation using the bacteria of antagonist to
S. mutans®®, Streptococcus oralis, Streptococcus mitior,
Streptococcus sanguis, Enterococcus durans, Lactococcus
spp., and Lactobacillus acidophilus™.

The purpose of this study is to determine the inhibito-
1y effect of Lactococcus lactis 1370 on the formation of
dental plaque.

I. Methods and materials
1. Subjects

The subjects of the present study included 30 children
between the ages of 10-13 years who did not have sys-
temic disease and had the completely erupted perma-
nent and healthy central incisors, lateral incisors and
1st molars with no dental caries, damages due to trau-
ma, or restorative material on the buccal and lingual
surfaces of these applicable teeth, under the consent
from the parents.

2. Methods

1) Culturing of the bacteria and making of the mouth-
wash

After pressurization and steam pasteurization of milk
containing 3% skim milk for 10min, Lactococcus lactis
1370 was inoculated and the mouthwash was cultured
between 26-28 h in an incubator at 5% CO: and at 37
¢. The bacterial concentration of the mouthwash would
be 1.8-3.2x10°CFU/ml. Also, the control mouthwash
was made with Lactobacillus casel using the same
method, the bacterial concentration of the mouthwash
would be about 5x 10°CFU/ml.

2) Measuring the suppression ratio of plaque forma-
tion
® Oral prophylaxis
In order to totally remove plaque existing in the mouth
before the experiment, we performed oral prophylaxis
using a low speed handpiece mounted with a rubber cup



and pumice in all subjects by asking them to come over
to the hospital on the first day of using the above lactic
acid mouthwash and pseudo-mouthwash.

@ Mouthwashing

After performing oral prophylaxis, we divided 30 sub-
jects into two groups of 15, into A and B, and instructed
the subjects in group A to rinse the mouth with the
Lactococcus lactis 1370 suspension mouthwash, and
those in group B to rinse the mouth with control mouth-
wash. As for the method of mouthwashing, we instruct-
ed each subject to hold and rinse with 10ml of the
mouthwash in the mouth for one minute for 4 times a
day, after each meal and before bedtime. We instructed
them not to drink water for one hour after the use of
mouthwash and to eat meal and snack as usual but not
to brush teeth. We asked each subject to come to the
hospital 24 h and 48 h after the use of the mouthwash
and measured Plaque Index and plaque area rate in
each subject. The measurement of the plaque index was
done by a same individual, and the distribution of
mouthwash and the measurement of Plaque Index were
done with the double blinded method.

® Measurement of the plaque index

For each oral examination, the teeth was colored with
diluted Trace 28 (The Lovic Co.USA), and detailed ex-
amination was made on the buccal surface of the right
and left 1st molar of the maxilla, the lingual surface of
the right and left 1st molar of the mandible, the labial
surface of the right permanent central incisor of the
maxilla, and the lingual surface of the left permanent
central incisor of the mandible. The measurement of
dental plaque was done using the Quigley-Hein' s Plaque
Index improved by Turesky et al.®* and the main eval-
uation criteria are as follows.

Plaque Index

0 : No plaque .

1 : Separate flecks of plaque at the cervical margin of
the tooth.

2 A thin continuous band of plaque(up to lmm) at
the cervical margin.

3 ' A band of plaque wider than 1mm. But covering
less than one third of crown

4 : Plaque covering at least one third but less than
two thirds of the crown.

5 : Plaque covering two thirds or more of the crown.

@ Measurement of the rate of plaque area
With the four maxillary incisors, we measured the ra—
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tio of the area with plaque attachment and the total
labial surface. Using the image analyzing method pro-
posed by Angmar-Manson and Bjelkhagen™®, a CCD
camera was used to take picture of the pattern of plaque
attachment on the four maxillary incisors, and after dig-
italizing the picture with a computer, we measured the
colored area with a computer image analyzing program
(Image pro plus®), and calculated the colored area into
percentile against the total labial surface area.

3) Measuring of inhibitory effect of Lactococcus lactis
1370 on the formation of dental plaque with time

@ Oral prophylaxis

In order to remove all plaque in the mouth from the
study subjects before the study, we asked them to come
to the hospital before using mouthwash, and performed
oral prophylaxis using a low-speed dental handpiece
mounted with a rubber cup and pumice.

@ Mouthwashing

After performing oral prophylaxis, we instructed all 30
of the study subjects to rinse mouth with the lactic acid
mouthwash. The method of mouthwashing was to rinse
the mouth by holding 10ml of the mouthwash in the
mouth for a minute and the subjects were instructed not
to drink water for one hour after mouthwashing. And
they were instructed to eat and snack normally but not
to use toothbrush.

(® The assessment of the number of Lactococcus lactis

1370 in saliva

We measured the number of Lactococcus lactis 1370 in
1ml of saliva taken at lhr, 3h and 6h after using
mouthwash. After diluting 1ml of saliva with Brain
heart infusion broth, the resulting solution was inoculat-
ed into Brain heart infusion agar, and incubated at 37¢C
in a CO:z incubator for a day: and the number of
Lactococcus lactis 1370 was counted.

4) Statistical analysis

Between the control mouthwash group and
Lactococcus lactis 1370 mouthwash group, the plague
indices validated with the data after each time period
were compared using Wilcoxon' s signed ranks test, and
the validity of the plaque area rate was determined us-
ing Mann-Whitney test.
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. Results
1. Plague index

At 24h and 48h after rinsing the mouth with the con-
trol mouthwash and Lactococcus lactis 1370 mouth-
wash, when the plaque index investigated with the col-
ored condition on the tooth surfaces such as the buccal
surface of the left and right 1st. molars of the maxilla,
lingual surface of the right and left 1st. molar of the
mandible, labial surface of the right permanent central
incisor of the maxilla, and lingual surface of the left per-
manent central incisor of the mandible, the results
showed that the average pldque indices at 24 h after
rinsing mouth ‘with control mouthwash and Lactococcus
lactis 1370 mouthwash was 2.43 and 2.06, respectively,
showing that the indices decreased by an average of 0.37
due to mouthwash, and the inhibition rate of plaque for-

~@— ~L.spp. 1370 ~A— +L. spp.1370

Plaque Index

- : suspension without L. spp. 1370, + : suspension with L. spp. 1370

Fig. 1. Distribution of plague index measured in each of
subject at 24 hours.
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Fig. 3. Distribution of plaque area rate measured in each of
subject at 24 hours.

mation due to the lactic acid bacteria mouthwash was
about 15%, showing a significant decrease (p < 0.05)(Fig.
1, 5, Table 1); and those at 48 h after were 2.95 and
2.17, respectively, showing that the plaque indices had
decreased by an average of 0.78 due to the mouth wash-~
ing: the inhibition rate of plaque formation due to the
lactic acid bacteria mouthwash was about 26%, showing
larger difference (p € 0.05) with the control group at 24 h
after mouthwashing(Fig. 2, 5, Table 1).

2. Plaque area rate

At 24 h and 48 h after using the control mouthwash
and Lactococcus lactis 1370 mouthwash, the results of
measuring the plaque area rate with the colored condi-
tion of the total labial tooth surfaces of the four maxil-
lary incisors showed that in the control mouthwash
group and Lactococcus lactis 1370 mouthwash group at

@ ~L.spp. 1370 —&~ + L. spp.1370 |
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Subjects No.

— : suspension without L. spp. 1370, + : suspension with L. spp. 1370

Fig. 2. Distribution of plague index measured in each of
subject at 48 hours.
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Fig. 4. Distribution of plague area rate measured in each of
subject at 48 hours.
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Plaate Ind 24 hours 2.4310.66 T2.06+0.52 37+0.48°
aque Index 48 hours 2.95+0.68 2.17+0.54 0.78+0.59*
Pl : 24 hours 21.2+7.00 15.6+5.33 5.63+6.26#
aque area rate 48 hours 33.0+8.39 17.8+6.14 15.148.724#
L. casei : Suspension with Lactobacillus casei
L. lactis 1370 : Suspension with Lactococcus lactis 1370
4P = Difference between L. casei and L. lactis 1370
*p¢0.05, by Mann-Whitney test, # P<0.05 by Wilcoxon' s test
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Fig. 5. Inhibitory effect of Lactococeus lactis 1370 on the formation of dental plaque represented by the schematic box plot: Plaque
Index(A) and plague area rate(B). Open boxes represent the suspension with Lactobacillus casei and shaded boxes represent the
suspension with Lactococeus factis 1370. Horizontal solid bars in the boxes indicate the median values and dashed bars indicate

mean values. Error bars indicate the standard dsviations.

109 L
7~
E 10
&
O
g
= 10
(]
Q
L
g 1
oS

109

0 1 3 6
Time (hour)

Fig. 6. Time course of changes in Lactococcus lactis 1370
count (CFU/m).

24h after mouthwashing, the rates were 21.2% and
15.6%, respectively, showing an average decrease of
5.63%, and the decreased plaque area rate due to
mouthwashing was about 26%, showing a significant de-
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crease (p(0.05) (Fig. 3, 5, Table 1): at 48 h after
mouthwashing, the rates were 33.0% and 17.8%, and
the decreased plaque area rate due to mouthwashing
was about 46%. showing larger difference (p < 0.05)
compared with the control group than at 24 h after
mouthwashing. (Fig. 4, 5, Table 1)

3. Inhibitory effect of Lactococcus lactis 1370 on the
formation of dental plague with time

The results of counting the number of bacteria within
1ml saliva taken at 1 h, 3 h, and 6 h after using mouth-
wash showed that the number decreased drastically at 1
h after using mouthwash, decreased slightly between 1 h
and 3 h after, and increased slightly between 3 h and 6
h, recovering up to the number at 1 h after using
mouthwash(Fig. 6). Considering these results, most of
Lactococcus lactis 1370 after using mouthwash were
washed away due to eating and the self-cleaning effect
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of saliva, but some remain in the mouth at retention
sites, proliferating later.

IV . Discussion

Deciduous teeth play important roles in not only for
intake of nutrients but also inducing the alveolar bone
development and securing of the eruption spaces for per-
manent teeth. As the most frequently occurring oral dis-
ease in children, dental caries induces various difficulties
including the developmental disorder and the difficulties
in the eruption of permanent teeth, and malocclusion.
Among many microorganism in the mouth, the main
cause of dental caries is known to be S: mutan. The ef-
fect of S. mutans on inducing dental caries has a close
relationship with the characteristics of the bacteria at-
taching strongly on tooth surfaces and of producing acid
as a byproduct?.

S. mutans group was divided into eight serotypes of a
through h, and the sera c, e, and f are called 5. mutans,
and the sera d and g are called S. sobrinus® ; S. mu-
tans goes through the process of 2 steps to cover teeth
surfaces. The first reversible step is the interaction be-
tween the tooth surface covered by saliva and bacteria,
and the second irreversible step is the synthesis of non-
water soluble glucan from sucrose by to glucosyltran-
ferase(GTF). S. mutans attached to tooth surfaces takes
various dietary sugars and produces the acid. A acid
produced by oral bacteria decalcifies enamel and dentin
of teeth, and this phenomenon is called dental caries”.

Although attempts were made to prevent the prolifera-
tion of bacteria by topical application of anti-bacterial
solution such as chlorhexidine, iodine, and antibiotics
such as oral penicillin including vancomycin and
1319 most of these methods do not have a
lasting effect and the risk of the complication due to the
destruction of normal oral flora in the mouth. In order to
decompose the synthesized plaque, the method of using

kanamycin

dextranase or mutanase was designed. Ebius et al® re-
ported that suppressing biosynthesis mutan or decom-
posing mutan are effective ways to control plaque. In or-
der to decompose non-water soluble mutan, a study was
attempted on the separation of the bacteria secreting
mutanase and purification of the enzyme®. Although
plaque is basically made with glucan, it is difficult to re-
move plaque by the enzyme which can decompose glucan
since plaque contains many substances and various pro-
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liferating bacteria. Thus, it would be more effective to
prevent the formation of glucan rather than decomposing
glucan from plaque by the enzymes such as destranase
and mutanase.

In order to obtain lasting effect without destroying the
equilibrium of the oral environment, studies are current-
ly done in preventing the formation of plaque using nor-
mally existing bacteria in the mouth™ % It was proven
that the bacterium, as a mutant form of S. mutans that
can not produce acid due to difficulty in carbohydrate
metabolism within cells or lack of lactate dehydrogenase
activation, can not induce dental caries™. Streptococcus
salivarius TOVE-R, which forms colony and plaque on
tooth surfaces but does not induce dental caries, were
already separated®. Also, Enterococcus faecalis existing
in the mouth is reported to be a possible substitute bac-
terium since it produces bacteriocin which has the an-
tibacterial effect by suppressing the proliferation of
streptococci®™ . Substitute bacteria need to be non-patho-
genic, to proliferate continuously in the mouth and to be
able to suppress the proliferation of pathogens.
Theoretically, this substitution method can expect last-
ing effect with simple inoculation of substitute bacteria®.

Among acid producing bacteria, Lactococcus is the
most safe ingest that normally exists in the mouth.
Water-soluble glucan synthesized by Lactococcus lactis
1370 is reported not to suppress the proliferation of oral
bacteria including S. mutans, but to suppress the forma-
tion of plaque™.

The present study was conducted to determine the
suppressing effect of Lactococcus lactis 1370 on the for-
mation of plaque and to confirm whether this bacterium
remains in the mouth for a certain period of time to
show a lasting effect in the mouth in children. The re-
sults showed that the plaque index of the Lactococcus
lactis 1370 mouthwash group at 24 h compared to the
control group was decreased in an average of 0.52,
showing about 15% decrease. The plaque index at 48h
compared to the control group was decreased in an aver-
age of 0.78, showing about 26% decrease(p<0.05). Also,
the plaque area rate at 24 h was decreased in an aver-
age of 5.63%, showing about 26% decrease, and was de-
creased in an average of 15% at 48 h, showing about
46% decrease. These data suggested that the effect of
inhibiting plaque formation was getting better with time.
The plaque area rate showed a higher rate of decreased
than the plaque index, due to the fact that different lo-



cations of teeth were used to determine.

The results of the experiment for determining the in-
hibitory effect of Lactococcus lactis 1370 on the formation
of dental plaque with time showed that the number of
the bacteria showed a drastic decrease until 1 h, slight
decrease until 3 h, and slight increase between 3 h to 6
h. We think that these results are due to self-cleaning ef~
fect of saliva immediately after mouth washing. But the
number of the bacteria remained in the mouth was in-
creased after a certain period of time resulted from pro-
liferation. Further studies are needed to assess the long
time effect of mouth washing.

Most of the microbes included in diary products are
Streptococcus thermophillus and Lactobacillus
bulgaricus, and under the claim by Metchnikoff in 1907
when he said ingesting these microbes not only promotes
lactose tolerance but also has many beneficial effect to
health including the immune effect and the anti-cancer
effect’*”. Various types of diary products containing ac-
tivated lactobacilli are sold. However, lactobacilli was
pointed out to have a close relationship with dental
caries®, and although taking diary products containing
these activated lactobacilli is good for overall health of
individuals, they do not have a good effect on oral
health. However, Lactococcus lactis 1370 used in the
present study does not inhibit the proliferation of S. mu-
tans, not destroying the normal bacterial flora. We think
that follow-up studies are needed on the commercializa-
tion of this bacterium into diary drinks.

V. Conclusions

This study was undertaken to evaluate the clinical ef-
fect of inhibiting plaque formation of Lactococcus lactis
1370, a acid producing bacterium residing in the mouth.
30 children were asked to use 10ml of control mouth-
wash and mouthwash containing Lactococcus lactis
1370. The plaque index and plaque area rate at 24 h
and 48 h after the use of the mouthwashes were mea-
sured. And the number of Lactococcus lactis 1370 was
counted at 1 h, 3 h, and 6 h in the mouth. The results
are as follow.

1. The mean plaque index at 24 h after the use of the
control mouthwash and the mouthwash containing
Lactococcus lactis 1370 were 2.43 and 2.06, respec-
tively. The inhibiting rate of plaque formation was
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15% (P<0.05).

. The mean plaque index at 48 h after the use of the
control mouthwash and the mouthwash containing
Lactococcus lactis 1370 were 2.95 and 2.17, respec-
tively. The inhibiting rate of plaque formation was
26%. showing more decrease than at 24 h(P<0.05).

. The mean plaque area rate at 24 h after the use of
the control mouthwash and the mouthwash con-
taining Lactococcus lactis 1370 were 21.2% and
15.6%, respectively. The inhibiting rate of plaque
formation was 26% (P<0.05).

. The mean plaque area rate at 48h after the use of
the control mouthwash and the mouthwash con-
taining Lactococcus lactis 1370 were 33.0% and
17.8%, respectively. The inhibiting rate of plaque
formation was 46% (P€0.05).

_The number of Lactococcus lactis 1370 in the mouth
decreased significantly from mouthwashing to 3h,
but increased slightly between 3 h and 6 h.

As seen with the above results, we think that using
the mouth wash with Lactococcus lactis 1370 would pre-
vent the formation of plaque in the mouth and can be an
effective method to prevent dental caries and periodontal
disease.
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Abstract

INHIBITORY EFFECT OF LACTOCOCCUS LACTIS 1370 ON THE FORMATION OF
DENTAL PLAQUE IN CHILDREN

Lan-Young Lee, Chang-Seop Lee, Kwang-Hee Lee”*, Jong-Suk Oh**, Sang-Ho Lee
Department of Pediatric Dentistry, College of Dentistry, Chosun University

Department of Pediatric Dentistry, College of Dentistry, Wonkwang Untversity *
Department of Microbiology, College of Medicine, Chonnam National University™

This study was undertaken to evaluate the clinical effect of inhibiting plaque formation of Lactococcus lactis

1370, a acid producing bacterium residing in the mouth. 30 children were asked to use 10ml of control mouth-

wash and mouthwash containing Lactococcus lactis 1370. The plaque index and plaque area rate at 24h and

48h after the use of the mouthwashes were measured. And the number of Lactococcus lactis 1370 was counted
at 1h, 3h, and 6h in the mouth. The results are as follow.

1. The mean plaque index at 24h after the use of the control mouthwash and the mouthwash containing

Lactococcus lactis 1370 were 2.43 and 2.06, respectively. The inhibiting rate of plaque formation was
15%(P{0.05).

. The mean plaque index at 48h after the use of the control mouthwash and the mouthwash containing
Lactococcus lactis 1370 were 2.95 and 2.17, respectively. The inhibiting rate of plaque formation was 26%.
showing more decrease than at 24h(P<0.05).

. The mean plaque area rate at 24h after the use of the control mouthwash and the mouthwash containing
Lactococcus lactis 1370 were 21.2% and 15.6%, respectively. The inhibiting rate of plaque formation was
26%(P<0.05).

. The mean plaque area rate at 48h after the use of the control mouthwash and the mouthwash containing
Lactococeus lactis 1370 were 33.0% and 17.8%, respectively. The inhibiting rate of plaque formation was
46%(P<0.05).

_The number of Lactococcus lactis 1370 in the mouth decreased significantly from mouthwashing to 3h, but
increased slightly between 3h and 6h.

As seen with the above results, we think that using the mouth wash with Lactococcus lactis 1370 would pre-

vent the formation of plaque in the mouth and can be an effective method to prevent dental caries and periodon-

tal disease.

Key words : Mouthwash, Lactococcus lactis, Dental caries, Plaque index.

592



