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ABSTRACT

Acer tegmentosum Maxim. (Acer TM) was concentrated in decompressed vacuum to obtain 5 factional extracts, and
the amount of dental caries-inducing bacteria and periodontitis-inducing bacteria that were inhibited depending on
the concentration of Acer TM was examined. The concentration of proteins contained in Acer TM Fractions 1, 2, 3,
4 and 5 was 200 (mg/mL), 225 (mg/mL), 110 (mg/mL), 150 (mg/mL) and 90 (mg/mL) respectively. The protein
concentration of Acer TM Fraction 2 was the highest. The antibacterial effect of each Acer TM fraction on S.
mutans was examined, and no antibacterial effect was observed in Fractions 1, 2 and 3. In the extract of Fraction 4,
2mm and 4mm antibacterial zones were observed at 50mg/ml and 100mg/ml respectively. In the extract of Fraction
5, 2mm and 4mm antibacterial zones were observed at 50mg/ml and 100mg/ml respectively. In the case of P.
gingivalis, no antibacterial effect was observed in Fractions 1, 2 and 3. In Fraction 4, 1mm, 3mm, 6mm and 8mm
antibacterial zones were observed at 10mg/ml, 25mg/ml, 50mg/ml and 100mg/ml respectively. In the extract of
Fraction 4, an antibacterial effect was observed across the entire concentration range from the low concentration to
the high concentration. In the extract of Fraction 5, 4mm and 10mm antibacterial zones were observed at 50mg/ml
and 100mg/ml respectively, showing the highest antibacterial effect. Therefore, the extract of Acer TM Fractions 4
and 5 seems to be used as a candidate natural plant to treat periodontal diseases that induce dental caries-causing
bacteria.
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INTRODUCTION Against this backdrop, the possibility of using natural

Acer tegmentosum Maxim. (hereinafter, “Acer TM”), one
of the maple family Aceraceae, grows in temperate
regions in the northern hemisphere and has been reported
to be effective in stopping the bleeding, detoxifying
alcohol, reducing inflammation and treating liver
diseases. Periodontal diseases do not entail observable
symptoms before they become serious, and about
80~90% of people aged over 40 years are found to have
experience of periodontal diseases. In particular, they are
chronic diseases and cause tooth loss. They are normally
treated with anti-proteinase (anti-MMP)™! non-steroidal
anti-inflammatory drugs (NSAID), anti-cytokine drugs,
COX-2 inhibitors and nitric oxide synthase inhibitors!?,
but they need to be administered for a long time and thus
have side effects such as gastrointestinal tract,
nephrotoxicity and skin rash, and, in the case of patients
with asthma, cramps in bronchial tubes.*® Studies have
been conducted on replacement therapies using oral
indigenous bacteria to prevent dental diseases.[®"®

plant extracts as a substitute was examined in this study
to address the side effects of these drugs. In this study,
among candidate natural plants, Acer TM of which anti-
inflammatory effect was proved in earlier studies was
selected. Periodontal disease bacteria used in this study
include Streptococcus mutans (hereinafter, “S. mutans”)
and Porphyromonas gingivalis (hercinafter, “P.
gingivalis”). S. mutans is known to play an important
role in causing dental plaques and dental caries, and
bacteria that live in dental plaques are produced in the
process of metabolism.!”) Clarke!® separated it from
dental plagues and names it S. mutans, and it has been
known as the most important bacterium that causes
dental caries.?**? S. mutans excretes glucosyltransferase
and synthesizes glucans, an insoluble polysaccharide,
from sucrose. These glucans serve as a base substance
for dental plaques, and are combined with the glucan
receptors of S. mutans, being attached to the surface of
teeth. S. mutans within dental plaques generates a large
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amount of lactic acid in the process of carbohydrate
metabolism, and demineralizes teeth, causing dental
diseases. P. gingivalis is a gram-negative anaerobic
pathogenic bacterium that forms dental plaquest®**®
that infiltrates gingival fibroblasts and survives for a long
time and, in particular, is known to be related to
rheumatoid arthritis.'**"*8! It contains peptidyliarginie
deiminase. However, Enterococcus faecalis in the mouth
generates bacteriocins that plays as an antibiotic!%2!,
which inhibits the growth of streptococci, and thus has
been studied as a substitute. In this experiment, Acer TM
was concentrated in decompressed vacuum, and 5
fractional extracts were used to examine the amount of
dental caries and periodontitis bacteria inhibited by the
extracts depending on their concentration.

MATERIALS AND METHODS

Separation of Acer TM

Acer TM 200g was completely ground, and was
concentrated in decompressed vacuum using a C18
column on a PREP-LC System 1L/min (Agela
Technologies) to obtain 5 fractional extracts. Water was
used as a solvent. Figure 1 shows the results of the

separated and purified Acer TM. After concentrating Acer
TM in decompressed vacuum, 300mL of Acer TM
extracts were obtained. Table 1 shows the start time and
end time of the separation and purification process. The
start time and end time of Fraction 1) were 7.5 (min) and
19.00 (min) respectively, and those of Fraction 2 were
19.00 (min) and 33.50 (min) respectively. The start time
and end time of Fraction 3) were 33.50 (min) and 41.00
(min) respectively, and those of Fraction 4) were 41.00
(min) and 52.60 (min) respectively. The start time and
end time of Fraction were 52.60 (min) and 59.00 (min)
respectively.
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Figure 1: Separation and purification of Acer TM using a C18 column.

Table 1: Start time and end time of each separated
and purified fraction.

Start Time End Time Fraction
(min) {min) Number
7.50 19.00 1
19.00 33.50 2
33.50 41.00 3
41.00 52.60 4
52.60 59.00 5

Preparation of Bacteria and Culture Media

Bacterial strains used in this study include gram-positive
Streptococcus  mutans  ATCC  (25175™)  and
Porphyromonas gingivalis ATCC (33277™). The
method of culture is as shown in Table 2.
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Table 2: Bacterial strains and culture requirement.

. Straining Culture
Strains . : Temperature
properties requirement
Streptococcus mutans Gram positive Facultative anaerobes 37°C
Porphyromonas gingivalis Gram negative Anaerobes 37°C

The culture medium used for S. mutans was Brain Heart
infusion Agar (ATCC Medium 44) (BHA, BD, New
jersey, USA), and that for P. gingivalis was Tryptic
Soybean—Casein digest Medium (BactoTM Tryptic Soy
Broth BD, New jersey, USA). Each of the obtained
strains was stored in a frozen and dried state, and was

suspended in a 300 pé liquid culture medium. They

were cultured in a solid culture medium for 48 hours
until colonies were observed with the naked eye. The

identified colonies were put into 20% glycerol 5002

and were stored in a frozen state at —70°C. To culture the
strains, the petri dishes of Brain Heart infusion Agar and
Tryptic Soybean—Casein digest Medium agar were
streaked. Each medium was divided into 4 sections, and
each fractional extract (10, 25, 50, 100mg/mL) was
placed at the center of a sterilized disk (Table 3). Until
colonies were observed with the naked eye, each strain
was cultured according to the conditions for culturing
each strain. The method of culturing suggested by van
der Veen!® was revised in this study. Each experiment
was repeated twice.

Table 3: Each concentration’s location on an
antibacterial disk.

Disk Concentration
(mg/mL)

10 100
25 50

RESULTS AND CONCLUSIONS

Table 4 shows the concentration of proteins measured in
each fraction of Acer TM. The concentration of proteins
measured in Acer TM Fraction 1, 2, 3, 4 and 5 was 200
(mg/mL), 225 (mg/mL), 110 (mg/mL), 150 (mg/mL) and

Acer tegmentosum

Fraction 1 Fraction 2

Fraction 3

90 (mg/mL) respectively. The concentration of proteins
that were extracted from Acer TM in a decompressed
state using water was the highest in Fraction 2.

Table 4: Protein concentration in each fraction of
Acer tegmentosum Maxim.

Sample name Protein Concentration
(mg/mL)
Acer TM fraction 1 200
Acer TM fraction 2 225
Acer TM fraction 3 110
Acer TM fraction 4 150
Acer TM fraction 5 90

Fraction 4 Fraction 5

Zone = 4 Zone - 4
size size
(mm) = 2 (mm) E 2

Figure 2: Each Acer TM fraction’s antibacterial effect on S. mutans.
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Figure 2 shows each Acer TM fraction’s antibacterial
effect on S. mutans observed on a disk. No antibacterial
zone was observed in Fractions 1, 2 and 3, while 2mm
and 4mm antibacterial zones in Fraction 4 were observed

Acer tegmentosum

Fraction 2

Fraction 1

Fraction 3

at 50mg/ml and 100mg/ml respectively. In Fraction 5,
2mm and 4mm antibacterial zones were observed at
50mg/ml and 100mg/ml respectively.

Fraction 4 Fraction 5

Zone 1 8 Zone - 10
size size
(mm) 3 6 (mm) - 4
Disk Concentration
(mg/mL)
10 100
25 50

Figure 3: Each Acer TM fraction’s antibacterial effect on P. gingivalis.

Figure 3 shows each Acer TM fraction’s antibacterial
effect on P. gingivalis observed on a disk. No
antibacterial zone was observed in Fractions 1, 2 and 3,
while Imm, 3mm, 6mm and 8mm antibacterial zones in
Fraction 4 were observed at 10mg/ml, 25mg/ml,
50mg/ml and 100mg/ml respectively. In Fraction 4, the
antibacterial effect was observed across the entire
concentration range. In Fraction 5, 4mm and 10mm
antibacterial zones were observed at 50mg/ml and
100mg/ml respectively, showing a strong antibacterial
effect. Various microorganisms interact each other and
permanently live in the mouth.”*?*! Pathogenic bacteria
are controlled by these indigenous bacteria. In particular,
S. mutans examined in this study is one of the bacteria
that cause dental caries and tooth loss, and P. gingivalis
also causes periodontal diseases among other dental
diseases. The results of this study showed that Acer TM
extract, especially Fraction 4 and 5, had an antibacterial
effect on bacteria that cause periodontal diseases.
Therefore, the possibility of Acer TM as a candidate
natural plant to treat periodontal diseases that induce
bacteria that induce dental caries was found, but it will
be necessary to conduct an additional study on which
substances composed Fractions 4 and 5.

ACKNOWLEDGEMENT
This work was supported by Dong-eui University
Grant.(201803050001).

REFERENCES
1. Gentile E, Liuzzi GM. Marine pharmacology:
therapeutic targeting of matrix metalloproteinases in

neuroinflammation. Drug Discov Today, Feb. 2017;
22(2): 299-313.

2. Wang Y, Yi XD, Lu HL. Influence of CYP2C9 and
COX-2 Genetic Polymorphisms on Clinical Efficacy
of Non-Steroidal Anti-Inflammatory Drugs in
Treatment of Ankylosing Spondylitis. Med Sci
Monit, Apr 12 2017; 23: 1775-1782.

3. Mikkelsen L, Jensen SB, Schiott CR, Loe H.
Classificatuin ~ and  prevalences of  plaque
streptococci agter two years oral use of
chlorhexidine. J Periodent Res, 1981; 16: 645-658.

4. Maltz M, Zickert 1. Effect of ennicillin on
streptococcus mutans, treptococcus sanguis and
lactobacilli in hamsters and in man. Scand J Dent
Res, 1982; 90: 193-199.

5. Depaola PF, Jordan HV, Berg J. Temporary
suppression of Streptococcus mutans in humanas
through topical application of vancomycin. J Dent
Res, 1974; 53: 108-114.

6. Tanzer JM, Freedman ML. Gentetic alteration of
streptococcus muants virulence Adv. Exp Med Biol,
1978; 107: 661-672.

7. Tanzer JM, Kurasz AB, Clive J. Inhibition of
ecological emergence of mutans streptococci and
inhibition of tooth decay by streptococcus salvarius
TOVE-R infection. Infect Immun, 1985; 49: 76-83.

8. Abhyankar S, Snadham HJ, Chan KH. Serotype C
streptococcus  mutnas  mutable to  lactate
dehydrogenase deficiency. J Dent Res, 1985; 64:
1267-1271.

9. Park KC. Tooth flange(2), Dental Research, 1998;
43: 23-30.

WWWw.ejpmr.com

25



http://www.ejpmr.com/

Hyun et al.

European Journal of Pharmaceutical and Medical Research

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Clarke JK. On the cacterial factor in the aetiology of
dental caries. Br J Exp Pathol, 1924; 5: 141-147.
Loesche WJ. Chemothetapy of dental plaque
infections. Oral Sci Rev, 1976; 9: 65-107.

Hamada S, Slade HD. Biology, immunology and
cariogenicity of strepticiccus mutans Microbiol. Rev,
1980; 44: 331-384.

Kim JB, Choi YJ, Paik DI. Preventive dentistry.
Seoul KMS, 2004; 282-287.

Paster BJ, Olsen I, Aas JA, Dewhirst FE. The
breadth of bacterial diversity in the human
periodontal pocket and other oral sites. Periodontol,
2006; 42: 80-87.

Kolenbrander PE, Palmer RJ, Periasamy S,
Jakubovics NS. Oral multispecies  biofilm
development and the key role of cell - cell distance.
Nat Rev Microbiol, 2010; 8: 471-480.

Jung H, Jung SM, Rim YA, Park N, Nam Y, Lee J,
Park SH, Ju JH. Arthritic role of Porphyromonas
gingivalis in collagen-induced arthritis mice. PLoS
One, Nov 30 2017; 12(11): e0188698.

Symptoms of periodontitis and antibody responses
to Porphyromonas gingivalis in juvenile idiopathic
arthritis. Lange L, Thiele GM, McCracken C, Wang
G, Ponder LA, Angeles-Han ST, Rouster-Stevens
KA, Hersh AO, Vogler LB, Bohnsack JF,
Abramowicz S, Mikuls TR, Prahalad S. Pediatr
Rheumatol Online J, Feb 9 2016; 14(1): 8.
Hashimoto M, Yamazaki T, Hamaguchi M,
Morimoto T, Yamori M, Asai K, Isobe Y, Furu M,
Ito H, Fujii T, Terao C, Mori M, Matsuo T,
Yoshitomi H, Yamamoto K, Yamamoto W, Bessho
K, Mimori T. Periodontitis and Porphyromonas
gingivalis in preclinical stage of arthritis patients.
PL0S One, Apr 7 2015; 10(4): e0122121.
Ovchinnikov KV, Kristiansen PE, Straume D,
Jensen MS, Aleksandrzak-Piekarczyk T, Nes IF,
Diep DB. The Leaderless Bacteriocin Enterocin K1
Is Highly Potent against Enterococcus faecium: A
Study on Structure, Target Spectrum and Receptor.
Front Microbiol, May 3 2017; 8: 774.

Geldart K, Kaznessis YN. Characterization of Class
Ila Bacteriocin Resistance in Enterococcus faecium.
Antimicrob Agents Chemother, Mar 24 2017; 61(4):
€02033.

Dahlén G, Blomgvist S, Almstdhl A, Carlén A.
Virulence factors and antibiotic susceptibility in
enterococci isolated from oral mucosal and deep
infections. J Oral Microbiol, 2012; 4.

Volgenant CM, Van der Veen MH, de Soet JJ, ten
Cate JM. Effect of metalloporphyrins on red
autofluorescence from oral bacteria. Eur J Oral Sci,
2013; 121: 156-161.

Marsh PD, Bradshaw DJ. Dental plague as a biofilm.
J Ind Microbiol, 1995; 15: 169-175.

Kolenbrander PE, Palmer RJ Jr, Periasamy S,
Jakubovics NS. Oral multispecies biofilm
development and the key role of cell - cell distance.
Nat Rev Microbiol, 2010; 8: 471-480.

WWWw.ejpmr.com

26



http://www.ejpmr.com/

