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Antibacterial activity of phytoncide on oral biofilm
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Received: December 1, 2021 Objectives: This study aimed to evaluate the antibacterial activity of phytoncide on oral biofilm.
Revised: December 15, 2021 Methods: Antibacterial activity of phytoncide was examined on the bacteria Streptococcus mutans,
Accepted: December 15, 2021 Aggregatibacter actinomycetemcomitans, Enterococcus faecalis, Porphyromonas gingivalis, and

oral biofilm. After mixing the phytoncide, S. mutans, A. actinomycetemcomitans, E. faecalis, and P.
gingivalis with a culture alone turbid and mixed, and they were then incubated at 37°C under an-
aerobic conditions and cultured. Following incubation, a microplate reader was used to measure the
absorbance and observe the amount of bacteria. In addition, non—polarized saliva containing bac—
teria was grown for 72 h under anaerobic conditions for the determination of biofilm biomass and
bacterial numbers. Various concentrations of phytoncide were added to the saliva biofilm. Statistical
significance tests were conducted using the Mann-Whitney test and SPSS 24.0.

Results: S. mutans, A. actinomycetemcomitans, E. faecalis, P. gingivalis, and antibacterial effects

Corresponding Author: Hyun-Jun Yoo were shown as phytoncide concentrations increased in oral biofilm. Observing the growth of bac-
Department of Preventive Dentistry, teria using phase difference microscopes showed that the number of bacteria decreases as the
College of Dentistry, Dankook University, phytoncide concentration increased. Also, the formation of biofilm in the saliva decreased compared
119 Dandae-ro, Dongnam-gu, Cheonan to the cc.mtrol group. _ _ o _ _

31116. Korea Conclusions: Based on the experimental results of phytoncide on oral biofilms causing oral cavity

formation in the saliva decreased compared to that in the control group. Phytoncide showed an-
tibiosis against oral biofilms when it remained inside the mouth for above certain concentrations.
Accordingly, using phytoncide as a clinical method for preventing oral disease is deemed to be ef-
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fective.
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1. M= 2 MY

Ao AREH At Streptococcus mutans ACTC 25175,
Aggregatibacter actinomycetemcomitans ACTC 43718, Entero-
coccus faecalis ACTC 29212, Porphyromonas gingivalis ACTC
33272 American Collection for Type Culture®l A F-43HLt. S.
mutans, A. actjnomycetemcomjtans 9 E. faecalise 37C @714
ZH (5% H,, 10% CO, ¥ 85% N,)ollA] Brain heart infusion (BD
Bioscience, Franklin Lakes, NJ, USA. BHI) ¥iA| 2 wjoFa}ict. P.
gingivalis= 37C 87173 27914 39l (hemin, 5 pg/ml)t HER]
K (vitamin K, 0.2 pg/ml)°] Z3Fl BHI #iX|E o]-g3}to] wiotel
=2

2. 7 Mol cHst TIHE Al

A8lo]| AR DEXE= HWUE(Chamaecyparis obtusa)l
A F2T AFEA (@HBAA A LYot HEA ] P+t
242 Clinical Laboratory Standard Institute (CLSD)<] 5ol wh
2} BrlEgict). EXEL dimethyl sulfoxide (DMSO) (Sigma-
aldrich Co., USA)E o]-&3}o] 5]A4l519ict. BHI HiA] E+= 3l 71T}
HEH K (180 p)E E3Sholal 3= BHI A= 96-well plate (SPL
Lifescience, Gyeonggi, Korea)oll Z+ wellof] 561t} ZH]9 1
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EXE 29 (180 u)2 96-well plate®] Z} wello]] B335} H-2 11
] welloll & 28} A< BAS o]-&sto] SAsH3It) HigRE Alet
2 bacterial counting chamber (Marienfeld, Lauda-Konigshofen,
Germany) & Al#42 23519120, AJE-2 BHI #iA]o]l 1x 10 cells/
mlZ 245t} Aot FEH (20 pl)2 FEAZ ZFE 96-well
plateol] Zt wello] &5, 37C @74 27ANA Bigstict. B
9F & microplate reader (BioTek, Winooski, VT, USA)E o]-&3}o]
600 nm T4 SBEE S5k A9 % SIS

3. EfeH HIO|REE Y

1079 A7Fst 49104 EFS 2ol 2% sucrose E§HE BHI HY
AJof| 18 =9t vortex mixer (GENIE 1I; Scientific Industries. USA)
£ Sgolgit). o] Sl FRES AlASH ] fl6h 2000 x goflAf
1087 PRI, ASH2 2 FEE 7t Al 45
S 8-well glass chamber (BD Bioscience, San Jose, CA, USA)O] ¥
11 Hpo] QWE AMEES M5}, 12-well polystyrene plate (SPL
Lifescience)oll ¥l Alit2] & 453t} chamber®} plates
37C 471 “gefollAl B A& mi Y wRksh 72417 viFst ATt

4. IEX|=9| EfoY HIO|REE Y AMS T}

Bt o] @ YRof| tfet W EX =9 A3E WG| flsf Y
Hio] @ W20 thekel o] WEAEE A5t} 8-well glass
chamberof|A] Blo] QHEL- QAL M (phosphate buffered sa-
line, PBS, pH 7.4} ol-&sto] 38 A5 Al RAN] ZREZO|
w2} bacterial live/dead staining kit (Invitrogen, USA)Z FA o]-&
slo] FAISILE. Hio]| @ WE-2 0-60 pm9| Z-stack scans& ARE-3}
£ 324 oA AT (confocal laser scanning microscope,
LSM 700; Carl-zeiss, Oberkochen, Germany) ©]-&s}o] HA5}1
it} Hlo] 2 G E9] oju] A= Carl-Zeiss®] ZEN programo] 2J&f &
At 12-well plateo]A] HFO]QHE-L2 QIAIS-8HE 0|87
of 3% AlFstar BHI HiA] 1 mlE 37Fskitt. Hio] @ BE-2 Scraper
(Corning Co., USA)E o]-83}o] 7|41 o EH=AT 1.5 ml FE
B A FEE vortexE ARESIo] 18 57t S6 L, AlurdEt
92 A= BHI HiAIZ 10041 10°2.2 %< s|&5}9ict. 22t 314
H Al EEH 9] 50 mi= BHI Agar plate©]] HE=| 3Tt Agar plate
£ 37C A7IZANA 7217 SR B AL, Al e 5 S
Aot

ESE 12-well plateo]|419] HIo] QEE-2 QA0 0 & A|Z]
2 1% AL Hlo|EE dEE owié}c}i‘:} HIAY TP A H

olZZZ AAst7| Aol A Hio] QEEZ MAFAF-EHZ 33] Al
5L, 90% OEYF 1 ml& F7Foto] vio] @ BEZ DASISIH.
W2 3|4 vl &2l (200 plr 96-well plate® $7]3! micro-
plate reader Biotek)= 590 nm TPl A 3t WS 4513t

5. SAtN [2ld HAt
273t A89] EA5H 894 HAR= SPSS 23.0 (IBM, Ar—
monk, NY, USAXE ARE5}1 Mann-whitney testE ©|-&3to] 7
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I Pl 0.05 IRt o SISk frepdo] Alntar a2 = 2]

1. S. mutansOi| thet DIEX|E9| et I}
S. mutans©l gt HEAE9| ot B 0}0}—”?—7] s, °L‘—+ﬂ

e FAANE AeE 23 9A 5(0.36%) o1/l

(P<0.05) (Fig. 1).
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Fig. 1. Susceptibility assay of S. mutans for phytoncide. S. mutans
was cultivated with or without phytoncide in the various concentration.
The growth of S. mutans was measured by spectrophotometer at 600
nm of wavelength. *Statistically significant compared to control group
(P<0.05).
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Fig. 2. Susceptibility assay of A. actinomycetemcomitans for phy-
toncide. A. actinomycetemcomitans was cultivated with or without
phytoncide in the various concentration. The growth of A. actinomy-
cetemcomitans was measured by spectrophotometer at 600 nm of
wavelength. *Statistically significant compared to control group (P<
0.05).

HiFst A3}, 974 5%=(0.09%) o134l A. actinomycetemcomi-
tansOll 3 AL EATHP<0.05) (Fig. 2).

3. P. gingivalisOfl CHgt T EX|=2| 2ta& Tt

P. gingivalis© 342 H7}= Fig, 33+ 7Fo] VERdT,

P. gingivalisol] gt 782 DEX=9] 5%(0.02%) °AtolA
HERITHP<0.05).

4. E. faecalisOl| Chet DEX|=9| St Bt
E. feacalis©l BB E9] 32 B71= Fig. 494 2o Vet
E. feacalis®] tigt T EAE9] 82 EXE9] 55(3.12%)
ool A UeFTHP<0.05).
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Fig. 3. Susceptibility assay of P. gingivalis for phytoncide. P. gingivalis
was cultivated with or without phytoncide in the various concentra—
tion. The growth of P. gingivalis was measured by spectrophotometer
at 600 nm of wavelength. *Statistically significant compared to control
group (P<0.05).
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Fig. 4. Susceptibility assay of E. faecalis for phytoncide. E. faecalis
was cultivated with or without phytoncide in the various concentration.
The growth of E. faecalis was measured by spectrophotometer at 600
nm of wavelength. *Statistically significant compared to control group
(P<0.05).
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Fig. 5. Disturbing effect of phytoncide on salivary biofilm. Salivary
biofilm was formed with various concentration phytoncide for 72 h at
37°C. The biofilm in the 12-well plate was stained 1% crystal violet af-
ter washing with PBS. The released crystal violet solution (200 ul) was
transferred into 96-well plate and measured optical density at 590 nm
wavelength by microplate reader. *Statistically significant compared to
1 min control group (P<0.05). *Statistically significant compared to 10
min control group (P<0.05).
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Fig. 6. Disturbing of phytoncide on salivary biofilm. Salivary biofilm
in the 12-well plate was stained 1% crystal violet after washing with
PBS. The stained biofilm was washed three times with PBS to remove
non-binding crystal violet and added 1 ml of 90% ethyl alcohol to
destain biofilm. The released crystal violet solution (200 pl) was trans—
ferred into 96-well plate.
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Fig. 7. Anti-biofilm activity of phytincide. The salivary biofilm was
treated with phytoncide at the various concentration after removing
media. In case of 12-well plate, the biofilm was washed three times
with PBS and added 1 ml of BHI broth. The biofiim was mechanically
disrupted with scraper and transferred into 1.5 ml tube. The tube was
vortexed for 1 min, and the bacterial suspension was diluted 10 to 106
by new BHI broth. Fifty microliter of each diluted bacterial suspensions
was inoculated on BHI agar plate. The agar plates were incubated at
37°C for 72 h anaerobically, and the colonies were counted. *Statisti—
cally significant compared to 1 min control group (P<0.05). *Statisti-
cally significant compared to 10 min control group (P<0.05).
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Fig. 8. Anti-biofilm activity of phyton—
cide by confocal laser microscope im-
age. Salivary biofilm was treated with
phytoncide for 1 min or 10 min after the
formation of the biofilm. After washing
with PBS, the biofilm was stained with
live/dead staining kit and observed con—
focal laser scanning microscope. Green
and red color indicated live and dead
bacteria, respectively.
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