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Dental caries is the most common chronic disease in the
dental field. Streptococcus mutans (S. mutans) is the most
important bacteria in the formation of dental plaque and
dental caries. In a previous study, we confirmed that the
essential oil of Chrysanthemum boreale has antibacterial
activity against S. mutans. Alpha-pinene is one of the major
chemical components of Chrysanthemum boreale essential
oil. In the present study, we investigated the inhibitory effects
of a-pinene on cariogenic properties such as growth, acid
production, biofilm formation, and bactericidal activity on .
mutans. Alpha-pinene at a concentration range of 0.25-0.5
mg/mL significantly inhibited the growth of S. mutans and
acid production of S. mutans. Biofilm formation was
significantly inhibited at > 0.0625 mg/mL a-pinene, similar
to the data from scanning electronic microscopy. Under
confocal laser scanning microscopy, the bacterial viability
was decreased by a-pinene in a dose-dependent manner.
These results suggested that a-pinene may be a useful agent
for inhibiting the cariogenic properties of S. mutans.
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d-fr(essential oil)= 21=°] 4, <, Z7], g 9 A
Q5 BN Be Bk A A9 RS 2l
o AR Bee 97 B9, BAF, Dilolds U
et g9 Fo= duA Qa, MAEANA o= F
fiio BAGE THESh o) AR oloRE, S
AEA7FER ol gHo] $or, et YF 553 3
7% Bglel WA, SEE, B4 U T Fo
25 AREE AL QT [1-3]. Xobg-2l5 dAl A AlAIA]

]

=
Asto] AopdAe] FH A F shHoltt [4-8]. T4
elli= 5000158] Alato]l EAlsk=t], X|okv-252 ]
st ARl gete] fEEE Ao®E dHEA Ut
[9,10]. 7M=& Strepotococcus mutans (S. mutans)i=
AHAEr G 2ok-2F e Fask Al e
2 RuE vk o} [11-13]. S mutans= 773 XEA
kel At AHAT Sl xdtE s el
sto] tjatg oA f71aks A ste] EHletEE Ao}
o] AxAS G3AA Fstar, Aol giave ot 4
ZA g o] 7 fellE doint [14-20].

A= (Chrysanthemum boreale; C. boreale) 10-11-€ ]|
Ax A=) ofatelA 1-1.5 em 2719 =g S 9§
=3} (Compositae)®] THAA ZE O =7 of=(Er4)o] 2t



26

3% =l A= (H4, Chrysanthemum indicum)¥} S
& H ATA Ao dEHo® Wol AMgEo] fo
W, A=E AR vE AETFY FERAbe AleRA g
B eEE7A S8uo] gt} [21,22] Abe] ARow
i 797 linarin, luteolin® WIA, chrysanthemin,

chrysanthemaxanthm UhF, coumarins, yejuhua lactone,
ol FHrEol i, AR T T8 e camphor
comphene, carvone -O—O] A Qlok [23-25]. FH
Ao W= Al /5 S mutans®] biofilm 53
AA s, 237 & shHE a-pinene®] i o] %l
ol Rtk 26]. & ATeME A AR T8
- Z SRl a-pinene®] S mutans®) A37d7F A A
A &3 biofilm A IAay L edFHoto] ot
mutans biofilm A &3, FAF Hu|HFES o] &3t
mutans biofilm A A v|X= a¥E A58k
Aol Alel X dTFE 3
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A&
23 of] A3+ a-pinenei= Sigma-Aldrich (St. Louis, MO,
USA)°lIA 918}t

T 4wl o

B A3 o] A8 = S mutans ATCC 25175% Brain
heart infusion (BHI, Difco Lab., Detroit, MI, USA) 4 A ul| %] o]
122} Aldiuler & 22 wljx|of] 2l4tste] 37C 2 7]
Al 24X 7F wjekate] ARE-SESITE

S. mutans® 3733 A+ ‘g*é o MA & &3 34

1%2] glucose”} 51 = BHI HAA8=]ol a-pineneS
A7KE F FS 5410° CFUmlwello] =17 A&, 3
709 g-e7]o) A 24A17F vjekst & BHI AAuiAZ )
O = ELISA reader (Molecular Devices Co., Sunnyvale,
CA, USA)E ©]435t4] 550 nmel|A] SH =S5 43190
™, pH meter (HANNA instrument, philippines)E ©]-8-5}]
pHE S74sto] A A4 oA a3 #Esiith =T
< apinenes WA kil AT

S. mutans biofilm A Aol v A= &3 =3

35 mm dishell BHI A 8|9} a-pineneE 247}5} %,
5x10° CFUmI7} S|Al #& AFslch 1 T, 37C
incubatorol| A 24A]7F HieFst F AFAH NS BT AASE
tk 29 ok, 247t dishel SRTE 15 mi¥ Yol
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A washing 39t} 0.1%9] safranin® 2 30% E<F oA
St & SRR T oW AFHS . Axse] AR ZFYS
3t TS, 30% acetic acid® safranin stains £ A|7 96
well plate]] 100 pl? 731tk vpx]Eto 2 ELISA
reader (Molecular Devices Co., Sunnyvale, CA, USA)E ©|
£3to] 530 nmefl A f%&%— Zgstalch dxae A
s 94 g2 7S UxToE stk QA &
el FAHE= biofilmes S fste]  Q1EA
(Endura, Shofu Inc., Kyoto, Japan)©| BHI <}|ulj=] 2}
a-pinenes 7F5k0] 5x10° CFUMI 52 AldS HE
It 37C incubatorol| A 24A17F vljSF T ojolS Wi
AASATE. 2422 dFAed TR 1.5 mA EoiA
AAIATE 0.1%2] safranin© 2 30% FF G
THTE 7 WH MFHSk Axste] AR #2Y S At

At

F2AA 2@ w) 7 (Scanning  electronic  microscope;
SEM) #%

35 mm disholl BHI AW <] ¢} a-pineneE 71t T 5x10°
CFU/ml o] ¥]A] 5&3k3iTh 37°C incubatorell A 244171
HieF 5 e B AASITE Z42Ee) dishell SR
1.5 m# ‘%01/\1 AA3FSITE. 1 Fell 2.5% glutaraldehyde
29 (in 0.1M sodium cacodylate buffer, pH 7.2, 4C)°l| A 24
AZE &_F 2FAIZE ol'hE 70%E A1ZFO R 80%, 95%,

100%% F5F A idate] AlH, g2rsiqlnl 54 1z
Sl - gold% coatingS}*], SEM Scanning Electron Microscopy
(SEM; JSM-6360, JEOL., Tokyo, Japan)& ©]-&-3to] ¥-2-a}
L FFeit

327 #]°]1#] ¥r]7(Confocal Laser Scanning Microscopy;
CLSM) &%

a-Pinene®] &% W S mutans®] 2t G35 WES
7] $J3ke] LIVE/DEAD BacLight Bacterial Viability Kit
(Molecular Probes, Eugene, OR, USA) ©]-&35}o] 348 AlgY
3+ 3 CLSM (LSM 510, Zeiss, Germany)= ©|-&3}o] 23}
St} BHI HAWIA] o) a-pinenes s HZE H7Feh &
mutanss 5%10° CFUmMIE &St 5 A-2olA] 52 &3 W
|t & PBS (pH 7.2)= 33] A&}t AolQli= Al
#Hzel7] 918l SYTOS2} Propidium Iodide (P)Z ©]5 4 "“ S
A&t & ekaloA] CLSME o83l 2 313t

e}

A A
"é.% B 33 gHeeigion, AAmlES [(tHEr-

Ay dET]x1002] 215 o] gsto] AXteaith @
éﬂr% EAZZ 731 SPSS (ver 10.0)5 AME-3lo] 3
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#3 EFQAE AABIGIL, a=0.05 A AP}
=72 HA|E independent sample t-test® 23S
Ak

4 1}

AT 7l vlAE &

a-Pinene?] S. mutans®l| T3t S A4S #Esl7] ¢t
o] BHI 2}A|ufjA] o] a-pinene= 00625, 0.12 0.25, 0.5 mg/ml
O] T2 H7IS S mutanss FE3H] 37C 71014
24A|7F HjoFSE & *%E% =793 A3}= Fig. 13 2t
a-PineneS YA 942 thZ oA 029140.004 SF =5
ERSIT) a-Pinenes 0.0625 mg/ml 5 EolA4] 0.295+0.003 3
FEE YERY AL, 0.125 mg/ml -5 oA 0.24440.053, 0.25
mg/ml FEolME 0.085£0.076, 0.5 mg/mlol A= 0.008+
0.006 t%‘ig YERY ) a-Pinened A713F A9
OD #k thx=e] OD #tell vlal = )& o x o]t
zpo) & Holw ol A4 oAl autE wnelow, AdS
2 Z47}+9] FrolA el Blske] 242t 1.53%, 16%,
1%, 97%2] A a5 1.3 0™, 025 mg/ml ©]/2]
FrolA Fo4 sl AR ®Hoth
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Fig. 1. Bacterial growth inhibition of S. mutans. The optical
density (A550) was read using a spectrophotometer. *p < 0.05
compared to the control group.

AL A B A E &5

a-Pinene 7}t WE S mutansol| 23 714 A A

Al &35 Lol ] 98l 0.0625, 0.125, 0.25, 0.5 mg/ml
L AR S mutansE FHESEO] 24AZF wiSF Fofl
pH meter® pHE =743t A¥= Table 17} 2o} oz
A Altg wFety] A w2l pH= 7.37+0.01% 573
pHE FAISFRA o, Alat2 vlFst 9 pHE 5.49+0.015%
Hoj At} a-PineneS 0.0625 mg/ml -5 T2 FoI 5t oA
= 5.48+0.006, 0.125 mg/ml EEoAE 5.5940.057, 0.25
mg/ml 54 & 6.92+0.017, 0.5 mg/ml T & 7.37+

Table 1. Inhibitory effect of a-pinene on acid production of S.
mutans.

Conc.(mg/ml) (before ililljubation) (after 24hr2}i1ncubation)
Control 7.37+0.01 5.49+0.01"
0.0625 7.37+0.01 5.48+0.00

0.125 7.3740.00 5.59+0.05"

0.25 7.38+0.00 6.92+0.01"

0.5 7.37+0.00 7.37+0.00"
Chl‘()éf’élse;;)di“e 7.370.00 7.36+0.01°

! Value represent the Mean+SE obtained from triplicate experiment.
"p <0.05 was statistically significant as determined by independent
sample t-test for the mean values different from the control group.

0.0062 YERHSITE a-PineneS 0.125 mg/ml o] Foidt
TEE 5 oFH 07 F94 A pHslEre] o)A
Hom, £3] 025 mgml FEolA A= A pH (pH
5.5 - 5.6) o1’4S e

Biofilm @Al vl x|+ &3}

a-Pinene?] S. mutans biofilm A A a3= ¥ A3}
Fig. 28} 2t} a-pinenes WA oF tiZrrell4 0.870+
0.008 SF =5 YeRAATE 12} 0.0625 mg/ml F 5ol
A1 0.511£0.007 S8 5=5 HERAS AL, 0.125 mg/ml 550
A 0.30120.026, 0.25 mg/ml 5ol A 0.153+0.003, 0.5
mg/ml F =M= 0.111£0.005 &3 55 YERY O, 0.0625,
0.12, 0.25, 0.5 mg/ml 2] “sXolA ol BlS| S, mutans
biofilm 234 AL ET} 41%, 65%, 82%, 87%= 0.25
mg/ml ©]7% FEolA thTtel vlste] FAA O ®E {9
3k 21012 YR TH(p <0.05). 3] 0.5 mg/ml 5o A

1.000
0.800

*
0.600
0.400 I *

X *

0.200 . *
—_ Il =

Control 0.0625 0.125 0.25 0.5

Optical Density (A 530)

Chlorohexidine
(0.05%)

a-pinene (mg/ml)

Fig. 2. The biofilms that formed on the culture dish surface
were stained with 0.1% safranin. The bound safranin was
released from the stained cells by 30% acetic acid, and the
absorbance of the solution was measured at 530 nm. *p < 0.05
compared to the control group.
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Fig. 3. S. mutans biofilms on resin tooth surface, which were
incubated in a-pinene. (A) Control (B) 0.0625 mg/ml (C)
0.125 mg/ml (D) 0.25 mg/ml (E) 0.5mg/ml (F) Positive control
(0.05% Chlorohexidine)

Fig. 4. Scanning electron microscopy. (A) Control (B) 0.0625
mg/ml (C) 0.125 mg/ml (D) 0.25 mg/ml (E) 0.5 mg/ml (F)
Positive control (0.05% Chlorohexidine), Bar= 50 um

rir
il

= T2 0.05%2] chlorohexidine?} W52 &31=
sl 4= 91tk a-Pinene©] S. mutans®] A¥X|otel| S,
mutans biofilm A3AJ-& S A|SH=A] Lol @j} a-pinene=
2] eHA] P2 N FT2 S, mutans biofilm®] Zo] FAdF
e = 5 9o, apinene? FEIF woPdFE S
mutans biofilm AJ/Jo] A=t 53] 0.5 mg/ml E&el
= S mutans biofilm A4 A &37F ¢S o
& SASItkFig. 3). FARIAFAY]E(SEM)= O]%O}C’%
a-pinene®] S. mutans biofilm 343 A a¥E A 4
7}, Fig. 48} 2o a-pinenes At %= a2 S
mutans biofilmo] Zo] FJH AS & F 301, a-pinene
o] FEIF moMdas AAdvANoRE 3] 8
mutans biofilm J’Je] JA|go] #ZEHITE 53] 0.25
mg/ml ©]7g A= S, mutans biofilm 34 A &3}
b B Holdhe o 4 9lom, B3] 05 mgml O
LM = S mutans bloﬁlmo] Aol 4 HA s &

gk

o)

24 #olx du]F (CLSM)& o] &3 A+ &5

CLSMS- o] &3&to] ¥t A7 Fig. 5), a-pinene= F7F
st STt ol s Aolqli= Alaf(green color; SYTO
stain)ol] H]alo] F0Q)i= At (red color; PI stain)©] 57}
sh= Zlo] #Z=o] a-pinene®] a7} QUTh= Flo]
o™ 4 mg/ml FEoVFeAE AL B Aol
AhtEe ZoR FRIEIT

SYTO

Pl

Merge

Flg 5. Confocal laser Scanning microscopy. (A) Control (B)
0.5 mg/ml (C) 1 mg/ml (D) 2 mg/ml (E) 4 mg/ml (F) Positive
control (0.05% Chlorohexidine), Bar= 50 um

Tk vjgEo] MAshe JAN-S & skl T
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[29]. TE3H <149 7HdS FHAdkelr] Yt Ao F
oy gt A& AR 1 fEAe o9 A
FH AE ¥R, 55 9 FAlE AREEY Stk [30].
upeb, Aol AW Wl X855 s FAE FHAA
el Be A7 T3 AAvE Ha ook HE
TA wEA Al A= S mutans®] biofilm B
S oAEH, TR F YR apinene®] THH O
A oz B A [26] # Aol A HH9
T8 a-pinene®] S mutans®] 37&3} A A A
a3}, biofilm A A&y} W QlFX|ofe] st S
mutans biofilm A&} W At IS AFslo] x|o}
-2 BAAA ] mA= GIFS dotr A} SFGIT

Gt Gso 5743171 91ste] a-pinenes 0.0625, 0.125,
0.25, 0.5 mg/ml2] SEZ AFE-310] S mutansol] T3+ A7
AA s P A} vzt vlske] 0.0625, 0.125,
0.25, 0.5 mg/ml F=NA ZH} 21.7%, 29.1%, 70.4%,
100% 2] A4l 235 YehUTE a-Pinene- F AT
o W& thE A= AfrelA %= monoterpene S}
SHE R [31], AdTtel W= pinenes $HSH 4]E 9
e It a%E 7R Sl e ® B bl 9l
[32,33]. a-Pinene®] &2 GA o= At A%, At
3t Wl AA 2o Q= oz IR il THE pinene
7o) A 28-S sk 71E0] Aol HElA [34]. &
S pinenes Pt S1H.C] Aol gk A Aol M=
FAS o] FsA7= st [35,36].

2 A3 oA apinene®| S mutans®] -714F S A
Shi=A] A3st A3} apinenes YA & tl RO =
Al pHZF 73740012 54 pHE A8 o,
AltajeF & pH7F 5.49+0.0157H4] 18kt a-Pinene
0.0625, 0.125, 0.25, 0.5 mg/ml F=ollA wiFst & pH7} 7}
7} 5.48+0.006, 5.59+0.05, 6.92+0.017, 7.37+0.006 2. %, 0.25
mg/ml F% o]dollA= pH dFeto] A= ek X|o}9-2]
T2 FEeles 99l F 3Rl S mutanse= A8 X
W Hasgo] Hoju o7 XHAMTH W S mutans=
T2 skl f71ks FYTFOEA Aot AxAS
ek o2 Huw v Qlth & A4 a-pinene
o] %7t Skl wel pH steo] oJAEE dutE o
itk ol st AFANZE a-pinene®] S. mutansoll °|3+ -
712 S Alste] Aok-AlTe] AaTE e
T s 79 5 vk

a-Pinene 0.0625, 0.125, 025, 0.5 mg/ml2] EEH
22l8lal, S, mutans biofilm S ¥z A3} djx
o M= 8. mutans biofilme] Zo] FAE AL & & Q)
O} apinene®] EE7F MG E S mutans biofilm &
o] AAE-E AT 5 ASTE 53] 0.5 mgml FE

% 32 Ml

= 0.05%2] chlorohexidine™} W]seet @35 YERAS
WAk = Qleler, 7ZF %= a-pinene O F S mutans7}
Q3 Fdeo] HA4sh= biofilm B4 ASHS A6
2 A3, gzl vlske] a-pinenel] FE7F o E
S. mutans biofilm BJS ATS #HFE = QU
SEM= ©]g-ato] st A3 BISeskl=H 0.1 mg/ml
o8] FEolA = biofilm3B/de] AAEHA JAHNSS
B A0tk 77 biofilm®] S FHQ1 X HAFER>
7H A il ehE 7 ARl X|oke-alF 9 X2 g
o] dapA|Ql ¢clo] Hr} ngEe] o3t biofilme st
Alrt Htolm A9} oA S&bA vERdT [37-39].
2 A4 a-pinene®] dental biofilm F/Jel| v]X]= J3F
S 543 43 apinene®l S mutans©l] °J3E x]o}e]
biofilm G4 Ao Lg& £ F S JOR AlgdTh
A=l Y 4 A, 530l blely A Fo] 74
WA oh A AAAZ ARR-E o] gkar [40], el A
e A Erade] oigt A47F o HA
< AAEH=
< Wellsta
Mol S ol XMt Ere] ks A A7l A
o7 Hu¥ n©} It} [43.44]. Listerine® (Johnson &
Johnson, New Jersey, USA)> AF5 FAECE sk U
FARD it AN o R AFEstE ] v la
[45], 2 @A AF B3 S mutans®] 78-S Adlste] x|of
S2FE oAtk Bk gk [46).

CLSM= ©]-8-3}°] a-pinene®] A a 5o A}
apinenes H7FeE SE7F FolHTE Aolgle ARt
(green color; SYTO stain)ol] H|3] =o{Q= At (red
color; PI stain)©] T7}ek= Zo] &2+ a-pinene®] At
a7t QlvkeE Ao Bhal 5l om, 4 mgmls e o el =
AL B Algto] ARty Ao® FRIEItt Pl 4
A AR E SA4E AEEE 7R Alrtelvt st
DNAE HAAI7]E 530] Qlo] 52 AlaErks A7)
=707 994 9lon SYTO: A g g g Ao}
© B AlEd) #ake] ditete] 33-E el 2o

oA oleh webA PIgk SYTOS] o] @A Abolg)

= S & AEE FEsto] Ml Ataes 573
st=dl -85 AREE I Stk RN e T2
SYTO®!| &JaliARt dxo] dojuf Mg sgo] T2 2
Ht apinenel] FE7} ot E 2 At 7t
HHA A Fo] Tt sk A AETOoRA eta
ol T7HE & F AT 471

olel AyE B2 sto] & w, a-pinene®| S. mutans
o] Ak f714ke] A, biofilm B34S SAISHH, Ata
5= 1o apinene©] B2 2 A A B

=
=74

s

IF e xor
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7HAAL Sl A A=
Ao =2

[©)
H2AR AR o 9= 7S 71dE < 9l
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= 20168 gk el wH x| el e
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