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The aim of this study was to evaluate the antimicrobial effect of carvacrol against periodontopathic and cariogenic
bacteria and its cytotoxicity in human oral tissue cells. We tested their antibacterial properties against mutans
streptococci and five major periodontopathic bacterial species involved in periodontal disease. The antimicrobial
activity was evaluated by the minimal inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC). The cell viability of carvacrol on normal human gingival fibroblast (NHGF) cells was tested by metyl
thiazolyl tetrazolium assay. The data showed that carvacrol had remarkable antimicrobial effect on tested bacteria
with a MIC and MBC values ranged from 16 to 128 pg/ml and from 32 to 128 pg/ml, respectively. In cell toxicity
studies, carvacrol had significantly decreased cell viability when NHGF cells were treated at 128 pg/ml. These
findings suggest that carvacrol has a strong antimicrobial activity against periodontopathic and cariogenic bacteria.
However, in order to use it as a component of gargling solution or toothpaste, its concentration should be below 64
pg/ml and other compounds having an antimicrobial activity against periodontopathic and cariogenic bacteria should
be used together.

Keywords: antimicrobial effect, carvacrol, mutans streptococci, periodontopathogens

T A7 Bste] AAAHOR BAZL BT QL T4 sobrinus ERSH FRA 1F AHTREES AHTD)
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olo} e AL Lol YAH AL AuAZE o
ZA 5= Al o2 LA th(Marsh, 1992).

AokgAlZe AwAlZ ol EAsHe A5l B tiat
ARERI ZAE 5 |14l &JE) z|ote WEalo] 23| HA|
S, o] 3t AldtE FollAl Streptococcus mutans®} S.

"These authors contributed equally to this work.

*For correspondence. E-mail: jkkook@chosun.ac.kr; Tel.: +82-62-
230-6877; Fax: +82-62-224-3706

=2 HIiE ¢ th(Loesche, 1986). AFATHE X|2ABHX|HA|
o]l ZR81= Porphyromonas gingivalis, Prevotella intermedia,
Aggregatibacter actinomycetemcomitans, Fusobacterium nucleatum
Y I8 34 A7 At Fo= A Uch(Haffajee and
Socransky, 1994; Darveau et al., 1997).

T4 W Alet9] S AAIsHAA T3S st 94
FALHA AREEE FERe S22 A d(chlorhexidine),
E4318HE, xylitol 2 sorbitol 50| Utk FZ2IA|H-L T3
=4 Al A7) S8 AFAR Al AR E= FYEEL=R
M, FA-g o2 Aot Wl BAEFO 2 Y o7]11, u|z} o] Yl
F7Aere] IS A ZIcK(Tredwin et al., 2005). E43}F
TES XohAlE i AletE A8 8l 71 wol AR
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Atk(Spencer and Do, 2008). @ thA] E2 <l xylitol#} sorbitol
T AokAF Fil Alto] T thatel] o] & Rakar I
Z HiEAIF =N A4 o] FRIE e dA™ o
F AR Al AAE €273, 7HE o] HiRith= ©@ido] glot. £
xylitol& 717k A3 Al olof] thE WA o571 ¥ 8] EAY st
of 8¢ Futyl gojAokal B 1E| It Assev et al., 2002).
olH 3 FRMEEL 1 AE Aol A8 A EARE
7HA 2 §lo] o= S didsts H F2go] A, &
712k bFSHA AR = Sl A FEES o8-S At
7t gick

Carvacrol[2-methyl-5(1-methylethyl)phenol]< oregano A
(essential oil) o] F+JE 0 2 FR 0| Y5 W T AAAR &
88k (Lambert et al., 2001). Carvacrol 3}5 =4, SFAISHA),
T HS 9 A T o8 e 28-S 7 Jx
(Aeschbach et al., 1994; Weber and de Bont, 1996; Skold et
al., 1998; Alam et al., 1999; Zeytinoglu et al., 2003; Robledo et
al., 2005), Z Ao oJsh AokeAlze] AAF S
mutans®| ’%-& AA= TS VAL Qe A2 By
Ach(Botelho et al., 2007). LU AA7HA] AFHAY AlwtE
I} 2o} EA)1=S 8HIR] 7= 8. sobrinus©]] T3t carvacrol @] &
ol gt A= ARA AzE] g 54 AP A
9] = Aol

Jzjag & AFe= AokeAlE % A2E AldSol o
3t carvacrol®] e otE T, ARFe] 17FRZ] AjEof A
carvacrol®] Al HE&E ZAete] 7H22A) % Aok 59 7
ZAEEL Gt AR E AME M A E Yot Y] 9]t
RIS,

E A3 AN 177 EEAFE= P gingivalis ATCC
33277, P. gingivalis ATCC 49417, P. gingivalis ATCC 53978,
P. intermedia ATCC 25611T, P. intermedia ATCC 49046, P.
nigrescens ATCC 33563", P. nigrescens ATCC 25261, F.
nucleatum subsp. nucleatum ATCC 25586", F. nucleatum

subsp. polymorphum ATCC 10953", F. nucleatum subsp.
vincentii ATCC 49046", F. nucleatum subsp. fusiforme ATCC
51190, F. nucleatum subsp. animalis ATCC 511917, A.
actinomycetemcomitans ATCC 33384", A. actinomycetemcomitans
ATCC 43717, A. actinomycetemcomitans ATCC 43718, S.
mutans ATCC 25175" @ S. sobrinus ATCC 33478" 0.2
American Type Culture Collection (ATCC, USA)oj|A 43}
of ARgSIATE =3 Sl FAolA 28 $AE 1159
S. mutans (KCOM 1054, KCOM 1111, KCOM 1113, KCOM
1116, KCOM 1126, KCOM 1128, KCOM 1136, KCOM 1197,
KCOM 1202, KCOM 1207, KCOM 1217) ¥ 3#3F9] S.
sobrinus (KCOM 1157, KCOM 1196, KCOM 1221)E2 3l

F73u]| AERA-2-3(Korean Collection for Oral Microbiology;
KCOM, Korea)olA| % wrol AR5t} AaddE52 Al
2%t AltE2 Tryptic Soy brotho] 0.5% yeast extract, 0.05%
cysteine HCI-H,O, 0.5 mg/ml hemin @ 2 pg/ml vitamin K7}
235tE] Aeufx|o)lA] 37C anaerobic chamber [(Bactron I,

Carvacrol®] 3ta7t 53

Sheldon Manufacturing Inc., USA), (10% H,, 5% CO», and
85% Ny)] 204 sttt Aald-+52 Todd Hewitt
(Difco Lab., USA) 3EdujR| o] =&3}te] 37°C, 10% CO, Al
7ol A] wheFat i,

Z| 2479 A 5= (Minimum Inhibitory Concentration, MIC)
9 24 AFF3s 5 (Minimum Bactericidal Concentration, MBC)
2748 NCCLS standard (National Committee for Clinical
Laboratory Standards, 2000)¢]] @2} microdilutiond}e] £243}
Aot & ATl AMSE AlFES AR E o]gste] 37T A
Fujk7| oA 24A17F veFst &, 1x10° CFU/mIZ} H =2 34
3] 96-well plate®]] £33}t Carvacrol (Sigma, USA)2 1,
2,4,8,16,32, 64 X 128 pug/ml7} = =E Altulj gef ol H7HA|
Tkl o] 1% 7} Bl =2 H7P3Ect o]u carvacrol Dimethyl
Sulfoxide (DMSO; Sigma)©]| o] AR5t Ao SAAT=
-2 DMSOE AME81E AL, FAAU 22 ampicillin (100 pg/ml)
£ ARgsto] Altulidd e 1%71 H=g AH71sgieh 96-well
plateo]] B35 Al A2 2447t viFzE & MICE &7335}
k. MBCE $19] Al kS 10 ul H3te] 10° 2 10') 3
AL, Ao =Eake] 24X)7F FRF 37C Al
oA Higet & FAE &2 At Skt 7 vk
2 55 A A vhESte] PtstgTt.

g A A2 A2 Ak X dofsh AE A o
FREE EoF ol AR5, Dulbecco’s Modified Eagles
Medium (DMEM, Gibco BRL, USA)o]| 10% Fetal Bovine
Serum (PAA Laboratories, Canada), 100 U/ml penicillin & 100
pg/ml streptomycin (Gibco BRL)0| &35 A ZufjFol-S 37C,
5% CO»7} 27V Al ufjeF7] ol A v st Tt

MTT[3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide, a tetrazole] E4H-& NHGF A|3£ 9] carvacrol @] A3
=42 FHrtslr] Y8l AAEHTE 24-well plateo]] 80% NHGF
AEZ7} Qe =2 B2, 16, 32, 64, 128 L 256 pg/mle]
carvacrol £ I S22 wiR| g H7}gk o3 DMSO7}
1% T2 MEzagaE 2H2H9] wello| E5st, 37C, 5%
CO, A2 vjF7] ol A 24 A7 vigFstiet. L ohe 7]1&9 M=
HjFHS wE A AL, 10% MTT -§-2(Sigma)o] H7H #iAE
Zk wello]| E5=51o] U 27004 3AI7F 51 v st o]
5 dl-2-ol-S A A5}l Isopropanol (Sigma)< Z}F wellof] 300 ul
# H7Fsto] & E50] & F 96-well plateo] 200 pl# £33}
o} 595 nmo| A FFEE ST o] W) AEE E 2T
2 77} 3 well®) v} G1 3, o] & 242t 33 whg AFstgich

X FAZE Y2l+t 550 th3t carvacrol 2] MIC Y MBC 72
5 32-128 pg/ml ©]Ath(Table 1). Carvacrol P. gingivalis
ATCC 33277T, P. nigrescens ATCC 33563T, P. nigrescens
ATCC 25261, F. nucleatum subsp. nucleatum ATCC 25586"
9 F. nucleatum subsp. animalis ATCC 5119172 #9811, 1}
B4 7 A BB 64 pgiml o]5te] HEAA Ao
2 R HH(Table 1). P. gingivalis®} F. nucleatum-2 carvacrol ]|
gist ZAeAlo] dFult)t 2polE Bl P intermedia, P.

nigrescens ¥ A. actinomycetemcomitans= Z(species) 22 5
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Table 1. Antimicrobial effects of carvacrol against periodontopathogens

Table 2. Antimicrobial effects of carvacrol against mutans streptococci

Species and strains MIC — MBC Species and strains MIC MBC
(pg/ml) (pg/ml) (pg/ml)  (pg/ml)
Porphyromonas gingivalis ATCC 33277" 128 128 Streptococcus mutans ATCC 251757 128 128
P. gingivalis ATCC 49417 32 128 S. mutans KCOM 1054 128 128
P. gingivalis ATCC 53978 32 64 S. mutans KCOM 1111 128 128
Prevotella intermedia ATCC 256117 64 64 S. mutans KCOM 1113 128 128
P, intermedia ATCC 49046 64 64 S. mutans KCOM 1116 128 128
Prevotella nigrescens ATCC 33563 T 128 128 S. mutans KCOM 1126 128 128
P. nigrescens ATCC 25261 128 128 S. mutans KCOM 1128 128 128
Fusobacterium nucleatum subsp. S. mutans KCOM 1136 16 32
T 128 128

nucleatum ATCC 25586 S. mutans KCOM 1197 128 128
F. nucleatum subsp. polymorphum ATCC 109537 64 64 S mutans KCOM 1202 128 128
F. nucleatum subsp. vincentii ATCC 49046" 32 32 S mutans KCOM 1207 128 128
F. nucleatum subsp.fusiforme ATCC 51190T 64 64 S mutans KCOM 1217 128 128
FE nucleatum subsp. animalis ATCC 511917 128 128 Streptococcus sobrinus ATCC 334787 128 128
iﬁﬂgéggé?gﬁ@i’ actinomycetemcomitans 64 128 S sobrinus KCOM 1157 64 64

S. sobrinus KCOM 1196 128 128
A. actinomycetemcomitans ATCC 43717 64 128 .

S. sobrinus KCOM 1221 128 128
A. actinomycetemcomitans ATCC 43718 64 128

ATCC, America Type Culture Collection

A3} 5o A TS B ti(Table 1).
AQAEE #FQ S. mutans KCOM 11363} S. sobrinus
KCOM 1157& A 9J5taL, & Aol AM-H ZE Fe2 A4t
Fol T3t carvacrol2] MIC ¥ MBC ZF2 128 pg/mlZ 59
B}l Table 2). 2 Botelho £(2007)2] Atof| 2814 carvacrol
9] BFAAHE-L . mutans ss-980 T3] 3l MIC2F MBC ZH2
Z¥7ZF 2.5 mg/ml ¥ 5.0 mg/mlE Bt I#U Hwang 5
(2004) 2] AL A= S. mutans ATCC 25175T94 MIC%} MBC
Frol Z¥zZt 125 pg/ml 9 25 pg/miQl A2 B 15t} o] =g
ZA3t9] zpol= AFH carvacrol 9] 9 zfo] = AMH 7
B QTR 255 4% Aolo] tieh carvacrol] 74
Aol7} 917 theel A2 Azt
Carvacrol©] NHGF A|Z 9] A Zof n|X|= S Lo 7|

120

Cell viability (%)

Control 1% 16 32 64 128 256
DMSO

Concentration of carvacrol (ng/ml)

Fig. 1. Effects of carvacrol on the cell viability of NHGF cells.

ATCC, America Type Culture Collection; KCOM, Korean Collection for Oral
Microbiology.

Q8 MTT EA4HS 4 A]?_ AT} carvacrol 128 pg/ml 5= 0] A
E03%9 A ZAZL-S BRI, 64 pg/mlof A= 50.8% 2] A=
&2 B YrhFig. 1).
AAENAN &5 Fi= A9 Alxy nty], 7\1]:&—4 Bl
& A % B 2ER% “H ol B A 5 3l T
TAE-S Zk= Z1 o2 R EQItH(Fine, 1988; Kubert et al.,
1993; Qiu et al., 2011). Carvacrol GA| = o|&} H|S=3E 7| H o2
2 Q0] A4 AlF5o) et 3 283 NHGF AlZo] o
3 =4S Ho|= Aoz AzrETh Carvacrole NHGF A2
128 pg/ml FEOIA 1.0%9] AZAEEE B 78 HEES
S 7= AL R, FAEE D522 ARESH ol o F
£ Ao 2 YzrEth(Fig. 1). ThFst AAENA 29 HH79
YL B Aol Je azun Fzedid L P
S5} 3] BgElo] ASE ) ASTEL 2 Ao By
2itk(Sousa et al., 2010; Solérzano-Santos and Miranda-Novales,
2011). 517, 222N U FARE 717 AR A Bg
o] 2] uhio] the FF BAE AHSIRE o) viHsitia
e,
TRZRA M| E= in vitro BT} in vivo A 3= &
B A& 7HXA Hedl, L ol AR AAETL in vivo

Aol Bote Bl GFES A&HOR FF W 4 9l

o] 5ol B& FHolur] WjEo|th(Kim er al., 2011). BFH]
TNl vho] @ FES 3] wj ol Fq-Aldol sl &
4 & UeE =80 O &2 559 A7 2asita
2t} 28BE, 3§ A oA carvacrold] J53 HAS
invivo2 AET 4= gl ol Tgt AT E Al viol2 I
Ddgolgst At A Ao E AR}




2|29 Bt o, X322 Al 1 B E, 95T
A wi7iAES] A S-S et Jlo] I FFol E
< 53 T2 AlA 7o) 2HESHA He2H i, Y4ARES] A
AFot 4 D AETA AEo) Yol 2 4 Y32 Algt
Sl ol whe AFxApee] F24E 328 ABoard
of Trustees of the American Academy of Periodontology,
2000). &2 A5+ A3} carvacrolZ X FAT A0 E 2o}--4]
Z T Al Foll gt FtAtgol 3 Ao g Yehsth o
ZA A TE A%k Al dAIsH] 8 AMgE=
penicillin, vancomycin & tetracycline 5] &A= HIH31A
AREE A WS e o Qe g o]t A9 B
< FE] A3 AR R AAFEE2] carvacrol & ARS-gTE
A XoheAlE W AFAZES skt =&l 2 5 S A
o= 4ZpEn,

ojAke] ALE £33, carvacrol x| o}--4]53) X =25k
Hlgtol| et Frtz-go] HAOUAT, 722 Alxzof tisf
MZE4S 7HAAL Q1o 712-A 9 2|9 58] FAEAE&H o
2-83t7] Slelial= 64 pg/ml 05+ FEZ ARNGSRAL LAFEZ]
Alazof| tiet 54o] gle o FEAT £t ARgSte
Aol At Y Aoz YZHert

e

2 A= Xop-AlS 9 X523 AdtSoll gt carvacrol
o] FatoZ YobH L, AlES] EA AELoflA A AE
&8 B4ste] M5y J=E dotEr] s AAlst
Carvacrol®] gv5-2 FoA AT 557Y A4S
HA+FE 0|85t MIC & MBC g2 Z7sto] EA5HH L, Al
ERPEEL S AR AL FEAZE 0§35t MTT 243
o2 gretgict 1A% Yldtol tigt carvacrol®] MIC ¥
MBC Z+-& 7}z} 16-128 pg/ml} 32-128 pg/mlo| gtk A Z=
4 A% A} carvacrolZ 128 pg/ml FEo) A A ZPELo| @
A 5| Attt whekA] carvacrol- X0} 33t 2|23
Qltoll gt Fatzhgo] FHolUAR, 722 Az tis] Al
ZE4E 7L Qo] 7HEHA 9 X9k 59 1A-8-E
2-8517] YoiA= 64 pg/ml 0|5t FEE ARE-SEAL A AR
A2 2AZ Higt o] gle o FuEAT EFsty
Argdt= o] Ak Y Ao R AzhEt

A &

2 Ae BAEA7IER BA27]&308Ag 9] A Yd
Q5to] o] Fo1 RAY(EHA L7 2 A100960).
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