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ABSTRACT

Objectives : Camellia sinensis (Theaceae) possesses a various beneficial effects such as free radical—scavenging,
inactivation of urokinase in cancer cell proliferation, antibacterial, and hypotensive, Dental caries is one of the
most common oral infectious disease in a human, Oral microorganisms play a significant role in the etiology of
dental caries. An aberration to this ecology due to dietary habits, improper oral hygiene or systemic factors lead to
an increase in cariogenic microorganisms, Cariogenic microorganisms like Streptococcus mutans and Streptococcus
sobrinus encourage the accumulation and adherence of plaque biofilm by metabolizing sucrose into glucans. The
purpose of this study was to investigate the antimicrobial activity of phenolic compounds of Camellia sinensis and
R—carvone, monoterpenes, is can be found naturally in numerous essential oils, on Streptococcus mutans and
Streptococcus sobrinus,

Methods : The antimicrobial activity of these compounds was determined by the broth microdilution method and
checkerboard dilution assay to investigate the potential synergistic effects of each five compounds of Camellia
sinensis (C. sinensis) and R—carvone.

Results | C. sinensis—isolated compounds and R—carvone were determined with MIC of more than 1,000 ug/mL,
However, the combination test showed significant synergism against S, mutans and S, sobrinus, implicated in the
lowered MICs,

Conclusions : These results suggest that combinatory application of phenolic five compounds (theophyllin,
l-theanine, epicatechin, epicatechin gallate, and caffeine) from C. sinensis and R—carvone has a potential
synergistic effect and thus may be useful as a mouthrinse in helping control cariogenic microorganism,
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Fractional inhibitory concentration index (FICI)
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(A: H83F AGES] = MICa: A%E2] MIC)

FICI<O0.5, synergy: 0.5¢FICI<0,75, partial synergy:
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A29A1EE=(MIC)E= 1,000 ug/mL ©]Are]gitt, R—carvone
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Table 1. The antimicrobial activity of five compounds isolated
from Camellia sinensis and R—carvone against S. mutans (KCOM
1116 and KCOM 1136) and S, sobrinus (KCOM 1157 and KCOM
1221).

MIC (ug/mL)
Strains

TP LT EC ECG CF R—car

KCOM 1116
1,000¢  1,000¢ 1,000¢ 1,000¢ 1,000¢ 1,000

KCOM 1136
KCOM 1157 1,000¢ 1,000¢ 2,000

1,000¢ 1,000<¢  1,000<

KCOM 1221 1,000 1,000 1,000

TP, theophylline; LT, /—theanine; EC, epicatechin; ECG, epicatechin
gallate; CF, caffeine.

2, FEY LAy}
(Fractional inhibitory concentration, FIC)

1) Theophyllindt R—carvone2| HE 5 1}

Theophyllin (TP)¥} R—carvone (R—car)2] HE A] &
AAsEE A7 8~64u, 4~328) FAFPowH, FICI
0.04~0.279] AqA &35 Vet

2) L—theaninex} R-carvone2| HE &1}

L—theanine (LT)3} R—carvone (R—car)d] ¥& A] &
A== 2zt 8~64H], 4~32v] ZAFHeH, FICI
0.05~0.279] AR &I e},

3) Epicatechinz} R—carvone| H2 &1}

Epicatechin (EC)™} R—carvone (R—car)? BH& A] 4
AAs=Ee 24z 16~648), 2~32v) Fradgow, FICI
0.09~0,529] AR &5 Vepfith
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Table 2. Results of the combination of theophylline (TP) and
R—carvone (R—car) against S, mutans (KCOM 1116 and KCOM
1136) and S sobrinus (KCOM 1157 and KCOM 1221).

MIC (ug/mL)
Strains agent ———— FIC FICI Outcome
Alone Combination
TP 1,000¢ 31.25 0.016
KCOM 1116 0.04
R-car 1,000 31.25 0,031
TP 1,000¢ 250 0.125
KCOM 1136 0.25
R—car 1,000 125 0.125 All
TP 1,000¢ 31.25 0.016 synergy
KCOM 1157 0.27
R—car 2,000 500 0.250
TP 500 31.25 0.063
KCOM 1221 0.09
R—car 1,000 31.25 0.031

Table 3. Results of the combination of I-theanine (LT) and
R—carvone (R—car) against S, mutans (KCOM 1116 and KCOM
1136) and S sobrinus (KCOM 1157 and KCOM 1221).

MIC (ug/mL)
Strains agent ————— FIC FICI Outcome
Alone Combination
LT  1,000€ 250 0.125
KCOM 1116 0.19
R—car 1,000 62.5 0.063
LT  1,000€ 250 0.125
KCOM 1136 0.25
R—car 1,000 125 0.125 All
LT  1,000¢ 31.25 0.016 synergy
KCOM 1157 0.27
R—car 2,000 500 0.250
LT  1,000€ 31.25 0.016
KCOM 1221 0.05
R—car 1,000 31.25 0.031

Table 4. Results of the combination of epicatechin (EC) and
R—carvone (R—car) against S, mutans (KCOM 1116 and KCOM
1136) and S. sobrinus (KCOM 1157 and KCOM 1221).

MIC (ug/mL)
Strains agent ———— FIC FICI Outcome
Alone Combination

EC 1,000¢ 31.25 0.016

KCOM 1116 059 Lartial
R—car 1,000 500 0.500 Synergy
EC  1,000€ 125 0.063
KCOM 1136 0.19 Synergy
R—car 1,000 125 0.125
EC  1,000€ 62.5 0.031
KCOM 1157 0.28
R—car 2,000 500 0.250
Synergy
EC 500 31,25 0.063
KCOM 1221 0.09
R-car 1,000 31.25 0.031

4) Epicatechin gallate?} R—carvone?| HE2s 1}

Epicatechin gallate (ECG)®} R—carvone (R—car)2] H-&
Al FA2AAFEE 22 16~1284), 2~648] 7HAFIH oM,
FICT 0.03~0.529] Al 9 224 AYA &35 Yebdloh

5) Caffeinen} R—carvonel| HE& 1}
Caffeine (CF)¥} R—carvone (R—car)2] H-& A] 4 A

Lr 717} 8~64H)), 4~328) ZASHEA.0H, FICT 0.04~0,282]
A BHE ek,
Table 5. Results of the combination of epicatechin gallate (ECG)

and R—carvone (R—car) against S, mutans (KCOM 1116 and
KCOM 1136) and S. sobrinus (KCOM 1157 and KCOM 1221).

MIC (ug/mL)
Strains agent ————  FIC FICI Outcome
Alone Combination
ECG 1,000 31.25 0.016 .
KCOM 1116 ¢ 0.5 Fartial
R-car 1,000 500 0.500 Synergy
ECG  1,000¢ 125 0.063
KCOM 1136 0.31 Synergy
R—car 1,000 250 0.250
ECG  1,000¢ 15.6 0.01)
KCOM 1157 0.03
R—car 2,000 31.25 0.016
Synergy
ECG  1,000¢ 31.25 0.016
KCOM 1221 0.05
R-car 1,000 31.25 0.031

Table 6. Results of the combination of caffeine (CF) and R—carvone
(R—car) against S mutans (KCOM 1116 and KCOM 1136) and
S sobrinus (KCOM 1157 and KCOM 1221).

MIC (ug/mL)
Strains agent ————— FIC FICI Outcome
Alone Combination
CF  1,000¢ 250 0.125
KCOM 1116 0.16
R-car 1,000 31.25 0.031
CF  1,000¢€ 31.25 0.031
KCOM 1136 0.28
R—car 1,000 250 0.250 All
CF  1,000¢ 31,25 0.016 Synergy
KCOM 1157 0.04
R—car 2,000 62.5 0.031
CF  1,000¢€ 31.25 0.016
KCOM 1221 0.08
R—car 1,000 62.5 0.063

6) S. mutans (KCOM 1136)0l CHEt HE&1 1/8
MIC & 1/4 MIC H|xL
4 9] 5714 =83} R—carvone?] S mutans (KCOM
1336)° gk 3 AR ETte] 7|05t B Ads=d
1/8 MIC®}t 1/4 MICE 883t vlw EA3 dx, 729
4 o= S mutanso] H& R AAEIAE BHo
U HE88E Al F FEY FaEdol @A Aottt

14 Iﬂl KCOM 1136
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Fig. 7. Synergistic antimicrobial effect of Camellia sinensis isolated
five compounds and R—carvone on Streptococcus mutans (KCOM
1136) proliferation. The bacterial cell viability was determined
spectrophotometrically (optical density at 600 nm) after incubation
for 24 h with 1/8 MIC and 1/4 MIC drugs. The data are average
of three—independent experiments. TF, theophyllin; LT, /—theanine,
EC, epicatechin; epicatechin gallate, ECG; CF, caffeine; CON,
control (drug—free).
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o HERE Al F AEY FHBAol AAT] At

14 1/8 MIC KCOM 1221

12

car

08

0D 600 nm

06

04

02

=CON =TF

14

12

1

0.8 -

0D 600 nm

0.6

04 -

02 -

o |

*CON «TF LT =EC *ECG =CF

Fig. 8. Synergistic antimicrobial effect of Camellia sinensis isolated
five compounds and R-—carvone on Sirepfococcus sobrinus
(KCOM 1221) proliferation. The bacterial cell viability was determined
spectrophotometrically (optical density at 600 nm) after incubation
for 24 h with 1/8 MIC and 1/4 MIC drugs. The data are average
of double—independent experiments. TF, theophyllin; LT, /—theanine,
EC, epicatechin; epicatechin gallate, ECG; CF, caffeine, CON,
control (drug—free).
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