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This study was conducted to investigate the potential of Stewartia koreana as oral healthcare materials.
The antibacterial activity of ethanol extracts from leaves and branches of S. koreana against oral bac-
teria was confirmed. The leaf and branch extracts (1 mg/disc) showed antibacterial activity against
P. gingivalis only among several tested oral bacteria. The leaf extracts showed higher antibacterial ac-
tivity, with values similar to those of chlorhexidine, which was used as a positive control. The MIC
of the leaf extract against P. gingivalis was 0.4 mg/ml and showed bacteriostatic action. The inhibitory
effects of the extract on biofilm formation and on gene expression related to biofilm formation by P.
gingivalis were determined by biofilm biomass staining, scanning electron microscopy (SEM), and
gRT-PCR analysis. The biofilm production rate and cell growth of P. gingivalis in the cultures treated
with 0.2-2.0 mg/ml of S. koreana leaf extracts were significantly decreased in a concentration-depend-
ent manner. The inhibitory effect on the formation of P. gingivalis biofilms at concentrations of 1
mg/ml was confirmed by SEM. The qRT-PCR analysis showed concentration-dependent suppression
of the fimA and fimB gene expression associated with fimbriae formation in the cultures treated with
0.2-2.0 mg/ml S. koreana leaf extract. These results support the conclusion that S. koreana leaf extracts
can be used as oral healthcare materials derived from natural materials, as demonstrated by the anti-
bacterial action and inhibition of biofilm formation of P. gingivalis.
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Table 1. Oligonucleotides used for qRT-PCR in this study
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= Y% FAHAEEH (Scanning electron microscope,
SEM; JEOL LTD., JSM-6701F, Japan)< ©] &3t +&& g
of o3 P. gingivalis®] AET F4 AFZ FASAT.
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5 37CAA 4847 &<k F7]u skl @71 e 48 well-
plate®] coverslip2 PBS (Phosphate buffer saline, Bioneer,
Daejeon, Korea) $3&4o] 23] MA3AL 25% gluta-
raldehyde (Sigma Aldrich Co., USA)Z 4% th& 30, 50,
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Reverse primer (5'-3')

165 rRNA

5-ATC ACG AGG AAC TCC GAT TG -¥

5-CGT TTA CTG CGT GGA CTA CC -3
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Table 2. Antimicrobial activities of ethanol extracts (1 mg/ml)
from leaves and branch of S. koreana against oral mi-
croorganisms

Ethanol extracts from
S. koreana (1 mg/ml)

Leaves

. gingivalis KCTC5352 ++ +
. anginosus KCTC33397 - -
. criceti KCTC19642 - -
. downei KCTC3634 - -
. epidermidis KACC13234 - -
. gordonii KCTC3286 - -
. mutans KCTC3065 - -
. sanguinis KCTC3284 - -
. sobrinus KCTC3308 - -

‘Growth inhibition size of clear zone: -, not detected; +, less
than 5 mm; ++, more than 5 mm.

Conditions

Oral bacteria Branch

D N ”h i ”h i \h

95}

Fig. 1. Antimicrobial activity of ethanol extract of S. koreana
leaves against P. gingivalis ATCC33277. a: DMSO as a
negative control, b: ethanol as a negative control, c: so-
dium lauryl sulfate as a positive control (1 mg/disc),
d: chlorhexidine as a positive control (1 mg/disc),
e: triclosan as a positive control (1 mg/disc), f
ethanol extracts of S. koreana leaves (1 mg/disc).
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< U o FE=9 F2gA ] =4 et
(Table 2). ARE I Sl FAA A F A= chlorhexidine, so-
dium lauryl sulfate, triclosan 5°] 247 0.1%, 0.2%, 0.3% 2]
FEZ AMEE I YT P gingivalisell T chlorhexidine, so-
dium lauryl sulfate, triclosan®| &++&4 3 P. gingivalisol
& FEE FTZH S 1 mg/discd] F=AA g 23,
U5 A4 FEEE P gingivalis °ﬂ o5 tnclosan-\Jr %/\}EP

FEADE QI 1 4Ase Tbsgol gk A0R A
A oE AT £ dE FEadd 0 $o71 2en
SITHO). WekA =2 9
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gy ol e AAE il FAAGLEAEA L T
o] i AHET

P. gingivalis KCTC53520] Cist LT o FE29]

E|AMEAH %E(M|C) Y FL2MFSE(MBC)

SR o 225 FAVAAE FP. gingivalisol T )

A

e g8 UrE}lH?iOE] R A 28 A
W& P. gingivalis ] #4234 A 5 EMIC)= 04 mg/ml%
o™ 042 mg/mle| FEE Ags oA P. gingivalis®] T3
SA4UR o #2229 FEBHLS FEAZTHCE U8
th. P. gingivalisell 3k =2y o #2899 Ja49AE

EE Q% ¥ HAAAFEMBOE $AT A, HAAH
AAE = 04 mg/ml E 1 o9 =0 s Fst= P gin-
givalis M FH & =ZUF F2E0] H7tEA &S 1A A
of EZd £ ujetie v A28 dAEEA 04 mg/ml
g 71 0)29] FEAA 2x10° CFU/ml ©] 49| colony7} #2 5]

A7) Wzl =AUF FE=-E P gingivalisoll T3l B o2&
< ot 2102 #ehdth(Table 3).

@71 FEE9Y P. gingivalis A B Fol] 3 Choi & [4]]
ATl A F71FEEL 5 mg/ml 0|4 FZAA P. gingiva-
lisol disl fredQd 474 &35 YA 10 mg/ml,
20 mg/ml"ﬂ/“] AEEAE Yepidth et AU 32
5”] €E°ﬂ H| 5H wE sroA FFE4 s Y]

ST 9 FE20| P. gingivalis? YE9 HIO|2HA

1 FZ50] P gingivalis®] /‘g%“l} H}o] Q uff 2~
FEL Zhou T[31]9] F2 TALHE ol &3t

o P, gingivalis W] ¥ ol -’F%% < 0420
mg/ml E =& A2stAS W, P. gingivalis®] =1 F 40l
A= As AT + AAT 02, 04, 06, 08, 1.0, 2.0
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Table 3. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of leaf extracts of S. koreana against
P. gingivalis

Concentration (mg/ml)

0 0.2 0.4 0.6 0.8 1.0 2.0
Minimum inhibitory concentration + + +/ » - - .
Minimum bactericidal concentration + + + + + + +

*, growth on test medium; b, no growth on test medium; , slow growth on test medium.

mg/ml =9 FZE0| AfH &Yl A P. gingivalis®] E AEY A4S 2 HdAddAY Idol dAET:
Hlo] 9 FE FH &L 27 96910.99%, 73.4+0.82%, 70.2+ Kumbar5[16]9] R19E dX 3t Axoltt, wehA w7}
0.66%, 62.1+0.24%, 38.7+0.1%, 29.2+0.15% 2+ FEE9| v % T F2ELS AFAS AL P. gingivalisdl] 3] 72
7t gotd 4 s A2 4o RYEHOE AHE As At e A oA B3t de AdE R T LA
gAg F AL P gingivalis®] BEE FEFEY FE 2R A 7bsAdel slval dddEn

(0220 mg/ml)7} M5 FEEHOR AAHE As

T 4 AT (Fig. 2). ol= AFA &2 Hcurcumind AR o FEE0| P. gingivalis? ME9 M0 O]
P. gingivalis®] A E5 A4 A9} ¥ Y4 A} (virulence fac- X sk phat
tor) & Ao #3 AFNA curcumin® FE7}F FopAF =

N
I
In
e
e

Z&0| P. gingivalis®] &2 F4 v]A =

100 -

L O Bacterial growth
. OBiofilm formation
c 80 -
L -
® -
E
€ 60 | = ]
E =]
= . -
2 =
'g w0 1 Fig. 2. Bacterial growth and biofilm formation of
% P. gingivalis KCTC5352 in tryptic soy hemin
g menadione broth treated with ethanol ex-
% 20 | tract of S. koreana leaves (0.2-2.0 mg/ml).
x Growth and biofilm formation were meas-
ured under anaerobic condition. All assays
0 : : , : : : - were performed in triplicate, and mean val-
0 02 04 06 08 1 2

ues and standard deviations are shown.

Concentration of extract (mg/ml)

Fig. 3. Scanning electron microscopy (SEM) micrographs, at 10,000X magnification, of P. gingivalis KCTC5352 biofilms in the absence
(A) and presence (D) of S. koreana leaves extract (1 mg/ml). Scale bar, 5 ym.
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qRT-PCRE &elat o 1 A+ Fig 49 YeERA ST qRT-
PCRE o] &3t FEE(02 04, 06, 08, 1.0 mg/ml) A |
FE WE fimAS mfal FAAC] LY WEHE AT A,
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= Mo
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00 mg/ml
002 mg/ml
004 mg/ml
@0.6 mg/ml
0.8 mg/ml
01 mg/ml
Fig. 4. Effects of ethanol extract of S. koreana leaves
on mRNA expression of fimA and mfal
genes in P. gingivalis KCTC5352 by qRT-
PCR analysis. The mRNA expression was
normalized to 165 rRNA gene used as a ref-
erence gene. Results are shown as the £ SD
of five replicates. *p<0.05, as compared with
the control.
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