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This study investigated the potential of dye plants as natural oral health products. The anti-
bacterial activity of ethanol stem extracts of A. japonica, R. verniciflua Stokes, G. jasminoides, D. morbi-
fera, P. amurense Rupr., and S. japonica against P. gingivalis KCTC 5352, S. mutans KCTC3065, S. downei
KCTC3634, S. sanguinis KCTC3284, and S. gordonii KCTC 3286 was confirmed. Among the stem ex-
tracts from 6 dye plants grown in Korea, ethanol extract from A. japonica stem (1 mg/disc) showed
the highest antibacterial activity against P. gingivalis KCTC5352. The A. japonica stem extracts showed
antibacterial activity similar to chlorhexidine, which was used as a positive control. The MIC and
MBC of P. gingivalis KCTC5352 were 0.4 mg/ml and 0.6 mg/ml, respectively. The biofilm production
rate and cell growth of P. gingivalis KCTC5352 in the cultures treated with 0.2-2.0 mg/ml of A. japonica
extract were significantly decreased in a concentration-dependent manner. In addition, the mRNA ex-
pression of the superoxide dismutase and fimA associated with fimbriae formation in these cultures
was suppressed, also in a concentration-dependent manner. Based on these results, it is concluded that
A. japonica stem extracts can be used as an oral health product derived from natural materials, as
demonstrated by its antibacterial action against and inhibition of biofilm formation of P. gingivalis

KCTC5352.
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o AHgEl g UM E SH Lo AHESHH T 22y
-l = lupenon, B-amylin, glutenol, taraxerol, betulinic acid

o

5 98 FFY triterpenocid &l B-sitosterol, heptacosane,

nin ¥ 5-hydroxy-4, 7-dimethoxyflavone 59| flavonoids 3}
FEo] ZFH| AoH[3, 12,17, 21, 26, 32] LT T
FH[30], FAatsta 15, 22], FEEH20], TEZEH[19]
of #3 AggA A7t B1EJAAT FANAE o
LUy 27 FEEY FF LA A A7E HHF A

oI,

A %% alcohol, pyrocatechol Al tannin} pillioin, salvige-
1
I

o o ol

B A7 E FAA = P gingivalis®] g 22
&7 #2290 LA Hol 2B E AN A Z3E 24
sto] AAE e 7 AAaAEA LU €7 FEE9
o] ThsAde Lot I

nz 3w
Mg 2F H FES
% el A= FHEHS Lot

2]
el Q1 Porphyromonas gingi-
valis KCTC5352¢F 1# ¥4 <1 Streptococcus mutans KCTC
3065, Streptococcus downei KCTC3634, Streptococcus sanguinis
KCTC3284, Streptococcus gordonii KCTC3286 &2 & gh= A1 ™
TATd AEALME (KCTC)oll A FoFrto} AH-g3t AT,
P. gingivalis tryptic soy agar hemin menadione A o] 7|
et o5 37CoA A §71u F3F AL S, mutans brain-heart
infusion agar (BHIA; BD, Franklin Lakes, USA)°ll Athg ot
= 37CAA @7 Fst A . S. downei, S. sanguinis, S. gordo-
niit= tryptic soy yeast extract medium HA| ol A& th&
37°ColA 71 Fst 3Tt
U AN GEAEA LYUF(A. japonica), - (Rhus
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verniciflua Stokes), 2| ZA\}5-(Gardenia jasminoides), 3+
(Dendropanax  morbifera), %% (Phellodendron amurense
Rupr.), 3| 3-F(Sophora japonica) 5 £71& A& A%
=7kl AxE A Feld s £ sk A A
T Lu, 2u, AU, FAUR, sy, 38
Ui 59 271 424 80% g IAAE ohF Lol A

2N ZE Fok 33 W& FE33 T FE &2 Whatman filter
paper (No. 2)2 33 ¥ 3 H73HE % 7](Eyela, Tokyo

Rikakikai Co., Tokyo, Japan)E ©|&3to] &l 3] #AA
g o DMSOY &ellstol Agetdlth. 23289 T8
S 47 9 375%, 30.3%, 32.1%, 27.8%, 18.9%, 22.6% % Tt.

et
Y AN E W FLEAE agar diffusion
method [6]°] W&t P. gingivalis, S. mutans, S. downei, S. san-
gquinis, S. gordonii7} Z+7F =g AA Ao FEEY T2}
1 mg/disc?l paper disc (8 mm diameter, ADVANTEC,
Tokyo, Japan)E o] i &g Th5 paper disc 79 o Uetd
clear zone®| A7]E FAsto] 2ASAY. FA dzTES
TFAAAAFA AEHL v FFAA  chlorhexidine
(Sigma Aldrich, St. Louis, USA), sodium lauryl sulfate
(Sigma Aldrich, St. Louis, USA), triclosan (Sigma Aldrich,

St. Louis, USA) 5& AH&3tth.
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FEE9 FHrHEAH SEMIC)Y FHAMFSE(MBC)
x

FE2E9 HA4AYA F S (minimal inhibitory concen-
tration, MIO)= A w1 =] 34 W S o] &ato] 2AMSFGITH14].
TR A EL 37TAA 24A7E FF @7 FE tha W F
B A ] 2] o] 8] 43 ATHO.D 600=0.4-0.6). 3415 ] o of
£% 0220 mg/ml =2 A3 thg 37Tl A 2447F
71 F 600 nmol A FFEE SAs ] T
=9 S4o] YehA e J4 s JaAFA v =
At FE2E5Y H A4 % E(minimal bactericidal con-
centration, MBO)&= H &4 AA 52 U8 F2E 5%
ZRE 1 o3 wxo Tt MFdS
dko] 37°C oA 2443t FF F7I g T @59 99.9%7}
AEE FEEY FEE A

ol

off

FES0 s 720|429 HIO|2EE (biofilm) 44 AX|
FEE0| TR HoleFBF A MAE FFLE

g
Zhou F[34]¢] WH & o] &t ARSI TR =L 2L
A A o] =wtabe] 2443t FE A7 g o QA A
L3} (O.D 0=04-0.6) 96-well plated] 273+5Th 0220
mg/ml §=9 FEES TAVAE] TFE 96-well plate
of Aeg T 37CAA FrdetEA vl dE A S
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FE3F AT 96-well plated] FAE Hlo| e L E2 EH T/
TE 23] AAT o5 A2 $ 05% crystal violet&. & 204
QF @Ast T whol & AN J A5 crystal violetol
A o] 2B EL 70% EEo S F 575 nmAA
spectrophotometer (Softmax M5, Molecular Devices, USA) =
FRES F4stq FUdsith

o

FEE Ma2|0fl e P. gingivalis2| superoxide dismutase
(SOD)2t MR (fimbriae)0il CHEF mRNA &3 3
FEEO] T4V E] SODS A 2ol ek mRNA L&
A& G soddt fimAFAAE primer® AF8-3 real-time
PCRE ZAtst3 T Total RNAE 37TCollA 24A17E < @7
S A A o e FAIAYE(O.D 600=0.4-0.6)°l
0220 mg/ml FEY FEES AT s T7TCAA MEFF
HY & dEEete] A& pellet® 2 HE RNeasy Kit
(Qlagen, Hlllden, Germany) & ©| &3t &3} th cDNA
+ superscript VILO ¢cDNA synthesis (Thermo Fisher Scien-
tific, USA)E o] &3t §43t% 1 real-time PCR-2 CFX%
touch™real-timePCRdetectionsystem (Bio-Rad,USA)< ©] &
sto] Fdetglom Aol AH&H primers Table 13 2t
[14, 31]. PCR ¥-&2 ssoadvanced MuniversalSYBR® green
supermix (Bio-Rad, USA)E A-&3te] 95Tl A 30%, 95T
A 10%, 60Tl M 2024 35 cycle HHE3te] a3} Th.
PCR ¥H¢ £ 3 meltcurve analysis® 33t f24 F
Zo] A e Adstion e dhd ddFL en-
dogenous control® A3+ P. gingivalis®] housekeeping gene
& grAdl 0 sodsh fimAe) AThA 77 W o2 Lhek

=

= A2 58 o HEAP e FAsH dojxl Aol
o APZAAY FAHI EFQLAFE SAS (Statistical analysis
system, USA) program< AF&3te 73} 1 Duncan’s T
AAWMEE p<0.05 FEAA FAH ol A< A3
=

[¢]

=
L
T

QLR &

| #&29 gogd
T A dE4EQ] LYguR, U, AAUE, FEy

Table 1. Oligonucleotides used for real-time PCR in this study

Fig. 1. Antibacterial activity of ethanol extracts (1 mg/disc) from
A. japonica stem against P. gingivalis KCTC5352. a: DMSO
as a negative control, b: ethanol as a negative control,
c: sodium lauryl sulfate (1 mg/ml), d: triclosan (1 mg/
ml), e: chlorhexidine (1 mg/ml), f: ethanol extracts from
A. japonica stem.

7, AT, T 59 2718 32 e +=
TR E A o 2EE ST 2H, 27
FEEL P gingivalis$} S. sanguinis®] WA, TUF £7]
FEE 2 P. gingivalis®} S. mutans, S. downei, S. sanguinis, S.
gordonii®ll el A, AAUR E7] FE&L P. gingivaliso] o
A, Fevrot FAUN 7] F2E2 P. gingivalisé S.
sanguinisoll o) A, S5 £7] FEEL P. gingivalis, S.
downei, S. sanguinis, S. gordoniiol 3| A I A& e
Ao o] T Ut £7] FEE9 P. gingivalisoll T &
d&4do] 7H ¢ ﬁﬁ}ﬁiﬁ}(Table 2). P. gingivalisell Wit &
W 27] 3229 g S FAAAAFA ASHL Y
+ chlorhexidine, sodium lauryl sulfate, triclosan¥} ] &t
A3E Fig 13 2ok A#H 3 des F4AAAFAA chlo-
rhexidine, sodium lauryl sulfate, triclosan< 7+t 0.1%, 0.2%,
03%9] =2 A$HL 9o & dgolAe eur 27
—%%%E} chlorhexidine, sodium lauryl sulfate, triclosan®] &
< 1 mg/disce] FEo]A wastgth 1 243, 28t
7] FF%2 P. gingivalis®] ™3} chlorhexidine? A3
G Ut o4 &t 22 chlorhexidine
b ol EAetes AldES B AEAZ £ 9
FAQ FAAA AR B ARG A Aokt Az o
n| i sl Tbs Aol Rusa §7] i
Aol AEol BoF AHolt11] WA 2
a4l e

R
O\I

oo ol rlo oo Ha

oot
oo o
24
n.l?l_',
ool
rﬂlﬂ

£7] FF5& P. gingivalisell o3l

Gene Forward primer (5'-3') Reverse primer (5'-3")
gyrA 5-AAT ATC ATC CCC TCT TCC ACC -3 5-GIT GGA GTA TCC GAT TTC- GIT-3
sod 5-CCT ATG TGG ACA ACC TCA AT-¥ 5-GGC TTC CIT ATG TAT TGG TG-3

fimA 5-CTG TGT GTT TAT GGC AAA CIT C-¥

5-AAC CCC GCT CCC TGT ATT CCG A -¥
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Table 2. Antimicrobial activities of ethanol extracts (1 mg/ml) from stem of dye plants against oral microorganisms

Ethanol extracts from stem of dye plants (1 mg/ml)

Oral microorganisms R. verniciflua

P. amurense

A. japonica Stokes G. jasminoides  D. morbifera Rupr. S. japonica

P. gingivalis KCTC5352 ot + + + + +

S. mutans KCTC3065 - + - - - -

S. downei KCTC3634 - + - +

S. sanguinis KCTC3284 + + - + + +

S. gordonii KCTC3286 - + - - - +
‘Growth inhibition size of clear zone: -, not detected; +, less than 4 mm,; ++, 4-8 mm; +++, more than 8 mm.
AAEfd FAAZAAEN WL 7hsAel doha Aoy A &o] A3t Zhang [33] 59 RugsE dAste A
o] 2YUF &7 FE2ES At F7HAA Ad S TIP3t oty metA LEUF FEEL P gingivalis®] &S AAT
Aok T B ol A= A E JAT 5 e AAER

) FAAZEAER AL 7bsAel doha ddEn

P. gingivalis KCTC535201 List 2z2|LUF &7| £&52
9| FAMEAN Sk ¥ HAMFSE

QYUF &7 FEEL TAMNAE F P. gingivalis] T3
g o Udephtlen egur 27 FE= A
of W& P. gingivalis ¢ MICE 0.4 mg/mISAt}. P. gingivalis
©] MBC MICS! 04 mg/ml & 1 o] Fxo sjgste
P. gingivalis ¥l ¥4 -& LA A o v eFetlE W 0.6 mg/ml
2 1 o] 3 FENA colonys HET F §INOER 06
mg/mlE 7743} th(Table 3).

2UF £7| FEE0| HIO|2EE YA D|x= F&

QYUF 27] FEE0| P gingioalis®] BEZ F40 HA
T Y& Zhou S[34]9 FH ZAWH S ol &ste] 2AbeS
. P. gingivalis W F o] FFEE 0220 mg/ml FEE A
3tAS ™, P. gingivalis W FY A BET o] A H =
S AT Ak FEE0] 0220 mg/ml FEE A

AN P gingivalis®] AET ARELS 47
80.9+0.09%, 65.4+0.08%, 31.2+£0.06%, 27.1+0.02%, 24.8+0.01%,
253+0.02%% FE&] =7t ¥R A= A4l o
AFE AL AT + AL dFY AEE F2EY &
(0220 mg/ml)7k EoH ¢S AAH = AL 4T 5 AU
TFig. 2). ol oMAA2 2LollM FE7 FAIE2| P. gingivalis
of gk g7 R AT A dAo #F AFANA A

E(eugenol)® &7t HobEFE A S H #579

o L or

22|LF £7| £E20| P. gingivalis®| superoxide dis-
mutase (SOD)O{| CHSt mRNA 250 0]X|= &t

SEYYF £7] FEE0| P. gingivalis®] SOD t3 mRNA
FEo] vAs YFE sod FHAE primerZ ©] & real
time-PCRZ 13t om 1 A= Fig 39 YeERf it
Real time-PCRE o] 8310 FZF(0.220 mg/ml) A 5=
of W& sod FAAS] d WEE FUT A P gingivalis®

M o

100 — O Bacterial growth
90 @Biofilm farmation
L — —
70 )
E 60
§ 5o
o
T
*®
30
20
1
0 L = L= L
[} 02 04 06 08 1.0 20

Concentration of extract (nlg[;nI)

Fig. 2. Bacterial growth and biofilm formation of P. gingivalis
KCTC5352 in brain-heart infusion broth (BHIB) treated
with ethanol extracts of A. japonica stem (0.2-2.0 mg/ml).
Growth and biofilm formation were measured under
anaerobic condition. All assays were performed in tripli-
cate, and mean values and standard deviations are shown.

Table 3. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of ethanol extract of A.

japonica stem against P. gingivalis

Concentration (mg/ml)

0 0.2 04 0.6 0.8 1.0 2.0
Minimum inhibitory concentration + +/-° S - - - -
Minimum bactericidal concentration + + + +/- - - -

? growth on test medium; b,nogrowthontestmedium;c,slowgrowthontestmedium;d,non-detection.
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- n

Relative gene expression

)
&

Fig. 3. Effects of A. japonica stem extract on expression of sod
and fimA genes in P. gingivalis KCTC5352 by real-time
PCR analysis. The expression was normalized to gyrA
gene used as a reference gene. Results are shown as the
+SD of five replicates. *p<0.05, as compared with the
control.
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mRNA 232 04 mg/mle] 011]1/}7‘ 7] F2E
Hole of @A ZaHAT. o] Ade e F
) =2" L§}U7é1-4 =4< THANAE 5 = P gin-
E:"_E]'% 74 O "]’E]'IHU# Kim 0[14]«] B2y
EAEY =E2NAS W P. gingivalis®] sod
E]i”‘:} Nakayama &[28]< P. gingivalis=
SODE /%‘ 0]'7] Wiz BEEVNTLAE BF8kaL e
7h g EASE @AM E A=A E Ao Ytk B
sttt kA Ly 271 FEE9] A wx9 wek SOD
of 3k mRNA Zdo] Zastdvte AL Lgur €71 F
22 =E2HY A T3 5ol Fady] Yo
Zads vet.

‘ﬁ{-r&mﬂ_ﬂrw

D. gingivalis®] Y EEE

2|LIF 7| FEE0| P. gingivalis?| M20i| CHS mRNA
areiofl njxls Y
SEYE £7] FEE] P. gingivalis®] A= thE mRNA
B mAe FFLE fimA FAAE primerE 0] &3 real
time-PCREZ #918t¢lon 1 A3}E Fig 30l UrEM“E}
Real time-PCRE ©]§-3to] 3+2%(02-20 mg/ml) A &
of & fimA ] T WetE &A% A3, P gmgzvalls
o fimA FAAE FE2EY R BoHEFE Fadte AY
< YEt T

A & (fimbriae)= Al o] 2ol F2E @udy 747

)

(proteinaceous appendages) 24 B&9 A T 27] F
A o #stH P. gingivalis £W o= FimA subunit® 2
748 21 A2 Mfal subunit® 2 74€ & H=27F £4
shal gtk 7 ARe e F4RAYNA P. gingivalis 2|
AL A ZAE E A AE B e #i ohye}
P. gingivalis$t  Actinomyces viscosus, Treponema denticola,
Streptococcus gordonii, Streptococcus oralis®] aggregation 3 P.
gingivalis 9] autoaggregationdl & o go}[7]. A=A A
AR fimX, pgmA 2 fimABCDE F2A = fim 28 2H
(cluster)& o] F1 JoH fimAfFHA AE EdwolAE <
A2 AR BAE B A Az i F3E 2aAA
P. gingivalis7} A|-&%1 3} (subgingival)ol A A E2-& Y

ATH27). wetA ey £7] FEE AY w=d wat

fimA A EEo] asve AL =T A DA A
P. gingivalis®] Z7] A& Af EAZ 3 49 AEZ F2o]
Aol de Yetdth
ZAe =
& A7 20189 sty eistal ks Al dHl A
ol oJste] s Ao dRojn ofo FALHYY.
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