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Antibacterial Activity and Inhibitory Effect of Biofilm Formation
by Actinidia polygama against S. mutans and P. gingivalis
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In oriental medicine, the fruit of Actinidia polygama has long been used to alleviate the symptoms of gout, arthritis,

and inflammation. In this study, it was to designed to analyze the antibacterial activity of A. polygama ethanol extract

(APEE) against Streptococcus mutans, one of the major strains for dental caries, and Porphyromonas gingivalis, one of
the critical strains for periodontal disease. The antibacterial activity of APEE was analyzed by disk diffusion, minimum
inhibitory concentration (MIC), and minimum bactericidal concentration (MBC) assays. In addition, it was also analyzed
the inhibitory effect of APEE on bacterial growth and biofilm formation against both oral pathogens. APEE exhibited its
antibacterial effect through the inhibited bacterial diffusion as well as low concentration of MIC and MBC. In addition,
APEE significantly inhibited not only bacterial growth but also biofilm formation in a dose-dependent manner. Consequently,
APEE showed potent antibacterial activity against both S. mutans and P. gingivalis, which indicates that APEE might be
used as a potential antibacterial material for the improvement of oral healthcare.
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Streptococcus mutans= A4S AYAAsF] R|o} YF-o F

184S DINTIAY Aoks-4 & LSkl Porphyro-
[e)

ol 4] receptor activator of nuclear factor-kB ligand (RANKL)
o s Fregomy g = AFTE 1k
A F=9AS 4 o7t (Hamada et al., 1984; Kang et al., 2015;
Reddi et al,, 2008). 2@ 7]7F X WAt 2S WA ehA &
A el A AA ] FrjR JAHH A A2 §F B =
g5 Enke ik ol 75 9 Aoke] Faw Ut
5 7| = sth(Han etal., 2016).

ol TS el fEiM e A Wl Al
E Aoz AHATE Y-S oAlshE Blolal,
chlorthexidine? 2 75 HAZAE AH&sl= Zlo] i
2] 318 Ho|t(Han et al., 2016; Lee, 2011). ~Z&{1} chlor-
hexidines “&713F AHESE A9 AopEat W) Zh Aoy,
Azt 5o FAES ely] Wil F-Ago] A
Gt 3 e 24 Bk walo] mobAal
cetylpyridinium chloride, S|B9} & &4+ &35 71z H
AFEES 48 75 A7 =olvkar 9vk(Bames
et al., 1976; Fardal and Tumbull, 1986).
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al
£ AFeA = gl AekE FEFE(A. pobgama
ethanol extract, APEE)2] S. mutans®} P gingivalisll )3+ &

7 wvE BAele] TR dRS 98 T T 2
A 2L AETIA S

]

Mk olehe FEB(APEE)S HUgeRdol A g
=UAE S Tk 100 ¢S Wfshal e A8 e
25 14 (v HEE 4e § 2395=7](Powersonic
410, Hwashin Tech., Busan, Korea)® 30%-7F F&3 &
80CollA 3A1HA 23] WHE F:Z33lnk o3 FEolE
ZFE5%7](N-110, Eyela Co., Tokyo, Japan)= <+43]
X171 % desiccatordl] 24A17F R# $ FAE 57431
167 g& 3573t APEEE WA & S48 mx]#] ¢
+ 1% dimethyl sulfoxide (DMSO, Sigma-Aldrich, St. Louis,
MO, USA)ol|l &Ajste] A& o) A1-8-3}%] ti(Herrera Herrera
etal., 2014; Park et al., 2005).

F TR S, mutans KCTC 30659k 2|5+

P, gingivalis KCTC 5352% 3h=rAmg-3
5 A} AE] (Dagjeon, Korea)oll A #-FHko} A}
|31 th. ¥ brain heart infusion (Difco Laboratories
Inc., Detroit, MI, USA) broth ®j=]ol] 5&3}o] 37°C shaking
incubator (200 rpm, Dachan Lab. Science, Namyangju, Korea)
ol A 2443t v Fsto] AFE-8E3I.

Cl23 &S S8t APEEQ| Bt &4

S. mutans®} P gingivalis® 0]+ APEES] &+ &2
ez e olgde] S4aYL, T 4F v
=0

NCCLS Guide Line M11-A6°ll =3}o] &3kt o

paper disk (Advantec, Toyo Roshi, Ltd., Tokyo, Japan)S %
Hj=)e] e W27l $ APEEE 50, 100, 250, 500 mg
/mL F5=HE 712F 30 WA JAAskal 37 C2 A vl
G710l A 244131 Sk vl S 5 AdE clear zone®] A7
< digital caliper (DC150/200-2, CAS, yangju, Korea) 2 74
ato] St S-S EAEIGITE RE AP 33] whEste
Al &eFaith

APEE2| 2|25 E(MIC)St 2| 24755 (MBC) £

S. mutans®} P. gingivalis®l] ¥t APEE®] 5ol &
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Table 1. The anti-microbial effect of APEE against S. mutans and P. gingivalis

(unit; mm)
Strains Treatment conc. (mg/mL) Inhibition zone diameter t/F P

50 9.80+0.16° 145.017 <0.001"
— 100 12.25+0.43°
250 13.78+0.33°
500 16.4910.56°

50 11.76+0.35" 85.440 <0.001""
o 100 12.65+0.63"
F gingivalis 250 15.1940.43°
500 18.95+0.88°

Values with the same letter are not significant different by Scheffe multiple range test (" P<0.001)

2~ A% Z(minimum inhibition concentration, MIC)S- =74
317] 95k 25%, 18%, 12.5%, 9.0%, 6.25%, 3.0%, 1.5%,
0.75%7}4] 8]233 APEEE 96 well plate°l] 100 uL% 5
slhal Zb = 37°ColA 24417 v FEE F ODg %]
03°] H%== 343 3 100 uLA B33tk 37T 244
F &S MY $ 600 nmollA FFEE SASIGITE HA
Eriny
71 98A MIC &40 B4 platell A 2t 5= wellol

I=(minimum bactericida concentration, MBC)& =75}

A 100 LA Askol Al HESka 37CoNA 244]
A B Rl WekPY e RS

APEE2| d¥AA =2t

APEEE NAIA| S| M-S o]-&sto] Aol a3&
A3 S mutansS} P, gingivalisE BHI brothel| 4] 37°C,
24717t ok mlYFEE T ODgy, #k0] 030] =% 3]s}
of ARSSISATE BE3E RAulX]o] APEES] T S=E 05,
1,2, 4 mg/mLo] =% 33 S mutans®}t P gingivalis
20 pLAE 4F3F $ 377C shaking incubator (200x rpm)©l]
A sl A $ 3, 6, 12, 24217l microplate reader
(BioTek Instruments Inc., Winooski, VT, USA)E- ©]-&-3}of 2zt

7} 600 nmol A S ES SAsta 7=k
APEEZ2]| Biofilm &gl =t
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Astal 33 FHFE 23] A2 $ 24-well plateol] HAE
AETS 0.1% crystal violet 1 mLE 53} 1583+ G4
& 532 SR 23] AlF F A dxsisith e
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SE3F T 96-well plate©l] 200 pL® #-5-3}-32 microplate
reader (BioTek Instruments Inc.)Z ©]-83}o] 575 nmol| A
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APEE®] S. mutansS} P gingivalis®| 3+ o G+
a3 S o] g3te] Z2A5AT) S mutanso) A=
50 mg/mLo Al 9.80 mm=Z &+ &7} YER}r] AlZs)
o] 500 mg/mLoll A 1649 mmo 2 71 g3t A = 2
EXo 7 4t a7} YeElt) P gingivalis'cs 50 mg/mL
oA 11.76 mm= P+ E77F LERE S, 500 mg/mLel]
A 1895 mmZ ¥% oF:H o= a7 g3br} ekt
APEEQ] 3t @3+ P gingivalisollA 2371 53191
THTable 1).
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Table 2. MIC and MBC of APEE against S. mutans and P. gingivalis

Concentration (%, v/v)

Oral bacteria

0.3 0.7 1.5 3 6.25 9 12.5 18 25
MIC + + + + + - - - - -
S. mutans MBC (24 h) - - - - -
MBC (72 h) + + + + +
MIC + + + + + - - - - -
P, gingivalis MBC (24 h) - - - - -
MBC (72 h) + - - - -
Q 08 - Un - Con 4 0.5 mg/mL @ 08 --Un - Con 4- 0.5 mg/mL
-0-1mg/mL —<-2mg/mL - 4 mg/mL -0-1mg/mL =~ 2mg/mL -& 4 mg/mL
0.6 06
'g 04 g 04
£ £
0.2 0.2

Incubation time (h)

Incubation time (h)

Fig. 1. Growth inhibition curves of S. mutans and P. gingivalis. Both strains (panel A, S. mutans; panel B, P. gingivalis) were treated with
indicated concentrations of APEE followed by time to analyze the antibacterial activity of APEE. Each value shows the average of three

times independent experiments.

APEEQ| S. mutans®}t P, gingivalis®ll CHst MIC2F MBC

APEET S. mutans®} P gingivalis®l| 3l & 3+t 24
S B3, S mutans®}t P gingivalis B4 6.25% (vIv)
o HALAFAA FEE B, FEES] AHY v
03~25%% + ¥ BT Fk JEH e FItedith
S. mutans} P. gingivalis®| OISt HAGZIA v=8 &
Ql & 1 o] 9] w& HIYNE S mutans BHI plate,
P gingivalis= BAPO =% & 625% 2 1 o492 %
oAl colony HAd oIF-5 EAgt A7}, Table 2014 Hi
A} o] 2443 ell = BEE A Gk o), 124X F

APEEQ| S, mutans@t P. gingivalis®|| T3t 42| &1}

APEEE 55 =E S mutans®} P gingivaliss 553kl

3AZE, 6A17Y, 12A1%F, 244 7 Bl9EsE 32 AIZPEE 600 nm

TG oA SABIATE S, mutans©l] 3 APEES] A7)
| E3= 0.5 mgmL Sl E eI 2447 F
FAHZET 0607 thH] 0.5 mg/mLol A 0.446, 1 mg/mLol
A1 0315, 2 mg/mLoll A 0228, 4 mg/mLolA] 0208 % E%=
oA o8 A a7t VEFstTth(Fig. 1 panel A). P
gingivalis®ll gk APEE®] 714 E7+= 0.5 mg/mLol
ARE S JeERAL 2447 & Y HERT 0.639
4] 0.5 mg/mLol A 0.415, 1 mg/mLolA] 0304, 2 mg/mL
oA 0282, 4 mgmLolA] 02352 5k o] o7 Ao
Al &7} LEFsTHFig. 1 panel B).
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Fig. 2. Biofilm inhibitory effect of PAEE against P. gingivalis
and S. mutans for 24 h. Data represent each group's relative ratio
of biofilm formation compared with the control group. Each bar
exhibits the mean £ SD of three independent experiments.

5 A o] AAHAI(P<0.001), P gingivalisol
3t biofilm AYAE-2 64.76£5.26%, 57.1513.86%, 40.88
+2.48%, 3536+1.57%% FE7} S5 AEu Ao
o] A =] 21 tHP<0.001) (Fig. 2).
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3

U THKim et al., 2017). L FNX = S mutansS} P
gingivalist= X|oF9-253 A F48S sl EdT
= 4R i ol a&Hew weshy] 9% Wte
= B84 9y 35HA arlel fig AEoe] HE3
o] F0i2| 3L JITHKim et al., 2015). ZL&} 3] X|o}-9-2]
F3 AFABE A% 0w Ws i olF Bels
7] 1% 5 QAo g #alo] el Y.
ARl 75 HFAE chlorhexidine©] Slouf 24 AFAzH
Aoss oo FAHS fEehy] wiol A3k AR
S AFatar dar o5 sfAsty] flgk ko w A=
ojLf A8 EHeA 9] dnted 4o go] HE3] o]
S Th(Poppolo Deus and Ouanounou, 2022).
oel & ATolM= fEluet A Aol A2 sk
H—'i%lﬂr H[E}Rlo] & 3}04 Hed T sl s
o= Al TN vl poly-
< %]’ 23} S. mutans, P. gingivalis®l|

nlole. WE AN TS BHHA

S =T

_4

UKKang et al., 2003; Yu et al., 2010; Lee and Lee, 2021).
APEE+= 50 mg/mLANA S, mutans$} P gingivalis®l| thet

=S m tansHD} P gmgwalzs‘ﬂ]/ﬂ 131 Hojdk g+ aE
ol¥ st A= S mutans}t P gingivalisol T vh
o FEE Pt a5 AT A7 AR 1 mgml
ol ZxHE S mutans’] st g@37F Vet p gingivalis
4 HooW 5 35 EolA
79| FEI} 1;%#% ot Pt BAE B Avje}
78S B THChoi et al,, 2020). TFFE 2 Aol &

Lo|A] paper discoll 213 R ¥lel 3=
LolA 150 pLE A ste] 2polE HYlo
APEE+ P gmgwallsoﬂ St a9t He vk ust =&
=2 S mutans A A7 H =4 YJERY 2olE B
et

APEE= S mutans®} P gingivalis 74 22224733 A)
FEE 625%%3L, FEES] AY FEE 03~25%% F
T 5 ke oEA o FTIAL A s ke
24A)ZF vl = F 7 B colony”ZF A EIA] @Sk
3 7212 B%E Al S mutans= A8 A s B
T WEHS O, P gingivalist 6.25%1 4T TEE ST
ol S mutans® WSt HAAZGAA FE7T 039%4
a7t vepd v FE2ES 0|85 A9}, P gingivalis
o &l 0.4 mgmL FH A2 FAA =2 2 mgmLe] 3
2ATEEANMNE colony Aol TEE =AUF =&

o] ATteh Hlszeh o] veh= As B 9,191‘:}
(Kim et al., 2021; Jang et al,, 2014). °]= HAAHTAA =
o AR ST Qo 779 Aamad) o
o Aol molx, Fw] WS Fol7} Qo] 4wl
7} olel e 37} AT A ol neld A@sl WAt
Qs Aog AztEL

APEE®] S. mutans} P gmglvallsoﬂ et A g
613t ©]F- 0.5 mgmL Fx=oAMHE A &=
I F%E oEHQ AAE HSY Lemongrass ol B
im/] P, gingivalis®| /374A @35 7243 2ol A
© RARERE A% A7 veRd Zl3ks @] APEE:
FEoA w2 A 89S H.$TH(Yoon and Park,
2023). 23 S mutansoll NSt vf A FEE] A
FIH= 0.01~5 mgmLe] % 5 1 mgmLollA A7l
EohE wol) AT 6N el Sl
& A a9 2ol B Aok A A3E B
THLee and Chung, 2017).
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L] SAap] AR B L S 9
EH 2= biofim YA BIE FRASIIH: o)==
P, gingivalis© T3t &= §

S.

I~

gl makel dAeR AL, datellehs FEEdl ek
mutans®] AAE FAA A= 025 mgmLAlAFE e
I FE ARl A aE Kol B ATe] Adet
Kim et al., 2021; Lee et al., 2021). 53],
APEEQ] nlole. HE FAJA| &= P gingivalis Tk
S, mutans|A © =A YEFSTE ©]= 02~2.0 mg/mLe]
=T &7] 25 AP A P gingivalisol| A< vho] S
dEol Ao S mutansel A= vkel & dE2] A
o] AAlE AT} FAKE A3E B ITHKim et al, 2018).

H AT A= APEES] tdh 733k oE Yel4tel
S. mutans®}t P gingivalis©ll 013+ S &35 59 4%
Oqzﬂ £_J+ /K(E‘:’Eﬂ— ?Sﬂ/\'] quﬂe _‘f—_oH isﬁJ‘ A
I T AFAE HIES A G ARE 9
g AR &8 THeAS Bl
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