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Abstract

Purpose : This study aimed to analyze the antibacterial activity of Liriope platyphylla ethanol extract (LPEE) against
Streptococcus mutans and Porphyromonas gingivalis and to validate its potential for the prevention and treatment of dental caries,
gingivitis, and periodontal disease.

Methods : To verify the antibacterial effect of L. pulsatilla ethanolic extract (LPEE) against S. mutans and P. gingivalis, the disk
diffusion method was used to determine the inhibition zones at concentrations of 50, 100, 200, and 300 mg/m¢. To determine the
minimum inhibition concentration (MIC), the final dose of LPEE was .2, 4, .8, 1.6, 2.5, and 5.0 mg/m¢, and the minimum
bactericidal concentration (MBC) was determined based on the MIC results. To confirm the growth inhibitory effect of LPEE on
both pathogens, the absorbance was measured at 600 nm after each incubation for 0, 3, 6, 12, and 24 hr at concentrations of .8,
1.6, 2.5, and 5.0 mg/ml.

Results : The cytotoxicity of LPEE was evaluated and the cell viability was more than 70 % at 400 mg/m¢. Therefore,
concentrations of 50, 100, 200, and 300 mg/m¢ were used in this study. The antimicrobial effect against S. mutans was seen at 100
mg/m¢ and grew in a concentration-dependent manner, while P. gingivalis was effective at 50 mg/m¢ with the dose dependency. The
MIC was .8 mg/m{ for both strains, and the MBC was 1.6 mg/m{¢ with the same results. The growth inhibitory effect of LPEE on
S. mutans and P. gingivalis was observed, even at low concentrations.

Conclusion : The antibacterial effect of LPEE was evaluated through the analysis of MIC, MBC, and growth inhibition effect
on S. mutans and P. gingivalis, which suggests LPEE might have the possibility of utilization as a preventive and therapeutic
composition for oral diseases.
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B2e AAEAR S7H9 ¥elo] ¥H7|E IthEom 7,
2021; Healthcare bingdate hub, 2023). E3F, X]o}-$-41=1}
A F=A 2 o770 AA WA Sh= WA Agko|
(Lee &, 2020), #|o} o] 7H 2|l Fgtoz o]
= st wEsty] figt QA AR o R 2| &4]
ol w=o] o]=o] I YrHChun & Choi, 2022).

Streptococcus mutans(S. mutans)= 2] oF-4159] o
ARl Al 5= T iAol ol Zate] AL, pH
7t wtobA Aobd FAST G RS waE S
St (Hamada 5, 1984; Hahn %, 1991). FE3Sh trans
glucosylaseS =849 glucano 2 JAAIA F7F Yof
et feldsel AW Rako] fo] shA o] v
Bo| 24 &uv} webd Y2 YAy Aol e
of vy Bl APE 7hHESE AlXIth(Hamada & Slade,
1980; ten Cate, 2006).

Porphyromonas gingivalis(P. gingivalis)«= %=1} %]
FAge] i <l HF= WAt (dental plaque)®]
FEl = Hof ol EAsHH A AHA £ AHES
S AZko]l AUHA Ao FEj= 2of o FAb
T A =ch(Park & Yoon, 2023a). E35tF o}Yl(amine), &FH
Y o}(ammonia), A2 thdE(lipopolysaccharide) 59 =2
o] FHlgor Qlsto] AN2EEY RETS FHstH, Al
Zko] Aol Zupatol| whel A xES FTAIA Ao A
Ao & Helo] H7|= FthHan F, 2016; Hwang &,

o

W

il

e T Aok g FI AT YR YT A=
S SshAL A EAFUR v} oS Faste, XA
ub el WO R S BelE W shara o
2 U AA HohKim 5, 2017). B4 Py F oy
Qe A&, AL, A B 2 §ES A
sto XA MA@ AASHE Poln], ol

AeiA= 2HhE AEEY A 8E AR S A
3tojof FHKim 5, 2015). 3}3}2] HH-2 chlorhexidine
3 gre sl B3E AES AgTE A0R 17
W 919 F5E AASH Wolth Tent seta
S deta mande o, mzte) &4 2z,
Zx2 20 Zo] Hzk8o] Wil ¢lo] o= o sl
ol o] A2 gl HeAZo|

i "
I
ofy
2
X
1
c
)
ofo

271511 Qlth(James 5, 2017; Lee, 2011).
. mutans®} P. gingivaliso] tfjst 34 1= FH F

RS ol8F ATSel i olRojHom(Pak &
Yoon, 2023a; Yoon & Park, 2022), & o5 H 50| &+
s Bl HAFEES 52 FFE(You 5, 2022),
HR7k) FEE(Pak 5, 2023), AboF oehE FEE
(Yoon & Park, 2023), 2 ul|A}FZE(Kim & Jin, 2018) 5
of A7} o]oizct.

wl B 5 (liriope platyphylla)-2 1) R4 & (magnoliophyta),
W37k (liliopsida), ¥ &lE(liliales), ¥} &} (liliaceae), W&
=2 (liriope) 0. 2 EFE|H(Seo & Kim, 2010), ¢z}t
A= WZ-&(liriope platyphylla)] 2] FufjFof s

L golwel RRS I AHgE) gow, A%
Ao A= AEF Ax7hgolAl AtAor AT = 3l
© d&2 #5735t Wit-F(liriope platyphylla) F2]TF 2]
Zog Agslre= 585t thHFood and drug
administration, 2022; Park 5, 2022). &3t fgjavz =
PAs} AL, BRY 27, 4% 229 5% 04, B2
29 So] ®AE ¢ tH(Yeo, 2021).

ojo WTF ofehE FEEZ o&sto] 1Y diE
21 S. mutans®} P. gingivaliso]] )3t 3o a3 2 A

o

=

A B3k 2SI G

—

=

-

2 o3Lo] EAL Streptococcus mutnas(S. mutans)e}
Porphyromonas gingivalis(P. gingivalis)o]] tf3l WE5 of
B8 FZE(liriope platyphylla ethanol extract; LPEE)2]
W W BAsl] AokeAlT Ao U AFAY

=
o oy % A2 AYRA BEHS AFTHE Zoltk

=

o
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L A3 Ao
RS oehe FEE(LPEE)S HUTtopdol| A

A} @ B2 (liriope platyphylla)S - 3}to] 100 g2 HHs
=3} Aftee L4(viv)e] Hl&2 7t 23T
7](Powersonic 410, Hwashin Tech., Korea)= 30&7}
gk %, 80 TollA 3AIxH 23] whE &5k o7

2

o
N
rbl e

=)

T2 U555 7I(N-110, Eyela Co., Japan)= 71 3]
SSAIZ] 5 HAIA o] B (desiceator) o]l 244 7F Wk - 5
AE 57434 9.0 g& g3kt

A YEEE A5 §Iste] RAW 2647 A S
Sha A 3223 (No. 40017, KCLB, Korea)ol| A] E-ofulto}
Dulbecco’s modified eagle medium(DMEM, Cytiva, USA)
of FoAESl 10 % fetal bovine serum(FBS, Cytiva,
USA)e} 3AEAIQ] 100 ug/m
streptomycin(Cytivay S 7}slo] wjoksaich. WEE o
5e FEE9 RAW AEZEAL EZ-Cytox cell viability
assay kit(Daeil Lab., Service, Korea)Z ©]-83}6] 2514
t}. 9E5H RAW 264.7 A|3E0] 100, 200, 400 wg/ml 5=
9] LPEEE A &3t & 24A|7F <2 wjoFstar ZF wello
/\]Q_']: 10 W= ‘%?8 kA 1/\]7]- o} HHoko].oﬂ Kok m} }J-]/HE]
L formazan® =L &

Instruments Inc., USA)E

100 unit/m¢ penicillin,

microplate reader(Epoch, BioTek
o18510] 480 mo| FFoIA %

A stsie
348 23 g
Streptococcus  mutans(S.  mutans; KCTC  3065)2}

Porphyromonas gingivalis(P. gingivalis, 5352)& AJ&A¢
AIE|(KCTC, Daejeon, Korea)ol| 4] FF¥tol Brain heart
infusion broth(BHI, Difco Laboratories Inc., USA) | Z]of|
X %3}o] 37 © Shaking incubator(200x rpm, Daehan Lab.
Science, Namyangju, Korea)of| A] 24 A7} vl QFslo] AL-8-3}
et

4. tiA3 FAPH(disk diffusion method)S 83 3+

&d &4

S. mutans®} P. gingivalisof t)3lt W75 &S &5
(LPEE)9] & Ao tjaz sHAPH(disk diffusion
method)S ©]-835to] S745t3tt 2 wi#|of| S. mutans@}
P. gingivalisE 20 @ =% AZ35t31, 27 8 o] w3
paper disk(Advantec, Toyo Roshi, Ltd., Japan)E v x| £
of YA th WiLE oghE FEFE(LPEE)S 50, 100,
200, 300 mg/m¢ s =HZ Z}7F 30 WA FAFEA 37 TR
FAE vjE7Iol A 24417t Fet wiF =AY/ Clear
zone®] AL TxE Ay A(DC150/200-2, CAS,

Yangju, Korea)S o] 85o] B4& 2% HAslt

. HES o$e FEBLPEE)] HF FHaol
(MIC)$h H2AF5E(MBC) 574

A=

S. mutans®} P. gingivaliso]] Tfgt WME%E ofete &5
o Fxo wWE FH2YAEE(minimum
concentration; MIC)E =43}7] ¢5Fo] S. mutans®} P.
gingivalis®] ODgZto] 30] EHE=ZE 343t & 24 well
plateo]] A& & =7} 2, 4, .8, 1.6, 2.5, 5.0 mg/m{
7} El= 2 343519t 24 well plateoﬂ 2y AFE 10 W
W BZ25E31 37 Tof|A 24417 v} st & 96 well plate o]
200 w0 BB FHE FEo] 600 mol A ZH s,
2] A4 45 = (minimum bactericida concentration; MBC)S
74371 Sl HaAAlsE =l = 24 well plateo]]
A EEd 50 WS F5te] S. mutans= BHI v} %], P.
gingivaliss= BAP(blood agar plate; BAP)ol| =4 & 244
2 Wjerelol colony B4 TS BESIACH

inhibition

6. MEE oetE FZE(LPEE)Y] gt
(growth inhibition)

A w7

WES e -%—%%(LPEE)PJ S. mutans®} P.
gingivaliso]] 3t A A &I (growth inhibition)+= Z;
@5 < BHI brotho| Al 37 ToA] 24A17F wjefet &
ODgoRt0] 3~47} EE2 354jato] Alga}oict Wrs

oEete =& L7} 8, 1.6, 2.5, 5.0 mg/m7} EEE
3|45, ZF #3510 WA HE T 0, 3, 6, 12, 244]

= Of|EH2 F&E=(Liriope platyphylla ethanol extract)2| Streptococcus mutnas®t Porphyromonas gingivalisofl CHEt
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Fdpsin= reader(Biotek
Winooski, VT, USA)S ©o| &3} 600 mmol|A TF=S
st A aatE &l

microplate instruments  Inc.,

A= 33] RHESho] AJgYskal SPSS 26.0
3 2 T7(SPSS Inc., Chicago, IL, USA)S o|&3}o] &=
of ME FF BHL E] A LARARALA

H(one-way ANOVA)S AlAalgon Hgut sZ2wxt
5 AE3F A AMS H 52 Duncan's testsS 0|83 T}

120

m 2 3

L BEE o 258 AZ AEL

WRE oEhg FEHE(LPEE)S] A 4SS Bole}
7] glstol WST-1 AL olgdto] 2259 3
100 mg/ml, 200 mg/ml, 400 mg/m¢ & FATh. =
100 %= 3}%92 W 100 mg/m¢ 91.47 %, 200 mg/ml 80.42
%, 400 mg/ml 71.65 %= LEFY 400 mg/mio| A = A|3E AY
E80] 70 % O[O R AEEAo] gl AoR ket
9Ach(Fig 1).

100 -

Cell viability (%)

d d
C
b

80 - a
60 -
40 -
20 -
0

Un Con 100 200 400

LPEE concentration (mg/mg)

Fig 1. Effect of LPEE on cell viability in LPS stimulated RAW 264.7 cells

2. BES AeE FE2E Uitk a3 F4BH(disk
diffusion method)& ©o]-g3t &+ a7}

HEs odge FE=(LPEE)S| S, mutans®} P
gingivalisel] gt &+ IS ZIstarzr faa sHik
H(disk diffusion method)2 ©]-83}o] Table 13} & A
= At} Smutanso A= 50 mg/mlo| A BIE Ho|
A 9FQka1, 100 mg/mlo| A 13.14 mm, 200 mg/meol| A 16.49
mm, 300 mg/m¢o] A] 20.63 mSlT 100 mg/meoll A &I} L
EfL7] AlAFste] s ojEA O R ot autE H Gk
P. gingivalisol| A= 50 mg/m¢o}| 4] 11.93 mm, 100 mg/mg ol A]

13.52 mm, 200 mg/m¢ojl A 17.05 mm, 300 mg/m¢o A 20.06
mAIL 50 mg/meo] A RE FIIF R AFkste]
w ozxow 7 AN wirh

3. MEE oekE FEE(LPEE)9 S. mutans®} P. gingivalis
o gt HAEHAFE=MIC)e} FaiAldsE=(MBC)

WES e FZE(LPEE)Y S. mutans®} P.
gingivaliso] 3t &R 5=l Fatt-5E+ Table
29} Atk HadAls e F T BF 8 mg/ml Gl o,
Hattees HadAdee 54 ARE B LR &
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Table 1, Antibacterial activity of against LPEE S, mutans and P, gingivalis

Treatment conc.

Strains @/0) Inhibition zone diameter t/F P
50 8.00+.00" 24.77 <.001
100 13.14+3.26
S. mutans ;
200 16.49+1.57
300 20.63+.85°
50 11.93+.85" 28.50 <.00
o 100 13.52+.84*
P. gingivalis ;
200 17.05+1.68
300 20.06+1.14°

5 8 ~ 50 mg/m¢7FA] S. mutans+= BHI HjX], P.
gingivalis'= BAP Hj%|o| A 50 ug/m(S T='E@3to] 2447k

- colony P4 o5 WA Ay} F 5 EF 1.6 mg/

meoll A F/dskA] e th(Fig 2).

Table 2, MIC and MBC (24 h) of LPEE against S, mutans and P. gingivalis

Concentration ([ /0J)

Strains

0 2 4 .8 1.6 2.5 5.0
MIC + + + - - - -

S. mutans
MBC (24h) + + + + - - -
MIC + + + - - - -

P. gingivalis
MBC (24h) + + + + - - -

A) S. mutans

B) P. gingivalis

Fig 2. MBC (24 h) of LPEE against S, mutans and P. gingivalis

4. MEZ ek FZE(LPEE)9 S. mutans®} P. gingivalis
o tigt A& A] &K growth inhibition)

WEE ot =ZE(LPEE)S %42 S, mutans$t
P. gingivalisE &35+ 0A|ZE, 3A17E, 6A1ZE, 12417, 24

AIZE ZF ek & 600 nm =l A S ste] Fig 33t
2 ATE Bt S mutansof| A= 24417 - A=
660 TH] .8 mg/m¢ 220, 1.6 mg/ml .093, 2.5 mg/ml .08,
5.0 mg/ml 089% % O|EA AT WAT, 8 mg/mC]
SEAA 12X A = AR AA7L =y o] 5

WE= of|Et2 FE2(Liriope platyphylla ethanol extract)@]| Streptococcus mutnas®t Porphyromonas gingivalisOll CHst &td&dnt Mxtoin| §1t 129
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A) S. mutans
—4—UN omee CON
08 - b= 0.8 mg/ml O 1.6 mg/ml
—O— 2.5 mg/ml ---@--- 5mg/ml

06
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ABSORBANCE

02 -

Ry

INCUBATION TIME (H)

058, 5.0 ng/ml 0628 o} TAglo] HRroA EIS
Bk

B) P. gingivalis

0.5

——UN eelees CON
—d— 0.8 mg/ml —O— 1.6 mg/ml
o8 —— 2.5 mg/ml @ 5mg/ml A
w
Y o3 "
<L
@
]
a 0.2
<
01 l.-"
.............. a - Y
0 . :

INCUBATION TIME (H)

Fig 3. Growth inhibitory effects of LPEE on S, mutans, and P. gingivalis

A op-9-A1 S %
S. mutans2} P. gmglvahsoﬂ st EXE9 34 &
e Fagh SEoln], 53] Rapgo] 2 AL Y
T w3 A2l dg B
th(Yoon & Park, 2018). XL dFLEoA FJEH &
A ©ole] FeE P mItS F28He L(Back
, 2013; Yoon & Park, 2022), o|&t2 551 &

o] FH 2= HA FEFE(You 5, 2022), 1=
E(Kim & Jin, 2018), A7 Z=ZE(Yun 5, 2020) =
T7F o] Fol ). 12y W5 (liriope platyphylla)
top = de] 8o} Hibkst ax, 3¢, g9

e o

e

odt
o
ol
_E
N
30
i
Y

e N rlo 1o Ay iy ot mo xO ok
EN

N ofF
2
4
e
ot
[‘:Ll

ko
i)
o
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rlo
o
il
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(Kang 5, 2021; Ku %, 2018).
mutans®} P. gingivaliso] tfjgt
(LPEE)] 37 matol JAolA &
I e AIE Hoh
ELADEES Oﬂ % ZZ5(LPEE) S. mutansoj| A= 100 mg/
24

a1, P. gingivalisof| 4]+ 50 mg/m¢ o]

Nl

A &4 &Y
o a3}~
kel

T}
7}

fol
H
il

Hoj

o =9ro

< sholA= N34S d
T A5 BRoA = 9
Wt} o] Choi S(2020)0] ula} 2%
Ao A Fe oA P. gingivalis® Tk
mutans®]] & TS Ho] B e} zfo|& EM—J%
Fr7b S ©E et anE AA 2 A5 A
gt AnE Holoh E3IF Aok En) olEs —ir%
L P. gingivaliso]| A] 50 mg/mo| A 5-¥] &
2= ATt FARE 235 H etk (Park & Y
o = & FZE(LPEE)9 T+ #3
ﬁﬁliE(MIC)h 8 mg/mfo] L, o] %
S E=(MBC)+= .8 mg/mlo)| 4] colony &Ado] 2= Qi
ol mY7tY FE2EA S. mutanso] A= MIC .8 mg/
md, P. gingivaliso]| A]= MIC .4~.8 mg/mf®] O, Z|AAF
T+ == 4 mg/mlo| A Colony”} H2E 31 .8 mg/ml ©]F
oA FEE A ool & AGtHT W FroA axt
2 W tkPark =, 2023). EaF Kim S(2021)9] w=7h}5
FZE9 P. gingivaliso] th3t MIC &4 Z7} 4 mg/md,
MBC 2.0 mg/meof| ] o] #zkEo] 2 A9 Aol&
Hloh & dFolA e HadAls=e Hadatsert
& AolE HolA ey Kim 5(2021)9] Aol A=
AolE Hol 7 A7 o Aog yZtETh

—_

1
Hir

-

2
o rr & wp

]
me oo
v e &

.0 Ll

o]g-gt

oon, 2023b).
SFollAl =

‘(:5__ J’])\/\]—
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B oghE FEE(LPEE)S =Y & S. mutans®}
P. gingivaliso] o3t 4494 &3} += S. mutanso| 4= 24
A7F T R R 660 thH] .8 mg/ml 220, 1.6 mg/md
.093, 2.5 mg/m¢ .080, 5.0 mg/ml .089= == O|&%& AT
2 H 431, P gingivalisof A+ A2+ 31 o] .8 mg
/m0 058, 1.6 mg/md .056, 2.5 mg/m .058, 5.0 mg/ml 0627
ol BAglel Ageld BTE Rt ol Lees)
Chung(2017)2] A+-ollA wjA F=&E°] S. mutanse] Tf
gt A anE Rt A 647 o] S5 Y antE
How, Hr oJFF Aol HYrl ETE Park
(2023)9] ATNHE B} FEE
A% 6217 0|5 F ey o] 4ol

ol

W, AEE sE oEX o R JAAA autE ot E
Sk You 5(2022)9] 52xt3=EE2] A XA vigh v]&of u}

E &t a7 A S, mutans+= 644}, P. gingivalis= 32}
ko] 749 S. mutansof| A &37) o] 2 FoE

b WolX| St At AolB Melov], Aura o
SEolA Aol B3E Mol 2 Aot
wo} A7 AAS N 37t AT MY A s
FAXAL 3ol W $7h 4t Bad Aow

ety B AFold UEE ofeg 2EES 774
el #=9l S. mutansﬁ} P. gingivaliso]] gt
o} Lol2 Edj= o
e wEoh TR SEol 48T 2 A7E £
125 93t =4=

re

YRE of

T+= S. mutans®} P. gingivaliso] tfj gt
ZE(liriope platyphylla ethanol extract,; LPEE)<]
s} gS HAslT, x|olo AT x]oo] W 225}
I 2 =28 224 E8A4S A58k Aotk
LPEES] N:Z /S 215 ATt 400 mg/mfofl A AL Ay
Z£80] 70 % oo R EH oo = 50, 100, 200, 300

o M oo rjm
ek e

1o oo @

of

mg/m{ =xE AFE3}c) S. mutans ] ¥ 3= 100 mg/
el A ek} S o£Hom AFom, P, gingivalis
= 50 mg/mo| A EE aYE RYT = oEZF ok
MICE & #F 2% .8 mg/m( 31 MBC E3 1.6 mg/mi =
A5t 235 Bt LPEEQ S. mutans®} P. gingivalis
of thgt AFAA Avte R FrolAE AFYA &
R=3 E‘I‘E} LPEE_J S. mutans@} P. gingivaliso] tfgt 3}

Vs, HadasE, Al x3}
o e A Y AR ZHEEAS
shelch. o1& oz sl e 9
= 59 98 54L&

3T
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