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ABSTRACT

Paeonia lactiflora was stepwise extracted with hexane, chloroform, ethyl acetate, butanol and water. Anti-microbial
activity of each extract was investigated. Methanol extract of P. lactiflora revealed anti-microbial activity against S.
mutans, C. albicans, and S. aureus. Also, hexane fraction revealed anti-bacterial activity against S. mutans and ethyl ace-
tate fraction acted as potent anti-microbial agent on C. albicans and S. aureus. The relative growth ratio (RGR) of hex-
ane fraction of P. lactiflora against S. mutans were determined as 77.8% in concentration of 0.125 mg/ml, 98.46% in
0.25 mg/mi and 100% in 0.5 mg/ml. The ethyl acetate fraction of P. lactiflora revealed RGR against C. albicans as
52.5% in concentration of 0.125 mg/ml, 60.83% in 0.25 mg/m!l and 78.33% in 0.5 mg/mJ. It indicate that increasing con-
centration increase RGR. The measured minimal inhibitory concentration (MIC) of hexane fraction on S. mutans KCTC
5316 strain was 0.5 mg/m/ and MIC of ethyl acetate fraction on C. albicans KCTC 7270 was 2.0 mg/mi. The exper-
iment of inhibition to growth of KB cell (oral squamous cell carcinoma) result 61.9% in butanol, 76.7% in hexane
extract of P. lactiflora. The hexane extract exhibit potent inhibition effect to the growth of KB cell. These results suggest
that the hexane extract of Paeonia lactiflora has antimicrobial activity against S. mutans and has preventive effect to
dental caries in addition to potent inhibition to KB cell growth.
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1. 48 M=

o] AP ARG 2ok, 1A, A, 22, A, A
et 1EE, ARE, E, W], WHEE AF g
PN Az Fee AL FYstd At
(Table 1).

2. 7171 | Aok

A AMS 7V71EE A ES 7] (Byela, N-
1000, Japan), ®%}7]1(Sanyo, MIR-153, Japan), ELISA
reader(Molecular Device, SpecTRA MAX 340,
Austria), microplate shaker(FINEPCR, SH30, Korea),
QAR 7| (Hanil, Supra22K, Korea) 0193, 1 9
AN ALgEe I TES ARSI

Age F2 B B ARgE SuiEM v,
M, SEZIXE, JAddoHlE, FEge I T
BakerAHUSA)S] EFA|2RS AMS-31H 9™, dimethyl
sulfoxide(DMSO), Brain Heart Infusion broth, Brain
Heart Infusion agar, Mitis Salivarius agar, Muller
Hinton broth, Muller Hinton agar 52 DifcoAHU.S.A)
AFE AREEIIT Al gl AM-E RPMII640 with
L-glutamine(300 mg/l), 25mM HEPES and 25mM
NaHCO,, fetal bovine serume Gibco BRLAHUSA)
2] Aoke ARESIIEL, MTT[3-(4,5-dimethylthiazol-2-
yD)-2, 5-diphenyl tetrazolium bromide] solution-2

Table 1. List of plants used for antimicrobial experiments

Botanical name Korean name Parts used

Paeonia lactiflora var. hortensis Jakyak Radix
Prunus mume S. et Z. Maesil Fruit
Jihwang Radix
Galgoun Radix
Sangsim Fruit
Sindangan  Tea(leaves)
Indongcho  Fruit
Leonurus sibiricus L. Exmocho Whole
Aconitum pseudolaeve var. erectum Jinbum Radix
Backji Radix
Backpeundu Fruit

Rehmannia glutinosa Liboschitz
Pueraria thunbergiana Benth
Morus alba L.

Bulinesia sarmienti

Lonicera japonica Thumb

Angelica dahurica var.
Dolichos lablab L.
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o] Aol A #FEL S. mutans KCTC 5316,
P. gingivalis KCTC 5121, C. albicans KCTC 7270,
S. aureus KCTC 19272 =3l he e &
& who} ALg-3laAT

2) t&a by

N8 dhtd AL paper disk(06 mm)E ]85
agar diffusiond*0 2 A#ES Tt Agar plate] u)
?] wget o wiYlS McFardand No. 0.5 %7} 5
A FHAZ] F Ed HEoR mUey FEES
DMSOl| 233t $- paper diske] 30 WS T5AA
AZAIZAT. SvlE 3] 3EAZ] TS agar plate
3£l paper disk® ¥o} PN Udg 20
FAAZT wEEols 37°C Wik oA], any 23
ol 24°C BifrlolA] 24~48417F wioFSt F disk 3
2)€] inhibition zone(mm)2] 72L& &3stAut.

3) A dEolAH 0| E FE5E9 Fo uld A
7 AA gt

S. mutans= Brain heart infusion(BHI) broth, C.
albicans= Muller hinton brothE AFE3}31t}. Brothol)
AE ATFE 05 mgmelH FAEE 0004 mg/miz
A wA HAMg ANEE FArEA & wiokals

McFarland No. 0.5 %7} 274 43k &, thA] 100
W) 48 FAL Zb welld] st wlEE ol
37°C ik lolA, a8 FHol 24°C wioriolA
24X 7% wjoFst T} ELISA readers ARES] 625 nm
o FH=E E4sle A4dsts BEsisith

4) A R =] A

ek ik - o|dotAHolE FEEe] HAAA
&% (minimal inhibitory concentration, MIC)S =43}
7] 93] AR F AT 9L o] 2-312iTh 96-microwell
plaeel] brothE E58 F AR AIT% 16 mg/miol
A HAEE 00625 mgmiZHA] A& og thA| 54
stk & w9kl McFarland No. 0.5 %71 57
g% T, oA 1009 B FAE 7} welld] B
sl whglels 37°C widrlolA, & R¥ Fgole
24°C BlF71olA 24713 BiERE &, wt9] F4lo] §l=
FEE AL IAITER ST

5) Lo WE Ao &7

2ok SiF 259 S mutansol] WISt SR 2HE-
< BHI brothell 7] w57} ¢f 10° CFUmIZt H=
2 zAea) 23800 4 F2HEL 025, 05,
Img/mie] =2 A7t £, 37°C, CO,. w71l 244
7+ wloFatE A dAFe wlS Mitis Salivarius
agar(1% potassium tellurite, 0.2 unit bacitracinyell 3
Zajo] wiska 7t wie AaaE Egsisinh

2ok ofdolAHo|E FEEL C albicans®l gt
A S A 2R-S Muller Hinton brothell C. albicans®)
27 #57) oF 10°CRUMPY H%52 23315t o
golHlElo|E FE2E2 05, 1, 2mymle) BEE H7)
F, 24°ColA 24078 mFERIA AR FY v g
Muller Hinton agar®]l &3l A7k W2 A

TE ST

5. &fot 22|o| KB MZE ZA! N s &£H

D AET R oy

Ax 2 QAEHE SAs7) Hsid AgE Ax
= QA FEEAdE LT KB cel(KCLB 10017,
Korean Cell Line Bank)°]%l.o, g=- A ¥ 23J0
EHE Eefgol AbEEnh A2 Wi 10% fetal
bovine serum¥} 1% antibiotics(penicillin/streptomycin)
=2 343 RPMI 1640 with L-glutamine(300 mg/l),
25mM HEPES and 25mM NaHCOy(Gibco) A&
AREEle] 37Col M 95% 0,9 5% COS FTHIIL
100% s%7b FAEE w7l vt

2) MTT assay

M) drtdeld F4 2 AIESYE S ek=T
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o 3U7F Witk Wellel MTT(Q2 mg/ml) 50 we
7vet & 37°C wjekrlolA 3A1ZF B9t kA EgT)
MTT £92 A)A3}3, blue formazen ZAL £5]A]
7171 18] DMSOZ 200 uliwel® o] 587+ A
WS NEBAS AEE ELISA readerd] <3t
5 540 nmellA 9] EFBEZ 243 54 o
AZa= AEAE A&=2 Hr1sioh

6. EAIXz

A¥E 2T 33 jHE dgsgiod, d& A
SPSS 12.0& ARE-3te] Bs) RFAXRE AN B
o, dYRAHE A (one-way ANOVA) & Duncan's
multiple range test2 7z} A4dTd FAAE D5e
Ak, Fod AEL =005 FEINM 2AAact.

L 22 % 0F

1 S MAE

D) AehE F2E] g4

TUE dis FFEE ANET] Y8k A8
1158 WEEE FE31 13 s 28 44
+ Table 29} 2t} 11F A& FolA] 2k vighe F
£Eo| 7P FEAS dade Veplth gdeke s
mutans, C. albicans, S. aureus 352 #5°| s} &t
Ao AR A&, 2L S, mutans 450 k]
ol eiger, Agll, ¢Ex, Jduz, XY, W
A, WAFE= S aureus TF0 thall dhAlo] et
T v, A FEES BE Agusdl dis) &
o] VeERER] gkt

& 522 20k g FEE0] AERY v g
gk I EAA S, awrensdl) E3F ety B
23] o] Ao AF e FEE9] G4 7
< A3E BET A0 AU 809F Hge &
29 S mutansol W T =3 A, s0oE
FollA ool Gt YAtk S o] A} e
A Bagh v o}, 22le ke dpolA Zzo]
vleFsitul o] QIThar &1 ot o) AgdME
Bt gtk A S92 wida omixprt g9l

Table 2. Antimicrobial activities of methanol extract of some
herbs against bacterial strains

Inhibition zone (mm)*
Botanical name S. C. S. P.
mutans albicans aureus gingivalis

Paeonia lactiflora var. 17 10 10 -
hortensis

Prunus mume S. et Z. - - - -

Rehmannia glutinosa 14 - - -
Liboschitz

Pueraria thunbergiana
Benth

Morus alba L. - -

Bulnesia sarmienti - -

Lonicera japonica Thumb. - -

Leonurus sibiricus L. - -

-~ O O o
'

Aconitum pseudolaeve - -
var. erectum

Angelica dahurica var. - - 10 -
Dolichos lablab L. - - 11 -
*: Diameter, - No inhibition

C. albicans®) T8l 7338t aaFeo) AL S. aureusol]
A gagol mekslrlal BIsle] o] Ags) AJoldt
AAE BT ol A& i AAER IS
el Aol zel7k vzl iRl AR Az
2) 2¢F WiekE FEEo| Sv| E9¥ T
gFaigo] 71 FHLEA JUehd Feke] HEE
F2ES 4% U2 238l JuEde 2HS 2
= Table 3 ¥ Fig. 13 Zth Zeke] GE o
£ benzoic acid7} FHHO dE AR HIEA
0% Fig. 1914 benzoic acidire] == M
23319}, Benzoic acide T4 EEE=E ] AE
e 42 Vibrodr Aol tisl dagol glge] B
AEPE? 2} o] AEJA benzoic acide C.
albicans, S. aureus 75 EFo| A G771 gl
t} =3 benzoic acide 13 =3 AFAM S

Table 3. Antimicrobial activities of various solvent fractions
from methanol extract of Paeonia lactiflora against
bacterial strains (10 mg/mi)

Inhibition zone(mm)*

Strains
Hexane Chloroform Ethyl

Butanol Water

acetate
S. mutans 23+0.7 17.1£09 9.1+1.2 - -
C. albicans - - 16x1.5 - -

S. aureus 1211 81x10 142x16 - -
Each value represents the mean of 3 experiments, *: Diameter
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A 7ok AE 24 dAaF 25

S. mutans KCTC 5316

5. aureus KCTC 1927

C. albicans KCIC 7270

Fig. 1. Antimicrobial activities of each fraction from methanol extract of Paeonia lactiflora against bacterial strains (10 mg/mi).
(@): Hexane fraction, ®: Chloroform fraction, ©: Ethyl acetate fraction, @: Butanol fraction, ©): Water fraction, (D: Benzoic

acid, ©: Control(DMSO).

mutans®) H8led E37) UJEhEA] QFopr] L
g A eiAsEI chFig. (2] S, mutans). ?iﬂ*}
FE2E2 HIAGT S muans, S. aureus 2ENA L}E‘r
o, 1 = S nutansolA 7FEH dAdo] 99l
FERENE FZEANME S mutans, S. aureus 2&011
A e UEigion, ogolAEolE EEE 5
mutans,” C. albicans, S. aureus 305 RS-l sl &
FEo] QUL L F C albicans, S. aureus TF5NA]
et datAdg VERI

g 5 Aol gUNRE Wy SR oY

oplElo|E FEEo] S, aureusoll thal Aol STk
I Busle] o] A3} ke AE Ry H£0e 2

okol ujrslyl s =4 odolaElolE B3
ol Vibrio% Algtoll tis 71 St $<sike 2
STk,

3) At 2250 o) WE S mutans®) 3ANA
a3

S. mutans®ll W3+ g AlgolA] zeke] it 23
FEE /M 59 AL 1k wekA s
mutans®l] ek AZAA go= Aok A 22 ES 5

40

Relative growth ratio(%)
3

20

0.00 0.10 0.20 0.30 0.40 0.50
Concentration(mg/mi)

Fig. 2. Relative growth ratio (%) of S. mutans cultured at
different concentrations of hexane extract of Paeonia
lactiflora.

Note: standard deviation was too small to be appeared

in graph.

T (mgmhE AEjste] 240752 vt & Algel
AApaslet FEEE WA B2 iR e AW
3= A4 d-E(Relative Growth Ratio, RGR)E 4F&

a9tk 0.125 mgmiel A 77.78+£0.18%, 0.25 mg/ml
ol A 98.46+0.02%, 0.5mg/ml igoﬂﬂb 100+
0.04%% A7) A3 A=A wEA, FEE
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Relative growth ratio(%)

0.00 0.10 0.20 0.30

Congcentration{mg/mi)

0.40 0.50

Fig. 3. Relative growth ratio (%) of C. albicans cultured at
different concentrations of ethyl acetate extract of
Paeonia lactiflora.

Note: standard deviation was too small to be appeared
in graph.

FEIF SUK mE dge) dAEE A
tH(Fig. 2).

4) oNeolNEo|E 2&Eo 5o uk2 C albicans
9] AR g =

C. albicans?| thgt 23 AlEol Al Zheke] ofeojA)
HolE B3 Z2E9 Aol 7FF =4 JERLS
W, C. albicans? I3 ek oeolAjeolE Z&E9)
TS (mg/ml) AN TELS 0.125 mgmidlA] 525+
0.06%, 0.25 mg/molA 60.83+0.04%, 0.5 mg/ml 5=
NME 78.331£0.14%% 4Fo] AALY) F=st =
71l met 3o dAEE Ae B S UrkFEg. 3).

5) Ak FEE9] AMAFAAEE

2k dat 2289 S mutansol] D3 HA473A]
%% (minimal inhibitory concentration, MIC)S &3}
A3, 0.5 mg/miE e &ot dgol o) &
E=29 C dbicans®) B MICE 233 AT
2.0 mg/micIATH(Table 4). 3 £2& 2t o|dotaH)
o|E 8] S awreus?) N3 0.5 mg/miNAE St
Ho| AAth. B ov) o] A E 1 mg/mie]
FEAME S, aureus TS| 3FEHo] Uehlx] kgro
22 MIC £7ollA wiA 31T,

A2 FAAEL o443 vl oA d7E B

3

il

25

Table 4. Minimal inhibitory concenirations of hexane - ethyl
acetate extracts on the growth of oral bacteria

Minimal growth
inhibitory conc. of

Strains Fraction Paeonia lactiflora
extracts (mg/m/)
S. mutans Hexane 0.5
C. albicans Ethyl acetate 2.0

Each value represents the mean of 3 experiments
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propolis, flavonoid S©] It} Sato 527 Erythrina
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ol S. mutans &= gk MIC7} 625 pg/mieAL,
Hayacibara 52 propolis& 233} S mutansol]
ol MICE S43 23, iz S22 XE 230
25~400 pg/ml HANA FFHol Jepstri st
d TP &= wZtel propolis7t S. mutans<t
C. albicans W8] FFa37F Aok BIEE T,
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o 29% Ayoln® Aok EF & IS
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6) F=° WE A 54

(1) A 3289 w5 WE S muans VDT
24

AAFE 24317 98 BHI brothdll S, mutans”}t
°F 10°CFUMmI A=7} 9=2 z4sch =k Ik
FE2E9] S mutansol] U3 MIC 24 ZA3E EU=2
FEE9 FEE 0, 025, 050, 1.00mg/miE 715
$ 37°C, 24M7F wigFElEA 9 AR AFTE
3% Z3l= Fig. 49 2th

S. mutans®] AATE 24 A3 2Af it 22 E
€ A 2L diEdele 387 o|FRE 43
457t Z71I. 025 mgmie] 52 A7Ke AL
= A= Aol Esbt A9 gt 0.5 mg/

o

Viable counts{log CFU/mi}

0 3

€ 9 12 15

Time(hrs)

Fig. 4. Inhibitory effect of hexane fraction of Paeonia
lactiflora on the growth of S. mutans (mg/mi).
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Fig. 5. Inhibitory effect of ethyl acetate fraction of Paeonia
lactiflora on the growth of C. albicans (mg/ml).
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AZMER AFrE EXS Asl= Fig 59 #h C
albicans®] A& 298 A3} 2ok o olaHo|E
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A3 A 2ol dofwtrt. 05 mgmie FEE
7V B4e PIRVRE @5 szt A9 gl
i olFRHE dASA wFEr AU
1.0 mgmis 71 A5 (A7) o] 3 8E) 7=} 7b
A317) AFFetal 1 o] RE = dAE w4t 7
AHATE 2.0 mgmie] FEANE Ay £742E 54
31 7HAsle] 24417 o] Fel = o] 9AE] APEIEA
th A% AH =9 Skl wEl C albicans?] A
57} ZadHon, 2mgml FEAA 24X 7 o] %
ol Apde AL MIC7F 2 mg/miE VERtE Az}
el 2}t

0&

_‘_,
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2. &fof Z&lo| KB ME 34 oM 5u
KB A%

Fol| glefe] it ZERIE, ddotAEe]

Frd 2 A

Ax F4 A ast 27

Table 5. Growth-inhibitory effect of extracts of Paeonia
lactiflora on KB cell

Concentration , Inhibition rate

Fractions (mg/mi) Mean + S.D. ()"
Hexane control 1.21 +0.14™ 0
0.05 0.84 +0.29° 30.6
0.10 0.57 £0.05° 53.0
0.25 0.37 £0.05 69.2
0.50 0.28 £ 0.03* 76.7
F 29.054
P 0.000
Butanol control 1.21 £0.14* 0
0.05 0.69 +0.10° 43.1
0.10 0.71 +0.30° 41.0
0.25 1.01 £0.19° 16.7
0.50 0.46 + 0.04° 61.9
F 12.160
P 0.000

Ynhibition rate (%) = [1 — (treated O.D./control O.D.)] X 100
PValues are mean + S.D.

Values with different superscripts in the same column are
significant different(p<0.05) by Duncan's multiple range test.
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