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Continentalic acid,

isolated from Aralia continentalis,

inhibits cariogenic properties

Hyeon Hee Yu, Seung Il Jeong', Su Young Jung', Hae Dalma Moon', Ji Young Hwang',
Han Sol Jeong’, Yong Ouk You™

Department of Food and Nutrition, Kunsan National University,
1: Department of Oral Biochemistry and VCRC, School of Dentistry, Wonkwang University,
2 Department of Pathology, College of Oriental Medicine, Woosuk University

In the present study, we investigated the anticariogenic compounds from Aralia continentalis (A. continentalis) has
been isolated and identified by MS, 'H-NMR and "®C-NMR: The MeOH extract was suspended in H,O and sequentially
partitioned with CHCls, EtOAc, and n-BuOH. The CHCI; fraction showed remarkable antibacterial activity against S.
mutans. The antibacterial activity compounds against S. mutans by MIC was isolated successively through the
screening system and various chromatography methods. From this active chloroform subfraction, isolation and
identification finally gave continentalic acid by spectroscopic methods (MS, 'H-NMR and SC-NMR) as an active
principle. The compound, continentalic acid, showed significant growth, acid production, adhesion and water-insoluble
glucan synthesis inhibitory effect against S. mutans. These results suggest that continentalic acid from A. continentalis
may inhibit cariogenic properties of S. mutans and these properties may provide some scientific rationales that the
local inhabitants used the extracts for treatment of dental diseases.
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HAMNESL S mutans, S. rattus, S. sobrinus, S. gordoniiQ HZ&
ARGk, saliva-coated hydroxyapatite beadoll tigh R&MS 7t
2A71E APUOR gEiH Uil BolZARE”, camomile,
sage oil, rhatany, & myrrth S. mutansol) thgh SF2HE0] QU
= A08 HuET Qo A19) oila] &3 polyphenolS
S. mutansoll 23} ¥]484 FFUN Y IAsLY, LEAA
9 ZEES 84 MBS, mutans®) cell-free
GTFase} |84 Z2712 g8l S. sobrinus@] GTFase-19]
arg AxEke?, propolis8 2 S. mutans@} FZ0NA Eelsh
THE Mol el SRase Uenio®? xjo0t4lg oSt
I GFEL YTk Tt olEA olE HHUEY oW EF &
Zo) ol 37t =Xl gt AT viElsht.

Z8 (Aralia continentalis KITAGAWA)2 §9B7Z0] X|E, A
74 5 2299 X|F0) ARSI 71Ex0] Qlom* B |
Aol E80| HEE FEHEO] S mutansQ] L&} 4+ 44 AR
3, SHAol tigh 2a14A|9)} vl=8d 277 &Y dXE 3&
Sl TEH} Qick w2 dFkE B8O HEe 258
ZRE] S nutansQ) HES ARiGhs SHER,
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e

L 28250 22
) 52 g 2587 22

S82 OL4K] TEBoT0IA TS F Wkl BB
o] AFEBIGITE ESI AEE S8 5 kgS MeOHo| ZAI5H]
L0l 727} 35 2Z3IAT). ££8%ES Whatman No. 2 of

FRZ S THS 38-45ColA] AUsESle] MeOH FEEE
4817 g (9.6%)2 ATt L & MeOH &2
o] BEIA}AH CHCls, EtOAc, n-BuOH
CHCl, B2 (65 g), EtOAc 28E (9 g), n-BuOH (75 g)3! H,0
E2E (120 g)S EUTt o] & 71} F8 8 E 2= CHC &2

g (60 g)e Flold BHEZ 22l LAISIHCHFg 1).

O

Aralia continentalis (5kQ)

’ MeOH
MeOH extract (250g)
: | cHels
! 1
CHCI3 layer Residue
’ Evaporation EtOAC

CHCI3 fraction (65g)

EtOAc layer

‘ Evaporation
Residue

EtOAC fraction (9g) —BuOH

—BuOH fayer
' Evaporation
—BuOH fraction (75g)

Water layer

Evaporation

Water fraction(120g)
Fig. 1. Solvent fractionation flow chart of A. continentalis.
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CHCL E2&#g AHERsle] silica gel
(230-400 mesh, ASTM, Art. 9385, 200 g, 3x80 cm)o| SZIE &
2o Wol nhexane-EtOAc (91 (1 L), 5:1 (0.5 L), 211 (0.5 L), 1:1
05 LYEMAZE HAZCE S4& 50 SEA]A 84 fractioni}
EtOAc 100% 2 8&A4]7] 10 fraction2 LYt ojuf 2+ 2SS
TLCE AJ88t 3 TLCY Qaloll wieh 77} BECE LIe1 g7
g4e 88 & 18 gagdol & 428 20 sl
preparative HPLC (1H column, &1} CHCl;, 4 3 ml/min,
254 nm)2 Al#slo] WA a0 HEES AUTHF 2).

CHCl3 fraction

Silicagel column with /—hexane satd.
With 7-hexane:EtOAC gradient elution

| | T T T I ]
Fr1 Fr.2 ¥Fr.3 Fr.d Fr.5 Fr.b Fr.7

preparative HPLC 1)

Continentalic acid (CogHa0,, MW. 302)

Fig. 2. Isolated procedure of continentalic acid from A. continentalis.
U Column:JAIGEL-W253, Solvent: CHCls, Flow rate:3mi/min, DetectorUv(254 nm)

Continentalic acid (=(-)-Pimara-8(14),15-dien-19-oic acid):
Colorless needle (hexane); mp: 166-167° [a]» -120°(c 0.8,
CHCL); 'H-NMR (500MHz, CDCls) &: 5.72 (1H, dd, J=17.5, 105
Hz, H-15), 5.17 (1H, s, H-14), 496 (1H, dd, J=5.2, 1.5Hz, H-16
B), 490 (1H, dd, J=10.5, 1.5Hz, H-16), 1.29 (3H, s, H-18), 1.02
(3H, s, H-17), 0.67 (3H, s, H-20). "C-NMR (125MHz, CDCls) &
184.6 (C-19), 147.4 (C-15), 138.1 (C-8), 128.2 (C-14), 113.1 (C-16),
56.3 (C-9), 50.8 (C-5), 44.3 (C-4), 394 (C-13), 38.7 (C-10), 38.2
(C-1), 36.6 (C-3), 36.0 (C-7), 31.8 (C-12), 296 (C-218), 294
(C-17), 24.3 (C-6), 19.8 (C-11), 19.4 (C-2), 140 (C-18).

3) 717184

Continentalic acid®] £A} 7& diAE sl A8 ESI
mass AEAES Macro Mass Quatro LCE ARREI9ICH,

'H-NMR3}  PC-NMRQ] A AEES  BrukerA}
AVANCE 300z} 500 MHz9] A& A1E5}9Ct

(Germany)

AVME S} T F= Streptococcus mutans ATCC 25175
2 Brain heart infusion (BHI, Difco, USA) Al X0l 1-2x} 7
CHElQE & 2+ iAol 4]75lod 37Ca @2710A] 24417} il
Fole] AMESIAEE

2) S. mutansQ] Bk AREM AR e

ek
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Z8ZHE| 2|8} continentalic acid?] &X|012A] &4

1%9] glucoser} S0 Q= BHI HAlxlo] A|BZ Hr}eh

% #2 1x10° CFU/mio] ElA BEEIICE 3709 82710141
24417} WHE & BHI HAHXE 71EQF ELISA reader
(Molecular Devices Co., CF., US.A)E 0| &35} 550 nmollAl &
BT E 2H519.0m, pH meter (ORIONSA 720, US.A)E 0|8
Sld pHE 8510 4 8d oA g HE5IYEet thE 2
AIRE YA 221 AI8aI
3) EpiEy|

B2 71743 40 JAIZEE IS AE A=6)

Hig Ag d24% vlolHd AMFS the, AFE B2 4
2] (12,000 rpm, 4T, 158)510] LA G o) the, 2HEAE
2843507171 91510 60THA] 3027 Azlst &, 20To] 5
BBIHAL ALESIN
4) ElCE TuE hydroxyapatlte bead (S-HA)oll E2F oz

2
Hr Ho

ikt
o

Hydroxyapatite beads (Bio-Rad Lab., US.A) 30 mg& &7
S& 53] MHBlo] ZR2 YALE AMASH F 37CollA] AZRAIA Al
£319th UZAF hydroxyapatite bead 30 mg2 1 ml9] EJH O
Z 37TolA] 6027k AEidld Bl S beadol] THAIZTE 1 &
S-HAZ 0.1 M potassium phosphate buffer (KPB, pH 7.0)% 33}
MA3S & continentalic acidE Z}71Q] sE¥HFE W1, S. mutans
g 1x10° CFU/mlo] HA ¥ t} 37T9 52l weld
A 908 EOJ SHAo| B2H|Zic} I & 01 M KPB (pH 7.0)2
38] MAT & £S5 &x] (50W, 30%)E 0|24 S-HAo| B2at
¥ de HoARE sirk 1 the ode 345k Mitis
salivarius agar plate (Difco Laboratories, U.S.A)oll =25l 3
7°C Sh2710lA] 244)7F SOt vHIA)A HESE MUT thE S

& continentalic acidg& EA] 1L A|Y6IA
5) Glucosyltransferases (GTFase)Q] H]
S 22 g O 2 GTFaseZE Y=t S mutansE BHI o

AR 2 Lol ujker &, f4EE] (15,000 rpm, 4C, 202)51d 24
H

HHBES ZHBE & 60~70% ammonium sulfateE LS F TIA] Y4
2] (15,000 rpm, 4T, 202)5l0] THEA & 7I2jRkIT). o] TiZl
ol 0.1 M KPB (PH 6.0)Z 4AIZITRC} BFOIEM, 4TAlA] 24417F

SO BT F YEEF (80 T)sIRTit ALESKA
6) GTFaseo] 98t ul=84d 227 T8 Aals dAt
0.04% sodium azideE 7} 04 M KPB (pH 6.0)& 0.25
1 Z|glod, 025 ml9] 04 M AFEH, 025 mlo] 7} s
continentalic acidE 21, GTFaseE 20} HZE 1 mio) HA &)

LY. 37ColA] 18A17F WIS % BR4E MAE & 2202
Hoju7] Sl %8 gtk 7 =

THEER] (40W, 4X)E olg
5% phenolQ 1 ml, X8t H,SO.E 5 ml EojF &

& ELISA reader (Molecular Devices Co., CF., US.A)E 0]
06}@1 490 nmolld EBTE  EHIN

ol
continentalic acidg& X % &+ WELLE it

3. SAXE]
B2 HEF 33 vHESIRon, AAulER [(HES-AE

T)/HET]x1009) A1 o83l AlISInt H2 2 &7
TR IQ1 SPSS (ver 10.0)2 AMB3l, B EEHAZ A4l
SRIeH, =005 SFJA LTI iR EIAE

independent sample t-test2 FOHE AE5IH

2

—Y‘—]'

1. +2&3

Column chromatography@} prep-HPLCE £2I¢} 3lHe=
mp7} 166-167°CQ1 T4 ZYOE A 7oA J2 ESI-MS
spectrume [M-H]+ m/z 3012 EAk20] 3028 & & 4= ARUC
1H-NMR spectrumolA] § 0.67, 1.02 & 1.290A1 3719] signal=
tertiary methyl7] E011, § 4963} 4909 signalE2 vinyl
group (ABC typeO.E #A| 2 4= JAB=10.5Hz, JAC=17.5Hz %
JBC=2Hz)0] 1, § 5.179] signal allylic protong =01 gt 4= Q]
L} 13C-NMR spectrumoilA] § 184.69] carbonyl carbon signal©]
HE HoH, oy ZE2 ZASERE compoundE
(-)-pimara-8(14), 15-dien-19-oic acid®] -&E Zt= continentalic
acid2 20151%ICHTable 1, Fig. 3).

Table 1. 'H and "®C NMR data for continentalic acid

Position "H-NMR" C-NMRY HwmBC”
i 106(2H, m) 3945 £2 C3
? 1550H, m) 198 C1, G3
3 2.19(H, m) 381 C2, C-5C-19
4 - 44 -
5 13001H, m) 563 C4, 06, C-19
6 184H. m) 243 C5, 7. C8
7 155(0H, m) 30 C6, C8 C-14
8 - 138.1 -
9 1710H, m) 50.7 G8, C-11, C-14, C-20
10 - ®7 -
11 1.8200H, m) 194 C9. c12
12 200(2H, m)* %66 C12, G4, C17
13 - 3942 -
14 5,15(1H, s) 1282 C-7C8C9, C-12, C-13

5 57201H, dd, J=175 105Hz) 1473 C-12, C-13C-14.C-16, C-17

6 4%(1HddJ=52, 21H) o
491(Hdd =108 21k 1130 C13, G165

17 1.02(3H, 9 299 C-12, G-13, C-14, C-15
18 - 1846 -

19 1.29(3H, s) 295 C-3 C4 G5

20 _____067(3H, s) 140 C-1. C8

Coupling constant values (in parentheses) are in Hz " 'H-NMR spectia data for

compound  (500MHz,  CDCla). “C-NMR and HMBC spectra data for compound
(125MHz, CDCly)

15 16
S

S
=3

HOOC

19

Fig. 3. Chemlcal structure of continentalic acid.
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2. =8 B39 S mutans HAAIA ] mXlE g

Ego 28 &, 5809 CHC, EtOAc, n-BuOH B %
o) 559E S mutansol thgt St g TEGY] 26l BHI
ARl AIEE 717} 025, 05, 1, 2, 4 mg/mlS] SEE H7}
V5, S mutansE BESI 37T BR27100A4] 24A17F BHQFSE &
MICE Z&3 ZICHC B80] S. mutansol] thdh MIC7} 0.25
mg/ml o]&litH(Table 2).

2

el

Table 2. Antibacterial activity (MIC) of extracts from A. continentalis
against S. mutans

Minimum inhibitory concentration (mg/ml)
Strain MeOH CHCls EtOAC n-BuOH H0

exiract fraction fraction fraction fraction
S mutans
ATCC (025 025 )2 )2 )2
25175

3. Continentalic acid®] S. mutans S &AAX N 9x= g

Continentalic acid9] S. mutansol] thél St 4 &
2+ 0

(
A

7] 915k BHI HAjgl Aol continentalic acidg 212+
2, 4 pg/mle] ST Z HI7ISH &, S mutansg EE0HA F
71014 24417 RS & EEEE 8T 2k Fig 4 Tt
Continentalic acid® WA 2 thETolA] 0.183:0.004 EHE
E VERHYCE 8-, 0.25 ng/ml T4 0.117£0.005 E3L
£ VeI, 05 ug/ml STolAe 011120006, 1 pg/ml 5%
ofl A= 0.09210.010, 2 pg/ml A1 0.034+0.003, 4 ug/ml oflA]
£ 0.013+0.0058 LiERNO], 0.25 ng/ml 0]4t STollA| thEZ]
Higlo] BAECE |93t X01E LERNRATY (p<0.05). thET
of v1&ld Zt7} 36%, 40%, 50%, 81%, 93%2] P& EWE L
ERANACH
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0 025 05 1 2 4

Continentalic acid (ug/mi)

Fig. 4. The optical density of Streptococcus mutans by various
concentrations of continentalic acid. The optical density of Asso were read
by a spectrophotometer. *p<005 was statistically significant as determined by
independent sample t-test for the mean values different from the control group.

4. Continentalic acid®) S. mutans £} A4 AR vx]= 7}

Continentalic acid & 7tol] W2 S. mutansol] 23t F-7]41 44
4 o gatE dolyr] el 0.25, 05, 1, 2, 4 ng/mi L9 Al
2ol S. mutansE JEFIS 244174 vieF Foll pH meterZ pHE

Zx835} A= Table 31} Zr} Continentalic acidE EX] @2

44 - Bolgo B - B3e - RES

ETA] pHE 5.3240.368 LIERHSICE Continentalic acid&
025 pg/ml =TolAl 589019, 05 ug/ml ZToA=
5.93+0.33, 1 pg/ml SEolA= 597:011, 2 pg/ml ZEAlE
6.58:0.48, 4 ug/ml EEOIAE 7.64:010%, 1 pg/ml 014} B5
o4l thELol Blal] BARCE /AT RlolE LB
(p<0.05).

Table 3. The pH of Streptococcus mutans by the various
concentrations of continentalic acid

Conc.(ug/mi)
Control 5304036"
025 A 589£0.19
05 5934033
1 5974011
2 6.58£048*
4 6.64£0.10"

" value represent the MeantSD obtained from tripiicate experiment. *p(005 was
statistically significant as determined by independent sample t-test for the mean values
different from the control group

5. Continentalic acid®] S-HA EHAr oIxjol] vlxl= &3

Continentalic acid’} S-HAOI| S. mutans 2A+ A& g7}
QA Lok ZATFig. 5) AET2 133.33£7.64 (x10%) CFU/mi
01212™, continentalic acid 0.25 pg/ml E=LolAE= 92.33+8.74
(x10% CFU/ml, 05 pg/ml =ToJAlE 7067603 (x10%
CFU/ml, 1 pg/ml ETolAE 60334252 (x10% CFU/ml, 2 u
g/ml ZEolAE 53.00£4.58 (x10%) CFU/ml, 4 pg/ml ZEollA]
39.00£6.08 (x10*) CFU/mIZ izl BIgl] BAGHs a7t
FABHA HoH oM (p<0.05), thaTol Hlal 2zt 31%, 47%,
55%, 60%, 71%2] RARIMES BHCh

160
140

120 _h *
© 100 |
80
60
40 +
20
o 'L .
Control 0.25 0.5 1 2
Continentalic acid (pg/mi)

CFU (x1

*
4

Fig. 5. The colony forming unit (CFU) of Streptococcus mutans to
the 30 mg saliva-coated hydroxyapatite beads by various
concentrations of continentalic acid. *p<0.05 was statistically significant as
determined by independent sample t-test for the mean values different from the
control group.

6. Continentalic acid®] GTFaseo] QI¢} H]E4d S 271 1
Aol PIX= a3

Continentalic acid7} 81484 ZF7} gk Adl g7 U
=X ¢obE Aiuk= Fig. 63 LTt Continentalic acide thET
ol HI3h 0.25, 0.5, 1, 2, 4 ug/ml Z+ZY9] oA 22.33:5.51%,
13.0043.61%, 7.33+2.08%, 3.33+1.53%, 1.67£0.58%2] WX ES H

2
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=32 2E| 228 continentalic acid®] BX]oRRA] &

o, &7 Hot 2% {95 HIrt (p<0.05).

(%9
120 1

100 | =
80 |
60
40 *

20

ol L1,

Control 0.25 0.5 1 2 4
Continentalic acid (ug/mi)

Fig. 6. Rate of loss insoluble glucan of Strepfococcus mutans by the
various concentrations of continentalic acid. *p(005 was statistically
significant as determined by independent sample t-test for the mean values
different from the control group.

A1BI%TE CHCL, EtOAc, -BuOH % H,09) 4

ol S. mutansoll tiSt St Eelg SESH 23 CHC 22
S. mutansol TS MIC7} 0.25 mg/ml 01812 & o] 715
=9l olol  CHC; ZEEEE  silica gel
chromatographyE AI@SIA = n-hexane-EtOAcS] Sl 27
BAROT WASEA LEHOT LT B BYol 713
2Z ol A recycling preparative HPLCE o|&3dlod &t &
o] B2 U IFES FSSINE) o] T sEHEd thek 7

column

A oi fir o
o 2 T\O

1412 717184 (MS, 'H-NMR, PC-NMR)S EdiA] a5
Z 3} continentalic acidE2 A& SESIHCE

Continentalic acid 0.25, 0.5, 1, 2, 4 ng/mi®] 55E A|Fo|
3t S. mutansol] thal MAAGA guZ Bargt 23 S. mutans
o HEEo] Rl HIg) 025, 05, 1, 2, 4 ng/mle] H2 5%
ML 25 F9%0 YA §3E VEhHCE S6] 11
g/ml o|2ollAlE 50%01el B2 JAAA EHE LIERHACE
12T A4S A AEollAlE, continentalic acidE EA] &
A TFojAE 5.32+0362 LIERHR OL} continentalic acid&
025, 05, 1, 2, 4 ng/ml =TolA} Z1ZF 589019, 5.93+0.33,
5.07+0.11, 6.58+0.48, 7.64+010S VIERHO] S. mutansoll 23} S
714 AP E dAsigE FHFIUC

7+ =T continentalic acid7} X)0YEHE] Al BEE o
Aoh=A goty] Y3l S-HAS tigh 24 A EHE 2Rl
A3 R oAM= 133.3327.64 (><10) CFU/mlo] B22¥5F b,
025, 05, 1, 2, 4 nug/ml ZH19} mEolAE 92331874 (x10%)
CFU/ml, 70.67+6.03 (x10*) CFU/ml, 60.33+2.52 (x10%) CFU/ml,
53.0044.58 (x10%) CFU/ml, 39.00+6.08 (x10%) CFU/mlo] R&HS
Hal, e o} vlah ZHzt 31%, 47%, 55%, 60%, 71%9] B&F of
HMES BTk I8 nie8d 23 88 48 o 239%

fuig

1 continentalic acid= 0.25, 0.5, 1, 2, 4 ug/mlsTolA thE
Sol  ulE] Z7b 2233+551%, 13.0043.61%, 7.33:2.08%,
3.331.53%, 1.67+058%2] HHEE B, hEd Hrt BF &
JstA HALt (p<0.05).

olde) Ane Egidl B, S22 7 el
acid2 1 pg/ml9] e =TT S mutans@] A7 AR, 771
A9 WA oA, S-HAG thek RANAA, Ble8E 25 8
Aol vt erelEe o 4 AUk oo, continentalic acid
9 9&tH, AAH O FE FEGH AT AT ZEO THE T
HE 89 SRjoteAl §J40ﬂ A £8R HEE AR AT
7} 5 ZgEoiol & ROE AIREL

continentalic

i
ri

EgojA] gRloleA] 8 BA g Helsl) Hdl SE&
BeE F&sll ASEEE dAlstd 5l CHCL EtOAc
n-BuOH % H,09 471X B0 Vo] @ gde 583
A CHCl, BEY &4o]l 718 &0} silica gel column
chromatography, recycling preparative HPLCS o)l gst 23 ot
Q ElEg gtk ol sigEd g 7E e 71718
(MS, "H-NMR, PC-NMR)E E3) continentalic acidZ &3}
t}. Continentalic acidol| th3} S. mutans9] A& 4+ 34 0—111]
&7, S-HA| theh 2AIA 9 v 280 &Y AHE
Hol1 Tien 28 EhE ek

5. mutansQ) AU 0| continentalic acidE HA] 2
2 720) 8]8] continentalic acide: 0.25, 0.5, 1, 2, 4 ng/ml 5%
oAl THETol vIskd 242 36%, 40%, 50%, 81%, 93% & W<
Holt HFAA TS VERARITE

S. mutans®) At WAEL thEFollA} pHE 8.32:0.3601FA 1L
continentalic acid 025, 05, 1, 2, 4 pg/ml  STollA, Z¥z}
5.89+0.19, 5.93+0.33, 5.97+0.11, 6.58:048, 7.64:0.100F 2 & &%

oA 241 QA pH 55HT} o0} A A Al St HoWTh

S-HAOY S. mutans FAHE0] continentalic acid 0.25, 0.5, 1,
2, 4 iig/ml sTolA =l B8] 22+ 31%, 47%, 55%, 60%,
71%% Radxies Bt

GTFaseol] 93t =&Y S5 §¢ dg& ot 4
ol His) 0.25, 05, 1, 2, 4 ug/ml STollA] 242} 22.3345.51 %,
13.00+3.61 %, 7.334+2.08 %, 3.33£1.53 %, 1.67+0.58 %9} WSS

He, vle8d 28 gdol RYsk Bkt

_\l>l

ol ZAWE EUE s 2 ul, SEERH FES
continentalic acid¥= 1 pg/mIATY U2 STOA T S. mutans
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