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Anticariogenic Properties of the Ethanol Extract of
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Streptococcus mutans is considered one of the primary etiologic agents of dental caries. we studied the effect
of the ethanol extracts of Tribuli fructus (T. fructus) on the growth, biofilm formation, acid production, adhesion and
insoluble glucan synthesis of S. mutans. The ethanol extracts of T. fructus showed concentration dependent inhibitory
activity against the growth and acid production of S. mutans, and produced significant inhibition at the concentration
of 0.025, 0.05, 0.1, 0.2, 0.3, 0.5 mg/ml compared to the control group. In the biofitm assay, the ethanol extracts of
T. fructus inhibited formation of biofilm synthesized by S. mutans at the concentration of 0.05 mg/mi. The extracts
markedly inhibited S. mutans adherence to HA treated with saliva, and cell adherence was repressed by more than
50% at the concentration 0.05 mg/ml. On the activity of glucosyliransferase which synthesizes water insoluble glucan
form sucrose, ethanol extract of T. fructus showed more than 10% inhibition over the concentration of 0.025 mg/ml.
Hence, we conclude that T. fructus might be a candidate of anticaries agent. Further studies are necessary to clarify
the active constituents of T. fructus responsible for such biomolecular activities.
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1. AFAE
1) ¥gy Z&E FH
BAEE O tEslorolA] TS & Wokhol Hasio
ALEBIATE HZEslo] MBS UEE] 100 g2 ollBHE 1 LE 4420
A 3¢t 23] REDIH RS FEES 111 g (L11%)S LAt
2) &5 2 i
2 Aol AKESH A5 S. mutans ATCC 25175% brain heart

infusion (BHI, Difco, USA) HAMHX|0) 1-22} Althulet 3 2+ uj
Aloll 2lxtsiad 37°CY] g2710)A 24131 wisie] AME BT,

2 A7
1) S. mutans@] HZ3} A 49 Az U

1%9] glucose”t S01 QU= BHI HAHAo] WZH oferg &
&8 7K & 78 5%10° CFU/ml/wello] HA TESIHCE 3
7TY 2710l 244171 wlekst & BHI HAWRE 71&082

o

ELISA reader (Molecular Devices Co., CF.,, US.A)E ol &31 550
nmoll A ELTE E£E351919M, pH meter (HANNA instrument,
philippines)& 0]&5 pHE 8310 {F 84 o GHE B&
SINCE tAETS WAE FEES YA Z1 AHBINC

2) Biofilm &4 oA 48

O'Toole 3} Kolter™2] B & 88310 polystyrene 24-well
plate  (Nunc, Copenhagen, Denmark)E Ol83dIH 1%Y
glucose”} E01 U= BHI AAIX o] WA oEtE FEES
H7VSH & 73S 5x10° CFU/ml/wello] EAH BESIKCE 37CY)
271014 48A171 et & SEAE BT AATIUCE 2219
welld] BH55F 1 ml 4 20| washing ¥, 0.1% safranine &
A 500 plE @i 30& SO BAGIL YHEFFE 23] washing
BItt 2t wellol 30% Acetic acidE 250 pl® 22 & 530 nmoll
A BT E FF8IRIrh
3) S-HAo 22t 9A 48

Hydroyapatite beads (Bio-Rad Lab., US.A)) 30 mg& &7
T2 53] M&Esld 22 YAE AT = 37 ColA HEAIA A}
E3l%rt. EE hydroxyapatite bead 30 mgE 1 ml9] EfY S
Z 37TollA 6027t Aeldled ElUS beadoll IYAIZICEL 2L &
S-HAEZ 0.1 M potassium phosphate buffer (KPB, pH 7.0)2.%
33] AESH = WA O] otrEs FEES A4 sRHE €1,
S. mutansg 1x10" CFU/mlo} S|4 B& thg 37C9) E82l=
He7lofA 908 B¢ S-HAM EARIZL: 1 F 01 M KPB
(pH 702 33 MES & ZET} ZA] (50W, 30X)E ©|83l
SHAC| 7219 7 ol 58 sigrt. 1 0 #UE 3|4}
o mitis salivarius agar plate (Difco Laboratories, US.A)o| &
ol 37T 271004 24417 SOt HiAA HekeE AUTh
HELS Bay ZE2ES YA okl AFsct
4) Glucosyltransferase (GTFase)2] FH]

LI} 22 YO GlFaseE YeCh S mutansE BHI
HAEHA) 2 Lol wigoh &, AUEE] (15,000 rpm, 4T, 208)5}
o THiEE 71Tt of Thldd 0.1 M KPB (pH 6.0)S 4
AT vitol 3, 4ToA 2440180 BHAI & UESH
= (-80T)BIATH} AETIATE

5) GTFaseoll 93t Hlp&d 257 8 dAls dAl

0.04% sodium azideE E713} 0.04 M KPB (pH 6.0y 0.25
ml 5104, 0.25 ml9] 0.4 MAFZEH, 025 mlS} 2} s Wy
o dEtE FEES Y1, GTFaseE 2ol 5 1 mlo] HA 8}
ALt OIF 37TolX 18417 WS & EF4E AEBIL 5%
phenolZ 1 ml, gt H;S0,Z 5 ml Yoi&E F 3083 2FESAI]
& ELISA reader (Molecular Devices Co., CF,, US.A)E 0|&
Sl 490 nmollAl SR TE EEOICE AT 2 AEEHE 4

Al 42 TL2F STt

3. EARE

AEE 25 33 pHRcller, ARnlee [(HEZ-AET)/
HZET]x1009] 412 ol&3di] AN, 42 B SAHAZE
TIM01 SPSS (ver 10.0)8 AMESIS] B} ZTELXIE AAIGIA
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1. BZH JEE FEZ9 S mutans FEAAGF O] D)X= G
BRI of ] Z RFEEY S. mutansoll TS} Sht XS W&

871 915k BHI A X|of WA 9] oets ZEES 0.025,

0.05, 01, 0.2, 0.3, 05 mg/mle] ST AIFE &, S. mutansE
HEsIT 37C ge71dA 24410 Migst £ SETE 553
A= Fig. 13 Zrh Wiy FEEE WA E2 tRZdA]
0.55410.0536 EZTE LERARCE dENS ZEE 0.025 mg/ml

SEOIAE 0.492+0.0418, 0.05 mg/ml Eoﬂfﬂt 0.489+0.0427,
01 mg/ml ETolAE 0394:0.0326, 02 mg/ml olAl=
0.2690.0321, 0.3 mg/ml SEOIAE 0.234+0.0320, 0.5 mg/ml

oAl 0.200£0.03218 VERIRACE HAH oEtE REES
@7}01 AT FEE A2 2T B3] 0.025 mg/mlisT
OlolX Bk JEHOR ROE Alolg Holm oly HE
AX G5 BESTHp<0.05).
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Fig. 1. The optical density of S. mutans by various concentrations
of ethanol extract of T. fructus. The optical density of A550 were read by
a spectrophotometer. *p<0.05 was statistically significant as determined by
independent sample t-test for the mean values different from the control group.

2. WA oflerE REEI] S, mutans At 434 R0l nIx= S

WA EE FEE H7ol WE S. mutansol] 28 §714F
MY OH aWE Loldr) dh 0.025, 0.05 0.1, 0.2, 0.3, 0.5
mg/ml 59| A|F0] S. mutansE HESI] 24A17F ik Fof
pH meterZ pHE EE3S} Z3H= Table 13} 2T} WAy £R&E
£ 24 2 thETolA] pHE 547:0.04S VIERIQTE A2l
FEEE 0025 mg/ml LA 5.27+0.10, 0.05 mg/ml SETol|
Al 5.3340.04, 0.1 mg/ml BEONAE 543+0.04, 0.2 mg/ml =
TolAE 547:008, 03 mg/ml ZEoJAE 723004, 05
mg/ml SEolAE 7.30:0.078 VIR Hae ) ottg &
E£E9) pHAE AT pH #tol &) 0.3 mg/m101 =Eol
A BE OEHOE 935 018 Holm ZoHHOn (p<0.05),
£3] 03 mg/ml T0]4oAE X0} L2504 F71E MB
3171 dojuhk= 93A pH 55 o14S LiERITH

3. ZE] ErE ZEEY biofilm @4 A0 mlXE 3

_HO

HiAE] REE0| biofilm 4 OA 37t YA gop=
ZIE Fig. 29 2Tt &t FEEE 0.025, 005 01, 0.2, 03,
05 mg/ml ZZ9 B0l 075240152, 0.458+0.053,
0.390+0.024, 0.300£0.012, 0.250+0.011, 0.200£0.0128] EZTE
Fom, tEToAE 0.85320.1679] SZEE #S Huom, Z
2} 88.2%, 53.7%, 45.7%, 35.2%, 29.7%, 23.4%2] WHEE HICt
WAy FEEY shUt =oleE 4880 FExt AoA
biofilm3 4 A EHE HIAC £5] 0.05 mg/ml 04 FLo
Al MAR EE Z2EE9) biofilm B4 A EW AL &
Qg 4= QUSCHp<0.05). &, HEF2S WELH vlas) B3
u) Z32t9] BollA] 11.8%, 46.3%, 54.3%, 64.8%, 70.3%, 76.6%2]
biofilm 4 AHMEE EHch

Table 1. The pH of S. mutans by the various concentrations of
ethanol extract of T. fructus

Conc. (mg/ml) pH
Control 547 + 004"
0.025 527 + 010
0.050 533 + 0.04
0.10 543 + 004
0.20 547 + (.08
0.30 723 = 004
0.50 730 £ 007

1) Value represent the MeantSE obtained from ftriplicate experiment *p¢0.05 was
statistically significant as determined by independent sample t-test for the mean values
different from the control group.
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Fig. 2. The optical density of biofilm formation of S. mutans by the
various concentration of ethanol extract of T. fructus. *p<005 was
statistically significant as.determined by independent sample t-test for the mean
values different from the ‘control group.

4. WZE olEtE FEE 4 S-HA T2} Aol UHE g3

Oﬂ E ZEE0| SHAY S. mutans B2A&F A @3
7} YEA LohR AT thEZES 400266 (x10%) CFU/mIOIYL.
H, JdBEg FEE 0025 mg/ml SEoAE  380£18
(*10)CFU/ml, 0.05 mg/ml FEAIAE 1004 (x10°) CFU/ml,
0.1 mg/ml ZSEOIAIE 7044 (x10%) CFU/m, 0.2 mg/ml &0l
A 673 (x10°0CFU/ml, 0.3 mg/ml SEOXE 66+3 (x10°)
CFU/ml, 05 mg/ml SZolAlE 6543 (x10° CFU/mIZ 0.05
mg/ml 014} BEIA thE ol HISl SHAO Haksh= F4
7t B JEHCE FYTH AP|E BRAOH (p<0.05), HE o]
Hlai 242} 5.0%, 75.0%, 82.5%, 83.3%, 83.5%, 83.8%2) FA oA
2 B
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Fig. 3. The colony forming unit(CFU) of S. muians to the 30 mg
saliva-coated hydroxyapatite beads by various concentrations of
ethanol extract of T. fructus. *p¢005 was statistically significant as

determined by independent sample t-test for the mean values different from the
control group.

HEE FEE0 HR8Y S8 4 Ao 2t Y=

EME= Fig. 49 Zrh oEIE 2EES gIRT
(100£5.65%)0ll HIGH 0.025, 0.05, 0.1, 0.2, 0.3, 0.5 mg/ml 2}7}<]
STOIAT 9045.17%, 84+4.70%, 67+4.39%, 65+3.18%, 62+3.18%,
60+3.17%2] YWHEES HYOmM, 58] 0.025 mg/ml O]2F=E0]
A BAE ZEE0 HFEY SEL S8 Ad HE L S+ U
AUTHp<0.05). &, U T2 WA Hiws] BrSu) 24239 =
TollA] 10.0%, 16.0%, 33.0%, 35.0%, 38.0%, 40.0%%) B|4=24 Z
FU & dAgg Hola B0l oBte £25E0] z]014]
of ZAZAQl Ferg Frin & 4 AT

120 ¢

100

Control 0.025 0.05 0.1 0.2 0.3 0.5
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Fig. 4. Rate of insoluble glucan synthesis of S. mutans by the
various concentration of ethanol extract of T. fructus. *p(0.05 was

tatistically significant as determined by independent sample t-test for the mean
values different from the control group.
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Zy 10045.65%, 90£5.17%, 84t4.70 %, 67+4.39%, 653.18%,
62£3.18%, 60+3.17% = UERGOT &, Z+2H0) sTolA 10.0%,
16.0%, 33.0%, 35.0%, 38.0%, 40.0%2) H1&24 Z2 M o
MEE BITHp<0.05).
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