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Effect of herbal formulas used in Southern Thailand on cariogenic
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WURTILSY Streptococcus mutans
Wnilasan1s3de A5 §5fnm augITT

AMZNTENNELEULNE UPINYNFUAIVAUASUNS
UNANED

nsAnulundsilldiesusualnefuduilfulsediugdiu 35 i 7
afnseiuazieniuea wmeaeugvsEudewuaTiSe qrssudinsadruasvhatslulefidy
qw‘éé’ué’jdﬂ’lia%"mﬂiwau%ja Streptocccous mutans LLazqwégugﬁizUU guorum-sensing
(QS) mﬂmsmaaquééfmL%@LwﬂﬁL%EJG%EJ"T% agar disc diffusion (2 mg/disc) wuansana
$1u3n 11 ¢3u i inhibition zone #el¥e S. mutans ATCC 25175 lngilA1agsening 8-15
mm asafaseeNIueaINm3y THF-DC 12 i inhibition zone ATafigawiniy 15.0 mm
ntunaaeuRa83s broth microdilution wugsuidgnidudeuuaiielidfiande
THF-DC 04 tag THF-DC 23 (minimum inhibitory concentration; MIC = 125 pg/mL)
MnMsnadeugnsudnisade lulefldunazgnivhaislulefiduvende S. mutans NPRC
007 #2833 crystal violet staining Wuinansafagaetiaindiu THE-DC 10 Ananududy

ya A

500 pg/mL ansnsndudanisadrsluleNduldfifian (89.27%) uazansadadeieniueaain
15U THF-DC 10 firnnandiidiu 250 pg/mL ansnsasihanslulefidulsigean (66.14%) Taolsi
nasenssyiulavente ainnslindesganssmididnaseunuudesnansiaaeudnune
Taseas19ve1 biofilm fiasrslagidie s. mutans NPRC 007 fivaan 24 3lus ilennaeuiuans
afin@1819191nR13U THE-DC 10 fiAradudu 250 waz 500 pe/mL wuinideadneans
extracellular polymeric substances latiaad LazAIUNUILUUYDY biofilm anauie
Wisuifisuifungu negative control (1% DMSO) 91nnsnaaaugssudsnisatiansnain
e S. mutans NPRC 001 #2833 elycolytic pH-drop nuinansafadigienusaaindy
THF-DC 02 finnaudiudu 500 uag 1,000 pg/mL fifn pH drop/min Wiy 0.031 Fawane
ag19lded1Ayn19adia (p< 0.05) AungumIuAL 1% DMSO (pH drop/min wWinfiu 0.075)
Tngldfinaansuiniwadiifiiiinvende a1nn1snageugnidudiszuy Qs voule
Chromobacterium violaceum DMST 21761 @875 agar disc diffusion Wua1dl 11 @15adin
751 QS inhibition zone Taafn QS inhibition zone 98381319 10-24 mm Feansadafid Qs
inhibition zone n#13figafie asafafIslenIUBAIINAIFY THF-DC 12 (24 mm) HANTS
nageugnsfudinisadng violacein v01L8e C violaceum DMST 21761 #2833 flask
incubation assay WUI1@NSAAAAIBLENIUDAANAISU THF-DC 29, THF-DC 12 wagafinnag
¥ n$u THF-DC 20 fimnadady 7.81-250 pe/ml anunsadudienisadns violacein vaq
W8 C. violaceum DMST 21761 |eehsiiudfaymieedia (p< 0.05) WewIsuidlouiv 1%
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DMSO (negative control) Inglaifinasenisiasaivinvenie arsafnainisueniianunsa
ffudanisadng violacein I#iTiande arsafndeieniueaains¥u THF-DC 29 finrududy
250 pg/ml anusadiudanisasna violacein I 92.84% Tnglsifinasensissaivinveaie
nsdnelundsiinuiiansatnandfueusasisuignsdudaadonise
Tsaveude S. mutans Huandreiu wandiduihivenayulnsildlulsafunudazsnus

nalngduganisiinlsaitugiiuansieiu
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Project Title Effect of herbal formulas used in Southern Thailand on
cariogenic property of Streptococcus mutans

Principle Investigator Dr. Surasak Limsuwan
Faculty of Traditional Thai Medicine, Prince of Songkla
University
ABSTRACT

The anti-Streptococcus mutans activity, the effect on biofilm formation
and biofilm eradication, the inhibitory effect on acid production, and anti-quorum-
sensing (QS) system of ethanol and water extracts of the 35 Thai herbal formulas
traditionally used for dental caries (THF-DC) were evaluated. The results revealed that
11 THF-DC extracts exhibited zones of inhibition ranging from of 8-15 mm against
S. mutans ATCC 25175. The ethanol extract from THF-DC 12 displayed the largest
zone of inhibition (15 mm). Both THF-DC 04 and THF-DC 23 ethanol extracts
demonstrated antibacterial activity with the lowest minimum inhibitory concentration
(MIC) value of 125 pg/mL. The biofilm inhibition percentage obtained from water
extract of THF-DC 10 was 89.27% at concentration 500 pg/mL and the biofilm
eradication percentage obtained from ethanol extract of THF-DC 10 was 66.14%
at concentration 250 pg/mL, without affecting the bacterial growth. Scanning electron
microscopy examination demonstrated that the architectures of the biofilms formed
by S. mutans NPRC 007 were altered when treated with the water extract of THF-DC
10 at concentration 250 and 500 pg/mL. The extracellular polymeric substances
produced by S. mutans NPRC 007 treated with this extract were less than the control
(1% DMSO) and the density of biofilm was reduced obviously. By glycolytic pH-drop
assay, the rates of the pH drop/min of S. mutans NPRC 001 cells treated with THF-DC
02 at concentrations of 500 and 1,000 pg/mL were 0.031, which lower than the
pH drop/min of negative control (0.075), without affecting the cell viability. The anti-
QS activity of the THF-DC extracts was evaluated using Chromobacterium violaceum
DMST 21761 as a biosensor strain. Quorum-sensing inhibition was observed in the
11 formula extracts, the zone of QS inhibition ranging from 10-24 mm. The ethanol
extract from THF-DC 12 displayed the largest zone of QS inhibition (24 mm). The
inhibition of violacein production by the THF-DC extracts in C. violaceum DMST 21761
was evaluated by flask incubation assay. The ethanol extracts of THF-DC 29, THF-DC
12, and water extract of THF-DC 20 at concentration 7.81-250 pg/mL showed

a significant reduction of violacein production in C. violaceum. The ethanol extract of
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THF-DC 29 at concentration 250 pg/mlL produced the highest inhibition activity by
92.84%, without affecting the bacterial growth.

The scientific evidence from this study supported the therapeutic
effects of the Thai herbal formulas that traditionally used for dental caries as

alternative treatment.
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Antibacterial activity against two strains of Streptococcus mutans of
35 Thai herbal formulas used against dental caries (THF-DC) by disc
diffusion and broth microdilution methods.

Effect of medicinal plants on cariogenic property of Streptococcus
mutans.

Percentage yield of ethanol and water extracts of 35 Thai herbal
formulas used for dental caries (THF-DC).

Antibacterial activity of 35 Thai herbal formulas used for dental
caries (THF-DC) against Streptococcus mutans ATCC 25175 by agar
disc diffusion method (2 mg/disc).

The minimal inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC) of the ethanol and water extracts of 35 Thai
herbal formulas used for dental caries against Streptococcus mutans
ATCC 25175 by broth microdilution method.

Inhibitory effect of water extracts of 35 Thai herbal formulas used for
dental caries (THF-DC) on biofilm formation by Streptococcus
mutans NPRC 007 (without affecting the bacterial growth).

Inhibitory effect of ethanol extracts of 35 Thai herbal formulas used
for dental caries (THF-DC) on biofilm formation by Streptococcus
mutans NPRC 007 (without affecting the bacterial growth).

Eradication of the mature biofilm formed by Streptococcus mutans
NPRC 007 after treatment with 35 Thai herbal formulas used for
dental caries (THF-DC) ethanol and water extracts (250 ug/mL).
Effect of water and ethanol extracts (250 pg/mL) of 35 Thai herbal
formulas used for dental caries (THF-DC) on acid production by
Streptococcus mutans NPRC 001 using final pH assay.

Anti-quorum sensing activity of water and ethanol extracts of 35 Thai
herbal formulas used for dental caries (THF-DC) by agar disc diffusion

assay.
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This diagram represents each step of oral biofilm formation. (A)
Pellicle formation. (B) Initial adhesion. (C) Maturation. (D) Dispersion.
Bacteria disperse from the biofilm surface and spread to colonize a
new site.

Biofilm structure. The basic structure of a biofilm is composed of the
surface in which bacterial clusters are formed, channels of water
through which water can flow, and streamers created by bilk fluid
flow.

Visualisation of multispecies oral biofilm using confocal microscopy.
Staining was performed with Live/Dead BacLight bacterial viability kit.
Live and dead cells are visualised ingreen and red, respectively.
Scanning electron micrographs of Streptococcus mutans 6715
attached to SHA crystals (a) in the absence of sucrose and (b) in the
presence of 1% sucrose.

Schematic diagram of proposed model of Streptococcus mutans
adherence which illustrates the cell surface protein-salivary pellicle
attachment phase and the glucan-mediated cell-cell accumulation
phase.

Acid tolerance mechanisms utilized by Streptococcus mutans
Roman numerals denote the particular aspect of acid tolerance each
component is involved in: i) the protection and repair of
macromolecules; ii) alterations of metabolic pathways; iii) secondary
metabolism; iv) cell density, biofilm formation and regulatory
systems; and v) intracellular pH homeostasis.

Quorum sensing at low and high cell density.

Mechanism of action of the quorum sensing system in Gram-nagative
bacteria.

Mechanism of action of the quorum sensing in Gram-positive
bacteria.

Inhibition of quorum sensing in Gram-negative bacteria by various

mechanisms.
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Screening for biofilm formation by Streptococcus mutans (NPRC 001-
010) using crystal violet staining.

Inhibitory effect of THF-DC 10 (water extract) on biofilm formation by
Streptococcus mutans NPRC 007.

Inhibitory effect of chlorhexidine on biofilm formation by
Streptococcus mutans NPRC 007.

Cycle of biofilm formation by Streptococcus mutans NPRC 007.
Eradication of the mature biofilm formed by Streptococcus mutans
NPRC 007 after treatment with THF-DC 10 ethanol extract.
Eradication of the mature biofilm formed by Streptococcus mutans
NPRC 007 after treatment with THF-DC 09 ethanol extract.
Eradication of the mature biofilm formed by Streptococcus mutans
NPRC 007 after treatment with chlorhexidine.

Scanning electron micrographs of Streptococcus mutans NPRC 007
biofilm formation on glass surfaces.

Acid production by Streptococcus mutans isolates (NPRC 001-010)
using final pH assay.

Effect of ethanol extract of THF-DC 02 on acid production by
Streptococcus mutans NPRC 001 using glycolytic pH-drop assay.
Effect of ethanol extract of THF-DC 02 on the cell viability of
Streptococcus mutans NPRC 001.

Effect of ethanol extract of THF-DC 04 on acid production by
Streptococcus mutans NPRC 001 using glycolytic pH-drop assay.
Effect of ethanol extract of THF-DC 04 on the cell viability of
Streptococcus mutans NPRC 001.

Effect of chlorhexidine (1 and 2 pg/mL) on the cell viability of
Streptococcus mutans NPRC 001.

Inhibition of violacein production in Chromobacterium violaceum
DMST 21761 of Thai herbal formulas (250 pg/mL) used for dental
caries (THF-DC) by flask incubation assay.
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Inhibition of violacein production in Chromobacterium violaceum
DMST 21761 of Thai herbal formulas used for dental caries (THF-DC)
by flask incubation assay.

Effect of Thai herbal formulas used for dental caries (THF-DC) on the
growth of Chromobacterium violaceum DMST 21761.

Inhibition of violacein production in Chromobacterium violaceum
DMST 21761 of catechin (positive control) by flask incubation assay.
Effect of catechin (positive control) on the growth of
Chromobacterium violaceum DMST 21761.
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