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ABSTRACT

Streptococcus mutans is the main pathogen responsible for the development of
dental caries in humans, especially for young people in developing countries. There is a global
need for alternative preventions and products for dental caries that are safe, economical and
effective. Rhodomyrtus tomentosa extracts showed strong antibacterial activity on Gram-positive
bacteria. Therefore, this study evaluated the effects of extracts from R. tomentosa leaf on bacterial
viability and the virulence factors of S. mutans isolated from oral cavity. Preliminary screening for
antibacterial activity of the extracts was performed by paper disk agar diffusion method. The
diameter of inhibition zones indicated that 80% and 90% of S. mutans isolates (n=10) were
susceptible to ethanol and acetone extracts, respectively. Minimal inhibitory concentration (MIC)
and minimal bactericidal concentration (MBC) was determined by broth microdilution method.
The MIC and MBC of the acetone extract were 16-256 pg/ml while those of the ethanol extracts
ranged from 32 to >1,024 pg/ml. The result from time-kill study indicated that the ethanol and
acetone extracts at a concentration of 4MIC could reduce the bacterial number by 90% within 24
h. At sub-MIC levels (1-8 ug/ml), the acetone extract significantly inhibited the biofilm formation
by S. mutans. The inhibitory effect was concentration-dependent. The ability of acetone extract to
kill mature biofilms was assessed. The viability of 24 h S. mutans biofilm was decreased after
treatment with the acetone extract. The ability to kill mature biofilm occurred in a dose-dependent
manner. Scanning electron microscopy clearly confirmed that treatment with acetone extract at
64MIC could detroyed the organism in the established biofim. In addition, the acetone extract at a
concentration of 128 pg/ml significantly reduced the acid production by S. mutans. These result
suggeste that the extract of R. fomentosa might be useful for the control of dental plaque formation

and subsequent dental caries development.
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Inhibitory effects of Rhodomyrtus tomentosa leaf extract on Streptococcus 28
mutans isolates (n=10) by agar disc diffusion method.
The minimal inhibitory concentration (MIC) and minimal bactericidal 29
concentration (MBC) of the extract from Rhodomyrtus tomentosa against
clinical isolates of Streptococcus mutans (n=10).
Adherence of Streptococcus mutans isolates (n=10) in the microtiter plate by 36

crystal violet staining of potential biofilms and measuring absorbance at 590 nm.
Effects of sub-inhibitory concentrations of acetone extract from Rhodomyrtus 38
tomentosa and chlorhexidine on the growth of Streprococcus mutans at 24h. The
bacterial growth was quantified by measuring absorbance at 600 nm. The
results showed a significant difference between the tests and the control

(*P <0.05).

Effects of sub-inhibitory concentrations of acetone extract from Rhodomyrtus 39
tomentosa and chlorhexidine on the biofilm formation by Streptococcus mutans

at 24 h.The biofilm formation was quantified by crystal violet staining

and measuring absorbance at 590 nm. The results showed a significant

difference between the tests and the control (*P < 0.05).

Effects of acetone extract from Rhodomyrtus tomentosa (MIC=16-64 pg/ml) and 41
chlorhexidine (MIC=0.25-0.5 pug/ml) on 24 h old biofilm of Streptococcus mutans

(n=10). The biofilm was quantified by rezasurin and measuring absorbance at 570

and 600 nm. The results showed a significant difference between the tests and the

control (*P < 0.05).

Acid production by Streptococcus mutans isolates (NPRC 801-810) after 24 h. 43
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Streptococcus mutans ATCC 25175 growing on tryptic soy agar (a) and 3
blood agar (b).
Dental caries levels (Decayed, Missing and Filled Teeth (DMFT) index 5

among 12-year-olds worldwide, December 2004.

Changing levels of dental caries experience (Decayed, Missing and Filled Teeth 5
(DMFT) index) among 12-year olds in developed and developing countries.

Revised model of Gtf-glucan-mediated bacterial adherence and cariogenic 7
biofilm development.

(a—c) Cariogenic biofilm formation (d) If biofilm remains on tooth surfaces with 8
frequent consumption of high-carbohydrate diet (especially sucrose), the amount

of EPS and extent of acidification of the matrix will be increased. Such conditions
cause biochemical, ecological and structural changes favoring the survival and
dominance of highly acid stress-tolerant organisms in cohesive and firmly

attached biofilms. The low-pH environment at the tooth-biofilm interface

results in enhanced demineralization of enamel.

(a-c) This model explain the rapid accumulation of cariogenic plaque in the 9

presence of sucrose (and starch hydrolysates), even if the initial S. mutans

population is numerically low. (d) Such conditions elicit biochemical, ecological,

and structural changes that favor the survival and dominance of highly acid-
stress-tolerant organisms in these cohesive and firmly attached biofilms. The

low-pH environment at the tooth-biofilm interface promotes demineralization

of enamel.
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Acid tolerance mechanisms utilized by Streptococcus mutans 10
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. AP: Apurinic-
apyrimidinic; LGL: Lactoylglutathione lyase; pHi: Intracellular pH; pHo:
External pH; RR: Response regulator.
Rhodomyrtus tomentosa 13
Structure of rhodomyrtone 15
Structure of Rhodomyrtosone A-D 15

Time-kill curves of Streptococcus mutans NPRC 801 after treatment with ethanol 31
extract, MIC= 128 ug/ml (a), acetone extract, MIC = 32 ug/ml (b), from

Rhodomyrtus tomentosa, and chlorhexidine, MIC = 0.5 pg/ml (c). 1/2MIC (¥),

MIC (A), 2MIC (@), 4MIC (M), and control ((J).

Time-kill curves of Streptococcus mutans NPRC 803 after treatment with ethanol 32
extract, MIC= 32 ng/ml (a), acetone extract, MIC = 16 pug/ml (b), from

Rhodomyrtus tomentosa, and chlorhexidine, MIC = 0.5 pg/ml (c). 1/2MIC (4),

MIC (A), 2MIC (@), 4MIC (M), and control ().

Time-kill curves of Streptococcus mutans NPRC 806 after treatment with ethanol 33
extract, MIC= 64 pg/ml (a), acetone extract, MIC = 16 pg/ml (b), from
Rhodomyrtus tomentosa, and chlorhexidine, MIC = 0.5 pg/ml (¢). 1/2MIC (#),

MIC (A), 2MIC (@), 4MIC (M), and control ().

Time-kill curves of Streptococcus mutans NPRC 810 after treatment with ethanol 34
extract, MIC= 64 pg/ml (a), acetone extract, MIC = 16 pg/ml (b), from
Rhodomyrtus tomentosa, and chlorhexidine, MIC = 0.5 ug/ml (c). 1/2MIC (4),

MIC (A), 2MIC (@), 4MIC (M), and control ().
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Time-kill curves of Streptococcus mutans ATCC 25175 after treatment with
ethanol extract, MIC= 64 ug/ml (a), acetone extract, MIC = 32 ug/ml (b),

from Rhodomyrtus tomentosa, and chlorhexidine, MIC = 0.5 pg/ml (¢). 1/2MIC
(), MIC (A), 2MIC (®), 4MIC (M), and control (O).

Screening for biofilm formation of Streptococcus mutans isolates (NPRC 801-
810) to 96-well microtiter plate by crystal violet staining of potential biofilms
and measuring absorbance at 590 nm.

Scanning electron micrographs of Streptococcus mutans NPRC 804 after treated

with antibacterial agents. (a, b) control; (c, d) 24 h biofilm treated with acetone

extract from Rhodomyrtus tomentosa; (e, f) 24 h biofilm treated with chlorhexidine.

Effects of acetone extract from Rhodomyrtus tomentosa (a) and chlorhexidine (b)
on acid production by Streptococcus mutans NPRC 801 for 30 min incubation.
MIC (W), 2MIC (A), 4MIC (®), 8MIC (#), and control ((I). The results
showed a significant difference between the tests and the control (*P < 0.05).
Effects of acetone extract from Rhodomyrtus tomentosa (a) and chlorhexidine (b)
on acid production by Streptococcus mutans ATCC 25175 for 30 min incubation.
MIC (W), 2MIC (A), 4MIC (@), SMIC (4), and control (O). The results
showed a significant difference between the tests and the control (*P < 0.05).
Effects of acetone extract from Rhodomyrtus tomentosa and chlorhexidine on the
number of viable Streptococcus mutans NPRC 801 (a) and Streptococcus mutans

ATCC 25175 (b) cells after after incubation time 0 min ((J) and 30 min (H).
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S.mutans aulngjamnsons g laldluannzitena wiedl N+co, wie co,
Fundn usvzinie 188 luanzi lifeina g i liFeansania Idade 37°C

a

uazannsnws g languugilgega 45°C uaza1ga 10°C (Sneath, et al., 1986)

U

Figure 1: Streptococcus mutans ATCC 25175 growing on tryptic soy agar (a) and blood agar (b)
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Figure 2: Dental caries levels (Decayed, Missing and Filled Teeth (DMFT) index among 12-year-
olds worldwide, December 2004 (Petersen, 2005).
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Figure 3: Changing levels of dental caries experience (Decayed, Missing and Filled Teeth

(DMFT) index among 12-year olds in developed and developing countries (Petersen, 2005).
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3.1.1 Sucrose-independent adhesion
I { ' I { a o
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a g ¥ { ] ] Y] oA
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U = \ 901 \ U 49! U a dy 1 o %
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. a : Y ' ! VW 1 '
biofilm Iuriaeanaaesiall Feeaiinalinisne Isawaeu lisunu 15y 01vvne lsnanas
1 I Y
vise line lsaen 1A (Lee, et al., 1989)
3.1.2 Sucrose-dependent adhesion
< Aa Ay s 9 3
S. mutans WunuafiFenad1aou lad glucosyltransferase (GTF) DR TIRERCATRIERT
4 o 4 ] I
sucrose LNONITHUATIZH glucan Tagn1sgeadany sucrose 11U glucose WY fructose LAY
4 ] v % = A A 9
glucose Wouaon iy polymer U84 glucan #F91U S. mutans NoU gtf 3 FUANAIUAUNITAIN
glucan 1aun
) ~ 1 @ J A A ' K .
1) g8 Taena lUiEona1 g7 muaumsdunsizd glucan ¥iiah luaza1o1i (insoluble
{ I A .
glucan) A Tnssaraduneamuves alpha-1,3 glycosidic
) ~ 1 @ 4 o A A ' 3
2) gifc Taena 11iFona1 g#IS AANMSTUATIZH glucan Newiiaf luazareiiay
? 1 < { <
A13159a2a18%1 (soluble glucan) 14 @31 glucan N Taseairaildunsaves alpha-
1,6 glycosidic
) 1 o 4 a { g
3) gD Taen lion11 gifS AUANMITUATIZH glucan FilaNTWTDAzAwU 1A T

Taseaathudunsaves alpha-1,6 glycosidic



Y
v A

k2

glucan innwdrnny lunsi1d1%e S, mutans San1zuaga30ug U (colonization) 1
a g’/ I @ a 4 a v W { A
Al 1d suadludmnanlduuaiFerfiaduninmzananaz saudnunA MUY (Figure 4)
2 1 Yya g a A Jd A . A ' o w
vane lHNATluAIIUYAUNI G450 biofilm NYINABNIIMIABDN (Bowen & Koo, 2011)

3.1.3 Glucan binding protein (GBP)

I A AR [ & =1 =1 dy a A

WuTdsaungamizedny glucan &9 S. murans H11/5AU 3 ¥iia Ao GBP A, GBP B

= ' dgld o w 9 . d%’ S 1

tag GBP D Tisaumatiianudiagy lunsadng biofilm veukeuaziaiulunisne lsawuny

(Banas & Vickerman, 2003, Matsumura, et al., 2003)

Acquired
enamel pellicle
Enamel

f Gt
- 1
- R Gtfs [ Gtfc

Actinomyces spp.
(or other organisms) ™v GtfD

. a-Amylase

ké Sucrose-derived glucans
Mcrnse!slarch-derived glucans

9 GbpC (and possibly GbpB)

Starch hydrolysates: maltose,
maltotriose, maltodextrin and other
oligosaccharides

Glucan-mediated
adherence

Figure 4: Revised model of Gtf-glucan-mediated bacterial adherence and cariogenic biofilm
development (Bowen & Koo, 2011).
3.2 Acidogenicity
= ¥ Y 3 1
S.  mutans ‘JJﬂ'JHJﬁHJ']iE‘IiHﬂWiﬁiNﬂﬁﬂﬂ'lﬂﬂ'lﬁﬁlﬂfu'lﬁ'lajﬂEJN'IHﬂﬁ&‘U’Juﬂ'Iﬁ
. @ . Y ' Y 1 . . . . .
glycolytic Ba¥N1THUN (fermentation) lans AR laun lactic, formic, propionic, butyric U
. . dy @ 9 = A g 9 1 @ ds! K
acetic acid uaﬂmﬂuﬂﬂmamuaa ﬂiiﬂﬂlﬂiﬂ‘ﬂﬁiNllWﬂzLWIﬂﬂNﬂuﬂlu@gﬂUﬁﬂ1’J$1uﬂ1i
a a A o Y . 3| ' '
wsauauTa luan1azdil glucose T1uULINL 1aNTA lactic 1udaulva) (Paes Leme, et al.,
' 1 4
2006) NTIGNUMTANEINUIN S, mutans NOU 1% lactate dehydrogenase (LDH) afad
1 4 ] 2 a <}
mmmmmhmsnaimﬂuvg%aﬂaq Lmzmﬂmmau"lw LDH 9881 ULB S.mutans NIY
~ 1 g’/ = I . 9 [
meluiga msrznluduaeumsnlaouain pyruvate lihilunsa lactic nag ldnasaueonin

o a3 Y o o d A dyd = 1 9 1
ml,‘lJuWe)\i’mﬂmaullmu LDH ﬂ']i‘l]']ﬂl'l’)uhl“IﬁJGIﬂ!ﬂuﬂ\ﬁJWﬁ?’li’)ﬂ'ﬁﬁi']ﬂﬂﬁﬂllﬁgﬂ'liﬂgiﬂﬂsll’ﬂﬂ



vy . = A o v J 491 A o Y 4
S. mutans 938 (Hillman, ef al., 1996) "lNﬁJi']EN']11!ﬂ15u1ﬁ1ﬂwu§ﬂlﬂﬂl%ﬂﬂgﬂﬂ11ﬁﬂl']ﬂl,ﬂuul"]fll

4 9
LDH 1145 nymaziloanuTsaiug mszde luaunsoadnsa ldaaeraiu'la msliyoog
3 1 a . = 9 Y ' .
nag latfalur (Hillman, 2002) S. mutans Ganuenunsalumsadensa’laninnii streptococci
o 2d . A & v Y < <
menugou moelureahn ieswn@eansoaiensalduinluan1igh pH iJunar (pH
o 9 FY A g A .
7) uazganennuamisalumsadiensa ldlugngidunsa (pH 5) Tuavmezh streptococci
o oA v & {
eWugouq vzad1ansaldanna (de Soet, ef al., 2000) AWUNMTAZNTAVDUFO S. mutans
a J o 3 I
luns1w9aunsdnse biofim v lian1izuradenlu biofim Tnnuilunsawn Juiu
~ Yo A A A a A A g Y a a A
anngminganldausoeuaznuaiiberiaouqadunsauaznunsa ldnsgau Tay
o < o 1 o a
91U (Figure 5) wazminanmnanuiunsalu biofilm & pH @131 5.5 azildiina

NILUIUMIGYIFIUTTILALNATUHAIW (Loesche, 1986)

— x g Potential Therapeutic Targets (e)
0 - mutans = (@ X Gtie
- = ™ 6tts W Giic

% GHD
Mﬁ;lanms spp. o

|y Acquired Y for ather, Gl .
enamel pelicle g . (Glue . Sugartransport/glycolysis

ké Glucans 4 A nddstress
4| AST |.p Tolerance mechanisms
T (DINA repair, proton extrusion,
* y %  Ssmingent response, grtoplasm
alkalinization among others)

9 GbpC (and possibly GbpB)
(Glucan-binding protein)

d) 5. oralis

Sucrose Neutral pH

Blofitm mode

Acid

+ L H
EPS o 5 mutans 4 Demineralization
EPS-rich Lactobacilli
matrix Other aciduric
organisms

Inorganic
concentration

Glucan-mediated
adherence

(Adapted from Rtlla, 1983; Marsh, 1993; Paes Leme at al, 2006)

Figure 5 (a—c) Cariogenic biofilm formation (d) If biofilm remains on tooth surfaces with frequent
consumption of high-carbohydrate diet (especially sucrose), the amount of EPS and extent of
acidification of the matrix will be increased. Such conditions cause biochemical, ecological and
structural changes favoring the survival and dominance of highly acid stress-tolerant organisms in
cohesive and firmly attached biofilms. The low-pH environment at the tooth-biofilm interface

results in enhanced demineralization of enamel (Jeon, et al., 2011).



3.3 Aciduricity %30 acid-tolerance

=~ = AaAnAa Y . Y
S, mutans HANUANTDIUMITNUATA 39EW1T0TFINT0A 1A 11 biofilm 3 IanIN
. o v . Aa A Y o A o
pH 11 biofilm 92@1N31 4.0 (Figure 6) LazUUARIToNAS NWNTALBLNUNTATIHUTOU 63
aunsonsyanInlanie (Svensater, ef al., 1997, McNeill & Hamilton, 2003) Tagn1ua11130

49! U 1 4 dy
Gl,uﬂﬁ‘lfluﬂﬁﬂ‘lluﬂﬂﬂahlﬂ@%i"] AN

\ Gtfs (Glucosyltransferases B, C and D)

Pellicle 0 O - (a)
¥ _rx__\ _____ g _f k%EPS (Glucans)
A

‘ Glucan-binding protein (GbpC and possibly GbpB)

- Sugar transport/glycolysis

« Acid/StressTolerance Response
’ mechanisms
% (DNA repair, proton extrusion, stringent
"4  response, cytoplasm alkalinization
among others)

[oweuy

S. mutans

Other acidogenic-aciduric organisms

A
ATR
v
(e.g. S. sobrinus , S. vestibularis/S. salivarius ,
Lactobacillus species, Bifidobacterium dentium,

Scardovia species)

Acidic pH X EPS-microcolony
environment (d) complexes
Early colonizers

(e.g. S. oralis, S. sanguinis, S. gordonii,
Actinomyces spp)

Figure 6: (a-c) This model explain the rapid accumulation of cariogenic plaque in the presence of
sucrose (and starch hydrolysates), even if the initial S. mutans population is numerically low. (d)
Such conditions elicit biochemical, ecological, and structural changes that favor the survival and
dominance of highly acid-stress-tolerant organisms in these cohesive and firmly attached biofilms.

The low-pH environment at the tooth-biofilm interface promotes demineralization of enamel (Koo,

etal., 2013).



3.3.1 ﬂTS%IﬂH"Iﬁﬂ"IWﬂiﬂ-ﬂITQGlHLGHﬁﬁ’
Y Y Jd o 4 9
S. mutans f’fﬂJTiﬂTIUﬂiﬂllﬂIﬂEJﬂTisU'Llﬂiﬂi’]f’Jﬂi]1ﬂl“ﬁaaﬂ1uﬂu%%ﬂﬂﬂ1ﬂﬂ1§1%
@ A & = A o J o q ¥
L@u]l“lfll ATPase %135® F-ATPase 109910 TANANMIT UNHABNITTIUYDUFA A ‘VI"Il'Vi
2 @ @ -4 % J [
mmmmmslum'i‘wuﬂmﬁuﬂmmmau"l%u F-ATPase %Qﬁﬂ'ﬂlﬂt@ﬂ@ﬂﬂﬂuiu streptococci
v Jd 1 Y @ 4 A é’ o Y
A1onuga199 Tugoeln (Bender, ef al, 1986) a1szaUtoU 141 F-ATPase (MU 1d
< & o 4 2 A A A4 9 s A

am’szmmtﬂuﬂmiuma S. mutans AAN1AY pH INUUYU Lmﬁ3Jﬂ'lil‘]JﬁfJull‘]Jﬁ\‘Wllflﬂﬂichﬁﬁﬁl‘W'EJ

o 9 Y o A g U J . dy =
aﬂﬂ'liu'll"ll'l"UENlJigﬂﬂ’)ﬂi’)ﬂ'ﬂ\?"\]ﬂ'ﬁ'ﬁ'ﬂlﬂuﬂiﬂ'ﬁ]'ﬁ]ﬂqj’l'lﬂu@ﬂl‘;]faa (Figure 7) s%¥093614199)

%ﬂH'lﬁﬂ'lWﬂ'ﬂiJﬁdJuﬂiﬂ-ﬂ'NUlﬁ} (Matsui & Cvitkovitch, 2010)

Alterations in membrane
composition (v):
- fabM

Proton pump (v):
F,-F,ATPase

Alterations in primary and ‘ )
secondary metabolism ‘ Protein repair (i):
(il and iii): o . GroEL
- Wide pH range of & @, Dnak

cytoplasmic enzymes S ClpL
- LGL Transcription of HirA

- pdhA , U+ related genes

End product efflux (v): ?ﬂ;?g:gg?: (v):

1 ; -/H*
\J@@ . ‘Lactate i fermentation (?)
) \ T\DNA repair (i): . - Arginine
External stimulus uvrA deiminase (?)
(Apfi?) > (AP endonuclease . - Potassium uptake (?) |

Two-component

signal transduction ' ' o Lactic acid n

» systems (iv)

Future Microbiology © Future Science Group (2010)
Figure 7: 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. AP: Apurinic-apyrimidinic; LGL: Lactoylglutathione lyase; pHi: Intracellular pH;

pHo: External pH; RR: Response regulator (Matsui & Cvitkovitch, 2010).
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3.3.2 MIMH211111591191409 DNA tazmsasiallsau
I { ) o @ o
annzanuilunsaiimnalumsmdeiin1snauve UL I9a e THINUYD
o ' ' o s A
oulaf 1aun n1siinaneeulainldadansa lipoteichoic tazoulasiinaeudielysau
. . ¢ 1 A o Yy A g ¢ <
(protein translocation) tou lagiartiiunumdiagy lumsadudetuad annzanuilu
2K A J 9 d’ Y 4 == . ] d' U ::
nIANNaae InsIed NUe LB UaaYeUUANTY (Figure 7) U TUEA1I2AA1 pH anadd
1 o a A A U o 4 4
111 5.0 azsi ldaaiszansnmlumsiiungu D-alanine esters Hnavh i Inseasugouaad
d‘ a A 1 dg! = :7
nasuuilasll MamsmunsdseonilszauInuIniu pH 39aa@1a9 (Hanna, ef al., 2001,

Matsui & Cvitkovitch, 2010)

4. m3ileanunazaivaulsnifuy

a =

[ 1 ] [] . I { 4
mstlosnulsatugdiulvgegluglvesasadl Fuiluashldnruguasiugaunio
a 1 ¥ A a 1Y o ] { 1Y ] ]
Uinamilomlon ssmaiienayad llundasanuisesanldtlosnuTsalusern
901 { a 1 I a 1 o 1 I
Tusherdhuhn Sflulsmangeiulwoiziuivdesad lugeshnuazitluaumgues
a < ] H Y A
mananzslusestinTaammiziientivihndlarunauueaonivea (Knoll-Kohler &
Stiebel, 2002, Rodrigues, ef al., 2007, Lachenmeier, 2008, McCullough & Farah, 2008) SPRIAN
{q VY o .
aaninlgtloanuTsaur wu
. v & Y a s 9 A o A
1) Chlorhexidine 311 Ua13ATUATIVAUNT FLASAIUINIDNONAUNTWINIFIUGIGA
(Matthijs & Adriaens, 2002)
na'ln
% % o Y 9 1 % o g}J
chlorhexidine 59430 mucin U189 IMaan s a3 19uHUATIVY 1818 Lz dUEY
1 A A a A ° Y o s A @ 1
mMameznguusuanEeluaugauvis g lag ldmissadveauanizes uazaivilszno
4 [ a o
YoIFARANAZNOU (Fine, 1988) Chlorhexidine A1N15OFURIUATIVYAUNTINT O biofilm &
= ' . . ® A v o zil A 1 ' 9 v 9 Qy
AN Listerine” 1199910 a150z3unUleee luyeln tagezdaseeonuiga vaionliung
] 9 ]
milFifananmsdruuuaiiSesnuiunales Tualas 1 19301529191 (oral  flora)
A =

H 1 4 =) H QSI 90’ . .
nlasundas uaansiiinadens In1saaanilurazauannslgite1niauiin chlorhexidine

g A A '
waziionmsRungelien luresrn (Netuschil, ef al., 1995)
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2) Cetylpyridinium chloride (CPC)

na'ln

o J =

£ LY g’; a 4 1
CPC Hgnslumsduginsugaunidihunan TaemsseSuriumiusadue Uiy

]
= S A

vy . J A = = =
]lﬂll”lﬂ AA metabolism vougaavazilaguuilainiseamnizveanuanizeniIly CPC W

A { g v W 4 y 1 1 1
AMAVIANA10 chlorhexidine Miluilszguindadunuilome lugeahinlaa wiilugawsnag

v 1

=\ 1 1 Y ' =\ £ Y g’/ dgll a A Y . g
llﬂ1§ﬂx‘1ﬁ]§1ﬂu‘]ﬁ]\‘1ﬂ1ﬂ1ﬂﬂﬂ’ﬂlmglli]‘ﬂ‘ﬁcluﬂﬁEJ‘lJEJQL‘]fE]LL‘lJﬂVILSEJiﬂﬂLﬂENﬂ‘lJ chlorhexidine H#1YE

= a A o ' .. o & a A J 9 1Y A @ A
1U52@Nn5HafNI chlorhexidine GLumaanmmm@aum guaziloanumienontay (He991n

A A

dy dil A 1 < a9y A A A 9 ~ g A 1
astvigaoenvnilows lurealhnd uazlivo@ene Ananiuuazuaviouiiows luyo
110 (Roberts & Addy, 1981)

3) Phenolic related essential oils- Listerine
na'ln
. . ® A @ J o & 9 J A A o Y
Listerine” 92 l1i/asundasmiugad uazdudamsaiveu loiveanuaiize vl
1 a A o A @ Yy _ . . ® Aa 9y ' Y
Frelunsaansiugaunsduaztononidy | Listerine” NHonldunivaroazilsznoudie
. A Y A A o g YYR ¥
thymol, eucalyptol, mentol ti6i¥ methylsalicylate LANUDITYAD ﬂﬂwgﬁﬂuﬁmauuamu NS
. GRS S KX 9 = = a
Listerine” U1100N080AI09508L 25 ¥z UHATIADFVAIN (Gordon, ez al., 1983)
4
4) igoo'lsa
na'ln
~ ] s ' Y a A <3 '3 A
winimsldges lsaszninnszuiumsadumundouiuveudn Wgee lsavzunun
1 Aa a 9 SR Y 1 =y 4
naulelasgananisadegenlsez wilndasazarslunsalaeinniileasondoznilng
dy 1 A ' . . .
uonnniivgoo lsaelunszuiunsAuNI 519 (remineralization) ¥oalurszozusnlusooy

a A J

<L a Aa A dy dy Jo o 9
FunaNnHInasuNuLaziiely u@ﬂﬂ1ﬂuwgﬂﬂqﬁﬂﬂﬁﬂlﬂm'}1\1ﬂ'lﬁﬁﬁ'l\?ﬂﬁ'l‘l]i]au‘ﬂﬁﬂ Iﬂﬂﬂ'lﬁ

Q

] 1 A a A Jq Y Y a ~ J 1 =

TAYINNTZVINNTANE NYAUNT O 1 Tunsaseemisuazasugaunse uargos lsad

Y a A a ~ 9 A %’ A A d A = [l =)

doideno namsanniziiudauihniivges lsaSummn dagiudawaueglugluesed
y .

W theniutha etlosdumsannse (Islam, e al., 2007)

[ < o

A < Y A o =
odnn lsawumdudymmeauasisausguindinyveuaniniseulullssima

W uazmasiau Taemmnzldszmamauiauazinquasnuguniwsestinaoudieh
msgmigninadueulszanalunsgquainet anwiinywazyaaininiansunnd
= < 9 9 [ [ d‘d a a
Meane varllszmavreaaeaninuiniinistdesnuuazmssnu lsafunnilssansnim
@ Y a o 4 a I { o o [
Uaoade uazilsznda waadmainnsssumasadumadeninalunmsiaunldiugesin

{ o J.

=\ 9 =) [ Sl'o A = [ aA dag = Ao o AR
LWi"IwJNﬁGUNLﬂﬂﬁﬂﬂﬁﬁ%@ﬂmmﬂﬂﬂﬂﬂﬁﬁLﬂifﬂ JATIENVUNT VATUIFYITUIUNINNAN YA
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Lﬁ'mﬁ”uqmémm’cm"aﬁmmﬁﬂﬂumsﬁ’mgmﬂﬁﬁfJﬂ'aT,:iﬂﬂuvg LU qmémmmsaﬁ”ﬂmn
Caesalpinia ferrea (Sampaio, et al., 2009), Allium sativum (Bakri & Douglas, 2005) Harungana
madagascariensis (Moulari, et al., 2006), Helichrysum italicum (Nostro, et al., 2004) Haziuaa
BYUUAY (Smullen, ef al., 2007) «?qﬁqméiumﬁﬁ’mﬁ% S. mutans MoANNH AT ARANIN AW
%ﬁﬂﬁqﬁqwédaﬂa"lﬂmiﬁaiiﬂmau%@%ﬁﬂﬁ 1aua ﬁi]‘l/l?;aﬂmiwaﬁﬂiﬂ aamsadiaeu 'ty
GTF 59114 glucan ffiHaseNI a3 19AT AUV 615 0 biofilm VosUATiF e 19U d13einon
Dryopteris crassirhizoma (Ban, et al., 2012), Aralia continentalis (Lee, et al., 2011), Polygonum
cuspidatum (Song, et al., 2006, Ban, et al., 2010), Plectranthus barbatus, P. ecklonii (Figueiredo,
et al., 2010), Rosmarinus officianalis, Salvia officianalis, Camellia sinensis (Smullen, ef al., 2012)

Uag Vaccinium macrocarpon (Yamanaka, et al., 2004)

5 ne)

I
A A

a 4 o 1 4
ﬂi%‘l{}d“b'ﬁl!,ﬁﬂﬂ‘l/lN’J‘Vlﬂ1ﬁ1ﬁ@l‘iﬁﬁ] Rhodomyrtus tomentosa (Aiton) Hassk %ﬂﬂgiu’)ﬁﬁ
A v Aa o @ Y 9 9, a Aa
Myrtaceae N¥oaaighizondunaly 1dun m wsaa nszy nn o vaa fo yas uazniyds
1 N ] (% { [ Y ' .
druseaninlunudinguniSoniu 1aun downy myrtle, downy rose myrtle, rose myrtle, hill

gooseberry, hill guava, isenbery bush 481 ceylon hill

Figure 8: Rhodomyrtus tomentosa
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[ 4 o
5.1 ANHULNUNOAYAAATUALNITATEBNUT
I 1 ] a ° A A
nagniluldthnvuesnwsssumanazansniwumzlgn 18 wigaulaldalu
a ) dﬂ! a Aa a 9 = & 9 Id Y
aunse Wnsziuluvagilszmanaanzia wagionalauioudanaTaudou fluldyy
1 g’/ I { 1
Werwguinsdl anwgelszuim 2-3 m Tudhulu@eazilldatenu 017 5-8 cm 0319 1.5-4 cm
Id o 1 @
wihludwiudmdends arundiludulraivuazidenilnagy Teetiiduluyuandu
L
Uszaeuadradunaraly 1@y vazduveouly 2 du Auluenszuna 5 mm dumasuTvy
= I A A d 1 9 A A A 9
nsenuaeniluaenfeInsotlurenszyndounimluvselatsns giusesnengilate Tau
= dy A a o g a A ] ] = = 1
nav@sarauAanuiuzlnge Yarsuen 5 uan HINVUYNYLIUY AAUABN 5 Ay 31319
1 9 = F) = = = Id = =
ADUVNNAN YUIA 1.5-2 cm ABUY AMUUONTVUTVD TyoeannIz N udyuWNHaIL NaY
g =) = J = 1 1 = [ 9 ] 4
ADNTUIAYY UFBUWDUDIUA TUFDIALINY YUIAABNNAN tdURMIUENA1NsZUIY 2-3 cm
1 I =2 A a A F) o A 1 A A Y
drumavziiuginavdanounay ¥uIA 9-10 mm AINVUATIBAINEHY NABDUNTVIIEIVE
1 I [ ISI= o g = = S o
Avge gnnataluduasugnIanaeiludieua Wonadsuyuad Melulwaasiuauuin
I a3 1 [ 9 ] awv 1 v A
waaglla Mihaaceu wasulsenuld saviu (Msngneuursmadaiiagwugivy,
3 vy A o ) & : Y a
2548) nazgmilu lidesdumueFens Jusenifedlasiunslsznalne danuldvesnuau
a ' gﬁ Y Y [T [ [ I
519 vinamedanzanigesaunmldves ne uazdaniaasialumaas ueon anudlu
[ [ Y
NIAANUBIAUDYTZHIN 4.0-10.0 FUNAYAD 5.8 (Winotai, e al., 2005) WyHala1uIsONU
I < 3 < 9y Aay Y= o @ v @ W UPRR=! 2
anuAvtaznIal i la awnsonuguvgillang -7°C nazdiamnsoalSuainlwih 8oy
a a YA @ a FA
wiauav Talaanasinma l Tl
d’lw (= A 4 Y A A ¥ A
msdgn vmziids hilimslgnnsznmedse Teminemsar liissmsgnaszy 1Aiive
I < v 1 ~ 1% a o a
Aumsinusiusuiuguazanuasgaiun Tuyasgamenazasimveslszmaanigomsm
= A ] v A @ A9 =\ ) dy Y A o
vazlszmantaien ) N UIFNFHANHI 0318153 UT189IUNMIA15I0I0IAUININY
v  da A A a dy g’/ 1A =K A A A Y
daInuNTADNYFHAUAWAADULBIBY 2001 DAADUNYBAIAY 2002 IWDNVLIIVIINTDYA
1 { o o a I J . .
AN 9 NEINVNTNTLG, ENHULNWTIINE taz M5 IMTUAINIDANNINTININ (Winotai, ef
al., 2005)
' A o PR o o Y Yo a
arunansarh ) IdilueaudrsveweuTusa laus maldsauilsatiauazlsn
9 ' Y vy 1 9 9 [ =~
N93329 Tutagsnauunneese aanes wazlsvdianinaoniyng
2.2 msisznoviiven ldninnszy
asdsznouangiuen lavinnszmuarslungu triterpenoids 1ag steroids 1o
lupeol, beta-amylin, beta-amyrenonol, betulin, friedelin, alpha-amyrin 48 taraxerol (Hui, et al.,

1975) daumﬂumju triterpenoids fiens 2 ¥iia laun hopenediol i8¢ oleananolides (Hui & Li,
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dy ' . Y Y A . . 1 dy )
1976) uonINHAWNTOUENE15 TUNGN tannins 1AAI8 AD tomintosin HazeNe1sNN 1a01N
louazsinldun pedunculansin, casuariin 48¢ castalagin (Liu, ef al., 1998) °lu5ummz1qﬁ1mm
uon'lad1s flavones glycosides 1ag ellagitannin - @udIsANAR G0N0 HAAINTUNTLY
9
au150uen 185 rhodomyrtone (Figure 9) (Dachriyanus, et al., 2002) dnnaganen laans
Rhodomyrtosone A-D (Figure 10) Tuesanaaleosd lau (Hiranrat & Mahabusarakam, 2008)
[ % I 1
uazuen laas tomentosone A tag B 3 nasana CH,CL Fuiluaslungu acylphloroglucinol
(Hiranrat, et al., 2012) ﬁ’ﬁﬂizﬂ@ﬂiuﬂtjﬂ\l flavonoids ﬁﬁﬁﬂmﬂﬂﬁ%aﬂﬂizn 1dun gallocatechin
gallate, qurecein-pentoside, anthocyanins, carotenoids t6i& vitamin C HaZgINUNATANAINNE
= wa I . . = = I J @
nsznlinuaniaiu antioxidant Tunavesnszni Tulsauiuesdilsznon 5.7% uaz lugiu 5.1

% (Huang, et al., 2010)

Figure 9: Structure of rhodomyrtone (Dachriyanus, et al., 2002)

0-1-0 o 0-1-0
o={ Y H D-on o YT %o
O HO O O
rhodomyrtosone A rhodomyrtosone B rhodomyrtosone C rhodomyrtosone D

Figure 10: Structure of Rhodomyrtosone A-D (Hiranrat & Mahabusarakam, 2008)
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'
2.3 gnivedmsanaainlunsgnasLuAi e
=2 £ Y A [ 1 =\ £
ﬂ”liﬁﬂ'k!”li]%‘ﬁﬁ”lullﬂﬂﬂﬁﬂ“ﬂﬂ\‘lﬁ"lﬁﬁﬂﬂi]”lﬂillﬂig‘VJW‘]J’J"I @173 rhodomyrtone quﬂu
Y . v 9
NSANY Escherichia coli Qg Staphylococcus aureus (Dachriyanus, et al., 2002) @15 8NAAIYLD
= £ v & A A Y 1 A A
muaai}miumznmqwﬂu NITYUVYILUANLT EJL!ﬂﬁllﬁﬂﬂulﬂﬂﬂ'J”ILL‘Uﬂ‘V]LifJLLﬂilIalI
4 Y Y
(Voravuthikunchai, et al, 2007) e1sananlgoniueaninlunszniignslunmsduduie
staphylococci uenlaa1nsesdd TagA1 minimal inhibitory concentration (MIC) agﬂmhq 32-
3y
1,024 pg/ml A1 MIC,, ag MIC,, AOL¥D coagulase-positive staphylococci A9 64 LAY 512 pg/ml
Y
AINAIAY dIUA MIC,, tag MIC,, ALY coagulase-negative staphylococci A0 64 LAz 256
1 4
pug/ml MUEIAY LAZHANIINAADY time-kill WLI1A 4MIC au15oandSu1au¥oe staphylococei
Y ' v v
2918 3 log 1S MauFeiEuAUATUNAT 6-8 F3TU4 (Saising, ef al., 2008) HBNIINHATEAA
o A Lo ¥ . A Y a
NINNITENINUGNTIVYN Streptococcus agalactiae uen lavindaidia (Na-Phatthalung, et al,
@ @ o & 9 a o dy A Yy 9
2013) Msanaannszndsdnsadugimsaiwluledauluwde 5. pyogenes NI U

2

Y Qg’ < 4
0.24-7.81 pg/ml won Nl Qﬁi]‘lfl‘ﬁ!,ﬂu antiquorum sensing 1o Chromobacterium violaceum
. . . = SAda o & dy A Y 9
(Limsuwan & Voravuthikunchai, 2008) uawqmmiumiawwya S. pyogenes “I/]Ll,ﬁlﬂhlﬂinﬂtﬂ
4 Y 7
Aarerialimauaumeleaiuyy (Limsuwan & Voravuthikunchai, 2013) N15AAEIGNTU0
A v 1 Y g a A @ Y .
rhodomyrtone ﬂlLﬂﬂﬂWﬂﬁWiﬁﬂﬂiUﬂiZ‘V]WU?W ﬁnﬂiﬂﬂ‘l]ﬁl\'ilL‘UﬂVILiﬂﬂiiJ‘U'Jﬂhlﬂ LW Bacillus
subtilis, B. cereus, E. feacalis, S. sureus, methcillin-resistant S. aureus (MRSA), S. epidermidis,
S. gordonii, S. mutans, S. pneumonia, S. pyogenes Wag S. salivareus 911 MIC EJE‘J:ElWIi’N 0.39-
= a a v Ya a1 A a o . A A
0.78 pg/ml Gﬁﬁﬂigﬁﬂ‘ﬁﬂWWiuﬂWifJ‘]JfJ\‘iﬂﬂ'NLﬂJ’E]L‘VIfJ‘Uﬂ‘Ufﬂ vancomycin NYAN1 MIC 0 1.25
4 4
pg/ml (Limsuwan, et al., 2009) UONINT rhodomyrtone faamsoaamsaiuansdveuie
4
S. aureus (Leejae, et al., 2013) tazi Iianua1unso lun1350a5 30 U030 epidemic meticillin-
4
resistant S. aureus (EMRSA) HAZIYD vancomycin-resistant enterococcal (VRE) afad (Leejae, et
= Qd [ 1 @ g’} dy A 9
al.,2013) ﬂ1§ﬂﬂ‘H1ﬂﬂ‘ﬁﬂl@\1ﬁ1§ﬁﬂﬂL@ﬂ1uﬂaﬂ1ﬂ1‘ﬂﬂ§$1@ﬂﬂﬂ1ﬁfJ‘]JfN!,G]ffJ B. cereus ‘V]LLfJﬂulﬂﬂWﬂ
91M1IWUINUAT MIC 1182 minimal bactericidal concentration (MBC) fquJ:GluGﬁN 16-64 1182 32-256
Y Y
pg/ml MUEIAY GIUA1T rhodomyrtone WA MIC uag MBC Aoi¥oilfl 0.5 uag 2-8  pg/ml

AWEIAY (Voravuthikunchai, ef al., 2010) EN5ANARIBIONIUDAINNTZNIUAL thodomyrtone 6

4 v
UQnBAU Propionibacterium acnes 198 MIC,, 941 32 18z 0.5 pg/ml awaday uazlu
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Y Y
M5ANY time-kill ENFANARILONIUDALAL rhodomyrtone E1M1TDaABHALTA 99% nelu
J 9
72 uag 24 %2 1u9 AuaIa (Saising & Voravuthikunchai, 2012) UBNIINHATANAR BN
Y] g’/ a a R A a [ 9
u@ﬁiﬂﬂi'ﬂﬂignﬁ1ﬂ1§ﬂﬂﬂEJ\‘IﬂTﬁNa@]luﬁﬁﬂ@@ﬂhl‘;]fﬂ"]f\‘llﬂuﬁ”ﬁﬁ@ﬂaﬁlﬁcluﬂﬁlilﬂﬂﬂﬁlﬁﬂﬂlﬁ'ﬂ]lﬂ
r'd
(Jeong, et al., 2013) 11agN13U1 rhodomyrtone 1) formulate 1u liposome WUMNYNTANI topical

drugs TunsAU S, sureus L1ag S, epidermidis (Chorachoo, et al., 2013)
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1. dyufANLIE

U

d ad
a6 Qﬂﬂiﬂ!!!ﬁ%?ﬁﬂ’liﬂﬂaﬂﬂ

S. mutans NPRC 801-810 (uen'lda1niiiae)

S. mutans ATCC 25175

2. evsiaB e UIHNGHER
Blood Agar (BA) Merck
Brain Heart Infusion Broth (BHI) Merck
Mueller-Hinton Agar (MHA) Difco

3. el UIHNAMER
Ampicillin Oxoid
Azithromycin Oxoid
Clariomycin Oxoid
Clindamycin Oxoid
Erythromycin Oxoid
Imepenem Oxoid
Penicillin Oxoid
Penicillin G Oxoid
Teicoplanin Oxoid
Tetracycline Oxoid
Vancomycin Oxoid

18



S \J dw &’
4. MU uazanlsznevlueimseuye

Absolute ethanol (C,H;OH)
Chlorhexidine

Crystal violet

Dimethyl sulfoxide (DMSO)

Disodium hydrogen phosphate (Na,HPO,)
Glucose

Magnesium chloride (MgCl,)

Potassium chloride (KCI)

Potassium hydroxide (KOH)

Rezasurin

Sodium chloride (NaCl)

Sodium dihydrogen phosphate (NaH,PO,)
Sodium hydroxide (NaOH)

Sucrose

gilnsal

Autoclave
Balance

Beaker
Centrifuge
Centrifuge tube
Duran bottle
Eppendorf
Filter paper disc
Hot air oven
Hot plate stirrer

Incubator

19

a W

UIHNGMER

Merck
Sigma-Aldrich
Sigma-Aldrich
RCI Labscan
Merck
UNIVAR
Merck

Merck

Merck
Sigma-Aldrich
Merck

Merck
Labscan
UNIVAR

a U

Y Aa
UIHNHNaN

Tomy

Sartorius

Pyrex
eppendorf
Corning

Duran
eppendorf
Whatman
Binder

Lab. Companion

Thermo



Larminar air flow cabinet

a1nsei (Aio)

Light microscope
Micropipette

Microplate reader

Microtiter plate (LU 96 well
Microtiter plate L1U1 6 well
Multichannel micropipette
Petri dish

pH meter

Refrigerator

Scanning electron microscope
Spectrophotometer

Test tube

Venier caliper

Vortex mixer

Water bath

Gelman

eppendorf
Bio-Tek
Nunc
Nunc
Finnpipette
Anumbra
Sartorius
Sanyo
Quanta
Thermo
Pyrex
Whale

Vortex Genie 2

Julabo

20
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I5MInaasa

1. 1%0 S. mutans
Wdﬂ/ A Y 2 o 4
Tunsnadeuldi¥e S. murans Huenlanimitaissuiu 10 a1eug (NPRC 801-810)
L @

uag S. mutans ATCC 25175 Fuiluaeiuguinsg
2. Msanannlunszy

msanasieezd launazienueaninlunszy lannueasiziainaniuissaiy
I a a [ a a a a a @ a
Audadundasusisssuma n1n3gadiine auzInemdas yvuinededauniuni

< { o
Tagaza1s1u dimethyl sulfoxide (DMSO) thu 139 -20°C
3 4
3. MInaaeUgNBveImsanannlunszNAeMsf M0 S. mutans 1083T disc diffusion
(CLSI, 2009)
o

3.1 MIATEUED

2 & oA a o . Aa o

IA8UAOVUBINT blood agar (BA) UNNGUNYI 37°C N 5% CO, WU 24-48 47114

a

A X 2 . . . oA o Ax
1aDNI¥ONT 3-5 colony 1989114914115 brain heart infusion broth (BHI) VUNYUNYN 37 C NW 5%
o o ' I Y 1w Y .
CO, w1 16-18 ¥3 1w USuawauli Ia1i1Ay McFarland no. 0.5 @28 0.85% normal saline
. a & 8
solution (0.85% NSS) 3¢ Ui¥01/321194 1.5 x 10° CFU/ml
3.2 MIMToNEIana
4 9. Yy 9 [ ]
a$a1ﬁlﬁ15ﬁﬂﬂ1u DMSO GL‘VifJﬂ’JHJLGUiJGUu 250 mg/ml nyad1TanNa 10 pl a3UULNY
4 v
disc Usemnie nal3liute o ldansanannududy 2.5 me/disc
3.3 N1INAdOU
D A D 0 A quvd a 9
1% cotton swab UYDIINUD 3.1 Wnunae 1¥NINIMI191%15 Mueller-Hinton agar Wl
' Y L o . . .
5% 1899 1IUAUEINIAT U laun penicillin, ampicillin, clindamycin, erythromycin,
tetracycline, vancomycin, teicoplanin, imepenem, clariomycin (8% azithromycin HAZUHUET
4 4
ana Iﬂmmamwumﬁuﬂﬁzmm 15-20 mm uazmﬂmﬂmaummﬁw%ﬂﬁzmm 15 mm Uy
A a o . AA o
Ngaivnl 37°C N 5% CO, WU 24 H 114

J

Th¥oaeniug

e

1% ag A Y I
WIATFIU S, mutans ATCC 25175 naaounvelgyiuziivelaiu
] . A~ < .
control tiazttHu disc 13 DMSO 1ilu negative control

3.4 NSOIUND
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v ' J 9 o
Favuadurugudna1sweeaeld (inhibition zone) Tnal% vernier caliper d1%5UN13
nadounULiLeIIAsFINAN IS eufeudtais1auasgIu CLST Fevzudaina 3

3 4 dﬂl
ANYUS ANU

9

Susceptible (S) waiinnu e ldmaaeu
9 v
Intermediate (I) woranu'lihunandesnldnaaon
. X X Aq ¥
Resistant (R) onoen lanaas

4. MINATBUHIA MIC uag MBC Jagds broth microdilution (CLSI, 2009)
2
4.1 MIAT IO

o

2 X VoA a Aa & A &
QYUY DUUDITINT BA VUNYUNHY 37 CNU 5% C02 UIU 24-48 "]f?INQ IR9NI¥ONT 3-5

'
a o . A

colony 1804 lu®1M1s BHI UnAgaingil 37°C 7ll 5% CO, wiu 16-18 %1 Tug Usuanuyuldla

Q U
4

9
(91190 McFarland no. 0.5 #ad91n1u1i 139919 1% 0¥l szu1ar 1.0 x 10° CFU/mI @1¢ BHI
broth
42 MIMIIUATANA
w . ) ¥ Yy v 1 Yy 9 Y A
AT ONEITANADIN stock solution 19 lanuandwdu 10 1 vesanududugatien
f04n13 Tagn1siiansanauIazalsnlgfniiiazals DMSO @318 penicillin G LAY
Y v 9
chlorhexidine aza18f VNI A INYD
4.3 MSNATOUHNIAT MIC
o [ o w o Y Yy 9
MIN5R0INATANALUUE IR VA0 10% DMSO 1H1AMUAUIY 1,024-0.5 pg/ml
. . Y 1 ¥
1 microtiter plate 1111 96 viqy 1HUTMIATHQUAZ 20 ul gA BHI broth lanquaz 80 ul 9a1¥o
9 ' ' ' Y Y v 1A = o &
1090 4.1 Taasluudaznqu vguaz 100 ul v A uLNNAN1IZREINUUIY 24 52 TU9
1 = 9 9 ° [ ~ dy == ] = )
M3vIura Tuinanudududigavesaisana Miyouuaiise luawisonasud
%’ a I
resazurin (F1191) 11U resorufin (?’(%N‘Vg{)
! . 3| e g .. U
lumsnagounia1 MIC positive control DESIATECR! penicillin G 8¢ chlorhexidine &34
. I [ g a A
negative control 211U 1% DMSO nuFeuuanise
4.4 MINATOVHIAT MBC
zil zﬂl ) tﬂl = . 1
aae1IN NN lilaeud resazurin 11INMsNATOUNIAT MIC 11 10 ul HEAAILY
21113 BA 11 liiunaniz@ernu

[ v K Y Y ° [ d'g == 1 a Y I 1
NIIDTUAD VUNDANUVNUUATTAUDINITANA ‘l/ILGD'fJLL‘iJﬂ‘l/IL'ifJUhJﬁﬁJTiE]Lﬂiﬂﬂﬂlﬂl‘lﬂi

MBC
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TRGE MIC,, 1ag MIC,, vo3a1sd e, rhodomyrtone, chlorhexidine {181 penicillin G 9

[
o

{ v g’/ f o o da
MIC,, Aoanududumiganaunsndududela 50% vosdwaudewuginadon uaz MIC,,

v v
Y

= Y 9 o = @ Ay Y I3 o oA
AvANUNTUMgANa NI 0IUEUTD I8 90% VoIS IumHUEINATo
d ¥
5. MsnaaeUgNEMsUFeVeIm ANl UNIZYAIB Time-Kill Study (Lorian, 1991)
o &
5.1 MIATONITD
= dgﬁl 1A v o 9
S sUFOITUALINUN YD 4.1
5.2 MIMIINATANA
Qv 4 C‘ 1 i
wsenansanaie 19 lannududuiu 10 mwesnnududugatiendoinis fe
1/2MIC, MIC, 2MIC 1ag 4MIC
5.3 MInadou
[ ] 9 9 1 d‘d ] a dy
aadsanauaazAUIudL 500 ul lalunasanaaeanil BHI broth ¢ 2 ml 1ANI%
y " d oo da o o o
1IN90 5.1 51105 2.5 ml Huiigavgil 37°C Wl 5% o, WuswaulaTatinna o, 4, 8, 12, 16,
20 oz 24 31109 Taaonsufuana19zgaN 190919 1UeATIdIY 1:10 11 0.85% NSS 11
[l { a o { o v
13 drop plate @3VUBINIT BA UNQaNYN 37°C NI 5% CO, WU 24-48 2114 a1y

S 3 ..
chlorhexidine 111 positive control

a 4
5.4 MIAUATICHING

2y 2

viwaulalatimayulusie 5-25 Talall Weunsvsz1ig log 91uaulalafiny
nan
[ o d 1 4 r
6. MIAAIADNAYWUFVOUTO S. mutans Na319 biofilm (StepanoviC, ef al., 2000, Merritt, et
al., 2005)
o &
6.1 MIATTNIFD

a

P 9 ' ' ' )
RBUFDUUOIMIT BA UuNgavgil 37°C Nl 5% CO, WU 24-48 ¥ 114 1AoNIFON 3-5

U 2

=

colony 1a84114®91%15 BHI 1A 0.25% sucrose (SBHI) 1iugaungil 37°C Nl 5% CO, WU 24

9 U

Y
Y

2T U5unuu i Idimsu McFarland no. 0.5 e luidenaliiiderszina 1.0
x 10° CFU/ml A28 SBHI broth

6.2 MINAADY

@,m%amﬂ% 6.1 11 100 ul laaalu 96- well microtiter plate 713 SBHI nQuaz 100 pl
Unfiguungil 37 °C #ifl 5% €O, w1 24 #2113 §10wadR28 200 ul phosphate buffer solution
(PBS pH 7.2) 2 154 161 microtiter plate ot uaiG ofl lilmsimzaneen asne 1318

a9 < a . Qy 9 =) 9 g g Qy 9
PUNYUYDI 1 ¥ 139 1A 1% crystal violet 200 ul ‘VNUI'J 30 U aNNDNAYUN 4 ﬂﬁ\illagﬂﬂll'l
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v Y
Thudanguingiiies 199 Tue 1h i@y DMSO 200 pl 79131 Au Fasimsganauue (optical

9

. < g .
density: OD) 1 590 nm 1% SBHI 111 negative control
a d
6.3 NIAUATICHING
Y
a 1 v J
Wi]Tﬁm”lﬂ'TlﬂJf’f”liﬂiﬂiuﬂTiﬁ%ﬁﬂ biofilm “IJﬂﬂl%ﬂl!@ﬂgﬁ?ﬂWHﬁﬂWﬂﬂ’ﬂNﬁWNWiﬂcl,uﬂ15

4

A k2
IMzAAYDUFO (adherent capability) Tasmisifieuiieuamnsganaunavousouaazalonuy
[ A . = [ v A
(OD) NUAINTAANAULTIVDY negative control (OD,) Ui 4 52aU Ao
1. OD<OD, lisinsimzaa (non-adherent)
2. OD.<OD<20D.  mMimzAnoy (weakly adherent)
3. 20D.<0OD <40D, Mnzanliunals (moderately adherent)
4. 40D.<0OD AIFINZAANIN (strongly adherent)
d 4
7. M3NATOUVNBVLIMNIANANINIUNTZNADNI5A3 1 biofilm YO UTO S. mutans (Yanti, et al.,
2009)
o 2
7.1 PISIA5 UULTD
~ dy A 9
1915 0N NOUUD 6.1
7.2 MSK5INEITENA
o 4 I ]
B3 BNATANAIN stock solution 11BN laANMTuTWEY 10 MveInN TN Y
ganeNAoINs Ao 1/2MIC, 1/4MIC, 1/8MIC uag 1/16MIC
7.3 MINAaoL
MMsReaNmIanALDUTIAUADINY 10% DMSO lu microtiter plate 111 96 gy 19
Y v
H3u1asvquaz 20 ul qa SBHI lanquay 80 ul uazi¥eainde 7.1 aa'ly 100 ul UnRan1g
= % @ ) [ 1 =) d‘ d‘ [ a a (% g’/
@enU WU 24 32 19 1 1 dadinmsganauuaail 600 nm e ian 15T aan Ta nasaniiy
4 g’, 1 4 A A (= a g’a Qy
Faadaie 200 ul PBS 2 A5 1081 microtiter plate (a0 uanizen luiimsimzanesn aana

a Yy

1 [ Y Y
Pdudanguugines 1 52109 184 1% crystal violet 200 ul 719 13 30 urHl §r9vondreiiuay

£ Y 9 A a 9 o o a 1 [ A A
na 3 iuanguvgives 1 92 Tus 1i1l1iAn DMSO 200 pl g D19 TaAnisganauas f
o % @ .. I
590 nm J3eUMeDAUEAAIVANGIE 1% DMSO unuarsana uazld chlorhexidine 11U
positive control
a J

7.4 MIUATIZHNA

a 4 1 9 . g a A A [ v A

ANTILHANVUANANYBINITAI 1 biofilm VouFeUVANGTHUBNATDUAUTANAN

ANUTNTUA 9 AUgARIURL TABTS one-way ANOVA (P<0.05)
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8. MINATOUgNEVRIINIANANNIUNIZNABITO S. mutans Nogn 181 biofilm (Saising, ef al,
2011)
o 2
8.1 NMIATIUIYD
& Ay A 9

INToUFRINOUTD 6.1

8.2 MIMTINATANA

I3 oUAITARAN stock solution el IdaNuduT L 10 vesanududy
gaheNdeen1s Av MIC, 2MIC, 4MIC, 8MIC, 16MIC, 32MIC 11ag 64MIC

8.3 NINAAO

9 [ [
QAo 1N 8.1 41 100 ul ldaslu microtiter plate N3 SBHI 0g 100 ul UnNan1Iz

= [ o

' g 2 y ] o . P 9
WEINUY UIU 24 6]5’)111\‘1 Lﬁﬂiﬂl%'ﬁ]ﬁi%‘i biofilm ‘Hﬁ\‘lﬁ]Wﬂﬂi‘]JﬂTViu@L’Jﬁ?lﬂ?ﬂ?ﬂ?ilaﬂ\‘lléﬁﬂﬂﬂﬂ

Yy v Y a { f o \ Y g '
a1 PBS 2 A3 mﬂJ'ﬁ]’lW’liLaﬂ\‘lL%@ 180 },ll Lmzmiﬁﬂﬂclul,mazmmLmnmquuaz 20 ;,Ll vy

D.

v Y
Nan1zRedty U 24 2 Tue 419828 PBS 2 59 1A SBHI nguaz 200 ul 1aziay 0.25%
rezasurin iquaz 20 pl 111y 12 $3Tus uazih lddadimsganauudsil oD 570 nm naz
o 2 [ v % v 9
600 nm ¥1M13NAABIF 3 AT NFEUTHBDAVFAAIVANTIN 1% DMSO unuasana uaz 1%
<
chlorhexidine 111 positive control
a 4
8.4 MINAIITHAA
a 4 1 dy Aaaa . A v v
INTIEHANWLANANVRIUTINARNIFINTBANY 1Y biofilm tHonadeUAUMIAA
= Y Y o )
NANUTNTUAN 9 AUYAAIUAN AT one-way ANOVA (P<0.05)
o XA A . ) Y v /o o
8.5 Miganyuzvou¥enegnielu biofilm VUi Iaglyndesgansseidanasou

LUVEB9N51A (Scanning Electron Microscopy: SEM)
NIINATDUY

a¥eld microtiter plate 11UV 6 waUATuALLAI0g MY e HFoaiie
biofilm VY uKULAA Rue11s SBHI 1 ldufian1izi@ersuuy 24 2 Tus wdsoniudia
&0 PBS 2 34 duasataudazaududunaziduenisadll duiianigideddu w24
#2113 11 disc 11&19870 PBS 3 A54 fix 470 2% elutaraldehyde 11 PBS 1711 2 % Tua d1ad0e
PBS 1182 post-fixed 11 4% osmium tetroxide 11 PBS 11w 1 #2114 naanmiududioiingdu
Usieniae 1d10619 1o 1d 1990 (dehydrate) 828 ethanol AFUTAARA1ITY (50-100

9
%) @AY aluminium 41 17UHS 1AZ coat Arenaem MnuhAled e lilgnieldndes SEM
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< ¥
9. MINATOUGNBVLIANTANAINIUNIZNABNITAS19INIAVUTD S. mutans (Song, ef al,
2006)

v A o J Ay A 9 ~
9. 1 ﬂ"lﬁﬂﬂmﬂﬂﬁ”lﬁlwu‘ﬁ"ll@\‘ll‘]f@ S. mutans NATNATAUINNGA

1 ] Y
Aoudeuuenng BA tufiguivigfl 37°C 1 5% CO, WU 24-48 $2 T4 1ADNIFONN 3-

Q U

v
ISy a aA

5 colony @oaluenis SBHI Unfigainig ni 37°C 1 5% CO, U 24 ¥ T 1w ianT pH Aae

]

pH meter

9
9.2 NMIIHTHUFD

C N1l 5% CO, U 24-48 H7 Tu9 oM TOU 3-

a o

9 F4 v
ReUFOUUDIMIT BA UnNgungil 37

U

v
=

5 colony 18841401%135 BHI Uungaumgi 37°C Nl 5% CO, 1 12 3 114 (log phase) 11013

]

[
=

< s o A o Y VY Y
muan Taen3i lvyumles (4,000 x ¢ w5 w1 duvaan laa1enie 2 mM salt
solution N3 150 mM potassium chloride (KCl) t48¢ 5 mM magnesium chloride (MgCl,) 1¥l3a
1 A ~ YA
AINTYANAULAIN OD 550 nm 11 NA1 OD = 1.22

9.3 MSAIINEITENA

o 4 I 1

W3 INATANADIN stock solution 1HB1H IaaNWTNTWE U 10 M1veInNMTUTY
qan Wﬂ‘ﬁﬁﬂﬁﬂﬁ A0 MIC, 2MIC, 4MIC 1ag SMIC

9.4 MINATOUY

o 7 AA A A 9 o o ' Yy Y A

vraduuaiizenesen 13 1ude 9.1 11 1 ml maufUSTERALABLANNITNT U I

a a . . 4 [ Y | %

1 ml HAZIAN 2% glucose 2 ml LAY 0.01 M potassium hydroxide (KOH) to1/5u1¥ pH 1y

aaa 2 o 1 o a 9
7.2-7.4 A3 enazisuAAIMIHENETanauag glucose 1WAAAINNTAARIUDINTA Tag Y pH

] = 9 . ] ..
meter 71181149901 30 WA tiaz 1% chlorhexidine 111 positive control
a 4

9.4 MIAATITHHA

a g { 1 [ J [] 4 [ v A

IAT12H pH Nuanaanu luuaazianaanionageusuasanana Nyt
A1 9 nuganIuAN Tag 1Y one-way ANOVA (P<0.05)

4
9.5 MINVTIUIUGD
@ o dy [ a d' 1 = [] dy 9 A ] @
Husunurenasn@uasiegaisinalumsainioslonso lu Tagwiy

nulalaiing 0 uaz 30 WA Weasuvuanavzgau TN ludATIAIN 1:10 A

a

0.85% NSS 11113 drop plate 89UUBINT BA 1iuNguHgil 37°C N 5% CO, U 24-48 ¥ 114

QU

3
uaz 1% chlorhexidine 11w positive control



27

Han1InNaaoN

3 4
1. HaNINATRUNEVRITSANANNILUNIZNABMIAUITD S. mutans 1ae3T disc diffusion
LA g9 o v &
MNMINATRUNIBIRNYRI AN lun N lun1s@ 1A S. mutans (Table 1)
' v 9 a = Lo g’/ dy o w = Y

WUNAIANARILEMBALAZBT IAUTNTEUSUFD 80 % Uag 90 % mud1al TasTvuaidy
HIUFUENA19UDY inhibition zone 32MI19 7-14 mm HaglENATPUAUABWNUTUIATFIU
S. mutans ATCC 25175 UU1A¥04 inhibition zone AUMIAY 11.6 1A 10 mm MWAIAY LAZIN

\ Aad dy S A 1 % 1 ad a d‘
ﬂ15T]ﬂﬁ'f)‘uﬂ’)111]‘1’3@681ﬂ§]%’3u8ﬂl@%6}5mmﬂﬂ!5EJ‘W‘]J’N ﬂﬂﬁ?ﬂwuﬁﬂl’)@]ﬂﬂ1ﬂ§]%3u$ﬂﬂ%u@ﬂ
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Table 1: Inhibitory effects of Rhodomyrtus tomentosa leaf extract on Streptococcus mutans

isolates (n=10) by agar disc diffusion method

Range of the zone Numbers of isolates (%)

of inhibition (mm) Ethanol extract Acetone extract
<6 2 (20) 1(10)

7-10 7 (70) 8 (80)

11-14 1(10) 1(10)

S. mutans ATCC 25175: Inhibition zone were 11.6 and 10.0 mm, respectively.
Dimethyl sulfoxide (DMSO) was used as negative control.
Diameter of paper disk is 6 mm.

100% of the isolates were susceptible to test antibiotics.
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NaNINATaLUTA1 MIC taz MBC Jag)5 broth microdilution

INNIINAABUNIAT MIC Vod@15anAaInlunsgy (Table 2) NUNATARARBIONT
uoalia1 MIC aglusig 32->1,024 pg/ml wazasananisozd Taulia1 MIC oglusia 16-64
ug/ml Tagmsanaalgionueaiinl MIC,, 1ag MIC,, 1M1ND 128 pg/ml uag 1,024 pg/ml
AR dIUAITANAAI89F AU, chlorhexidine 11az81 penicillin G Tif1 MIC,, 1ag MIC,,
MU AB 32 pg/ml, 0.5 pg/ml 1A 0.0156 pg/ml AIUEIAY G145 S. mutans ATCC 25175 A1
MIC Y0483 3 ARIa03%iia chlorhexidine 1132 penicillin G UAUNINY 64, 32, 0.5 ag 0.0156

pg/ml AL

Table 2: The minimal inhibitory concentration (MIC) and minimal bactericidal concentration
(MBC) of the extract from Rhodomyrtus tomentosa against clinical isolates of Streptococcus

mutans (n=10)

Antibacterial Clinical isolates of MIC range MBC range MIC/MBC of
agents S. mutans (ug/ml) (ug/ml) S. mutans
MIC,, MIC,, ATCC 25175
(ng/ml)  (ug/ml) (pg/ml)
Ethanol extract 128 1,024 32->1,024 128->1,024 64/256
Acetone extract 32 32 16-64 32-256 32/64
Chlorhexidine 0.5 0.5 0.25-1 0.5-2 0.5/1
Penicillin G 0.0156 0.0156  0.0156-0.0156 0.0156-0.0312  0.0156-0.0156

MIC,, = Minimum Inhibitory Concentration required to inhibit the growth of 50% of organisms.

MIC,, = Minimum Inhibitory Concentration required to inhibit the growth of 90% of organisms.
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3. wamﬁmtﬁmqﬂ??lumsqiw'ﬁvammmﬁaﬁﬂmnalunszﬂﬂﬂ%%' Time-Kill Study

%1ﬂﬂﬁﬁﬂmqw§mamﬁaﬁﬂmﬂcl,umzmiaﬁ;a S. mutans S 4 APWUT LAz
S. mutans ATCC 25175 Tag3% Time-kill study WUATARIBEMIUBATANUITUTY 4MIC
ANT0AANEII 4 aeug (Figure 11a-14a) a1 18oea1Ton 2 log iilefeuiunarsuduniely
N 24 $2Tue nasiwaudertudenadeudsmnsasadisesd Taulumeiius NPRC
806 11az NPRC 810 (Figure 3b 1182 4b) oA UA18WUE NPRC 801 t1az NPRC 803 (Figure 11b
1Ay 12b) AANUEUTL 2MIC tag 4MIC nsasadvezdlauannsnanisoasldedanios 2
log melunan 2024 49 Tua @21 chlorhexidine AT UTY 2MIC 1Az 4MIC @15a11730a0
FomeiuT NPRC 801, NPRC 803 112 NPRC 810 (Figure 11c, 12 182 14c) ad'ldodaiios 2
log My 12 #2713 83183 NPRC 806 chlorhexidine finrnduduiderfuaimisnan
oaaldetalon 2 log MeTuran 20-24 $3 7w

wammmiaﬁ’ﬂmﬂiuﬂiznssim%a S. mutans ATCC 25175 WU AT anARI818N U0
(Figure 152) B ududy 4MIC aunsaamioasldet10¥es 2 log melunar 2024 42 T
dedousunmizudy sumsatadiverdlauianududu 2MIC uay 4MIC annsoaniie
ad'18061901700 2 log n181ua1 16-24 $2Tas §1451 chlorhexidine AWITUTY 2MIC 1Ay

Y v v
AMIC enseninsoanead laedeios 2 log Melunan 16 %1 1u4 iag 8 %1 Tue auady
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Figure 11: Time-kill curves of Streptococcus mutans NPRC 801 after treatment with ethanol
extract, MIC= 128 pg/ml (a), acetone extract, MIC = 32 pg/ml (b), from Rhodomyrtus tomentosa,
and chlorhexidine, MIC = 0.5 pg/ml (c). 1/2MIC (4), MIC (A), 2MIC (®), 4MIC (M), and

control ().
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Figure 12: Time-kill curves of Streptococcus mutans NPRC 803 after treatment with ethanol
extract, MIC= 32 pg/ml (a), acetone extract, MIC = 16 ug/ml (b), from Rhodomyrtus tomentosa,
and chlorhexidine, MIC = 0.5 pg/ml (c). 1/2MIC (4), MIC (A), 2MIC (®), 4MIC (M), and

control ().
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Figure 13: Time-kill curves of Streptococcus mutans NPRC 806 after treatment with ethanol
extract, MIC= 64 pg/ml (a), acetone extract, MIC = 16 pug/ml (b), from Rhodomyrtus tomentosa,
and chlorhexidine, MIC = 0.5 pg/ml (c). 1/2MIC (4), MIC (A), 2MIC (®), 4MIC (M), and

control ().
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Figure 14: Time-kill curves of Streptococcus mutans NPRC 810 after treatment with ethanol
extract, MIC= 64 pg/ml (a), acetone extract, MIC = 16 ug/ml (b), from Rhodomyrtus tomentosa,
and chlorhexidine, MIC = 0.5 pg/ml (c). 1/2MIC (4), MIC (A), 2MIC (@), 4MIC (M), and

control ().
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Figure 15: Time-kill curves of Streptococcus mutans ATCC 25175 after treatment with ethanol

extract, MIC= 64 pg/ml (a), acetone extract, MIC = 32 ug/ml (b), from Rhodomyrtus tomentosa,

and chlorhexidine, MIC = 0.5 pg/ml (c). 1/2MIC (4), MIC (A), 2MIC (®), 4MIC (M), and

control ().
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dy a 9 . 9 dil o Y4
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9
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1una1s wazin1z@auIn NUIMNABNUFE319 biofilm g lUTZAVNITINIZAANIN (100%)
@ S, mutans ATCC 25175 H32AUMIMzAAL0Y (Figure 16)

Table 3: Adherence of Streptococcus mutans isolates (n=10) in the microtiter plate by crystal

violet staining of potential biofilms and measuring absorbance at 590 nm.

Classified Isolates (%)
non-adherent 0(0)
weakly adherent 0(0)
moderately adherent 0(0)
strongly adherent 10 (100%)

OD 590 nm

Figure 16: Screening for biofilm formation of Streptococcus mutans isolates (NPRC 801-810) to
96-well microtiter plate by crystal violet staining of potential biofilms and measuring absorbance

at 590 nm.
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vesmsasannlunseniinnundudu 12MIC, 14MIC, 18MIC uas 1/16MIC @1
3L 1A (Table 4) 1AZM3A319 biofilm (Table 5)
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aﬁhqﬁﬁﬂﬁwﬁ’mgﬁmﬁﬂuﬁm;ﬂmuﬂn (P<0.05) 314U 9 ﬁwﬁuﬁsam‘?ﬂﬁwﬁuﬁmmgm
S. mutans ATCC 25175 snifuaoiug NPRC 808 daufinnududy 14mic fnadudims
193 QUe¥0 2 MeWuT A NPRC 801 1Ay NPRC 804 @131 chlorhexidine in1midudy
1/2MIC mmiat‘]’ut‘iy’qmm?q;@uTmam%@"lﬁ’ihmu 4 q1eWuT 18uA NPRC 801, NPRC 802,
NPRC 805 a8z NPRC 807 i’gm‘%mwﬁuﬁmmgmﬁ”w goiuinnududuiiiinsdudans
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Table 4: Effects of sub-inhibitory concentrations of acetone extract from Rhodomyrtus

tomentosa and chlorhexidine on the growth of Streptococcus mutans at 24h. The bacterial

growth was quantified by measuring absorbance at 600 nm. The results showed a

significant difference between the tests and the control (*P < 0.05).

Isolates Agents Growth (%)
1/2MIC 1/4MIC 1/8MIC 1/16MIC
NPRC 801 A 51.747.0%* 73.6+12.0* 87.1+13.2 106.0+7.1
C 65.9+4.3* 81.9+2.7 84.4+4.4 87.3+4.2
NPRC 802 A 70.0+2.5%* 93.2+11.2 90.8+8.9 98.1+7.3
C 77.2+7.8%* 87.6£13.7 86.3£11.9 90.9+9.3
NPRC 803 A 66.8+2.5% 90.7+11.8 93.243.5 96.8+0.9
C 85.5+13.4 94.0+6.8 91.8+13.1 97.1+4.7
NPRC 804 A 67.9+£5.6* 74.9+£11.2% 93.1+11.1 105.845.6
C 85.7£3.3 91.7+3.8 91.8+4.1 95.7+6.1
NPRC 805 A 57.9+£9.4% 85.4+5.1 89.6+11.3 93.842.3
C 75.7+6.0%* 83.649.1 85.1£5.0 94.4+8.8
NPRC 806 A 47.4+£10.9* 83.6+0.9 101.0£5.5 107.1£6.3
C 87.5£9.0 85.2+10.1 90.5+4.8 93.5+4.9
NPRC 807 A 46.8+2.4%* 81.4+11.3 91.949.1 105.2+4.7
C 72.94+0.5* 89.4+4.2 86.4+5.4 89.249.4
NPRC 808 A 82.0+6.5 89.749.8 97.7+£11.4 96.6+8.7
C 91.4+12.7 93.4+7.1 91.7+10.3 103.0+4.8
NPRC 809 A 29.5+5.2% 85.6+10.1 93.3+13.8 100.1£3.7
C 95.6+10.7 91.9+0.9 90.54+2.5 96.9+5.1
NPRC 810 A 36.8+1.4* 88.3+8.2 83.0+8.6 91.6+5.3
C 94.2+3.7 97.1+£9.2 95.2+8.2 104.6+6.6
ATCC 25175 A 65.5+7.9% 84.4+6.9 93.4+5.2 102.1£3.5
C 45.9+2.9% 91.2+7.3 89.9+6.8 101.5+3.7

A, acetone extract; C, chlorhexidine

NPRC 802, 803, 806 and 810: MIC value=16 pg/ml

ATCC 25175, NPRC 801, 804, 807, 808 and 809: MICvalue=32 pg/ml

NPRC 805: MIC value=64 pg/ml
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Table 5: Effects of sub-inhibitory concentrations of acetone extract from Rhodomyrtus
tomentosa and chlorhexidine on the biofilm formation by Streptococcus mutans at 24 h.
The biofilm formation was quantified by crystal violet staining and measuring

absorbance at 590 nm. The results showed a significant difference between the tests and

the control (*P < 0.05).
Isolates Agents Biofilm formation (%)
1/2MIC 1/4MIC 1/8MIC 1/16MIC
NPRC 801 A 66.1+£5.2* 75.6+£11.5* 75.1+12.7* 89.9+10.4
C 77.7+£13.6* 75.8+5.4% 83.3£7.2 84.1£9.3
NPRC 802 A 69.6+2.5* 77.3£10.3* 77.948.1* 84.0+4.4
C 78.248.4* 92.6+7.3 91.4+11.1 100.3+4.3
NPRC 803 A 70.4+1.8* 71.6+£6.9%* 86.4+5.8 86.4+2.0
C 78.7£3.8* 81.649.8 81.5£12.6 87.9+5.0
NPRC 804 A 57.6+4.9* 72.1£2.6* 78.6+0.4* 83.6+2.4
C 86.2+4.8 85.6+3.8 90.8+9.7 89.0£7.7
NPRC 805 A 65.8+8.8* 71.8+£7.9%* 77.8£2.1% 82.248.5
C 74.1£8.0%* 79.84+4.5%* 83.9+4.3 84.1+6.5
NPRC 806 A 63.8+13.1* 73.2+£7.7* 80.1+5.0% 82.0+£2.3
C 82.1£10.0 81.3+£12.8 82.246.6 84.8+13.7
NPRC 807 A 58.8+£10.7* 76.9+£2.5%* 83.0+£2.9 85.6+5.2
C 48.6+6.4* 76.4+0.5%* 88.244.2 92.1£10.7
NPRC 808 A 61.1£10.3* 72.5+8.4%* 83.245.8 89.0£1.5
C 82.4+0.4 91.9+6.1 91.545.0 97.6+7.8
NPRC 809 A 20.3+5.7* 60.6£10.7* 76.8+4.4%* 87.9+12.5
C 84.8+9.2 86.1£3.5 87.4+5.1 91.1+1.8
NPRC 810 A 59.6+3.9% 70.3+£8.5%* 89.1+6.5 97.9+10.7
C 71.3£7.1% 71.6£5.9%* 71.7£5.2% 76.2+7.2%
ATCC 25175 A 29.9+0.1%* 57.2+1.5% 66.7+£2.2%* 74.8+1.5%
C 25.1+0.5%* 39.2+3.0%* 46.3+2.2%* 47.84+2.9%*

A, acetone extract; C, chlorhexidine
NPRC 802, 803, 806 and 810: MIC value=16 pg/ml
ATCC 25175, NPRC 801, 804, 807, 808 and 809: MICvalue-32 pg/ml

NPRC 805: MIC value-64 ng/ml
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Table 6: Effects of acetone extract from Rhodomyrtus tomentosa (MIC=16-64 ng/ml) and chlorhexidine (MIC=0.25-0.5 ug/ml) on 24 h old biofilm of
Streptococcus mutans (n=10). The biofilm was quantified by rezasurin and measuring absorbance at 570 and 600 nm. The results showed a significant

difference between the tests and the control (*P < 0.05).

Isolates Agents viability (%)
MIC 2MIC 4MIC 8MIC 16MIC 32MIC 64MIC
NPRC 801 A 74.246.2* 73.0£11.9* 67.0£7.8* 54.6+12.8* 50.3+6.9* 40.2+3.9* 38.8+2.9*
C 99.4+5.7 99.7+7.3 100.946.2 100.3+10.2 100.749.3 100.745.5 47.546.8*
NPRC 802 A 58.2+2.5* 50.045.7* 45.1+2.4* 42.6+2.5* 40.7+7.8* 41.2+6.4* 36.840.9*
C 105.0+0.3 106.7+8.9 102.645.8 97.444.2 79.246.2* 78.947.7* 43.8+4.7*
NPRC 803 A 73.146.7* 63.9+2.7* 58.1+4.7* 59.045.3* 54.3+8.5* 55.1+8.4* 47.243.6*
C 96.1+1.0 96.3+2.1 91.4+3.1 86.4+1.6 86.1+5.9 84.7£0.7 51.9+3.0*
NPRC 804 A 63.2+3.2* 58.1+6.6* 54.1+3.3* 47.348.1* 48.3+3.7* 46.3+7.9* 40.2+7.6*
C 100.8+3.2 100.348.1 104.1+3.6 101.3+7.9 103.8+6.6 104.4+7.6 39.5+3.3*
NPRC 805 A 67.5+2.4* 68.5+4.4* 62.3+5.4* 64.3+5.2* 63.5+4.5* 60.4+4.2* 48.245.4*
C 109.849.6 90.6+6.6 79.8+2.4* 70.5+2.5* 71.74£3.7* 55.1+10.5* 39.2+0.8*
NPRC 806 A 66.6+2.4* 65.4+2.4* 61.2+7.0* 63.2+0.5* 60.1+1.2* 61.6+2.1* 45.6+3.4*
C 104.3+2.2 98.3+1.9 102.9+1.9 101.5+8.6 100.046.0 87.016.2 58.5+6.3*
NPRC 807 A 97.4+4.9 99.4+10.9 84.1+3.8 85.4+2.5 84.8+3.2 77.243.5* 78.617.2*
C 104.2+7.2 94.5+1.7 89.0+20.1 90.5+14.9 83.7£7.9 82.548.1 34.2+1.1*
NPRC 808 A 58.6+3.4* 55.1+6.5* 51.1+4.0* 49.6+1.8* 42.3+0.4* 42.340.7* 45.8+3.5*
C 10246.1 94.2+6.3 99.316.1 90.0+12.1 89.5+6.0 78.145.8* 36.8+2.6*
NPRC 809 A 63.1+5.6* 66.1+13.6* 63.2+12.6* 55.6+1.1* 57.7+6.0* 49.9+4.7* 44.546.7*
C 107.0+1.9 107.2+11.0 105.8+4.1 104.449.2 97.3+3.7 68.4+13.4* 35.9+9.0*
NPRC 810 A 83.2+2.5 76.4+4.9* 75.017.3* 61.2+4.8* 53.6+4.9* 51.9+10.3* 44.8+1.7*
C 108.1+9.2 108.1+9.3 102.4+4.2 103.3+9.6 93.9+4.1 90.9+1.5 31.6+3.4*
ATCC 25175 A 81.0+29.7 81.0+14.3 80.5+2.4* 74.2+2.8* 58.3+2.5* 42.848.1* 38.3t+2.1*
C 108.5+4.0 105.049.4 81.5+1.8* 32.7+£14.5* 27.9+9.6* 18.9+1.7* 19.743.9*

A, acetone extract; C, chlorhexidine
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Figure 17: Scanning electron micrographs of Streptococcus mutans NPRC 804 after treated with
antibacterial agents. (a, b) control; (¢, d) 24 h biofilm treated with acetone extract from Rhodomyrtus

tomentosa; (e, ) 24 h biofilm treated with chlorhexidine.
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Table 7: Acid production by Streptococcus mutans isolates (NPRC 801-810)

after 24 h.

Isolates pH
NPRC 801 3.71
NPRC 802 3.88
NPRC 803 3.94
NPRC 804 3.80
NPRC 805 3.97
NPRC 806 3.96
NPRC 807 3.91
NPRC 808 3.96
NPRC 809 3.85
NPRC 810 3.89
S. mutans ATCC 25175 4.11
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Figure 18: Effects of acetone extract from Rhodomyrtus tomentosa (a) and chlorhexidine (b) on acid
production by Streptococcus mutans NPRC 801 for 30 min incubation. MIC (H), 2MIC (A ), 4MIC (@),
SMIC (4), and control (). The results showed a significant difference between the tests and the

control (*P < 0.05).



(a)

8 -
4 L ol
@ ® ~
= |
= &

4 -

35 1 1 1 1 1 J
0 5 10 15 20 25 30
Time (min)

(b)
8 -

0 5 10 15 20 25
Time (min)

30

44

Figure 19: Effects of acetone extract from Rhodomyrtus tomentosa (a) and chlorhexidine (b) on acid

production by Streptococcus mutans ATCC 25175 for 30 min incubation. MIC (), 2MIC (A), 4MIC

(@), SMIC (), and control (OJ). The results showed a significant difference between the tests and the

control (*P < 0.05).
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Figure 20: Effects of acetone extract from Rhodomyrtus tomentosa and chlorhexidine on the number of
viable Streptococcus mutans NPRC 801 (a) and Streptococcus mutans ATCC 25175 (b) cells after

incubation time 0 min ((J) and 30 min (H).
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Table 1: Inhibitory effects of Rhodomyrtus tomentosa leaf extracts and antibiotics on Streptococcus mutans isolates

(n=10) by agar disc diffusion method

Isolates Inhibition zone (mm)

P AMP IPM DA TE AZM CLR E VA TEC A* E*
NPRC 801 31.2  41.1 484  31.7 36.7 29.1 350 342 221 22.0 8.0 8.1
NPRC 802 334 434 480 360 351 321 372 371 271 191 82 -
NPRC 803 4277 40.0 48.6 337 360 31.1 340 351 251 192 72 9.6
NPRC 804 333 42.1 50.7 35.5 37.1 29.1 38.1 36.1 26.1 17.0 8.0 10.1
NPRC 805 30.0 457 51.6 38.0 39.2 34.1 38.2  38.1 28.0 22.1 8.0 10.2
NPRC 806 46.0 426 479 420 442 34.1 39.1 42.3 28.1 17.1 12.1 7.1
NPRC 807 34.5 442 495 346 395 320 37.1 37.1 25.1 19.0 10.1 8.1
NPRC 808 33.7 46.0 520 350 440 33.1 40.2 382 27.1 21.0 8.1 -
NPRC 809 30,0 42.0 472 31.2 320 31.1 372 362 242 192 7.2 12.0
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Table 1: (Continued)

Isolates Inhibition zone (mm)

P AMP IPM DA TE AZM CLR E VA TEC A* E*
NPRC 810 340 449 448 338 371 331 388 361 240 201 - 9.5
S. mutans 40.0 38.6 495 348 332 301 380 361 241 171 9.0 11.1
ATCC
25175

P=Penicillin; AMP=Ampicillin; IMP=Imepenem; DA=Clindamycin; TE=Tetracycline; AZM=Azithromycin

CLR=Clariomycin; E=Erythromycin; VA=Vancomycin; TEC=Teiciplanin

A*=Acetone extract; E*=Ethanol extract

-=No zone

68



Table 2 The minimal inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC) of the extract from Rhodomyrtus tomentosa against clinical

Isolates of Streptococcus mutans (n=10)

Isolates MIC/MBC (pg/ml)

Ethanol extract Acetone extract Chlorhexidine PenicillinG

NPRC 801 128/512 32/64 0.5/0.5 0.0156/0.0156
NPRC 802 1,024/>1,024  16/32 0.5/0.5 0.0156/0.0156
NPRC 803 32/128 16/32 0.5/0.5 0.0156/0.0312
NPRC 804 128/1,024 32/32 0.5/1 0.0156/0.0156
NPRC 805 1,024/>1,024  64/256 0.25/0.5 0.0156/0.0156
NPRC 806 64/512 16/64 0.5/1 0.0156/0.0156
NPRC 807 1,024/>1,024  32/64 0.5/1 0.0156/0.0156
NPRC 808 >1,024/ND 32/256 0.5/2 0.0156/0.0312
NPRC 809 512/>1,024 32/64 0.5/0.5 0.0156/0.0156
NPRC 810 64/256 16/64 0.5/1 0.0156/0.0312
S. mutans 64/256 32/64 0.5/1 0.0156/0.0156
ATCC 25175

ND=Not determined
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Clinical and Laboratory Standards Institute (CLSI)

Table 3: Zone diameter and minimal inhibitory concentration (MIC) interpretive standards for

Streptococcus spp. Viridans group.

Test/report | Antimicrobial Disk Zone diameter MIC Interpretive
group agent content breakpoints standard
(ng/ml)
S | R S | R
PENICILLINS
A Penicillin - - - - <012 0252 | =4
A Ampicillin - - - - <025| 054 | =8

CEPHEMS (including cephalosporins L, I1, III and 1V)

B Cefepime 30 ug =24 | 22-23 | <21 <1 2 =>4
B Cefotaxime 30pg | =28 2627 | <25 <1 2 =>4
B Ceftriaxone 30pug | =27 2526 | <24 | <1 2 =>4
CARBAPENEMS
0 Ertapenem - - - - <1 - -
0 Meropenam - - - - <05 - -
Table 3: (Continued)
Test/report | Antimicrobial Disk Zone diameter MIC Interpretive
group agent content breakpoint (mm) standard
(ng/ml)
S | R S I R
GLYCOPEPTIDES
B Vancomycin 30 ug =17 - - <1 - -
LIPOPEPTIDES
O Deptomycin - - - - <1 - -

MACROLIDES
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C Erythromycin 15pug | =21 (1620 | <15 | <025| 05 > 1

0 Azithromycin 15pg | =18 | 14-17 | <13 | <05 1 =2

0 Clarithromycin | 15pg | =21 | 1720 | <16 | <025| 05 > 1

0 Dirithromycin 15pg | =18 | 14-17 | <13 | <05 1 =2
TETRACYCLINES

0 Tetracycline 0pg | =23 (1922 | <18 | <2 4 > 8
FLUOROQUINOLONES

0 Levofloxacin 5ug =17 | 1416 | <13 | <2 4 > 8

C Ofloxacin 5ug =16 | 13-15 | <12 | <2 4 > 8
Table 3: (Continued)
Test/report | Antimicrobial Disk Zone diameter MIC Interpretive

group agent content breakpoint (mm) standard
(ng/ml)
S I R S I R

FLUOROQUINOLONES

¢} Gatifloxacin 5ug =21 1182 | <17 <1 2 =>4

¢} Grepafloxacin 5ug =19 | 16-18 | 15| <05 1 =2

¢} Trovafloxacin 0pg | =19 1618 | <15 | <1 2 =>4
PHENICOLS

C Chloramphenicol | 30pg | =21 1820 | <17 | <4 8 > 16
LINCOSAMIDES

C Clindamycin 2 ug =19 | 16-18 | <15 < 0.5 > 1

0.25

STREPTOGRAMINS

¢} Quinupristin- 15ug | =19] 1618 | <15 | <1 2 =>4

dalfopristin

OXAZOLIDINONES

C Linezolid 30pg | =21 - <2 - -




