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ABSTRACT

The aim of study was to evaluate the antimicrobial and antibiofilm activity of the
ethanolic extracts of 12 herbs. The phytochemical profile of the most effective extract was also
investigated. Herb extracts included Alpinia galanga, Curcuma longa, Curcuma zedoaria,
Piper betle,  Piper chaba,  Piper nigrum,  Piper sarmentosum,  Mentha cordifolia,
Ocimum africanum, Ocimum basilicum, Ocimum sanctum and Zingiber officinale. The
antimicrobial activity was performed by measuring the inhibition zones using agar well diffusion
method. Minimal inhibition concentration (MIC) and minimal bactericidal concentration (MBC)
were assessed using microdilution method of the Clinical and Laboratory Standards Institute
(CLSI) and a time kill assay was also determined. Antibiofilm activity was investigated using 3-
[4,5-dimethyl-2-thiazolyl]-2,5-diphenyl-2H-tetrazolium-bromide ~(MTT) assay. Thin layer
chromatography ( TLC) , fingerprinting TLC-bioautography, gas chromatography-mass
spectrometer ( GC-MS) and high performance liquid chromatography ( HPLC) were used to
determine the active compound of antibacterial. In the results, P. betle showed a good
antimicrobial activity against all tested strains with MICs ranged from 1.04 to 4.17 mg/ml, and
MBCs ranged from 1.56 to 8.33 mg/ml. The killing activity depended on time and concentrations
of extract. The amount of P. betle extract required to inhibit > 90 % biofilm formation of
Streptococcus mutans ATCC 25175, Aggregatibacter actinomycetemcomitans ATCC 33384 and
Candida albicans ATCC 90028 were 1.56 + 0.11, 0.39 + 0.65 and 3.13 + 0.15 mg/ml and to
remove > 90 % biofilm growth were 6.25 + 0.58, 3.13 + 0.28 and 12.50 + 0.69 mg/ml,
respectively. The major compound was 4-chromanol, which responded for the antimicrobial
activity of P. betle extract. It was demonstrated that the extract of P. betle possess 4-chromanol

with good antimicrobial properties that may be used for treatment of oral infectious diseases.
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. . . Sy, Lo 35
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a d
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piperyline, piperolein A, piperolein B LA 13 Yseneulalasmive u%u g 1% 2E,4E,8Z-N-
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GRELALLY
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nd' = Y dy A A dy 4
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19 Lamiaceae:
L. NING -5. aureus - P. geruginosa C. alhicans C. alkicans
-B. pumilus
2, W4dn -5 aureus -E. coli -4 miger
-B. subrilis - P. multocida - M mucedo
- F. Solani
- B. theobromae
- R solani
3. sz 5. aurcus -E. coli - 4. niger
-5, enteriridis -M. mucedo
- F. solani
-B. theohromae
- R solani
4, @zizund 5. aureus E. eoli
eLlil Piperaceae:
3. %’m'g - S, mutans A C. alhicans - 8. mutans A C.
- Lactobacillus  acrinomyceremcomi -Lactobacillus actinomyeete  albicans
spp. tans pp. Moomitans
6. ALla -5, aurens -E. coli -A. niger
-5 lurea -Pacruginosa -A. fumigatus
-A. ramari
-P.chrysogenum
7930 10y -B. subrilis, -K. aerogenes -C. albicans C. albicans
-B. sphaericus -C. violaceum -Trichaderma spp.
-5 aureus -F. aeruginosa -A. niger
~Penicillium spp.
8. Wg -8 aureus -E. coli -C. albicans 8. murans
-5 epidermidis  -P.aeruginosa -M. pachyvdermaris
-5 mutans

-5 pyrogenes
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. lugaathn
wanvaiiidu . .
ayulng N Wouvailde .
iWan
UaFuuIn uniuay HNTUUIN uniday
19 Zingiberaceae:
=
9. VHUTU -5. @ureus -P. aeruginasa -C. neaformans E. faccalis
-S. -S. nphimurium -A. fumigares
epidermidis -P. vulgaris -M. mypseum
-E. faecalis -T. mentagrophytes
-T. rubrum
-E. floccosum
& 3
10. vuUa0Y -B. subiilis -E. coli -C. albicans C. albicans
-5 aureus -P. mirabilis -4, niger
-M. lureus -K pneumonia
11,491 -B. subrilis -E. eoli C. alhicans E. faecalis C. albicans
-5 aureus -P. aeruginasa
-S. epidermis  -E. aeragene
-E. faecalis -E. cloacae
-K. prenmoniae
5. nphimurium
12. U4 B. subrilis P. aeruginosa -B. cinera C. albicans

-F. oxysporum
-M. arachidicola
-P. piricola

-C. albicans

-Trichoderma spp.

-A. niger

-Penicillium spp.
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1 k4 o 7
LiledAnuInIsAuFevesatsanavinayu lns Inelui9d Lamiaceae, Piperaceae 11a g

. . 1 Lil 1 tﬂ' 1 1 a
Zingiberaceae Ao1r0ne Isannuves luzestnlugnzunacniln

\ ¥ (% 4
2. eAnBIMSAIUIT VoA ITanavIna U 1ns Inolu19d Lamiaceae, Piperaceae 11a ¥

9 [
Zingiberaceae foiyane lsannutos luvesthnluaaiz luTefldy

A = J AA o o v Aa £ 9 j’ A A
3. L‘WE]ﬁﬂ‘]eﬂE]x?ﬂ‘]Ji%ﬂ’E]‘]J‘I/]1\‘ILﬂ3J1/Iﬁ1 ayuaam5ﬁﬂﬂmquﬂumimuwaﬁ;a%wm
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EMsauIuNUIY

1. msanamsnnayulng

a Y J

AR a X Y 1
mgu”lwmﬁﬂymmwm 309 12 ¥tia TaeFoninaaiada laun mgu”lwa“lu
7 . ' o ' <3 EY I .
249¢ Lamiaceae 14U NEIWIT UNAAN deszuril tag Ivsgw uau ﬁuu”lwﬂmqﬂ Piperaceae
' 9 2 a I Y s . . f 2 o 2
U FING a1a win'lne HAsNg dluau ag mgu“lwﬂmm Zingiberaceae I¥U YNUUYU VNU

° [ o 1 a 3 !
808 (1103 maeerayu lnsludunomalng Jwdaaevar) 11 vazdis Wudu (@13190 1)

4 v A

Y

Taetinasimsaamonayulng Al

Ao A 9 I Adal Y ~ 1
- ayu Inshaadondoadluayulns Ineiuhuiwuios

Ao A = =< A o Ly & A A
- ayu InsAdadeniineaumsanyuneInugnEArenUANE o1aIF05)

< A [ a

- Wluayulwsilassngusnu lsnssuumaaue g

o { o PR 4
- nJufc’r:t;u"lmﬁmmslmﬂummmazLﬂ%qmﬁ

o v 9 < Yy v Y o & v 2L & °
wayulnsndnldazern azdaldudwwdnhuuldiduswdn o i

ayulns llovfigungil 40-50 °C wru 24 ¥ 1w i ldusludrviazars 95% ethanol

A A 1 < @ o U { o ~
mesou 13 Tdanayulng iJunar 3 7w udrnahwinses edwidluaisazatenla ll
52110 cthanol DONAIIATOITLINYFYYINIALULHYU (rotary vacuum evaporator) NQUHAN
9
40 °C v¢ I8 luarnwvesmsanane1y uaze1dauveanin lugludiviiazats ethanol 9nA54

° 1 L gi o gi < A a o o
‘Vn!ﬂf‘l!ﬁﬁ]uﬂi”ﬂ 3 A3 ﬁ’JiJﬁ”IiﬁﬂﬂVNﬁiJﬂlﬂ’UGLuﬂTGHugﬂﬂﬁu‘VI AULLE ngiﬂ‘]ﬂﬂl‘!f’gmﬁﬂ“

e &)

o A o D) £ = a o 9
20 °C ﬁ”liﬁﬂﬂﬁljuulWS‘ﬂuTulﬂﬂlGHﬂﬂﬁ@UﬂZﬁﬂﬁlﬁiﬂMﬂuﬁWiﬁgﬁTU 10 NTU % (ANULUYY

2

U

100 Haansu/iadans)lneriin13azale@is 10 % dimethyl sulfoxide (DMSO) &1 1a1Y

f
v 9 X
¥

= = Y o Y 2 <
INTRNRTARN ] ma%wmmia‘nu”lﬂ wazlsudsnasaneiinau

a

ad G & Y Y
2. 'Jﬁﬂ1§!ﬂiﬂ&l!‘]ﬁ’)m‘lﬂ’lﬂﬁi’)1l

a

2 XA dy v 2 A A v
lW1$laENLGD'@1/](5]’f]\?ﬂ'ﬁ‘ﬂ@ﬁ@‘ﬂ@'Jfl’f]'lw’lilafl\n"]f@"]fu@L!"U\‘]ﬂ']flclﬁﬁﬂ’lqumﬂﬂll

U

4 A 2 oy 4 44 ad o ~
tazg M dy (915199 2) 110U U 1Y loop uazionilulalaimed 919U 3-5 Talail

o ! . a Aaa é =) dy dy a AaAa o l
i laluaa sterile ¥1u19 20 Hadaas Flionsmeusoriailiuiag 10 Jadaas 1 ls
Y 1 ,i’ Y a ~ [ g g‘/ g‘; [ a2 dy I ¥ dy
lugumdonieldguugiinaznafimmzaunurenu q niuliudSuade1d 1are
Y Y
A 1.5 X 10° CFU/mI Tagifisa1uauiy McFarland No. 0.5 SHiaueudouuaiiz onazise

[T

~q Y = Ao A
s lsnaaeu lumsanyINaadl
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v A Y & aa < a
2.1 AAAdNAIUNHUDUYDUUANLIUUNINUIN Lﬂuﬁ“‘ﬁﬂﬂlﬂﬂiiﬂﬁu@ 4 ¥UR
A ® S mutans ATCC 25175, Streptococcus sobrinus ATCC 33478, Lactobacillus fermentum
ATCC 14931 tag Lactobacillus salivarius ATCC 11741
o A o A aa <3| D v o
2.2 A NAIUNHUYDUYDUUANLIYUNTNAD LﬂuanWﬂﬂJﬂﬁIiﬂﬂﬁﬂu@ﬂﬂLﬁU
2 Fiia A9 4. actinomycetemcomitans ATCC 33384 Ulag Fusobacterium nucleatum ATCC 25586
v A Y A q‘ ' \ a A
23 ﬂﬂ!ﬁﬂﬂﬂ?!!ﬂﬂﬂ]ﬂﬁ!‘ﬁﬂiTﬂWUﬂﬂﬂolu‘lfﬂﬂ‘lj'lﬂ 1 ¥UA AB C. albicans ATCC

90028

d’ dy &‘ A A dy Y g dy A o dy
A1319N 2 NSNS YUBDUUANLTYLASLIBD TN IYDIHITLAYUTD LLASTNNIENIHUIETUNULYD

v

UAAZFUA A1

A
(PVAYN

A X
9111318150

= 2
aNNIITNINICLa8N

&’ N A

IFOUUANLIY UDNINAU:

- Fusobacterium nucleatum
- Aggregatibacter

actinomycetemcomitans

Brain heart infusion
(broth), Brain heart agar
AN 5 % (v/v) blood, 2 %

(v/v) hemin

anaerobic incubator
(80 % N,, 10 % CO,, 10 %

H,) 37 °C, 24-48 521114

&, S A
LFOUUANLIY UNINUIN:
- Streptococcus mutans

- Streptococcus sobrinus

Brain heart infusion

(broth), Blood agar (agar)

aerobic incubator (candle

jar) 37 °C, 24-48 ¥ 139

- Lactobacillus fermentum

- Lactobacillus salivarius

de Man Rogosa and Sharpe

(MRS)

anaerobic incubator
(80 % N,, 10 % CO,, 10 %

H,) 37 °C, 24-48 521314

A
¥93:

- Candida spp.

Sabouraud dextrose broth,

Sabouraud dextrose agar

aerobic incubator

37°C, 24-48 21119
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% A v % o ¢ .
3. ﬂ]iﬂﬂﬁﬂﬂfﬂiﬂﬁ-&!‘]ﬁﬂﬂﬂiiﬂﬂl‘u‘]iﬂx‘l'll1ﬂﬂ’Jﬁlﬁniﬁﬂﬂil1ﬂﬁ3gu"l1/‘li"lﬂﬂnluiﬂﬁ Lamiaceae,

Piperaceae 11ay Zingiberaceae Tuan1zuwasiniin (@nnziivesgoensdaszlumsazais)

y X o A o O oy oy
3.1 MINATIUMIMUITLUUANIFEY !!ﬁ3!‘lfi’)51mﬁﬂﬁ1iﬁﬂﬂﬁﬂg‘lﬂ‘1ﬁl’iﬂluﬂuﬂﬂﬂ
3% agar-well diffusion

< Y
Lﬁiﬂu’éﬂ‘ﬁﬁmﬂﬂl%ﬂllﬂﬂﬂlﬁﬂﬁﬁﬂl%@iW ﬁfmﬂu TIUNTY LLﬁ“"]JﬁTﬁ%TﬂLg]ﬂffJ

Sl
=\

Y5115 20 Tadaasuildu mﬂuusaiwmmimmwauqmw Suszana 50 °C Auied
] Y k4
ApININATOUNAIMYU 0.5 McFarland 91040 2 a3lueImisineudoninan R UREICER
I XX da y - :
woruadluaasureNNIWHIU Tans VA URIFUINEIN 0.6 IEUAINATINIBY 50U
t;‘ dy <3 3 o ) o a ~ 9
91113108UFBIIUNAZUTIAT DAIUNIU Tanzeon U5 INgHaudMTUANaITNABINIS
,3 dy A dy [N A 9 3 1 A
naaelue1MsRsuFe NUFONTUDEY IANTITNADINITNATDVUATAIDENAIVAY AD 10 %
Y y 1 v 1
dimethyl sulfoxide (DMSO) wautiinauludadrw@ernunldazarearsnaasy (negative
a ] dal 9 A o @ dy ~Aq ¥ S o
control) Hguaz 100 luTasdas vuFedrean iz audmiuson ldnadouriu inis
9 H 1
nageUmsanAa 3 91 WINNLUN a5 UNQUUBIATT (inhibition zone) NNAAD HTAIIIAT
) ) 4 9 H
uudianuansolumsdudimsnigau Taveusonuaiitensoresinldnadon Javua

[ 4 [
idurugudna1uelaaie liussia (Vemnier caliper)

Yy A

3.2 manageummadndIuivesfigavesasanaayulnslumsiuds
mssaeAulnveuTenUANSY Hazes
' 9y 9 A Y ~ ~ 9 g’/ a a dy A J
AMANUTVIUN T aNGANAIWITOIVIINITAIYAD TAY0UFO HT0A1
v 9 4
Minimal Inhibitory Concentration (MIC) vesensanaayu lwslumsdugusenuniie uaziye
519N5aNAd0U 1aa1075 broth micro dilution assay A1MATUIATFIUVOI CLSI (Clinical and
Laboratory Standards Institute)
= dy j‘ A A A j‘ a a
A5 UNPIMITIABUTOLUANITINT ¥ T UV VIMA) 1AM 100 TuTnsaas aslu
2
a Jd A
panaIaANasuTaasa 96 QU (round-bottomed 96-well polystyrene microtiter plate) LLA S
wueyu lnsndosnisnaaen 100 Tulnsaas 11015199919 (two fold dilution) 92 Tde1sazate
A Yy 9 j‘ A 1
Anaduty 122, 1:4, 15, .. anadlauddy nntuEnFeidessnaaoURi AU
a A Yy v a v Xy ~
0.5 McFarland aq‘luwqumiazmammﬂu%ua:1 viguaz 100 lulasdas umyedrean1izi
=

) [ g { £ [l 1 Aa Aa j’
muzaudmsurenldmageuiu minwunsyuuaasniimsnsyau Inveureuuaiise

A j‘ ~ [ = a a g 9= A g = Y 9
NIDLBDI WQNV]iﬁLLﬁﬂQ'JTlliJﬂJﬂ”lil"l]iiyjL@]UI@]GIJ@QW@LLU?]TIWEJ NIDIBDIT HIANUUVNVUUDN


http://en.wikipedia.org/wiki/Clinical_and_Laboratory_Standards_Institute
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A = ] A o Y Y Ao A I J v
WQNL!iﬂ‘ﬂuliJllﬂﬁil.u HIDITAUANUIVNUYUNAING A 2518911 UA1 MIC v9ea1sana

1 Ay Aq ¥
ayu lnsaeyenldnaaou

' Y ¥y Ay A o = v
3.3 MisnageumImANMINTuiTeafigavesasanaayulnsiannsasn
WouuANISY 11a21¥931 ¥30A1 Minimum Bactericidal Concentration (MBC)
nsnaaouTaenisiiasanaayulnsluuaaziguued microtiter plate
y 9 v E o { A & A y 1 X g =
9duade 3.2 llmiz@eureuuomsneudeinauiu durodreda gz duy
) Y] dy A 9 g‘/
dsuren ldnadouniu
9 Y A . Aa X
wex Jyn1snadouaIuTe 3.2 uay 3.3 AealNqu positive control (HYNNNIFO

Y 9 v 9 v
1AZDM1TA8UFD) 1A negative control (MU lliM51AMYe) iMInadoU 3 AT Hguusn

A ] =\ dy 49! I 1 [ 1 dy Ao ¥
T]Vl,jJWUIﬂIaTJLGB@ﬂJuj']ﬂQ']‘HLL]Juﬂ’I MBC 6U@Qa']5aﬂﬂquu1Wi@@L%@ﬂ1%%ﬂﬁ@u

3.4 manageurmwavesamsanaayulwslumsivdimsndgivinveoure
A &, 1 v
HUANIELAZIFR I NI

' Y Y Y
flﬂﬂfﬂi‘ﬂ@1ﬁ’f]“]JE]‘VI‘ﬁEl,‘Llfﬂi‘(’J’Uﬂ\il%@ﬂlﬂdﬁ1iﬁﬂﬂﬁluﬂluﬁ}u WUMETANAIN 1

ya o D Y

LY a’/ dal A A dy = = dy Y adn | .
ngmmaumwmmﬂmiﬂ Llagl“]if]iflf”Iﬂ AN u%ﬁ@jﬂi%iuﬂTﬁ%ﬂﬁ@Uuﬂ’w’Jﬁ time-kill
¥ '

56 A ~ A A A A Aq Y o A
curves assay’ 1A8TNINMISNIUFDLUANG S azro 1N lsIumInaaouliuanuau
Y 2

OD 0 11101 0.02 (1520181 10° CFU/m) Tag1do1msineuse uaziduasanaainlung1d
~ Y 9 y A ! A dqu ! a 1 A g
uanuAdNdugaMen 1, 2 uag 4 1M1 MIC vouren ldnadouuaazsila UUIFoAI18aN1IY
~ o % ¥ { 3’; o 3 % [] { =
Mmnzaudmsurenldnagen 1T UINMINUAIE19NNAT 0, 30 WA, 1, 2, 4, 6, 8, 10, 12

] 4 a o . . . 4
ay 24 %2139 aseaz 100 luTasaas 1109190V serial 10-fold dilution @28 0.1 Tuals

o X ' Y 9 2 X A a o
PBS pH 7.0 azii e luuaazanududunimizidesuuemsaesiesiande nouasziily
] A 1% Y = ) V) = g A a é‘ 9y ..
Uyluaamznmuizay vasnntudniuuiiviu Ialativeusennadyy 19 Chlohexidine
A Yy 9 9 ¥ Y I .. a 2 X ~
NUANUINIUFANIY 0.1 % (UIMI/A51199) 13U positive control Az IMIIABNFBIIAIN
[ [ [ I o 2\// ) 1 g

lufigrunauvosmsanaayulnsiilu negative control ¥IMInNagoU 3 A53 MUIUAIVDUTD
A o FY 1 = [ 4 1 o &’
11901811128 log CFU/MmI tazeunsvuansanudunus sz n19namassuiuie (log

CFU/ml)
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v
=

1 U a(d
4. mynageumsmurenelsaluresthndemsananinlung luannzluleilan @nigi
&’ =S =3 1 U &’ a
FONMIBAMNANAUUUNURHI)
A Y

4.1 mynaaeumMaNMINTUNdeaigavesasanaayulnslumsduds

4
A A

v ad Al a =< Y X A A
maasn"luia%lau ('smnz‘mﬂvaumsﬂmmznqunuuu‘wuw ) VDUBDUUANLIBUALIF O

]
v AAAa

o Y as . 572 & L A
MMINATOUAIYIT MTT reduction assay’ FULUNTNATOURUFONIINTIA
[l dy Asaa = 1T ad tél A =
9d TAuo NNFINVLUNTLVIUMIVUEIDIANATOU HazNIZUIUMIHIZT Tl asunan
I 1 { ' ¥
15 tetrazolium Tuans MTT Inanedluensdaing formazan 1 lsiazatenin1a
Nagou IAUIATINOIHITIASUFDUUANITY HIDIFOTULLHAINUMNTIAY 1%
. PN 2 a 1 d a FY
mucin 183 100 TuTasdas aslumanaradni@esaadyiia 96 gy uUUAULDY (flat-bottomed
. . a L3 é = QG’ Y g}/ ds’ ti‘d
96-well polystyrene microtiter plate) taziaua1sanadInlung Falgnslunisdugurenalu
Y a a o A . Y A
mM3naaeatuan Usuias 100 lulnsans i1n15199919 (two fold dilution) 3¢ laasazalehil
9y 9 o w 2 a dy == dy Aq Y
ANMTUITY 1:2, 1:4, 1:8, ... aaa laud1dy Mndwauyeuuaiize tazesinlglunis
nagoulSUAUYUN 0D, N0V 0.02 (Uszura 10° CFU/mI) aslunguaisazaien
a v a v Ry p o o A Hdqu 2
w3on 131d2 vauaz 100 luTasans vmdedreaneimmzaudmiudgon ldnaaeuiiu
< < 9 =K 1 2 9y v X ) 9 A a s
Wunan 18-24 %1114 18I9A98 9 INA15a2 219N 1IN microtiter plate A2 50 Had luals
' Y
phosphate-buffered saline (PBS) N pH 7.0 91UU 3 AT HANAN AT 3-(4, 5-dimethyl-2-
thiazolyl)-2, 5-diphenyl-2H-tetrazolium-bromid (MTT solution) a1y duminyg s
A a o a aa =Y a 1 A A I @ ay
Haansu/aaaans USuas 100 Tulnsaas duluidadluna 3 92Tus gaaisazalens uaz
Y Y
IANA15 100 % dimethylsulfoxide (DMSO) 100 Ty Tasaas miniudsgamsazarenavnualild
Y
o a Jd A
Tusoanargan@eusaasia 96 nau HUUAUUUY (flat-bottomed 96-well polystyrene
. . o ] o [ Al A Y A . A A
microtiter plate) oulviy uazu1"lﬂaﬂﬂ1g1ﬂﬂauummamsm Elisa plate reader NAINEIINAU
570 1 TULUAT (Optical Density : OD, )

VAo g a a v [
aiia IdvzilufFinadeluluTelduiisoadin Fanmsgandundazuls

Q/ gd’ an (%

=Y a . o a J { a o
AuaulSmadeNsenin Faa1s MTT wilfnsonuaswaive lannwdnainisadves
X daaa & o 4 ' o 9 =
woNiiFIa Fan15vi1aruveaenlal dehydrogenase 191 NADH 1oz NADPH v 1densd
A = <3| a 4 ° = = o '
1Ma09999 MTT AnWanna 1ol ud15§329909 formazan vinuusihwnfSeufeununguy
da a2 T N - FON
auguilimaauselue1misiaeude (positive control) tazlio 1M siasuFe NUAIUHTUVD
Y] [ I o 1 { 1 H
asanaayu InsTuuaazanududuiu blank control v1ldnswIdnnanududumilan

= 1 Y a J Lg o Y
ﬁWﬁNWﬁ@I@ﬂWﬁﬁﬁNul‘UTfJ“V‘lﬁllsUle“lfﬂ AUIUNANITNAADIAIYTAT
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% Inhibition = [1- (A, of the test/A,, of non-treated control) x 100%].

= =

§ :7 1 Y ?zl.l a o I 1
TasanududundinaanansasuganisaiigluTeddauld 50 % az 90 % s1e9113luan

Q

MBIC;, and MBIC,, (minimum biofilm inhibition concentration) 11AINAADL 3 AT

v v
I %

42 msnaaeumimaiduduiitesiigavesarsanaayulnslums

Q

k4
AN A

o ard ad ~ = ' v A aa A
‘mmﬂ"luimlau (annzm‘ueumsummznquﬂuuuwum) VU OUUANLIY LUASIBDIN
I3 a . f
af1quvvsiasaluTeoWawy (biofilm model) ¥ ® 1% © S mutans, A.
a 1 J A Y
actinomycetemcomitans W0 g C. albicans Tupianarganiqousaasila 96 NANLBUUNULDU
. . é 9 a o ay [ 1 9
(flat-bottomed 96-well polystyrene microtiter plate) ¢ AlumsasraluTedlauvesdeainardes
9 dy A A dy A Y [ oA 1w 6
lsrauunnize taziresnl¥lumsnaaavlsuanuyun oD, 1A 0.02 (Useua 10
Kt A X A a . Z . oA =
CFU/ml) waLaﬂﬂummsmﬂqwa%uﬂmmmnmsmn 1% mucin mﬂuuuﬂﬂuwmnzﬂ
4 ] 9
Lﬁﬂ?%ﬁﬂﬂlﬂﬂl%ﬂll@]ﬁ%‘lﬂuﬂ UIU 24 GI)"JT?N Ll's%)’ll%?\iﬂ’f)ﬂ 9 mmsazmﬂuam%iuﬁmamwmTﬂ
a d‘ ] 9 a| d = [ o . . 9}@9’ o 9 o’d’
uﬂm"lmnniaﬁiwulﬂavlau“lumi&mmzﬂmuwm microtiter plate ”lﬂﬂxi NINTANLFAAN
ar d ° d g a .
Wgﬂﬂﬂﬂ%Wﬂ“lUT@WﬁNﬁ’Jﬂ PBS pH 7.0 9143U 3 A3 N UUIANET T phosphate-buffered saline
d’d [ d' 9 E) J a ] d' d’
(PBS) Vlllﬁ”liﬁﬂﬂﬁl”lﬂﬂlﬂwQVIﬂ’JT?JHJ?JGU‘LWnQ 9 200 11“1?]5@1@5@’1\‘111!14@11 VYUNTNIIEN
¢ ' A o v o a
LW3H$’(,T3JGU’ENL%’E]L!GI€1$6]$H@ UIU 18-24 “lﬂiiN ’Jﬂﬂ'lﬂ’ﬂiJﬁ'liJ'liﬂcluﬂ'lﬁ/]'l’(,ﬂﬂ]lﬂif]wﬁﬂﬂl@\i
A 9 an . 57 @ 1y g o A v A .
1R8I0 MTT reduction assay” AINA1IVINAY Iﬂﬂﬂﬂﬂ“ﬂﬂﬂﬁuuﬁﬁﬂ’)ﬂmi@ﬂ Elisa plate

=~ @

reader N1A214819AAU 570 U1 TUINAT (Optical Density : ODy,,,.) Hinuloumneununguy
1 4 Y 9 9 9 1
AN MTAure Tue M58 UT0 (positive control) Hazlio1msmeuFoNIaIUHTUVDS
o 1 I o A 1 ~
arsanaayulns luuaazanudud iy blank control v ldnsnlannanududumilan

~ 1 Y a d dy o 9
ﬁ’lillwaﬁﬁﬂ’liﬁﬁ’l\?l’lﬂiﬂwtﬁﬂmﬂﬂl‘ﬁﬂ AUIUNANITNAADIAIYTAT

% Eradication = [1- (A, of the test/As,, of non-treated control) x 100%]

{ o = { o w a I 1
TaganududundngaiannsadivaluTefldu'ld 50 % uaz 90 % s1va1uilua1 MBEC,,

9
and MBEC,, (minimum biofilm eradication concentration) 1AINATDU 3 AT
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= d Ao w o aa Qd Y A An
5. m‘iﬂﬂ‘tﬂ@ﬁﬂﬂizﬂﬂ‘]ﬂn&!ﬂ&mﬁ1 i,yﬁummsi:mﬂ%m“luwgnuqm‘lumsmuwem

5.1 msnageunenmsesnlszneumaniivesssanaanlungiie3s Thin
Layer Chromatography (TLC) uazms‘nﬂﬁa‘umq‘nénﬁﬂ’ué’ag%mmﬂﬁﬁﬂ uazie Ve
msesniszneumaniivesssanaanlungdeis TLC-bioautography

msuenasesnlszney I¥msadanlung (100 Tadaniu/iladans) a1s

15314 eugenol (5 luTasans/iaaans 14 95 % ethanol) 1ag 4-chromanol (1 Ja@N3TY/

=

iiaaans 11 95 % ethanol) Y5103 5 luTas@nsudw (spotting) a9UUIUKNY TLC AtpdoUAY

alumina silica gel GF,, (stationary phase) Y419 8 x 2 ¥UAIAs lasuaulivisindaie

] 1 [ U

9 [ dgl a 1 Y a\ AA o o
AU NIUNIY T2 1 IBUAINAST umwuﬂaﬂan"lﬂﬁguaﬂuﬂwummuuuﬂﬂwumm

1 Y A I Y v Ao o ra A Y (g 1 ¥ o
azma“lﬁ”hmfmaﬂuaﬂ‘luSzmJwmmazmﬂqﬂuLﬂuﬁmmmumﬁmamq AINITANY

=) [ A

¥3079n1A1AA0UN (mobile phase) N1 170 toluene : ethyl acetate TuBATIAIU 90 : 10 ADY

o ~ v o d42 X 9 ' ~ @ o
\ﬂﬂﬁ5@Ellﬂﬂﬂell@\ig’]'g‘ﬂ’laga’lflﬂclfuellu@]’luuum@\ulwu TLC SU'E]cUﬂJ@Qj@ﬂ!ﬂﬂﬂm@\?@gﬂ']aga'lﬂ

=

2 ' A A = Y] ' ' o '
Hi38n71 solvent front tipa 13V UNDUDIUaIEMUVUYBALEHY (W19 N aeduUHVYBILHLAY
a 3 ] 2 v o J o ' 4

11 0.5 5 UAINAT) D13 LAY TLC 980 Nalidrazarsuansuwii luwuanldde 20 %
. . ° v Y o o < ~

(w/v) ¥®3815 phosphomolybdic acid U ethanol traz i1 lugaaudeus 105 °C unar 5 wii

o ! . % I [ 1 ~ M { ~ o

AUIUNIAT R, (relative front values) FuTudasiaiuvesszoznianaisimaouniouny

da o A sy a
FTEZNNNAIMNATUAOUN HIOGAS

4 A 4 da o A4

R, = 528N NNTTAROUN / 5282 NINAINALAAADUN

a9 TLC-bioautography 1435 agar overlay Taen152190W Y TLC 9194 U (”l,iJ'

] Y

9 J. dy j’ A A dy j’ A I 1 I
G]’fN‘W‘L!ﬁTL‘]JiEJ) awumm‘w"maﬂwmmummsmmwa‘nmmﬂumuwﬁmﬂugm (6

q

aa ~ dy &’ a A A j‘ A Y &l
anaNg) M5 U IMITAYUTOLUANIS oNT 00 NI uEIUNEY tazdsannwedsuiag

q

f=g)]

a

A aa o ¥ kS v 2 A a A & dy
10 uaaamuﬂﬂ@m ﬁ]']ﬂu‘l,‘!i@clﬁ@']ﬁ13Lﬂﬂﬁl%@u@ﬂ!ﬁﬂﬂﬂigu1ﬂ! 50 °C IIULBDNADINTT

G

]
= 1

Y Y ;
NATOUNAINYU 0.5 McFarland 91191115100 0F0AINE1 UFDA0TAIZRIMUIZAN
T 2 o : 2
dmiuyonldnaaouiiu vinwu9lasouAV0IE1T (inhibition zone) LAAIITAI1TU U

@ Z’_, a a &’ A A &l Aq ¥ 59
ﬂ’J"IlIﬁT”I?J”IiﬂGl,uﬂ"liEJ‘]JENﬂ"lilﬁ]i@t@]‘]ﬂ@]“’ll@ﬂwmmﬂﬂLiEJ mawmmiwma‘u
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a ¢ d (Y] a
5.2 mimummswwmsmﬂﬂszn@mmammumsanm1n1uwgﬁwﬁ GC-
MS analysis
4 = [ a Y
asr@eumasesnlszneumuniiaisanasinlung 100 lulasaasale
N304 gas chromatograph-mass spectrometer (GC-MS, Trace GC Ultra, USA) IN5099211N15
a o a a A
ATIANTILH IAsuena13 1Aen15U359 11 column B1A silica capillary (TR-5MS, 0.25 Haduns
Aa A " o d aa 9}2’/ Sld' o =
x 30 Yaauag, ANVHUIVILHUN AN 0.25 11“1?]3!,3“5]3) Qﬂ!ﬁ{]ﬂﬂﬂl%’ﬂﬂqﬁﬂ 70 C UM 2 UM
A da! = 0 d' o [ 1 o 1 = d‘ = 1 d' [
INUYUIUDN 250 C gagan 305 C Gluammau 10 C ADUIMN HAZAINUIU 5 UIN FIUNN
{ g @ o 1 a £ 1% A aa
wihidludifa (@asidiu 10: 1) 19 Helium (U3gnT 99 %) 95115 Ina 1 Hadans/uni
[ (Y
Tagldunailudan (carrier)
115U MS operation parameter 14 electron ionization mode (EI), ion source 70
eV; ion source temperature 250 °C Mass spectra ﬁhlﬁlﬂéclucﬁ’sﬁ 35§49 500 amu OATIMTALUAY 2
a = a J J @ 9y = @ .
AUIN ﬂ1531ﬂ31$W€Qﬂﬂigﬂﬂﬂmﬂﬁﬁ'ﬁﬁﬂﬂjiﬂﬂi‘b’ Mass spectra L‘Lr%ﬂ‘lll'ﬂﬂllﬂ‘ﬂ Wiley 9 mass

spectral library @315 UIUWIUTINUE15910 GC peak areas”™

a d Jd o W (Y]

5.3 M3z Haesnlszneumsdinymaniiluaisaiainlung

A5 high performance liquid chromatography (HPLC)
a 4 4 d’ o W [ Y 4’ =
nnzratsesnlszneundidnyluaianinlungdisnsealasuInnsil

® . a 4 . .
VDUNAITNTIDUS G (HPLC; Agilent 1100 series, Palo Alto, CA) TA8AATIEHIU isocratic
{ a v W a J
14 injection value loop 1 20 TuTnsdas wazdudnaIMA28 UV-detector @012z 1unsins 1z
1 1 f %}

msuadisdrng 19wl@ndoun (mobile phase) TudasidIuves nIuoa : 11 (70 : 30)
o ~ a aa = a & A = 9 [ 4
80131013 1918 (flow rate) N 0.7 Haaaas/u1i na1lun1sAAsILryn 20 w1 vazldasduil
Apollo C18 (V11 250 HadAT x 4.6 Haamag, 5 1 TAT1AT particle size (Alltech Associates

Inc., Deerfield, IL) ﬁﬁiJWI‘ijpuﬁGl%} Ul@%}l,m' eugenol L% 4-chromanol o

d
6. MINATIZ¥ivoNA

U

a < Y a 91 A U A
amiwwmagaiummﬁmm Iﬂﬂﬁl%’ﬂﬂﬂﬁﬂ HAZAIUVYAUVUNINTTIUINNIT

o 9 d‘ g g.ll
Murudoyan lalumsnaaeus 3 A5
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HAMIANUUNIUIVY

b

agilsyasndon 1
A = £ £ o J . .
L‘Wﬂﬁﬂ‘lsl1ﬂ1iﬁ1ul%6ﬂl’t'NﬁTiﬁﬂWMﬂﬁialullWiulVIEJGluﬂﬂﬁ Lamiaceae, Piperaceae (LD Y

. . 1 Lil 1 tﬂ' 1 1 a
Zingiberaceae Ao1¥0ne Isannuves luzestnlugnzunacniln

' 9 Y Y 9
MnMInadeugnsmMssudusegadnlududuvesasanaayu lnsns 12
: y . 2 <
FIARIYIT agar-well diffusion WuNATEnAINluNg azasananmmuiudoslignslu
v Y v v
M13608IN1593 AL Ta¥e B3 C. albicans ATCC 90028 (151991 3 1Az A15197 1 V04

A < v & X A A y 9 T aa
MANUIN D LA V) Glummwmimafmqmmsﬂumwmmﬂmsﬂumumu WUNUINYINT

£

[ 1 g‘; A a1 @ g‘z dy A 9 a A A
ﬁ'ﬂﬂmﬂﬂlﬂwgWITL!uVHJ’E]‘VI‘ﬁVIﬂ@]’B)ﬂﬁfJUﬂﬂl%ﬂﬂi%ﬂﬂﬁ@ﬂnﬂ‘ﬁuﬂ (M1919N 3 1AL 91NN |

Y
v o '

o (] Y 2’, g
YOINIARUIN U 1Az A) DNNIGINUAYU TnsTued Lamiaceae lidmnsndusurost uag
9 v

wouvuanisenldnaaou’ld

1 [ 1 dy d‘ 9 ] [ =

A1 MIC vosa1sanainlungaeresinlynadoueglueia 1.56 99 3.13
A a o a aa ' o y £ 9 v £ Aq ¥ ' ' =
Nadniw/laaans A1 MIC ¥edmsanannmiIviugesnaes 1 lsnaaeuoglurie 1.56 04

2

833 dadnsu/Naaans nazA1 MBC ¥0d15ana1n lungaerosioglusie 3.13 4 8.33

! Y Y
aansu/laaans TuvameNal MBC 6U’é]\1ﬁ1iﬁﬂﬂ%1ﬂlﬂf‘i}1elluugfl&l@]'ﬁ)lf’?ﬂ@inﬂﬂﬂ’ﬂ 25

f=g)]

[ Y
y/yaaang (Gﬂi?ﬂ‘ﬁ 2 UDINIAWNUIN N) TIUAT MIC ﬂl@ﬂﬁ?iﬁﬂﬂ%1ﬂ1ﬂwgﬁﬂl%ﬂ

e

aan

f=g)]

[] a o a

¥
nuANGeey lus9 1.04 ﬁ\? 4.17 yaansu/uaaans Laza1 MBC ﬂlﬂﬂﬁ1iﬁﬂﬂ%1ﬂ1ﬂwgﬁfll%ﬂ

U

uuaNizeoglus9 1.56 049 8.33 Naansu/Aiaaans

U

9 4
Wﬁfﬂi‘(’J“]Jﬂﬁﬂ1ilﬂiﬂgl§lﬂ1¢]ﬂl@ﬁl%ﬂi}aGb”WG]'EJTTuﬁﬂlﬁﬁ1ﬂlflﬂﬁ1iﬁﬂﬂ%1ﬂ1ﬂwg

k4
d‘ v g}/ A

TaoANUATUTUT 1xMIC, 2xMIC 11ag 4xMIC §111308U8¥0 C. albicans ATCC 90028 14
nan 8,2 uag 191 1ua awddy (U7 1 vesmaruan n) aAnududuil 1xMIC, 2xMIC tas
AxMIC 315088380 S, mutans ATCC 25175 1870a71 12, 8 1Az 6 %2 Tua MUy taz
Inusa A actinomycetemcomitans ATCC 33384 1&nan 6.2 uaz 1 %1109 awdau
(U7 1 v99n1ARUIN A) F9U 0.1 % CHX (positive control) asadudadons 3 viiald

ey 30 w1
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m3197 3 uagasasanaayulns, darunlflumsnadeuvesansana uazanuansnlums

9 ;4
v A

SUGUBDYATN
y o b X 4
msata L Anuansalumsivgduregadn
aunly
aywlng Lf  Ls SS Sm Aa  Fn  Ca

d
3971 Lamiaceae:

ALINGT NIAY - n.d. - - - - -
o )

MG NIAY - n.d. - - - - .

assyuny v - n.d. - - - - .
)

Tviszn NIAU - n.d. - - - - .

d
971 Piperaceae:

g Ty - - - . ; T+ +
ala Ha - - - _ - + +
winlne M - - ; ] ) n ]
Ny 1y ++ ++ —— F+ ++ N FH+

d
971 Zingiberaceae:

Y
YR UFY M - ; - + ] i n
Ly Y
viudey Wi - - - + ] —t -
' v
0 Wi - - - + -+ -+ +
a v
U YNNI - - + - - ++ +

+,0 < zone < 10 HaQKUAT; + +, 10 NAQINAT < zone < 20 HAAUAT; + + +, 20 HAQWAT <

zone; -, Ulliﬂﬂﬂ;] inhibition zone

j‘ S A
" ¥ouunnisy: Lf - L. fermentum ATCC 14931; Ls — L. salivarius ATCC 11741; Ss — S.
sobrinus ATCC 33478; Sm — S. mutans ATCC 25175; Aa — A. actinomycetemcomitans

ATCC 33384; Fn — F. nucleatum ATCC 25586; CA — C. albicans, n.d. — not determined
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U

agilszasnden 2
A = 9 e 1% 7 . .
MoAnINISA LT evod1sanaIndy U lws Inolua9d Lamiaceae, Piperaceae 11 g

k4 [
Zingiberaceae oiyane Isainutosluvesthnluanaiz luTefldy

wamﬁmﬁe‘Umﬂ'wmmm’l’u%’uﬁﬁ’aﬂﬁqmmmiﬁﬁﬂmﬂﬁluwgalumif‘fm‘?q
msadaluTeddu > 50 % uaz > 90 % (MBIC,, 1tag MBIC,,) #0140 C. albicans ATCC 90028
047 0.78 + 031 uaz 3.13 + 0.15 Hadn3w/Aadans amdidy (U 2 veamanuan n) Aoie
S. mutans ATCC 25175 8g11 0.39 + 0.20 1z 1.56 + 0.11 Aadniu/fadans s gy Haziife
A. actinomycetemcomitans ATCC 33384 E]Q:ﬁ 0.10 + 0.03 a2 0.39 + 0.65 Uaaniu/Nadans
AN (gﬂﬁ 2 UDINIANUIN A)

wami‘wﬂﬁaumfhmmm’fm’fuﬁ‘ﬁ’aaﬁq@mmmiﬁﬁ’mmiuwgiumi
maaluTeWay > 50 % 1ag > 90 % (MBEC,, 11a¢ MBEC,,) #0130 C. albicans ATCC 90028 o4
i 1.56 + 0.44 1A 12.5 + 0.69 Haanfu/iaaans mudsy (gﬂﬁ 2 YDINANUIN N) Ao1N0 S,
mutans ATCC 25175 atj‘ﬁ 0.78 +0.11 1Az 6.25 + 0.58 faansuwiiadans mudd uazi¥e 4.
actinomycetemcomitans ATCC 33384 ® Q:ﬁ 0.78 +0.34 8% 3.13+ 028 Haansu/Uaaans
AUAIAL (;sﬂﬁ 3 ¥BINIARUIN A) 84 0.1 % CHX a1130duds nazsrianisaiieluleflau

dy g’/ a 9
Vo UFON 3 ¥hia'ld 100 %
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Yngiszasndon 3
ad o

A = J o v Aa £ Y g Aa
eANY199AYTTNOUMUANNEN iUu"‘IJ@Qﬁ15ﬁﬂﬂﬂuq%ﬁiuﬂﬁ@1ul%€mﬂ

4 = [ Y ax [ A
Naﬂﬁllﬂﬂﬁﬁﬂﬁﬂ‘ﬂizﬂEJ‘U‘VINLszllfNﬁﬁﬁﬂﬂmﬂGlUWgﬂ’)ﬂ’)‘ﬁ TLC ﬂﬂqﬁj‘ﬂ‘ﬂ

A

3B ¥94MARLIN N 1azgUil Sa veeamaruIn ¥ FanuNArLisEsva g iian R, = 0.38

D]
9 ¥

MouAT R, 14 U@ 11U UReInUeE15NIAT§1U 4-chromanol HIe 1115066 UFD C. albicans
4 2 o 4
ATCC 90028 (317 3C ¥8IMARUIN N) FOUVANITOUNITNUIN S. mutans ATCC 25175 (3UN
9
5b UDINIAWUIN A1) uam%mmﬂﬁﬁmmsmu A. actinomycetemcomitans ATCC 33384 (UliJ
1 A o 9 Y asy . o 1 A
awnsanieglnganuld) Tasnsnagouaieds TLC-bioautography taz @i snLa R,
2 A ] = 'R ° oA o = ' '
=0.74 Falvuraanni Nawrueat R, luduria@oanua1suinggiu eugenol Fanua
v 2R ¥ A WYY ax .
Ausaduduyena 3 vialanie3s TLC-bioautography
a 4 4 =1 (% 9 an
HAN13AI AT ATeIRlszneumManllumsanannlungdie3s Ge-
MS analysis #40135199 4 4oz 31N 3A ¥9301ARNUIN N 1HBIABVAY Wiley 9 mass spectral
. 1 (% = J AdA a A
library WM luasanasinlungiensesddlseneuniaaunidsuianin 2 a5 Aeans 4-
chromanol (62.33 %) 1ag®13 eugenol (17.10 %)

a 4 4 = [ 9 an
WaﬂﬁGIS’Ji]’ll,ﬂi1$ﬁﬁﬁ®\‘]ﬂ’]Ji$ﬂ’f]“]J‘I/INLﬂiJ1uﬁ1iﬁﬂ@ﬂ1ﬂiﬂwg@nﬂ’3‘ﬁ

i
=

HPLC @431/91 4 voamanuIn A lofeuny peak ¥0381510193914 WuNa1sanannlungl

2 peaks Tnaifeu15ouenld peak 1 1 7w @13 4-chromanol HEATIAT 5.654 £ 0.04 UIN LAY

g

peak 71 2 Al @13 eugenol LEANIAT 7.966 = 0.09 UIN



Y 4 [
ﬂ'l'i'lx‘i‘ﬁ 4 Wafrli@']ﬁ’Jﬂﬁf)U@Qﬂﬂﬁgﬂﬂﬂﬂqﬂlﬂﬁm@\iﬁqﬁﬁﬂﬂﬂ']ﬂal‘llwgi‘%}')ﬂ GC-MS

A 4 IEFLY
YOMIUANVDIAS gaslana  walwana
(min) (%)
4.61 1,8-Cineole C,H,;O 154 0.24
7.51 Chavicol C,H,,0 134 0.82
9.10 Eugenol C,H,,0, 164 17.10
10.45 4-Chromanol C,H,,0, 150 62.33
10.94 O-Cadinene C,:H,, 204 1.16
12.26 4-Allyl-1,2-diacetoxybenzene C;H,,0, 234 0.13
15.92 Stearic acid CsH;0, 284 0.59
17.06 Phytol C,,H,,O 296 0.75
17.94 Neophytadiene C,oHy, 278 1.30
25.21 (X-Tocopherol-ﬁ-D-mannoside C,;:H,, O, 592 0.57
27.52 ,B—Sitosterol C,,H;,O 414 1.50
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Josaman sy

a a

X A A a A A ' A I3
l%@@a%wmmimlﬁﬂiﬁuuleﬂaaﬂﬁu lla31]5ijjﬂ\uﬁ\‘]ﬂﬂlﬂu’ﬁnﬁﬂiuﬂ1j

o

Y H [
nolsnaaeluteshnididey Iaun Tsaun uazlsmlSsiudsniay Fallawguanuan

1 { o ] a 4 a o -
uuanEelureaniodeeglunsugdunid vie luToWay (biofilm)” Tasmwizuuaiise
] { o A ' a o '
Tungu pioneer Ny miiisuaulunszurumsnogl'luToWdn wu S, mitis, S. mutans, . oralis
. 3 Y 362 = A A v A Y =2 a A A A ¥
wag S. sangius 1WuAU** Fauuanisenguitezngamizuuiunasuluniasiuiiaie
(pellicle formation) 1ndeveg Hazldeunlasanizuiadevuuiundouiy ldeengiu
a A 1 A a A A 4 1 a a o 1Y dy 9=
VUAINY H3030UMIDNAAAY AANTIAITMIZUAMIIYAD Tad T uraLUANT8LOY
g <
wo lsud 15U 4. actinomycetemcomitans, F. nucleatum W% Porphyromonas gingivalis !,‘]J‘LWS]} W
Y a o 9 A A A a 3 A= A A 1 dy ~
Ha 1MInAAMUFUFO UV IYNFULUANT 8N AL Taduh FausuuuANTenguilaINTan
an d 1Y (] a g ]
wrvigaeenin luleddundunteglugduesuwasIniin (planktonic) Tutiate naznoegil
I a o o A ] y { o o f
WuluTedduludummiidulalmidnass Aroaunqueslnssaduidudouiuildizelu
ald A v dal 1 Ay o J v dy
annzluTelauliguanialumsdense uazgiidquiuvessunmeninninde luanizuwas

I‘ﬂﬁfﬁ 62,63

9 an

Y Y
mssau1linaae lurestinneaadniuitesuldnaniandau 0.12 %

¥
A

I %} o [ 1 [l < ~
(chlorhexidine gluconate, CHX) 1 uiineiirudindmsudnnaegasn uaoaralsnaiu'lan
g X

eunu e ldnasenaauluszeznaiuuszinadnufes mu mssusavzidelaludldy

= a

d’ ad = d‘ =) d‘ 1 a
VNAU !’L!E]\i%1ﬂﬂ'ﬁﬂLaﬂ%ﬂuNiﬁ%W@lliJﬂ (wlau YY) Nﬂ1iﬁq@ﬁ@ﬂﬂl@ﬂ!ﬂ@u%@ﬁﬂ1ﬂ INABDINTT

ke

v i1 9 9
hanauiadou mamsaadndalu vazdiows lugean™® wennniilumssnuiuinis
a X o o aa < o 1 =
pvdoldolfiue suilumegiIddssman@doslszanandusnunnuuaasi uas
j‘ j‘ ! ad [ ?1}/ 1 [ a g 1 KX A
9919A0a081U JBIUE AIUUNITHIUINIINY 9 Tumsinulsaaare lureslinvel
o & A 9 o w 3 I A A A A A
anusuued1aos msldayulns lunmsihalsandudnnmadeniieauly iosnniism
° g o ] ] Aa a @
wimsinayu Insiuthuinldlumssoulsalugealnedniidse@nsnm dauugdezdl
Y] a 14 Y] Aa A 1 gl.z <
MarangmaIneenaas lumsaiveayulssaniamvesayu Insmaniunau
=< gz dy Y 1 o [ o o gz g
msnuluasatinaaslifivedeganui msnannlungausadugure
y a ar Jd I d :
Idnaluaninzunasinin uazaninzluTedan wgiluayulnsluled Piperaceac ¥4
a&’ Y [ 1
msunngnuiiuluvaie o Uszme Tasmmzilszmalundeo@edingsueanmoald mu
a < [ {

UszmetIne Uszmauiade vazdszmadu@e Hudu a1 lungSnu Tsaiinainvate Tae

1 A o v Aa [ £ o ?z’/ &j [l
MNTIeUneunThiineIN U dyInenveang wumgligns lumsduduseuuniise wu P,
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3 Q’ [ g}z ¥ 4 1
aeruginosa Wag E. coli Wudu Hgnslunsfuduyest uassad 1y C albicans, Aspergillus
I Y LA 1 9 (% £ ¥ A £ g
Aavus WUAY LAZHNTOUY 1FU MTAIUMTONAY gnFaatinialuon gnsaenIsHams
a I
VOIMUAUDIHIT 1 udu ™
Y zil . o zﬂy A '
NANISAIUIYD C. albicans ATCC 90028 (AN UVDUFDIINAD 15A) 1U%s09
Y Y
hndrearsanaayulng 12 vialutudu nundmsanannlung uezensanannmdviig
9 [ g’/ zil a tﬂ' 9 Y 1 a}/ tiy Lﬂl o [ g’/
dosausadugure luanzunadIntinnlslumsnaaevlan uanatidiorhaisanans 2
Y Y 2
AW IMATOUHIAT MIC ttazA1 MEC wunasananinlunglianuansalumsdudure
Aq v 2 A vy Y ¥ Ao , o y £ g9
s1nlEnaasung 11 ¥ia lda1eA U uIUNAINNTTanANAIH VLU DY (NANUIN 1)
~ Y dy == &’ == = I % dy
TuvasNNanITAIUIFBUUANIITIUNTULIN LaZoLUANGoUATNaY FUTuaIuNUae
== 1 @ &% 9 [} a (= =1 Y
uuafiizons Isaiur wag Tsndsiudsniaudremsanadyu Ing 12 stia wunidfiosdrsana
1 g).l d' o g’/ dy A A d' 9 9 a é ]
vinlungmuiviansodususenvaiiben g lumsnaaou ldynaiia (Maruan a) ¥
9 9 d' Y Y g).l dy == Adal [ 1 [ =
anuuIunlglunsdudureuunnize uaziweosivesasanaainlunged luyia 1.04 9
a a o Aa aa 1 1 9 9 d' Y ] dy 2’, a dy [
4.17 Haanfw/daaans aaumanuuvunlslumsuuisens 2 sialivesasanaainlumng
aglua3 1.56 83 8.33 Hadniw/ladans
= é’, [ Y dy A A =) 1
NNINANANITNATVITTIUNA laFouuaRFeunsuaulnylaeais
o 1 dy a A ~ I Y1 o ] o
anavnnluwguinnineunaiizeunsuuan Taslianuiullldnarsanaausosiiumi
2% . & o Yy A3 o ¥ ! X A A )
AATUUON (inner membrane) FIMHU N UAINUEITAIL ) VOUFDUUANITULUNTNAY 1907
MY L oy 2% . X ~a ad
Taeluwaald dnnsmisiuraasuluga (inner layer) v u¥onuaiizonnsuanisuvos
. ~ [ Aa' A A 32 < Y [ =
peptidoglycan NN ureuuaiizounsuuan’ suilulilldanasanannluwgiinnuanio

9 dy a A Y = Q‘{ 9 49’ = 3’/ 9 @ =\
ﬂluﬂﬁ@nuﬁlﬂ’ﬂlmﬂﬂLSEJLLﬂSJJﬁ‘Uulﬂﬂ uazmﬂﬂﬁﬁﬂmqmmﬁmuwmawiumuﬁu GANUVDN

Q

[
S A [

' 2 . ’ y X X B v
MayuIng Inelued Lamiaceae Tiamnsadures uazionuaiiEen s lumsnadonld
9

a 3 Y o o Aa < Y X I o o =
Tﬂﬂummrﬂu“l‘]J"lmwmsamamuqmiumimuwammﬂumiumuwamzma SFIDN

U

9
%

gz Y] [ 4 g 1 1 @
szmeoon Il ludunsuvesana drsanavesayu s luredide higunsouaasmnsdusa
X
o 'ld
dy = £ Y dy = ' ] ' £
u’ﬁ]ﬂ%1ﬂu6luﬂ1iﬁﬂy1ﬂﬂﬁﬂ1iﬁ1ulﬂfﬂﬂqaﬂﬂ‘lﬁﬂﬁLl’JEJL’Jfﬂ NUNYNDTUDINT
[ v v j} = da! LY A 9 Yy 9 =]
’c’fﬂ@’1]1ﬂGIf]JW@'GIfJﬂ'li‘il»l1l%ﬂﬂﬁ%W%u@gﬂUiZEJ%L’JaWﬂsl% UAZANUUVUUUUBIFITANA BINITN
v 9 4
lélﬁljiJslgljuﬁ 3.13 yaaniu/uaaand ﬂ1n1iﬂ<§41l6§051 C. albicans ATCC 90028 (G]’JLW]H"U?NL%@TI)
9 9 v
UAZI%0 S. mutans ATCC 25175 (A UyduFeLuanzounsuuin) lanielumnar 8 ¥1Tua
~ Ay . . % &1 A A 9
YUENIY O A. actinomycetemcomitans ATCC 33384 (AIMNUVDUFDUUANLIYUNTNAY) 14

1A o ~ Y 9 o
i$ﬁl$0ﬁ’lﬁll‘lﬂ15m'ﬂwa\‘l 2 GI)"JIN\?Wﬂ'JﬂJHJiJGUULﬂEJ'Jﬂu
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4 Y
Deshpande 11a2 Kadam® lad@nuignsmsudenuaiize S. mutans #10a13

[ v
ﬁ'ﬂﬂ‘ﬂ'lﬂalﬂwgﬁﬁﬂﬂﬁ}']ﬂ ethanol (MIC =5 YaanTN/UAaaNT) Llagﬁﬂﬂﬁ}’lﬂu"l (MIC =10
A a o Aa Aaa [ 2y 9 ti’ a o I'4
VAANTN/NUAAANT) LmuinJGU’E]ll"aéll@QﬂWﬁﬂWHL%@iUﬁﬂW?gqﬂiﬂwﬁﬁJ Haza1509alszneunI

nundRyveIasanaanlung Fanansniinu i MIC YBIATANAIN1UNG (MIC =
1.56 fiadn3u/iiaaans) Mnda1 MIC vesssaiaanlungiiaiadae cthanol iazaiagaeh
Tun15ANBIU09 Deshpande ttag Kadam®™ (AMANUIN V) UIASINVAITANYIVDY Himratul-
Aznita 1oz AN G?'N?fﬂym%%mﬁnﬁﬁ’mmiuw@,ﬁﬁﬁﬂﬁ'wﬁmamﬁugﬁg%aﬁ 7 ¥iia
1sgnou @91}’381 C. albicans ATCC 14053, C. glabrata ATCC 90030, C. tropicalis ATCC 13803, C.
krusei ATCC 14243, C. lusitaniae ATCC 64125, C. parapsilosis ATCC 22019 4 a ¢ C.
dubliniensis ATCC MYA-2975 Tagwuansasannlungiafadis ethanol voansAni 19
anutudulumsduds (MIC) nazai (MFC) 031 C. glabrata ATCC 90030 11ae C. tropicalis
ATCC 13803 i hansaiadierhlunsiny1ves Himratl-Aznita uazaaiz”
ﬁnfmmmim‘iy’uﬁ’u%qmma‘aﬁi]giz:u”lﬁa'mammma'aalumﬁﬁ'mﬁ;m;a%w

"o

3 @ a ' ' ] i a @
%u’ﬂﬂ Uﬂa'lflﬂi]ﬂfl 21N LLWﬁQLW’]gﬂQﬂGU@QaHqui %335383L3ﬁ’]ﬂ’]5lﬂﬂlﬁﬂj 'ﬁﬁﬂ’liﬁﬂﬂ

"o o

I Y = v v K o ~ Y Y] = 3’, dy L)

Wudu Fnnsdsruegnuaniazarenldlumsanaas TasanmsAnymsaesinyNa9i

Aa A ¥ { 1 o go’ I [

a2a19 ethanol NUszaANTA M lumsd e naninarsanaaleii 3aia2d)u 'l 1871
o @ A Q'{ [l ?:' 1 v o Y o A FY [
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ABSTRACT

Purpose: To evaluate the anticandidal activity of the ethanol extracts of 12
herbs from Thailand.

Methods: The herbs studied were Alpinia galanga, Curcuma longa,
Curcuma zedoaria, Mentha cordifolia, Ocimum africanum, Ocimum basilicum,
Ocimum sanctum, Piper betle, Piper chaba, Piper nigrum, Piper sarmentosum
and Zingiber officinale. Various Candida spp. were examined for minimal
inhibitory concentration (MIC) and minimal fungicidal concentration (MFC)
using microdilution method; time-kill assay was also used to assess the
plants. Antibiofilm activity was investigated using a 3-[4, 5-dimethyl-2-
thiazolyl]-2,  5-diphenyl-2H-tetrazolium-bromide  (MTT  assay). Gas
chromatography mass spectrometry (GC-MS) analysis, thin layer
chromatography (TLC) fingerprinting and TLC-bioautography were used to
determine the active anticandidal compound.

Results: All tested herbs, except extracts of P. nigrum and Limiaceae family,
showed different inhibited zone against Candida albicans ATCC 90028. P.
betle revealed the strongest anticandidal activity against all tested strains with
MIC ranging from 1.56 to 3.13 mg/ml, and MFC from 3.13 to 8.33 mg/ml.
Killing activity depended on time and concentrations of the extract. The
concentration of P. betle extract required to inhibit = 90 % biofilm formation of
C. albicans ATCC 90028 was 3.13 + 0.15 mg/ml, while that to remove = 90 %
biofilm growth was 12.50 £ 0.69 mg/ml. The result of GC-MS chromatogram
showed the major compound of P.betle extract as the 4-chromanol, which

responded for the anticandidal activity
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Conclusion: P. betle extract contains 4-chromanol which is a good
anticandidal agent that could be used for the treatment of oral infectious

diseases caused by certain Candida spp.

Keywords: Piper betle, 4-Chromanol, Anticandida, Biofilm, Candidiasis
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INTRODUCTION

The genus Candida contains more than 150 species, however, only a limited
number of these species regularly cause diseases in humans [1]. Candida
species belong to the normal microbiota of human mucosal surfaces including
the oral cavity. There has been a significant increase in incidence of oral
candidiasis due to higher numbers of immunocompromised patients, the use
of dental devices and the use of broad spectrum antifungal drugs. Candida
albicans is the main cause of oral candidiasis, however, non-C. albicans
(NCAC) species such as Candida glabrata, Candida krusei and Candida
tropicalis are now frequently reported as human pathogens [2].

The pathogenesis of oral candidiasis is facilitated by a number of factors
including the ability to adhere to medical devices and/or host cells, and to form
biofilm. Biofilm formation is an important virulence factor for a number of
Candida species as it confers significant resistance to antifungal therapy by
limiting their penetration through the matrix and protecting cells from host
immune responses [3]. It has been demonstrated that biofilms formed by C.
albicans and/or NCAC strains have been associated with high morbidity and
mortality rates [4].

Chlorhexidine (CHX) has been used as an adjunctive therapeutic option for
topical use owing to its broad-spectrum antimicrobial efficacy in oral
candidiasis. However, it has been known to have side effects with prolonged
use [5,6].

Natural products have increasingly received attentions due to their

antimicrobial activity against a wide range of human pathogens. Few studies
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have reported anticandidal activity from various herbs [7,8]. In addition, the
information on their active compounds is scarce. The aim of this study was to
evaluate of the ethanolic extracts of 12 herbs, which are traditionally used in
Thai folk medicine against various Candida spp. The phytochemical profile of
the most effective extract was also investigated.

EXPERIMENTAL

Preparation of medicinal herb extracts

Twelve herbs included in this study were purchased from the local market,
and their details are shown in Table 1. The herbs were identified by Dr.
Supreeya  Yuenyongsawad; Department of Pharmacognosy and
Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of
Songkla University, Songkhla, Thailand, where voucher specimens (Table 1)
were deposited in the herbarium. The dried plants were macerated with
ethanol for 3 days and then filtered through Whatman no. 4 filter paper. The
filtrate, each case, was concentrated using a rotary evaporator at 40 °C and
kept at -20 °C. A 10 % (w/v) stock solution in 10 % dimethyl sulfoxide (DMSO)
of each extract was used in this study.

Candida strains and growth conditions

A total of eleven Candida spp. were tested, and the details of strains used
shown in Table 2. In this study, all tested strains were cultured on Sabouraud
Dextrose Agar (SDA; Difco Laboratories, Detroit, MI, USA) or Sabouraud

Dextrose broth (SDB; Difco Laboratories, Detroit, MI, USA) at 37 °C for 24 h.
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Antifungal assay

Agar diffusion test

A 100 pl of inoculum (107 cfu/ml) was mixed with 20 ml of warm SDA, and
poured into the plate with a 6 mm diameter metal cup. After solidifying the
SDA, the metal cups were removed and the well filled with 100 pl of each
extract. A 10 % DMSO was included as control. Inhibitory activity was
determined by measuring the diameter of the inhibited zone. All tests were
performed in triplicates.

Broth microdilution test

Minimum inhibitory concentration (MIC) and minimum fungicidal concentration
(MFC) were determined using the broth microdilution method of the Clinical
and Laboratory Standards Institute [9]. Each extract was subjected to a two-
fold serial dilutions in the SDB to obtain concentrations from 0.02 mg/ml to 25
mg/ml at a total volume of 100 ul per well in 96-well plate, and 100 pl of each
tested strain (1 x 102 cfu/ml) was added. The medium as well as 0.1 % CHX
and 10 % DMSO were used as blank, positive control and non-treated control,
respectively.

MIC was defined as the lowest concentration of the extract that showed no
detectable growth. MFC was defined as the lowest concentration of wells that
did not grow when 10 pl of the well contents was plated on agar. All
experiments were repeated thrice in duplicates.

Time-kill assay

As the screening of extracts revealed that P. betle extract gave the strongest

anticandidal activity, it was used for the time-kill assay [10]. Growing culture
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(108 cfu/ml) of representative C. albicans ATCC 90028 was added to SDB and
exposed to 1, 2 and 4 x the MIC of extract, and extract free medium was used
as growth control. Samples were removed for colony counts at 0, 0.5, 1, 2, 4,
6, 8, and 24 h. The viable counts were determined using the serial dilution
method after incubation. The procedure was repeated in triplicate, and the
logio cfu/ml was plotted against time. A 0.1 % CHX was used as positive
control. All assays were carried out in triplicates.

Antibiofilm assay

Inhibition of biofilm formation

The effect of P. betle extract on biofilm formation of representative C. albicans
ATCC 90028 was examined using the modified microdilution method [11].
Two-fold serial dilutions of extract and a cell suspension of the tested strain
were prepared as described in the MIC assay. A 0.1 % CHX was used as the
positive control. The phosphate buffered saline (PBS) at pH 7.0 and the
medium alone were used as the non-treated and blank controls, respectively.
After overnight incubation, supernatants were discarded and washed 3 times
with PBS. Biofilm formation was quantified using a 3-[4, 5-dimethyl-2-
thiazolyl]-2, 5-diphenyl-2H-tetrazolium-bromide (MTT; Sigma-Aldrich, St Louis,
MO, USA) assay. The numbers of surviving Candida were determined by
measuring their ability to reduce the yellow tetrazolium salt to a purple
formazan product at OD 570 nm. Percentage inhibition was calculated by an
equation [1- (As7o of the test / As7o of non-treated control) x 100]. The biofilm

inhibition concentration (MBICso and MBICg) was defined as the
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concentrations that showed 50 % and 90 % inhibition of biofilm formation. All
experiments were repeated thrice in duplicates [11].

Eradication of biofilm formation

The eradication of biofilm was also examined using minimum biofilm
eradication concentration (MBEC) assay. A 200 ul (102 cfu/ml) aliquot of C.
albicans ATCC 90028 was inoculated into 96-well plates to form biofilm
overnight. The biofilm was washed 3 times with PBS. The biofilm was
exposed to a 200 pl of various concentrations of extract ranged from 0.02
mg/ml to 25 mg/ml. The numbers of surviving Candida were determined using
MTT assay at OD 570 nm. Percentage eradication was calculated by an
equation [1- (As7o of the test / As7o of non-treated control) x 100]. MBEC value
was defined as the concentrations that showed 50 and 90 % eradication of
biofilm formation. The medium alone, 0.1 % CHX and PBS were used as the
blank control, positive and non-treated, respectively. All experiments were
repeated thrice in duplicate [11].

GC-MS analysis of phytoconstituents in P. betle extract

One microliter of P. betle extract was investigated for its phytoconstituents
using gas chromatography-mass spectrometer (GC-MS, Trace GC Ultra,
USA), the TR-5MS capillary column (0.25mm x 30m x 0.25um film thickness)
was used for the separation of various phytoconstituents. The GC conditions
were: injection temperature, 250 °C; column temperature, isothermal at 70 °C
for 2 min, then programmed to 305 °C at 10 °C/min and held at this
temperature for 5 min. Helium gas with a flow rate of 1.0 ml/min was used as

a carrier gas. The effluent of the GC column was introduced directly into the
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source of MS and spectra obtained in the electron ionization mode with 70 eV
ionization energy, the sector mass analyzer was set to scan between 35-500
amu for 2 s. The identification of individual unknown compound is based on
comparing its retention time relative to those of the known components by
matching spectral peaks available with Wiley 9 Mass Spectral Library [12].
Thin layer chromatography ( TLC) fingerprinting of P. betle and TLC-
bioautography assisted separation of anticandidal

For TLC-fingerprinting study, P. betle extract (100 mg) and pure eugenol (5 pl)
were prepared in 1 ml of 95 % ethanol. A 10 ul of each sample was applied
onto the alumina silica gel GF2s4 TLC-plate, and was run through a series of
solvent systems using a mixture of 90 volumes of toluene and 10 volume of
ethyl acetate as the mobile phase. The plates were dried in the air, and were
stained with a 20 % (w/v) of phosphomolybdic acid in ethanol [13].
TLC-bioautography was performed using agar overlay method. TLC-plates
were placed on plate contained 6 ml of SDA, and 10 ml of top agar with 100 pl
of inoculum (107 cfu/ml) was covered on TLC plate. After overnight incubation,
the inhibited zone was observed as clear zone. The relative front values (Rr)
was calculated as: Rr = distance travelled by solute / distance travelled by
solvent [14].

Statistical analysis

The data are expressed as mean + standard deviation (SD) by using Microsoft
Excel 2007 12.0.6611.1000 (Microsoft Corporation, Redmond, WA, USA) from

the three experiments with duplicate independent experiments. The graph of
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time-kill analysis is plotted using SigmaPlot Version 11.0 (Systat Software,
Inc., San Jose, CA, USA).

RESULTS

Anticandidal activity of 12 herbs against C. albicans was shown in Table 1.
These extracts showed different inhibited zone against C. albicans ATCC
90028. The diameter of inhibited zone for all the extracts ranged from 1 to 20
mm, except P. nigrum and extracts of Lamiaceae did not show any inhibitory
zone. Two herbs P. betle and C. zedoaria, revealed the good anticandidal
activity, and were further examined for their MIC and MFC against 11 Candida
strains. P. betle exhibited a better anticandidal activity than C. zedoaria
against all tested strains with the MICs ranged from 1.56 to 3.13 mg/ml and
MFCs ranged from 3.13 to 8.33 mg/ml, respectively (Table 2).

Time kill assay of P. betle extract was performed for C. albicans ATCC 90028,
it was depended on time and concentrations of extract. At 1 x MIC, 2 x MIC
and 4 x MIC, the strain was killed after 8, 2 and 1 h, respectively. The killing of
0.1 % CHX was observed within 30 min (Figure 1).

The concentrations of P. betle extract required to inhibit = 50 % and = 90 %
biofilm formation of C. albicans ATCC 90028 were 0.78 + 0.31 mg/ml and 3.13
+ 0.15 mg/ml, respectively. The concentrations of P. betle extract to remove
of 2 50 % and = 90 % biofilm formation were 1.56 + 0.44 mg/ml and 12.5 *
0.69 mg/ml, respectively. CHX could completely inhibit or remove biofilm
formation (Figure 2).

The GC-MS analysis of P. betle extract showed 2 major chemical components

of 4-chromanol (62.33 %) and eugenol (17.10 %), which their retention times
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were 10.46 and 9.11, respectively (Figure 3A). It was demonstrated that there
were several bands of components appeared on the TLC-plate (Figure 3B),
and one major band with Rr at 0.38 gave the large inhibited clear zone against
tested Candida in TLC-bioautography assay (Figure 3C). Another minor band
with Rr at 0.74 matched to the standard eugenol did not show any inhibited

zone.
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Table 1: Plants and susceptibility of Candida albicans ATCC 90028

, L Vouc_her Used Anticandidal
Family Scientific name specimen -
no. part activity
Lamiaceae Mentha cordifolia Opiz. SKP Leaf -
095130301
Ocimum basilicum L. SKP Aerial -
095150201 parts
Ocimum africanum Lour. ~ SKP Aerial -
095150101 parts
Ocimum sanctum L. SKP Aerial -
095151901 parts
Piperaceae Piper betle L. SKP Leaf +++
146160201
Piper chaba Hunter SKP Fruit +
146160301
Piper nigrum L. SKP Fruit -
146161401
Piper sarmentosum Roxb. SKP Leaf +
146161906
Zingiberaceae Alpinia galanga (L.) Willd. SKP Rhizome +
206010701
Curcuma longa L. SKP Rhizome +
206031201
Curcuma zedoaria SKP Rhizome ++
Roscoe 206032601
Zingiber officinale Roscoe SKP Rhizomes +
206261501

+, 0 < zone < 10 mm; + +, 10 mm < zone < 20 mm; + + +, 20 mm < zone; -,
absence of inhibition zone



Table 2: MIC and MFC of tested extracts against Candida spp.
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Strain Concentration of extracts (mg/ml)

Curcuma zedoaria Piper betle

MIC MFC MIC MFC
Candida albicans ATCC 10231 2.60+0.9 >25 3.13+0 4.17+1.8
Candida albicans ATCC 90028 2.60+0.9  >25 3.130 3.13x0
Candida dubliniensis MYA-577  2.60+0.9 250 2.60+x0.9 4.17+1.8
Candida dubliniensis MYA-646  2.60+0.9 250 2.08+0.9 3.13%0
Candida glabrata ATTC 66032  6.25+0 >25 3.13+0 6.25+0
Candida glabrata ATTC 90030 6.25%0 >25 2.60+0.9 5.21+1.8
Candida krusei ATTC 6258 8.33x3.6  >25 3.13+0 8.33t£3.6
Candida krusei ATTC 34135 8.33£3.6  >25 3.13+0 6.25+0
Candida tropicalis ATTC 750 2.60£0.9 >25 2.60£0.9 4.17+1.8
Candida tropicalis ATTC 13803 2.60+0.9  >25 2.08+0.9 3.13%0
Candida tropicalis ATTC 66029 1.56+0 2510 1.56+0 4.17+1.8

MIC — the minimum inhibitory concentration; MFC — the minimum fungicidal
concentration; the values represent data obtained from three independent

assays and where the appropriate mean = S.D. is given.
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Figure 1: Time-kill curves of C. albicans ATCC 90028 at different
concentrations of P. betle extract: 0 x MIC (A), 1 x MIC (¥), 2 x MIC (O) and
4 x MIC (@); 0.1 % CHX (l). Each symbol indicated the mean £ SD.
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Figure 2: Inhibition (1) and eradication (H) of biofilm of C. albicans ATCC
90028 by P. betle extract at various concentrations; 0.1 % (w/v) CHX was
used as control. Error bars indicate standard deviations; n = 6.
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Figure 3: GC-MS chromatogram (A), TLC fingerprinting (B) and TLC-
bioautography against C. albicans ATCC 90028 (C) of P. betle leaves extract
DISCUSSION

Candida species are the most common fungal pathogens of humans and are
the causative agents at various locations in the body, giving rise to severe
morbidity in millions of individuals worldwide [15]. In oral cavity, C. albicans is
the organism most frequently implicated in a range of oral candidiasis like

oropharyngeal candidiasis, oral thrush and denture stomatitis [15], and NCAC
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have been found dramatically in oral candidal infection. A topical use of CHX
mouthwash is the most common antimicrobial substance to control oral
candidiasis. However, CHX has been reported as having many unwanted
effects including taste disturbance, desquamative lesions, and brown staining
of the teeth and oral mucosa [5,6] and having limited use in the pregnant and
the young children.

Medicinal herbs are widely employed in folk medicine, mainly in communities
with low hygiene and poor and sanitation. Plants products are considered to
have low side effects compared with synthetic ones. Some studies have
demonstrated that herbs possess the anticandidal activity against various
Candida strains [7,8]. In this study, 7 of 12 Thai herbs, A. galanga, C. longa,
C. zedoaria, P. betle, P. chaba, P. sarmentosum and Z. officinale showed
potential anticandidal activity against tested C. albicans. However, P. nigrum
and plant extracts in family of Lamiaceae did not any activity possible because
their major potent compounds are volatile oil which could have evaporated
during preparation of extracts by a rotary evaporator. Among those plants
tested, P. betle extract exhibited the strongest anticandidal activity against
tested Candida species.

In addition, P. betle extract has shown an antibiofilm activity. Biofilm of C.
albicans and NCAC are associated with high incidence of hospital morbidity
and mortality [4] due to the increased use of medical devices such as lens,
implants and dentures. Such biomaterials facilitate Candida strains to colonize
and form biofilm leading to the development of fungal resistance to antifugal

agents such as amphotericin B, ketoconazole and fluconazole [16].
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Experiments comparing biofilm of Candida in this study have demonstrated
that higher concentrations of MBECgo of P. betle extract (4 folds) than of
MBICq are required to significantly remove existing biofilm cells. This is an
expected result since Candida in the biofilm is strongly protected and less
susceptible to antifungal agents than in planktonic form [17]. It was shown that
P. betle extract was able to remove Candida in the dose and time dependent
manner. Our results indicated that P. betle extract acts as a potent antibiofilm
agent that has dual actions of preventing biofilm formation and removing
existing biofilm.

P. betle has been extensively used in traditional medicines in many countries.
It was reported to have various pharmacological activities such as antifungal,
antimicrobial, immunomodulatory and anti-inflammatory [18].

The antimicrobial activity has been previously shown to be a broad spectrum
of both bacteriostatic and fungistatic effects against C. albicans,
Pseudomonas aeruginosa, Aspergillus flavus and Escherichia coli [19,20].
Some studies reported an anticandidal effect of P. betle on a wide range of
Candida spp. [7,20]. Our results are in concordance with the study of
Himratul-Aznita et al [20] who demonstrated the anticandidal activity of
aqueous crude extract of P. betle leaves against 7 oral Candida species.
However, there was no information of antibiofilm or active compounds
mentioned in that study. The ethanol extract in this study revealed the lower
MICs and MFCs of anticandidal activity compared to the aqueous extract [20].

This was also found in a study of the ethanol extract of P. betle leaves with
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stronger antibacterial activity compared with aqueous extract [21]. It indicates
that the ethanol may be the appropriate solvent for P. betle leaves extraction.
The results of the GC-MS analysis, TLC fingerprinting and TLC-bioautography
in the present study indicated that 4-chromanol could be the active compound
responsible for the anticandidal activity. There were only 2 major peaks found
in the GC-MS analysis, and the one with the lower peak matched to the
eugenol by the TLC fingerprinting. Eugenol did not exhibit any anticandidal
activity in TLC-bioautography assay. Therefore, the major band found on the
TLC fingerprinting with Rf of 0.38 showing a large inhibited zone against
Candida strain should be the highest peak of 4-chromanol found in GC-MS
analysis.

A number of phytochemical constituents of P. betle extract have been
documented in some studies [18,22]; however, 4-chromanol has not be
reported. The finding of the phytochemical profile of P. betle extract in this
study is in agreement with Deshpande and Kadam [21], in which the extract
revealed the presence of 4-chromanol. However, the presence of 4-chromanol
was a major component in this study (62.33 %), which was higher than earlier
reported that was higher than their report. The finding of chemotypic variations
in this study and others may be due to ecological and geographical conditions,
age of herb and time of harvesting. The apparent variation in the chemical
profile may influence their anticandidal activity.

CONCLUSION

The current study supports the traditional advantages of the studied plant and

suggests that the P. betle leaves extract is a potential source of natural
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anticandidal agent. It possesses 4-chromanol with good anticandidal
properties that may be used for oral infectious diseases caused by certain
Candida spp. Further work should be perform to determine its mode of action
as well as in vivo activity.
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Abstract

Objectives:  The aim of this study was to explore the
antimicrobial effect of crude ethanolic extracts of 12 Thai
medicinal plants against 8 oral microorganisms in vitro study.

Materials and Methods: Twelve Thai medicinal plant extracts
included Alpinia galanga, Curcuma longa, Curcuma zedoaria,
Piper betle, Piper chaba, Piper nigrum, Piper sarmentosum,
Mentha cordifolia, Ocimum basilicum, Ocimum basilicum
var. pitosum, Ocimum sanctum, and Zingiber officinale vere
prepared from aerial parts, fresh leaves, or rhizomes, and
10% (whv) of each extract was examined for antimicrobial
activitv.  The antimicrobial activity was performed by

ing the inhibition zones using agar well diffusion
method.  Minimum  Inhibition  Concentration (MIC), and
Minimum Bactericidal Concentration (MBC) were assessed
using microdilution method of the Clinical and Laboratory
Standards Institute (CLSI). The tested microorganisms were
Enterococcus faecalis ATCC 19433, Lactobacillus fermentum
ATCC 14931, Lactobacillus  salivarius  ATCC 11741,
Streptococcus sobrinus ATCC 33478, Streptococcus mutans
ATCC 25175, Aggregatibacter actinomycetemcomitans ATCC
33384, Fusobacterium nucleatum ATCC 25586, and Candida
albicans ATCC 90028,

Results: Of the 12 tested plant extracts, only P. betle showed a
good antimicrobial activity against all tested strains. The leaf
extract of P. betle exhibited the largest inhibition zone
compared to the others. MICs ranged from 1.0 to 4.2 mg/ml,

and MBCs ranged from 1.6 to 8.3 mg/ml.

Conclusi It was de ated that the extract of P. tetle
possess compounds with good antimicrobial properties that
may be used certain for oral infectious diseases. Further study
will purify the antimicrobial compound of P. betle, and the
mechanisms of antimicrobial activity will be investigated.

Keywords: Thai medicinal plant, Piper betle, antimicrobial,
oral infectious discases ’

Introduction

The major oral infections are dental caries, and
periodontitis which cause by the imbalance of bacteria in the
dental plaque. For using of antibiotics, that cost a lot of money
in each year, and sometime leading to the resistance of

" antibiotics. Therefore, seeking new approaches in the

treatment of oral infection is necessary. The medicinal plants
have been used in the treatment of oral diseases in the
previous time; however, scientific evidence to support the
effectiveness of these medicinal plants is limited.

The study of antimicrobial activity of medicinal plant
extracts has been previously reported. P. berle has
demonstrated the antimicrobial activity against Streptococcus
sanguinis, Streptococcus mitis, and Actinomyces sp. with the
MIC value ranged from 2.16 to 4.69 mg/ml [1]. Antimicrobial
activities were also found in the extracts of Curcuma longa [2],
and Crrenma zedoaria [3), however, no details was provided.

The aim of this study was to determine crude ethanolic
extracts of 12 medicinal plants for inhibitory effect on oral
pathogens.

Materials and Methods
Preparation of medicinal plant extracts

P. betle leaves were collected from a local farm, while the
others were purchased from a local market. Dried plant
materials (aerial parts, fruits, leaves, or rhizomes) were
macerated with ethanol for 3 days, and then filtrated. Then the
filtrates were dried using a rotary evaporator at 40°C, and kept
at -20°C until used. A 10% (w/v) stock solution of medicinal
plant extracts were prepared in 10% dimethylsulfoxide
(DMSO, Merck) for using in this study.

Bacterial strains and growth conditions

A total of 8 species were included in the study. These were
$ gram positive bacteria ; Enterococcus faecalis ATCC 19433,
Lactobacilius ~ fermentum ATCC 14931, Lactobacillus
salivarius ATCC 11741, Streptococcus mutans ATCC 25175,
Streprococcus  sobrinus ATCC 33478, 2 gram negative
bacteria; Aggregatibacter  actinomycetemcomitans ATCC
33384, Fusobacterium nucleatum ATCC 25586, and | yeast;
Candida albicans ATCC 90028,

Organisms were maintained on either brain heart infusion
agar (BHA) with 5% (v/v) blood for facultative bacteria, and
supplemented with yeast extract 0.5%, haemin (5 mg/l), and
vitamin K (1 mg/ml) for anaerobic bacteria, or Sabouraud
dextrose agar for fungus. The strains were grown under



aerobic, or anacrobic (H; 10%, CO, 10%, and N, 80%)
conditions as appropriate.

Antimicrobial assay
Determination of inhibition zone diameter

Agar well-diffusion method [3] was used to determine the
antimicrobial activity. One hundred microliters of inoculum,
equivalent to 10" CFU/ml; was mixed with 20 ml of warm
mehted BHA, and poured into the plate with 6 mm diameter
metal cup. After solidifying of BHA, the metal cups were
removed, and the well was added with 100 ul of each plant
extract. Stock solution of each plant extract was prepared at a
concentration of 10% (w/v). A 0.1% CHX, and 10% DMSO
were taken as a positive, and negative control, respectively,
Plate was incubated in appropriate condition according to
microorganisms tested at 37°C for 24 h. The test materials
having antimicrobial activity inhibited the growth of the
microorganisms, and a clear distinet zone of inhibition was
visualized surrounding the well. The antimicrobial activity of
the plant extracts was determined by measuring the diameter
of zone of inhibition in millimeter. Duplicates were
maintained, and the experiment was repeated thrice. Average
zones of inhibition were reported.

Determination of antimicrobial activity

A minimum inhibitory concentration (MIC) is the lowest
concentration of an antimicrobial that inhibits the growth of a
microorganism after 18-24 h. The extracts that showed
antibacterial activities were subjected to the serial broth
dilution technique to determine their minimum inhibitory

ion using the method of Clinical and Laboratory
Standards Institute (CLSI). Briefly, the stock solutions of the
extracts were subjected to two-fold serial dilution in the brain
heart infusion broth (BHI) to obtain concentrations from 25

Full
1 125 Gl

mg/m! to 0.024 mg/ml at a total volume of 100 gl per well in
96-well microtiter plates. The medium, 0.1% CHX, and 10%
DMSO were used as the blank, positive, and non-treated
controls. A 100 pl of bacterial cultures at a final concentration
of 1x10° CFU/ml were added to the per well, and were
incubated at 37°C in appropriate conditions.

MIC was determined by visual observation. The minimum
concentration of the extracts that showed no detectable growth
was taken as the minimum inhibitory concentration. All
experiments were repeated thrice in duplicate.

A minimum bactericidal concentration (MBC) is the
lowest concentration of an antimicrobial required to kill a
microorganism. The MBC was determined by sub-culturing
10 u! of the test dilutions from MIC wells on to fresh agar

plates. Plates were incubated at 37°C in appropriate conditions.

The highest dilution that yielded no single bacterial colony on
the plates was recorded as MBC.

Statistical analysis

Data were expressed as mean, and standard deviation
(S.D.) by computational analysis from the thrice experiments
in duplicate independent experiments.

Results and Discussion

Of 12 plant extracts tested, P. berle showed a good result
of antimicrobial activity against all tested microorganisms
{Table 1). An example of inhibition zone of P. belte is shown
in Figure 1. Initially, leaves, and aerial parts of P. betle were
prepared for testing, and leaves extract gave the better
antimicrobial activity. Thus, leaves extract of P. berle was
used throughout the study. It was demonstrated that P. berle
extract gave the largest inhibition zones ¢« d 1o the

others {Table 1). With the MICs ranged from 1.0 to 4.2 mg/ml,

and MBCs ranged from 16 to 83 mg/mi (Table 2).

Table 1. Inhibition zone of various medicinal plant exiracts against oral microorganisms using agar diffusion

Part Microorganisms”/ Zone of inhibition (in mm diameter)
Plant extracts tested

Ef Lf Ly Ss Sm Aa Fn Ca
M. cordifolia aerial parts | 1120 n.d. nd. 0 0 nd. n.d. 0
O. basilicum aerial parts | 4.5+6.4 nd. nd. 0 0 n.d. n.d. 0
var pil
O. basilicum aerial parts | 4.5464 n.d, n.d. 0 0 n.d. n.d. 0
Q. sanctun acrial parts | 6.048.49 n.d. n.d. 0 0 n.d. n.d. 0
P betle leaves 15.320.6 14+1.4 17.0235 | 21.5+3.5 121.0£3.6 | 14.5449 | 21.0+5.7 | 21.6%1.2
P. chaba fruits 9.5£134 0 0 1} 0 0 6.0:8.5 3+5.2
P._nigrum fruits 3.055.2 0 0 0 0 0 5.0£7.1 0
P. sar leaves 3.0252 0 @ 0 0 0 14.5+6.4 10.7£1.5
4. galangal rhizomes 0 0 1] 0 6.3£109 | 165264 | 15.0£7.1 9.7+1.5
C. longa rhizomes 4.0+6.9 0 0 0 30£52 |0 13.8+19.5 | 0
C. zedoaria rhizomes 1] 0 0 0 9.719.1 0 11.5%7.1 3.325.8
Z officinale rhizomes 140+122 10 0 3.0£5.2 0 0 173274 | 3.045.2
0.1% CHX - 10.0+0.2 n.d. ~Ind. 133202 | 19.330.2 | 25.840.2 | 23.820.5 18.040.4

*Microorganisms: Ef - E. faecalis ATCC 19433; Lf - L. fermentum ATCC 14931; Ls - L. salivarius ATCC 11741; S5 — S. sobrinus
ATCC 33478; S — S. mutans ATCC 25175; Aa - 4. actinomycetemcomitans ATCC 33384; Fn — F. nucleatum ATCC 25586; Ca~ (.

alhicans ATCC90028, n.d. — not determined.
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Table 2. MIC (mg/mi), and MBC (mg/mlj of P. betle extracts
against oral microorganisms

Microorganisms MIC MBC
E. faecalis ATCC 19433 5.2+1.8 8.3+3.6
L. fermentum ATCC 14931 42+18 83+36
L. salivarius ATCC 11741 42+ 1.8 83+3.6
S. sobrinus ATCC 33478 1.6+0 42+18
S. mutans ATCC 25175 1.6+0 16+0
A. actionmycetemcomitans 1.0+ 05 26+09
ATCC 33384
F. nucleatum ATCC 25586 1.3+05 26+09
C. albicans ATCC90028 3140 3. 14; 0

P. betle is known as “Plu”, which is commonly used in
Thai traditional medicine.  P. betle extract has previously
reported an antimicrobial effect on Streprococcus sanguinis,
Streptococcus mitis, and Actinomyces sp.[1]. In this study, it
was found that P. berle leaves extract could inhibit the growth
of various oral microorganisms. Moreover, it was observed
that P. betle extract revealed a good antimicrobial agent
against both cariogenic bacteria ¢.g. S. mutans, S. sobrinus.
and periodontopathogens including F. aucleatum, and A
actinomycetemcomitans, Antifungus activity was also found in
inhibition of C. albicans. Such findings indicate that P. betle
leaves extract may be usetul for prevention or treatment of
oral infectious diseases.

Conclusion

It was demonstrated that the extract of P. betle possess
compounds with good antimicrobial properties that may be
used for oral infectious diseases. Further study will purify the
certain  antimicrobial compound of P. berle, and the
mechanisms of antimicrobial activity will be investigated.
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Figure 1 Antimicrobial activity of P. betle extract against C.
albicans ATCC 90028 showing by a — inhibition clear zone,b
~ 10% DMSO served as control (no zone).

References

{1] Fathilah AR, and Rahim ZHA. The anti-adherence effect
of Piper betle and Psidium guajava extracts on the
adhesion of early settlers in dental plaque to saliva-coated
glass surface. J. Oral Sci. 2003: 45: 201-206.

[2] Arora RB, Basu N, Kapoor V, and Jain AP. Anti-
inflammatory studies on Curcuma longa (Turmeric).
Indian J. Med Res 1971: 59(8): 1289-95.

[3] Wilson B, Abraham G, Manju VS, Mathew M, Vimala B,
Sundaresan S, and Nambisan B. Antimicrobial activity of
Curcuma zedoaria and Curcuma malabarica tubers J.
Ethnopharmacol 2005: 99: 147-151.

[4] Okeke M, Iroegbu CU, Eze EN, Okoli AS, and Esimone
CO. Evaluation of extracts of the root of Landolphia
owerrience for antibacterial activity. J. Ethnopharmacol
2001: 78: 119-127.

Address for correspondence

Tel: +66 74 429878; Fax: +66 74 212922
e-mail: rawee.t@psu.ac.th (Rawee Teanpaisan).



70

NANHIN A

S
v 1 % 1

Y )
unaNuiseiiogluduasuvesmstamsuduniumoa @i unna W

L AliRE]

Kawsud P, Puripattanavong J and Teanpaisan R. Screening for anticandidal and

antibiofilm activity of herbs in Thailand. (Manuscript)



71

Screening for antibacterial and antibiofilm activity in Thai medicinal plant

extracts against oral microorganisms

Pajaree Kawsud?, Jindaporn Puripattanavong? and Rawee Teanpaisan®

1Common Oral Diseases and Epidemiology Research Center, and the Department of
Stomatology, Faculty of Dentistry, Prince of Songkla University, Hat-Yai, 90112,

Thailand

2Department of Pharmacognosy and Pharmaceutical Botany, Faculty of

Pharmaceutical Sciences, Prince of Songkla University, Hat-Yai, 90112, Thailand

Correspondence author:

Rawee Teanpaisan,

Common Oral Diseases and Epidemiology Research Center, and the Department of
Stomatology, Faculty of Dentistry, Prince of Songkla University,

Hat-Yai, 90112, Thailand

Tel: +66 74 429878; Fax: +66 74 212922

E-mail: rawee.t@psu.ac.th.



72

Abstract

To evaluate the antibacterial activity of 12 ethanol Thai herb extracts against oral
pathogens. They were examined for antibacterial activities using microdilution and
time kill methods. Antibiofilm activity was also investigated using a 3-[4, 5-dimethyl-
2-thiazolyl]-2, 5-diphenyl-2H-tetrazolium-bromide (MTT) assay. High performance
liquid chromatography (HPLC), thin layer chromatography (TLC) fingerprinting and
TLC-bioautography were used to determine the active antibacterial compounds. Piper
betle revealed excellent antibacterial activity against all tested strains with minimal
inhibitory concentration (MIC) ranging from 1.04 to 4.17 mg/ml and minimal
bactericidal concentration (MBC) from 1.56 to 8.33 mg/ml. Killing activity depended
on time and concentrations of the extract. P. betle extract had the ability to inhibit and
remove biofilm. HPLC chromatograms showed the major compound of P. betle
extract as 4-chromanol which responded for antibacterial activity. It was demonstrated
that P. betle extract possesses 4-chromanol with good antibacterial properties that may

be used for oral infectious diseases.

Keywords: antibacterial, antibiofilm, Piper betle, 4-chromanol, oral pathogens
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1. Introduction

Herbal medicines are valuable and readily available resources for primary health care
for thousands of years in the Indian Ayurvedic system of medicine and folklore
medicine of Thailand. The bioactive compounds in herbal medicines are secondary
metabolites which act as various pharmacological activities (Jesonbabu et al., 2012).
They are used as the substances of modern drugs (Cragg and Newman, 2001; Bhanot
etal., 2011) such as morphine from Papaver somniferum for pain treatment (Pace and
Burke, 1996; Blakemore and White, 2002), colchicine from Colchicum autumnale for
treatment in pericardial disease ( Deftereos et al., 2013). A number of studies have
reported antibacterial activity from various herbs (Rukayadi et al., 2013; Chanudom et
al., 2014), however, scientific evidence to support their active compounds and their
effectiveness for inhibitory bacteria and biofilm on oral pathogens is limited.

The imbalance of bacteria in the dental biofilm is cause in dental caries and
periodontitis which are major oral infections (Liljemark and Bloomquist, 1996). It is
co-aggregation of free-floating bacterial strains in the oral e.g. Streptococcus spp.,
Aggregatibacter actinomycetemcomitans and Fusobacterium nucleatum ( Nishihara
and Koseki, 2004) to become the complex structure. The treatments need to use high
antimicrobial agent doses for removing the biofilm which have side effects (Nickel et
al., 1985) for example taste disturbance, desquamative lesions, and brown staining of
the teeth and oral mucosa from using chlorhexidine gluconate (CHX) in long term
(Flotra et al., 1971; Addy and Moran, 1995).

Therefore, herbal medicines are the best alternative for being antibacterial agents since
they are perceived to have the safety. The aim of study was to evaluate the

antibacterial and antibiofilm activity of 12 ethanolic Thai herb extracts included
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Alpinia galanga, Curcuma longa, Curcuma zedoaria, Piper betle, Piper chaba,
Piper nigrum,  Piper sarmentosum,  Mentha cordifolia,  Ocimum africanum,
Ocimum basilicum, Ocimum sanctum and Zingiber officinale and the active

compounds of the most effective extract were also investigated.

2. Materials and Methods

2.1 Preparation of medicinal herb extracts

Twelve herbs included in this study were purchased from the local market in the
month of August 2012, and the details were shown in Table 1. All herbs were
identified by Dr. Supreeya Yuenyongsawad; Department of Pharmacognosy and
Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of Songkla
University, Songkhla, Thailand, where the voucher specimens (Table 1) were
deposited in the herbarium. Dried plants were macerated with ethanol for 3 days and
then filtrated through Whatman No. 4 filter paper. Each filtrate was dried using a
rotary evaporator at 40 °C and kept at -20 °C. A 10 % (w/v) stock solution in 10 %

dimethyl sulfoxide (DMSO) of each extract was used in this study.

2.2 Bacteria strains and growth conditions

A total of seven oral microorganisms were tested, and the details of strains used
shown in Table 2. Microorganisms were maintained on either brain heart infusion agar
(BHA; Difco Laboratories, Detroit, Michigan) with 5 % (v/v) blood for facultative
bacteria, and supplemented with 0.5 % (w/v) yeast extract and haemin for anaerobic
bacteria. The strains were grown under aerobic, or anaerobic (10 % Ha, 10 % CO2and

80 % N2) conditions as appropriate.
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2.3 Antibacterial assay

2.3.1 Agar diffusion test

One hundred microliters of inoculum, equivalent to 107 CFU/mI, was mixed with 20
ml of warm melted BHA. The mixture was then poured into the plate with a 6 mm
diameter metal cup. After solidifying the BHA, the metal cups were removed and the
well was added with 100 ul of each plant extract. The plate was incubated at 37 °C for
24 h. A 10 % DMSO were taken as a negative control. The antimicrobial activity of
each plant extract was determined by measuring the diameter of the zone of the
inhibition in millimeters. Duplicates were maintained and the experiment was

repeated thrice.

2.3.2 Broth microdilution test

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) were done as recommended instruction of the Clinical and Laboratory
Standards Institute (CLSI). Briefly, 10 % stock solution of each extract was diluted in
the brain heart infusion broth (BHI) in two-fold serial dilutions to obtain
concentrations from 0.024 mg/ml to 25 mg/ml at a total volume of 100 pl per well in
96-well microtiter plates. 100 ul of each tested species culture at a final concentration
of 1 x 10° CFU/mI was added to each well and incubated at 37 °C in appropriate
conditions. The medium, 0.1 % CHX and 10 % DMSO were used as the blank,
positive and non-treated controls.

MIC was defined as the lowest concentration of the extract that produced a complete
suppression of visible growth. MBC was defined as the lowest concentration of wells

that did not allow visible growth when 10 pl of the well contents was plated on agar
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and grown at 37 °C in appropriate conditions. All experiments were repeated thrice in

duplicate.

2.4 Time Kill assay

As the results of the screening of herb extracts revealed that P. betle extract gave the
strongest antibacterial activity. Thus, P. betle extract was used for the time kill assay.
Growing cultures (10° CFU/ml) of representative strains, S. mutans ATCC 25175 and
A. actinomycetemcomitans ATCC 33384 in BHI broth supplemented with the extract
at concentrations equivalent to 1 x MIC, 2 x MIC and 4 x MIC were incubated at
37 °C. Surviving bacteria were observed at 0, 0.5, 1, 2, 4, 6, 8, and 24 h by culturing
on agar plates. The procedure was repeated in triplicate, and the logio CFU/ml was
plotted against time. A 0.1 % CHX and medium alone were used as positive and

negative controls, respectively.

2.5 Antibiofilm assay

2.5.1 Inhibition of biofilm formation

The effect of P. betle extract on biofilm formation of each representative strain, S.
mutans ATCC 25175 and A. actinomycetemcomitans ATCC 33384 was examined by
using the modified microdilution method (Tang et al., 2011). Briefly, two-fold serial
dilutions of P. betle extract were prepared, with final concentration ranged from 0.024
mg/ml to 25 mg/ml. A cell suspension of the tested strains was prepared as described
in the MIC assay, and 100 pl (final concentration 1 x 108 CFU/mI) were inoculated in
the wells of a 96-wells polystyrene tissue culture plate. A 0.1 % CHX was used as the
positive controls. The phosphate-buffered saline (PBS) at pH 7.0 and the medium

alone were used as the non-treated and blank controls, respectively. Following
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incubation at 37 °C for 24 h, supernatants were discarded and washed 3 times with
PBS. Biofilm formation was quantified by using a 3-[4, 5-dimethyl-2-thiazolyl]-2, 5-
diphenyl-2H-tetrazolium-bromide (MTT) assay. After washing, 100 ul PBS at pH 7.0
with 0.5 % MTT (Sigma-Aldrich, USA) solution was added and allowed to incubate
in the dark at 37°C for 3 hours. The MTT solution was replaced with 100 pl of DMSO
and allowed to incubate for 15 minutes at the room temperature. The numbers of
surviving bacteria were determined by measuring their ability to reduce the yellow
tetrazolium salt to a purple formazan product at 570 nm. Higher OD values indicate an
increased number of surviving microorganisms in the biofilm. Percentage inhibition
was calculated by using the equation [1 - (As7o of the test / Aszo of non-treated
control)]. The minimum biofilm inhibition concentration (MBIC) was defined as the
lowest concentration that showed 50 % and 90 % inhibition of biofilm formation

(MBICso and MBICygp).

2.5.2 Eradication of biofilm formation

The antibacterial activity of P. betle extract in the biofilm was also examined using
the minimum biofilm eradication concentration (MBEC) assay. Briefly, a 200 pl in
early log phase (10° CFU/mI) of each representative strain, S. mutans ATCC 25175
and A. actinomycetemcomitans ATCC 33384 was inoculated into each well of 96
well polystyrene microtiter plates and incubated for 24 h at 37 °C for the development
of a multilayer biofilm. The culture was then blotted out and the well carefully washed
3 times with sterile PBS in order to remove non-adherent cells (Tang et al., 2011).
These biofilms were then exposed to a 200 pL of various concentrations of P. betle
extract ranged from 0.024 mg/ml to 25 mg/ml, incubated at 37 °C in appropriate

conditions. At the end point of the treatment of the biofilms with P. betle extract, the
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adherent cells were washed 3 times with sterile PBS. The numbers of surviving
culture were determined using MTT assay. The MBEC value was defined as the
concentrations that showed 50 % and 90 % eradication of biofilm formation. And
0.1 % CHX, PBS and the medium alone were used as the positive, non-treated and

blank controls, respectively.

2.6 High Performance Liquid Chromatography (HPLC) of P. betle

The amount of eugenol and 4-chromanol in the extract was analyzed by using high
performance liquid chromatography (Agilent® 1100 series, Palo Alto, CA). The
reverse column was Apollo C18, 250 mm x 4.6 mm, 5 pm particle size ( Alltech
Associates Inc., Deerfield, IL). The mobile phases were methanol: water (70: 30 v/v),
flow rate at 0.7 ml/min, UV Detector was set at 280 nm, injection volume was 20 pl.
Firstly, the solutions, P. betle extract (1 mg), pure eugenol (5 ul) and 4-chromanol
(0.5 mg) were prepared in 1 ml of 95 % ethanol. After that, these solutions were taken
to analyze by HPLC to construct curve by using the Microsoft Excel software package

(Excel 2007; Microsoft Corporation, Redmond, WA, USA). These sample solutions

was injected three times (Singtongratana et al., 2013).

2.7 Thin Layer Chromatography ( TLC) fingerprinting of P. betle and TLC-
bioautography assisted separation of antibacterial

For TLC-fingerprinting study, P. betle extract (100 mg), pure eugenol (5 pl) and 4-
chromanol (1 mg) were prepared in 1 ml of 95 % ethanol. A 10 pl of each sample was
applied onto the alumina silica gel GF2s4 TLC-plate, and was run through a series of
solvent systems using a mixture of 90 volumes of toluene and 10 volume of ethyl

acetate as the mobile phase. After removal of the plate, allow it to dry in air, spray the
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plate with a 20 % (w/v) solution of phosphomolybdic acid in ethanol and heat at
105 °C for 5 minutes (Department of Medical Sciences, 2007).

TLC-bioautography was performed using agar overlay method. TLC-plates were
placed on plate contained 6 ml of BHA, and 10 ml of top agar with 100 pl of S.
mutans ATCC 25175 and A. actinomycetemcomitans ATCC 33384 inoculum ( 10’
CFU/ml) was covered on TLC plate. After overnight incubation, the inhibited zone
was observed as clear zone. The relative front values (Rf) was calculated as: Rf =

distance travelled by solute / distance travelled by solvent (Rahalison et al., 2011).

2.8 Statistical analysis

Data were expressed as mean and standard deviation (SD) by computational analysis
from the three experiments with duplicate independent experiments. For antibiofilm
assay were analyzed statistically using Mann-Whitney U test. The differences were

considered statistically significant at P < 0.05.

3. Results

Of 12 tested herb extracts, P. betle showed a good result of antibacterial activity
against all tested microorganisms (Table 1). P. betle revealed the good antibacterial
activity, which were further examined for their MIC and MBC against 7 bacteria
strains. The MIC of P. betle extract ranged from 1.04 to 4.17 mg/ml and MBC ranged
from 1.56 to 8.33 mg/ml, respectively (Table 2).

Time kill assay of P. betle leaves extract against S. mutans ATCC 25175 and A.
actinomycetemcomitans ATCC 33384 is demonstrated in Figure 1. It was depended on
time and concentrations of P. betle leaves extract. Completed Killing of S. mutans

ATCC 25175 cells treated with 1 x MIC, 2 x MIC and 4 x MIC of the extract
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occurred within 12, 8 and 6 h, respectively. At 1 x MIC, 2 x MIC and 4 x MIC, A.
actinomycetemcomitans ATCC 33384 was killed after 6, 2 and 1 h, respectively. The
killing of positive control (0.1 % CHX) was observed within 30 min.

The inhibition and eradication of the biofilm formation of S. mutans ATCC 25175 and
A. actinomycetemcomitans ATCC 33384 by P. betle leaves extract at various
concentration and with 0.1 % CHX is also demonstrated in Figure 2 and Figure 3. The
concentrations of P. betle extract required to inhibit for > 50 % biofilm formation
(MBICsp) of S. mutans ATCC 25175 and A. actinomycetemcomitans ATCC 33384
were 0.39 + 0.20 and 0.10 + 0.03 mg/ml, respectively and for > 90 % of the inhibition
of biofilm growth (MBICgo) were 1.56 + 0.11 and 0.39 + 0.65 mg/ml, respectively. At
the concentrations of P. betle extract > 0.39 mg/ml, there was a statistical significance
of inhibition of biofilm growth of all tested strains compare to non-treated control
(Figure 2). The concentrations of P. betle extract to eradicate for > 50 % biofilm
formation (MBECso) of S. mutans ATCC 25175 and A. actinomycetemcomitans
ATCC 33384 were 0.78 + 0.11 and 0.78 + 0.34 mg/ml, respectively and for > 90 % of
the removal of biofilm growth (MBECgo) were 6.25 + 0.58 and 3.13 + 0.28 mg/ml,
respectively. At the concentrations of P. betle extract > 0.78 mg/ml, there was a
statistical significance of inhibition of biofilm growth of all tested strains compare to
non-treated control (Figure 3). CHX could completely (100 %) inhibit or remove
biofilm formation of all tested strains.

Typical chromatograms of the standards, P. betle extract and the mixture of P. betle
extract and the standards are shown in Figure 4a, b and c, respectively. Peak 1 was

identified as 4-chromanol with retention times of 5.486 + 0.00 min, 5.654 + 0.04 min
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and 5.610 £ 0.00 min, respectively. Peak 2 can be assigned to eugenol with retention
times of 7.853 + 0.01 min, 7.966 = 0.09 min and 7.757 + 0.01 min, respectively.

Figure 5a exhibited the developed TLC plate of P. betle leaf extract that there were
several bands of components appeared on the TLC-plate. One major band with Ry at
0.38 matched to the standard 4-chromanol gave the large inhibited clear zone against
S. mutans ATCC 25175 in TLC-bioautography assay (Figure 5b), but this band gave
mild inhibited clear zone against A. actinomycetemcomitans ATCC 33384 which was
not shown. Another minor band with R¢ at 0.74 matched to the standard eugenol did

not show any inhibited zone.

4. Discussion

The present study clearly showed that 1 of 12 Thai herbs, P. betle leaf extract revealed
a good antibacterial against both cariogenic bacteria e.g. S. mutans and S. sobrinus,
and periodontopathogens including F. nucleatum and A. actinomycetemcomitans. P.
betle (family Piperaceae) is known as “Phlu”, which has been extensively used in
traditional herbal remedies in Thailand and many other countries in tropical Asia. It is
reported for various pharmacological activities such as antimicrobial,
immunomodulatory and anti-inflammatory (Nagori et al., 2011). The leaf of it has a
significant antimicrobial activity against broad spectrum of micro-organisms such as
Streptococcus pyrogen, Staphylococcus aureus, Proteus vulgaris, Escherichia coli,
Pseudomonas aeruginosa etc. ( Pradhan et al., 2013) . In the results, P. betle can
optimize both the planktonic cells and the biofilm against tested strains.

Initially, pioneer bacteria species such as S. mitis, S. mutans, S. oralis and S. sangius
( Liljemark and Bloomquist, 1996; Seneviratne et al., 2011) manifold to form

microcolonies which embed in a soft matrix consisting of extracellular
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polysaccharides, degraded mammalian cells and component of the saliva, resulting in
a biofilm. They develop to involve co-aggregations between other genus such as A.
actinomycetemcomitans, F. nucleatum and Porphyromonas gingivalis and the primary
colonizers ( Nishihara and Koseki, 2004; Seneviratne et al., 2011) . The biofilm
exhibits the different properties compared with planktonic cells. According to
previous studies, a biofilm can withstand the defensive act of the host and better
resistance to antibiotics than planktonic cells (Nickel et al., 1985).

The mechanical removal of the dental biofilm is the most efficient procedure to
prevent or limit bacteria adhesion and their subsequent growth on the tooth surface.
CHX is a chemical-based antimicrobial agent which is used extensively in the
mouthrinse to help maintain dental biofilm at a level compatible with oral health.
However, it was reported on some local side effects when was used in long term
including taste disturbance, desquamative lesions, and brown staining of the teeth and
oral mucosa (Flotra et al., 1971; Addy and Moran, 1995). Thus, finding alternative
agents to be used as adjucts in oral healthcare regimens became a prime interest.

In result, P. betle leaf extract was more active against gram negative bacteria than
gram positive bacteria due to the differences in their cell wall structures. Gram-
negative bacteria have a unique outer membrane, a thinner layer of peptidoglycan, and
a periplasmic space between the cell wall and the membrane. In the outer membrane,
gram-negative bacteria have lipopolysaccharides (LPS), porin channels, and murein
lipoprotein all of which gram-positive bacteria lack. It is possible that gram negative
bacteria were susceptibility more than gram positive bacteria because of their cell wall
structures (Silhavy et al., 2010). Similar results are also reported in Citrus bergamia

(Mandalari et al., 2007) and Woodfordia fruticosa (Parekh and Chanda, 2006).
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Our results are in concordance with the study of Deshpande and Kadam (2013) who
demonstrated the finding of antibacterial activity of ethanol and aqueous crude extract
of P. betle leaves against S. mutans. However, there was no information of antibiofilm
or active compounds mentioned in that study. The ethanol extract in this study
revealed the lower MIC of antibacterial activity compared to the aqueous extract
(Deshpande and Kadam, 2013). It can be stated that ethanolic extracts were more potent
than aqueous extract. There is possible explanation for the observed effects: the active
compounds were soluble in organic solvents and basically not present in water
extracts.

The antibiofilm activity experiments, comparing biofilm of tested strains have
examined that MBECqo of P. betle extract were higher than of MBICgo (4-8 folds). P.
betle is required to significantly move existing biofilm cells, since bacteria in the
biofilm is strongly protected and less susceptible to antibacterial agents than in
planktonic form ( Donlan and Costerton, 2002) . Our results indicated that P. betle
extract acts as a potent antibiofilm agent that has dual actions preventing biofilm
formation and removing of existing biofilm.

Our previously study, it was found that the major constituents of P. betle leaf extract were 4-
chromanol (62.33 %) and eugenol (17.10 %) in GC-MS analysis and the extract revealed

good anticandidal activities but the anticandida of 4-chromanol with Rf at 0.38 was not
unclear in TLC fingerprinting and TLC-bioautography assay (Kawsud et al., 2014). In
this study, the band with R¢ at 0.38 clearly acted as 4-chromanol following the results of
TLC fingerprint and HPLC. It was found that 4-chromanol appeared the strong antibacterial

activity by observed clear zone of the inhibition. Eugenol with R at 0.74 did not exhibit
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any antibacterial activity in TLC-bioautography assay. Therefore, P. betle leaf extract

reveals good antibacterial activity with major compound, 4-chromanol.

5. Conclusions

This study suggested that the extract of P. betle leaves is a potential source of natural
antibacterial which possesses 4-chromanol. It was exhibited with good antibacterial
properties that may be used for oral infectious diseases. Further study and the
mechanisms of antibacterial activity of 4-chromanol should be investigated in more

detail as well as their activity in vivo.
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Table 1. Plants and susceptibility of oral microorganisms

Voucher Antibacterial activity of
Scientific name ~ SPecimen no. Used microorganisms®
part Lf Ls Ss Sm Aa Fn
Lamiaceae:
Mentha cordifolia  SKP Leaf - nd. - - - -
Opiz. 095130301
Ocimum africanum SKP Aerial - nd. - - - -
L. 095150101 parts
Ocimum basilicum  SKP Aerial - nd. - - - -
Lour. 095150201 parts
Ocimum sanctum  SKP Aerial - nd. - - - -
L. 095151901 parts
Piperaceae:
Piper betle L. SKP Leaf ++ ++ 4+
146160201
Piper chaba SKP Fruit - - - - - +
Hunter 146160301
Piper nigrum L. SKP Fruit - - - - - +
146161401
Piper sarmentosu ~ SKP Leaf - - - - - ++
m Roxb. 146161906
Zingiberaceae:
Alpinia galanga SKP Rhizome - - - + ++ ++
(L.) Willd. 206010701
CurcumalongaL. SKP Rhizome - - - + - ++
206031201
Curcuma zedoaria SKP Rhizome - - - + - ++
Roscoe 206032601
Zingiber officinale ~ SKP Rhizome - - + - - ++
Roscoe 206261501

+, 0 < zone <10 mm; + +, 10 mm < zone < 20 mm; + + +, 20 mm < zone; -, absence of

inhibition zone

2 microorganisms: Lf — L. fermentum ATCC 14931; Ls — L. salivarius ATCC 11741; Ss —
S. sobrinus ATCC 33478; Sm — S. mutans ATCC 25175; Aa — A. actinomycetemcomitans
ATCC 33384; Fn — F. nucleatum ATCC 25586, n.d. — not determined




Table 2. MIC and MBC of P. betle extracts against oral microorganisms

90

Microorganisms

Concentration of extract

(mg/ml)
MIC MBC

Gram positive bacteria:

L. fermentum ATCC 14931 417 +1.80 8.33+3.61
L. salivarius ATCC 11741 417 +1.80 8.33+3.61
S. sobrinus ATCC 33478 1.56 + 0.00 417 +1.80
S. mutans ATCC 25175 1.56 + 0.00 1.56 + 0.00
Gram negative bacteria:

A. actionmycetemcomitans ATCC 33384 1.04 + 0.45 2.08 +0.90
F. nucleatum ATCC 25586 1.30 + 0.45 2.08 +0.90

MIC — the minimum inhibitory concentration

MBC — the minimum bactericidal concentration
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Figure 1. Time-kill curves of S. mutans ATCC 25175 (a) and A.
actinomycetemcomitans ATCC 33384 (b) at different concentrations of P. betle
extract: 0xMIC (A), 1xMIC (V¥), 2xMIC (O) and 4xMIC (@); 0.1 % (w/v) CHX

(I); CFU, Colony Forming Units
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Figure 2. Inhibition of biofilm formation of S. mutans ATCC 25175 (a) and A.
actinomycetemcomitans ATCC 33384 (b) by P. betle extract at various concentrations,
0.1 % (w/v) CHX was used as control. Error bars indicate standard deviations; n=6. *,

significant differences (compared to the non-treated control) P < 0.05
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Figure 3. Eradication of biofilm formation of S. mutans ATCC 25175 (a) and A.
actinomycetemcomitans ATCC 33384 (b) by P. betle extract at various concentrations,
0.1 % (w/v) CHX was used as control. Error bars indicate standard deviations; n=6. *,

significant differences (compared to the non-treated control) P < 0.05
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Figure 4. HPLC chromatograms of the standards; 4-chromanol and eugenol (a), P.

betle leaf extract (b), and the mixture of the standards and P. betle extract (c)



Figure 5. TLC fingerprinting (a) and TLC-bioautography against S. mutans ATCC

25175 (b) of P. betle leaf extract
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