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Quorum sensing is a control of bacterial gene expression in response to cell
density. Several processes in pathogenesis of many medically-important bacteria are
associated with quorum sensing. As quorum sensing controls bacterial virulence, the
inhibition of quorum sensing is being considered as a novel strategy for antibacterial
drug. This study investigated the effect of 44 Thai medicinal plant species on bacterial
quorum sensing. Anti-quorum sensing activity was indicated by the inhibition of violacein
pigment producing of biomonitor strain, Chromobacterium violaceum DMST 21761.
Screening test by disc diffusion assay revealed that 9 plant extracts exhibited anti-quorum
sensing activity including Cinnamomum bejolghota, Cinnamomum porrectum,
Holarrhena antidysenterica, Punica granatum, Quercus infectoria, Quisqualis indica,
Terminalia bellirica, Terminalia chebula, and Terminalia sp. Flask incubation assay
was used for quantifying the inhibitory activity. All extracts, except Q. infectoria, reduced
violacein production but did not suppress the cell growth. Holarrhena antidysenterica,
T. bellirica, and Terminalia sp. produced pronounced inhibitory activity. This finding
may uncover the potential mode of action of these plants. Anti-quorum sensing property
of these medicinal plants may play an important role as the antimicrobial activity for
their efficacy in traditional use as medicines and this should not be overlooked.
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The widespread use and misuse of
antibiotics are playing a significant role in the
emergence and spread of resistant bacteria'?. Use
of antibiotics may result in a selective pressure by
killing susceptible bacteria, allowing antibiotic-
resistant bacteria to survive and grow. Increase in
antibiotic resistance in many pathogenic bacteria
leads to an urgent requirement for new antibacterial
drugs with novel modes of actions in order to fight
against their resistance®*. Inhibition of bacterial
virulence factors is an attractive target for
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antibacterial drug and could represent an
innovative therapeutic strategy>°. Antivirulence
approaches do not stress bacteria by killing activity
but they just lower their virulence factors and
increase the odds that antibiotics or immune system
can clear bacterial infections, hence, selective
pressure will not occur. Moreover, the specificity
of antivirulence drugs could preserve the bacteria
constitutive of the normal microbiota®’.
Bacterial communication, or quorum
sensing, is a cell-population dependent expression
of species in bacteria mediated by signaling
molecules called autoinducers. Gram-negative
bacteria use derivatives of homoserine lactones
as autoinducers while gram-positive bacteria use
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secreted peptides®®. Quorum sensing system
controls several processes in pathogenesis and
regulates the expression of virulence factors of
many medically-important bacteria. Many bacterial
virulence factors are controlled by quorum sensing
system, including biofilm formation, enzyme and
toxin productions’''. As quorum sensing system
controls bacterial virulence, inhibition of quorum
sensing is being considered as an alternative
approach to antibacterial therapy. Several bacterial
models such as Agrobacterium tumefaciens,
Chromobacterium violaceum, and Pseudomonas
aeruginosa have been used to study the inhibition
of quorum sensing. Among these bacterial models,
C. violaceum is the most popular bacterium that
used for anti-quorum sensing screening. This
bacterium synthesizes violet pigment named
violacein due to the regulation of quorum sensing
system mediated by its autoinducer N-hexanoyl
homoserine lactone'?.

Many natural products such as fruit,
herb, and spice have been reported to demonstrate
anti-quorum sensing activity**'. A wide variety
of plants in traditional Thai medicine have long
been used as remedy for many infectious diseases.
Most recent researches have reported only the
antibacterial property of plants used to treat
infection’”?. Nonetheless, anti-quorum sensing
activity of plants, a new issue which can contribute
useful information has not been investigated. The
objective of this study was to investigate the effect
of Thai medicinal plants on bacterial quorum
sensing using C. violaceum as a biomonitor strain.

MATERIALS AND METHODS

Plant collection and extract preparation
Forty-four selected medicinal plant
species used in traditional Thai medicine were used
in this study. Parts of plants were collected on the
basis of traditional practices by Dr. Oratai
Neamsuvan, an ethnobotanist. Reference voucher
specimens were made and deposited at Faculty of
Traditional Thai Medicine, Prince of Songkla
University, Hat Yai, Songkhla, Thailand. The plant
materials were cleaned and dried at 60°C overnight.
They were crushed and soaked with 95% ethanol
for 7 days. The solvent was then filtrated and
distilled under reduced pressure in a rotary
evaporator until it became completely dry. The plant
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extracts were dissolved in dimethyl sulfoxide
(DMSO, Merck, Germany) before use. All extracts
were stored at -4°C. The aliquots were check for
sterility using a sterile loop streaking on Tryptic
soy agar (TSA, Difco) and incubated at 37°C for
overnight.
Screening for anti-quorum sensing activity

Paper disc agar diffusion method was
used to detect anti-quorum sensing activity of the
extracts'®. The extracts were dissolved in DMSO,
10 pL of the extracts (100 and 200 mg/mL) was
applied to sterile filter paper discs (Whatman no.
1; 6 mm in diameter) so that each disc was saturated
with 1 or 2 mg of the extract. Dry discs (dried at
37°C overnight) were applied to the surface of TSA
plates seeded with 3 to 5 h Tryptic soy broth (TSB,
Difco) culture of C. violaceum DMST 21761 (1.5 x
10® CFU/mL). The plates were incubated overnight
at 30°C and examined for violacein production.
Inhibition of quorum sensing system in the bacterial
population was detected by a colourless, opaque
halo around the disc. The paper disc with DMSO
was used as control. The experiment was replicated
twice.
Quantification of violacein production

A modified flask incubation assay
described by Choo et al'® was used to quantify
quorum sensing inhibitory activity of the extracts.
C. violaceum DMST 21761 was cultured in TSB
and incubated for 18 to 24 h. One mL of the culture
(OD,,,=0.1) was inoculated to Erlenmeyer flasks
containing 9 mL of TSB supplemented with the
plant extracts at concentration of 2.0, 1.0 and
0.5 mg/mL. The flasks were incubated at 30°C with
150 rpm agitation for 24 h in a shaking incubator.
1% DMSO was used as control. After incubation,
1 mL culture from each flask was centrifuged at
5,000 rpm for 5 min to precipitate the insoluble
violacein. The culture supernatant was discarded
and 1 mL of DMSO was added to the pellet. The
solution was vortexed vigorously for 30 s and
leaved for 24 h to completely solubilize violacein
and centrifuged at 5,000 rpm for 5 min to remove
the cells. Two hundred pL of the violacein-
containing supernatants were added to 96-well flat
bottomed microtiter plate (Corning Life Sciences,
USA) and the absorbance was read with a microtiter
plate reader (Perkin-Elmer, Finland) at a
wavelength of 595 nm. The experiment was
replicated three times.
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In parallel experiments, each culture was
spread on TSA plates to confirm any antibacterial
activity of the plant extracts. Each culture was
serially diluted and spread on TSA plates. The
plates were incubated at 30°C for 24 h, and bacterial
counts were compared with control (1% DMSO).
The experiment was replicated twice.

RESULTS

Quorum sensing screening test

The paper disc diffusion assay was
performed to test anti-quorum sensing activity of
48 extracts from 44 Thai medicinal plant species
used in traditional Thai medicine. We found that 9
(20%) out of 44 Thai medicinal plant species
demonstrated anti-quorum sensing activity with
C. violaceum as a bacterial reporter strain. These
include Cinnamomum bejolghota, Cinnamomum
porrectum, Holarrhena antidysenterica, Punica
granatum, Quercus infectoria, Quisqualis indica,
Terminalia bellirica, Terminalia chebula, and
Terminalia sp. (Table 1). Strong quorum-sensing
inhibition was observed in the extract of H.
antidysenterica (Fig. 1), followed by Terminalia
sp., T. bellirica. Quercus infectoria extract
produced both growth and quorum sensing
inhibition zones. The quorum sensing inhibition
zone occurred after the margin of the inhibition
zone. Meanwhile, Piper betle extract exhibited the
inhibition of cell growth without quorum sensing
inhibition zone.
Quantification of violacein production

The flask incubation assay was used to
quantify quorum sensing inhibitory activity of the
extracts that produced quorum-sensing inhibition
zones. All the test extracts, except C. porrectum,
demonstrated concentration-dependent violacein
inhibitory activity. A decrease level in violacein
content was demonstrated in the extracts at all
tested concentrations (Fig. 2). At concentration of
0.5, 1.0, and 2.0 mg/mL, H. antidysenterica, T.
bellirica, and Terminalia sp. extracts did not
inhibit cell growth, but significantly reduced
violacein production with percentage of inhibition
ranging from 26 to 71, 42 to 59, and 32 to 61,
respectively. The bacterial cell count performed
on TSA plates at 24 h showed no significant
difference in the numbers of CFU in all the tested
extracts (Fig. 3), except for Q. infectoria (the number
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of CFU at concentration of 0.5, 1.0, and 2.0 mg/mL
were decreased 1.7, 1.8, and 3.4 log, respectively).
This correlated to the results of the paper disc
diffusion assay and further confirmed that all
extracts, except Q. infectoria, did not possess
antibacterial activity against C. violaceum.

DISCUSSION

Chromobacterium violaceum
synthesizes violet pigment violacein as a result of
quorum sensing'?. Loss of the purple pigment
violacein in C. violaceum is an indicative of
quorum sensing inhibition by the plant extracts. In
this study, we found that 20% of Thai medicinal
plant species demonstrated anti-quorum sensing
activity with C. violaceum as a bacterial reporter
strain. Anti-quorum sensing activity screening can
be improved by using several bacterial biomonitors
because the ability to detect this activity depends
on each system used'**'. Koh and Tham?*' reported
70 and 40% out of 10 Chinese medicinal plant
species with anti-quorum sensing activity when
C. violaceum and P. aeruginosa were used as
reporter strains, respectively.

Strong quorum sensing inhibition was
observed in the extract of H. antidysenterica,
followed by Terminalia sp., and T. bellirica. At 2
mg/ml, these extracts inhibited violacein production
more than 50%. Our previous study with the same
plant extracts found that these plant extracts did
not show strong antibacterial activity, especially
the activity against gram-negative bacteria®.
However, these plants have had a long history of
use in traditional Thai medicine as therapies for
ailment caused by bacterial infections particularly
for diarrhoea. Due to their weak antibacterial
activity, the anti-quorum sensing activity or other
mechanisms may be responsible for their
therapeutic efficacies.

Quercus infectoria exhibited antibacterial
activity as well as anti-quorum sensing activity.
Similarly, Adonizio et al'* found some medicinal
plants from southern Florida, Conocarpus erectus
and Bucida buceras, demonstrated these two
activities. From this previous study and our result,
the same question is arisen whether reduced
concentration of antibacterial compounds in the
extract can improve an anti-quorum sensing activity
by reducing the cell population to a number below

J PURE APPL MICROBIO, 7(3), SEPTEMBER 2013.



ANTI-QUORUM SENSING ACTIVITY OF THAI PLANT EXTRACT

LIMSUWAN et al.:

1720

0°0F0°€C  LO0FS 61

AUORYORWIO)S “dSBISIP ULYS ‘IOPIOSIP [BNISUIW
‘so[Seoll ‘BLIE[BW ‘UONIJUI ‘UoIsualadAy ‘snnedoy
QUoBPERIY ‘19AQJ ‘SJ0qRIP ‘YSN00 “YIIQP[IYO Ul pIe
BOOYLIEIP

jurejdwod aunein pue Jeurdea ‘Asoidoy
‘A1oyewuueljur ‘ondney ‘A10)uosAp ‘uonesuss Suruing
‘9SBASIP POOIQ ‘SSAUSNOI[Iq ‘BUI)SE

O1UO} ‘SISNUIS “BUIY)SE

jurejdwod Areuownd ‘edotyrerp

J9O[N JTUOIYD ‘SSAISQR PUNOM JIeM

10} “OUOBYIBUIOIS

‘IOAQJ “BOOULIRIP ‘AI2IUISAD 91qa0WR

JOAQJ ‘OTUO}

SILIOJUD ‘AIJUISAD ‘BOOYILIRIP

e13[enses ‘oroInip ‘pjod

BOOULIEIP

J1s93RUE ‘AIOJRUIIIR[JUL
9SBISIP ULYS ‘AI0JRWUUR[JUL ‘SLIYIIR

(0°¢) dura
(0°9) 3o

(6')ruerd ajoym

(#°62) 1omory
(8'97) 1y
(T°6) 3ol

(1'7) 31eq
(L'L) ny

(¢1) yuerd sjoym

(8'+) qIng
($'y) poom

(T'¢) waps
(¢°¢) owoziy

(o800831qINOND) T PIUD.ADYD DIIPLOUOR
(oraoeIqny)[1ARH (‘YMOY]) ps0102ds vud3n.nuN

(erooRqR,) "1 o1pnd psowipy

(seaoeruousiq) ' 7 s1suarioy pIUOISUI]IIA
(eeooejodeg) 312950 (‘[[1A) SPLYOD DADYJIUDIY
(oroorurweseq) 1 vuruvsipq suayvduly

(eeoorukoody) "D "V X2 "[1em (1) PoL2IuasApriup vuay.LID]OL]
(eraoeyqInon))) ziny (IN0T) S1suaulyouUIY202 wnjvjadouuilry
(seooerqioydny) 1 v1jofiudy; viqioydnyg

(9B20BPLI]) LN PUDILIDUID dULIDYIND]F

(eeooeIpodA|0) 9z O PoyvuLIAS stia3dodiq

(sesourun3o)

‘ueg ‘qXoy SUpUDIS S1IJ
9BORIAQISULY) ] PSUO] DWUNIIN
qlsulz) ] ! D

(oeoorI0qI3UIZ)

- - SHI[ISUO] “B90YLI09NJ] ‘Y3N09 “Bury)se (9°6) Qwoziyx 000S0Y ((WISLIYD) PLIDOPIZ DUINDIAN))

- - (T'11) poom (orooeIneT)

L0FS'6 v IFTS Joud[MyeY} ‘O1U0} (1°L) y1eq WISy ((qx0y) wingoa.siod wnuwowvuuL)

- - (¢7) poom (oeoorIne ) 100MS

00FS'L  00F0L JAIJBUIULIED ‘QOUQ[NJR[J ‘SSAUSNOI[I] ‘BOOYLIBID (L'¥1) 3req (‘wrey-yong) rroy3djoloq wnwownuui)

- - I0A9J (0°9) Je9| (eeooe1dy) "qin (1) vouvisy vjjaIU))

- - 19A9) snydA) ‘ured ‘y3noo ‘ewyse (0'1) poom (evooeperda[osy) 1 vo1avssp.no svidajosy

- - JrunBWIRY ‘IOAJJ ‘BOOYLIBID (y') nnyg (oBa0RUISIAN) "qQXOY PIDALOJOD DISIDAY

- - JYoRYOBWO)S ‘AIQJUISAP ‘BIOYLIRID (4°5) 1y (eroorINy) B1I0)) (") SOjoULIDUW 2] 32
UOI1RIdON )ROIY) 2I0S ‘yInout 10s ‘Asoxdoy ‘oid

- - ‘BQOULIBIP “BWIZO9 “Y3n0d ‘Jooued ‘ured Apoq ‘ewtjise (9°6) 2109 (eeooeqey) PIIIM (1) nyoavo vrovoy

osIp/Sw g osIp/Sw |
(@sFww) ouoz uon1qryu (pro1f %) (owreu 1we,)
Sursuoss winionQ), SoIpawal [eqIOH 1red juelq Jweu [ed1URIOq

"urens Jo)ruowolIq € se 19/ 17 LSINA “Hhaonjold wniia1opqouio.dy7) pue poyjawl UOISIJIp OSIp
1e3e Sursn syue[d [RUIOIPAW TR ], JO SIOBIIX OI[OURYID JO AJIATIOR JuIsuas wnionb-njuy *I d[qer,

J PURE APPL MICROBIO, 7(3), SEPTEMBER 2013.



1721

ANTI-QUORUM SENSING ACTIVITY OF THAI PLANT EXTRACT

LIMSUWAN et al.:

‘ouoz uonIqIyul Sulsuds wnionb oN .

YIMOI3 [[29 JO UONIQIYUI JWOS [IIM JUOZ UONIqIYuIl FUISuas wnion(),
9uoz uonIqIyuI Jursuss wnionb oYM YIMOIS [[99 JO WONIQIYUL,

IMoIS 99 Jo uonIqIyul jou ‘syoenxd jue[d ayy £q uoniqryur Jursuss-winionb jo sanesipur ue s1 wnaovjora ) ul urdde[ola judwdid ojdind jo ssoT,

0071
0°0F0°'8
'TF8°11

L'0FS6

0°0F0°81>
I'TFCIIT

0°0F0°CCa

L'0FSTI
0°0FS'L
7'0F8°01

L'OFS'L
0°0F091-
L'0FS'8

L'0FS61q

K191u0sAp “BO0OULIBID

K101udsAp oruo} 1am1q

QUNUIT JUSWAOUBYUD ‘AI0JBWIUB[JUL

Arerourna

‘opronisered ‘angoJeudws onaInip ‘ondosnue
JOAJJ ‘BIOYLIBIP

OSBISIP UDYS ‘UOT}OUI [BLI0)ORq

BOOYLIRID

K191u9sAp ‘onjuruoyIue ‘I9A9J

QUOBYIBWIO)S

9SBOSIP ULYS “I9AQJ ‘AIOJUISAP “BIOULIBIP JUoSULISE
JUOBYORWIO)S ‘BIOYLIBIP

K101udsAp ‘edoyireIp ‘sojeqerp ‘yuddulnse ‘eursue
IOAQJ “eOOYLIRIP ‘AIOJUSSAP OTUOIYD ‘SSOUSNOI[Iq
UOTIOQJUT UDY[S ‘IOAJJ

‘BOYLIBIP ‘AIJUISAP JIUOIYD ‘SSOUSNOI[Iq
eisdodsAp ‘eooyrrerp ‘onjurujoyiue

PproyrIowaey ‘ondInIp ‘sd1oqeIp

Jyoey00} ‘Asunard “19A3J ‘sejoqeIp ‘YInoo ‘ewuyise
sm3ukieyd ‘oyoepeay ‘ersdodsAp ‘esoyrrerp ‘ysnoo
JUSWIIUI] ULYS ‘On3aInIp ‘onaroyderp ‘oArjeuruiIed
91U0} “QUILYOBWO]S ‘INOPO YINOUW ‘FUIPIs|q 950U DIed
[e1uap ‘Y48noo ‘vaneurunIes quagurnse ‘ondaspue
93reyosip Areurn ‘Asoxdof

O1AINIP ‘SPIYOUOIQ ‘SSAUSNON[I] “BUIY)SL ‘BIUDULR
OIUO} ‘WSHBWNAYI AIUISAP ‘BIOYLIBIP udFuLnSe

sojaqeIp ‘Y3noo
o1U0}
QUOBOBWIO)S ‘PUNOM TOAD) ‘AIQJUISADP ‘BuuISE

(89) pass
(L) dieouad

(6'¢) woys

(#°9) youeiq ‘Jed]

(L7¢) dieorrad
(6'€70) 1y
(zL1) Iy
(6¥1) 3y

(8'%) Jeor

(0't) 1001
(T'L) woys
(8°01) yny
(L7 171) req
(1'11) I9MO0[3

(zLS) esnu
(9'6) dreourad
(8°L1) 3891
(L) Feal
(¢'9) 1y
(0'6) 1y

(T6) Jeal
(8°2)

jueld ojoym
(L) dreq

(L'L) yuerd ojoym

($L) 1y

(orooeI[oIN) S1UQY [ wWpup.L3 SNdipI0JLY

(seoorukd0dy) INYoS 29 WY (‘qx0Y) Psojuauio] P1IYILLY

(orooRIqNY) L1qUIDS D1IDIUM)

(9©00RI[NOIN)S) T OVIVI DUI0AQOIY ]
(evo0r101qQWOD) “dS wypuIULIA]

(ov00BI0IqQUIOD)) "ZIOY VPINGaYD DIDUIULIA]
(oB20R10IqQUI0YD)) "qX0Y (‘UNIRD)) DILIIJ]2q DIDUIULID],
(evo0RqRy) "I POIPUL SNPULIDWD]

(9BIIRI[OIN) “ARD) WNIIPUT WNILLOPUDS
(oBo0eAN) YsseH (UONY) VSojUaULO] SNIIAUOPOYY

(eeoorroydoziyy) ‘we  vipuoLonu nioydoziyy
(eB9o®)0IqQUIOD)) T PO1PUL SIPNDSING

(avooe3e,]) IBIATQ D) PLL0II2Jul SND12N0)
(ordoROIUNY) T WNIDUDLS DIIUNT
(ovoorI0)SY) "SS9 (*]) Po1pUI PaYIN]J
(eoorradiy) "qxoy wnsojuauLips 4adig
(oeooriadiy) 1 wn.i31u 4adig
(eeooeradiy) 1yuny pgvyo 4adig

(oeooeradiyq) 1 op12q Lod1g
(seooerqroydny) T rendru snypuvjdyg
(evoorIuoudig) ziny| (1) wnoipul wnjdxo.i()

(seoorUIOUILIO)))
Ayyewrwuey] 29 oey 'S (M[SSeH) S1ULL0f1.10] DIUUDPANJY

(ovoorIqMY) T DYOfL1310 DPULIO

J PURE APPL MICROBIO, 7(3), SEPTEMBER 2013.



1722 LIMSUWAN et al.: ANTI-QUORUM SENSING ACTIVITY OF THAI PLANT EXTRACT

Fig. 1. Anti-quorum sensing activity using agar disc diffusion method and Chromobacterium violaceum
DMST 21761 as a biomonitor strain. Loss of purple pigment violacein in C. violaceum is an indicative
of quorum-sensing inhibition by the plant extracts. (A) Holarrhena antidysenterica
extract at 2 mg/disc. (B) Dimethyl sulfoxide (DMSO) was used as control.

100

% violacein production compred to control
w
3

10
0 r L N " N

Ci Ci Punica Quercus Quisqualis inali
i 2 granatum infectoria indica bellirica chebula

Fig. 2. Inhibition of violacein production by the plant extracts at 0.5 (), 1.0 (;), and 2.0 () mg/mL.
Violacein production by Chromobacterium violaceum DMST 21761 was measured
spectrophotometrically at 24 h. Data are presented as mean + SD of absorbance at 595 nm.
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Cinnamomum Cinnamomum Holarrhena Punica Quercus Cuisqualis inali iasp  1%DMSO
bejol, p fi i g inf i indica bellirica chebula

Fig. 3. Effect of the plant extracts at 0.5 (m), 1.0 (m=), and 2.0 (7) mg/mL on the growth of
Chromobacterium violaceum DMST 21761. Bacterial growth was quantified using spread
plate method at 24 h. 1% dimethyl sulfoxide (DMSO) was used as control (;4).

The mean values of duplicate independent experiments and SDs are shown.
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the quorum. Nevertheless, the study by disc
diffusion assay with some antibiotics and our result
evidenced this untrue. Previous work reported that
at difference concentrations of tetracycline and
gentamycin'* as well as P. betle extract from this
study possessed a distinct change of inhibition
zone, but there was no loss of violacein pigment
surrounding the zone. Our recent study found that
Q. infectoria demonstrated very strong and broad
spectrum of antibacterial activity against both
gram-negative bacteria and gram-positive
bacteria®?. However, it is still unclear whether the
antibacterial and anti-quorum sensing activities of
this extract are from the same or different
compounds.

Promising anti-quorum sensing
compounds have been demonstrated to disrupt
bacterial biofilms and make the bacteria more
susceptible to antibiotics, and these compounds
also provide the ability to reduce bacterial
virulence factors as well as promote clearance
of bacteria in infectious animal models**-**. Many
mechanism of actions have been proposed to
interfere the quorum sensing system such as (1)
inhibition of autoinducer molecule biosynthesis,
(2) inactivation or degradation of autoinducer,
(3) interference with the signal receptor®, and
(4) inhibition of genetic regulation system®. Our
research is ongoing to isolate the anti-quorum
sensing compounds together with the
investigation of their mechanism of actions and
their effects on bacterial virulence factors.

In summary, the inhibition of bacterial
quorum sensing introduces a new strategy for
antibacterial chemotherapy and provides the
prevention of antibiotic resistant bacteria. Our
study indicated 9 Thai medicinal plants with anti-
quorum sensing activity. This finding may
uncover the potential mode of action of these
plants and may lead to a new therapeutic direction
for the treatment of bacterial infections. Anti-
quorum sensing property of these medicinal
plants may play an important role as the
antibacterial activity for their efficacy in traditional
use as medicines and this should not be
overlooked.
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