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ABSTRACT

Sreptococcus mutans is the principal pathogen causing human dental
caries which can switch between planktonic and biofilm (plague) forms
onoral surfaces. Thiseventually leadsto the development of dental caries
and a marked reduction in the effectiveness of antibiotic treatment. The
objective of the study is to evaluate the effect of the compounds
characterized from the bark ethanolic extract of Melia dubia (quorum
sensing inhibitor) that could curtail the biofilm formation and subsequent
adhesion of S. mutansand synergistically bolster the activity of antibiotics
by regulation of gene expression. Theresultsreveal that at aconcentration
of 20pg/ml, the extract has a consistent biofilm inhibitory action that also
corresponds to a near-normal cell growth, suggesting the absence of
antibiotic activity. This concentration of extract shows a considerable
increase in biofilm inhibition and reduction in cell growth when used in
combination with penicillin (MIC of 30mg/mL) and gentamycin (MIC of
10mg/ml). This Quorum Sensing I nhibitor (QSI) in the bark extract hasa
great potential in eliminating the biofilm of S. mutans, especially when
used in a combinatorial control regime with penicillin and hence is a
promising solution to eradicate the complications arising out of dental
plague formation. © 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Dental cariesanditsassociated oral problemsare
prevaent among popul ationsthroughout theworld. Sta-
tistical estimates suggest that over 60% in Indiaand
around 50% globally are afflicted by dental caries*2.
Theora cavity servesasathriving habitat for bacteria
communitieswhicharevariedin structureand compo-
sition®. Bacterial speciesintheord cavity totd more

than 700, inclusive of pathogeni c and non-pathogenic
microbes. Among the pathogens, oral Sreptococci
accountsfor morethan 20% of the population. Srep-
tococcus mutans, agram-positive bacterium, isama-
jor etiological agent of oral disorders* and the most
cariogenic among invasiveora Sreptococci®. Clarke
wasthefirst toisolate S mutansfrom dental sources,
whereit prefersabiofilmlifestyld®. Suchabiofilmform
isvita not only for itssurvival, but alsoto establishits
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pathogenicity!”. Recently, it wasfound that biofilmfor-
mation along with bacteriocin production and compe-
tence development of the S mutans was regulated
through the popul ation dependant pathway of Quorum
sensing®. Quorumsensingisinduced by chemica mes-
sengers (such as pheromones or autoi nducers) that get
released into the environment and tend to increasein
concentration in proportion to the growing popul ation.
TheQuorum sensing circuit of S mutansinvolvessix
gene products, encoded by the genes comAB,
comCDE, and comX¥. The genes comC, comD and
comE encode acompetence stimulating peptide (CSP)
precursor, itshistidinekinase sensor protein, and acog-
nate responseregul ator respectively. ThegenescomAB
encode a CSP-specific secretion sysstem which consist
of an ATP-binding cassette (ABC) transporter (comA)
and itsaccessory protein (comB), involvedinthe pro-
cessing and secretion of the CSP. The comX geneen-
codes for an alternative sigma factor (comX) that
evokes the transcription of late competence genes.
Lately comWand comY werea so found to participate
inthequorum senang sgnaling, though theexact roleis
obscure.

Biofilmsare substratum-attached microbia com-
munities, anchoredinthe organic polymer matrix. They
act asaneffectivebarrier and protect thebacterid popu-
lationsembedded in them. In S mutansbiofilmsare
found to have enhanced transformation efficiency than
the planktonic formg?. Thebiofilm phenotyped so ex-
hibitsanincreased acid tolerance and limitsthe pen-
etrationsof theantimicrobia sto theinner cells, making
it moreresistant!’®4, Bacteriaembedded in biofilms
are more than a 1000-fold resistant to the action of
exigting antimicrobid compounds2®, A quest for suit-
ablenatural substancesthat can combat cariesdisease
has been the focus of researcherd'¥. The emergence
of multi-drug resi stant strainshasled usto exploreal-
ternate Srategiesto handlethediseasecausing microbes.
Of | ate, targeting the quorum sensing systemto control
thebiofilm-mediatedinfectionshasgainedlimdight. The
useof quorum sensing blockersspecifically attenuates
thevirulence, by sdectively removing the pathogenswith
littleor no sidereactionsto the host organism™®. Honey
has been known to contain antimicrobial*® and anti-
biofilm*” compounds towards combat of S mutans.
Theuseof medicind herbsof Indian originfor treating

dentd cariesiscommon, eventhoughitisnot corrobo-
rated by scientific evidence®. Themain benefitisthe
lower chanceof occurrence of hypersensitivity and as-
sociated side effects. Essential oilscontain bioactive
compounds which act as biofilm inhibitors in S,
mutang¥. Various partsof neem are used asfolk medi-
cinesfor diverseaiments. Chewing sticksoriginating
from Azadirachtaindica (Neem) areused asora hy-
gieneaidsthroughout Asaand Africd®!. Meliadubia,
aplant from Meliaceae family has been used in folk
medicine asabactericida agent(?Y.

Dentists prescribe antibiotics such asgentamycin
and penicillin against theinfection of S mutans, inthe
backdrop of Sreptococci exhibitingatrend of increasing
resistanceto action of penicillin. Themain objective of
thisstudy isto understand the synergistic action of a
guorum sensing blocker (M. dubia bark extract) and
antibiotics (gentamycinand penicillin) ontheadhesvity
of S mutans.

MATERIALSAND METHODS

Bacterial strainsand growth conditions

The strain of Sreptococcus mutans [Microbial
Type Culture Collection (MTCC) #390] wasprocured
fromthe MTCC, Institute of Microbial Technology,
India Biofilm assay and protein anays swere conducted
by S. mutansin Brain Heart Infusion (BHI) medium
supplemented with 5% sucrose.

Preparation of Meliadubiabark extracts
Processing of thematerial

Bark samples of Melia dubia wascollected. The
authentication of the bark samples was done by
Dr.M.Jagadeesan. Voucher herbarium (TUH 285)
specimensof the plant were deposited in the Depart-
ment of Environmenta and Herba science, Tamil Uni-
versity, Tanjore, Indid??. The cleaned patches of bark
were shade dried in a sterile environment and pow-
dered.

Preparation of crudeextracts

Bark extract was prepared using ethanol as the
solvent of preferenceé?. Dry bark powder (100g) was
soaked in 70% ethanol (1L) for 8-10 daysand stirred
every 10" hour using asterile glassrod. After the ex-
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traction process, it wasfiltered and thea coholicfiltrate
waslyophilized and stored at -80°C?2, The crude ex-
tract wasformulated by dissolving aknown amount of
thedry extract in PBS (Phosphate buffer sdline) to have
astock concentration of 10mg/mL.

Protein quantification

The culture samples grown in the presence of
the plant extract were collected every six hoursand
theintracellular and extracellular protein was quanti-
fied using Hartree-Lowry protein estimation?. To
1mL of sample, 0.9mL of reagent A (7mM sodium
potassium tartrate, 0.81M sodium carbonate, 0.5N
NaOH fina concentration) isadded and kept for ten
minutesof incubationina50°C bath. Then it is cooled
to room temperatureand 0.1mL of reagent B (70mM
sodium potassium tartrate, 40mM copper sulfate) is
added, and then incubated at room temperature for
10 minutes. 3mL of reagent C (Folin-Ciocalteau re-
agent 1:15 (v/v)) israpidly added and finally incu-
bated for ten minutesin a50°C bath. Absorbance is
read at 655nm.

Assessment of anti-biofilm effect of bark ethanolic
extract of Melia dubia

Biofilmswere developedin 96-well polystyrene
microtitreplates. Thegrowth of biofilmwascommenced
by inoculating ImL of S mutansovernight cultureinto
150mL of BHI broth with 5% sucrose and containing
varying concentrations(10ug/mL, 20pug/mL, 30pg/mlL,
40ug/mL, 50pg/mL, and 100pug/mL) of bark ethanolic
extract. Themicrotitre plateswerethen incubated at
37 °C without agitation for 36 hours, andysisdone ev-
ery 6 hour of growth. After the required period of
incubation, mediaand non-adhered cellsweredecanted
fromthewellsof the microtitre plates. Theplanktonic
cellsthat remained wereremoved by rinsing. Thead-
hered biofilminthewdlswasfixedwith 37%formadin
and 2% sodium acetate (in 1:10) and the cells consti-
tuting thebiofilm were stained with 0.1% crystal violet
for 15 minutes at room temperature. The cellswere
cleansed of thecrystal violet by usng sterilewater, fol-
lowing which bound dyewasdiminated fromthecells
using 95% ethanol . Full extrusion of thedyewasfacili-
tated by setting the plates on ashaker for 5 minutes.
Optica dengty was measured at 600nm usingaBioRad
iMark™ Microplate reader!®.

LBioTechnole

Assessment of synergistic interaction of bark
ethanolic extract and antibiotics

Synergisticinteraction betweenthe bark ethanolic
extract and the antibi otics (gentamycin and penicillin)
was observed by agar well diffusion method. Onto
Mueller Hinton agar plates, aninoculum of 1ImL was
spread. Care wastaken to punch holes such that the
inhibitory zoneof onecompound doesnot coincidewith
that of another. Thewellswereinocul ated with 200puL
of bark extract, antibiotic and the antibiotic supple-
mented with the bark extract. Phosphate buffered sa-
line (PBS) was used as blank. The plateswereincu-
bated overnight a 37°C. Theinfluenceof thissynergis-
ticinteraction on biofilm formation of S mutanswas
al so studied by following the biofilm assay described
above.

Autoaggr egation assay

For cal culating the percentage autoaggregation,
overnight grown cultureof S mutanswasinoculatedin
thefreshly prepared BHI broth containing the antibiot-
ics (gentamycin and penicillin) along with the bark
ethanolic extract. The optical density of the samples
wasmeasuredinitially (OD,) at 660nm and thereupon
after sixty minutes, the cell sampleswere centrifuged
briefly at 2000rpmfor 2 minutes. Theoptica density of
the supernatant was measured (OD,, ). The degree of
auto aggregation was cal cul ated by using the equation

0Dy — ODso

% Autoaggregation = ------------------ b

Satistical analysis

Theexperimental resultsweregiven asArithmetic
mean + Standard error. Differences were considered
datidicdly Sgnificant a theva ueof probability lessthen
5% (P<0.05)(?2,

RESULTS

Influenceof bark ethanolic extract of M. dubiaon
biofilm

The Quorum sensing inhibitory activity of the M.
dubia ethanolic bark extract was analyzed under dif-

(—
An Vaﬁm%



BTAIJ, 9(3) 2014

S.Adline Princy et al. 91

————, FyurrL PAPER

ferent concentrationsand timeintervals. Themaximum
biofilminhibition (95.7%) wasrecorded at thelag phase
when exposed to 10pg/ml concentration (results not
shown), and consistently decreased in other phases
without any remarkable changein the growth pattern.
For aconcentration of 20pg/ml of the bark ethanolic
extract, thebiofilminhibitory resultsare significantly
consistent at every phase of growth, with consistent
biofilminhibition of 40%to 60% (Figurel). Interest-
ingly, the cell growth increasesin atime dependent
manner. The 30pg/ml of bark ethanolic extract shows
that thebiofilminhibition decreasesgradualy fromthe
beginning, having va ueslessthan zero percentage. The
cell growth pattern remains unchanged (results not
shown). On exposure to higher doses of the extract
(40ug/ml, 50pg/ml and 100pg/ml), no consistency in the
biofilminhibitory activity wasnoted in theextract (re-
sults not shown). At higher concentrations too, the
growth is over 80% of that of the control. The col-
lected datasuggeststhat theminimum biofilminhibitory
concentration (MBIC) of the extract on S mutansis
20ug/ml.
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dubiaon Figurehebiofilm of S. muFigureans

Influence of the extract on intracellular protein
(ICP) and extracdlular protein expression (ECP)

Thedrug dose (10ug/ml) increased the concentra-
tion of ECPgradudly and reached maximuminthelate
stationary phase. The | CP profile had afluctuating re-
sponse and no significant conclusions could be drawn

at thisconcentration. Thedrug dose (20ug/ml), effec-
tiveoninhibiting biofilm, showed an ICP and ECP ex-
pression of the range 60% to 140%. The maximum
expression wasobserved at thelate exponentia phase
for ICP(139.5%) and mid-exponential phasefor ECP
(141.7%) (Figure2). Thedrug dose of 30pg/ml shows
afluctuating responsefor ECP and the ICP expression
levelswerehighest (47.2%) a themid exponentia phase
of growth. Similar patternsof ICPand ECPlevelswere
seeninthe concentrations of 40pg/ml and 50pg/ml of
the extract. But in an extract concentration of 100ug/
ml, theeffect on protein expressionlevelsareinconss-
tent for ECP and the | CP expression profilewas seen
to gradually increase and reach maximum at the mid
exponentid phase.
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Figure2: Influence of 20ng/ml concenFigureraFigureion
of exFigureracFigureon Figurehemicrobial growFigureh,
biofilm adhesion and FigureoFigureal proFigureein
expression (inFigureracellular and exFigureracellular).

Figure2. Influenceof 20pg/ml concentration of ex-
tract onthemicrobia growth, biofilmadhesion and to-
tal protein expression (intracelular and extrace lular).

Influence of time and varying concentration of
ethanolic bark extract of M. dubia on the syner-
gisticaction with theantibiotics

The study utilized two antibioti cs (gentamycin and
penicillin) that are applied under current clinical prac-
tices. Sincethe above datashowsthat 20pg/ml extract
concentration proved to bethe minimuminhibitory con-
centration for the quorum sensing inhibitor (QSlI), its
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significancewasfurther utilized to understand the syn-
ergistic action with antibioticsin either increasing or
decreasing the activity of antibioticsin atime depen-
dent manner.

Fgure 3 showsthat thebiofilminhibiting efficacy of
gentamycin was cons derably reduced in the presence
of extract. The highest inhibition wasrecorded at the
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exFigureracFigure (MBIC of 20pg/ml) wiFigureh
anFigureibioFigur eicson biofilm adhesion, cdll growFigur eh,
FigureoFigureal in Figureracellular proFigureein
expression and FigureoFigureal exFigureracellular
proFigureein expression.

late stationary phase for gentamycin (98.9%) and
gentamycindongwiththeextract (96.27%). Thebiofilm
inhibiting efficacy of penicillinwasenhanced by theaddi-
tionof extractinitidly (till early exponentia phase) and
gradually it wasreduced. When compared to the ac-
tion of gentamycin, the gentamycin along with theex-
tract showedlittlevariationinthecell growth. Thecell
growth patternisnot affected greatly by the addition of
theextract. Inthe caseof penicillin, thecell growth pat-
terninboth cases showed amargind difference. There
was dight enhancement in the presence of the extract.
Thismay be dueto the down-regul ation of the genes
by the extract.

Inthelntracellular protein profilethereisno signifi-
cant differencein theactivity of gentamycin. TheICP
wasenhanced to an extent for penicillinin the presence
of extract. For gentamyain, thereisno sgnificant change
intheextracdlular protein profilein boththecases There
wasadight reduction intheexpression of ECPfor the
penicillincontaining theextract. Theaboveresultscon-
cludethat the synergistic action of gentamycin and the
bark ethanolic extract isof littlesignificance.

In contrast, the synergistic interaction shown be-
tween penicillin and the ethanolic bark extract shows
that the genesassociated with thebiofilm formation are
initialy down-regulated until theearly exponentid phase.
Thedifferencein the protein expression pattern a'so
confirmsthe same.

Theauto aggregation studies concludethat the de-
gree of auto aggregation of the control gradually in-
creasestill theexponentia phase (24th hour) and then
it decreases. Auto aggregation resultsof theantibiotics
followsthe same pattern asthat of thecontrol, withthe
vaueslessthanthecontrol. Thereisagradua increase
till theearly exponentid phaseand it reachesmaximum
at themidexponentid phase(18th hour) for dl thecases.

DISCUSSION

Resultsshow that 20pg/ml concentration of extracts
provesto betheMBIC. The 20ug/ml concentration of
extractsexhibitshighest cell growthinal hours, which
clearly denotesthe absence of antimicrobia activity and
is thus a mere quorum-quenching compound. This
20pg/ml extract concentration hasthe highest ICP ex-
pression levels, which showsthat it has up regulated
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some of the genes coding for ICP. The 12" hour and
the 18" hourswhere biofilm establishment and itsinhi-
bition can bevisualized; the 20pg/ml showshighlevel

of biofilminhibition at thesehours. TheECPexpresson
ishighfor this20pug/ml concentration at 12 and 18"
hour which statesthat it has some effect on adhesion
and biofilmformationwhichisthemgor useof ECPat
these hours. The study invol ved two compounds, one
whichiscapableof reducing cell growth (antibiotic),
and one natural compound (plant extracts) whichin-
hibitsbiofilm formation. Theextracts have someeffect
on cdl membranepermeshility, mekingthebacterid cell

more susceptibleto antibiotics. During thelog phase
whenvirulenceand biofilm formation takesplace, the
biofilmisinhibitedin both the cases (18" hour). Inthe
6" and 12" hour when biofilm formation starts, agrester
|CP concentration and increased biofilminhibitionin
penicillin (towhich S mutansareres stant) isobserved.
Inthestationary phase, the culture containing penicillin
hashighcdl growthand soitiscondudedthat S mutans
isresistant to penicillin after biofilm establishment.
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