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ABSTRACT

Biofilms are a consortium of various microorganiswisich is a major source for the formation of démiaques.
In this study, biofilm formation on orthodontic lok@ts and its inhibition was observed. Dental padfprmation is
a common problem among the general population weliping as well as developed countries. In thesent
study, samples of the tooth swabs were taken femple using braces. The samples were inoculatedl [dBtagar
plates and were purified based on their differeimceolony morphology. These isolates were mainthind.B agar
slants. Further, the isolates were characterizethgisnorphological and biochemical methods. Grant&nsng

method revealed the presence of rod shaped bacfBniese strains were used for biofilm formatiomgdiest tube
method. The formation of biofilm was estimated itmialely and quantitatively. Sea weeds (Chaetorharpp.),
known for its production of bioactive compoundseveelected. The bioactive compounds were extraied) the
solvents-hexane and ethyl acetate. The inhibitiotividy of both the solvents against biofilm forinat was
analyzed. The hexane solvent extract was founchiiallg effective in the inhibition of biofilms osrthodontic
brackets in comparison to the ethyl acetate extract
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INTRODUCTION

The inclination for bacteria to become surface-libisextremely ubiquitous in diverse ecosystemsiaetows a
strong survival and selective advantage for suridwellers over their free ranging counterparts [Iie main
reason for this is the tendency of nutrients tacuaadate near the solid surfaces in aquatic ecasst&he affinity
of bacteria to colonize over surfaces is a doeblged sword, however, that can either prove tbdresficial or
potentially destructive [2].

Costertoret al,, defined biofilm as “a structural community ofcherial cells enclosed in a self-produced polymeric
matrix and adherent to an inert or living surfac&here are three basic components of a biofilm:rohies,
glycocalyx and surface. When any one of these thmeponents is removed the biofilm does not devefop
functional degree of organization or cooperativekysts within biofilms to allow maximum interactiomith the
environment without compromising cell survival oxhausting available resources. A diverse number of
microorganisms are capable of generating biofilous,only bacteria are considered in this study [3].

Bacterial exopolysaccharides are the main compooietite biofilm glycocalyx, which is also termed the slime
layer. The glycocalyx is the one that adheres tbélin to the colonized surface. The glycocalyxpiedominantly
anionic in most species and creates an efficieavestging system for trapping and concentrating raleeand
nutrients from the surrounding environment [2; Bhe glycolcalyx also provides a certain degree rotgztion to
the microorganisms of the biofilm against certaivieonmental threats, including biocides, antilipsurfactants,
antibody, bacteriophages and foraging predators siscamoeba and white blood cells. In its mostcbfmsim,
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bacterial adhesion, a very distinct process; aeghal part in biofilm formation, is divided into twstages: the
primary or docking stage and the secondary or fagckihase [5].

When a biofilm is composed of heterogeneous spethiesmetabolic by-products of one organism mayeséo
support the growth of another, while the adhesibong species might provide ligands allowing thaaiments of
others [6; 7; 8]. Conversely, the competition fartrients and accumulation of toxic byproducts getest by
primary colonizers can limit the species diversitighin a biofilm [8]. When a cell switches to bibifi mode of
growth; it undergoes a phenotypic shift in behaviorwhich large shifts of genes are differentiatygulated.
Growth potential of any bacterial biofilms is limit by the availability of nutrients in the immedianvironment,
the perfusion of biofilm those nutrients to cellgthin the biofilms. There is also the existenceanf optimum
hydrodynamic flow across the biofilm that favors growth. Other factors that control biofilm matioa include
internal pH, oxygen perfusion, carbon source anchabarity. Recent evidences suggest that the primary
development, maturation and breakdown of a biofilmght be regulated at the level of population dgnsi
dependent gene expression controlled by cell-tbsgghaling molecules such as acylated homoseaict®hes.

Biofilms present on the teeth of most animals agalglaques, which may ultimately result in tod#cay or gum
disease. Dental plaque is a film-like deposit am $hrface of a tooth consisting of a mixture of ous; bacteria,
food particles etc. It is formed by colonizing kex@ that try to attach themselves onto the smeotface of a tooth
or orthodontic brackets (dental braces). In thesgme study, the microorganisms are isolated frdooth swab and
assessed for the formation of biofilm and inhibitf dental plaque formation usi@haetomorpha sp.

EXPERIMENTAL SECTION

Sample Collection

The isolation of the microbes for formation of pleg on orthodontic brackets was carried out. Thetebia
forming plaques on orthodontic brackets were ctdi@éaising swabs from individual using permanentamontic
brackets (dental braces). The sea weed samplssliagnt for the study was obtained from the masioerces from
Rameshwaram, India. The type of sea weed useddrstidy isChaetomorpha spThe media used in this study
were Luria Bertani Media, Trypticase Soy Broth [9].

I solation of the microbes
The teeth swabs were streaked (quadrant streagirtg)Luria Bertani media and was kept for incubafior 24 h.
The pure bacterial colonies were isolated werén&ursubcultured and maintained in LB media.

Characterization of the isolates
The isolates colony morphology was studied. Theyewaorphologically and biochemically characteriZag
Gram'’s staining, Catalase and Oxidase tests [10].

Formation of Biofilm

The isolated and subcultured bacteria were thed fmethe formation of biofilm using the test tubeethod. A
gualitative analysis of biofilm formation was detened as previously described Bhristensen [11]. 10 ml of
autoclaved Trypticase Soy Broth (TSB) was inocdatéth the isolates obtained from teeth swab awdbated at
37° C for 24 hours. The tubes were decanted, washd#dRBS (pH 7.3) and dried. The dried tubes wermeta
with 0.1% crystal violet for one minute. The excetsin was removed by washing with running deiahdistilled
water. The tubes were then dried in an invertedtiposand were observed for biofilm formation. Blof formation
was considered positive when a visible film linbé tvall and the bottom of the tube. Ring formatrihe liquid
interface was not an indication of the biofilm fation. The tubes were examined and the amount affirbi
formation was scored as 0- absent, 1- weak, 2- nateler 3- strong. The experiments were performedplicates
and were repeated thrice. The biofilm formed wasdua the detection of the activity of bioactivenrgmound in its
effective inhibition.

Extraction of bioactive compounds from Chaetomorpha sp.

The sea wee@€haetomorpha spwvas grinded into fine powder using a pestle andtlan@nd 100g of the powdered
sample was used for solvent extraction using tHeests hexane and ethyl acetate, respectively. Sdieent
extraction method was performed as described byk@yar[12]. The weighed sample was ground into fiogvder
with the help of a pestle and mortar. The powdseadple was then treated with organic solvents avithtio of 1.5
(sample: solvent) and was then kept for uniformingxn a rotary platform shaker for 72 hrs. Theragt obtained
was filtered using Whattman filter paper. The &te obtained was concentrated using a rotary vaauaporator
maintained at a temperature of 60°-70°C.
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Coating of bioactive compounds

The extraction of bioactive compounds was perforraed the extracted compound was used for coating on
orthodontic brackets. The orthodontic brackets wesale into individual pieces and the pieces wekertaand
immersed in beakers containing the precipitateiofdiive compounds, obtained by the solvent extraanethod
using the two compounds. This setup was kept wnihist for 2-3 days. The coated orthodontic brackei® taken

out and analyzed for inhibition property againsfifin formation.

Biofilm studies on orthodontic brackets

The biofilm studies on orthodontic brackets weraalby taking both treated brackets, that is, the avated with
one bioactive compound and untreated brackets landrie without any coating [13]. The brackets abersd for
the studies were as follows:-

i) Orthodontic bracket + Broth + bacteria = Positieatcol

i) Orthodontic bracket + coating with Hexane solvelroth +bacteria -Test |

iii) Orthodontic bracket + coating with Ethyl acetatlvept + Broth + bacteria —Test Il

The activity of the bioactive compounds on the ibioinhibition was further analyzed

SEM Analysis of the biofilm

Further confirmation and complete microscopic asialpf the isolates was performed. SEM images iefddthin
biofilm samples of all the three respective orthatito brackets, that is, the positive control, thee dreated with
hexane solvent were obtained.

RESULTSAND DISCUSSION

Isolation of the strains
Bacterial strains were isolated Luria Bertani mediao distinct strains were isolated and purified.

Characterization of the isolates

The isolates were found to be gram positive, stais, non-endospore forming bacteria. On performing
biochemical tests, it was found to be IMVIC negatiit also showed negative and positive for catatas] oxidase,
respectively.

Tablel. Morphological and Biochemical characterization

Tests Resultg
Gram'’s staining +
Endospore staining -
Indole Test
Methyl Red

Voger Proskauer
Citrate Utilisation Test| -
Catalase Test -
Oxidase Test +

Biofilm formation

The microscopic studies of the slides on which @ram’s staining was performed indicated the presesfca
meager number of Gram negative cocci cells. There avpredominance of Gram positive rod shaped, edlich
was indicative of the fact that the microorganismbured was basically Gram positive bacilli stfai].

Solvent extraction

The orthodontic brackets that were untreated andtaiaed as the positive control showed the foramatf a thick
biofilm. The other two orthodontic brackets thatrevereated with bioactive compounds obtained frdma t
extraction of solvents hexane and ethyl acetatpeively showed effective inhibition against bififormation
(Figure 1).
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Figure 1: Compar ative analysis of biofilm formation on orthodontic brackets

Coating on orthodontic brackets

For soliciting the evidence as observed, SEM aimlyas carried out of the thin dried film sampléslbthe three
orthodontic brackets along with the positive cohtFigure 2a shows the sample treated with hexahest. Figure
2b shows the sample treated with ethyl acetateestlv

Figure 2a: SEM image of sample without bioactive compound Figure 2b: SEM image of sample with bioactive compound

SEM Analysis of biofilm

The SEM images justified the results observed,tti@biofilm formation on the orthodontic brackedssmaintained
as the positive control indicated the presence &dilB (rods) cells. In comparison to the bioactisempounds
extracted from both the solvents, that is, hexamd ethyl acetate used in this study, hexane shawvegdeater
tendency for inhibition activity against the biofilformed.

CONCLUSION

From this study we can conclude that the bioaatmmpounds from the hexane solvent extraction iseneffective
in its inhibitory activity against biofilm formatioon orthodontic brackets as compared to the higacompound
obtained from ethyl acetate solvent extraction.
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