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ABSTRACT

Aim:

“Comparative evaluation of antimicrobial efficacy a combination of N-acetyl
cysteine and Levofloxacin with Triple antibiotic gt@ againsEnterococcus faecalis

biofilm : An In-vitro study”
Study design:

Sixty eight extracted human single rooted singleat@eeth was used for the study.
They were then cleaned of calculus and soft tissukstored in 0.1% thymol solution
till use. All teeth were radiographed and were el@ as per the inclusion and

exclusion criteria.

A diamond disc was used to section 4 mm of apiaiati tof the root from the apex
and then decoronation below the cementoenamelijumaias done to obtain 6 mm of
middle third of root. After this, a sterile Gatedidden drill no. 3 in a slow speed

handpiece was used to standardize the internaledérof the root canal .

Following this, the specimens were placed in amstinic bath of 17% EDTA for
five minutes followed by 3% NaOCI for five minutgsorder to remove the organic

and inorganic debris.

In order to remove the traces of chemicals usecentinl specimens were then
immersed in an ultrasonic bath containing distileater for five minutes following
which all the specimens were sterilized in an datee (20min at 121 °C). Following
this, five teeth were placed in a sterile BHI brathserve as a negative control to

check for absence of contamination.
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Then for the contamination of the Specimens (63ispens) : E. faecalis (MTCC
439) was grown in BHI agar for 24 hours. The a@twas then suspended in 5 mL
of BHI broth and incubated for 4 hours at 37°C @sdurbidity was adjusted at 0.5

Mcfarland standard (1x $CFUmML-1)

Each dentin block was placed in a pre-sterilizedragentrifuge tubes containing 1
mL of the BHI broth. A 50 pL of the inoculums coimiag E.faecaliswas transferred

into each of the microcentrifuge tubes.

Following this, at the end of 24 hours, the dersjgecimens were transferred into
fresh broth containing.faecalis All procedures were carried out under laminawflo
Purity of the culture was checked by subculturingub of the broth from the
incubated dentin specimens in BHI broth on BHI aglates. Contamination of the

dentin specimens was carried out for a period aid@/s.

For antimicrobial assessment, at the end of 21,dhgsspecimens were irrigated with
5 mL of sterile saline to remove the incubationthrdhen they were divided into 3

groups (n-21) -

GROUP 1: Triple Antibiotic paste
GROUP 2: N-Acetylcysteine plus Levofloxacin
GROUP 3: Positive Control - Saline

PREPARATION AND APPLICATION OF THE MEDICAMENT

Both the combinations that is, Triple antibiotic sf|a , N-acetylcysteine and
Levofloxacin was prepared according to the valwdsained after evaluating

minimum inhibitory concentration with 1mL of progyle glycol.
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For Minimum inhibitory concentrations evaluation: ddutions of compound was

done with Brain heart infusion (Broth).

In the initial tube only 500 pl of compound was eddFor dilutions 500 pl of Brain
heart infusion broth was added into the next 9 dud®parately. In the’1tube 500 pl
of compound was added with 500 pl Brain heart iofudroth. This was considered

as 10" dilution.

From 10 diluted tube 500 pl was transferred to second tobmake 13 dilution.
The serial dilution was repeated up to®idilution for each compound. From the
maintained stock cultures of required organismgil2@as taken and added into 2 mL

of Brain heart infusion broth.

In each serially diluted tube 500 ul of above ad@tauspension was added. The last
tube will contain only the media and culture susgi@m The tubes were kept for
incubation for 24 hours at %2 in bacteriological incubator and observed for

turbidity. After this minimum inhibitory concentiah was evaluated.

The respective medicaments was placed in root ahithe specimens for positive
control group was rinsed with saline and paraffaxwas used to seal both the ends;
the specimens was then incubated in an anaerobicoement at 37°C for seven

days.

Microbial cells assessment was carried out at tiee &f seven days of incubation.
Harvesting of dentin was carried out at a depti{4®0 um) by preparing the root
canal circumferentially using sterile Gates Glidderlls no.5 in a slow speed

handpiece.
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The fine dentin shavings were collected in a telsétcontaining 1 mL of sterile BHI
broth and incubated in an anaerobic environmeB7 &t for 24 hours. After 24 hours
the contents were serially diluted 100 pL of brathl00 pL of sterile saline five

times.

About 50 pL of the dilution was then plated on Biddjar plates and incubated for 24
hours at 37°C. The colonies on the agar plates wetmted and recorded by a
blinded microbiologist, represented in colony-famgi units (CFU) per mL and

readings was tabulated. Formulae for evaluatingtheny forming unit:

Colony forming unitmL = number of colonies rioed

Volume pldtgnL) x Total Dilution used(mL)

Results:

A statistically significant difference were seentvbeen all the groups (<0.05).
Combination of N-Acetylcysteine and Levofloxacinrfeemed better than Triple
Antibiotic paste in eradicating E. Faecalis.

Conclusion:

Within the limitations of present study, it can lesencluded that none of the
medicament could completely eradicate E faecaNs\G+ LEV) showed the best

result.

Key words: TAP, NAC, LEV , Intracanal Medicament
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I ntroduction

INTRODUCTION

The primary steps in the treatment of teeth witlpaluand periapical disorders
are diagnosis, instrumentation, obturation, andtoragon. The elimination or
significant decrease of irritants, as well as thesvention of root canal
recontamination after treatment, are critical cormus for optimal outcomés
Although significant breakthroughs in various eletseof endodontics have been
made in recent years to preserve natural dentitio®, primary goal of this field
remains the removal of bacteria from root canaltesys and the prevention of
recontamination after treatménthe presence of wide open apices, as well as
divergent and thin dentinal walls that are vulnéato fracturé, makes treating
infections in the root canal area of immature tegith open apices a difficulty in
endodontics. Because the root canal walls of swdthtare weak, mechanical
instrumentation should be minimized, and irrigatisglutions and intracanal
medicaments should be prioriti€edpexification with calcium hydroxide and apical
barrier method with MTA are two traditional treatmieoptions for teeth with an
underdeveloped apex and necrotic pulp. Even thduggh of these ways have been
utilized successfully over the years, both modadithave a few well-documented
downsided These treatments do not assist in strengthehimgaot, and roots remain
thin and weak in the absence of continuing rootett;pment. This has prompted
clinicians and academics to look for a differenpraach, one of which is pulp
regeneration. The popularity of regeneration prot®a recent years has resulted in a
move toward less intrusive therapeutic optionsnidoglontics

A sterile environment, a matrix for cellular growthnd a hermetic coronal

seal to avoid re-contamination are all requirecrégrenerative endodontic theragjes
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I ntroduction

Most regenerative endodontic procedures (REPs)cheenical debridement
and intracanal medicaments to achieve disinfectrather than mechanical
debridemerit

According to research, Enterococcus faecalis isntbet common colonizing
microorganism in endodontic infections and the mmshmon bacterial species in
refractory root canal infections. The ability of Eaecalis to create biofilm is a
distinguishing feature of this bacterium specied Hrese biofilms of E. faecalis are
resistant to antimicrobidls

Infections in the root canal system are thought#o polymicrobial, with
bacteria from both aerobic and anaerobic environgias a result, due to the canal's
complexity, a single antibiotic treatment may netdmough to treat the infection. To
address the various flora observed, a mix of autits is necessary. It may also
reduce the risk of resistant bacterial strains kigpieg'® A triple antibiotic paste
made up of three medicines Ciprofloxacin, Metron@a, and Minocycline is an
effective therapeutic option as an intracanal nmedent for infected necrotic
immature teeth'> However, this paste has certain drawbacks, incgudirown
discoloration, root dentin demineralization, cytato effects on cells, and lower
biofilm potency**3

Aiming at effective intracanal medicaments for meg@tive endodontics,
different chemotherapeutic agents were investigakédcetylcysteine (NAC) is a
mucolytic agent that has reported to inhibit biafformation. The beneficial effects
of NAC administration have been linked mostly tos itmucus-dissolving
characteristics, which disrupt disulfide bondsha thucus, and its capacity to reduce

biofilm formation, which results in considerablecdzase in bacterial infectiolis
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I ntroduction

NAC has been found to suppress the developmentippblysaccharide-
induced inflammatory mediators (IL-1, -6, and -B8)ghagocytic cells and gingival
fibroblasts during the inflammatory process in tiomtext of oral illnesses. NAC has
been proven in studies to suppress the growth ¢oér&coccus faecalis, a bacteria
linked to endodontic treatment failures, and totmgsits biofilm. However, in
studies, it has been found that a combination ofCNwith fluoroquinolones has
shown to have better antimicrobial efficacy tharewtNAC is used along:?3%’

Fluoroquinolones are highly strong, broad-spectantibiotics that penetrate
bacterial cell walls and disrupt DNA gyrase activiilling vulnerable cells quickly.
The third generation Fluoroquinolones, such as flexacin (LEV), can easily
equilibrate across biofilms and hence appear touseful in preventing biofilm
formation**2

Recently, a combination of N-acetyl cysteine (NA@Y levofloxacin (LEV)
that has a larger disruptive effect on biofilm whilaving fewer cytotoxic effects on
cells has been presented and found to be effedtivaddition, investigations have
indicated that when N-acetylcysteine and Levoflaxaare administered together,
NAC increases fluoroquinolone's therapeutic acfibh™®

To the best of my knowledge, there is no data yailable on the effect of
antimicrobial efficacy of Triple antibiotic pasts NW-acetyl cysteine and Levofloxacin
against E. Faecalis biofilm.

As a result, the current study's goal is to comphee efficacy of biofilm
removal using N-acetyl cysteine and Levofloxacin, peospective intracanal

medicament, to that of the gold standard Triplébawtic paste.
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Aim & Objectives

OBJECTIVESOF THE STUDY

AlM

To evaluate the antimicrobial efficacy of a combima of N-acetyl cysteine

and Levofloxacin with Triple antibiotic paste, agstE. faecalis biofilm.

Group 1 — Triple antibiotic paste

Group 2 — N-Acetylcysteine and Levofloxacin

Group 3 — Positive control saline

OBJECTIVES

1. To determine the minimum inhibitory concentratiodIC) of N-acetyl
cysteine, Levofloxacin, and Triple antibiotic pastéCiprofloxacin,

Metronidazole, Minocycline)

2. To evaluate and compare the antimicrobial efficaty combination of N-
acetyl cysteine and Levofloxacin with Triple anttic paste, againskE.

faecalis biofilm.
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Hypothesis

HYPOTHESIS

NULL HYPOTHESIS: -

There is no difference in the antimicrobial efficacy of a combination of N-
acetyl cysteine and Levofloxacin with Triple antibiotic paste against E.faecalis

biofilm.

ALTERNATE HYPOTHESIS: -

Thereisadifference in the antimicrobial efficacy of a combination of N-acetyl

cysteine and Levofloxacin with Triple antibiotic paste against E. faecalis biofilm.
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1)

2)

Review of Literature

REVIEW OF LITERATURE

A overview of the process for regenerative endaddnéatment. Apexification

has traditionally been utilised to treat immatusgrpanent teeth with no pulp
life. This method encourages the construction o&jpical barrier, which closes
the open apex and confines the filling materialstie root canal. Because
apexification does not allow for tissue regenergtia novel approach termed
regenerative endodontic treatment was recenthodiuiced to treat immature
permanent teeth. The goal of regenerative endadldrgatment is to replace
injured pulp tissue with healthy tissue that restothe pulp-dentin structure's
natural function. Under ideal circumstances, caitig root development and
hard tissue deposition on the dentinal wall canubcafter regenerative
endodontic treatment. However, the outcome of regdive endodontic

treatment is difficult to predict. As a result, tigpal of this study was to
summarise the impacts of many factors on the outcah regenerative

endodontic treatment in order to produce more ptabie outcomes. We
compared the characteristics of regenerative endaxoherapy to those of
other pulp treatment procedures and studied thenesiess that influence

regenerative endodontic treatment in this study.

Antimicrobial Effects of Triple Antibiotic Paste drCalcium Hydroxide Mixed
with 2% Chlorhexidine as Intracanal Medicaments iAga Enterococcus
faecalis biofilm were compared in an in vitro intrgation. Sixty-five excised
single-rooted human teeth were chosen, all of wihatl straight root canals.
The cementoenamel junction (CEJ) was used to euttbwns, and the canals

were prepared using the step-back technique. EDTA%] and sodium
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3)

4)

Review of Literature

hypochlorite (5.25%) were used to dissolve the sriagar (NaOCI). Following
that, the samples were gamma-ray sterilised bdfeneg placed in microtubes
for a week. The teeth got infected with EF durihs tweek. The canals were
then filled with a TAP and Ca(OH)2 mixed with 2% EHThe roots were
sliced longitudinally, and dentin chips were caiét using a round bur to a
depth of 400 um from the apical section of the soGtounting colony-forming
units (CFUs) was used to determine the vital b&dtdoad, and the study
revealed that Ca(OH)2 combined with 2% CHX is meffective against EF

biofilm than TAP.

Suzuki T et al, studied the minimum inhibitory centrations of CXM and
LVFX against endophthalmitis isolates were compargainst conjunctival sac
isolates. The average FIC indices of combined CXil &VFX used in
endophthalmitis isolates were significantly lowear those in conjunctival sac
isolates (P < 0.001). The synergistic activitie€ofM and LVFX combinations
were observed in 50% of endophthalmitis isolated an conjunctival sac
isolates. No consistent additive or synergistice@ff was observed in

Enterococcus faecalis isolates from endophthalméses.

An in vitro investigation was carried out to assé®s cytotoxicity of poly-
methylmethacrylate (PMMA)-based dental tempordting resin to dental pulp
cells, as well as the possibility of reducing tbritity by using an anti-oxidant
amino-acid, N-acetyl cysteine (NAC). The resin matevas cultivated with or
without dental pulp cells taken from rat maxillamgisors. Osteoblastic medium
containing dexamethasone was given to the cultéie®4 hours after planting,

45% of the cells on the PMMA dental resin were o#@cr By adding NAC into
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5)

6)

Review of Literature

the resin, this percentage was lowered to 27%, lwkvas the same as the
culture on polystyrene. On days 5 and 10, the miltun the untreated resin was
found to be devoid of alkaline phosphate (ALP)\attj as well as von Kossa
mineralized nodule development. Some sections ef dhltures on NAC-
incorporated resin substrates, on the other hasted positive for ALP and von
Kossa. In day 7 culture on untreated resin, thiageh | and dentin sialoprotein
genes were minimally expressed. Those genes, onother hand, were
expressed in the resin culture with NAC. Theseifigd imply that by including
NAC into the resin, the decreased cell viabilitydapractically entirely
suppressed odontoblast-like cell phenotype of denifp cells cultivated on

PMMA dental resin can be saved to a clinically imiaot degree.

The cytotoxicity of triple antibiotic paste andlaam hydroxide against
cultured human dental pulp fibroblasts was testeditro. The dental pulp of
two third molars was harvested for fibroblasts. Taf CH doses of 0.1, 1, and
10 mg/mL were given to fibroblasts. For each meithca six samples were
prepared, and fibroblast vitality was assessed @fehours. The cytotoxicity of
the medicament was classified as severe (30 pgreceoterate (30-60 percent),
mild (60-90 percent), and non-toxic (>90 percerg$dd on the percentage of
cell viability. The reduction in cell viability dibroblasts caused by an increase

in concentration was shown to be significant iis ihivestigation.

An in-vitro investigation was conducted to assdss effects of N-acetyl
cysteine alone and in conjunction with antibiotics Prevotella intermedia, and
it was discovered that N-acetyl cysteine had anbaacterial impact on

Prevotella intermedia and considerably reducediltioformation. N-acetyl
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cysteine (NAC) is an antioxidant with anti-inflamtoey properties in the
body's tissues. NAC has been shown to suppressid@hielopment of LPS-
induced inflammatory mediators in phagocytic cellsd gingival fibroblasts
during the inflammatory process in the area of idayt however the effect of
NAC on oral infections has been examined only opiently. They looked at
how NAC affected Prevotella intermedia planktonindabiofiim cells, a

common oral pathogen. NAC had antibacterial acagainst planktonic P.
intermedia with a MIC of 3 mg/m and dramaticallydueed bacterial biofilm

formation even at sub-MIC levels. Antibiotic sustikiliy was not affected by
NAC. In combination with ampicillin, ciprofloxacin,tetracycline, or

metronidazole, the results were indifferent (fracél inhibitory concentration
index of 0.5-4) against the bacterium. In the pneseof NAC, however, the
survivability of the pre-established bacterial Brofexposed to antibiotics other
than metronidazole was increased. NAC may be edilisgo inhibit the

production of bacterial biofilms by P. intermedmther than eradicating pre-

existing bacterial biofilms.

The minimal intracanal dressing time of triple bidtic paste to eradicate
Enterococcus faecalis (ATCC 29212) was evaluated am Ex-Vivo
investigation, as well as the minimum inhibitory danbactericidal
concentrations. After instrumentation, E. faecalss inoculated into the root
canals of 34 removed human single canal teethdamaf TAP (ciprofloxacin,
metronidazole, and doxycycline) was mixed with ihb of saline and used as
an intracanal medicament. Dentin chips were obthered analysed to assess
the number of bacterial colonies in the teeth, Whiwere sectioned

longitudinally. TAP's MIC and MBC were determineding a micro-dilution
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broth assay. The study found that E. faecalis masoved from the dentinal
tubules of the apical half of the root canal ugl@®um depth after seven days
of intracanal application of TAP. TAP's MIC and MB@re both found to be

16 g/mL at its original concentration.

An in-vitro investigation was conducted to asshesantimicrobial efficacy of
Calcium Hydroxide and a Triple Antibiotic Paste Qmnation on E. faecalis
Biofilm, with the conclusion that TAP was more efiee than CH. When
compared to the two treatments taken separatedyctimbination of CH and
TAP showed to be more successful. Calcium hydroxitid) is an intracanal
medicament that has been frequently utilised irodndtics and, due to its high
alkalinity, can kill germs. E. faecalis, on the etlihand, is resistant to CH. TAP
is a combination of ciprofloxacin, minocycline, amdetronidazole that is
extremely effective against E. faecalis. The experit was carried out using
the agar diffusion method, in which three wellsTiryptone soya agar were
punched and filled with CH, TAP, or a combinatioh mth. The zone of
inhibition values were recorded and statisticallysia was performed using
SPSS. ANOVA with one way effects and post hoc aislyThe means were
compared using the combination of CH and TAP peréat significantly better

than either CH or TAP alone (p-value 0.05).

Progress and Prospects in the Biological Actisitiand Potential Oral
Applications of N-Acetylcysteine found that data NAC's multiple biological
properties, including antioxidant, anti-inflammator antibacterial, and
anticarcinogenic capabilities has exploded in &t tlecade. The oral cavity has

been subjected to a variety of environmental exgssthat have the potential to
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cause oxidative stress, inflammation, and evenarandNAC's biological and
pharmacological actions, as well as its capacithyjpass disease development
processes, make it a viable treatment agent foraland oral illnesses. Still,
because most of the outcomes in this field of re$e@ome from in vitro and in
vivo studies, its clinical usefulness needs to heestigated further. The
following should be the subject of future reseaichdevelop novel dental and
implantable materials with improved biocompatiility incorporating NAC,
(i) investigate whether NAC could be used alonenocombination with other
drugs to treat oral lichen planus, and (iii) invgste whether NAC could be
used clinically as an intracanal medicament alterean root canal therapy,
(iv) to assess the clinical efficacy of NAC in tlreatment of wound healing,
and (v) to assess the clinical use of NAC as anmcamter adjuvant in the

treatment of oral cancer.

A study of the effect of N-acetylcysteine in a doned antibiofilm treatment
against antibiotic-resistant Staphylococcus aufeusd that include NAC in a
combination treatment is a potential technique &vadicating S. aureus
biofilms. The intrinsic acidity of NAC has been falias a critical factor in
biofilm breakup and matrix component degradationACNis a potent
antioxidant that boosts glutathione production scavenges free radicals in the
body.Recent studies have used NAC to demonstrateessful disruption of
multispecies biofilms, while also preventing biofilformation on synthetic
surfaces. The antibacterial activity of NAC is htlpesized to stem from the
interaction between its thiol group (-SH) with ka@l cell wall proteins.
Inhibition occurs because NAC can prevent cysteitigzation by bacterial

cells, thereby inhibiting bacterial growth and deration. NAC by itself
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showed a significant capacity to disrupt preformadfims and prevent
adhesion of bacterial cells, thus impairing biofiformation . There was no
significant difference in the effect of 10 and 3GMIAC in inhibiting adhesion,
hence its effect is not concentration dependerftusTif successful in in vivo
studies, this combination has potential to succélgsfreat existing S. aureus
biofilms and prevent formation on synthetic surfacich as catheters and
implant devices.

Haapasalo M, @rstavik D in 1987 conductediarvitro model for dentinal
tubule infection of root canals. Cylindrical denipecimens, 4 mm high with a
diameter of 6 mm and a canal 2.3 mm wide, were gregp from freshly
extracted bovine incisors. The cementum was reméwed all dentin blocks.
The tubules were opened by four-minute treatmerita W7% EDTA and
5.25% NaOCI before being infected with Enterocodagsalis ATCC 29212 in
yeast extract-glucose broth. Bacteria rapidly imcdhe tubules. After three
weeks of incubation, a heavy infection was foun@ #dicron from the canal
lumen, and the front of the infection reached 1®0i@ron in some blocks.
Camphorated para mono chlorophenol (CMCP) and aiutal hydroxide
compound, Calasept, were tested for their disinfgcefficacy toward E.
faecalis-infected dentin. Liquid CMCP rapidly andnpletely disinfected the
dentinal tubules, whereas CMCP in gaseous formnfeisied tubules less
rapidly. Calasept failed to eliminate, even supdfiy, E. faecalis in the
tubules. The method used in bacteriological sargpiihlowed for sequential
removal of 100-micron-thick zones of dentin frone ttentral canal toward the

periphery. Control specimens were uniformly infectnd yielded growth in
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bur samples up to some 500 microns from the surfliee model proved quite
sensitive and seems suitable for in vitro testifugpot canal medicaments.

Kim D et al concluded that goal of endodontic treatnieihe prevention and
control of pulpal and peri radicular infections.l€am hydroxide ( Ca(OH)2 )

has been widely used in endodontics as an intral caedicament to eliminate
the remaining microorganisms after chemomechampiegaration. The purpose
of this article is to review the antimicrobial peygies of Ca(OH)2 as an intra
canal medicament in root canal treatment. The fiest of this review details

the characteristics of Ca(OH)2 and summarizes ¢iselts of in vitro studies

related to its antimicrobial effect. The antimiciadbeffect of Ca(OH)2 results
from the release of hydroxyl ions when it comes inbntact with aqueous
fluids. Ca(OH)2 has a wide range of antimicrobiffees against common
endodontic pathogens, but is less effective agdtmserococcus faecalis and
Candida albicans. The addition of vehicles or otgents might contribute to

the antimicrobial effect of Ca(OH)2.

Ridhalaksani, et al studied tlamtibacterial potential of NAC as an endodontic
irrigant on the clinical isolates of th#terococcus faecalis biofilm and
concluded that the NAC pH 2.5 test group showededuction in theE.
faecalis colonies, but this reduction was not statisticadiignificant when
compared to the 2% CHX group results. The NAC pHekt group showed the
greatest reduction in bacterial colonies, and tieiduction was statistically

significant when compared to the NAC pH 2.5 and@PAX groups' results.

Quah SY et al studied the antibacterial and biogiradication efficacies of N-

acetylcysteine (NAC) on Enterococcus faecalis amacluded thalNAC was
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most bactericidal at pH 11 with MIC and MBC of 1.%6g/mL and 12.5
mg/mL, respectively. Although preincubation of ¢alo hydroxide with dentin
powder abolished its antibacterial effects, NAC ptately killed E. faecalis
regardless of dentin powder preincubation. In aaiditprolonged incubation of
NAC with dentin powder (up to 3 weeks) did not sigantly reduce its
antibacterial activity on E. faecalis. FurthermomAC also effectively

eradicated E. faecalis biofilms.

Jain P, et al studied the efficacy triple antibiotic solution as a new
endodontic irrigant that may possess superior aactévial activity in
comparison with chlorhexidine solution. And it wasncluded that triple
antibiotic solution can be used as an irrigatinigitsan. The antibacterial action
of triple antibiotic irrigating solution is compdna with chlorhexidine.
Although saline may not be effective in the antimial action but its flushing

action may be able to decrease some microbial load.
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MATERIALS AND METHODS

SOURCE OF DATA:

“The study was conducted in the “Department of @ovestive Dentistry and
Endodontics, KLE Academy of Higher Education & Rasé (KLE University),

KLE VK Institute of Dental Sciences, Belagavi”

Evaluation of minimum inhibitory concentration (@) and colony-forming
units was undertaken in Dr. Prabhakar Kore’s BaSaience Research Centre

(BSRC), KLE University, Belagavi.

Extracted human single-rooted single canal teethevwmllected from the
“Department of Oral and Maxillofacial Surgery, Kl&tademy of Higher Education
& Research, KLE VK Institute of Dental Sciences|dggavi.”

INCLUSION CRITERIA:

» Extracted human single-rooted, single-canal teétin patent canals.

» Teeth with apical width corresponding to #20 K-fileless.

» Teeth with straight canals.

EXCLUSION CRITERIA:

» Teeth with apical width more than #20 K-file size.

+ Teeth with calcified canals.

+ Teeth with fracture/crack or a restoration.

» Teeth with internal and external root resorption.
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» Teeth with the presence of anatomic variations

+ Teeth with curvature

+ Teeth with endodontic treatment

» Teeth with radiographically invisible canals or tiple canals

MATERIALS USED FOR THE STUDY:

68 extracted single-rooted single canal teeth

0.1% Thymol

3% Sodium hypochlorite (NaOCL) (Vishal dental care)

17% Ethylene diamine tetraacetic acid (EDTA) [CANMRGE]
Normal Saline solution (Baxter NS Sodium Chlori&e0.9% W/V)
Propylene glycol

Distilled water

Triple antibiotic paste-Metronidazole (500mg) Ciffogacin (250mgQ)
Minocycline (100mg)

N- Acetylcysteine

Levofloxacin

Paraffin wax

Cavit G (3M, ESPE)

Brain heart infusion broth

E.faecalis strain

Brain heart infusion agar plates
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ARMAMENTARIUM USED FOR THE STUDY

Micromotor and straight handpiece (NSK PANA AIR)

» Gates Glidden Drill (MANI)

* Lentulospiral

e Carborundum Disks

* Eppendorf tubes

* Micropipettes and tips (100um) (1000um)

* Laminar air

METHODOLOGY

Sixty-eight extracted human single-rooted, singkanal teeth were chosen
and maintained conferring to ‘OSHA (Occupational feBa and Health
Administration) guidelines. Calculus and soft tissdebris were removed with an
ultrasonic scaler and 0.1% Thymol was utilized tasagje solution till use. All teeth

were radiographed and selected as per the inclasidrexclusion criteria.

SAMPLE PREPARATION

A diamond disc was used to section 4 mm of theahpigrd of the root from
the apex and then decoronation below the cementoarjanction was done to obtain
6 mm of the middle third of the root. After thissterile Gates Glidden drill was used
sequentially from no. 1-3 in a slow-speed handpitrestandardize the internal

diameter of the root canal.
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Following this, the specimens were placed in arastinic bath of 17% EDTA for
five minutes followed by 3% NaOCI for five minutés remove the inorganic and

organic debris.

To remove the traces of chemicals used, dentinseas were then immersed
in an ultrasonic bath containing distilled water five minutes following which all
the specimens were sterilized in an autoclave (RDanl121 °C). Five teeth from the
sterilised specimens were placed in a sterile Bidthbto serve as a negative control
to check for the absence of contamination.The agethe remaining 63 specimens

were sealed using paraffin wax.

CONTAMINATION OF SPECIMENS

E. faecalis (ATCC 439) was grown in BHI agar forl2urs. The culture was
suspended in 5 mL of BHI broth and incubated fdrodirs at 37°C and its turbidity

was adjusted at 0.5 Mcfarland standard (1%CUmML-1).

Each dentin specimen was placed in a pre-sterilimécrocentrifuge tube
containing 1 mL of the BHI broth. A 50 pL of theoculums containinde.faecalis

was transferred into each of the microcentrifudeegu

Following this, at the end of 24 hours, the despecimens were transferred
into a fresh broth containirig.faecalis. All procedures were carried out under laminar
flow. The purity of the culture was checked by subaing 5 pL of the broth from
the incubated dentin specimens in BHI broth on Bbér plates. The contamination

of the dentin specimens was carried out for 21 days
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At the end of 21 days, the specimens were irrigateéd 5 mL of sterile saline to
remove the incubation broth. Then they were divithto 3 groups with 21 specimens

in each group.

e Group 1 — Triple antibiotic paste
* Group 2 — N-Acetylcysteine and Levofloxacin

» Group 3 — Positive control saline

MINIMUM INHIBITORY CONCENTRATIONS EVALUATION

For minimum inhibitory concentrations evaluation: dlutions of the

medicaments from Group 1 and 2 were done with Braart infusion broth.

In the initial tube, only 500 pl of the compoundsaadded. For dilutions, 500
ul of Brain heart infusion broth was added into tlet 9 tubes separately. In th& 1
tube, 500 ul of the compound was added with 50Brpin heart infusion broth. This

was considered as 1@ilution.

From 10" diluted tube, 500 pl was transferred to the sedabd to make 1
dilution. The serial dilution was repeated up t6®Idliutions for each compound.
From the maintained stock cultures of required oigras, 20 pl was taken and added

into 2 mL of brain heart infusion broth.

In each serially diluted tube, 500 ul of above udtsuspension was added.
The last tube contained only the media and cukuispension. The tubes were kept
for incubation for 24 hours at %2 in a bacteriological incubator and observed for

turbidity. After this minimum inhibitory concentiah was evaluated.
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PREPARATION AND APPLICATION OF THE MEDICAMENT

Both the combinations that is Triple antibioticsggg N-acetylcysteine with
Levofloxacin were prepared according to the valwdtained after evaluating

minimum inhibitory concentration with 1mL of progyle glycol.

The respective medicaments were placed in thecaoal and the specimens
for the positive control group were rinsed withisaland paraffin wax was used to
seal both ends, the specimens were then inculiatad anaerobic environment at

37°C for seven days.

ANTIMICROBIAL ASSESSMENT

Microbial cell assessment was carried out at thd efh seven days of
incubation. Harvesting of dentin was carried ouaatepth of 40Qum by preparing
the root canal circumferentially using sterile Ga@idden drills no.5 in a slow-speed

handpiece.

The fine dentin shavings were collected in a tesetcontaining 1 mL of
sterile BHI broth and incubated in an anaerobicirenment at 37°C for 24 hours.
After 24 hours the contents were serially dilut€® L of broth in 100 uL of sterile

saline five times.

About 50 pL of the dilution was thentplh on BHI agar plates and incubated
for 24 hours at 37°C. The colonies on the agaeplatere counted and recorded by a
blinded microbiologist, represented in colony-fangiunits (CFU) per mL, and

readings were tabulated. Formulae for evaluatiegctiiony-forming unit:

Page 20



Materials and Methods

Colony forming unilmL = nunber of colonies formed

Volume plated (mL) x @lobilution used(mL)

STATISTICAL ANALYSIS —

» Within the groups was done using “Tukeys multiptsthoc procedures”

» Between the Groups was done using “One Way ANOVA”
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FLOWCHART OF THE STUDY

Sixty-eight extracted human single-rooted single canal teeta chosen and

maintained conferring to ‘OSHA guidelines’

U

Calculus and soft tissue debris were cleaned using a ificascaler and

immersed in 0.1% Thymol.

4

The decoronation was done using a diamond disc at 4mm from théoapatain 6

mm of the middle third of the root.

U

Root specimens were prepared with Sterile Gates gliddemuskitl sequentially

from no. 1-3 (0.9mm)

U

Inorganic and organic debris from the specimens were removetadigig them
in an ultrasonic bath of 17% EDTA for 5 min followed by 3% Na@r 5 min

U

Five teeth were placed in a sterile broth to serveregjative control.

U

The apex of all the specimens were sealed with panatin

U

Chemicals were removed by immersing the dentin specimersultrasonic bath

containing distilled water for 5 min

U
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Contamination of the Specimens (63 specimen E. faecalis (ATCC 439) was
grown in BHI agar for 24 hours and the culture was incubated fiours at 37°C
and its turbiditywas adjusted at 0.5 Mcfarland standard (1%CFUmML-1)

U

Contamination of the dentin specimens was carried out for 21

jays.

U

Final irrigation was done with 5 mL of sterile saline tmose the incubation

broth.

i

Antimicrobial Assessmen:

Sixty-three teeth were then randomly divided into three gro

ups.

U

GROUP 1
TAP
n-(21)

U

GROUP 2
NAC+LEV
n-(21)

U

MIC EVALUATION

U

U

GROUP 3
SALINE
n-(21)

Media: Brain heart infusion broth
Culture/ inoculum: Enterococcus faecalis

Stock soln. of the extract 10 mg/mL stock and working dilutions was prepared

U

Minimum Inhibitory Concentration (MIC) of the compounds by Broth dilution

method against bacterial culture.
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U

9 dilutions of the compound (medicaments from Group 1 and 2) were done

with Brain heart infusion Broth for MIC.

In the initial tube, only 500 pl of the compound was added.

U

In the F'tube, 500 pl of the compound was added with 500 pl Brain heart

infusion broth. This was considered as' Hilution

U

From 10" diluted tube 500 pl was transferred to the second tubake i

dilutions. The serial dilution was repeated up t8 didutions for each compound

U

20 ul was taken from the maintained stock cultures of redjoimganisms and
added to 2 mL of brain heart infusion broth. In each sgrillited tube, 500 pl of

above culture suspension was added.

U

The last tube contained only the media and culture suspenseituliés were
kept for incubation for 24 hrs at %7 in the bacteriological incubator and obsered

for turbidity

U

Preparation and application of the medicaments

U

Group 1- Triple antibiotic paste was prepared according toates obtained

from MIC with 1mL of propylene glycol.

!

Group 2- Combination of N-Acetylcysteine and Levofloxacin paste prepared

according to the values obtained from MIC with 1mL of propglglycol.
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GROUP 3- 21 samples were kept in saline and then inoculatiedE.faecalis.

U

The respective medicaments were placed in the root aadgdlaced in an

incubator for 7 days

U

Microbial cells assessment :
Harvesting of dentin was carried out at a depth of {48Dby preparing the root
canal circumferentially using sterile Gates Glidden dndis5 in a slow-speed

handpiece.

4

The fine dentin shavings were collected in a test tamaining 1 mL of sterile

BHI broth and incubated in an anaerobic environment at 37°C for 24 houl

U

About 50 pL of the dilution was then plated on BHI agar platesincubated for
24 hours at 37°C. The colonies on the agar plates were countegcanded, by a

blinded microbiologist using the formulae:

U

Colony-forming unit/mL = number of colonies formed
Volume plated.) x Total Dilution used(mL)

The readings were then tabulated.
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Fig 3: Decoronation of sample

4mm from apex

Materials and Methods

Fig 4: Decoronatio of sample a
6mm below CEJ
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Fig 5. Materials used for irrigation

Fig 6: Material used for sectioning of crown and placemel
medicament
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LAMINAR AIR FLOW

Fig 7. Materials used for microbiological assessmen
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Fig 8: MIC of Group 1 (TAP)
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Fig 9: MIC of Group 2 (NAC And LEV)
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Fig 10: Test samples were inoculated withfaecalis

Fig 11: Samples were kept incubato
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-

Fig 12: Preparation of TAP

Fig 13: Preparation of NAC AND LEV

Fig 14: Placement of the medicament inside
canals using lentulospiral

Page 33



Materials and Methods

Fig 15: Colony forming unit of
Group 1 (TAP)

Fig 16: Colony forming unit of Grou
2 (NAC+LEV)

Fig 17: Colony forming unit of Group
(SALINE)
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RESULTS

Table 1. Colony forming units of medicaments (cfu) (x10°)

Sr no. Triple antibiotic paste N-acetylcysteine and| Saline — positive
(Sample) (group 1) levofloxacin (group 2)| control (group 3)
1 100 x 10 45x 10 345x 10
2 200x 10 78x 10 400x 10
3 156x 10 43% 106 298x 10
4 325x 10 67x 10 250x 10
5 184x 10 48% 10 378x 10
6 234x 10 76x 10 222x 16
7 167x 10 29x 10 218x 10
8 190x 16 34x 10 290x 16
9 201x 16 56x 10 350x 10
10 127x 16 28x 10 367x 10
11 167x 16 45% 16 399x 10
12 135x 16 26x 10 369x 10
13 178x 16 37x 16 267x 16
14 145x 16 50x 16 227x 16
15 209x 16 57x 10 198x 18
16 235x 10 35x 10 498x 10
17 350x 16 53x 10 555x 10
18 265x 16 56x 10 543x 18
19 287x 10 66x 10 567x 10
20 123x 16 71x 16 543x 18
21 112x 16 59x 10 444x 10
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Table 2: Summary of Colony forming units (CFU) (x10% in Group 1, Group 2

and Group 3

95% CI for mean

Min Max Mean SD SE
Groups Lower Upper

Bound | Bound

Group 1| 100.00, 350.0G 194.76 68.20 14.88 163,72 .8D2%

™o

Group 2| 26.00 78.00 50.43 15.66 3.4 43.30 57,56

Group 3| 198.00| 567.0G 368.00 120.24 26.24 313.27 2.782

Table 3: Comparison of Group 1, Group 2 and Group 3 with Colony forming

units (CFU) (x10% by one way ANOVA

Sources Sum of Squares df Mean Square F-value | p-value
Between groups 1061866.13 2 530933.06  82.3020 0*000
Within groups 387060.95 60 6451.02

Total 1448927.08 62
*p<0.05
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Table 4: Pair wise comparison of Group 1, Group 2 and Group 3 with Colony

forming units (CFU) (x10% by Tukeys multiple posthoc procedur es

Mean diff.

Groups Std. Error p-value
Group 1 vs Group 2 144.3333 24.7867 0.0001*
Group 1 vs Group 8 -173.2381 24.7867 0.0001*
Group 2 vs Group 8 -317.5714 24.7867 0.0001*

*p<0.05
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Graph 1. Comparison of Group 1, Group 2 and Group 3 with Colony forming

units (CFU) (x10°)
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Table 5: Minimum inhibitory concentration MIC (mg/mL)

Compound MIC (mg/mL)
Metronidazole 0.625
Minocycline 2.5
Ciprofloxacin 1.87
N- acetylcysteine 0.625
Levofloxacin 1.87

Graph 2 : Minimum inhibitory concentration M1C (mg/mL)
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Results:

The following hypothesis was taken for this study-

HO: The null hypothesis taken was that there is ncedbfiice in the antimicrobial
efficacy of a combination of N-acetyl cysteine dmofloxacin with Triple antibiotic

paste against E. faecalis biofilm.

H1: There is a difference in the antimicrobial effigaaf a combination of N-acetyl
cysteine and Levofloxacin with Triple antibioticgte against E. faecalis biofilm.

After checking for normal distribution of the tesfarther statistical analysis
was done to test the significance of the interadtioeach of the groups.

The one way ANOVA done using the CFU (Table 2 @allle 3) have shown
statistically significant results (p<0.05).

Since there is less than 5% probability of the sasoof the null hypothesis,
the null hypothesis (HO) is rejected and the afiermypothesis (H1) is accepted.

Among the three groups, pairwise tests by Tukeyidtiple posthoc test
(Table 4, Table 5) has shown that Group 2 is thetrafficient compared to Group 1
and Group 3 in terms of MIC,and CFU counts.

Tukeys multiple posthoc test done using CFU meamisp shows that post-
treatment mean CFU count is statistically signiiicamong the three groups 1, 2, 3.
In post-treatment CFU counts among the 3 groupsjm@showed the lowest mean
CFU count (50.43) compared to group 1 and group&2Z0 and 368.00 respectively).

Therefore, in this studyGroup 2 i.e. N-acetylcysteine in combination with
Levofloxacin showed a statistically significant vetion in biofilm compared to other
two groups and proved to be an effective antimiaiotwhen used as an intracanal

medicament.
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DISCUSSION

Pulpal involvement as a result of trauma or cariemmature permanent teeth
can cause the loss of pulpal vitality as well asedly affect root development,
resulting in short roots with very thin walls, ieasing the risk of fracture and

obstructing conventional root canal treatment

The treatment for these pulpal pathologies is taaee the pulp tissue and
disinfect the root canal system using the variotigant and intracanal medicament
options available toddy Apexification is a procedure of induction of aloifed
apical barrier in the apical zone of an incompiefermed root, in which the pulp is
diagnosed as non-vital, and is one of the posditdatments to perform in an

immature permanent tooth with short roots that iregtendodontic therapy

Apexification with calcium hydroxide was once tharglard therapy for an
infected, non-vital, immature toothCalcium hydroxide is commonly used as an
intracanal medicament and to generate an apicaieBarHowever, until the root
canal treatment is finished, many visits to thetiderior long periods are required.
Mineral trioxide aggregate (MTA) is utilized insteaf calcium hydroxide to decrease
the treatment time. Even after apexification witlTA the root remains thin and

feeblé.

Science and technology advancements have had ensnpositive effects on
today's globe. It has made a significant contrdoutto all aspects of our life.
Treatment approaches that were once thought tanpessible are now considered

feasible. Regenerative treatment is one such bdreakgh. Biological ways to repair
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teeth are among the many clinical dental benefiist tregenerative treatment

promises.

A study by Zaheer Shaik et al, as well as the waajority of other studies
evaluating the antimicrobial efficacy of intra can@edicaments, used single-rooted
teeth to eliminate any anatomical complexities timild lead to bias in the study. As
a result, single-rooted incisors and canines wisingle canal were included in the

current study®.

0.1% Thymol was utilized as a storage solutiorhia study because it renders

antifungal actior’°

The tooth specimens were sectioned to obtain 6 mimeomiddle third of the
root. Since apical dentine is mostly sclerotic, madt dentin blocks were used in the

study

Following the model proposed by Haapasalo and @iksta976, the root
canals were enlarged with no. 3 Gates-Glidden @8 size 090) to standardize the

internal diameter of the rodt.

The irrigants used in this study were 3% sodiumoaiatorite (NaOCI), 17%
ethylene diamine tetra acetic acid (EDTA), andge8ent normal saline. Even at low
concentrations, sodium hypochlorite has strong n@otbbial activity and Kills
bacteria quickly. It is effective against the méjoof bacteria found in the root canal.
Bystrom and Sundquist 1983 discovered that conatomis above 2% have the
dissolving characteristics required for the remasalital and necrotic tissue. As a
result, 3 percent sodium hypochlorite was used usecé is a powerful antimicrobial

that dissolves pulp remnarnis.
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A review article published in 2010 by Violich anch&hdler concluded that
using a 17 percent EDTA solution as an irrigantates the inorganic tissue and aids
in the removal of debris that becomes compactealtimt dentinal tubules when the
root canal is instrumentédThis debris, which includes soft tissue and dentis
referred to as the smear layer which prevents tdw canal system from being
thoroughly irrigated. As a final flush, 0.9 percestérile normal saline was used to

neutralize the various chemicals of the irriganotigh its flushing actioft

7 days old biofilm was chosen to evaluate the aotdrial efficacy because
the incubation period was sufficient for the forroatof clumps of bacteria bounded

by carbohydrate matrix, which was a feature nomyrfailind in biofilm.2%3"39

Microdilution and agar dilution are both quantiati approaches for
determining MIC values (Kim et al. 2007). Althougie results obtained with the
agar dilution method show a good correlation whté microdilution method done by
Amsler et al. 2010, the agar dilution method isolatius and time-consuming, and
more importantly, the factors that negatively affdte disc diffusion method may
also contribute to the lack of accuracy with tharadilution method, particularly
when dealing with sparingly soluble biosurfactdhtMicrodilution , on the other
hand, is a standardized, accurate, low-cost, amplsi approach (Jorgensen and

Ferraro 2009¥.

The new microdilution which is the resazurin-bas®®-well plate
microdilution method was used to test the studyl€ Mesults. This approach has
been utilized in several investigatioi$he use of resazurin dye as a redox indicator
to the modified microdilution method used in thisidy has an action on active

bacterial cells. It converts the non-fluorescergamirin (blue) to the fluorescent
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resorufin (pink), which may then be further redutedydroresorufin (red) (O'Brien

et al. 2000), providing a direct assessment ofasattmetabolic activity.

In the present study, Propylene Glycol was seleatetthe vehicle of choice to prepare
the paste because it exhibits better diffusion efdicament deep within dentinal

tubules which enhances antimicrobial activit

The drugs were used for seven days to check formatipacterial properties. Sjogren
et al. discovered that a 7-day application of a T&dication was enough to reduce

canal bacteria to a level that resulted in a negatiilturé®.

Thales Galvao et al in 2017 studied the efficacyttobe methods for inserting
calcium hydroxide-based paste in root canals thatnventional technique using a
hand instrument (MAN), rotary Lentulo spiral (LENgchnique, and a combined
technique combining conventional hand files withnisoactivation through the
EndoActivator device (EA) and concluded that ,a bomed approach utilizing hand
files with sonic activation showed no enhancemeower the LEN or MAN

techniques on the quality of intracanal placemésadium hydroxide paste.

The efficacy of three methods -d8padden compactors, Lentulo drills, and ffiers

inserting calcium hydroxide-based paste in rootatsarwas studied, and it was
concluded that using Ca(OHpaste with lentulospiral produced a more homogeseo
filing than manual technique as it has an actidnpmpelling the medicament
centrifugally which helps in a better placenf®following this, a lentulospiral was

used in this study to place small amounts of in&naal medicaments one at a tffhe

However in a study by Jussaro et al 2020, the dgpad different methods

(Lentulospiral, Ultrasonic agitation, Endoactivatwnic agitation) for insertion of
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calcium hydroxide paste in the filling of latershrmals was evaluated and it was
concluded that methods which use agitation devigeh sas ultrasonic, promoted

higher filling of calcium hydroxide in simulatectémal canalé?

After 7 days the specimens were prepared with GIGtitirno.5 and the shavings of
which were transferred to agar plates inoculateti ®HI broth .The colonies on agar
plates were counted by a blinded microbiologistltminate bias®

The colonies were counted using the formulae usethény studies for evaluating

colonies of E. faecalis after using an antimicrbbiadicament’ 4

Endodontics can be on the cutting edge of regemertterapy, which is the
future of dentistry Regenerative endodontics offers the possibilityrestoring
vitality to a non-vital tooth. It aims to replacejured and diseased pulp tissue with
functional pulp tissue and reparative dentwhich is impossible to achieve through

apexification®

The presence of a root canal infection is an ingmartactor that can influence
the outcome of treating necrotic immature tooth.aA®sult, the most important step
in endodontic regeneration is the effective eraahoaof pathogenic microflora that

causes infectiof.

The microbiota of root canal infections has beenlisd. In his work, Gajan
EB found that necrotic pulp tissue in initial rootinal infections indicated a
polymicrobial flora with gram-negative species efisral kinds of obligate anaerobic
bacteria, accounting for 90% of all bacté%im a study published in 2004, Orstavik D
found that Enterococcus faecalis was the most camibacterium found in samples

of secondary root canal infections as well as cakesinfection.
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Many in vitro antimicrobial experiments have derstoated that E. faecalis is
capable of growing into dentinal tubules (Orsta&ikHaapasalo 1990, Siqueira &
Uzeda 1996, Gomes et al. 206%>*4n a study published in 1985, Bystrom et al.
determined that root canal infection is caused bgmbination of bacteria, the most
common of which is E.faecalis, coupled with polyrolzial anaerobic specié$E.
faecalis' ability to survive or adapt to adversevimmmental circumstances may
provide it an edge over other species. It couldarpts ability to survive in root
canal infections, where nutrients are sparse aotlaanal medicaments are difficult

to reacH"Hence E.faecalis was chosen as the study’s teahisim.

To achieve success, certain medicaments are edsentreate a microbial-

free environment in the root canal systém.

Intracanal calcium hydroxide is a regularly useddiwement .Calcium
hydroxide's antibacterial activity is due to théease of hydroxyl ions in an aqueous
environment. Damage to the bacterial cytoplasmienbrane, protein denaturation,
and DNA damage are likely to be responsible foirtdeadly effects on bacterial

cell'®,

Calcium hydroxide's antibacterial effectivenesslu® to its high pH (12.5),
which has a damaging effect on bacterial cell memés and protein structure.
Ca(OH) cannot eliminate E.faecalis from the surface layef dentinal tubules,
according to Haapasalo and Orstaifikn their research, Siqueira and de Uzeda came
to the same conclusidAfter relatively long periods of Ca(Obf$aline combination

treatment, Safavi et al. found that E. faecalisaied alive in dentinal tubulés.
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With all the above mentioned drawbacks of calciwdrbxide newer medicaments

like antibiotics were tried®

Infections in the root canal system are polymicagbtontaining both aerobic
and anaerobic bacteria, according to Mohammadiegsarch'As a result, due to the
canal's complexity, a single antibiotic therapy mayt be adequate to treat the
infection. To combat the varied microorganisms @nésa mix of antibiotics is

required as it may also reduce the likelihood sfatant bacteria strains developig.

With the advent of non-instrumentation endodontieatment ,lesion
sterilization and tissue repair, local applicatioh antibiotics has been investigated
Triple antibiotic paste was the most practical coration introduced in 2006 in order
to achieve a satisfactory result. Because of itsbacterial effects in endodontic
regenerative operations, TAP including metronidezolciprofloxacin, and

minocycline has been proposed as a root canal meeict:?

Pai and colleagues investigated the effects of E30Oand TAP. Inter-
appointment flare-ups occurred in three of twentjividuals with 15 % Ca(OH)2. In
the case of the TAP, however, none of them expeerinter-appointment flare-
ups>In another investigation, the TAP was found to hawperior disinfection
characteristics when compared to Ca(&¥nother study by Cheng et al evaluated
the antibacterial efficacy of a combination of TA@hd Ca(OH) with 2%
chlorhexidine(CHX) on E. faecalis, and found th&PTcould eradicate bacteria to a
depth of 400 pm, whereas Ca(OH)2 with CHX couldyaidstroy bacteria to a depth

of 200 um of dentiR®
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TAP can influence gram-negative, gram-positive, anderobic bacteria, and
this combination is effective against odontogeractbria. However, there are some

drawbacks to this paste :

1. Teeth treated with TAP have demonstrated slightvaraarkening. The
presence of minocycline in the paste is most likelyblame. As a result,
extreme caution and care should be exercised thet&szones?

2. Another unfavorable side effect of TAP conditioniofjithe radicular dentin
appears to be an indirect negative impact on théwaul of the stem cells of
the apical papilla (SCAPY.

3. According to some researchers, the TAP and theerdration employed in
the regeneration and revascularization protocol oesult in significant
dentine loss and an increase in roughn@ss.

4. In addition to the significant rise in the orgapicase, such an increase can
result in reduced dentine wettability and a siguifit drop in the inorganic
phase of the treated dentine. TAP can deminertiizelentine surface due to
its acidic nature (pH = 2.9). Furthermore, studiase demonstrated that 1
g/mL TAP causes a significant reduction in root mibardness and dentine
demineralization?

5. Another hazard to be aware of while using TAP im tbot canal space is the
difficult removal of the paste. Because TAP periefaand binds to the
dentinal structure, current irrigation procedures anable to adequately

remove it*
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One of the main goals of modern clinical microbgyas to try to develop
new tactics and incorporate more promising antitsahat can reduce the prevalence

of biofilm.

N-acetylcysteine (NAC) has been offered as a viabte canal medicament
alternative (Karapinar et al. 2016). N-acetylcyst¢e(NAC) has been shown to have
an antibacterial effect on endodontic pathogeniccrogrganisms in prior
investigations? NAC is an antioxidant with thiol groups that eféintly reduces
extracellular polysaccharide formation (EPS), atiating mature biofilms in the same
way that a mucolytic agent does while also lowetdagterial adhesidh According
to Silveira L et al, the presence of extracellufolysaccharide (EPS) is one
mechanism that could explain why bacteria in bio$il are less susceptible to
antimicrobial treatments than bacteria in planktdiorms®. This outcome could be
explained by NAC's major mode of action, it's ailto cause EPS disruption in

biofilms.

NAC was recently discovered to be effective agakhistaecalis biofilms. Its
combination with other antimicrobial compounds,aasmucolytic agent, could result

in increased efficacy against biofilms.

Because antimicrobial susceptibility in bacteriacgsated with broken biofilm is
increased (El-Azizi et al., 2005), it's possiblattn antibiofilm/antimicrobial agent
combination might be synergistic (Olofsson et &003)>'N-acetylcysteine aids
penetration of penicillins, polymyxins, and fluotogolones into the biofilm's deepest

layers, overcoming thentibiotic resistance of causative bacterial ag&nts
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Levofloxacin (LEV) has been shown to efficientlyrpeate into bacterial
biofilms when compared to other fluoroquinolonesvafloxacin belongs to a novel
class of fluoroquinolones, and its antibacteriald aantiviral action against
Streptococcus pneumoniae and other respiratoryctinfes has been extensively

researched and documented (Marchetti & Viale, 2503)

Inhibition of new glycocalyx formation, release, oactivation of
exopolysaccharide breakdown enzymes, and eledimatéerference with bacterial
adherence are all proposed modes of action foiflexaxin on biofiims (Eng et al.,
1991). As a result, levofloxacin activity on eadgthered cells may help to avoid the

formation of biofilms>®

EPS acts as a barrier, preventing the agent fronetpaing. In this way,
combining an antimicrobial drug-like levofloxacintiva proven mucolytic agent or a
possible EPS disruptor like NAC might improve antirabial efficacy against

biofilms.'*

The inhibition produced by different brands of adisament against a
particular organism depends upon various extriasit intrinsic factors. As per Jinlun
Feng et al, the effective drug dose (MIC) of Ncetglcysteine, and Levofloxacin
againste. faecalis is 1.56mg/mL and 2.5mg/mL. In this study, the mbH@ [Tab.2]
against E.faecalis for N-acetylcysteine was 0.625 mg/mL and levoftirawas
1.87mg/mL , whereas Metronidazole , Minocycline aigrofloxacin had MIC of

0.625mg/mL, 2.5mg/mL, 1.87mg/mL respectively.

In the present study, the first sample (S1) readihghe combination (N-

Acetylcysteine and Levofloxacin) was 45x*#nd that of Triple antibiotic paste was
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100 x 1§ Comparing the medicaments with the control grouimedGroup-3), triple
antibiotic paste (Group-1) and NAC+ LEV (Group-2jowed very strong evidence

against the null hypothesis (P = 0.0001) [FigurgTable 1].

Besides when combination of NAC+LEV (Group 2) wasnpared with TAP
(Groupl) , NAC+LEV showed strong evidence agaihstrull hypothesis [p<0.05].

Thus, the null hypothesis was rejected.

Fewer studies have documented the antibacterialitgcof NAC+LEV but
the exact mechanism remains uncertain.Quah &t @dnsidered the first one to ever
study the antibacterial efficiency of N-acetylcysteand Levofloxacin, by utilizing
the agar diffusion test against faecalis and concluded that this combination is an

effective intracanal medicament.

Compared to this combination (NAC + LEV) , TAP ebited a significantly
lesser antibacterial action and the reason for $incling could be due to the dentin
buffering action. According to Portenier et-aHdentin inhibits the antibacterial action
of TAP, However, Quah et al. discovered that thibanterial properties of NAC are

unaffected by the presence of dentin, which isrefieof NAC over TAP*

In a study on the effectiveness of N-acetyl cystei2?% chlorhexidine, and
their combination as intracanal medicaments onrotecus faecalis biofilm, it was
found that NAC has nearly equal antimicrobial pmypeas 2% CHX, whereas their
combination demonstrated a synergistic action, detnating the agent's

compatibility and efficacy with an antimicrobiale™.

The presence of EPS is one mechanism that couliexyhy bacteria in

biofilm are less sensitive to antimicrobial agetitan bacteria in planktonic forms.
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EPS serves as a barrier, preventing the agent fienetrating®in this regard,
combining an antimicrobial substance — LEV with raven mucolytic agent or a
potential EPS disruptor like NAC should improve iamtrobial efficacy against

biofilms.

Numerous studies on the efficacy of NAC and LEV afilms of various

3l 6%yaluated the effect

organisms have been conducted. In a study, YarKiDAdet
of levofloxacin and a mucolytic (NAC) against blofs by Staphylococcus aureus
and Pseudomonas aeruginosa for the treatment t€ é¥sosis. The most significant
issue in the treatment of cystic fibrosis-relateféctions is the difficulty of antibiotic
penetration into the lung’s dehydrated and viscougus layer. As a result, N-
acetylcysteine (NAC) was chosen as a mucolytic agenimprove levofloxacin
penetration. And it was discovered that when thalgoation was used, there was a
significant reduction in biofilm{*This result demonstrated the ability of NAC to
improve the penetration of LEV against a biofilmgnabnstrating a synergistic

combination against biofilms. This could also expléhe combination's increased

antimicrobial efficacy against TAP.

Another study by Carlos et?&lshowed low number of colonies remaining in
the NAC at pH 11 group compared to the 2 percenK@jrbup suggests that the
antibacterial potential of NAC was greater thanttbh 2 percent CHX, which
supports Quah et al resear¢fi'shat due to NAC's ability to directly damage the
biofilm's three-dimensional structure, the antibael can more easily penetrate the

biofilm and damage the intermolecular and intraroolier bacterial wall proteins.

However, Prather et af. evaluated the effect of TAP on dentin's chemical

structure and mechanical properties. In his rebedre discovered that the TAP and
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Modified TAP currently used in regenerative endddsn caused a significant
reduction in dentin microhardness, which he atteduto the antibiotic mixture's
demineralizing effect on denffh TAP use has resulted in etching of dentin andi mil
eroding of dentinal structure, resulting in a dases in mechanical properties of
dentin, resulting in increased tooth brittleness fracture'® However, no such effects

on dentin by NAC + LEV have been reported in &tere till now.

The results obtained indicated that there is siganit difference between all
the three groups (p value <0.05). Among all theehgroups, Group 2(NAC+LEV)

performed followed by Group 1(TAP) and Group 3(8a)i

The present study shows that the combination of NAEY is effective in the
complete eradication of root canal bacteria in ysdand thus minimizes any damage
to the root fracture resistance of the treatedhtodherefore NAC+LEV with both
Anti-oxidant and antibacterial activity can be aeutial intracanal medicament and

replacement for Triple antibiotic paste with funthesearch.

In this study, the time period for which medicansewere introduced in the
canals was 7 days. However, as per the literasenesral studies document the use of
TAP for over 3 month$ In conclusion of these studies, though dentin
demineralization was on a hike, still there wa® as upsurge in the antimicrobial
efficacy at the same time. Hence, there could pessible situation wherein if in this
study, the medicament would have been placed fonger duration, better results

would have been yielded.

Thus the limitation of the present study is theetiimit for placement of

intracanal medicament.
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Furtherln vivo studies need to be carried out for the practicgllémentation

in the clinical scenario of results obtained frdra present study.

Also, appropriate research should be carried odherproportionating field of
the combination of the medicament so that we camhgepractically achievable value

of the medicament that can be used in a clinicahago.
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CONCLUSION

Under the limitations of present research, it can be concluded that:

1) Minimum Inhibitory concentration(MIC) of N-Acetylcysteine and Metronidazole
was least compared to other antibiotics.

2) Combination of N-Acetylcysteine plus Levofloxacin (group 2) was significantly
better than Triple antibiotic paste (group 1) against E. Faecalis biofilm.

3) Combination of N-Acetylcysteine plus Levofloxacin (group 2) was significantly
better than saline (group 3) against E. Faecalis biofilm.

4) Triple antibiotic paste (groupl) was significantly better than saline (group 3)

against E. Faecalis biofilm.
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SUMMARY

The study was conducted in the “Department of Cvagre Dentistry and
Endodontics, Vishwanath Katti Institute of Dentaiehices, KAHER Belagavi” with
the aim - “Comparative evaluation of antimicrobédlicacy of a combination of N-
acetyl cysteine and Levofloxacin with Triple antitic paste againdEnterococcus

faecalis biofilm : An In-vitro study”

Microorganisms play a major role in developmentpofpal and periapical
diseases. Elimination of these microorganisms durivot canal therapy helps to
obtain endodontic success. Thus, for complete feisiion of the root canal system an
intracanal medicament along with biomechanical @ration is necessary. CH is most
commonly used intracanal medicament, but certairdiss have shown it to be
resistant against taecalis and prolonged exposure to radicular dentin resulted
reduced fracture resistance. This led to the dewedémt of TAP which is most widely

used in endodontic revascularization and healirigrger periapical lesions.

Triple antibiotic paste containing ciprofloxacin, etronidazole and
minocycline is an effective medicament for disirniee of infected necrotic immature
teeth. However this paste has shown some disadyestaich as crown discoloration,
demineralization effect on root dentin, cytotoxféeets on cells and has shown less

potency against biofilm.

Recently, a combination of N-acetyl cysteine (NA@Y levofloxacin (LEV)
which has a higher disruptive effect on biofilm dads cytotoxic effects on the cells

has been introduced and has shown successfulsesult
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The positive effects of NAC treatment have primabkeen attributed to its
mucus-dissolving properties by disrupting disulflmEnds in the mucus and its ability
to decrease biofilm formation, resulting in sigo#nt reductions in bacterial

infections.

Fluoroquinolones such as levofloxacin (LEV) cowgddily equilibrate across
the biofilm and therefore, they seem to be effectim stopping the growth of

biofilms.

Also, studies have shown that N-acetylcysteine ioarease the therapeutic

activity of fluoroquinolones.

Hence, the aim of the current study is to evalubte efficacy of biofilm
removal using combination of N-acetyl cysteine aneWofloxacin, a potential

intracanal medicament compared with the gold stahdleple antibiotic paste.

Sixty eight extracted human single -rooted, singianal teeth were chosen
which fulfilled the inclusion and exclusion critariA diamond disc was used to
section 6mm of middle™3of root. After sectioning, a sterile Gates Gliddkitl no. 3

was used to standardize the internal diametereofabt canal.

Following which irrigation protocols were followedhere the specimens were
placed in an ultrasonic bath of 17% EDTA for fivéenates followed by 3% NaOCI
for five minutes in order to remove the organic andrganic debris. Apex of the

specimens were sealed with paraffin wax.

Then for the contamination of the Specimens (63ispens): E. faecalis

(ATCC 439) was be grown in BHI agar for 24 hourke culture was be suspended

in 5 mL of BHI broth and incubated for 4 hours &°@ and its turbidity was be
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adjusted at 0.5 Mcfarland standard (1¥ C&UmL-1) .The dentin specimens were
transferred into fresh broth containirgfaecalis. Contamination of the dentin

specimens was carried out for a period of 21 days.

For antimicrobial assessment, at the end of 21 ,dthes specimens were
irrigated with 5 mL of sterile saline to remove tineubation broth. Then they were

divided into 3 groups (n-21).

GROUP 1: Triple Antibiotic paste

GROUP 2: N-Acetylcysteine plus Levofloxacin
GROUP 3: Positive Control - Saline

Both the combinations that is, Triple antibioticspa, N-acetylcysteine and
Levofloxacin were prepared according to the valoégained after evaluating
minimum inhibitory concentration with 1mL of promgyle glycol .The respective

medicaments were placed in root canal for sevga.da

Microbial cells assessment was carried out at thé ef seven days of
incubation. Harvesting of dentin was carried oua alepth of (40Qum) by preparing
the root canal circumferentially using sterile Ga@lidden drills no.5 in a slow speed

handpiece.

The fine dentin shavings were collected in a tebetcontaining 1 mL of
sterile BHI broth and incubated in an anaerobicirenment at 37°C for 24 hours.
After 24 hours the contents were serially dilut€® L of broth in 100 uL of sterile

saline five times.
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About 50 pL of the dilution was then plated on Bidlar plates and incubated
for 24 hours at 37°C. The colonies on the agaeplatere counted and recorded by a
blinded microbiologist, represented in colony-fangi units (CFU) per mL and

readings was tabulated. Formulae used for evatu#ite colony forming unit:

Colony forming unit/mL = number of colonies rfioed

Volume plated (mL) »tal Dilution used(mL)

The results obtained indicated that there is sigait difference between all
the three groups (p value <0.05). Among all theehgroups, Group 2(NAC+LEV)
performed best, due to better antimicrobial andoaittant property of NAC and

added advantage of antibiotic LEV.

Therefore, ‘null hypothesis’ that there is no diffiece in the antimicrobial
efficacy of a combination of N-acetyl cysteine dmofloxacin with Triple antibiotic

paste against E. Faecalis biofilm was rejected.
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