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2 Introduction  

A. Problem statement Pulpal necrosis are a routine diagnosis in the day-to-day practice 

of endodontics. Enterococcus faecalis is a common inhabitant of 

the oral cavity. It’s prevalence is seen in increasing order in 

patients receiving initial endodontic treatment , those midway 

through the treatment and patients with complete endodontic 

treatment when compared to those with no endodontic history [1]. 

It’s strongly associated with the major cause of failed endodontic 

treatments[2,3 ] with its frequency being nine times more than 

primary endodontic infections. [4] 

In some cases, E. faecalis has been found as the only organism 

present in root- filled teeth with periradicular lesions.[5,6] 

E. faecalis possess certain virulence factors including enzymes, 



cytolysin, pheromones and lipoteichoic acid which allows it to 

suppress the actions of lymphocytes potentially contributing to 

endodontic failure. [2,7]  

Thus endodontic treatment should not only aim at eliminating the 

micro-organisms but also inactivation of their toxic by-products. 

This suggests for detoxification in addition to disinfection of root 

canals. The main aim of biomechanical preparation is to promote 

cleaning and shaping of root canal system in addition to 

maintenance of asepsis obtained by the use of auxiliary chemical 

substances such as irrigating solutions. 

In the past few years, aiming at sustainability researchers have 

shown a great interest in investigating natural and herbal extracts 

to determine their efficacy in the field of medicine. [8] Various 

naturals extracts as endodontic irrigants have been tested for their 

efficacy like propolis, neem, aloe vera , garlic , triphala and grape 

seed extracts. [9] 

Flavonoids are natural pigments with variable phenolic structures. 

Quercetin a member of this group  is  found in abundance in 

onions, apples, broccoli, and berries. The key effect of flavonoids 

is their ability to scavenge oxygen-free radicals. Various 

researches have shown that quercetin exhibits significant 

antimicrobial properties.[10]  

However , there is an inadequacy of literature on the antimicrobial 

actions of quercetin on bacterial toxins present in failed 

endodontic treatments. Thus, the present study will be conducted 

to comparatively evaluate antimicrobial actions of quercetin 

against bacterial toxins.   

 

B. Rationale Limited availability of literature on  quercetin as an antimicrobial 

agent against  bacterial toxins primarily present in endodontic re-

infection cases. 

 

C. Novelty a. To determine the antimicrobial actions of quercetin against 

bacterial toxins. 

b. Using LCMS (liquid chromatography- mass spectrometry) 



to determine the presence of bacterial by-products after 

treatment with quercetin. 

 

D. Expected outcome 

and application 

Quercetin possess antimicrobial actions against bacterial toxins. 

3 Research question(s) Are the antimicrobial actions of quercetin sufficient to eliminate 

bacterial toxins from the root canal system? 

4 Research hypothesis 

(es), if any 

Hypothesis: Quercetin has antimicrobial properties against 

bacterial toxins.  

 

5 Objectives of the Study: 

A. Primary 

objective(s) 

B. Secondary 

objective(s) 

 

a. To test the antimicrobial actions of quercetin against 

bacterial toxins. 

b. To determine the MIC (minimal inhibitory concentration) 

of quercetin as a root canal irrigating solution. 

6 1. Review of literature 1. A study was conducted to compare the antibacterial potency of 

aqueous Nigella sativa extract, aqueous Neem leaf extract, and 3% 

Sodium Hypochlorite. These solutions were tested against E. 

faecalis (ATCC 29212) to check for their Minimum Inhibitory 

Concentration (MIC) by double dilution method and Kill time to 

measure their antimicrobial potency. E.faecalis (ATCC 29212) 

was grown on Mueller – Hinton agar and incubated at 37℃  and 

adjusted to an optical density of 1 with sterile Mueller-Hinton 

broth. Nigella sativa seed powder was obtained and mixed with 

distilled water, vortexed, centrifuged and filtered through 

Whatman filter paper . Neem leaf powder was obtained and 

wrapped in muslin fabric and soaked in a beaker of distilled water 

for the extraction process. The extract was then filtered using 

Whatman filter paper. The MIC was regarded as the lowest 

concentration in the series of dilutions, which did not permit the 

growth of the susceptible bacteria. The time-kill study was done, 

which determined the time required to kill E. faecalis (ATCC 

29212) by exposing the bacteria to 2ml of test solutions for 20 



minutes. 

During the MIC investigation E. faecalis strains were sensitive to 

aqueous Nigella sativa extract until the 4th dilution, in 

comparison, the E. faecalis strains were sensitive to aqueous 

Neem leaf extract until the 3rd dilution and 3% sodium 

hypochlorite until the 2nd dilution. Lower MIC values of the 

aqueous Nigella sativa extract against E. faecalis indicated its high 

degree of effectiveness against these pathogens compared to the 

other two test irrigants. This study concluded that aqueous Nigella 

sativa extract had a better antimicrobial effect compared to 

aqueous Neem leaf extract and 3% Sodium Hypochlorite solution 

against E. faecalis. [11]  

 

2. A study was performed to evaluate the antimicrobial activity of 

0.2% chlorhexidine solution, 1% (w/v) and 2% (w/v) quercetin 

against endodontic pathogens in primary molars. Fifteen patients 

between the age 4-7 were chosen. A sample from the root canal 

was obtained using paper points. Antimicrobial activity was 

measured using disk diffusion method. The following groups were 

selected, group 1: 0.2% chlorhexidine solution, group 2: 1% (w/v) 

quercetin, group 3: 2% (w/v) quercetin. For each sample collected 

microbial culture were undertaken in microaerophilic conditions. 

After 24 hours, the maximum inhibition zone was recorded in 

millimetres. The highest concentration was obtained in group 1, 

followed by group 3 and then finally group 2, on comparing the 

different groups statistically difference was noted. Concluding 

that antimicrobial activity against endodontic pathogens in 

primary molars was significantly shown with 0.2% chlorhexidine 

solution, followed by 2% quercetin.[12] 

 

3. A study was done on quantitative proteomics analysis of 

membrane proteins in Enterococcus faecalis with low level 

linezolid- resistance. Here E. faecalis isolate (P10748) with low-



level linezolid-resistance was compared with two linezolid-

susceptible strains 3138 and ATCC 29212. Enterococcus faecalis 

strains P10748 and 3138 were isolated from necrotic tissues and 

secretions. The E. faecalis ATCC 29212 strain was obtained from 

American Type Culture Collection and used as the standard 

quality control strain. MICs were determined. Following tests 

were further performed that is membrane protein extractions, 

peptide digestion analysis and TMT isotopes labelling , nano LC-

MS analysis of labelled proteins, spectrum data analysis using 

Proteome Discover 1.2 MASCOT software 2.3.02 against the 

Enterococcus transcriptome database, and finally verification  of 

the surface exclusion proteins encoding gene sea1 and 

transcription was analysed using PCR. A total of 8,197 peptides 

associated with 1,170 proteins were identified in all three isolates 

with false discovery rate (FDR) at 1% and P value  < 0.05. There 

were 14 significantly up-regulated and 6 significantly down-

regulated proteins in strain P10748 compared to strains 3138 and 

ATCC 29212, which were in general positively correlated with 

transcription levels revealed in previous transcriptome studies. 

This analysis suggests that the low-level linezolid-resistance in E. 

faecalis is conferred primarily by the ATP-binding cassette 

protein OptrA through ribosomal protection and, possibly, also by 

the enterococcal surface protein (Esp) and other proteins through 

biofilm formation.[13] 

4. Research was carried out for comprehensive analysis of 

phospholipids and glycolipids in the opportunistic pathogen 

Enterococcus faecalis. Where Enterococcus faecalis strains 

OG1RF, Dap21 and Dap22 were analysed. Here the following 

tests were performed : in vitro evolution against Dap strains , 

whole gene sequencing using PureLink Genomic DNA Mini Kit 

and the samples were then sequenced on an Illumina MiSeq v3 

platform. Data was processed and high resolution mass 

spectrometry using Xcalibur software identified lipid species 

using an in house database as well as online lipid maps and metlin 



lipid database with an MS tolerance of 10ppm. In the daptomycin-

sensitive E. faecalis strain OG1RF, the following proteins were 

identified 17 PGs, 8 lysyl-PGs (LPGs), 23 cardiolipins (CL), 3 

glycerophospho-diglucosyl-diacylglycerols (GPDGDAG), 5 

diglucosyl-diacylglycerols (DGDAG), 3 diacylglycerols (DAGs), 

and 4 triacylglycerols (TAGs). This study quantified PG and 

shows how PG levels vary during the growth of E. faecalis. This 

study also shows that two daptomycin-resistant (DapR) strains of 

E. faecalis have substantially lower levels of PG and LPG levels. 

The study concluded by saying that the lipidome map analysis of 

the membrane phospholipids and glycolipids are altered by the 

organisms according to its need which is directly linked to its 

antimicrobial resistance.[14] 

5. A study was conducted to evaluate the in vitro effects of 

endodontic irrigants on endotoxins in root canals. Ninety-eight 

single-root human teeth were used. Escherichia coli endotoxin 

was inoculated into 84 root canals. All root canals were enlarged 

and assigned to 7 groups (n-14), according to solution used. G1: 

2.5% NaOCl; G2: 5.25% NaOCl; G3: 2% chlorhexidine; G4: 

0.14% calcium hydroxide; G5: polymyxin B; G6: positive control, 

saline solution; G7: negative control (no endotoxin). Two 

samplings of root canal were accomplished: immediate and after 7 

days. Detoxification of endotoxin was evaluated by Limulus assay 

and antibody production in B-lymphocyte culture. Results were 

analyzed by Kruskal-Wallis/Dunn and ANOVA/Tukey tests.  At 

the immediate and second samplings, groups G4, G5, and G7 

presented the best results, significantly different from groups G1, 

G2, G3, and G6 (P < .05). Calcium hydroxide and polymyxin B 

detoxified endotoxin in root canals and altered properties of LPS 

to stimulate the antibody production by B-lymphocytes. Sodium 

hypochlorite and chlorhexidine did not detoxify endotoxins.[15] 

7 2. Methodology  

A. Study design In Vitro 



B. Study participants 

(human, animals or 

both) 

Mandibular 1st premolars that have been extracted for orthodontic 

purpose. 

 

i. Inclusion criteria 

ii. Exclusion criteria 

iii. Withdrawal criteria, 

if any (trial-related 

therapy, follow-up 

and documentation 

are terminated 

prematurely as it is 

indicated to ensure 

safety of the 

participants)   

iv. Rescue criteria, if 

applicable (starting 

symptomatic 

therapy either to 

control symptoms 

of disease or to 

overcome lack of 

adequate efficacy 

of the study drug or 

placebo)                                                                    

v. Number of groups 

to be studied, 

identify groups 

with definition 

 

Criteria for selection of extracted teeth: 

 

i. Inclusion criteria:  

• Orthodontic extraction of healthy single rooted 

mandibular 1st premolar 

• Teeth with single canal 

ii. Exclusion criteria: 

• Carious teeth 

• Teeth with more than one canal 

• Fractured teeth  

• Cracked teeth 

• Calcified canals  

• Curved canals  

iii. Not Applicable 

iv. Not Applicable 

v.  

Group 1: 2.5% sodium hypochlorite solution. 

Group 2: 1% (w/v) solution of quercetin.   

Group 3: 2% (w/v) solution of quercetin.  

Group 4: 0.2% chlorhexidine solution. 

(NOTE: Non-availability of any material may necessitate a 

replacement by another material). 

 

C. Sampling  

a. Sampling 

population 

b. Sample size 

calculation 

c. Sampling 

a. Required sample size per group = 10 

b. Sample size was estimated based on a study by  

Shagun Sinha et al, 2018, using N Master sample size estimation 

software.  

c. The values taken for mean zone of inhibition for the group of 



technique irrigating solutions under microaerophilic conditions are as 

follows :- 

Standard deviation in group I = 0.96 

Standard deviation in group II = 0.96 

mean difference= 1.33 

effect size = 1.38 

Alpha error (%)= 5 

Power (%)= 80 

Sided = 2 

 

D. Randomization 

details (for 

interventional 

studies)- Intervention 

details with 

standardization 

techniques (drugs / 

devices / invasive 

procedures / 

noninvasive 

procedures / others) 

The tooth samples will be randomly divided into four groups as 

mentioned above. 

E. Ethical Clearance 

from the Institution’s 

Ethics Committee 

Obtained? (Copy to 

be Attached) 

Acquired  



F. Study procedure SPECIMEN PREPARATION: 

Forty freshly extracted single-rooted human teeth will be used in 

the study. Debris, calculus, and soft tissue remnants on the root 

surfaces will be cleaned and all teeth will be stored in saline 

solution until used. The teeth will be sectioned at cemento-enamel 

junction transversely using a water-cooled diamond disc. Working 

length will be  determined.  

Biomechanical preparation will be done up-to #30 K-file, 

followed by irrigation with saline solution for each file used. The 

canals will be dried with sterile paper points and apical region will 

be sealed with light-cured resin composite. The outer surfaces of 

the specimens will be covered with 2 layers of epoxy adhesive  

except the cervical opening.  

STERILIZATION OF SAMPLES: 

All specimens will be sterilized by autoclaving (20 minutes at 

121°C).  

The teeth will then be randomly assigned to cell culture plates, 

with 10 teeth each. The teeth will be fixed with chemically 

activated acrylic resin.  

BACTERIAL STRAINS AND CULTURE: 

 

Enterococcus faecalis strains ATCC 29212 will be inoculated 

from single colonies grown on Brain Heart Infusion (BHI) agar at 

37℃ into BHI broth and will be grown statically overnight for 15-

18 hours for all assays except the in vitro growth phase study. The 

culture will be stored in lab for the microbial analysis. 

TOXINS/LIPID EXTRACTION: 



Lipids will be extracted from ATCC 29212 cell pellets using a 

modified Bligh & Dyer method in which the extraction solvent 

contains chloroform/methanol in a ratio of 1:2 (v/v).  

CONTAMINATION WITH TOXINS: 

Prepared E. faecalis ATCC 29212 toxins will be used for the 

experiments. Under sterile laminar flow, a standard solution 

containing toxins will be inoculated into the root canals of 40 

specimens using a micropipette. Teeth will be sealed with 

pyrogen-free cotton ball and the plates containing the specimens 

will be closed, sealed, and incubated for 24 hours at 37°C in a 

humidified atmosphere.  

EXPERIMENTAL GROUPS : 

After 24 hours, the specimens will be divided into the following 4 

groups (n-10), according to the irrigating solution used.  

Group 1: 2.5% sodium hypochlorite solution.  

Group 2: 1% (w/v) solution of quercetin. 

Group 3: 2% (w/v) solution of quercetin.   

Group 4: 0.2% chlorhexidine solution. 

The cervical sealing will be  removed and all the root canals will 

be  enlarged to a size #45 K-file using step back technique. Canal 

patency will be maintained by recapitulation and irrigation 

according to the groups the teeth are allotted.  

ESTIMATION OF MINIMAL INHIBITORY 

CONCENTRATION OF ALL FOUR IRRIGATING 

SOLUTIONS WITH BROTH MICRODILUTION: 

Irrigating solution will be dissolved in ultrapure water and 



sterilized by filtration. The irrigant stock solution will be then 

further diluted in Brain Heart Infusion (BHI) broth (Acumedia, 

Neogen) supplemented with 50 mg/L Ca2+. Mid-log phase 

bacteria will be diluted to 5 × 105 CFU/mL in a 96-well plate 

containing serial 2-fold dilutions of irrigants or in the absence of 

irrigants as a control. Technical triplicates will be performed. 

After overnight incubation at 37°C, wells will be visually 

examined for presence of bacterial growth. The lowest irrigant 

concentration with no visible bacterial growth will be defined as 

the MIC. All incubations will be static. The standard Mueller 

Hinton Broth (MHB) will not be used because it significantly 

slows growth of E. faecalis ATCC 29212. 

IN VITRO EVOLUTION AGAINST IRRIGANTS: 

The in-vitro evolution protocol used here for E. faecalis ATCC 

29212. For the strain, multiple parallel lines of evolution will be 

performed. The evolution experiment will start at 1:10 dilutions of 

overnight bacterial cultures into fresh BHI broth supplemented 

with calcium at 1.25 mM, and containing irrigants at 

concentrations equivalent of the MIC, 2xMIC and 4xMIC. After 

22 to 26-hours static incubation in 2 mL Eppendorf tubes at 37°C, 

cultures of each line will be examined for visible bacterial growth. 

Bacterial cultures at the highest growth-permissive concentrations 

(HGPCs) will be diluted 10 times into fresh irrigant-containing 

medium at 0.5xHGPC, HGPC and 2xHGPC.  

LCMS-LIQUID CHROMATOGRAPHY MASS 

SPECTROMETRY 

The solution containing the extracted lipids will be stored at -80℃ 

until the mass spectrometry analysis is conducted. 

As a first approach, the lipid profile of E. Faecalis ATCC 29212 

will be obtained through the use of high-resolution mass 



spectrometry. The ATCC 29212 lipid extract will be diluted to 2:1 

(v/v) with solvent containing isopropanol: methanol: chloroform 

(4:2:1, v/v) and 2 mM ammonium acetate. 10 μl of each sample 

will be injected into an LTQ-Orbitrap XL mass spectrometer 

(Thermo Fisher Scientific, USA) using the Advion Nanomate 

interface. The nanospray voltage applied will be −1.35kV in 

negative ionization mode. Mass spectra will be acquired at a 

resolution of 30,000 and 100,000. Product ion scans (PIS) 

involving collision energies between 35 and 45 eV will be used to 

identify α-alkyl chains. 

G. Data collection 

methods including 

settings and 

periodicity 

Data collection – extracted mandibular 1st premolars for 

orthodontic purpose. 

 

Study area – Dharwad-Hubli, Karnataka. 

 

Study period – one year  

 

H. List of statistical tests 

to be used for data 

analysis 

Test of significance :  

Comparison of mean colony forming units and LC-MS. 

Will be summarised as follows :- 

1.Descriptive statistics using mean standard deviation. 

2.Inferential statistics using ANOVA followed by post hoc test. 

I. If it’s a Clinical Trial: 

Clinical Trials 

Registry of India or 

equivalent 

registration number to 

be mentioned 

Not Applicable 

8 3. List risks and benefits of 

the study 

Risks: The present study is not associated with any  risks. 

 

Benefits: Newer and naturally available endodontic irrigating 

solutions can be employed in day to day practice. 
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