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ABSTRACT

Aim: The purpose of this study was to evaluate and compare the antibacterial efficacy of calcium hydroxide medicament, silver (AgNPs) and
cadmium nanoparticles (CASNPs) as medicament against the biofilms of Enterococcus faecalis on dentin sections. E. faecalis is commonly detected
in asymptomatic and persistent endodontic infections.

Methods: Twenty standard size dentin sections were prepared. E. faecalis was inoculated on these dentin sections for four weeks to form the bacterial
biofilm. Twenty dentin sections were segregated into four different groups with five specimens in each group. Group | was kept as control group,
and antibacterial efficacy was tested by treating biofilms with Ca(OH), medicament, 0.02% AgNP and CdSNP gels for 7 days. The ultrastructure
of biofilms from each group was examined under scanning electron microscope and was visually evaluated and compared for different groups.

Results: Ca(OH), exhibited a slight disruption of E. faecalis biofilm. Both AgNP and CdSNP medicaments disrupted E. faecalis biofilm effectively
after 7 days of inoculation. AgNPs disrupted the biofilm more effectively than CdSNPs. Biofilms in control group, which was irrigated with saline,
did not show any disruption of biofilm, which could be seen as homogenous layer over most of dentin sections.

Conclusions: This study suggests that both AGNP and CdNP gels are effective against E. faecalis and can be used as a medicament to eliminate
residual bacterial biofilms during root canal disinfection. AGNP medicament is more effective than CANP, whereas Ca(OH), is not effective
against E. faecalis biofilms.

Clinical significance: Incomplete clearance and the development of antibiotic resistance in E. faecalis are the important factors for failure of
root canal treatment. When cationic nanoparticles are introduced for the treatment of biofilms, it can interact with both extracellular polymeric
substances and bacterial cells. The initial electrostatic attraction between positively charged nanoparticles and negatively charged bacterial
surface leads to bacterial killing via the production of reactive oxygen species. Metal nanoparticles that are effective against E. faecalis have
a significant potential role in the prevention and treatment of such cases, as bacteria do not develop resistance against metal nanoparticles.
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INTRODUCTION

Root canal treatment (RCT) is one of the most important
procedures in dentistry, which lays the foundation for natural
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teeth preservation. It has been seen that many a times, even
a precisely done RCT may fail. The major cause of failure is the
survival of microorganisms in the apical portion of the root-filled
tooth."? While most of the primary endodontic infections are
polymicrobial in nature, the secondary infections are composed of
one or a few bacterial species. Enterococcus faecalis has been one
of the predominant bacteria isolated from the failed root canal.> ™

E.faecalis is a gram-positive facultative anaerobic opportunistic
pathogen. It is highly virulent bacteria, which invades and
survives within dentinal tubules for prolonged periods.” These
also form biofilm on dentin, resist disinfecting agents, and can
survive challenging environments in the filled root canal.®® The
virulence and antibacterial resistance of bacteria result from the
ability of microorganisms to form biofilms.'® Biofilms are bacterial
communities attached to a biotic or an abiotic substrate and
encased in a matrix that may be composed of carbohydrates,
DNA, or proteins. Biofilms not only play an important role in the
pathogenesis of several chronic infections but are also central
to nosocomial infections." Therefore, successful treatment of
infections involves the elimination or significant reduction of
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bacterial biofilms. It has been shown in various studies that
bacterial biofilm persists in the root canals despite thorough
chemo-mechanical disinfection and subsequent root canal
obturation.

Thus, the need to develop advanced antibiotics and other
disinfection systems is felt, which should help in an effective
elimination of biofilms and does not induce bacterial resistance.

The most frequently used intracanal medicament in the
treatment of root canal is calcium hydroxide. It releases hydroxyl
ions, which are responsible for its antibacterial effects by
damaging bacterial cytoplasmic membranes and DNA and protein
denaturation.'” However, the antimicrobial activity of Ca(OH),
can be deactivated by dentin, periapical exudates, and microbial
aggregates, and it does not always eliminate E. faecalis biofilms .53

Recently, various metal nanoparticles have been studied
with reference to their antimicrobial properties, e.g., silver,
titanium, cadmium, alumina, copper oxide, etc., and were found
to be effective antibacterial agents attributed to an electrostatic
interaction between nanoparticles with bacterial membrane and
accumulation in the cytoplasm.'*!> “A nanoparticle (107° m) is
defined as a small object that behaves as a whole unit in terms of
its transport and properties. Nanoscale materials have emerged
up as novel antimicrobial agents owing to their high surface
area-to-volume ratio and their unique chemical and physical
properties.”!

Silver nanoparticles (AgNPs) are established effective
bactericidal agents and have been applied in many healthcare
disciplines. The medical applications of silver as antimicrobial were
declined with the advent of antibiotics.'" In the late 1800s, western
scientists re-discovered what had been known for thousands of
years that silver is a powerful germ fighter. Dr Carl A Moyer, along
with Dr Margraf, the biochemist, re-established the antimicrobial
role of silver in burn patients in the form of 0.5% colloidal silver, after
the invent of nanotechnology in 1959."® Cadmium nanoparticles
(CASNPs) are comparatively new entry and are being studied
for their bactericidal efficacy against various gram-positive and
gram-negative bacteria and were proved to be potent bactericidal
agents.>'® The studies for bactericidal efficacy of CdSNPs against
E. faecalis are still scarce in literature, so this study tries to fill the gap
and compare the already-proved AgNPs with that of CdSNPs against
the most important infected root canal pathogen, i.e., E. faecalis.

The aim of this study was to assess and compare the
antibacterial effectiveness of calcium hydroxide medicament and
AgNPs and CdSNPs against E. faecalis biofilms under the scanning
electron microscope (SEM).

MATERIALS AND METHODS

This in vitro study was done using 10 human single-rooted
mandibular permanent premolar teeth, extracted for orthodontic
reasons. Sample size was based on the feasibility of time and
resources. Unidentified teeth were collected from the Department
of Oral and Maxillofacial Surgery of Dr DY Patil Dental College and
Hospital, Pune, as per the study protocol approved by Institutional
Ethics Committee. The need for informed consent was waived off
in view of in vitro study on non-identified samples. The inclusion
criteria were permanent mandibular premolar teeth, teeth with
intact apices, and no previous restoration, while exclusion criteria
were carious teeth, fractured and restored teeth, and teeth with
open apex.
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Preparation of Dentin Sections

Teeth were decoronated and the apex was removed using a diamond
disk. Teeth were then sectioned vertically into two halves in the
midsagittal plane. Cementum was removed using a diamond bur.
Twenty dentin sections of 4 x4 x 1 mm (length x width x height) sizes
were prepared using diamond disk as described by Wu et al. About 5%
sodium hypochlorite (Prime dental, India) and 17% ethylene diamine
tetraacetic acid (EDTA) (Dent Wash, Prime dental, India) with ultrasonic
activation were used for 4 minutes each to remove the smear layer
from dentin sections. Sterile water was used for 1 minute to rinse the
dentin sections, which were then autoclaved in brain-heart infusion
(BHI) broth (HiMedia, Mumbai, India) at 121°C and 15 Ib pressure for
15 minutes. These sections were then incubated for 24 hours at 37°C
in BHI broth to confirm no contamination of bacteria.

Inoculation of Dentin with Bacteria

E. faecalis (ATCC 29212) was procured from the Department of
Microbiology and plated on blood agar and incubated aerobically
for 24 hours at 37°C. E. faecalis, a single colony, was suspended at
37°Cin sterile BHI broth. These dentin sections were then placed
in 2 mL of suspension in each sterile polystyrene vial having
1% 108 mL™" bacterial concentration. The specimens were incubated
at 37°C for 4 weeks. To confirm bacterial viability and to remove
dead cells, BHI broth was replaced every fourth day.

The specimens were taken out aseptically after 4 weeks. The
sections were then washed with phosphate-buffered saline (PBS)
to clear the culture medium and non-adherent bacteria. Two dentin
sections were scanned to confirm the growth of E. faecalis biofilm
on the dentin surface under SEM.

Preparation of AgNP and CdNP Gel

AgNPs and CdSNP gels were prepared in the concentration of
0.02% w/v. AgNPs and CdSNPs were obtained from NANO LAB,
Jamshedpur, Jharkhand, India, as 0.1% concentration solution.
The solutions were sonicated (Probe Sonicator, PCl Analytics
Pvt. Ltd., India) before use and were five times diluted to achieve
0.02% concentration. To convert this solution into gel with 6% w/w
hydroxyethyl cellulose (HEC) (Ashland, USA), 18.8 g of nanoparticle
solution was mixed with 1.2 g of HEC powder to prepare 20 g
of 0.02% nanoparticle gel. Small portions of HEC were mixed to
nanoparticle solution while continuously stirring it at low speed
by electronic stirrer (Remi Elektrotechnik Ltd., India), till all the
HEC powder is mixed thoroughly. The gel was kept in sterile
glass containers and autoclaved at 121°C and 15 Ib pressure for
15 minutes.

Antibacterial Activity of Ca(OH), Medicament, AgNP
and CdNP Gels

AgNPs and CdSNP gels were tested in 0.02% concentration each,
based on the results obtained with AGNP medicament by Wu et al.

Four groups of five dentin sections each were made out of 20
dentin sections. Group | (control group) received no treatment.
Dentin sections of Group | were examined under SEM (Zeiss, EVO
LS10) to confirm the presence and extent of E. faecalis biofilm.
Calcium hydroxide medicament (UltraCal XS, Ultradent, USA),
AgNP and CdSNP medicament gels were applied to the surfaces of
dentin sectionsin Group I, Ill,and IV, respectively, and kept in sterile
polystyrene vials. These gels were incubated at 37°C for 7 days in
100% humid environment.
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Examination of Dentin Sections under SEM

After 7 days, the samples of Group II, lll, and IV were washed with
5 mL sterile PBS to remove the medicament gel. About 0.5% citric
acid was used to neutralize the dentin sections treated with calcium
hydroxide. The samples of all the four groups (Group I-1V) were
dehydrated using ascending grades of ethanol. Gold sputter coating
of the samples was done in a vacuum evaporator (Quorum Q150T ES)
and examined by a single blinded examiner using SEM (Zeiss, EVO
LS10) at x 2500 magnification (Figs 1A and B to 3A and B). All the
samples were visualized under the same magnification. As SEM
observations were descriptive in nature and did not generate any
numerical data, statistical analysis was not done.

REsuLTs

All the dentin sections of four groups were visually evaluated under
SEMregarding the extent of structural damage to E. faecalis biofilm.
The observation of various study groups showed the following:

« Control group: Figure 1 shows the well-formed E. faecalis biofilm
over untreated dentin sections after 4 weeks of incubation. The
dentin surface can be seen completely covered with biofilm.

+ Calcium hydroxide-treated group: In Figure 2, E. faecalis
biofilm can be seen covering the entire surface of dentin
sections. The biofilm is intact over most of the dentin sections,
except only in Figure 2B, where the biofilm is partly damaged
in some areas.

« AgNP gel-treated group: Figure 3 shows SEM images of dentin
sections treated with 0.02% AgNP gel. The images show bare
dentin surface with clearly visible openings of the dentinal
tubules. There is no E. faecalis biofilm visible on dentin surfaces,
signifying extensive damage to E. faecalis biofilm, with whole of
dentine sections being clear of biofilm.

«  CdSNP gel-treated group: Figures 4A and B exhibit dentin
sections covered with E. faecalis biofilm, showing different
degrees of structural damage. Dentin sections are not free of
biofilm, except only a small area in picture 1H appears free of
biofilm.

Inference

The above findings of visual examination of dentin sections under
SEM suggest that AgNP gel is most efficient in causing structural
damage to E. faecalis biofilm, followed by CdSNP gel, whereas
calcium hydroxide is practically ineffective against E. faecalis
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Figs 3A and B: Dentin samples under SEM (magnification 2500x). Group Ill: Showing completely clear dentin surface with openings of dentinal
tubules and complete clearance of biofilm
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Figs 4A and B: Dentin samples under SEM (magnification 2500x). Group IV: Show partially damaged biofilm covering dentin surface

biofilm.Thus, it can be inferred from this study that AGNPs have the
highest antibacterial efficacy against E. faecalis biofilms, followed
by CdSNPs.

Discussion

Researchers have found E. faecalis as one of the most important
bacteria in teeth with failure of RCT.*~® Growing resistance of
E. faecalis to antimicrobial agents with the formation of biofilms has
been a matter of concern." Successful elimination of bacteria from
treated root canals is essential for recovery. Metal nanoparticles
have been recognized as potent antimicrobial agents without the
development of resistance by microbes."

Calcium hydroxide, introduced by Hermann, has been widely
used in endodontics due to its various biological properties. Its
antimicrobial activity is attributed to high alkalinity (pH 12.5). Lethal
effects of calcium hydroxide on bacterial cells have been observed
only when the substance is in direct contact with bacteria.'?

A number of studies have been done to evaluate the
antibacterial properties of AGNPs and CdSNPs individually.'>19-22
Antibacterial properties of silver have been evaluated against many
bacteria, including bacteria of significance in endodontic infections,
i.e., E. faecalis.>"1*20:23 Although cadmium had been evaluated for
its activity against many other bacteria (Staphylococcus aureus,
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Pseudomonas aeruginosa, Salmonella typhimurium, Escherichia
coli, Klebsiella pneumoniae, Bacillus licheniformis, Bacillus cereus,
Aspergillus flavus, Fusarium oxysporum, Penicillium expansum),
but not against E. faecalis.!>'%?"?> Therefore, this study was
taken up to evaluate and compare the antimicrobial activity of
calcium hydroxide as standard medicament and AgNP and CdSNP
nanoparticles gels against E. faecalis biofilm.

In the present study, calcium hydroxide was not found to
be effective against E. faecalis biofilm on dentin samples. Our
finding is well supported by available literature, which shows the
inefficiency of calcium hydroxide against E. faecalis.'*'*?* Haapasalo
and Orstavik found that calcium hydroxide could not eradicate
E. faecalis from the innermost zones of dentin even after prolonged
incubation.

This study exhibits that both AGQNP and CdSNP gels are effective
against E. faecalis biofilm at a concentration of 0.02%. Lotfi et al.
found nanosilver to be effective against E. faecalis at a concentration
as low as 50 pg/mL.?* Daming Wu et al. tested the efficacy of AgNP
against E. faecalis in the form of (0.1%) solution and (0.02 and 0.01%)
gels.?’ They found that 0.1% AgNP solution could not destroy the
integrity of the biofilm effectively. Although both 0.01 and 0.02%
AgNP gel effectively damaged the biofilm, the proportion of live
bacterial cells was found to be high in dentin sections treated
with 0.01% AgNP gel. Liu et al. observed that AgNPs-PL gel at
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the concentration of 16 and 32 pg/mL can effectively eliminate
E.faecalis biofilm in dentinal tubules.? Krishnan et al. studied MIC and
minimum bactericidal concentration (MIBC) of AGNP (45-50 nm size)
against E. faecalis and found a bactericidal activity at 5mg/mL, whereas
the present study used AgNPs of 20-30 nm size at 0.2 mg/mL.%’
Halkai et al. also found the activity of AgNPs against E. faecalis.?
Bruniera et al. found that AgNPs exhibit better physical propertiesin
HEC, which is used as vehicle in the preparation of gel in our study.?’

The antimicrobial potential of CdS nanoparticles against
S. aureus, S. typhimurium, P. aeruginosa, E. coli, and K. pneumonia
has been evaluated by Kumar et al.”” They found these particles
are effective from the concentration of 0.078-0.83 mg/mL. In the
present study, the concentration of CdSNP falls in the same range
at 0.2 mg/mL (0.02%). Shukla et al. effectively used 0.5 and 1.0%
concentration of CdO nanoparticles against E. coli, which was much
higher than that used in the present study."® The difference may be
due to differences in the methodology and the organism studied.

Comparative evaluation of efficacy of AgNPs and CdSNPs
against E. faecalis was assessed by visual examination of extent of
damage to biofilm. AgNPs gel damaged biofilm more effectively
than CdSNP. CdSNPs damaged the biofilm, but remnants of the
same could be seen on dentin surface.

Limitations of the Study

This study does not evaluate the extent of live or dead bacteria
presentin the biofilm. Further, the toxicity of the AGQNPs and CdSNPs
is not evaluated in the current study.

CoNcLUSION

AgNP and CdSNP gels are effective antibacterial agents against
E.faecalis and can be used as medicament in RCT to prevent failure
due to E. faecalis biofilm. Although calcium hydroxide is used very
commonly in endodontic practice for its activity against many
bacterial strains, it is not effective against endodontically significant
bacteria E. faecalis for practical purposes.

The authors feel that further in vitro and in vivo studies are
required to establish the efficacy and safety of AgNPs and CdNPs.
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