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ABSTRACT

Introduction: Green synthesis of Silver Nanoparticles (Ag NPs) by aqueous extract of Nophapodytes foetida
plant offers biocompatible and cost-efficient substitute for costly and non-biocompatible chemical reducing
agents.

Methods: The crude aqueous extract of Nophapodytes foetida plant bark was used with silver nitrate in the
volume ratio of 1:2 for synthesis of Ag NPs. The mixture was incubated at 40 °C for 1 hr results into synthesis
of Ag NPs, which was further confirmed by characterization. The characterization of Ag NPs was carried out by
UV-Vis Spectroscopy, Scanning Tunneling Microscopy (STM) and Scanning Electron Microscopy (SEM) to
study optical and morphological characteristics, respectively. Studies were also performed for determination
antibacterial activity of Ag NPs against inoculum of Enterococcus faecalis (ATCC: 29212) containing 1@10°
CFU/ mL by anti-well diffusion assay and broth dilution method.

Results: The absorption spectrum of Ag NPs and band gap was found to be at 355 nm and 3.49 eV respectively.
Ag NPs showed cluster morphology on surface at 47.2 nm under STM and rough nuggets like morphology of
Ag NPs with average size range of 25 to 55 nm under SEM.

Conclusion: Ag NPs was found to be effective antibacterial agent at the concentration of 1000 pg/mL against
Enterococcus faecalis predominantly present in the root canal and therefore the Ag NPs based intracanal
medicaments may have applications in endodontics.

*Corresponding author: Email: drkailasdatkhile@outlook.com;
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1. INTRODUCTION

The accomplishment of endodontic treatment relies
upon legitimate instrumentation, powerful water
system and explicit intra-channel prescription and 3-
Dimensional obturation [1]. Intracanal medication is a
crucial step in determining the peri-apical healing in
severely affected cases [2]. Central goal of an
endodontic treatment is to reduce bacterial invasion,
which subsequently promotes normal healing process
of the periapical tissues [3]. The most resistant
microorganism, which is often encountered in failure
of root canal in primary and secondary endodontic
infections is E.faecalis which is a normal inhabitant of
oral flora [4]. The bacterial cells can penetrate into
dentinal tubules and forms the biofilm which is very
difficult to eleminate either by chemomechanical
methods or by irrigation [5]. It resists intracanal
medicaments by maintaining pH homeostasis.

The endodontic sickness is biofilm-intervened
contamination and consequently, end or critical
decrease of bacterial biofilm is a fundamental
component for  fruitful endodontic  therapy.
Nonetheless, clinical investigations have shown that
even after fastidious chemo-mechanical sanitization,
bacterial biofilm may, in any case, persevere in the
root canal system [6].

Conventional strategies for water system and
medicaments are not successful against E. Faecalis.
Sodium hypochlorite is the most normally utilized
intracanal drug during root trench techniques. The
antimicrobial movement of Sodium hypochlorite can
be inactivated by dentin, exudate from the periapical
territory, and microbial biomass. Likewise, it doesn't
generally wipe out E. faecalis biofilms from the root
waterway framework. Hence, it is compulsory to
create compelling elective medicaments.

As of late, nanoparticles have been utilized in
numerous medical services applications as a result of
having an expansive range of antimicrobial
movement. Nanoparticles show different antibacterial
components, for example, adherence and infiltration
into the bacterial cell divider, prompting the
deficiency of honesty of bacterial cell member and
cell wall porousness [7].

The silver nanoparticles have broad-spectrum
antibacterial potential and can effectively inhibit the
bacterial biofilm [8]. Silver nanoparticles (AgNPs)
found to have antibacterial viability by harming the
cell layers, invigorating the arrival of ROS
(responsive  oxygen  species), shaping free
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revolutionaries with an amazing bactericidal activity,
and destabilizing the outer membrane composition
[9,10]. AgNP arrangement has been recommended as
an option in contrast to endodontic treatment for its
bactericidal potential as well as for its
biocompatibility, especially in lower focuses.
Considering this the point of the current investigation
was to assess the antibacterial and antibiofilm
movement of Ag NPs in contrast with sodium
hypochlorite against E. faecalis.

2. MATERIALS AND METHODS

2.1 Synthesis and Characterization of

Silvernano Materials

ImM silver nitrate was used to synthesize the Ag
NPs. The crude aqueous extract of Nophapodytes
foetida plant bark was used as a reducing agent for
reduction of silver nitrate in the volume ratio of 1:2.
The one-part extract was added into the silver nitrate
solution and incubated at 40°C for 1 hr. The resultant
precipitate was centrifuged at 5000 rpm for 15
minutes followed by washing and drying the pallet at
60°C for 24 hrs. The optical, structural and
morphological features of resultant Ag NPs were
characterized by UV-Vis spectroscopy, STM and
SEM for identifying their optical and morphological
information.

2.2 Qualitative Estimation of Antibacterial
Activity of NPs

The antibacterial action of AgNPs was tried by agar
well dispersion examine (AWDA) [11], on
Enterococcus faecalis (ATCC: 29212) found in the
root channels. The supplement agar plates were
spread immunized with for the time being developed
bacterial culture. The blended AgNPs were scattered
in sterile DI water to make a colloidal arrangement of
nanomaterials. On the outside of agar plates, wells of
8 mm in distance across and of 25 pL in limit were
shaped by utilizing a sterile gel drill. The 20 pL of
NPs suspension was set in each well and brood all
plates at 37 °C for 24 hours.

2.3 Determination of Minimum Inhibitory
Concentration and Minimum Bactericidal
Concentration (MIC & MBC)

MIC and MBC are the most reduced centralization of
AgNPs repress development > 3 logs of bacterial
cells. The bactericidal exercises of Ag NPs were
performed by plate tally technique on supplement



agar plates (in the fixation scope of 125 pg/mL - 1000
pg/mL). The test culture of conclusive cell thickness
of 1@105 CFU/mL was utilized for spread
immunization. The plates were hatched at 370 C for
24 hours and ensuing development hindrance of
bacterial culture was resolved.

2.4 Bacterial Inoculation of Specimens

E. faecalis (ATCC 29212) was vaccinated on a
supplement agar plate and hatched at 37°C for 24
hours. A solitary settlement of FE. faecalis was
suspended in clean supplement stock at 37°C for 24
hours. Cleaned dentin examples were set in sterile
cylinders containing 3 mL of E. faecalis culture of
conclusive cell thickness of 1@105 CFU/mL in
supplement stock. The examples were brooded at 37
°C for about fourteen days. The supplement stock was
supplanted each week to eliminate dead cells and to
guarantee bacterial reasonability. Followed by
brooding, the examples delicately flushed with sterile
phosphate-supported  saline (PBS) in aseptic
conditions to eliminate the way of life medium and
non-disciple microscopic organisms. Four dentin
segments haphazardly chose were seen by a confocal
laser examining microscopy (CLSM) to confirm the
presence of biofilms on the dentin surfaces.

3. RESULTS AND DISCUSSION

3.1 Characterization of AgNPs

The characterization of synthesized powder was
carried out to scrutinize the optical and morphological
properties of Ag NPs. UV-Vis range of orchestrated
nanomaterials was acquired by UV-Vis spectroscopy
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(Thermo Scientific UV-10) and its optical band hole
was determined [12]. The surface morphology of the
powder was observed by Scanning Tunneling
Microscopy (STM) [13]. For understanding
morphology size and shape of the material Scanning
Electron Microscopy (SEM) was used [14]. UV-
visible spectroscopy has been extensively used to
understand optical properties of materials. It was
evident that the maximum absorption (A ) of Ag
NPs found to be at 355 nm and band gap calculated
was 3.49 eV (Fig. 1).

The STM picture of AgNPs shows the packed surface
morphology at 47.2 nm distance (Fig. 2). The line
graph of Ag NPs indicates the sample mounting and
tip position was properly achieved and had good
tunneling contact.

SEM of Ag NPs clearly shows the rough nuggets like
morphology of Ag NPs with average size range of 25
to 55 nm (Fig. 3).

3.2 Qualitative Estimation of Antibacterial
Activity of Ag NPs

The antimicrobial movement of Ag NPs suspension of
1000 pg/mL focus was tried on E. faecalis and found
to have antibacterial action (Fig. 4). In present study,
Ag NPs showed a significant zone of inhibition
against E. faecalis due to the proper diffusion of
nanoparticles in the surrounding medium. The
significant boundary of AgNPs antibacterial
movement against bacterial cell is the surface territory
which can reasonably deliver Ag+ all through
microscopic organisms [15]. The arrival of Ag+
particles from Ag NPs is answerable for the
antibacterial action [16,17].
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Fig. 1. UV-Vis spectroscopy of Ag NPs
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Fig. 4. Antagonistic activity ofAg NPs against Enterococcus faecalis
(Note: PC- Positive control (2% sodium hypochlorite), NC- negative control and Ag NPs- silver nanoparticles)

Table 1. Quantitative determination of 3.3 Determination of MIC & MBC
antibacterial activity of Ag NPs against E. faecalis

The MIC and MBC of Ag NPs were determined by

Conc. of NPs Enterococcus faecalis (CFU)  treating  Enterococcus — faecalis  with  different
Culture Control 2.21X10° concentration of nanomaterial suspension in the range
125 pg/mL 1.1 X10° of 125 pg - 1000 pg/mL (Table 1).

250 pg/mL Nil

500 pg/mL Nil The MIC and MBC of Ag NPs was discovered to be
1000 pg/mL Nil 125 pg/mL and 250 pg/mL, individually for
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Fig. 5. CLSM images of E. faecalis biofilms before and after exposure of Ag NPs
(a) Control and (b) Ag NP solution (green fluorescence is indicating biofilm)

E. faecalis. As per the reports the antibacterial action
of AgNPs is because of the expanded creation of
Reactive Oxygen Species (ROS) and free extremist of
H202, O" 2, - OH, HOCI and[O] [15,18,19], which
prompts lipid peroxidation, consumption of
glutathione (GSH) and DNA harm [20,21]. The
aftereffects of this investigation might be relevant to
define intracanal medicament with AgNPs or into the
irrigant arrangements and intracanal medicaments for
oral wellbeing.

3.4 CLSM of Biofilm Reduction

The heavy biofilm grown by E. faecalis on dentin
surface was detected in control group (Fig. 5(a)).
There was significant biofilm reduction was observed
in specimen treated with Ag NPs suspension (Fig.
5(b)). Mallya L, Jathanna V (2019), reported the
parallel method for evaluation of endodontic
microflora [22]. Ambulkar S. et al, (2019) used
crystal violet staining method for evaluation of
biofilm inhibition [23]. The nano silver-graphene
oxide system has been reported to use to inhibit
biofilm on tooth surfaces [24].

4. CONCLUSION

The Ag NPs orchestrated by green amalgamation
strategy ~was  discovered to be powerful
antibacterial specialist against E. faecalis. The MIC
and MBC of Ag NPs was discovered to be 125 pg/mL
and 250 pg/mL separately for E. faecalis. In this way,
Ag NPs can be utilized in irrigant answers for better
forecast of root trench treatment against
E. faecalis.
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