
Submitted 9 January 2021 
Accepted 31 May 2021 
Published 30 June 2021 

Corresponding author 
Sanjay Miglani, smiglani@jmi.ac.in 

Academic editor 
Jack Leo 

Additional Information and 
Declarations can be found on 
page 14 

DOI 10.7717/peerj.11653 

@) Copyright 
2021 Miglani and Tani-Ishii 

Distributed under 
Creative Commons CC-BY 4.0 

OPEN ACCESS 

Biosynthesized selenium nanoparticles: 
characterization, antimicrobial, and 
antibiofilm activity against Enterococcus 
faecalis 
Sanjay Miglani1 and Nobuyuki Tani-Ishii2 

1 Department of Conservative Dentistry & Endodontics, Faculty of Dentistry, Jamia Millia Islamia 
University, Delhi, India 

2 Department of Pulp Biology and Endodontics, Graduate School of Dentistry, Kanagawa Dental 
College, Yokosuka, Kanagawa, Japan 

ABSTRACT 
Background: Control over microbial growth is a crucial factor in determining 
the success of endodontic therapy. Enterococcus faecalis is the most resistant 
biofilm-forming species leading to endodontic failure . Hence, the current researches 
are directed towards discovering materials with superior disinfection properties and 
lesser cytotoxicity. This study aimed to synthesize and characterize biogenically 
produced Selenium Nanoparticles, and to evaluate the antimicrobial and antibiofilm 
efficacy, against Enterococcus Faecalis, for the following test groups: Group I: 
Distilled water (control), Group II: SeNPs (1 mg/ml), Group III: Calcium hydroxide 
(1 mg/ml), Group IV: 2% Chlorhexidine gluconate (CHX), Group V: 5.25% Sodium 
hypochlorite (NaOCl). 
Materials and Methods: Selenium nanoparticles were derived using fresh guava 
leaves (Psidium guajava) and were characterized. The antibacterial efficacy against 
E. faecalis was evaluated by agar well diffusion method. The antibiofilm efficacy of 
the test groups was observed by viable cell count, antibiofilm assay, and Anthrone 
and Bradford's tests. The morphology of the biofilms was analysed using the 
Scanning Electron Microscope and Fourier Transform Infrared spectroscopy. 
Results: Antibacterial and antibiofilm efficacy of all tested solutions showed superior 
antibacterial and antibiofilm efficacy when compared to the control group. Overall, 
SeNPs ( Group II) was the most effective against E. faecal is biofilm, followed by 
NaOCl (Group V), CHX (Group IV), and Ca(OH)z (Group III). 
Conclusion: Biogenically produced SeNPs emerged as a novel antibacterial and 
antibiofilm agent against E. faecalis. This nano-formulation demonstrates the 
potential to be developed as a root canal disinfectant combating bacterial biofilm in 
endodontics after the results have been clinically extrapolated. 
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INTRODUCTION 
Endodontics is a branch of dentistry that deals with the diseases and treatment of tissues 
inside the roots of a tooth. The success of endodontic therapy depends on many factors, 
and amongst them, cleaning and shaping of the root canals and control over microbial 
growth are the most crucial factors. The types of bacteria in the endodontic space can 
be either facultative anaerobes or aerobes and some could be resistant species. Enterococcus 
faecalis is one of the main microorganisms associated with endodontic failures (Dioguardi 
et al., 2019). Its resistance to normal disinfection protocols is incurred due to its ability 
to form a biofilm, grow in resistant environments without oxygen, sustain in pH as alkaline 
as 11.5 and in temperatures as high as 60 °C, to overpower lymphocytes action, to 
grow in areas difficult to reach by instrumentation, due to its ability to express genes and 
activate different metabolic pathways under stress conditions (Jhajharia et al., 2015; 
Prada et al., 2019). 

"A biofilm is an assemblage of microbial cells that is irreversibly associated (not 
removed by gentle rinsing) with a surface and enclosed in a matrix of primarily 
polysaccharide material" (Donlan, 2002). The current disinfection strategies are based 
on the effective use of disinfectants like Sodium hypochlorite (NaOCl), Chlorhexidine 
gluconate (CHX), Calcium hydroxide (Ca(OH)z), etc. for the elimination of microbes and 
their biofilms in the root canal system. However, a failure rate of 15-32% persists for 
primary root canal treatment due to several reasons (Prada et al., 2019; Ng et al., 2007). 

To conquer the shortcomings of current disinfection strategies, many novel materials 
like nanomaterials are being tested for their antimicrobial and antibiofilm efficacy. 
N anoparticles (NPs) that fall in the range of 1-100 nm, have a greater surface area, charge 
density, chemical reactivity, ability to interact with the bacterial cells, and thus enhanced 
antimicrobial activity due to the generation of free metal ion toxicity or reactive oxygen 
species (Khezerlou et al., 2018; Nisar et al., 2019). Due to their antibacterial properties, 
many nanoparticles are being tested to be used as irrigants, gels, medicaments, or additives 
to sealers and restorative materials in the field of endodontics (Shrestha & Kishen, 2016). 

The synthesis of nanoparticles could be by physical, chemical, or by biological 
means. The biological method, also known as green synthesis, uses plants, fungi, and 
bacteria to synthesize nanoparticles and offers the advantage of being eco-friendly, less 
toxic, and economical as compared to other methods of production (Ingale & Chaudhari, 
2013). Chitosan, bioactive glass, silver, quaternary ammonium polyethyleneimine 
nanoparticles (QPEINPs), zinc oxide are amongst the few nanoparticles which have been 
tried in endodontics (Samiei et al., 2016). 

Selenium is an essential micronutrient in biological systems. Due to its antimicrobial, 
anticancer, antioxidant effects, SeNPs have many nanomedicine applications, and their 
cytotoxicity is lower than most commonly used silver nanoparticles (Hosnedlova et al., 
2018; Chudobova et al., 2014). Selenium nanoparticles have been used in biomedical fields 
but their antimicrobial potential in endodontics yet to be explored. Amongst the chemical 
methods of synthesis, SeNPs are synthesized from selenite or selenous acid reduction 
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by agents such as glutathione (GSH), hydrazine, sodium borohydride (NaBH4), stannous 
chloride (SnC12), L-cysteine, ascorbic acid, sodium thiosulfate (Na2S20 3), and sodium 
dodecyl sulfate (SDS) (Stroyuk et al., 2008). Since, chemical methods are expensive, not 
ecofriendly, and may subject the particles to photo corrosion, greener methods of synthesis 
are sought after. Various plants and microbes have been used for the biological synthesis of 
Selenium nanoparticles (Murugesan, Nagaraj & Sunmathi, 2019; Piacenza et al., 2017). 
This study aimed to characterize biogenically produced Selenium nanoparticles, derived 
from fresh guava leaves (Psidium guajava), and evaluate its antimicrobial and antibiofilm 
efficacy against Enterococcus faecalis in comparison with Calcium hydroxide, 2% 
Chlorhexidine gluconate, 5.25% Sodium hypochlorite, and distilled water (control). 

MATERIALS AND METHODS 
The study proposal was approved by the Institutional Internal Research & Review 
Committee (Protocol No. FOD/IRRC/24/2019/F/11092019). 

Chemicals 
Guava leaves (Psidium guajava) were gathered from the university campus. Sodium 
selenite salt (Sigma Aldrich, Bangalore, India), Blood Agar (Base) (Merck Mumbai, India), 
Defibrinated Sheep Blood (Thermo Fisher Scientific, Mumbai, India), 2% Chlorhexidine 
gluconate (Cerkamed, Stalowa Wola, Poland), 5.25% Sodium hypochlorite (Cerkamed, 
Stalowa Wola, Poland), and Calcium hydroxide (Prevest Denpro, Jammu, India) were used 
in the study. The rest of the chemicals used were of scientific grade. 

Biosynthesis of SeNPs 
Biosynthesis and purification of selenium nanoparticles were carried out as described 
earlier (Alam et al., 2019). In brief, the guava leaves (10 g) that were plucked fresh from 
campus, were washed thoroughly with water. They were then cut and boiled in 100 ml 
of 60% ethanol for 2 min, followed by filtering through Whatman filter paper. The mixture 
was then diluted with distilled water to a 1: 1 ratio. 900 ml of fresh aqueous sodium 
selenite (25 mM) was used to synthesize SeNPs by incubating it with 100 ml of guava leaf 
extract at 60 °C. It was then centrifuged at 13,280 RCF for 20 min to separate the SeNPs. 
Lastly, the pellet with SeNPs was washed with distilled water thrice and then air-dried. 

Characterization of nanoparticles 
Characterization of the nanoparticles was done with the following techniques: 

UV-Vis Spectrophotometer 
The formation of Selenium nanoparticles (SeNPs) in the samples was supervised by 
gauging the UV-Vis spectra of the reaction medium. The UV-Visible spectroscopy of 
Selenium nanoparticles (SeNPs) was done using a Mecasys Optizen 3220 UV 
spectrophotometer. 

Dynamic light scattering (DLS) 
Spectroscatterer RiNA, GmbH class3B was used to measure the DLS of the samples. 
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Transmission electron microscopy 
JEOL model JEM-2000FX instrument was used at an accelerating voltage of 200 kV to 
carry out the TEM analysis of SeNPs, as described earlier (Mazumder et al., 2020). 
Elemental analysis was done by an EDX (Model EV0-40; ZEISS, Jena, Germany) spectrum 
by placing SeNPs on a carbon-coated copper grid. 

X-ray diffraction 
XRD pattern was recorded on Bruker D8 advance diffractometer, over a wide range of 
Bragg angles (20° ::<::: 20 ::<::: 80°), using Ni-filtered Cu-Ka X-rays of wavelength(,\) = 1.54056 
A. The raw data obtained, at the scanning rate of 0.05° /s, and subjected to the background 
correction and Ka2 reflections were removed using a normal stripping procedure. 

Antibacterial activity 
Microorganism, culture conditions, and test groups 
Bacterial strains were procured from Microbial Type Culture Collection (MTCC), Institute of 
Microbial Technology (Chandigarh, India). Enterococcus faecalis (MTCC 439) were cultured 
in luria broth and blood agar base with 5% defibrinated sterile sheep blood. Cells were 
maintained at 37 °C. The antimicrobial and antibiofilm efficacy against Enterococcus faecalis 
were evaluated for the following test groups: Group I: Distilled water (control), Group II: 
Selenium nanoparticles (1 mg/ml), Group III: Calcium hydroxide (1 mg/ml), Group IV: 2% 
Chlorhexidine gluconate (CHX), Group V: 5.25% Sodium hypochlorite (NaOCl). 

Minimum inhibitory concentration {MIC) 
The microdilution method as reported previously, using 96-well microdilution plates, was 
followed for determining the MIC values to evaluate the antimicrobial activity of SeNPs 
(Wikler, 2006). 

The agar diffusion test or Bauer-Kirby test 
The antibacterial activity of different test groups ( Group I-V) was evaluated against 
Enterococcus faecalis by the agar diffusion method, according to the standard protocol 
(Bauer et al., 1966). Fresh cultures (0.2 ml) of bacterial strains were inoculated into 5 ml of 
sterile luria broth separately and incubated for 3-5 hr to standardize the culture to 
McFarland standards (106 CFU/ml). A total of 100 µl of revived cultures were added on a 
blood agar base with 5% defibrinated sterile sheep blood and poured on three replicate 
plates. Five paper discs (6 mm), each saturated with one of the test solutions were placed 
on the agar plates. The paper discs were saturated with one of the test solutions: 10-40 µl 
of graded concentration of SeNPs, 20 µl of 5.25% NaOCl, 20 µl of 2% CHX, 20 µl of 
Ca(OHh (1 mg/1 ml) and 20 µl of Distilled water as described earlier (Davis, Maki & 
Bahcall, 2007). All the experiments were performed thrice in triplicate. 

Antibiofilm activity 
Antibiofilm assay 
The antibiofilm activity was studied against Enterococcus faecalis. For biofilm formation, 
the cells were cultured in luria broth. In this luria broth, 0.2 ml of fresh bacterial cell 
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cultures were inoculated and incubated at 37 °C to standardize the culture to McFarland 
standards (106 CFU/ml). The cell culture (10 ml) was then treated with different test 
groups (Group 1-V) and incubated at 37 °Cina shaker-incubator, kept at 180 RPM. 
A total of 500 µl of 1 mg/ml SeNPs, 500 µl of the rest of the test group were taken, without 
altering the concentration as received. The control bacterial cell culture group was 
incubated for the same time without any treatment. The biofilm formation was monitored 
visually in all the incubated cultures for 48 hrs. Later, the biofilms were centrifuged and 
washed with 1 x PBS buffer thrice. The biofilms in both control and test groups were 
stained with crystal violet-1 % ( CV) and kept for 10 min. After incubation, the biofilm was 
washed several times with distilled water to remove the free dye. Finally, the CV infused 
decolouring solution was transferred to a clean 96 well plate with appropriate blanks 
(biofilms without any treatment) to be assessed for absorbance at 530-600 nm, with a 
Multiskan™ FC Microplate reader (O'Toole, 2011 ; Molobela, Cloete & Beukes, 2010). 

Percentage reduction of biofilm = [(C-B)-(T-B)) / (C-B)] x 100% 

where: B denotes, the average absorbance per well for blank (no biofilm, no treatment); C 
denotes the average absorbance per well for control wells (biofilm, no treatment) and T 
denotes the average absorbance per well for treated wells (biofilm and treatment). 

Viable cell count 
Viable cell count was analysed during the process of formation of the biofilms. Five ml 
(106 CFU/ml) of the bacterial cell was used for biofilm formation (as described in 
"Antibiofilm Assay"). A total of 500 µl of 1 mg/ml SeNPs, 500 µl of the rest of the test 
group were taken, without altering the concentration as received, added to the bacterial 
sample. 2.5 ml of aliquot was taken out at different intervals of time (0 hrs, 24 hrs, 48 hrs) 
and optical density was analysed at 600 nm. To separate the biofilms from the aliquot, 
the sample was continuously vortexed for 2 min at a slow speed, which leads to the settling 
down of biofilms. One ml of aliquot was taken from the supernatant and absorbance 
was taken to measure the viable cells. The experiments were performed in three replicates 
and the result presented was the average of the three replicates. 

Characterization and morphological analysis of biofilm 
Biofilm formation took 48 hr, the test groups were mixed with cell culture that was kept for 
biofilm formation. After 48 hr samples for both FTIR and SEM were taken and further 
processing was carried for sample analysis. The carbohydrate and protein concentrations 
of treated and untreated biofilms were analysed by Anthrone and Bradford assay method, 
respectively (Bradford, 1976; Dreywood, 1946), and the reduction in their content was 
measured by Fourier Transform Infrared spectroscopy. The spectrum of the treated and 
untreated 48 hr old biofilm of E. faecalis was analysed on a Perkin-Elmer FTIR 
spectroscopy using KBr pellets. Biofilm materials were powdered and added to KBr to 
form pellets. To obtain a good spectra, 32 scans were taken in the frequency range of 
600-4,000 cm- 1 at a 4 cm- 1 resolution. The morphological changes in biofilms after the 
treatment with different test groups ( Group 1-V) were investigated by using a Zeiss EVO 
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40 (Oberkochen, Germany) microscope at 20 kV. Samples for SEM were prepared as 
described by an earlier study (Mazumder et al., 2019). 

Statistical analysis 
The result presented for all the antibacterial and antibiofilm assays is the mean from three 
replicates ± SD. The ANOV A test with repeated measurements and Student paired 't' test 
was conducted to analyse significant differences. Statistical significance was taken as 
p = <0.05. The data were analysed by SPSS statistical software version SPSS 24.0. 

RESULTS 
Characterization of SeNPs (Figs. 1 & 2) 
The formation of SeNPs was confirmed with ultraviolet (UV)-visible spectroscopy, in 
which the strong absorbance peak was observed at 388 nm (Fig. lA). Control represents 
guava leaf extract in distilled water. The dynamic light scattering technique was carried out 
to measure the hydrodynamic radius and stability of SeNPs. The observed size in DLS 
was in the range from 40-150 nm (Fig. lB). The particle size distribution of the selenium 
nanoparticles was determined by the polydispersity index (PDI), and PDI was found to be 
0.30, suggesting a narrow size distribution of SeNPs. Zeta potential, which indicates the 
stability of nanoparticles and their ability to adhere to cell membranes, was found to be 
-60(m V), which indicates excellent stability of the colloidal dispersion, and a negative 
charge indicates a good adherence potential to a positively charged component of cell 
membranes. The particle size and surface morphology of the SeNPs were further 
confirmed with the help of TEM which revealed the particles were spherical and ranged 
from 30-50 nm (Fig. lC). The EDX profile showed a strong Se signal (Fig. 2A), which 
suggests SeNPs obtained were of high purity and were crystalline in nature. The crystalline 
nature and purity of nanoparticles were also determined using powder X-ray diffraction 
technique (Fig. 2B). The peaks were observed at 23.3 (100), 29.6 (101), 43.5 (012), and 
49.05 (201) which are in agreement with JCPDS file no. #73-0465. The biomolecules 
present in the plant leaf extract could have caused the unassigned peaks (*) in the XRD 
data. 

Antibacterial and antibiofilm efficacy 
The antibacterial property of SeNPs along with different test conditions in solid media 
was evaluated by disk diffusion assay. The results presented are the mean from three 
replicates (Table 1). The mean zone of inhibition (mm) was lowest in Ca(OH)z (6.83), 
followed by CHX (13.00), NaOCl (14.67), and higher in different concentrations of 
SeNPs (11.33, 16.50, 21.00 and, 28.50). The differences in the mean zone of inhibition 
under different treatment conditions were significantly different (p < 0.05) against control. 
Guava leaf extract and the precursor salt i.e., sodium selenite did not show any zone of 
inhibition, which suggests that the antibacterial property was only due to the interaction 
of SeNPs with the bacterial cell, and not due to any other entities that were used 
during the synthesis procedure. The MIC80 of SeNPs against E. faecalis, was found to be at 
25 µg/ml (Table 2). 
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Figure 1 Characterization of SeNPs: (A) Ultraviolet spectroscopy, (B) dynamic light scattering and 
(C) transmission electron microscopy. Full-size ~ DOI: 10.7717/peerj.11653/fig-1 

• 
550.0 

450.0 

§ 3!10.0 

_j:• 250.0 .i 
_! 150.0 

50.0 '---------------
20.0 25.0 30.0 35.0 40.0 45.0 50.0 

2- Theta Scale (degree) 

Enc~ (Kr\l) 

Figure 2 Characterization ofSeNPs: (A) Energy-dispersive X-ray spectroscopy and (B) X-ray powder 
diffraction (XRD). Full-size ~ DOI: 10.7717/peerj.11653/fig-2 

The antibiofilm efficacy of the test groups was observed by Multiskan ™ FC Microplate 
reader. The mean percentage decrease in growth of biofilms compared to control was 
highest in SeNPs, followed by NaOCl, CHX and was lowest in Ca(OHh (Fig. 3). 
The decrease in growth was highly significant (p < 0.001) in all test groups compared to 
control in antibiofilm assay test. It was observed that SeNPs, inhibited 65% growth of the 
biofilms (35% biofilm remaining) . 

The ability of different groups to inhibit biofilm formation by E. faecalis was evaluated 
by counting the viable bacteria within the biofilm (Fig. 4). The percentage of viable cells at 
24 hr, was highest in biofilms of Ca(OHh (72.20%) followed by CHX (30.03%), NaOCl 
(27.09%), and lowest was in SeNPs (21.38%), compared to control (89.06%). The mean 
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Table 1 Disk diffusion assay of different test groups against Enterococcus faecalis. 

Group Test conditions Concentrations (µl) Zone of inhibition (mm) 
(Mean &SD) 

Control 20 
2 SeNPs (1 mg/ml) 10 11.33 (± 0.57) 

20 16.50 (± 0.50) 

30 21.00 ± (1.00) 

40 28.50 ± (0.50) 

3 Ca(OH)i (1 mg/ml) 20 06.83 ± (0.28) 
4 CHX 20 13.00 ± (1.00) 

5 NaOCl 20 14.67 ± (0.57) 

6 Guava leaf extract 20 

7 Sodium selenite (25 mM) 20 

Table 2 MI CS0 of biosynthesised SeNPs against Enterococcus faecalis. 

Compounds 

SeNPs 

Guava leaf extract 
Gentamycin 

120 

100 
,,.... 
""$. 80 = 0 ·.= 

60 
0 

8 40 IE 
0 
i$ 

20 

0 

Test Groups 

MIC80(µg/ml) 
Enterococcus f aecalis 

25 

17 

Figure 3 Antibiofilm efficacy of different test groups against E. faecalis biofilms. NS represents 
non-significant difference, whereas * represents significant difference as compared to control at 
p < 0.05. Full-size DOI: 10.7717 /peerj.l 1653/fig-3 

percentage of viable cells was significant (p < 0.05) in all biofilms (SeNPs, Ca(OH)z, CHX, 
and NaOCl) compared to control (distilled water) at 24 hr. The percentage of viable cells at 
48 hr, was highest in biofilms of Ca(OH)i (58.10%) followed by CHX (19.15%), NaOCI 
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Figure 4 Viable cell percentage of different test groups against E. f aecalis. 
Full-size ~ DOI: 10.7717/peerj.11653/fig-4 

Table 3 Carbohydrate and protein content of the Enterococcus faecalis biofilms treated with various 
test groups. 

Anthrone assay biofilm 

Carbohydrates (µg/mL) (Mean & SD) 

Control 

SeNPs 

Ca(OH)i 
CHX 

NaOCI 

31.33 (± 0.62) 

08.37 (± 0.20) 

28.21 (± 0.07) 

17.26 (± 0.08) 

10.23 (± 0.07) 

Bradford assay 
Biofilm 
Proteins (µg/mL) 
(Mean &SD) 

17.99 (± 0.2 1) 

05.19 (± 0.17) 

16.05 (± 0.20) 

10.29 (± 0.15) 

08.52 (± 0.04) 

(17.00%), and lowest was in SeNPs (12.13%), compared to control (96.16%). The mean 
percentage of viable cells was significant (p < 0.05) in all biofilms (SeNPs, Ca(OH)z, CHX, 
and NaOCl) compared to control (distilled water) at 48 hr. 

The carbohydrate and protein content of the biofilms, with different test groups, were 
analysed by biochemical methods, Anthrone and Bradford tests (Table 3). The mean 
percentage reduction of carbohydrates contents in biofilm compared to control (31.33 
(± 0.62)) was highest in SeNPs (08.37 (± 0.20), 73%), followed by NaOCl (10.23 (± 0.07), 
67.30%), CHX (17.26 (± 0.08), 44.87%) and the lowest was in Ca(OH)z (28.21 (± 0.07), 
9.92%). The reduction was highly significant (p < 0.001) in all test groups compared to 
control under the Anthrone assay test. The mean percentage reduction of protein 
contents in biofilm compared to control (17 .99 (± 0.21)) was highest in SeNPs ( 05.19 
(± 0.17), 71 %), followed by NaOCl (08.52 (± 0.04), 52%), CHX (10.29 (± 0.15), 43%) 
and lowest was in Ca(OH)z (16.05 (± 0.20), 10.70%). The reduction of protein contents 
was highly significant (p < 0.001) in all test groups compared to control under the Bradford 
assay test. There was approximately 73% and 71 % decrease in carbohydrate and 
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Figure 5 SEM image of E.faecalis biofilm (48 hr old) treated with different test groups: (A) Control, (B) SeNPs, (C) Ca(OHh, (D) CHX and 
(E) NaOCI. Full-size ~ DOI: 10.7717/peerj.11653/fig-5 

protein content in the SeNPs group, respectively, as compared to control pointing towards 
a good antibiofilm efficacy. 

The morphology of the biofilms was analysed using scanning electron microscopy 
(SEM), as shown in Fig. 5. The three test groups SeNPs, NaOCl and, CHX showed 
significant antibiofilm activity as compared to control and Ca(OH)i which showed 
negligible antibiofilm efficacy as shown in Fig. SA and SC respectively. Further to validate 
the result of SEM & Anthrone and Bradford tests, Fourier-transform infrared spectroscopy 
(FTIR) was carried out (Fig. 6). The FTIR spectra of different vibrations in biofilms 
attribute to the presence of the proteins, mixed regions (ribose, deoxyribose, etc.), and 
carbohydrates and are mainly detected in the three following spectroscopic regions: 
1,600-1,400 cm - 1

, 1,300-1,200 cm - 1
, and 1,200-1,050 cm - 1_ The range of peaks obtained 

from 880 to 1,200 cm- 1 shows the carbohydrate content of the biofilm. Significant 
differences in peaks can be observed between the control and SeNPs treated biofilms in this 
region. Similar differences can be observed in the mixed regions between the control and 
SeNPs treated biofilms, which include 1,200-1,500 cm- 1

. The difference in the pattern of 
Amide I and Amide II peaks between the control and test conditions can also be observed. 
The difference in relative band intensities in spectra between the control and SeNPs treated 
biofilms signifies the change in carbohydrate and protein content in biofilms, which 
was further confirmed by SEM (Fig. 5); the images show that in the control group, the 
biofilm remains intact, whereas, it is scattered and degraded when treated with SeNPs. 
The differences in intensities of various test conditions as compared to the control biofilm 
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Figure 6 FTIR spectra of E. faecalis biofilm (48 hr old) treated with different test groups: (A) Control, (B) SeNPs, (C) Ca(OH)i, (D) CHX and 
(E) NaOCl. Full-size ~ DOI: 10.7717/peerj.11653/fig-6 

result from the various quantitative contents of the above-mentioned compounds. 
The significant difference in intensities of various compounds of biofilms, when treated 
with SeNPs as compared to control, suggests the change in the structural integrity of the 
biofilms. 

DISCUSSION 
There can be many factors responsible for the failure of a root canal treatment and the 
persistence of bacteria in the canals is one of the leading reasons. Some bacteria would 
easily respond to conventional disinfection protocols, but there are a few which would 
be resistant and would lead to failure of endodontic treatment. Enterococcus faecalis, 
Actinomycetes, and Propionibacterium propionicum are the species of bacteria found to be 
most notorious, leading to persistent root canal infections (Dioguardi et al., 2019). Out of 
these, Enterococcus faecalis has been the main suspect in recurrent forms of apical 
periodontitis and thus is the most studied bacteria in the research to conquer the bacterial 
war in the canals. 

Since nanoparticles are more efficient in their antibacterial properties due to reasons 
mentioned before, many are being experimented for their efficacy against this resistant 
Enterococcus faecalis which is also known to survive the most extremes and nutrient-
free conditions. Chitosan, bioactive glass, silver, zinc oxide, quaternary ammonium 
polyethyleneimine are a few nanoparticles that have been tried in endodontics for their 
antibacterial properties (Waltimo et al., 2007; Bruniera et al., 2014; Shrestha et al., 2009; 
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Guerreiro-Tanomaru et al., 2013; Cheng et al., 2012). Silver and ZnONPs have been tried 
against E. faecalis biofilms and 1 % AgNPs and 26% ZnONPs had similar antibiofilm 
efficacy as compared to conventional irrigants (De Almeida et al., 2018). Chitosan 
nanoparticles have also been tried but they require prolonged treatment time for 
antibacterial effects (Shrestha et al., 2010). 

Selenium, which is an essential trace element, in its nano-size has shown good 
antibacterial and anticancer properties (Khurana et al., 2019). Biosynthesized SeNPs, as 
compared to other means of synthesis, have shown low cytotoxicity towards normal cell 
lines making it a preferable material to be used in human studies (Alam et al., 2019; 
Zhang et al., 2005; Zhang, Wang & Xu, 2008). However, its antibacterial and antibiofilm 
efficacy against E. facecalis, so as to be used as a disinfectant in endodontics, has not 
been investigated and thus SeNPs were used in this study. The antibacterial action of these 
NPs is due to their ability to produce reactive oxygen species (ROS), depleting internal 
ATP, and disrupting membrane potential which leads to bacterial cell death (Huang et al., 
2019). Due to their low toxicity and anticancer properties, their therapeutic benefits 
have been proven in many disorders like arthritis, nephropathy, diabetes, and cancer 
(Huang et al., 2013; Kumar et al., 2014; Li et al., 2011 ; Khurana et al., 2019). They have 
been found to be effective against many fungal and bacterial infections like Trichophyton 
rubrum (Yip et al., 2014), Staphylococcus aureus (Huang et al., 2016; Nguyen et al., 2017), 
and E. coli ( Guisbiers et al., 2016). The antibiofilm potential of biogenically produced 
SeNPs has been proven against P. aeruginosa ( Geoffrion et al., 2020), Candida spp 
(Cremonini et al., 2016) and Proteus mirabilis (Shakibaie et al., 2015). Selenium can be 
synthesized by physical means like laser ablation (Franzel et al., 2012), hydrothermal 
methods or ultraviolet radiation, chemical (Hosnedlova et al., 2018; Bartunek et al., 
2016; Zhang et al., 2004; Langi et al., 2010) methods like catalytic reduction, precipitation, 
acid decomposition, and biological methods using plants (Alagesan & Venugopal, 2019), 
fungi (Zare et al., 2013), or bacteria (Piacenza et al., 2017). 

The green methods of synthesis, apart from being economical, have the advantage of not 
producing high temperature, pressure, acidic pH, and toxic by-products, and not requiring 
functionalization to produce hydrophilic or hydrophobic, conductive, or anticorrosive 
antimicrobial agents for biomedical applications, when compared to the physical and 
chemical methods. In this study, Selenium Nanoparticles were synthesized by aqueous 
sodium selenite (Na2SeO3) with an alcoholic extract of guava (Psidium guajava) leaf as 
reported in the study by Alam et al. (2019) . 

The SeNPs produced were of 30-50 nm size, which was much less as compared to 
the particle size mentioned in other studies using green synthesis. The particle size 
reported in other studies ranged from 80-100 nm ( Geoffrion et al., 2020), from pulsed laser 
ablation in liquids, 29-195 nm (Shoeibi & Mashreghi, 2017) from E.faecalis, and 120 nm 
from Providencia sp. 

The MIC80 of SeNPs against E. faecalis, was found to be at 25 µg/ml in this study, which 
is much lower than the one reported by Alam et al. by cytotoxic studies (Alam et al., 
2019). Also, the MIC99 tested against P. aeruginosa, S. aureus, E. coli and S. pyogenes were 
found to be 125, 100, 100 and, 250 µg/ml of biosynthesized SeNPs which is much higher as 
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compared to the present study (Srivastava & Mukhopadhyay, 2015). As in the present 
study low MIC value is observed, it suggests insignificant or no potential toxicity to 
humans or animal cells. The MIC80 concentration in this result is 25 µg/ml which is 
comparable to commercial antibiotic gentamycin having MIC80 concentration of 17 µg/ml 
(Table 2). 

In this study, 4 test groups and 1 control group (distilled water) were evaluated for 
their antibacterial and antibiofilm efficacy. 2% Chlorhexidine gluconate (CHX) was used as 
it is recommended as an irrigant during root canal treatment due to its substantivity 
and its low cytotoxicity (Leonardo et al., 1999). A higher concentration of 5.25% was 
selected for Sodium hypochlorite (NaOCl) as at higher concentrations there is more 
undissociated hypochlorous acid (HClO) which is responsible for its antibacterial efficacy 
(De Almeida et al., 2018; Vianna et al., 2004). All tested solutions showed 
superior antibacterial and antibiofilm efficacy when compared to the control group. 
Overall, SeNPs were the most effective against E. faecalis biofilm, followed by NaOCl, 
CHX, and Ca(OH)z. The FTIR and SEM analysis also confirm the change in SeNPs treated 
biofilms as compared to control. 

The results from earlier studies have been controversial for the two most used irrigants, 
viz. Sodium hypochlorite and Chlorhexidine for their antibacterial efficacy. A few have 
claimed that CHX is less effective as compared to NaOCl (del Carpio-Perochena et al., 
2011 ), whereas others have shown both to be equally effective (Gomes et al., 2001 ). In this 
study, NaOCl performed slightly better than CHX. In a study conducted by De Almeida, 
2% CHX and 5% NaOCl showed better antibiofilm efficacy when compared to AgNPs 
and ZnONPs, perhaps due to a short interaction period of 5 min (De Almeida et al., 2018). 
Though, biogenically produced AgNPs have shown to be equally effective as 2% CHX 
(Halkai et al., 2018). 

In this study, SeNPs have demonstrated the potential to be used as an effective 
antimicrobial and antibiofilm agent for the disinfection of infected root canals. However, 
since the presence of organic media can influence the antibacterial and antibiofilm efficacy 
of NPs, further research is needed to verify these properties in the presence of organic 
media, at different concentrations, for different time exposures, and on Enterococcus 
f aecalis extracted from an infected root canal. Also, the time required for disinfection, the 
mode of application (irrigant or medicament) should be further evaluated as it influences 
the interaction time that NPs would get with the bacteria, which could influence its 
efficacy. Apart from this, it has been documented that the Zeta potential produced or the 
charge that a nanoparticle carries also influences its antibacterial efficacy. In a previous 
study, it was shown that positively charged AgNPs showed better antibacterial efficacy 
than negative or neutral AgNPs (Abbaszadegan et al., 2015). In this study, though the 
SeNPs had a negative Zeta potential, the particles were fairly stable and showed superior 
properties to conventional irrigants. Though there are many studies which show 
nanoparticle with negative charges are better for preparing drug nanocarriers with 
maximized therapeutic efficacy and in vivo properties (He et al., 2010), and are also less 
toxic (Salvioni et al., 2017), further studies can be carried to evaluate the effect of 
differently charged SeNPs on E. faecalis. 
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Nanotoxicology has been a major concern since the advent of biomedical applications of 
Nanoparticles. Selenium Nanoparticles have 4-6 times lower toxicity as compared to 
selenium oxyanions, such as SeO3 -2 and SeO4 -2 (Zhang et al., 2005; Zhang, Wang & Xu, 
2008). Severe toxicity due to SeNPs occurs only at higher doses. The median lethal dose 
(LDS0) is 92.1 mg Se/kg for Nano-Se which is much higher than what was used in this 
study (1 mg/ml) (Zhang, Wang& Xu, 2008). In addition, SeNPs have been found to exhibit 
excellent anticancer and free radical scavenging properties. The biologically synthesized 
SeNPs have further reduced cytotoxicity and have been tested against various cell lines like 
Human non-small lung cancer cell line (Bharathi et al., 2020), HeLa (human cervical 
cancer) and SKOV-3 (human ovarian cancer) cells, (Kim et al., 2016) human keratinocytes 
(Matai et al., 2020), human breast cancer cells (MCF-7)(Ramamurthy et al., 2013). 
Its cytotoxicity has been found to be less than the most commonly used silver nanoparticle 
(Hosnedlova et al., 2018; Chudobova et al., 2014). Detailed literature on nano selenium, it's 
reduced cytotoxicity, and various biomedical applications have been documented by 
Hosnedlova et al. (2018) . The SeNPs used in our study were biologically synthesized 
with guava leaf extracts and their cytoxicity has been previously evaluated using a 
cancerous cell line HepG2 and normal cell lines CHO procells in a study done by Alam 
et al. (2019). Since the cytotoxicity of SeNPs is lower than most used silver nanoparticles 
(Hosnedlova et al., 2018; Chudobova et al., 2014), they offer promising potential in the 
field of endodontics, though the results need to be clinically extrapolated. This study could 
serve as a baseline to further explore the potential of SeNPs or its combinations, against 
other endodontic pathogens. 

CONCLUSION 
Biogenically produced SeNPs have emerged as a novel antibacterial and antibiofilm agent 
against E. faecalis. This nano-formulation demonstrates the potential to be developed as a 
root canal disinfectant combating bacterial biofilm in endodontics after the results have 
been clinically extrapolated. 

ACKNOWLEDGEMENTS 
The authors are thankful to the Department of Biosciences, Jamia Millia Islamia (a central 
university), New Delhi & Sophisticated Analytical Instrumentation Facility, All India 
Institute of Medical Sciences, New Delhi for use of their facilities. The authors also like to 
acknowledge the help and valuable inputs from Prof. Meryam Sardar, Prof. Panchali Batra 
and Dr. Jahirul Ahmed Mazumder during the course of this study. 

ADDITIONAL INFORMATION AND DECLARATIONS 

Funding 
The authors received no funding for this work. 

Competing Interests 
The authors declare that they have no competing interests. 

Miglani and Tani-Ishii (2021), PeerJ, DO110.7717/peerj.11653 ------====:]14/20 



Pee~----------------------

Author Contributions 
• Sanjay Miglani conceived and designed the experiments, performed the experiments, 

analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the 
paper, and approved the final draft. 

• Nobuyuki Tani-Ishii conceived and designed the experiments, authored or reviewed 
drafts of the paper, and approved the final draft. 

Data Availability 
The following information was supplied regarding data availability: 

The raw measurements are available in the Supplemental File. 

Supplemental Information 
Supplemental information for this article can be found online at http:/ /dx.doi.org/10.7717 I 
peerj. l l 653#supplemental-information. 

REFERENCES 
Abbaszadegan A, Nabavizadeh M, Gholami A, Aleyasin ZS, Dorostkar S, Saliminasab M, 

Ghasemi Y, Hemmateenejad B, Sharghi H. 2015. Positively charged imidazolium-based ionic 
liquid-protected silver nanoparticles: a promising disinfectant in root canal treatment. 
International Endodontic Journal 48(8):790-800 DOI 10.1111/iej.12377. 

Alagesan V, Venugopal S. 2019. Green synthesis of selenium nanoparticle using leaves extract of 
withania somnifera and its biological applications and photocatalytic activities. Bionanoscience 
9:105-116 DOI 10.1007/sl2668-018-0566-8. 

Alam H, Khatoon N, Raza M, Ghosh PC, Sardar M. 2019. Synthesis and characterization of nano 
selenium using plant biomolecules and their potential applications. Bionanoscience 9(1):96-104 
DOI 10.1007 /sl2668-018-0569-5. 

Bartunek V, Junkova J, Babunek M, Ulbrich P, Kuchar MSZ. 2016. Synthesis of spherical 
amorphous selenium nano and microparticles with tunable sizes. Micro & Nano Letters 
11(2):91-93 DOI 10.1049/mnl.2015.0353. 

Bauer AW, Kirby WMM, Sherris JC, Turck M. 1966. Antibiotic susceptibility testing by a 
standardized single disk method. American Journal of Clinical Pathology 45(4_ts):493-496 
DOI 10.1093/ajcp/45.4_ts.493. 

Bharathi S, Kumaran S, Suresh G, Ramesh M, Thangamani V, Pugazhvendan SR, 
Sathiyamurthy K. 2020. Extracellular synthesis of nanoselenium from fresh water bacteria 
Bacillus sp., and its validation of antibacterial and cytotoxic potential. Biocatalysis and 
Agricultural Biotechnology 27(2):101655 DOI 10.1016/j.bcab.2020.101655. 

Bradford MM. 1976. A rapid and sensitive method for the quantitation of microgram quantities of 
protein utilizing the principle of protein-dye binding. Analytical Biochemistry 7(1-2):248-254 
DOI 10.1016/0003-2697(76)90527-3. 

Bruniera JFB, Silva-Sousa YTC, Lara MG, Pitondo-Silva A, Marcaccini AM, Miranda CES. 
2014. Development of intracanal formulation containing silver nanoparticles. Brazilian Dental 
Journal 25(4):302-306 DOI 10.1590/0103-6440201302431. 

Cheng L, Zhang K, Melo MAS, Weir MD, Zhou X, Xu HHK. 2012. Anti-biofilm dentin primer 
with quaternary ammonium and silver nanoparticles. Journal of Dental Research 91(6):598-604 
DOI 10.1177/0022034512444128. 

Miglani and Tani-Ishii (2021), PeerJ, DOI10.7717/peerj.11653 15/20 



Pee~----------------------

Chudobova D, Cihalova K, Dostalova S, Ruttkay-Nedecky B, Merlos Rodrigo MA, Tmejova K, 
Kopel P, Nejdl L, Kudr J, Gumulec J, Krizkova S. 2014. Comparison of the effects of silver 
phosphate and selenium nanoparticles on Staphylococcus aureus growth reveals potential for 
selenium particles to prevent infection. FEMS Microbiology Letters 351(2):195-201 
DOI 10.l 11 l/1574-6968.12353. 

Cremonini E, Zonaro E, Donini M, Lampis S, Boaretti M, Dusi S, Melotti P, Lleo MM, 
Vallini G. 2016. Biogenic selenium nanoparticles: characterization, antimicrobial activity and 
effects on human dendritic cells and fibroblasts. Microbial Biotechnology 9(6):758-771 
DOI 10.1111/1751-7915.12374. 

Davis JM, Maki J, Bahcall JK. 2007. An in vitro comparison of the antimicrobial effects of various 
endodontic medicaments on Enterococcus faecalis. Journal of Endodontics 33(5):567-569 
DOI 10.1016/j.joen.2007.01.015. 

De Almeida J, Cechella BC, Bernardi AV, de Lima Pimenta AFW. 2018. Effectiveness of 
nanoparticles solutions and conventional endodontic irrigants against Enterococcus faecalis 
biofilm. Indian Journal of Dental Research 29(3) :347-351 DOI 10.4103/ijdr.IJDR_634_15. 

del Carpio-Perochena AE, Bramante CM, Duarte MA, Cavenago BC, Villas-Boas MH, 
Graeff MS, Bernardineli N, De Andrade FB, Ordinola-Zapata R. 2011. Biofilm dissolution 
and cleaning ability of different irrigant solutions on intraorally infected dentin. Journal of 
Endodontics 37(8):1134-1138 DOI 10.1016/j.joen.2011.04.013. 

Dioguardi M, Di Gioia G, Illuzzi G, Arena C, Caponio VCA, Caloro GA, Zhurakivska K, 
Adipietro I, Troiano G, Lo Muzio L. 2019. Inspection of the microbiota in endodontic lesions. 
Dentistry Journal 2(2):1-15 DOI 10.3390/dj7020047. 

Donlan RM. 2002. Biofilms: microbial life on surfaces. Emerging Infectious Diseases 8(9):881-890 
DOI 10.3201/eid0809.020063. 

Dreywood R. 1946. Qualitative test for carbohydrate material. Industrial & Engineering Chemistry 
Analytical Edition 18:499. 

Franzel L, Bertino MF, Huba ZJ, Carpenter EE. 2012. Synthesis of magnetic nanoparticles by 
pulsed laser ablation. Applied Surface Science 261:332-336 DOI 10.1016/j.apsusc.2012.08.010. 

Geoffrion LD, Hesabizadeh T, Medina-Cruz D, Kusper M, Taylor P, Vernet-Crua A, 
Guisbiers G. 2020. Naked selenium nanoparticles for antibacterial and anticancer treatments. 
ACS Omega 5(6):2660-2669 DOI 10.1021/acsomega.9b03172. 

Gomes BPFA, Ferraz CCR, Vianna ME, Berber VB, Teixeira FB, Souza-Filho FJ. 2001. In vitro 
antimicrobial activity of several concentrations of sodium hypochlorite and chlorhexidine 
gluconate in the elimination of Enterococcus faecalis. International Endodontic Journal 
34( 6):424-428 DOI 10.1046/j.1365-2591.2001.0041 0.x. 

Guerreiro-Tanomaru JM, Pereira KF, Nascimento CA, Bernardi MIB, Tanomaru-Filho M. 
2013. Use of nanoparticulate zinc oxide as intracanal medication in endodontics: pH and 
antimicrobial activity. Acta Odontol6gica Latinoamericana 26: 144-148. 

Guisbiers G, Wang Q, Khachatryan E, Mimun LC, Mendoza-Cruz R, Larese-Casanova P, 
Webster TJ, Nash KL. 2016. Inhibition of E. coli and S. aureus with selenium nanoparticles 
synthesized by pulsed laser ablation in deionized water. International Journal of Nanomedicine 
11:3731-3736 DOI 10.2147/IJN.S106289. 

Halkai KR, Mudda JA, Shivanna V, Rathod VHR. 2018. Evaluation of antibacterial efficacy of 
fungal-derived silver nanoparticles against Enterococcus faecalis. Contemporary Clinical 
Dentistry 9(2):45 DOI 10.4103/ccd.ccd_828_17. 

Miglani and Tani-Ishii (2021), PeerJ, DOI10.7717/peerj.11653 16/20 



Pee~----------------------

He C, Hu Y, Yin L, Tang C, Yin C. 2010. Effects of particle size and surface charge on cellular 
uptake and biodistribution of polymeric nanoparticles. Biomaterials 31(13):3657-3666 
DOI 10.1016/j.biomaterials.2010.01.065. 

Hosnedlova B, Kepinska M, Skalickova S, Fernandez C, Ruttkay-Nedecky B, Peng Q, Baron M, 
Melcova M, Opatrilova R, Zidkova J, Bjorklund G. 2018. Nano-selenium and its 
nanomedicine applications: a critical review. International Journal of Nanomedicine 
13:2107-2128 DOI 10.2147/IJN.Sl57541. 

Huang X, Chen X, Chen Q, Yu Q, Sun D, Liu J. 2016. Investigation of functional selenium 
nanoparticles as potent antimicrobial agents against superbugs. Acta Biomaterialia 30:397-407 
DOI 10.1016/j.actbio.2015.10.041. 

Huang Y, He L, Liu W, Fan C, Zheng W, Wong YS, Chen T. 2013. Selective cellular uptake and 
induction of apoptosis of cancer-targeted selenium nanoparticles. Biomaterials 
34(29):7106-7116 DOI 10.1016/j.biomaterials.2013.04.067. 

Huang T, Holden JA, Heath DE, O'Brien-Simpson NM, O'Connor AJ. 2019. Engineering highly 
effective antimicrobial selenium nanoparticles through control of particle size. Nanoscale 
11(33):14937-14951 DOI 10.1039/c9nr04424h. 

Ingale AG, Chaudhari AN. 2013. Biogenic synthesis of nanoparticles and potential applications: 
an eco-friendly approach. Journal of Nanomedicine Nanotechnology 4:7 
DOI 10.4172/2157-7439.1000165. 

Jhajharia K, Parolia A, Shetty KV, Mehta LK. 2015. Biofilm in endodontics: a review. Journal of 
International Society of Preventive and Community Dentistry 5(1):1-12 
DOI 10.4103/2231-0762.151956. 

Khezerlou A, Alizadeh-Sani M, Azizi-Lalabadi M, Ehsani A. 2018. Nanoparticles and their 
antimicrobial properties against pathogens including bacteria, fungi, parasites and viruses. 
Microbial Pathogenesis 123(10):505-526 DOI 10.1016/j.micpath.2018.08.008. 

Khurana A, Tekula S, Saifi MA, Venkatesh P, Godugu C. 2019. Therapeutic applications of 
selenium nanoparticles. Biomedicine & Pharmacotherapy 111(12):802-812 
DOI 10.1016/j.biopha.2018.12.146. 

Kim EB, Seo JM, Kim GW, Lee SY, Park TJ. 2016. In vivo synthesis of europium selenide 
nanoparticles and related cytotoxicity evaluation of human cells. Enzyme and Microbial 
Technology 95:201-208 DOI 10.1016/j.enzmictec.2016.08.012. 

Kumar GS, Kulkarni A, Khorana A, Kaur J, Tikoo K. 2014. Selenium nanoparticles involve HSP-
70 and SIRTl in preventing the progression of type 1 diabetic nephropathy. Chemico-Biological 
Interactions 223:125-133 DOI 10.1016/j.cbi.2014.09.01 7. 

Langi B, Shah C, Singh K, Chaskar A, Kumar MBP. 2010. Ionic liquid-induced synthesis of 
selenium nanoparticles. Materials Research Bulletin 45(6):668-671 
DOI 10.1016/j.materresbull.2010.03.005. 

Leonardo MR, Tanomaru Filho M, Silva LAB, Nelson Filho P, Bonifacio KC, Ito IY. 1999. In 
vivo antimicrobial activity of2% chlorhexidine used as a root canal irrigating solution. Journal of 
Endodontics 25(3):167-171 DOI 10.1016/s0099-2399(99)80135-6. 

Li Y, Li X, Wong YS, Chen T, Zhang H, Liu C, Zheng W. 2011. The reversal of cisplatin-induced 
nephrotoxicity by selenium nanoparticles functionalized with 11-mercapto- l -undecanol by 
inhibition of ROS-mediated apoptosis. Biomaterials 32(34):9068-9076 
DOI 10.1016/j.biomaterials.2011.08.001. 

Matai I, Pandey SK, Garg D, Rani K, Sachdev A. 2020. Phytogreen synthesis of multifunctional 
nano selenium with antibacterial and antioxidant implications. Nano Express 1(1):010031 
DOI 10.1088/2632-959X/ab8bea. 

Miglani and Tani-Ishii (2021), PeerJ, DOI10.7717/peerj.11653 17/20 



Pee~----------------------

Mazumder JA, Khan E, Perwez M, Gupta M, Kumar S, Raza K, Sardar M. 2020. Exposure of 
biosynthesized nanoscale ZnO to Brassica juncea crop plant: morphological, biochemical and 
molecular aspects. Scientific Reports 10(1):1 - 13 DOI 10.1038/s41598-020-65271 -y. 

Mazumder JA, Perwez M, Noori R, Sardar M. 2019. Development of sustainable and reusable 
silver nanoparticle-coated glass for the treatment of contaminated water. Environmental Science 
and Pollution Research 26(22):23070-23081 DOI 10.1007/s11356-019-05647-4. 

Molobela IP, Cloete TE, Beukes M. 2010. Protease and amylase enzymes for biofilm removal and 
degradation of extracellular polymeric substances (EPS) produced by Pseudomonas fluorescens 
bacteria. African Journal of Microbiology Research 4:1515-1524. 

Murugesan G, Nagaraj K, Sunmathi DSK. 2019. Methods involved in the synthesis of selenium 
nanoparticles and their different applications: a review. European Journal of BioMedical 
6:189-194. 

Ng YL, Mann V, Rahbaran S, Lewsey J, Gulabivala K. 2007. Outcome of primary root canal 
treatment: systematic review of the literature-Part 1: effects of study characteristics on 
probability of success. International Endodontic Journal 40(12):921-939 
DOI 10.1111/j.1365-2591.2007.01322.x. 

Nguyen TH, Vardhanabhuti B, Lin M, Mustapha A. 2017. Antibacterial properties of selenium 
nanoparticles and their toxicity to Caco-2 cells. Food Control 77(7):17-24 
DOI 10.1016/j.foodcont.2017.01.018. 

Nisar P, Ali N, Rahman L, Ali M, Shinwari ZK. 2019. Antimicrobial activities of biologically 
synthesized metal nanoparticles: an insight into the mechanism of action. JBIC Journal of 
Biological Inorganic Chemistry 24(7):929-941 DOI 10.1007/s00775-019-01717-7. 

O'Toole GA. 2011. Microtiter dish biofilm formation assay. Journal of Visualized Experiments 
47:3-5 DOI 10.3791/2437. 

Piacenza E, Presentato A, Zonaro E, Lemire JA, Demeter M, Vallini G, Turner RJ, Lampis S. 
2017. Antimicrobial activity ofbiogenically produced spherical Se-nanomaterials embedded in 
organic material against Pseudomonas aeruginosa and Staphylococcus aureus strains on 
hydroxyapatite-coated surfaces. Microbial Biotechnology 10(4):804-818 
DOI 10.1111/1751-7915.12700. 

Piacenza E, Presentato A, Zonaro E, Lemire JA, Demeter M, Vallini G, Turner RJ, Lampis S. 
2017. Antimicrobial activity of biogenically produced spherical Se-nanomaterials embedded in 
organic material against Pseudomonas aeruginosa and Staphylococcus aureus strains on 
hydroxyapatite-coated surfaces. Microbial Biotechnology 10(4):804-818 
DOI 10.1111/1751-7915.12700. 

Prada I, Mico-Muftoz P, Giner-Lluesma T, Mico-Martinez P, Collado-Castellano N, 
Manzano-Saiz A. 2019. Influence of microbiology on endodontic failure: literature review. 
Medicina Oral Patologia Oral y Cirugia Bucal 24:e364-e372 DOI 10.4317/medoral.22907. 

Ramamurthy Ch, Sampath KS, Arunkumar P, Kumar MS, Sujatha V, Premkumar K, 
Thirunavukkarasu C. 2013. Green synthesis and characterization of selenium nanoparticles 
and its augmented cytotoxicity with doxorubicin on cancer cells. Bioprocess and Biosystems 
Engineering 36(8):1131-1139 DOI 10.1007/s00449-012-0867- 1. 

Salvioni L, Galbiati E, Collico V, Alessio G, Avvakumova S, Corsi F, Tortora P, Prosperi D, 
Colombo M. 2017. Negatively charged silver nanoparticles with potent antibacterial activity and 
reduced toxicity for pharmaceutical preparations. International Journal of Nanomedicine 
12:2517-2530 DOI 10.2147/IJN.S127799. 

Miglani and Tani-Ishii (2021), PeerJ, DOI10.7717/peerj.11653 18/20 



Pee~----------------------

Samiei M, Farjami A, Dizaj SM, Lotfipour F. 2016. Nanoparticles for antimicrobial purposes in 
endodontics: a systematic review of in vitro studies. Materials Science and Engineering: C 
58(36):1269- 1278 DOI 10.1016/j.msec.2015.08.070. 

Shakibaie M, Forootanfar H, Golkari Y, Mohammadi-Khorsand T, Shakibaie MR. 2015. Anti-
biofilm activity ofbiogenic selenium nanoparticles and selenium dioxide against clinical isolates 
of Staphylococcus aureus, Pseudomonas aeruginosa, and Proteus mirabilis. Journal of Trace 
Elements in Medicine and Biology 29(1):235-241 DOI 10.1016/j.jtemb.2014.07.020. 

Shoeibi S, Mashreghi M. 2017. Biosynthesis of selenium nanoparticles using Enterococcus faecalis 
and evaluation of their antibacterial activities.Journal of Trace Elements in Medicine and Biology 
39(9):135-139 DOI 10.1016/j.jtemb.2016.09.003. 

Shrestha A, Fong SW, Khoo BC, Kishen A. 2009. Delivery of antibacterial nanoparticles into 
dentinal tubules using high-intensity focused ultrasound. Journal of Endodontics 
35(7):1028-1033 DOI 10.1016/j.joen.2009.04.015. 

Shrestha A, Kishen A. 2016. Antibacterial nanoparticles in endodontics: a review. Journal of 
Endodontics 42(10):1417-1426 DOI 10.1016/j.joen.2016.05.021. 

Shrestha A, Zhilong S, Gee NK, Kishen A. 2010. Nanoparticulates for antibiofilm treatment and 
effect of aging on its antibacterial activity. Journal of Endodontics 36(6):1030-1035 
DOI 10.1016/j.joen.2010.02.008. 

Srivastava N, Mukhopadhyay M. 2015. Green synthesis and structural characterization of 
selenium nanoparticles and assessment of their antimicrobial property. Bioprocess and 
Biosystems Engineering 38(9):1723-1730 DOI 10.1007/s00449-015-1413-8. 

Stroyuk AL, Raevskaya AE, Kuchmiy SY, Dzhagan VM, Zahn DRT, Schulze S. 2008. Structural 
and optical characterization of colloidal Se nanoparticles prepared via the acidic decomposition 
of sodium selenosulfate. Colloids and Surfaces A: Physicochemical and Engineering Aspects 
320(1-3):169-174 DOI 10.1016/j.colsurfa.2008.01.055. 

Vianna ME, Gomes BPFA, Berber VB, Zaia AA, Ferraz CCR, De Souza-Filho FJ. 2004. In vitro 
evaluation of the antimicrobial activity of chlorhexidine and sodium hypochlorite. Oral Surgery, 
Oral Medicine, Oral Pathology, Oral Radiology, and Endodontology 97(1):79-84 
DOI 10.1016/S1079-2104(03}00360-3. 

Waltimo T, Brunner TJ, Vollenweider M, Stark WJ, Zehnder M. 2007. Antimicrobial effect of 
nanometric bioactive glass 45S5. Journal of Dental Research 86(8):754-757 
DOI 10.1177 /154405910708600813. 

Wikler MA. 2006. Methods for dilution antimicrobial susceptibility tests for bacteria that grow 
aerobically: approved standard. CLSI (NCCLS) 26:M7-A7. 

Yip J, Liu L, Wong KH, Leung PHM, Yuen CWM, Cheung MC. 2014. Investigation of antifungal 
and antibacterial effects of fabric padded with highly stable selenium nanoparticles. Journal of 
Applied Polymer Science 131(17}:8886-8893 DOI 10.1002/app.40728. 

Zare B, Babaie S, Setayesh N, Shahverdi AR, Shahverdi A. 2013. Isolation and characterization of 
a fungus for extracellular synthesis of small selenium nanoparticles extracellular synthesis of 
selenium nanoparticles using fungi. Nanomedical Journal 1:13-19. 

Zhang J, Wang X, Xu T. 2008. Elemental selenium at nano size (Nano-Se) as a potential 
chemopreventive agent with reduced risk of selenium toxicity: comparison with 
se-methylselenocysteine in mice. Toxicological Sciences 101(1):22-31 
DOI 10.1093/toxsci/kfm221. 

Miglani and Tani-Ishii (2021), PeerJ, DOI10.7717/peerj.11653 19/20 



Pee~----------------------

Zhang J, Wang H, Yan X, Zhang L. 2005. Comparison of short-term toxicity between Nano-Se 
and selenite in mice. Life Sciences 76(10):1099-1109 DOI 10.1016/j.lfs.2004.08.015. 

Zhang S-Y, Zhang J, Wang H-Y, Chen H-Y. 2004. Synthesis of selenium nanoparticles in the 
presence of polysaccharide. Materials Letters 58(21):2590-2594 
DOI 10.1016/j.matlet.2004.03.031. 

Miglani and Tani-Ishii (2021), PeerJ, DOI10.7717/peerj.11653 20/20 


