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Background: Persistent endodontic infections, often attributed to Enterococcus faecalis, pose a significant challenge to successful
root canal treatment. Conventional disinfection methods have limitations in eradicating bacteria within complex root canal
anatomy. Nanoparticles (NPs) have evolved as favorable antibacterial agents due to their distinctive properties. Aim: To
compare the antimicrobial activity of ZnO and MgO NPs (nanorods and nanospheres) with 3% sodium hypochlorite (NaOCI)
against E. faecalis (American-type culture collection [ATCC] 29212 and a clinical oral isolate) using agar well diffusion,
minimum inhibitory concentration (MIC), and time-kill assays. Methods: ZnO and MgO NPs (nanorods and nanospheres)
were synthesized and characterized using ultraviolet-visible (UV-visible) spectrophotometry to determine the optical properties
of materials and transmission electron microscopy for measuring nanoparticle size, distribution, morphology, and grain size.
Agar well diffusion was used to measure antimicrobial activity at various volumes (50-150 uL). MIC was calculated using
the broth microdilution method. Time-kill assays were performed by quantifying colony-forming units at 15 min intervals for
90 min. One-way analysis of variance with Tukey’s post hoc test (P < 0.05) was used for statistical analysis. Results: The peak
acquired for ZnO nanorods was 360 nm, ZnO nanosphere was 350 nm, MgO nanorods were 250 nm, and MgO nanosphere was
270 nm in UV-visible spectrophotometry. The transmission electron microscope confirmed an average NP size of 20 nm for all
morphologies. In the agar well diffusion assay, ZnO nanorods exhibited better activity than other NPs except for 3% NaOCl
against both E. faecalis strains at all volumes (75-150 uL) (P = 0.001). MgO nanorods also demonstrated significant activity,
although generally at higher volumes (150 pL) than ZnO (P = 0.001) and MgO (P = 0.002) nanospheres. The MIC values (mg/
mL) against the ATCC strain were as follows: MgO-S (1.17), MgO-R (18.75), ZnO-R (18.75), and ZnO-S (37.5). Against the
clinical isolate, the MIC values were as follows: MgO-R (18.5), MgO-S (18.5), ZnO-R (37.5), and ZnO-S (75). In the time-kill
assay, all NPs, except MgO nanorods against the ATCC strain (effective at 30 min), achieved rapid bactericidal activity within
15 min, comparable to 3% NaOCI. Conclusion: Both ZnO and MgO NPs, particularly ZnO nanorods, demonstrated promising
antimicrobial activity against E. faecalis in vitro, comparable to 3% NaOCI in certain assays. ZnO NPs of various shapes
have distinct active facets that increase their antimicrobial action such as rods and wires that have more facets than spherical
NPs. ZnO nanorods penetrate easily into the cell walls of bacteria than nanosphere. Additionally, ZnO nanorod and sphere
release more reactive oxygen species (ROS) that interacts with proteins, resulting in bacterial cell lysis. The main mechanism
of action of MgO NPs (nanorod and nanosphere) is the formation of ROS that interacts with the proteins peptide linkages in
microorganisms, ultimately resulting in cell death. These results highlight the potential of these NPs in endodontic disinfection,
such as incorporation into sealers or gutta-percha coatings. Future research should focus on evaluating their biocompatibility
and long-term efficacy in biofilm models.
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INTRODUCTION

Eliminating bacteria from the root canal system and
preventing re-infection are the two key factors that
determine the success of endodontic treatment.!! The
complexity of root canal morphology, the presence of
organic debris, and microbes, that is, located deep inside
the dentinal tubules render it challenging to maintain a
root canal free of microbes.?¥ In the root canal system,
bacteria may exist as single, free-floating planktonic cells
or in the form of a biofilm.*3

Enterococcus faecalis is the predominant microbe in post-
treatment apical periodontitis, which has frequently been
identified in pure culture from the root canal system. It has
been shown that E. faecalis demonstrates extensive genetic
polymorphisms and overcomes survival constraints in
different ways. It owns various virulence factors such
as aggregation substance, cytolysin, polyamines, serine
protease, gelatinase, and collagen-binding protein.” It can
endure prolonged periods of starvation by existing in a
viable but not cultivable state until a sufficient quantity of
nutrients is available. A proton pump found in E. faecalis
offers a way to preserve pH homeostasis within the cell
when exposed to an alkaline environment.®

Currently, mechanical debridement and chemical
disinfection are employed to treat endodontic infections.
Clinical research, however, has demonstrated that bacteria
continue to exist in the uninstrumented portions and
intricate regions of the root canals even after thorough
chemo-mechanical debridement and obturation.l>!!
Studies have reported a reduction in the microhardness
of dentin when sodium hypochlorite (NaOCI) is used
in various concentrations.' In addition, NaOCI lacks
substantivity and is unable to remove the smear layer.['14
Other root canal irrigants, like chlorhexidine gluconate
(CHX), are unable to dissolve pulp tissues. Furthermore,
both NaOCl and CHX have limited ability to penetrate
dentinal tubules, respectively.'¥ The use of nanoparticles
(NPs) in endodontic disinfection is a novel approach to
enhance disinfection strategies, that is, being researched
and investigated due to the aforementioned drawbacks
of current anti-biofilm approaches in root canal
treatment.!'6!7

NPs are tiny particles that range in size from 1 to 100 nm.
They are known to possess characteristics that set them
apart from their bulk or powdered counterparts. It has
been discovered that antibacterial NPs exhibit a wide
range of antimicrobial action and have a lower incidence
of developing microbial resistance.' In addition, NPs
are considered a potential game-changer in the field of

endodontics via their wide applications. However, in
both microscale and nanoscale formulations, zinc oxide
and magnesium oxide NPs are now being explored as
antibacterial agents.>?¥! This study aimed to investigate
the antibacterial efficacy of zinc oxide and magnesium
oxide NPs with two distinct shapes such as nanorod and
nanosphere against E. faecalis.

MaTteriALs AND METHODS

Synthesis of nanoparticles
All the materials required for the synthesis of NPs were
obtained from Sigma-Aldrich, Germany.

Preparation

Zinc oxide nanorods (ZnO-R) were prepared by using zinc
hydroxide as a precursor in an alcohol solution through a
hydrothermal technique.?” Zinc oxide nanospheres (ZnO-
S) were synthesized using a simple sol-gel technique with
zinc chloride, zinc nitrate, and sodium hydroxide as starting
materials at room temperature.”” Magnesium oxide
nanorods (MgO-R), on the other hand, were synthesized
using polyethylene glycol 600 (PEG 600) as a template in
the co-precipitation method.?? Magnesium oxide (MgO-
S) NPs were synthesized using a sol-gel process utilizing
magnesium nitrate and sodium hydroxide.*”

Characterization of nanoparticles

An ultraviolet-visible spectrophotometer was used to
assess the distinctive absorbance peak of the prepared
NPs to determine the optical properties of materials, in
terms of specific wavelengths they absorb, scatter, and
reflect, and analyze its stability. The peak obtained for
Zn0O-Rs was 360 nm, ZnO-S was 350 nm, MgO-Rs was
250 nm, and magnesium oxide nanosphere was 270 nm.
The NPs were further evaluated using a transmission
electron microscope (TEM) (Tecnai) for measuring
nanoparticle size, distribution, morphology, and grain
size. NPs were 20 nm in size on average, and their
morphology, nanorod and nanosphere, was evaluated
using TEM [Figure 1].

Microbiological analysis

Bacterial strains evaluated in the study

Standard strain: The E. faecalis American-type culture
collection (ATCC) 29212 freeze-dried ampoule was
purchased from HiMedia Laboratories Pvt. Ltd. in India.

Oral isolate: A stock culture of an oral isolate strain of E.
faecalis was identified and preserved from the root canal
of a patient who had failed root canal therapy.
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Figure 1: Characterized nanoparticles of (a.) zinc oxide nanorods, (b.) zinc oxide nanospheres, (c.) magnesium oxide nanorods, and (d.) magnesium

oxide nanospheres

Revival of E. faecalis

A total of 500 puL of sterile saline was used to reconstitute
the freeze-dried culture of E. faecalis ATCC 29212 strain.
Using a sterile micropipette, 10 uL. of the reconstituted
bacterial culture was pipetted out and seeded onto sterile
MacConkey agar plates. A total of 10 uL of sterile Mueller—
Hinton broth was used to resuscitate the E. faecalis oral
isolate stock culture, which was then subcultured on sterile
MacConkey agar plates. Following a 24 h incubation period
at 37°C, colony morphology was evaluated on the plates.

Inoculum preparation — ATCC 29212 strain and clinical
isolate strain:

The cell densities of the isolated colonies of both strains
were adjusted to 1.5 X 108 cfu/mL, that is, 0.5 Mcfarland
standard or scale and suspended in sterile Mueller—-Hinton
broth in separate test tubes.

Preparation of the test solutions
NP stock solutions were made at a concentration of
100 mg/mL in 10% dimethyl sulfoxide (DMSO). The

concentration of NPs was optimized using the methods
described by Nkemzi et al.”® A vortex mixer was used to
evenly suspend the NPs. A total of 10% DMSO served
as the negative control, and 3% sodium hypochlorite
served as the positive control. The volumes assessed
are 50, 75, 100, 125, and 150 pL, and the groups are as
follows:

Group 1: 10% DMSO, Group 2: ZnO-R, Group 3: ZnO-S,
Group 4: MgO-R, Group 5: MgO-S, and Group 6: 3% NaOCl.

Antibacterial activity of the test solutions (agar well
diffusion method)

Separate Mueller—Hinton agar (MHA) plates were used to
cultivate the lawn culture of the clinical isolate strain and
ATCC 29212 strain of E. faecalis. With a sterile cork bore,
wells with a diameter of 8 mm were punched. After adding
25, 50, 100, 125, and 150 pL of the test solutions (Group 1
to Group 6) to the correspondingly labeled wells, the plates
were incubated for 24 h at 37°C. Following incubation, the
diameter of the zone of inhibition surrounding the wells
was measured in millimeters using the Hi antibiotic zone
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scale-C (Hi Media Laboratories Pvt. Ltd., India). The test
was performed in triplicates.*!

Evaluation of minimum inhibitory concentration of the
nano-suspensions

In accordance with the 2017 criteria of the Clinical
Laboratory Standards Institute, the minimum inhibitory
concentration (MIC) of the test solutions was ascertained
using the broth microdilution method in sterile disposable
96-well microtiter plates (Zellkulter, Germany). The test
solutions were serially diluted twice to determine the
MIC for each group. The plates were incubated at 37°C
for 18 h. The lowest concentration of the test solution
that inhibits bacterial growth was noted as the MIC (no
visible turbidity).

Time-kill assay

The time-kill assay is based on the rate at which a
bacterial isolate is killed over a predetermined amount of
time by being exposed to a specific concentration of the
antimicrobial agent in a broth medium. The amount of
exposure time needed to destroy a standardized microbial
inoculum was calculated as the killing time. Cell densities
were set to 1.5 x 108 cfu/mL after overnight cultures of
E. faecalis ATCC 29212 and E. faecalis clinical isolate in
MacConkey agar plate cultures were suspended in 1 mL
of the test solutions (Groups 1 through 6) in different
Eppendorf tubes. A total of 10 uL of the culture from
each tube was pipetted out at 15min intervals after the
tubes were incubated at 37°C for 15, 30, 45, 60, 75, and
90 min. The spread plate method was used to seed the
inoculum onto MHA plates. A digital colony counter
was used to count the colony-forming unit following
incubation. To determine the rate of killing, the number
of viable bacteria was plotted over time. The acquired
data were tabulated and statistically analyzed using SPSS
for Windows (SPSS ver 22.0, IBM Corp., Armonk).
Comparison of data between groups was evaluated using
one-way analysis of variance with Tukey’s post hoc test.

ResuLts

American-type culture collection strain

Among NPs, the antibacterial activity of ZnO
nanorods was significantly better than the negative
control, ZnO-S, MgO-R, and MgO-S (P =0.001) at
all volumes (75-150 uL). However, 3% NaOCI had the
highest antibacterial activity compared to all NPs at
all volumes. At higher volumes (125 and 150 uL), MgO
nanorods had significantly better antibacterial activity
compared to ZnO nanospheres than MgO nanospheres
(P =0.001), respectively. The mean value of DMSO was
significantly lower at all volumes. At 150 uL, the mean
values of ZnO-S and MgO-S were comparable [Graph 1,
Table 1].

For oral isolate

Among all NPs, ZnO nanorods had the highest
antibacterial activity than ZnO nanospheres, MgO
nanospheres, and nanorods that was statistically
significant (P =0.001) at all volumes (75-150 uL).
However, 6.3% NaOCI had the highest antibacterial
activity compared to all NPs at all volumes. At
higher volumes (125 and 150 uL), MgO nanorods had
significantly better antibacterial activity compared to
ZnO nanospheres than MgO nanospheres (P = 0.001),
respectively. The mean value of DMSO was significantly
lower at all volumes. At 150 uL, the mean values
of ZnO-S and MgO-S were comparable [Graph 2,
Table 2].

Minimum inhibitory concentration

American-type culture collection strain
ItwasfoundthatMgO-Swasefficientatalesserconcentration
of 1.17 mg/mL, followed by MgO-R and ZnO-R, which
were effective at 18.75 mg/mL, while ZnO-S was effective at
aconcentration of 37.5 mg/mL against ATCC 29212 strain
[Graph 3].
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Graph 1: Mean zone of inhibition of all groups against American-type culture collection strain at different volumes
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Table 1: Comparison of American-type culture collection strain between groups at different volumes using one-way analysis of
variance

Concentration Groups Mean SD F P value
50 uL Dimethyl sulfoxide (DMSO) 10% 8.0 0.0 - -
Zinc oxide nanorods 8.0 0.0
Zinc oxide nanospheres 8.0 0.0
Magnesium oxide nanorods 8.0 0.0
Magnesium nanospheres 8.0 0.0
3% sodium hypochlorite 12.0 0.0
75 uL DMSO 10% 8.00% 0.0 145.2 <0.001"
Zinc oxide nanorods 10.33 0.58
Zinc oxide nanospheres 8.0 0.0
Magnesium oxide nanorods 8.00bdf 0.0
Magnesium nanospheres 8.0cef 0.0
3% sodium hypochlorite 13.67 0.58
100 pL DMSO 10% 8.0° 0.0 71.4 <0.001"
Zinc oxide nanorods 12.33 0.58
Zinc oxide nanospheres 10.33° 0.58
Magnesium oxide nanorods 9.67:%¢ 0.58
Magnesium nanospheres 10.33b¢ 0.58
3% sodium hypochlorite 17.33 1.15
125 pL DMSO 10% 8.00 0.00 415.2 <0.001
Zinc oxide nanorods 15.00 0.00
Zinc oxide nanospheres 10.67® 0.58
Magnesium oxide nanorods 11.67* 0.58
Magnesium nanospheres 11.000 0.00
3% sodium hypochlorite 21.67 0.58
150 pL DMSO 10% 8.00 0.0 413.8 <0.001"
Zinc oxide nanorods 16.33 0.58
Zinc oxide nanospheres 12.0¢ 0.0
Magnesium oxide nanorods 14.33 0.58
Magnesium nanospheres 12.332 0.58
3% sodium hypochlorite 24.33 0.58

abegre used to show which "Means" are significantly different from each other based on post-hoc tests. These annotations help in understanding which
groups have statistically significant differences in a study.
“denotes statistically significant.

Oral microbial isolates
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Graph 2: Mean zone of inhibition of all groups against oral isolate strain at different volumes
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Table 2: Comparison of clinical oral isolate between groups at different volumes using one-way analysis of variance

Concentration Groups Mean SD F P value
50 uL Dimethyl sulfoxide (DMSO) 10% 8.0abed 0.00 196.0 <0.001"
Zinc oxide nanorods 8.0 0.00
Zinc oxide nanospheres 8.0behi 0.00
Magnesium oxide nanorods 8.0cM 0.00
Magnesium nanospheres 8.0zl 0.00
3% sodium hypochlorite 12.67 0.58
75 uL DMSO 10% 8.0t 0.00 330.0 <0.001"
Zinc oxide nanorods 10.67 0.58
Zinc oxide nanospheres 8.0 0.00
Magnesium oxide nanorods 8.0bdf 0.00
Magnesium nanospheres 8.0cef 0.00
3% sodium hypochlorite 14.0 0.00
100 uL DMSO 10% 8.0 0.00 408.0 <0.001"
Zinc oxide nanorods 13.0 0.00
Zinc oxide nanospheres 8.0 0.00
Magnesium oxide nanorods 8.0 0.00
Magnesium nanospheres 11.33 0.58
3% sodium hypochlorite 17.67 0.58
125 uL DMSO 10% 8.0 0.00 674.0 <0.001"
Zinc oxide nanorods 13.33 0.58
Zinc oxide nanospheres 8.0° 0.00
Magnesium oxide nanorods 10.0 0.00
Magnesium nanospheres 12.0 0.00
3% sodium hypochlorite 21.33 0.58
150 uLL DMSO 10% 8.00 0.00 542.2 <0.001"
Zinc oxide nanorods 15.00 0.00
Zinc oxide nanospheres 10.33¢ 0.58
Magnesium oxide nanorods 11.33¢ 0.58
Magnesium nanospheres 13.00 0.00
3% sodium hypochlorite 23.67 0.58

abeare used to show which "Means" are significantly different from each other based on post-hoc tests. These annotations help in understanding which
groups have statistically significant differences in a study.

“denotes statistically significant.
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Graph 3: Minimum inhibitory concentration (mg/mL) of Nanoparticles against American-type culture collection and oral isolate strain

-Journal of International Oral Health | Volume 17 | Issue 2 | March-April 2025




Jayakumar, et al.: Zinc oxide and magnesium oxide nanoparticle against E. faecalis

35

30

25

20

ATCC STRAIN

B ZnO-R mWZnO-S

15
10
5
0

ORAL ISOLATE STRAIN

MgO-R mMgO-S m3%NaOCL

Graph 4: Time-kill assay of nanoparticles (in min) against American-type culture collection and oral isolate strain

Clinical isolate strain

It was found that MgO-R and MgO-S were effective at
a concentration of 18.5 mg/mL, followed by ZnO-R at
37.5 mg/mL and ZnO-S at 75 mg/mL [Graph 3].

Time-kill assay

All of the NPs were shown to be effective against both
strains in 15 min, which was comparable to 3% NaOCI.
The exception was MgO-R, which showed bacterial
growth against the ATCC strain in 15 min but killed the
bacteria in 30 min [Graph 4].

Discussion

E. faecalis is consistently associated with root canal failures
and cases of persistent apical periodontitis.”” In addition,
it exhibits a high level of resistance to a wide range of
antimicrobial agentsandisconsidered the prevalent organism
in post-treatment infection.! This study aimed to determine
the antibacterial efficacy of zinc oxide and magnesium
oxide NPs (nanorod and nanosphere) against E. faecalis. An
average particle size of 20 nm was synthesized and evaluated.
The smaller size ensured efficient antimicrobial activity. The
agar well diffusion test was employed to investigate the zone
of inhibition of NPs comparing with 3% NaOCI (positive
control) and 10% DMSO (negative control). Five distinct
volumes such as 50, 75, 100, 125, and 150 puLL were used to
assess the antibacterial activity.

We observed that ZnO-R was effective against both
strains of E. faecalis at 75 pL, while ZnO-S was effective
only at higher volumes (100 uL for ATCC strain
and 150 uL for oral isolates), respectively. Enhanced
antimicrobial activity at lower volumes can be attributed
to the morphology-dependent antimicrobial activity of
ZnO NPs, with more facets on the surface indicating a
higher antibacterial action.?**) ZnO-Rs have higher
atomic density facets that make it easier to interact

and penetrate bacterial cell walls more easily than
spherical ZnO NPs.*¥ In addition, increased yield of
reactive oxygen species (ROS), such as superoxide
anion (O,), hydrogen peroxide (H,0,), and hydroxyl
ion (OH"), is responsible for the destroying of cellular
contents, such as proteins, lipids, and nucleic acids, of
the bacteria.’™ The effectiveness of ZnO-S at higher
volumes can be attributed to variations in the synthesis
of nanorods. Its antibacterial effectiveness is due to its
activity on the cell walls of the organism, resulting in
its damage and production of ROS, which disturbs the
cellular metabolism. Furthermore, numerous research
has demonstrated that when particle size decreased,
antibacterial activity increased. As the size of the NPs
lowers, their surface area increases, increasing their
antibacterial activity.*® This study used NPs with a lower
size (20 nm) might have improved their antibacterial
activity.

In this study, we found that MgO-R was efficient against
the ATCC strain of E. faecalis at 100 uL. but was effective
at 125 uL. against oral isolate strain. The antimicrobial
action of MgO NPsisdue to an increase in surface area and
production of superoxide anion (O?7) that interacts with
peptide linkages and lipid peroxidation, and on the surface
of NPs, there are numerous defects that take up halogen
gases, which result in strong interaction with bacteria.l*¢37
In addition, a decrease in particle size of MgO NPs is
associated with increased antibacterial activity. According
to Krishnamoorthy et al.,’” the surface of MgO NPs may
undergo successive oxidation-reduction events that result
in the production of reactive oxygen species, including
hydroxyl radical (OH'), hydrogen peroxide (H,O,), and
superoxide radical (O*7). Defects or oxygen vacancies
at the NP’s surface also contribute to the mechanism of
antibacterial action of magnesium oxide nanoparticles.*®!
Another suggested mechanism of magnesium oxide NPs
is the “alkaline effect.” A thin layer of water that forms on
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NPs as a result of moisture adsorption on their surface
has an “alkaline pH,” that is, greater than its equilibrium
value in the solution. The high pH of the thin water layer
on the surface causes membrane damage and cell death
when the NPs come into contact with the bacteria.*! It
was found that MgO-S showed activity against the ATCC
strain of E. faecalis at 125 pL but showed effectiveness
against oral isolate at 100 pL. The mechanism underlying
the antibacterial action of MgO nanosphere is similar to
that of MgO nanorods. Additionally, it was shown that
50 pL of 3% NaOCl was effective against both strains. The
activity of 3% NaOCIl and ZnO-Rs was comparable. We
also observed that the antibacterial activity of 3% NaOCI
increased with an increasing volume of NPs against
both ATCC and oral isolates, respectively. Considerable
antibacterial activity was present in all NPs. The synthesis
parameters, such as pH, calcination temperature, and
chemical agents used, may be responsible for the difference
in the antibacterial action of NPs.

The broth microdilution method was used to determine
the MIC of NPs. Among the NPs, MgO-S was effective at
a lesser concentration of 1.17 mg/mL, followed by MgO-R
and ZnO-R, which were effective at 18.75 mg/mL, while
ZnO-S was effective at a concentration of 37.5 mg/mL
against ATCC 29212 strain. Against clinical isolate strain,
MgO-R and MgO-S were effective at a concentration
of 18.5 mg/mL, followed by ZnO-R at 37.5 mg/mL and
ZnO-S at 75 mg/mL. This effectiveness of magnesium
oxide NPs at lower concentrations could be due to the
existences of numerous oxygen vacancies on the surface
of the NPs.7

The time required for the NPs to kill the organisms was
assessed using the time-kill assay. All of the NPs were
successful against both strains in 15 min, comparable
to 3% NaOCl, with the exception of the MgO-R, which
showed bacterial growth against the ATCC strain in
15 min but killed the bacteria in 30 min. These NPs’ rapid
activity within 15 min could be attributed to the alkaline
effect (MgO-nanorod and sphere), superoxide anion, and
increased number of facets (ZnO nanorod and sphere).
The produced NPs had an average size of 20 nm, which
could have significantly improved and facilitated their
antibacterial properties.

In this study, we found that 3% NaOCI had better scores
that were consistently better at various concentrations.
Nevertheless, de Almeida et al.® conducted an in vitro
study and found 2% CHX superior to 3% NaOClI, silver
nanoparticles (Ag NP), and ZnO Np, respectively. Though
chemical agents, like NaOCl and CHX, are recommended
and used extensively, NPs are often advocated to overcome
the limitations of the above-mentioned chemical agents.
NaOCl was found to be a better alternative than MgO Np
in this study; however, an ex vivo study by Monzavi et al.*!
reported the latter to be more efficient in the long-term

activity against E. faecalis. Ag NP is another class of NPs
that have shown promising results due to their antimicrobial
and anti-biofilm properties. These Ag NPs alter the bacterial
cell permeability providing a safe passage for Ag ions to
penetrate inside the bacteria and react with specific proteins,
thereby resulting in cell death. A study by Wu et al*?
revealed that 0.02% of Ag NP in gel form (as a medicament)
could significantly reduce E. faecalis cells underscoring the
mode of application of Ag NP.

The antimicrobial effect of Np can also be utilized when
different NPs are added or coated over dental materials
like gutta-percha or sealer. Panwar et al.* evaluated the
antimicrobial efficacy of nanocurcumin against E. faecalis
and found that nano curcumin-coated gutta-percha had a
significantly higher zone of inhibition when compared to
conventional gutta-percha, opening up newer avenues to
explore the use of nanocurcumin as an inter-appointment
medicament.

This initial investigation assessed the efficacy of two
distinct NP morphologies to identify the variation in the
antibacterial activity, that is, significantly impacted by
their size and shape. Analysis of the cytocompatibility test
of magnesium oxide and zinc oxide NPs, improvement
of the NPs’ surface properties through doping with
appropriate substances, and the possibility of further
investigation as a vehicle for bioactive substances would
be the next big step in this research. This study has certain
limitations, such as not being directly correlated to clinical
scenarios and not being evaluated against polymicrobial
biofilm as exist in clinical situations, and also needs to
evaluate cytocompatibility assay for the NPs used.

CoNncLusIoN

Knowledge of the field of nanoscience could lead to new
developments in endodontics. A new era in root canal
system disinfection can be brought via the domain of
nanotechnology, which achieves total root canal sterility
and ensures the success of the endodontic procedure. In
this study, magnesium oxide and zinc oxide nanoparticles
with two distinct shapes, nanosphere and nanorod,
were investigated against E. faecalis. All of the NPs
demonstrated strong antibacterial activity, with ZnO-R
demonstrating antibacterial activity on par with sodium
hypochlorite. These NPs attracted significant attention due
to their distinct characteristic features, which enable them
to be used as a coating on gutta-percha surfaces and posts,
as well as altered and integrated into endodontic materials
like sealers, ultimately preventing post-treatment illnesses.
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SuPPLEMENTARY DATA

SYNTHESIS AND CHARACTERISATION OF NANOPARTICLES

¢

ZINC OXIDE ZINC OXIDE MAGNESIUM OXIDE MAGNESIUM OXIDE
NANOROD NANOSPHERE NANOROD NANOSPHERE
HYDROTHERMAL SOL -GEL METHOD CO-PRECIPITATION SOL-GEL METHOD

TECHNIQUE METHOD

CHARACTERISATION OF NANOPARTICLES USING

1. UV SPECTROPHOTOMETER (TO EVALUATE THE CHARACTERISTIC
ABSORBANT PEAK FOR EACH NANOPARTICLE SYNTHESIZED)
2. TEM ANALYSIS (SIZE AND SHAPE ANALYSIS)

¥

MICROBIOLOGICAL ANALYSIS

GROUP 1 -10% DMSO
GROUP 2 - ZINC OXIDE NANOROD Volumes evaluated
GROUP 3 - ZINC OXIDE NANOSPHERE 50,75,100,125,150 ul
GROUP 4 - MAGNESIUM OXIDE NANOROD
GROUP 5 — MAGNESIUM OXIDE NANOSPHERE

Concentration

100 mg/ml

/ GROUP 6 — 3% SODIUM HYPOCHLORITE \
ATCC STRAIN OF ORAL ISOLATE
E.FAECALIS STRAIN OF E. FAECALIS
1.ZONE OF INHIBITION 1.ZONE OF INHIBITION
3% NaOCl was effective at 50, 75, 100, 125, 150 pl 3% NaOCl was effective at 50, 75, 100, 125, 150 pl
At 50 pl, nanoparticles were not effective At 50 pl, nanoparticles were not effective
At 75 pl, ZnO-R was effective At 75 pl, ZnO-R was effective
At 100p 1, ZnO-R > ZnO-S >MgO-S >MgO-R At 100p 1, ZnO-R >MgO-S
At 125p1ZnO-R > MgO-R > MgO-S > ZnO-S At 125p1ZnO-R > MgO-R > MgO-S > ZnO-S
At 150pl ZnO-R > MgO-R > MgO-S = ZnO-S At 150ul ZnO-R > MgO-R > MgO-S > ZnO-S
ZnO-R - 18.75 mg/ml ZnO-R - 37.5 mg/ml
ZnO-S - 37.5 mg/ml ZnO-S - 75 mg/ml
MgO-R -18.75 mg/ml MgO-R - 18.75 mg/ml
MgO-S - 1.17 mg/ml MgO-S - 18.75 mg/ml

3.TIME KILL ASSAY 3.TIME KILL ASSAY

ZnO-R, Zn0O-S, Mg0-S, 3% NaOCl — ZnO-R, ZnO-S, MgO-R, MgO-S, 3%
All were effective within 15 mins NaOCI - All were effective within
(zero cfu/ml) against ATCC strain 15 mins against Oral isolate

except MgO-R showed 12600 strains. (zero cfu/ml)
cfu/ml at 15 mins against ATCC

strain, but zero cfu/ml at 30 mins.
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SCHEMATIC REPRESENTATION OF ANTIBACTERIAL MECHANISM OF ZINC
OXIDE AND MAGNESIUM OXIDE NANOPARTICLES AGAINST E. FAECALIS

ZINC OXIDE NANOPARTICLE MAGNESIUM OXIDE NANOPARTICLE

( L J
(] e
® o
@
®® BACTERIAL CELL ® ®
(] Y C )
REL]?ASE or R.OS RELEASE OF ROS
027, H20:, OH 0r OH-
which destroys proteins, lipids and ) 2k . .
DNA damage which destroys proteins, lipids
and DNA damage
, ’ ALKALINE EFFECT -
RELEASE OF ZINC formation of thin Water
I TIONS which interfere with I film around the cell —
, : : causing local rise in pH
- protein metabolism I I I /
[—JNANORODS I I I I I NANORODS
ZnO-NPs causes cell membrane damage which results Antibacterial activity of MgO nanoparticles is due to lipid per-
from the abrasive nature of the ZnO surface. oxidation, ROS production like superoxide anion and

hydrogen peroxide. (sphere and rod)
ZnO-NPs (sphere and rod) release reactive oxygen
species like superoxide anion, hydrogen peroxide and
hydroxyl ion that causes destruction of cellular
constituents such as lipids, DNA and protein

Superoxide anion (sphere and rod) will attack the carbonyl
carbon atom in the peptide linkages of proteins in microbes
resulting in cell lysis.

ALKALINE EFFECT (sphere and rod) is because of

Zinc ions (sphere and rod) released from ZnO-NPs adsorption of water on to the surface of MgO NPs forming a
interact with protein metabolism thus disrupting the thin water film on to the surface resulting in rise of local pH
enzyme system on surface of NPs. When these NPs (with water film) interact

with microbes, the alkaline pH results in cell wall disruption.




