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ABSTRACT

The present study is aimed to investigate the antibacterial efficacy of Zinc Oxide Nanoparticles (ZnO NPs)
based irrigants for root canal disinfection. The ZnO NPs-based irrigant was tested in-vitro on Enterococcus
faecalis (ATCC: 29212) with NaOCl as a positive control. In this direction, ZnO NPs are very important as
they are biocompatible, non-cytotoxic, cheap and easy to produce. The synthesis of ZnO NPs was carried
out by facile semi-solvo thermal route using zinc acetate and urea as precursors and a mixture of deionized
water and ethylene glycol as solvent. The optical, structural and morphological analyses were carried out
by UV-Vis spectroscopy, XRD, SEM and TEM. The qualitative and quantitative antimicrobial activity of
ZnO NPs were tested against Enterococcus faecalis containing 1/*105 CFU/ml. The structural and
morphological analysis of ZnO NPs reveals the formation of a hexagonal crystal structure having flower-
like morphology where each flower is made up of petals with a thickness of 10-50 nm. The absorption edge
was found to be shifted to the lower wavelength at 340 nm which can be due to the size quantization effect.
The band gap value was calculated to be 3.65 eV. The inhibition zones were observed in all concentrations
with positive control. The MIC and MBC of ZnO NPs were found to be 250 µg/ml and 1000 µg/ml,
respectively. Overall, ZnO NPs synthesized by the semi-solvo thermal method were found to be an effective
antibacterial agent against E. faecalis. Therefore, ZnO NPs can be used in irrigant solutions for better protection
of the oral canal from E. faecalis.
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Introduction

Dental caries and periodontal diseases are the major
public oral health problems globally and the most
often noncommunicable disease (NCD) affecting
around 20-50 % of the population of world and the
utmost cause of tooth loss (Haque et al., 2019). Usu-
ally, endodontic therapy plays an important role to
reduce microbial incursion, which consecutively

promotes the normal healing process of the periapi-
cal tissues (Muliyar et al., 2014; Ambulkar et al.,
2019).

Endodontic success depends on a range of treat-
ments like negotiating the canal, disinfecting the ca-
nal by irrigation, intra-canal medication, debriding,
and obturation of the canal space to prevent and
treat apical periodontitis (Saoud et al., 2016). How-
ever, the canal space is intricate and infected with a
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surfeit of microorganisms which may be inaccessible
for conventional treatment methods.

Also, antibiotics are widely used in dental caries
to treat odontogenic, nonodontogenic, local and fo-
cal infections and also for prophylactic reasons
(Ahmadi et al., 2021). But unfortunately, the overuse
of antibiotics has rapidly developed antimicrobial
resistance (Haque et al., 2019). Due to this, the devel-
opment of multidrug resistance in pathogenic bacte-
ria has become a global challenge, especially in con-
trolling of infectious diseases in endodontics.

Enterococcus faecalis (Lamont et al., 1991) and other
bacteria like Streptococcus mutans and Streptococcus
sanguis, (Goudarzi et al., 2019) found in the oral cav-
ity and found to be resistant to many commonly
used antimicrobial agents (aminoglycosides,
aztreonam and quinolones etc.) (Gonçalves et al.,
2007) and irrigants like sodium hypochlorite
(NaOCl), chlorhexidine gluconate (CHX), and doxy-
cycline (Doxy) have found effective antimicrobial
agents but at higher concentrations (Carson et al.,
2005). So, there is a need to develop novel agents
with broad-spectrum therapeutic potential to treat
dental issues.

Presently, metal oxide nanoparticles have been
widely used for assorted applications in electronics,
instrumentation, catalysis, nanosensors, food tech-
nology, biotechnology and medicine (Pawar et al.,
2017; Viswanathan et al., 2020; Aswini et al., 2022).
The metal oxide nanoparticles which exhibit antimi-
crobial properties include magnesium oxide (MgO)
(Jin et al., 2011), copper oxide (CuO) (Shirsat et al.,
2019), Tungsten Oxide (WO3) (Harini et al., 2021 and
Qureshi et al., 2021) and zinc oxide (ZnO) (Pisal et al.,
2021). Perhaps, differences in the cell structure,
physiology and metabolism, degree of contact of
organisms with nanoparticles or rate of diffusion of
nanoparticles, metal oxide nanoparticles would
show different antibacterial efficacy (Azam et al.,
2012). Among all other metal oxide nanoparticles,
ZnO NPs has got major attention due to their
biocompatibility and antimicrobial property (Pawar
et al., 2019).

In the present study, Zinc Oxide nanoparticles
(ZnO NPs) were synthesized by Semi-solvothermal
methods and tested its antibacterial activity against
Enterococcus faecalis (ATCC: 29212) by qualitative
and quantitative antibacterial assays. The advan-
tages of using the semi-solvothermal method are
that it requires limited equipment and materials, a
simple process compared to other modes of synthe-

sis. This method may be useful for the students and
researchers who do not have sufficient laboratory fa-
cilities to perform synthesis work.

The main focus of this study is to synthesise and
characterization of ZnO NPs based irrigants and
studied their antibacterial efficacy against Enterococ-
cus faecalis (ATCC: 29212) to treat dental infections.

Materials and Methods

Chemicals and Solvents

All the bulk chemicals and solvents used in the
study were of analytical reagent (AR) grade and
procured from suppliers including SD fine-chemi-
cals, Loba Chemie, Sisco Research Laboratories and
Qualigenes, India.

Synthesis and Characterization of ZnO NPs

In the present study, the synthesis of ZnO NPs was
carried out by a modified facile semi-solvothermal
route (Pawar et al., 2017). Zinc acetate (0.1M) was
dissolved in 50 ml DI (Deionized) water and Urea
solution (0.6M) was prepared in 50 ml 40 % ethylene
glycol. On constant stirring, both the solutions were
mixed for 5 minutes to obtain a homogenous reac-
tion mixture which was then transferred to a Teflon-
lined stainless-steel autoclave. Further, the reaction
mixture was heated at 160 °C for 24 hours in a
muffle furnace followed by cooling at room tem-
perature. The resultant precipitate was washed
twice with DI water, once with absolute ethanol and
again with DI water under centrifugation at 5000
rpm for 15 minutes to remove impurities. Subse-
quently, to remove all the volatile impurities and
make the product friable, the final product was
heated in a hot air oven at 400 °C for 8 hours.

The structural and morphological features of the
resultant ZnO powder were characterized by UV-
Vis spectroscopy, XRD, SEM and TEM for studying
the various crystalline phases present in the pow-
ders as well as their morphological and optical prop-
erties.

Determination of antagonistic efficacy of ZnO NPs
against Enterococcus faecalis

The antagonistic activities of ZnO were tested on
Enterococcus faecalis (ATCC: 29212) found in the oral
cavity. The antibacterial activity of ZnO was carried
out by agar well diffusion assay (AWDA) (Pawar et
al., 2012; Jain et al., 2019). The Muller-Hilton (MH)
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agar plates were spread and inoculated with over-
night-grown cultures of Enterococcus faecalis (ATCC:
29212). The synthesized ZnONPs were dispersed in
sterile DI water by ultrasonication to make a colloi-
dal solution of nanomaterials. On the surface of agar
plates, wells of 5 mm in diameter and 18 µl in capac-
ity were formed by using a sterile gel borer. The 15
µl of ZnO suspension was placed in each well and
incubate all plates at 37 °C for 24 hours. The MIC
and MBC of ZnO were performed by plate count
method on MH agar plates (in the concentration
range of 15 µg - 1000 µg/ml). The test cultures of fi-
nal cell density of 1/*105 CFU/ ml were used for
spread inoculation. The plates were incubated at 37
°C for 24 hours and subsequent growth inhibition of
bacterial cultures was determined.

Results and Discussion

The absorption edge was found to be shifted to the
lower wavelength at 340 nm which can be due to the
size quantization effect (Figure 1(a)). The band gap
value was calculated to be 3.65 eV. The crystal struc-
ture analysis of ZnO NPs by XRD revealed the for-
mation of a hexagonal crystal structure of ZnO
matching with JCPDS card number 36-1451. The
peak broadening indicates the formation of
nanoscale structures. The powder sample shows the
crystalline nature with peaks corresponding to (100),
(002), (101), (102), (110), (103), (200), (112), (004),
(207) and (202) planes (Figure 1(b)). The FESEM im-
ages show the flower-like morphology where each
flower is made up of petals with a thickness of 10-50
nm (Figure 2). TEM image shows a representative
petal having a thickness of 50 nm (Figure 3).

The antagonistic activity of ZnO NPs suspension
of 1000 µg/ml concentration was tested compared
with NaOCl (a positive control) against E. faecalis
and found to have antibacterial activity (Figure 4).
The MIC and MBC of ZnO NPs were found to be
250 µg/ml and 1000 µg/ml for E. faecalis (Table 1).

Fig. 1. UV-Vis Spectroscopy and XRD of ZnO NPs: (a) The maximum absorption (max) was found to be at 340
nm and (b) The X-ray diffractogram of powder reveals the formation of the hexagonal crystal structure
of ZnO NPs.

Fig. 2. FESEM Images of ZnO NPs revealed the flower-
like morphology where each flower is made up of
petals with a thickness of 10-50 nm.

Fig. 3. TEM Images of ZnO NPs at (a) low, (b) high mag-
nification. TEM image shows a representative
petal having a thickness of50 nm.
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The researchers reported that the antibacterial activ-
ity of ZnO NPs might be due to the oxygen species
released on the surface of ZnO NPs, which causes
fatal damage to microorganisms by penetrating the
cell membrane by H2O2 produced after reacting the
oxygen with hydrogen ions (Hamouda et al., 2020).

Table 1. MIC and MBC of ZnO NPs against E. faecalis

Conc. of ZnO NPs Enterococcus faecalis (CFU)

Culture Control 2.21 X106

125 µg/ml 1.50 X105

250 µg/ml 2.05 X103

500 µg/ml 1.00 X102

1000 µg/ml Nil

Guan et al., (2021) proposed that the adherence and
penetration of ZnO NPs into the bacterial cell wall
led to the loss of integrity of bacterial cell membrane
and cell wall permeability. Nisar et al. (2019) re-
ported the release of zinc ions can interact with the
thiol groups of many vital enzymes and inactivate
the bacterial cells. However, the exact mechanism of
ZnO NPs engaged to cause antibacterial effect is not
known completely and needs to explore.

The present study suggests exploring the use of
ZnO NPs solutions as an alternative to root canal
irrigating solutions not only just due to their bacte-
ricidal potential but also for their biocompatibility,
particularly in low concentrations.

Conclusion

The structural and morphological analysis of ZnO
NPs reveals the formation of a hexagonal crystal
structure having flower-like morphology where
each flower is made up of petals with a thickness of

10-50 nm. The absorption edge was found to be
shifted to the lower wavelength at 340 nm which
can be due to the size quantization effect. The band
gap value was calculated to be 3.65 eV. The inhibi-
tion zones were observed in all concentrations with
positive control. The MIC and MBC of ZnO NPs
were found to be 250 µg/ml and 1000 µg/ml, re-
spectively. Overall, ZnO NPs synthesized by the
semi-solvo thermal method were found to be an ef-
fective antibacterial agent against E. faecalis. There-
fore, ZnO NPs can be used in irrigant solutions for
root canal disinfection from E. faecalis.
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