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ABSTRACT
The growing demand for dental implants has propelled the development of the implant industry thereby leading to more
advanced research in this area. The plant extract mediated nanoparticles in dental materials has many advantages over
conventional materials that are synthesized by physico-chemical methods. Emergence of natural products and their
derivatives has caused a paradigm shift in the synthesis of dental materials and are highly preferred over conventional
drugs with the notion of reducing adverse effects. Zinc oxide nanoparticles are biocompatible, safe, and nontoxic metal
oxide that possesses promising antimicrobial potential against a broad range of bacteria and fungi. Therefore, the aim of
the present study was to evaluate the antimicrobial potential of ZnO nanoparticles prepared from the leaf extracts of
Phyllanthus Niruri and Stevia that can be incorporated into dental implants. Zinc oxide (ZnO) nanoparticles were
synthesized using leaf extracts of two medicinal plants- Phyllanthus Niruri and Stevia and Zinc sulphate as a precursor. The
structural and visual characterization of nanoparticles were performed by ultraviolet-visible spectrophotometry (UV-Vis)
and transmission electron microscopy (TEM). Change in color of the reaction mixture from turbid yellow to light brown
indicated the formation of ZnO nanoparticles. UV peaks at 320 nm and 324 nm, confirmed the synthesis of ZnO
nanoparticles. The antibacterial potential of ZnO NPs was examined by paper disc diffusion method against various clinical
strains of bacteria based on the zone of inhibition.
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INTRODUCTION
The advent of ‘dental implant" in dentistry has
revolutionized the approach to patient care and has
become increasingly important in rehabilitation [1]. The
growing demand for dental implants has propelled the
development of implant industry and led to its further
research and development. Not only has this introduced
new or modified implant designs, materials, and surface
treatments, but also advances in hard and soft tissues. In
addition to this, technological improvements in
regenerative surgical approaches, devices, and materials

have contributed to the application and success of dental
implant therapy, and will continue to do so [2].
It is imperative to understand natural healing events after
the implant wound is created. Unlike teeth, which develop
synchronously with the surrounding periodontal tissue,
dental implants are surgically placed directly into native or
regenerated bone, limiting the number of cell types that
migrate, attach, and differentiate on the surface during
healing [3].
Postoperative infections are considered a rare
complication with a prevalence ranging from 1.6% to
11.5% [4,5]. They usually appear in the first month after
the dental implant is inserted [6]. Furthermore, changes in
oral flora caused by short-term postoperative topical and
systemic antibacterial therapy can also encourage the
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invasion of opportunistic pathogens. Nevertheless, as
with
any
biomaterial-cantered
infection,
such
complications are non-responsive to antibiotics and often
persist until the implant is removed [7,8]. Consequently,
postoperative infections have been suggested to be a risk
factor for osseointegration which increases the risk of
early failure of dental implant by almost 80-fold [9-11].
In the current era, herbal medicines have caused a shift in
paradigm and are preferred over conventional drugs with
the notion of causing lesser adverse effects. According to
the WHO Herbal Medicines Strategies and Guidelines
proposed in 2002, any plant is considered to have
therapeutic potential if careful research has shown that
part of the plant has beneficial effects in treating a
disease [12]. One such herb is Phyllanthus niruri
(keezhanelli in Tamil) that has been widely studied for its
antihepatotoxic, anti hepatitic-B and antidiabetic
potential [13]. Sunitha et al. conducted a study wherein
the antimicrobial effect of the leaves of P. niruri and
Solanum nigrum on caries causing bacteria was
evaluated. They reported to have found a significant
antibacterial activity against cariogenic organisms [14].
Therefore, the aim of the present study was to evaluate
the antibacterial activity after coating suture material
with an antiseptic agent P. niruri.
MATERIALS AND METHODS
Preparation of plant extract
Fresh healthy leaves of Phyllanthus niruri and stevia were
collected from Chennai, TN and were thoroughly washed
with tap water and distilled water to remove dirt and
contamination. The leaves were then air dried at room
temperature and was ground separately to fine powder
using an electric grinder. To prepare leaf extract, 1 g each
of P. niruri and Stevia leaf powder were mixed with 100
ml of distilled water and then boiled at 70°C for 10 min.
The leaf extract was cooled down and filtered using
Whatman filter paper No.1 and was stored at 4 °C.
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wavelength range between 200–800 nm. Distilled water
was used as a reference.
Transmission electron microscopy
Transmission electron microscopy (TEM) was performed
to characterize size and shape of ZnO nanoparticles using
a high resolution transmission electron microscope (HRTEM) Model: FEI-TECNAI G2 -20 at an accelerating
voltage of 200 kV. The specimens for TEM measurement
were prepared by depositing a drop of nanoparticles on a
400 mesh copper grid coated by an amorphous carbon
film and evaporating the solvent in air at room
temperature. The sutures were soaked in P. niruri for a
period of 24 hours; dried and characterization was done
with the help of Transmission electron microscopy.
Assessment of antioxidant activity of Zinc Oxide
nanoparticles
The antioxidant potential of ZnO nanoparticles was
assessed using the DPPH assay [15-f17] based upon
spectrophotometric detection of reduction of DPPH• free
radical into DPPH-H. The purple colored DPPH. With
absorption maximum at 517 nm accepts hydrogen from
an antioxidant compound and is reduced to a yellow
coloured DPPH-H. The reduction in color is directly
proportional to the number of hydrogen atoms absorbed
from the antioxidant. Hence, the reduction in absorbance
can be directly correlated with the antioxidant activity of
the nanoparticles. Different volumes of nanoparticles
were added to 1 mL of 0.1mM DPPH solution in
methanol. The mixture was incubated for 30 min at room
temperature in the dark. Absorbance of nanoparticles
and DPPH mixture was measured at 517 nm using ELISA
reader Ascorbic acid (vitamin C) mixed with DPPH
solution was used as reference standard. Methanol plus
nanoparticles solution was used to set up blank. DPPH
free radical scavenging activity was calculated using the
following formula:
Percent Inhibition={(Absorbance of control-Absobance of
Sample)/(Absorbance of control)}*100

Synthesis of nanoparticles
A solution of 30 mm zinc sulphide (ZnS) was prepared in
70 mL Distilled water. ZnO nanoparticles were
synthesized by mixing 30 ml of plant extract with 70 ml
of ZnS solution under continuous stirring and were
incubated at 37O C for 48 h. The mixture was allowed to
precipitate and settle down at RT for …h and was finally
centrifuged at 10,000 rpm for 5 min. The resulting
precipitate was washed twice with distilled water and
then dried in hot air oven at 80 °C. The powder of ZnO
NPs was scraped and further characterized using
different techniques.
Characterization of zinc oxide NPs
UV-Visible Spectrophotometry
ZnO nanoparticles were suspended in distilled water. The
absorption spectrum of synthesized NPs was measured
using UV–visible spectrophotometer (Esico, India) in

Assessment of antimicrobial activity
Bacterial strains
Antimicrobial activity was tested against Candida
albicans, Streptococcus mutans, E. faecalis and S. aureus.
Evaluation of antimicrobial activity using agar disc
diffusion assay
Antimicrobial activity of nanoparticles was assessed
using disk diffusion method. Different concentrations of
nanoparticles (specify range of NP concentrations used)
were prepared. Bacterial strains were cultured in Luria
Bertani broth at 37 °C under continuous shaking
overnight. Bacterial suspension was prepared and 0.1 mL
of suspension was spread uniformly on nutrient agar
plates. Sterile discs (10 mm in diameter, HiMedia
Laboratories Pvt. Ltd., India) soaked in different
concentrations of the nanoparticles, were placed
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aseptically onto the surface of the inoculated agar plates.
The plates were incubated at room temperature for 1 h to
diffuse the nanoparticles into the medium. Plates were
then incubated at 37 °C overnight (14-16 h). Post
incubation, zones of inhibition was measured as an
indicator of activity. Each experiment was replicated at
least three times.
RESULTS AND DISCUSSION
Visual and optical analysis of nanoparticles
formation
Mixing zinc sulphide with leaf extracts of P. niruri and
Stevia led to physio-chemical reactions in the solution.
The colour of the reaction mixture changed slightly from
yellow to light brown. Plant extracts are enriched in
flavonoids and phenolic compounds that strongly
facilitate precipitation of Zn ions into Zn nanoparticles.
Figure 1 clearly depicts change in color of the reaction
mixtures due to formation of ZnO nanoparticles. These
results were consistent with the previous reports of color
changes in plant-based synthesis of nanoparticles.

Figure 2: UV-vis spectroscopic analysis of ZnO
nanoparticles.
Antimicrobial effect of Zn nanoparticles
It was observed that as the concentration increases, there
is an increase in the zone of inhibition. The present study
reflected that silk sutures coated with ZnS nanoparticles,
had an effective antimicrobial reaction against
Lactobaacilli, S mutans and C. Albicans which are most
commonly found in oral microbiota. The plants and many
biological materials are playing major role in the zinc
oxide nanoparticles synthesis [15-23] (Figures 3 and
Figure 4).

Figure 1: Plant extract preparation and nanoparticles
synthesis.
ZnO nanoparticles were further characterized by UV
spectrophotometry. Figure 2 shows the UV peaks
recorded by the spectrophotometer. The maximum
absorption peak for ZnO NPs synthesized via P. niruri and
Stevia was recorded at wavelength range nm
corresponding to ZnS nanoparticles. These findings are in
agreement with the standard ZnS absorption spectra.
Figure 3: TEM analysis of ZnO NPs.
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Figure 4: Antimicrobial activity.
CONCLUSION

15.

Along with zinc, nanoparticles can be effective agents to
be used with silk suture. Future scope of the study will be
to carry out animal trials followed by clinical trials which
will pave way for it to be incorporated into everyday oral
surgical procedures.
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