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INTRODUCTION

In dental caries, the demineralization of the tooth enamel
occurs and subsequently results in deep cavities due to the
presence of cariogenic bacteria like Streptococcus mutans,
Lactobacillus spp., etc. [1]. S. mutans, a Gram-positive, facul-
tative anaerobe which forms biofilm. Biofilms are a community
of bacterial cells that are surrounded by exopolysaccharide
layer and hence adhere to the substratum like tooth surfaces,
bone, glass, metals, etc. [2]. Biofilm formation is driven by many
virulence factors like glucosyltransferases, glucan binding
proteins, exopolysaccharide formation, salivary proteins, etc.
Factors like diet, genetic inheritance and poor oral hygiene
also aid in the biofilm formation [3,4]. The stream of biochemical
pathways resulting in its acidogenicity and aciduricity contri-
bute to the tenacity of biofilm formation and henceforth, the
infection [5]. This results in the persistence and reoccurrence
of dental caries.

The conventional treatment of dental caries employs the
use of antibiotics, fluoride application, dental filling, dental
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crown, etc. Most of these treat the symptoms but not the cause,
except antibiotics and fluorides. One of the main drawbacks
of antibiotics is the extermination of healthy microflora and
increasing bacterial antibiotic resistance. This in turn contri-
butes to the reoccurrence of dental caries. The disadvantage
of fluoride applications is that it causes dental fluorosis on
repeated usage. Hence, various approaches to eliminate the
biofilms of S. mutans have been studied ranging from the use
of products from other microbes, plants, antibodies, macrolides,
block-co-polymers, etc. [6]. In addition to this, nanoparticles
like silver, calcium fluoride and ZnO have shown significant
antimicrobial, antibiofilm activity and therefore can be used
as a novel approach to eliminate the biofilm [7,8].

ZnO nanoparticles are widely known for their antibacterial
properties and finds wide range of applications in biomedical
field [9,10]. These are known for their bactericidal character-
istics by the generation of reactive oxygen species (ROS) like
•H2O2 (hydrogen peroxide), OH– (hydroxide), etc. ZnO nano-
particles are used greatly in medical devices, cosmetic, pharma-
ceutical and food industries [11,12]. Chemical synthesis of

https://orcid.org/0000-0002-9053-6946
https://orcid.org/0000-0003-1390-7288


ZnO nanoparticles has an advantage of size and geometrical
variation. However, the reagents involved in chemical synthesis
are found to be toxic [13]. Green methods for synthesizing
nanoparticles are safe and eco-friendly and therefore a better
alternative to the chemical methods. Green synthesis of ZnO
nanoparticles using plant extracts as reducing agents results
in a good size reduction usually in the range of 100-200 nm
[14,15].

Poly(methyl methacrylate) (PMMA) is a material that has
been used widely in dental prosthetics over decades. The
mechanical property of PMMA and its effects on the oral cells
and tissues are thoroughly understood [15,16]. However, PMMA
does not exhibit antibacterial activity. One way of incorporating
antibacterial activity in PMMA, is by infusing the nanoparticles
into it. The PMMA-ZnO nanocomposite materials as a promi-
sing material for denture bases are becoming increasingly
popular among scientists and dentists [17,18]. A thin layer of
saliva is present between the denture base and oral mucosa.
Because of this, the nanoparticles that are released from the
dental prosthetic material can penetrate the underlying tissue
and exert an antibacterial action [19,20].

In present study, ZnO nanoparticles were green synthe-
sized using Rosa bracteate and characterized. The nano-
particles were tested for its antibacterial and antibiofilm activity
against S. mutans. Further, the nanoparticles were incorporated
into PMMA to form PMMA-ZnO nanocomposites and their
release rate was studied. The cytotoxicity of the nanoparticles
was also evaluated.

EXPERIMENTAL

Synthesis of ZnO nanoparticles: Dried and powdered
petals of Rosa bracteate was used as a reducing agent for the
synthesis of ZnO nanoparticles. About 5 g of R. bracteate powder
was added to 100 mL of water and boiled for 1 h. This extract
(50 mL) was added to 200 mL of zinc acetate (0.2 M) and stirred
at around 30 ºC for about 1 h. Sodium hydroxide solution (3 M)
was added gradually until an alkaline pH was reached. The
obtained ZnO precipitate was centrifuged at 10000 rpm for
10 min. The pellet was washed with water three times and
dried overnight at 60 ºC and then placed in a muffle furnace for
1 h at 400 ºC. The synthesized ZnO nanoparticles was subjected
to X-ray diffraction (XRD), scanning electron microscopy
(SEM) and UV-Vis spectroscopy for characterization [21,22].

Antibacterial activity of ZnO nanoparticles: The ZnO
nanoparticles were tested for its antibacterial activity against
S. mutans by agar well diffusion method. The S. mutans
(MTCC 497) received from Institute of Microbial Technology,
Chandigarh, India was then inoculated onto the sterile Muller
Hinton Agar (MHA) plates. The wells were punctured on the
surface of the plates and various concentrations of ZnO nano-
particles (100-500 µg/mL) were added. Streptomycin (25 µg)
was used as a control. The plates were then incubated for 24-
48 h at 37 ºC. After the incubation period, the antibacterial
activity was determined by measuring the zone of inhibition
[23].

Antibiofilm activity of ZnO nanoparticles: The anti-
biofilm activity of ZnO nanoparticles on S. mutans biofilm

formation was carried out as described by O’Toole [24]. The
biofilm formation was evaluated by the crystal violet assay.
The overnight culture of S. mutans (MTCC 497) was diluted
to 1:100 with Todd Hewitt Broth and a concentration of 100
µg/mL of the synthesized ZnO nanoparticles was added. This
inoculum (100 µL) was added to each well of the microtiter
plate. The wells were then incubated at different intervals of
time at 37 ºC. The wells were subsequently washed to remove
the excess cells. To each well, 125 µL of crystal violet stain
was added and incubated for 20 min. The excess stain was
washed off gently and the plates were dried overnight. The
adhered crystal violet was solubilized by adding 125 µL of
30% acetic acid and incubated for 15-20 min. The absorbance
was measured at 550 nm using 30% acetic acid as blank. The
number of cells contributing to the biofilm formation was then
correlated to the McFarland scale. The same procedure was
followed for establishing the biofilm formation in control,
wherein ZnO was not added and the cell density was deter-
mined. The absorbance values obtained from the control and
test samples were used to calculate the percentage antibiofilm
activity [25].

Control OD Test OD
Antibiofilm activity (%) 100

Control OD

−= ×

Preparation of PMMA-ZnO nanocomposites: The
PMMA-ZnO nanocomposite was prepared as described by
Cierech et al. [26]. The PMMA polymer powder was mixed
with liquid monomer in the volume ratio of 3:1. The ZnO nano-
powder was suspended in a liquid monomer of PMMA resin
such that 5% (w/v) of ZnO nanoparticles concentration was
achieved. The mixture was shaken in a shaker and sonicated.
The dough was then made into tiny balls, which were further
utilized for release studies of ZnO nanoparticles [26].

Release rate of ZnO nanoparticles from poly(methyl
methacrylate) (PMMA): The nanocomposite ZnO-PMMA
balls with a concentration of 5% ZnO was added into ten beakers.
Artificial saliva was prepared as described elsewhere [27]. To
these beakers, artificial saliva and phosphate buffer was added
in the ratio of 1:1 and the final volume was amounted to 5 mL.
This was done so as to mimic the conditions in the oral cavity.
The beakers were then kept in an incubator at 37 ºC. The optical
density of ZnO nanoparticles was measured at various time
intervals at 390 nm, which corresponds to the amount of ZnO
nanoparticles released [28]. The amount of ZnO nanoparticles
released from PMMA-ZnO nanocomposite was further
estimated and their release rate was measured at various pH.

Cytotoxicity evaluation of ZnO nanoparticles: The
cytotoxicity of ZnO nanoparticles was evaluated on HaCaT
cell lines. About 200 µL of the cell suspension was added to
each well and kept still to enable the cells to cling onto the
well. To these wells, ZnO nanoparticle concentrations ranging
from 10 µg to 1000 µg was added. Camptothecin was used as
a reference compound. The wells were then incubated for 12 h
at 37 ºC and 5% CO2. The MTT agent was added to a volume
of 10% of the total volume in each well. The 96-well plate
was further covered in aluminium foil to prevent any light
exposure. The plate was then incubated at 37 ºC and 5% CO2
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for 3 h. DMSO was added to each well in equal volume as that
of cell culture and the plate was kept on a gyratory shaker to
encourage better diminution. The absorbance at 570 nm was
measured and the viability was estimated. The MTT assay was
carried out at Stellixir Biotech Pvt. Ltd., Bangalore, India.

RESULTS AND DISCUSSION

UV-visible studies: ZnO nanoparticles were subjected to
a wavelength scan in the UV-vis range of the electromagnetic
spectrum. Fig. 1 represents the UV-visible spectra of the synthe-
sized ZnO nanoparticles using Rosa bracteata. The maximum
absorbance was observed at 390 nm, which is similar to the
previous results [22,29,30]. The absorbance at 390 nm confir-
med the change of initial material zinc acetate to ZnO nanopar-
ticle [31,32]. Further, there were no peaks after the ZnO peak
suggesting that dopants are not present in the sample. Thus,
the UV-vis analysis confirms the presence of ZnO nanoparticles
as the maximum absorbance falls under the range of 315-400
nm, which is a characteristic property of ZnO nanoparticles
[33-35].

SEM studies: The green synthesized ZnO nanoparticles
using R. bracteata were analyzed for their size and morphology
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Fig. 1. UV-visible spectra of the green synthesized ZnO NPs

by SEM. The polyhedral, nanoflowers and nanowire like struc-
tures were observed and the nanoparticle size range was between
65 to 150 nm (Fig. 2). This size range obtained is in agreement
with the size of ZnO nanoparticles reported in literature [36].

Fig. 2. SEM images of the green synthesized ZnO nanoparticles
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XRD studies: The X-ray diffraction of ZnO nanoparticles
showed intense Bragg’s reflection with 2θ values of 31.2251º,
33.8859º, 35.7043º, 47.1353º, 56.1950º, 62.4982º, 67.5449º
and 68.7201º (Fig. 3). The corresponding miller indices were
(100), (002), (101), (102), (110), (103), (112) and (201), which
was similar to the results obtained by Rekha et al. [37] and the
peaks were similar to the JCPDS standard (JCPDS: 36-1451).
As there were no additional 2θ peaks, this proves that impurities
were absent. Using Scherrer’s relation i.e. D = Kλ/(β cos θ)
the crystalline size for each θ value was calculated. The average
crystalline size was found to be 118 nm.
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Fig. 3. XRD spectrum of the green synthesized ZnO NPs

Antibacterial activity: It was observed that the standard
antibiotic streptomycin had the highest zone of inhibition
against S. mutans (Table-1). The zone of inhibition around
the wells loaded with ZnO nanoparticles was observed, which
confirms that the green synthesized ZnO nanoparticles exhibit
antibacterial activity. Amongst the varying ZnO nanoparticle
concentrations, the highest zone of inhibition observed was
for the concentration 500 µg/mL.

TABLE-1 
AVERAGE ZONE OF INHIBITION OF  

DIFFERENT CONCENTRATION OF ZnO  
NANOPARTICLES AGAINST S. mutans 

Concentration of  
ZnO NPs (µg/mL) 

Average zone of  
inhibition (mm) 

100 10.25 ± 1.70 
200 11.25 ± 1.25 
300 13.75 ± 1.25 
400 18.50 ± 3.10 
500 23.25 ± 2.21 

Streptomycin 25.66 ± 2.51 
 

Zinc oxide nanoparticles has proved to be effective anti-
microbial agent for pathogenic bacteria like P. aeruginosa, P.
alcaligenes, E. coli, S. pyogenes, S. aureus, S. typhimurium,
P. mirabilis, E. faecalis and E. aerogenes [38-40]. Zinc oxide
nanoparticles prove to be effective antimicrobial agents as they
increase the bacterial membrane permeability leading to the
disturbance in the bacterial membrane proteins [41].

Antibiofilm activity of ZnO nanoparticles: The biofilm
formation by S. mutans was quantified by microtiter method
and the growth was determined based on the absorbance at
550 nm for 0-5 h with an interval of 1 h between readings.

The obtained absorbance values were related to the McFarland’s
standard plot and the number of cells forming the biofilm was
determined. Initially in the control sample, at 0th h, biofilm
formation commenced with 0.191 × 108 CFU/mL, a dip at 2nd h
was observed, indicating the lag phase of the growth of S.
mutans followed by which it reached 0.369 × 108 CFU/mL at
5th h of incubation (Fig. 4). Similar trend in the biofilm form-
ation was reported by Kulshrestha et al. [42].
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Fig. 4. Antibiofilm assay of ZnO nanoparticles

Subsequently, the antibiofilm activity of green synthesized
ZnO nanoparticles was studied with the addition of 100 µg/
mL of ZnO nanoparticles. A 0.142 × 108 CFU/mL was present
at the 0th h. There was a constant decrease in the cell density
throughout the 5 h and at the 5th h the approximate cell density
in the test sample was found to be 0.015 × 108 CFU/mL (Fig.
4). The number of bacteria forming biofilm had significantly
decreased in the presence of ZnO nanoparticles when compared
with the control samples.

It was observed that as the time of incubation increased,
the number of cells forming the biofilm decreased. At the 5th h
of incubation, the antibiofilm activity was around 95%. Similar
results were reported in a study by Vijayakumar & Vaseeharan
[43] where maximum biofilm inhibition was seen at 75 µg/mL
when incubated for 24 h. In the present study, when 100 µg/
mL of ZnO nanoparticles was used, the biofilm formation of
S. mutans was maximum inhibited in the 5th h of incubation.
Zinc oxide nanoparticles have also been reported to prevent
biofilm formation of P. aeuroginosa at a concentration of 64
µg/mL at 2 h incubation [44]. Silver nanoparticles coated on
catheters have shown to inhibit the formation of biofilms by
S. aureus [45]. An anti-biofilm effect of ZnO nanoparticles at
a concentration of 50 to 350 µg/mL reduced pre-formed biofilm
of P. aeruginosa [46]. Zinc oxide nanoparticles of smaller size
i.e., less than 20 nm has better anti-biofilm activity may be
due to the higher penetration through the bacterial cell wall
than the larger nanoparticles [47].
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Release rate studies: The release of ZnO nanoparticles
from the PMMA-ZnO nanocomposite into the artificial saliva
was studied. Artificial saliva was used as a buffer system to
recreate the natural salivary environment in vitro. The release
rate was investigated at a salivary pH ranging from 6.5-7.5 with
an increment of 0.1 at 37 ºC. The release of ZnO nanoparticles
was determined at different time intervals and pH. Overall, the
highest release rate over time was observed at the pH of 7.1
and the lowest at pH 6.7 (Fig. 5). The release of ZnO nano-
particles from the PMMA-ZnO composite confirms its potential
in the management of secondary caries as it can have an anti-
microbial effect and inhibit biofilm formation of cariogenic
bacteria. However, the amount of ZnO nanoparticles released
needs to be optimized prior to its use in caries control.

Cytotoxicity evaluation: The MTT assay was performed
to study the toxicity of ZnO nanoparticles on HaCaT cell lines
(Fig. 6). The cytotoxicity of the ZnO nanoparticles was evaluated
(Fig. 7) and Fig. 8 shows the cell viability percentage at various
concentrations of ZnO nanoparticles. At a concentration of
100 µg/mL, the ZnO nanoparticles was found to be non-toxic
on the cell lines tested. A sharp reduction in the absorbance
value was observed beyond 250 µg/mL of ZnO. This reveals
that the ZnO nanoparticles had a toxic effect on the cells from
250 µg/mL, which was similar to the results obtained by
Nemati et al. [48]. As the antibiofilm activity and antimicrobial
activity of ZnO nanoparticles on S. mutans were also observed
at 100 µg/mL, it can be concluded that a concentration of 100

(a) (b) (c)

(d) (e) (f)
 

(g)

Fig. 6. Cytotoxicity evaluation of ZnO nanoparticles on Ha Cat cell lines (a: untreated sample, b: treated with 0.5 µM camptothecin, c-g:
treated with 100, 250, 500, 750 and 1000 µg/mL ZnO NPs respectively)
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Fig. 5. Release rate studies of ZnO from PMMA-ZnO nanocomposite

µg/mL in dental prosthetics would prove to be sufficient to
prevent secondary dental caries. The results obtained in this
study were in concurrence with that of Kulshrestha et al. [42].
Moreover, in earlier studies, it was established that green
synthesized zinc oxide nanoparticles from S. muticum had
median lethal concentration (IC50) value of 150 µg/mL at 48 h
exposure [49], while the ZnO nanoparticles synthesized from
Andrographis paniculata showed anticancer activity at 250
µg/mL against He La and Hep-2 cell lines [50].
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Conclusion

In present study, zinc oxide nanoparticles synthesized
using Rosa bracteate was tested for their antimicrobial activity
and antibiofilm activity. The results showed that synthesized
nanoparticles were effective against Streptococcus mutans in
preventing the formation of biofilm and exhibited antimicrobial
property. Characterization studies revealed the crystalline ZnO
nanoparticles having an average size of 118 nm. The ZnO
nanoparticles were incorporated into dental prosthetic material
(PMMA) and evaluated for their cytotoxicity and release studies.
From the results, it can be concluded that the PMMA-ZnO
composites can be used in the control and management of dental
caries.
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