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Abstract 

PURPOSE: The aim of this study was to evaluate the an+bacterial ac+vity of glass ionomer 
cement incorporated with silver nanopar+cles (AgNPs) synthesized using mint leaf extract 
(Mentha piperita, M. piperita) on some oral cavity bacteria. 

MATERIALS AND METHODS: In the present study, M. piperita leaf extract was used for the 
synthesis of AgNPs. A total of 60 glass ionomer cement (GIC) disk-shaped specimens were 
prepared and divided into two groups: conven+onal GIC (C-GIC), and glass ionomer cement 
with 2 wt% AgNPs (GIC-AGNPs). The an+bacterial ac+vity of the GIC specimens in 
comparison with Ampicillin disk (10 µg/ml) was inves+gated against Streptococcus mutans, 
Enterococcus faecalis, Lactobacillus acidophilus, Lactobacillus casei, and Streptococcus 
aureus by measuring the diameter of growth inhibi+on zones. 
RESULTS: C-GIC specimens failed to show any an+bacterial effect against the studied 
bacteria. However, the GIC-AgNPs had rela+vely significant an+bacterial effects on S. 
mutans, L. acidophilus, L. casei and S. aureus. The highest an+bacterial effect of GIC-AgNPs 
specimens was reported against L. acidophilus (P <0.001). GIC-AgNPs had no an+bacterial 
effect on E. faecalis.  
 

CONCLUSION: Glass ionomer cement 
incorporated with AgNPs synthe+zed 
using M. piperita showed a promising 
an+bacterial effect against oral 
cariogenic pathogens. 
KEYWORDS: An+bacterial ac+vity; Glass 
ionomer cement; Mentha piperita; Silver 
nanopar+cles  
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Introduction 

The number of people who seek 
orthodontic treatment is increasing. 
Based on the 2012 report of the 
American Association of 

Orthodontists (AAO), the number of 
adults who underwent orthodontic 
treatment increased about 39% 
compared to the previous report in 
1996 [1].  The impact of orthodontic 

treatment on oral health is not 
evident because of the lack of high-
quality published evidence [2]. Some 
researchers believe, orthodontic 
treatment is a strong risk factor for 
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dental caries [3, 4]. The reason for 
that is the accumulation of dental 
plaque around fixed appliances, 
subsequent enamel demineralization, 
and the occurrence of dental caries 
[5- 7]. Orthodontic treatment has the 
potential to change the composition 
of dental plaque. It has been revealed 
that a large number 
of Pseudomonas species exist in 
normal oral microflora of orthodontic 
patients [8]. It has been said that 
orthodontic treatment is a risk factor 
for dental caries especially in younger 
patients and responsible for 45.8% of 
newly formed caries lesions [9]. 
Despite the above-mentioned facts, 
some studies support the improved 
ability of orthodontic patients to 
maintain oral hygiene [10] and show 
that in the presence of good oral 
hygiene, orthodontic treatment 
would not be a risk factor for dental 
caries [11]. Therefore, there is little 
agreement on the relationship 
between orthodontic treatment and 
dental caries and while debate 
continues in this regard, it seems 
logical to apply methods and 
materials which lessen the caries 
activity to the fewest possible extent. 
Coating of materials with 
antimicrobial nanoparticles is one of 
the proposed methods to reduce 
caries activity during orthodontic 
treatment. Incorporation of nano 
Cinnamon powder in orthodontic 
resin [12], wires coated with AgNPs 
[13], nanoparticles of silver and 
nitrogen-doped TiO2 applied on 
orthodontic brackets [14], 
incorporation of arginine to 

commercial Orthodontic light-cured 
resin cements [15], and nanosilver 
mouthwash [16] are examples of 
promising modifications for 
improvement of orthodontic 
treatment. Attempts also have been 
made to modify orthodontic cement 
such as glass ionomer with 
nanoparticles to enhance the 
antibacterial properties of the 
cement. Glass Ionomer Cement with 
TiO2 nanoparticles showed a 
significant antibacterial effect on S. 
mutants [17]. The incorporation of N-
acetylcysteine (NAC) into nanosilver-
containing resin-modified glass 
ionomer cement revealed favorable 
antibacterial capability and 
biocompatibility [18]. The 
rechargeable nano-CaF2 orthodontic 
cement showed promising results in 
inhibiting white spot lesions in 
orthodontics [19].  

Silver nanoparticles (AgNPs) possess a 
great and long-lasting antibacterial 
activity [20] and are subjected to less 
bacterial resistance than antibiotics 
[21]. Dental materials which have 
been modified with nanosized silver 
particles (NAg) show effective 
antibacterial properties [18]. There 
are various techniques for 
synthetizing AgNPs, including laser 
ablation, microwave-polyol, 
sonochemical, sonoelectrochemical, 
microwave dielectric heating, 
solvothermal, and electrochemical 
which most of them are expensive 
and produce toxic chemicals [20]. In 
recent years there has been an 
increasing tendency and interest 

toward the green synthesis of AgNPs 
as a clean and ecofriendly synthesis 
technique [20]. This technique which 
is based on the usage of bio-
organisms, plant leaves, and fruit 
extracts, is cost-effective and fast and 
lessens the risk of toxicity [20, 22]. 
Green synthesis of Ag nanoparticles 
using plants is highly preferable since 
plants are more resistant to metal 
toxicity and offer a truly green 
alternative for AgNPs synthesis [23]. 
AgNPs synthesized with Mangifera 
indica leaves [20], and gum arabic 
[24] showed promising results against 
oral pathogens. M. piperita leaf 
extracts have been shown to have 
antimicrobial properties against oral 
pathogens [25]. Biosynthesis of 
AgNPs using mint leaf extract (M. 
piperita) revealed antibacterial 
activity against pathogenic bacteria 
such as Escherichia coli and S. aureus 
[26]. M. piperita is a natural support 
for AgNPs that showed antifungal 
activity against Candida albicans [27]. 
To the best of our knowledge, there 
was no report on green synthesis of 
AgNPs using M. piperita leaf extract 
for enhancement of antibacterial 
properties of glass ionomer cement, 
therefore, this study aimed to 
evaluate the antibacterial activity of 
glass ionomer cement incorporated 
with AgNPs synthesized using mint 
leaf extract (M. piperita) on S. 
mutans, L. acidophilus, L. casei, E. 
faecalis and S. aureus bacteria.  

Material and Methods 
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Materials 

Silver nitrate (AgNO3) (99%) and 
Mueller-Hinton agar (MHA) were 
purchased from Merck Company, 
Germany. Conventional Glass 
Ionomer Cement (GIC) (powder/liquid 
form) supplied by Fuji Pharma, Japan. 
M. piperita leaves were obtained 
from a local provider (Birjand, South 
Khorasan province, Iran). The 10 
µg/ml Ampicillin disk was purchased 
from MAST Company, UK. Five 
standard strains of bacteria (ATCC 
bacterial strains) were purchased 
from Pasteur Institute (Tehran, Iran).  

Preparation of Plant Extract 

In the present study, M. piperita leaf 
extract was used for the synthesis of 
AgNPs based on its ease of 
availability, cost-effectiveness, and 
medicinal properties. The fresh and 
healthy leaves of M. piperita were 
washed with distilled water and air-
dried at room temperature. M. 
piperita leaf aqueous extract was 
prepared (50 g of finely powdered 
leaves in 500 ml double-distilled 
water) at 60 °C for 10 minutes. The 
extract was cooled down and filtered 
with Whatman filter papers. Finally, 
the filtered extract was centrifuged at 
8000 rpm for 20 minutes, and the 
supernatant was collected and stored 
at 4 °C for further use. 

Biosynthesis and Characterization of 
Silver Nanoparticles (AgNPs) 

Biosynthesis of AgNPs was carried out 
by adding 10 ml of M. piperita leaf 
extract to 90 ml of 1mM silver nitrate 

(AgNO3) solution with continuous 
stirring at room temperature for 48 
hours. The reduction of silver nitrate 
to AgNPs was confirmed by the color 
change of the prepared colorless 
solution to brown. The fully reduced 
solution was centrifuged at 8000 rpm 
for 20 minutes. The supernatant 
liquid was discarded and the pellet 
containing AgNPs was washed 2-3 
times with deionized water to 
remove silver ions and the leaf 
extract residue. The resultant pellet 
was dried in a desiccator for 72 hours 
and stored in dark condition for 
further characterizations.  

The synthesized AgNPs were 
characterized by UV-visible 
spectroscopy. The particle size of the 
samples was determined by the 
Zetasizer (Nano-ZS, Malvern, UK). 
Furthermore, the Fourier-transform 
infrared (FTIR) spectra of the 
nanoparticles were obtained on a 
Perkin-Elmer spectrometer (USA) in 
the absorption mode in the range of 
4000-450 cm-1. To determine the 
shape and structure, the 
nanoparticles were subjected to 
transmission electron microscopy 
(TEM) at 120 kV (LEO 912AB Zeiss 
electron microscope-Germany). 

Preparation of Glass Ionomer 
Cements (GICs) 

In this study, a total of 60 GIC (Fuji II 
LC, GC Corporation, Tokyo, Japan) 
disk-shaped specimens were 
prepared using a silicone mold (7 mm 
in diameter and 2 mm in height). GIC 
powder and liquid were mixed with a 

plastic spatula for the 30 seconds 
according to the manufacturer’s 
instructions and placed in the molds. 
The AgNPs powder was weighed and 
mixed with GIC powder in a 
percentage of 2% (w/w) immediately 
prior to manipulation. Specimens of 
cements were divided into two 
groups: conventional GIC without any 
addition (C-GIC), and cement with 2% 
(w/w) AgNPs (GIC-AgNPs).  

Noteworthy, the material and 
specimens were prepared under 
laminar flow conditions. Finally, the 
prepared GIC specimens were 
sterilized for 30 min using ultraviolet 
(UV) radiation on each side to 
prevent contamination during the 
antibacterial activity tests.  

The prepared specimens (n = 90) 
were classified into 3 main groups (30 
specimens each) including C-GIC, GIC-
AgNPs, and Ampicillin groups. 

Antibacterial Activity Assessment 

The antibacterial activity of the GIC 
specimens along with Ampicillin disk 
(10 µg/ml) was investigated by the 
Kirby-Bauer disk-diffusion method 
and according to the Clinical and 
Laboratory Standards Institute (CLSI) 
guidelines [45]. Experimented 
bacteria were S. mutans (ATCC 
35668), E. faecalis (ATCC 29212), L. 
acidophilus (ATCC 4356), L. casei 
(ATCC 39392), and S. aureus (ATCC 
25923). The disks were placed on 
MHA inoculated with 0.5 McFarland 
of the studied bacteria at a distance 
of 15-20 mm. After incubation (24-48 
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hours) at the temperature of 37°C in 
5% CO2 (aerobic conditions for S. 
aureus), antibacterial activity was 
assessed by measuring the diameter 
of growth inhibition zones. The 
results represented the average of 
the three replicates.  

Statistical Analysis 

Statistical analysis was performed 
using SPSS version 21 (SPSS, Chicago, 
IL). Mean values and standard 
deviations for diameter of inhibition 
zone were reported. Antimicrobial 
activity of Glass Ionomer Cement 
(GIC) and GIC- AgNPs specimens, and 
Ampicillin disks against various 
standard bacterial strains were 
analyzed using Independent-samples 
t-test. (Since no inhibition zone was 
observed for GIC specimens, 
Independent-samples t-test was used 
for comparison of the antibacterial 
effect of the two other disks (GIC- 
AgNPs, and Ampicillin) against each 
bacterial strain.). The effect size 
(Hedge's g) and the results of 
statistical analyses are presented in 
Table 2. The significance level for all 
analysis was set at P <0.05.   

Results 

Characterization of AgNPs 

In this study, the biosynthesis of M. 
piperita AgNPs was confirmed by the 
color change of the initial colorless 
solution to brown. Furthermore, the 
UV-Vis spectral analysis showed the 
peak at 420 nm, which attributed to 
the Surface Plasmon Resonance (SPR) 

of AgNPs (Figure 1). The size 
distribution of the AgNPs was 

measured by DLS and their average 
size was found to be 71.67±0.13 nm 
(Figure 2). As per TEM analysis, AgNPs 

of M. piperita appeared to be quasi-
spherical in shape with a size range of 
less than 100 nm (Figure 3).  

Fourier transform infrared (FTIR) 
spectral measurements were carried 

out to identify the possible 
biomolecules in M. 
piperita leaf aqueous 
extract as reducing and 
capping agents of AgNPs 
(Figure 4). In the FTIR 
spectrum of M. piperita 
AgNPs, the 3420 cm-1 peak 
represents the N-H 

bending vibration of the amine 
groups. Also, two peaks were 
observed at 2924 cm-1 and 1628 cm-1 
which are related to C-H groups and 
carbonyl groups from polyphenols, 

respectively. The results indicate the 
presence of plant biomolecules on 
AgNPs that these compounds can 
play an important role in stabilizing 

Figure 1. UV-Vis spectral analysis of silver 
nanoparticles (AgNPs) synthesized by M. 
piperita leaf aqueous extract. 

Figure 2. Particle size of M. piperita AgNPs. 

Figure 3. TEM images and respective size distribution M. piperita AgNPs. 
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nanoparticles and increasing their 
antibacterial properties.  

Antibacterial Activity 

In the present study, the antibacterial 
activity of the GIC and GIC-AgNPs 

specimens in comparison with 
Ampicillin was investigated for 

various standard bacteria strains 
(Table 1). The results indicated that 
Conventional Glass Ionomer Cement 

(C-GIC) specimens did not have any 
antibacterial effects against the 
studied bacteria. However, the GIC-
AgNPs had antibacterial effects on S. 
mutans, L. acidophilus, L. casei and S. 
aureus. The highest antibacterial 
effect of GIC-AgNPs specimens with 
an average inhibition zone diameter 
of 11.67±0.29 mm was reported 
against L. acidophilus (Table 2). All 
studied bacteria were sensitive to 
Ampicillin with a minimum inhibition 
zone diameter of >26 mm (P <0.001). 
Overall, the results of this study 
showed that the antibacterial effects 
of GIC-AgNPs against S. mutans, L. 
acidophilus, L. casei and S. aureus 
were relatively significant compared 
to conventional GIC, whereas 
significantly lower compared to 
Ampicillin (Table 2).  

 

Bacteria Strains 
Zone of Inhibition (mm) 

Mean ±SD 
C-GIC GIC-AgNPs Ampicillin (10 µg/ml) 

Streptococcus mutans 
(ATCC 35668) NI 10.17±1.04 51.33±1.04 

Lactobacillus acidophilus 
(ATCC 4356) NI 11.67±0.29 28.88±1.07 

Lactobacillus casei 
(ATCC 39392) NI 8.16±0.29 26.83±0.67 

Enterococcus faecalis 
(ATCC 29212) NI NI 32.17±0.76 

Staphylococcus aureus 
(ATCC 25923) NI 8.67±0.76 32.83±0.29 

Figure 4. FTIR spectrum of AgNPs synthesized by M. piperita leaf aqueous extract. 

C-GIC: Conventional Glass Ionomer Cement, GIC-AgNPs: GIC with 2 wt% AgNPs, NI: No inhibition zone 

Table 1: Antimicrobial activity of Glass Ionomer Cement (GIC), GIC- AgNPs, and Ampicillin specimens against various standard bacteria strains. 
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Discussion  

As previously mentioned, GIC is said 
to have antibacterial  
activity against cariogenic pathogen, 
though, its ability to arrest caries 
process is a matter of debate [28]. 
However, we failed to find any 
antibacterial activity of C-GIC in this 
study, which is corroborated with 
findings of some previous researches 
[29- 32]. Several attempts have been 
made to enhance the antibacterial 
activity of glass ionomer cement such 
as addition of Chlorhexidine 

Gluconate and antibiotic mixtures to 
a Glass Ionomer Cement [28, 33]. 
However, these additives had 
different and often negative effects 
on physical and bonding properties of 
glass ionomer [28, 33]. 
Nano silver particles have shown 
great suppressive effect on oral 
pathogens [34]. They have inhibitory 
effect on adhesion and growth of 
cariogenic bacteria and impede the 
demineralization of enamel and 
dentin [34]. Nano silver particles are 
used in low concentrations and 

therefore they don’t cause changes in 
mechanical and color properties of 
dental materials or bacterial 
resistance [18, 34]. AgNPs, Nano 
silver fluoride, resin with AgNPs, and 
glass ionomer cement with AgNPs 
have been widely used and evaluated 
for dental applications [34]. Several 
researches have been done on the 
antibacterial activity of GIC 
incorporated with nano silver 
particles. Incorporating AgNPs into a 
resin-modified glass ionomer (resin 
containing 80 ppm of nanosilver) 

 Streptococcus 
mutans 

(ATCC 35668) 

Lactobacillus 
acidophilus 

(ATCC 4356) 

Lactobacillus 
casei 

(ATCC 39392) 

Enterococcus 
faecalis 

(ATCC 29212) 

Staphylococcus 
aureus 

(ATCC 25923) 

GIC-AgNPs  

10.17±1.04 
11.67±0.29 8.16±0.29 NI 8.67±0.76 

Ampicillin (10 
µg/ml) 51.33±1.04 28.88±1.07 

 

26.83±0.67 
32.17±0.76 32.83±0.29 

P value * P <0.001 P <0.001 P <0.001 P <0.001 P <0.001 

Effect size 

(Hedge's g) 

CI= 95% 

-38.79 -21.51 -35.44 - -41.16 

95% 

CI 

values 

Lower 
limit  -48.23 -26.78 -44.08 - -51.19 

Upper 
limit  -30.39 -16.83 -27.77 - -32.26 

Table 2: Comparison of the inhibition zone diameter between GIC-AgNPs, and Ampicillin disks against various standard bacterial strains. 

*Indicates the results of Independent-samples t-test for comparison of the antibacterial effect of the two disks against each bacterial strain. 
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showed significant antimicrobial 
activity against S. sanguinis and S. 
mutans in direct contact test [30]. 
Incorporation of nano silver base 
inorganic antibacterial powder into 
the glass ionomer cement decreased 
the demineralization rate around 
brackets without compromising bond 
strength [35]. In another study, 
Incorporation of AgNPs with GIC 
limited the S. aureus biofilm 
formation with insignificant effect on 
mechanical properties [36]. In a study 
conducted on a dental 
plaque microcosm biofilm model, 
resin-modified glass ionomer 
cement (RMGIC) 
containing nanoparticles of silver 
(NAg) reduced biofilm formation, 
plaque buildup, and white spot 
lesions formation around brackets 
without any adverse effect on the 
shear bond strength of brackets [37]. 
Incorporation of silver nanoparticle to 
orthodontic glass ionomer cements in 
the rat caries disease model 
enhanced its bactericidal effect on S. 
mutans [38]. The antibacterial effect 
of GIC-AgNPs against S. mutans, L. 
acidophilus, L. casei and S. aureus in 
this study is in line with the findings 
of a great deal of the previous work in 
this field [30, 36- 38]. We observed 
that GIC- AgNPs  did not have any 
antibacterial effect against E. faecalis 
which is a Gram-positive bacterium 
usually found in 
persistent endodontic infections [39].  
In a previous study, addition of up to 
5 wt% nanosilver to zinc oxide sealer 
could not improve its antibacterial 
effect against E. faecalis [40]. 

However, we didn’t find any study 
which had evaluated the antibacterial 
effect of nanosilver glass ionomer 
cement against E. faecalis. 

In the studies conducted on the role 
of silver nanomaterials for caries 
prevention, the most commonly used 
bacteria were S. mutans which are 
the main cause of dental caries and 
various lactobacilli which are 
associated with progression of the 
caries lesion [34]. However, in oral 
cavity we are facing with biofilm 
rather than cariogenic monospecies 
strains, which enhance the resistance 
of microorganisms to antimicrobial 
agents [34]. Therefore, in order to 
simulate the complexity and 
heterogeneity of the biological 
biofilm, it is preferable to use oral 
microcosm cultured from various 
bacteria and the extracellular matrix 
removed from the oral environment 
[34]. However, an animal study or 
clinical trial would provide the 
environment of choice to evaluate 
antibacterial activity of nano silver 
materials [34].  

Besides the antibacterial effects of 
nano silver materials, there are 
concerns regarding the silver nano 
particles   cytotoxicity [41]. Free sliver 
ions released from nanoparticles can 
penetrate cells and increase the 
production of reactive oxygen species 
and deleterious effects [42]. 
However, the cytotoxicity of AgNPs 
for human oral cells is lower than 
other silver compounds [34]. Besides 
the possible toxic effect of nano silver 
particles themselves, the techniques 

used to produce these particles can 
lead to production of toxic chemicals 
[20]. The green synthesis of Ag 
nanoparticles can lessen the risk of 
toxicity and is a green alternative for 
AgNPs synthesis [20- 23]. We used 
the Mentha piperita leaf extracts for 
synthesis of Ag nanoparticles which 
to our best knowledge have not been 
used in dental applications so far. We 
found antibacterial activity of Mentha 
piperita leaf extracts synthetized GIC-
AgNPs against the studied bacteria, 
which was in line with previous 
studies which used Mentha piperita 
leaf extracts against oral pathogens 
[25], Escherichia coli and S. aureus 
[26], and Candida albicans [27]. 

Although we found antibacterial 
activity of Mentha piperita leaf 
extracts synthetized GIC- AgNPs 
against bacteria strains, the stability 
of this effect should be further 
evaluated, since silver nanomaterials 
can be easily oxidized and aggregated 
[43]. In addition, further evaluation of 
different concentrations of AgNPs to 
find the optimized concentration 
which beside the antibacterial activity 
maintain the mechanical properties 
of the dental material seems 
necessary. 

Conclusion 

The findings of this study showed that 
glass ionomer cement incorporated 
with AgNPs synthesized using mint 
leaf extract (M. piperita) showed a 
promising antibacterial effect on S. 
mutans, L. acidophilus, L. casei and S. 
aureus. 



In-Vitro an+bacterial ac+vity of glass ionomer cements containing silver nanopar+cles synthesized from leaf extract of Mentha piperita 
  
 

Vol 10 No 1 (2022)    DOI 10.5195/d3000.2022.267 

 h#p://den*stry3000.pi#.edu 

Author Contributions 

Author 1 contributed to conception, 
design, data interpretation 

Author 4 and 5 contributed to 
conception, design, data 
interpretation, drafted and critically 
revised the manuscript. 

Author 2 and 3 contributed to data 
acquisition. 

Conflict of interests 

Authors wish to declare there is no 
conflict of interest related to this 
study. 

Ethical approval 

The study protocol was approved by 
ethics committee of Birjand 
University of Medical Sciences 
(Ir.bums.REC.1397.65). 

Funding 

This work was supported by vice 
chancellor of research of Birjand 
University of Medical Sciences (Grant 
Number: 455581). 

References 

1. American Associa,on of 
Orthodon,sts. 2018. AAO 
Economics of 
Orthodon,sts/Pa,ent Census 
survey comparison results 
[Internet]. American Associa,on 
of Orthodon,sts;St. Louis, MO: 
Available from: hJps://assets-
prod-www1.aaoinfo.org/assets-
prod-
www1/2019/02/14152041/2012

-2016-Comparison-Data.pdf. 
cited 2018 May 17. 

2. Do malocclusion and 
orthodon,c treatment impact 
oral health? A systema,c review 
and meta-analysis. American 
Journal of Orthodon,cs and 
Dentofacial Orthopedics. Macey 
R, Thiruvenkatachari B, O'Brien 
K, Ba,sta KB. 2020 Jun 
1;157(6):738-44. 

3. Incidence of caries lesions 
among pa,ents treated with 
comprehensive orthodon,cs. 
American Journal of 
Orthodon,cs and Dentofacial 
Orthopedics. Richter AE, Arruda 
AO, Peters MC, Sohn W. 2011 
May 1;139(5):657-64. 

4. Linking orthodon,c treatment 
and caries management for 
high-risk adolescents. American 
Journal of Orthodon,cs and 
Dentofacial Orthopedics. Cruz 
CL, Edelstein BL. 2016 Apr 
1;149(4):441-2. 

5. Effect of orthodon,c band 
placement on the chemical 
composi,on of human incisor 
tooth plaque. Archives of oral 
biology. ChaJerjee R, Kleinberg 
I. 1979 Jan 1;24(2):97-100. 

6. Ini,al changes of dental plaque, 
gingivi,s and decalcifica,on in 
Korean orthodon,c pa,ents 
with fixed appliance. The korean 
journal of orthodon,cs. Kang KJ, 
Shon BH. 1999;29(3):361-74. 

7. The effect of fixed orthodon,c 
appliances on the oral carriage 
of Candida species and 
Enterobacteriaceae. The 
European Journal of 
Orthodon,cs. Hägg U, 
Kaveewatcharanont P, 
Samaranayake YH, 
Samaranayake LP. 2004 Dec 
1;26(6):623-9. 

8. Comparison of oral microbiota in 
orthodon,c pa,ents and healthy 
individuals. Microbial 
pathogenesis. Sun F, Ahmed A, 

Wang L, Dong M, Niu W. 2018 
Oct 1;123:473-7. 

9. Cri,cal evalua,on of incidence 
and prevalence of white spot 
lesions during fixed orthodon,c 
appliance treatment: A meta-
analysis. Journal of Interna,onal 
Society of Preven,ve & 
Community Den,stry. 
Sundararaj D, 
Venkatachalapathy S, Tandon A, 
Pereira A. 2015 Nov;5(6):433. 

10. The effect of orthodon,c 
treatment on plaque and 
gingivi,s. American Journal of 
Orthodon,cs and Dentofacial 
Orthopedics. Davies TM, Shaw 
WC, Worthington HV, Addy M, 
Dummer P, Kingdon A. 1991 Feb 
1;99(2):155-61. 

11. Orthodon,c appliances did not 
increase risk of dental caries and 
periodontal disease under 
preven,ve protocol. The Angle 
Orthodon,st. Bergamo AZ, de 
Oliveira KM, Matsumoto MA, 
Nascimento CD, Romano FL, da 
Silva RA, da Silva LA, Nelson-
Filho P. 2019 Jan;89(1):25-32. 

12. The effect of incorpora,on Nano 
Cinnamon powder on the shear 
bond of the orthodon,c 
composite (an in vitro study). 
Journal of oral biology and 
craniofacial research. Yaseen SN, 
Taqa AA, Al-Kha,b AR. 2020 Apr 
1;10(2):128-34. 

13. An,microbial Orthodon,c Wires 
Coated with Silver 
Nanopar,cles. Brazilian Archives 
of Biology and Technology. 
Gonçalves IS, Viale AB, Sormani 
NN, Pizzol KE, Araujo-Nobre AR, 
Oliveira PC, Barud HG, Antonio 
SG, Barud HD. 2020 Oct 26;63. 

14. Func,onal coa,ngs for 
orthodon,c archwires—A 
review. Materials. Bącela J, 
Łabowska MB, Detyna J, Zięty A, 
Michalak I. 2020 
Jan;13(15):3257. 



In-Vitro an+bacterial ac+vity of glass ionomer cements containing silver nanopar+cles synthesized from leaf extract of Mentha piperita 
  
 

Vol 10 No 1 (2022)    DOI 10.5195/d3000.2022.267 

 h#p://den*stry3000.pi#.edu 

15. Incorpora,on of Arginine to 
Commercial Orthodon,c Light-
Cured Resin Cements—Physical, 
Adhesive, and An,bacterial 
Proper,es. Materials. Geraldeli 
S, Maia Carvalho LD, de Souza 
Araújo IJ, Guarda MB, 
Nascimento MM, Bertolo MV, Di 
Nizo PT, Sinhore, MA, McCarlie 
VW. 2021 Jan;14(16):4391. 

16. Effect of nanosilver mouthwash 
on preven,on of white spot 
lesions in pa,ents undergoing 
fixed orthodon,c treatment-a 
randomized double-blind clinical 
trial. Journal of Dental Sciences. 
Ali A, Ismail H, Amin K. 2021 May 
1. 

17. Applied Research Glass Ionomer 
Cement with TiO2 Nanopar,cles 
in Orthodon,c Treatment. 
Journal of Nanoscience and 
Nanotechnology. Ren J, Du Z, Lin 
J, Hirabe H, Sakai K. 2021 Feb 
1;21(2):1032-41. 

18. The effect of N-acetylcysteine on 
the an,bacterial capability and 
biocompa,bility of nano silver–
containing orthodon,c cement. 
The Angle Orthodon,st. Ding R, 
Qian Y, Chen M, Yi J, Zhao Z. 
2021 Feb 11. 

19. Novel rechargeable nano-CaF2 
orthodon,c cement with high 
levels of long-term fluoride 
release. Journal of den,stry. Yi J, 
Weir MD, Melo MA, Li T, Lynch 
CD, Oates TW, Dai Q, Zhao Z, Xu 
HH. 2019 Nov 1;90:103214. 

20. Green synthesis and 
characteriza,on of Ag 
nanopar,cles from Mangifera 
indica leaves for dental 
restora,on and an,bacterial 
applica,ons. Progress in 
biomaterials. Sundeep D, Kumar 
TV, Rao PS, Ravikumar RV, 
Krishna AG. 2017 May;6(1):57-
66. 

21. Size and aging effects on 
an,microbial efficiency of silver 
nanopar,cles coated on 

polyamide fabrics ac,vated by 
atmospheric DBD plasma. ACS 
applied materials & interfaces. 
Zille A, Fernandes MM, 
Francesko A, Tzanov T, 
Fernandes M, Oliveira FR, 
Almeida L, Amorim T, Carneiro 
N, Esteves MF, Souto AP. 2015 
Jul 1;7(25):13731-44. 

22. Pear fruit extract-assisted room-
temperature biosynthesis of 
gold nanoplates. Colloids and 
Surfaces B: Biointerfaces. 
Ghodake GS, Deshpande NG, Lee 
YP, Jin E. 2010 Feb 1;75(2):584-
9. 

23. Green synthesis of silver 
nanopar,cles toward bio and 
medical applica,ons: review 
study. Ar,ficial cells, 
nanomedicine, and 
biotechnology. Mousavi SM, 
Hashemi SA, Ghasemi Y, Atapour 
A, Amani AM, Savar Dashtaki A, 
Babapoor A, Arjmand O. 2018 
Nov 12;46(sup3):S855-72. 

24. Synthesis of silver nanopar,cles 
using gum Arabic: Evalua,on of 
its inhibitory ac,on on 
Streptococcus mutans causing 
dental caries and endocardi,s. 
Journal of Infec,on and Public 
Health. Al-Ansari MM, Al-
Dahmash ND, Ranjitsingh AJ. 
2021 Mar 1;14(3):324-30. 

25. Effec,veness of Mentha piperita 
Leaf Extracts against Oral 
Pathogens: An in vitro Study. 
The journal of contemporary 
dental prac,ce. Raghavan R, 
Devi MS, Varghese M, Joseph A, 
Madhavan SS, Sreedevi PV. 2018 
Sep 1;19(9):1042-6. 

26. Biosynthesis of silver 
nanopar,cles using mint leaf 
extract (Mentha piperita) and 
their an,bacterial ac,vity. 
Advanced Science, Engineering 
and Medicine. Gabriela ÁM, 
Gabriela MD, Luis AM, Reinaldo 
PR, Michael HM, Rodolfo GP, 

Roberto VB. 2017 Nov 
1;9(11):914-23. 

27. Mentha piperita as a natural 
support for silver nanopar,cles: 
A new An,-candida albicans 
treatment. Colloid and Interface 
Science Communica,ons. 
Robles-Mar|nez M, Pa,ño-
Herrera R, Pérez-Vázquez FJ, 
Montejano-Carrizales JM, 
González JF, Pérez E. 2020 Mar 
1;35:100253. 

28. An,bacterial ac,vity and 
physical proper,es of glass-
ionomer cements containing 
an,bio,cs. Opera,ve den,stry. 
Yesilyurt CE, Er K, Tasdemir T, 
Buruk K, Celik D. 2009 
Jan;34(1):18-23. 

29. Addi,on of chlorhexidine 
gluconate to a glass ionomer 
cement: a study on mechanical, 
physical and an,bacterial 
proper,es. Brazilian dental 
journal. Mar, LM, Mata MD, 
Ferraz-Santos B, Azevedo ER, 
Giro EM, Zuanon AC. 2014 
Jan;25:33-7. 

30. Use of silver nanomaterials for 
caries preven,on: a concise 
review. Interna,onal Journal of 
Nanomedicine. Yin IX, Zhao IS, 
Mei ML, Li Q, Yu OY, Chu CH. 
2020;15:3181. 

31. Long-term an,bacterial 
proper,es and bond strength of 
experimental nano silver-
containing orthodon,c cements. 
Journal of Wuhan University of 
Technology-Mater. Sci. Ed.. Li F, 
Li Z, Liu G, He H. 2013 Aug 
1;28(4):849-55. 

32. The impact of silver 
nanopar,cles integra,on on 
biofilm forma,on and 
mechanical proper,es of glass 
ionomer cement. Journal of 
Esthe,c and Restora,ve 
Den,stry. El-Wassefy NA, Mahdy 
RH, El-Kholany NR. 2018 
Mar;30(2):146-52. 



In-Vitro an+bacterial ac+vity of glass ionomer cements containing silver nanopar+cles synthesized from leaf extract of Mentha piperita 
  
 

Vol 10 No 1 (2022)    DOI 10.5195/d3000.2022.267 

 h#p://den*stry3000.pi#.edu 

33. An,bacterial orthodon,c 
cement to combat biofilm and 
white spot lesions. American 
Journal of Orthodon,cs and 
Dentofacial Orthopedics. Wang 
X, Wang B, Wang Y. 2015 Dec 
1;148(6):974-81. 

34. An,bacterial proper,es of nano 
silver-containing orthodon,c 
cements in the rat caries disease 
model. Journal of Wuhan 
University of Technology-Mater. 
Sci. Ed.. Li F, Fang M, Peng Y, 
Zhang J. 2015 Dec;30(6):1291-6. 

35. Cytotoxic effects of silver 
diamine fluoride. American 
journal of den,stry. Fancher ME, 
Fournier S, Townsend J, Lallier 
TE. 2019 Jun 1;32(3):152-6. 

36. Negligible par,cle-specific 
toxicity mechanism of silver 
nanopar,cles: the role of Ag+ 
ion release in the cytosol. 
Nanomedicine: Nanotechnology, 
Biology and Medicine. De 
MaJeis V, Malvindi MA, Galeone 
A, Brune� V, De Luca E, Kote S, 
Kshirsagar P, Sabella S, Bardi G, 
Pompa PP. 2015 Apr 
1;11(3):731-9. 

37. The stability of silver 
nanopar,cles in a model of 
pulmonary surfactant. 
Environmental science & 
technology. Leo BF, Chen S, Kyo 
Y, Herpoldt KL, Terrill NJ, Dunlop 
IE, McPhail DS, Shaffer MS, 
Schwander S, Gow A, Zhang J. 
2013 Oct 1;47(19):11232-40. 

38. An,microbial Ac,vity of Glass 
Ionomer Cements with 
Chlorhexidine and Propolis: An 
In Vitro Study. Journal of 
Pediatric Infec,ous Diseases. 
Tuncdemir MT, Ugur AR, 
Ozdemir B. 2019 Jul;14(04):168-
70. 

39. An,bacterial ac,vity of a glass 
ionomer containing silver 
nanopar,cles against 
Streptococcus mutans and 
Streptococcus sanguinis. Indian 

Journal of Dental Research. 
Moshfeghi H, Haghgoo R, 
Sadeghi R, Niakan M, Rezvani 
MB. 2020 Jul 1;31(4):589. 

40. Inhibi,on of microbial 
adherence and growth by 
various glass ionomers in vitro. 
Palenik CJ, Behnen MJ, Setcos JC, 
Miller CH. Dent Mater 
1992;8:16-20.  

41. Growth inhibi,on of glass 
ionomer cements on mutans 
streptococci. Loyola-Rodriguez 
JP, Garcia-Godoy F, Lindquist R. 
Pediatr Dent 1994;16:346-9. 

42. Enterococcus faecalis hydrolyzes 
dental resin composites and 
adhesives. Journal of 
endodon,cs. Marashdeh MQ, 
Gitalis R, Levesque C, Finer Y. 
2018 Apr 1;44(4):609-13. 

43. An,microbial Efficacy of 
Mixtures of Nanosilver and Zinc 
Oxide Eugenol against 
Enterococcus faecalis. The 
journal of contemporary dental 
prac,ce. Haghgoo R, 
Ahmadvand M, Nyakan M, Jafari 
M. 2017 Mar 1;18(3):177-81. 

 


