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Objective: to clarify the benefits related to the use of 
silver nanoparticles (AgNPs) in the prevention of dental 
caries in children, we compared the antibacterial pro-
perties of silver nanoparticles, chlorhexidine, and silver 
diamine fluoride (SDF) to Streptococcus mutans. Mate-
rials and method: to analyze the minimum inhibitory 
concentration (MIC) we used the spectrophotometric 
microdilution method (SMM), and turbidity. We also 
verified the minimum bactericidal concentration (MBC) 
of the target products. Analysis of variance (ANOVA) 
was used to compare MIC and MBC among the groups 
studied. Results: regarding antimicrobial proprieties, 
the tested substances showed effective bacteriostatic 
and bactericide activity. The silver nanoparticles had 
the lowest value of MIC against reference strains (ATCC 
25175) (p < 0.05). In clinical strains, the MIC value of 
silver nanoparticles was comparable to that of chlorhe-
xidine (p > 0.05), and lower than SDF (p < 0.05). Con-
clusion: silver nanoparticles proved to have antimicro-
bial activity against S. mutans, therefore, they may be an 
effective agent in the prevention of dental caries.

Keywords: Dental caries. Microbiology. Streptococcus 
mutans.

Introduction

 Dental caries in children is still one of the world’s 
major public health problems since it has a strong 
impact on individuals and communities in terms of 
pain and suffering, impairment of function, and re-
duced quality of life. The current pattern of oral di-
sease reflects distinct risk profiles across countries 
regarding living conditions, behavioral and environ-
mental factors, oral health systems, and implemen-
tation of policies to prevent oral disease1. Strepto-
coccus mutans (S. mutans) has been implicated as 
the main pathogen involved in the development of 
dental caries, which is the reason why many Dentis-
try studies have been focused on isolating this mi-
croorganism to determine its pathogenicity2,3 .

Some studies indicate that the antibacterial 
mechanism of the silver nanoparticles (AgNPs) re-
lays on their ability to penetrate the bacterial cell 
wall, causing direct and indirect lipidic peroxida-
tion, which damages the cell membrane, disrupts 
the DNA replication, and repairs and inhibits the  
respiratory protein4,5. 
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The size reduction of the AgNPs involves an 
increase in the contact surface, which is an impor-
tant condition for the antimicrobial effects of silver 
and could prevent black staining in teeth, as occurs 
after application of silver diamine fluoride (SDF). 
Thus, a powerful antimicrobial activity without es-
thetic modifications and low production cost may be 
achieved with the use of silver nanoparticles for the 
treatment of dental caries6. 

This study aims to compare the bactericidal and 
bacteriostatic effects of quasi-spherical AgNPs with 
an average size of 35 ± 10 nm to chlorhexidine and 
SDF, considering that the latest two solutions are 
currently the medicines of choice for early caries 
prevention. The authors hypostatized that a power-
ful antimicrobial agent containing silver nanopar-
ticles could be designed to be effective in arresting 
and preventing tooth decay with the advantage of 
not staining teeth.

Materials and method

Design 

This was an experimental in vitro study perfor-
med at the Federal University of Paraiba (UFPB) 
and the Northeast Technological Center (Centro de 
Tecnologia do Nordeste – CETENE), in collabora-
tion with CETENE were the University of Pernam-
buco (UPE), the Federal University of Pernambuco 
(UFPE), and UFPB.

Strains and medium

The following microbial strains were used: S. 
mutans ATCC 25175, and clinical strains. They 
were collected at the Dentistry clinic of the Federal 
University of Paraiba/UFPB, taken to the labora-
tory in a sterile recipient kept on ice, and immedia-
tely processed. These strains were pre-cultivated in 
brain hearth infusion (BHI) broth (Himedia). 

Materials

A 39.51 µg/mL solution of silver nanoparticles 
(AgNPs) with particle size of 35 ± 10 nm composed the 
experimental material; 0.12% Chlorhexidine (Unica) 
(starting concentration of ATCC strains was 24 µg/
mL, and 1200 µg/mL of clinical strains), and 30% sil-
ver diamine fluoride (SDF) (Biodinamica) (starting 
concentration 200 µg/mL) were used as controls.

Manufacturing of silver nanoparticles

Experimental materials

Silver nitrate (AgNO3, ≥ 99%), L-ascorbic acid 
(C6H8O6, ≥99%), trisodium citrate (Na3C6H5O7, 

≥ 99%) were the analytical grade, and were used 
without further purification.  Deionized water (18 
MΩ) was used in all experiments.

Preparation of silver nanoparticles 
(AgNPs)

The synthesis of silver nanoparticles was car-
ried out by using ascorbic acid as a reducing agent, 
and sodium citrate as a stabilizing agent at 30 °C 7. 
Typically, 1 mL of L-ascorbic acid aqueous solution 
(10.8 x 10-3 molL-1) was dropped under magnetic 
stirring into 29.0 mL of an aqueous solution contai-
ning AgNO3 (3.8 x 10-4 molL-1), and trisodium citra-
te (19.0 x 10-4 molL-1). The sample changed from co-
lorless to green within 30 min. No further changes 
occurred, as detected by an absorption spectroscopy.

Antimicrobial test

The minimum inhibitory concentrations (MICs) 
for the experimental solutions were assessed using 
a spectrophotometric microdilution method (SMM) 
and turbidity. For each strain we used a 96-well 
ELISA plate, and solutions were colored with re-
sazurin (Sigma). To generate a checkboard, rows 1 
and 2 were filled with control solutions (chlorhe-
xidine and SDF), and from 3 on, the experimental 
solutions. Row 8 was used to insure the viability 
of bacteria strains, sterility of experimental solu-
tions, and sterility of the medium. The solutions 
were subjected to a series of dilutions, and inserted 
in columns 1 through 12.  The wells from rows 1 
and 2 were filled with 140µL BHI, 50 µL of con-
trol solution and 10 µL of exponentially growing 
bacterial culture (about 108 colony-forming units/
mL).  The wells of row 3 were filled with 100 µL 
BHI, 100 µL of experimental solutions, and 10 µL 
of exponentially growing culture. The plate was in-
cubated at 37 °C for 18 hours, and the absorbance 
of each well was determined using an automatic 
ELISA tray reader (READWELL PLATE VER-
SION RBNK 3.309) adjusted at 630 nm, before and 
after incubation. Then all wells were filled with the 
oxidation-reduction indicator resazurin (Sigma) to 
assure the true viability of antimicrobial activity, 
since the AgNPs preparation is highly light scatte-
ring by nature (more turbid than stationary-phase 
bacteria), and therefore, traditional turbidimetry 
would not be effective.

The MIC value was expressed as the lowest 
concentration inhibiting the bacterial growth. Mi-
nimum bactericidal concentrations (MBCs) were 
determined when aliquots from the MIC wells did 
not present visible bacterial growth on plates with 
Brain Heart Infusion Agar, and incubated at 37 °C 
for 24h. The MBC is defined as the lowest concen-
tration of antibacterial agent that kills microorga-
nism8. All tests were performed in triplicate.
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Statistical analysis

Measures of central tendency and dispersion 
were calculated for each of the variables studied. 
Analysis of variance (ANOVA) was used to compare 
MIC and MBC among groups studied. A value of p 
< 0.05 was considered statistically significant. The 
T-test was used for analysis of differences between 
clinical and ATCC strains. The Dunnett Test was 
used for analysis of differences between the experi-
mental group and the control group (chlorhexidine 
and SDF). We used GraphPad Prism 5.0 software to 
analyze data.

Results 

Figure 1 presents typical images from transmis-
sion electron microscopy (TEM) of the resulting sil-
ver nanoparticles. The average particle size is 35 ± 
10 nm, mostly with spherical morphology.

Figure 1 - Transmission electron microscopy (TEM) of silver nanoparticles

The tested substances showed bactericidal ac-
tivity. The silver nanoparticles showed the lowest 
value in the reference strains MIC 0.20 ± 0.08 and 
MBC 0.32 µg/mL to ATCC, and MIC19.76 ± 0.123 
and MBC 39.52 µg/mL to clinical strains (p < 0.05). 
In the clinical strains the silver nanoparticles value 
was comparable to that of chlorhexidine (p > 0.05), 
and lower than SDF (p < 0.05) (Table 1). 

Table 1 - Minimum inhibitory concentration of AgNPs, and control solutions against clinical and reference stocks of S. mutans

 
MIC MBC

Average ± SD (µg/mL)  (µg/mL)

Sample Clinical strains Reference strains Clinical strains Reference strains

AgNPs 19.76 ± 0.123 0.20 ± 0.08 39.52 0.32 

Chlorhexidine 20.50± 3.03(1) 3 .3 ± 0.5(2) 75(1) 6(2)

SDF 560 ± 69.7(1) 30 ± 8.6(1) 1000(1) 50(1)

(1) statistically significant

(2) No statistically significant

Discussion

In Dentistry, AgNPs have been studied to con-
trol oral biofilm formation in dental restorative 
materials9-11, and in dental implants12. However, for 
caries prevention, there is still a lack of evidence-
-based knowledge to indicate its use as a nonsurgi-
cal management of dental caries.

In the present study we tested antimicrobial 
activity of AgNPs with approximately 35 ± 10 nm, 
and compared them to chlorhexidine, which redu-
ced S. mutans in saliva, and to SDF, which preven-
ted and arrested caries in first permanent molars 
and primary teeth13. Our results highlight the great 
power of AgNPs as an anticaries agent against S. 
mutans ATCC and clinical strains, because of its 
small MIC values as compared to chlorhexidine and 
SDF, being 28.34-fold lower than that of SDF.

The size of the spherical nanoparticles produ-
ced for this invention is in the range of 35 ± 10 nm, 
proving that the antibacterial activity of silver na-
noparticles against S. mutans increases as particle 
size decreases, which meets the findings by Espino-
sa-Cristobal et al. (2009)14, Morones et al. (2005)15, 

and Baker et al. (2005)16. Studies have indicated 
that the silver in SDF interacts with sulfhydryl 
groups of proteins, and with DNA, altering hydro-
gen bonding and inhibiting respiratory processes, 
DNA unwinding, cell-wall synthesis, and cell divi-
sion13. The silver contained in the SDF has a much 
smaller contact surface than the silver nanopar-
ticles, which explains higher MIC values found. 
Chlorhexidine is a chemical antiseptic, antifungal, 
and bactericidal capable of eliminating both gram-
-positive as gram-negative bacteria. Also it has bac-
teriostatic action, inhibiting bacterial proliferation 
by disrupting the cell membrane, and not by inacti-
vating ATPase, as imagined before17. 

It is rather difficult to compare our MIC values 
with other studies due to the particular features of 
the different bacterial strains and the reduction of 
the size of silver nanoparticles6,14,18. To assure con-
sistency of the MIC value microdilution was per-
formed in triplicate. However, systematic reviews 
indicate that chlorhexidine does not have enough 
scientific evidence to be used as a preventive agent 
for dental caries17. However, substances containing 
silver have been used in Dentistry, such as SDF, 
with high clinical efficacy13. Therefore, compounds 
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containing silver nanoparticles have a great poten-
tial for dental caries prevention.

Conclusion
The AgNPs have bacteriostatic and bactericidal 

activity against S. mutans, which proves to be si-
milar to chlorhexidine, and better than SDF. Thus, 
it is a promising new approach as a non invasive 
dental caries preventive agent.
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Resumo
Objetivo: para esclarecer os benefícios relacionados 
com o uso de nanopartículas de prata (AGNPS) na pre-
venção da cárie dental em crianças, foram compara-
das as propriedades antimicrobianas de nanopartículas 
de prata, clorexidina e diamino fluoreto de prata (DFP) 
contra Streptococcus mutans. Materiais e método: para a 
análise da concentração inibitória mínima (MIC) foi utili-
zado o método de microdiluição por espectrofotometria 
(MME) e turbidez. Também foi observada a concentração 
bactericida mínima (CBM) desses produtos. Análise de 
variância (ANOVA) foi utilizada para comparar o MIC 
e o MBC entre os grupos estudados. Resultados: em re-
lação às propriedades antimicrobianas, as substâncias 
testadas mostraram atividades bactericidas e bacterios-
táticas eficazes. As nanopartículas de prata mostraram 
ter o menor valor de MIC frente às cepas de referência 
(ATCC 25175) (p < 0,05). Nas estirpes clínicas, as nano-
partículas de prata tiveram o valor de MIC análogo ao da 
clorexidina (p > 0,05 ) e foi inferior ao DFP (p < 0,05). 
Conclusão: nanopartículas de prata provaram ter ativida-
de antimicrobiana contra S. mutans, portanto, podem ser 
um agente eficaz na prevenção de cáries dentárias.

Palavras-chave: Cárie dentária. Microbiologia. Strepto-
coccus mutans.
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