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ABSTRACT

Background: Caries is a multifactorial disease that often occurs in the oral cavity and can be caused by Streptococcus
mutans. Various ways have been done to reduce the number of Streptococcus mutans, one of them is by exposing them
to a material agent such as silver-ion water. Silver-ion water has been recognized as an effective material for inhibiting
several pathogenic bacteria, such as Staphylococcus aureus and Escherichia coli. Thus, there is a possibility that silver-ion
water can be used to reduce the number of bacteria that cause dental caries, such as Streptococcus mutans. Purpose: To
determine the effect of silver ion water on the growth of Streptococcus mutans. Methods: This research is an experimental
laboratory study (in vitro) with a control group post-test-only design. Streptococcus mutans were exposed to 0-15 ppm
silver-ion water on Brain Heart Infusion Broth (BHIB) media, then Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC) were observed. Results: Silver-ion water with a concentration of 12.5 ppm
was determined as MIC, and silver-ion water with a concentration of 15 ppm as MBC. Conclusion: Silver ion water is

adequate as an antibacterial material in inhibiting (12.5 ppm) and killing (15 ppm) Streptococcus mutans.
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INTRODUCTION

Caries is one of the most common diseases in the oral
cavity in both children and adults, ' where the enamel is
demineralized by bacteria that produce acid and colonize
to form biofilms.*?* The World Health Organization (WHO)
reports that 60-90% of school children worldwide had
caries. In addition, the results of the Basic Health Research
in 2018 also mentioned that as many as 93% of early
childhood in Indonesia had caries.* Due to the caries rate
is still high, research on caries is still needed.
Streptococcus mutans is a facultative anaerobic
Gram-positive recognized as the one of the main bacteria
that can cause caries.>® Streptococcus mutans is able to
metabolize sucrose to produce acid and, through the enzyme
glucosyltransferase (Gtf), convert sucrose into extracellular
polymer glucan, which promotes biofilm formation through
cellular attachment to the tooth surface and other oral
microorganisms. Streptococcus mutans can metabolize
polysaccharides into organic acids (acidogenicity) and can

survive in acidic environments with low pH conditions
(acidurity).”

Silver-ion water has been recognized as an effective
material for inhibiting and killing bacteria. This
nanotechnology is emerging as a rapidly growing field
with many biomedical science applications and as an
antimicrobial and disinfectant material that is relatively free
of side effects. Silver nanoparticles have a broad spectrum
of antibacterial, antifungal, and antiviral properties.
In dentistry, silver nanoparticles are used to develop
antibacterial materials to improve the quality of dental
material for better treatment results.®

According to Bruta, et al. 2021, silver can reduce the
number of Staphylococcus aureus, Escherichia coli, and
this material is very effective in reducing the number of
pathogenic bacteria. The potential of silver nanoparticles
(AgNPs) as antibacterial materials is related to various
mechanisms in inhibiting and killing various types of
bacteria.’ Thus, silver-ion water can also be used to reduce
the number of bacteria that cause dental caries. There are
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some research that revealed the effect of silver ion on oral
streptococci, however there is still limited experiment
that explain the effect of silver ion water on Streptococcus
mutans serotype C UA 159. Hence, this research aimed
to reveal the effect of silver-ion water as an antibacterial
material against the growth of Streptococcus mutans. We
hope many researches reveals the effect of silver ion water
may provide this potential product to reducing dental
caries risk.

MATERIALS AND METHODS

This research is an experimental laboratory research (in
vitro) with a control group post-test-only design with a
sample size per group was 4 samples and conducted in
Research Centre Faculty of Dental Medicine Universitas
Airlangga. The instruments used in this study are test tubes
(Pyrex, Japan), test tube racks, incubators, autoclaves, Petri
dishes, oases, matches, and micropipettes. The materials
used in this study are Streptococcus mutans serotype C
strain UA 159 from the Research Center Faculty of Dental
Medicine, Universitas Airlangga, silver ion water (Aquasil),
Brain Heart Infusion Broth (BHIB), Mueller Hinton Agar
(MHA) media, sterile distilled water.

One oase of Streptococcus mutans was taken, inoculated
on BHIB media, and incubated for 24 hours at 37°C under
anaerobic conditions.!° The density of Streptococcus mutans
was observed using the Mc Farland 0.5 standard (1.5 x 108
CFU/ml) through turbidity.

Streptococcus mutans were cultured in BHIB tubes
containing 0-15 ppm silver-ion water and tubes containing
BHIB (negative control) only, then incubated for 24 hours
at 37°C anaerobically. The turbidity of the bacteria on the
tube was observed visually to determine the Minimum
Inhibitory Concentration (MIC). A total of 0.1 ml of solution
in a clear tube was inoculated on Mueller Hinton Agar
(MHA) media, leveled using a spreader, then incubated for
24 hours at 37°C anaerobically. Media with no bacteria with
the smallest silver-ion water concentration is considered as
the Minimum Bactericidal Concentration (MBC).

160

The data from this study were analyzed using tables
and graphs where MIC can be determined as the smallest
concentration of silver-ion water exposed to bacteria
marked by clear bacterial tubes, and MBC is determined
from the smallest concentration of silver-ion water exposed
to bacteria marked by the absence of bacterial growth
on MHA media, Moreover, MBC data also analyzed by
Kruskall-Wallis and Mann Whitney test. P value <0.05 was
considered statistically significant.

RESULTS

This study is a laboratory experimental study to determine
the antibacterial effectiveness of silver-ion water against
microbial growth of Streptococcus mutans with several
concentrations, 0 ppm, 2.5 ppm, 5 ppm, 7.5 ppm, 10 ppm,
12.5 ppm, 15 ppm, and 1 control group (distilled water).
The antibacterial effect was tested using the dilution method
to determine MIC and MBC.

Table 1 showed that the silver ion-water tubes 0, 2.5, 5,
7.5, 10 ppm were turbid, while the silver ion-water tubes
12.5, 15 ppm, control (aquades only in BHIB) the tubes were
clear. Based on these results, the lowest concentration seen
as a clear tube (no turbidity) starts from the concentration
of 12.5 ppm silver ion water.

Based on Figure 1 and 2, there were a high number of
Streptococcus mutans colonies in the group not exposed

Table 1. Minimun inhibitory concentration test of silver-
ion water on the growth of Streptococcus mutans in
BHIB
Result
No  Groups Clear Turbid

1 Silver-ion water 0 ppm
2 Silver-ion water 2.5 ppm
3 Silver-ion water 5 ppm
4 Silver-ion water 7.5 ppm
5 Silver-ion water 10 ppm
6 Silver-ion water 12.5 ppm
7
8

*G

2L 2 2
2222 2|

Silver-ion water 15 ppm
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Figure 1. The effect of silver-ionic water on the colony numbers of Streptococcus mutans to determine Minimum
Bactericidal Concentration. Asteriks indicate the significant differences (*p<0.05).
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Figure 2. Bacterial colony of Streptococcus mutans after exposed silver ionic water 10 ppm (a), 12 ppm as Minimum
Inhibitory Concentration (MIC) (b), 15 ppm as Minimum Bactericidal Concentration (MBC) (c) and without

exposed silver ionic water (d).

to silver-ion water (0 ppm), as much as 139. While in the
group exposed to 12.5 ppm silver-ion water, there was a low
number of Streptococcus mutans colonies, with an average
of 11.75. While in the group exposed to silver-ion water at
15 ppm, no growth of Streptococcus mutans colony was
found. Hence, the lowest concentration of silver-ion water
that causes no colony growth is 15 ppm. In addition, there
are significant differences between groups not exposed to
silver-ion water (0 ppm) with the groups exposed to 12.5
ppm and 15 ppm silver ion water (p<0.05), as well as
between groups exposed to 12.5 ppm silver ion water with
15 ppm silver ion water (p<0.05).

DISCUSSION

Silver-ion water (Ag+ ) plays an important role in inhibiting
and killing the growth of pathogenic bacteria because it can
easily interfere with DNA, membrane proteins, enzymes,
or intracellular cofactors in bacteria to inactivate their
functions.! Some studies mentioned that this material is
effective for treating burns, urinary tract infections, central
venous catheter infections, and chronic osteomyelitis.!?
In addition, silver-ion water can be applied in the form of
nanoparticles and used in various biological applications
such as medication, anti-bacterial, anti-fungal, and wound
healing."

Silver ion water is silver particles in water with a
very small size (nanometers). Silver ion water can work
effectively against infections because the size of silver is
smaller than pathogenic bacteria and viruses, then it can
penetrate the bacterial cell wall, change the structure of the
cell membrane, and even cause cell death.® The nanoparticle
size of silver-ion water is between 5-50 nm. Due to the

small size of the nanoparticles, the total surface area in
direct contact with silver is maximized, then the results will
be effective. Some literature mentioned that the size and
shape of silver nanoparticles have particular interactions
with bacteria and viruses.'

Our results showed that silver-ion water with a
concentration of 12.5 ppm can inhibit the growth of
Streptococcus mutans characterized by clear tube, and
silver-ion water with a concentration of 15 ppm can
kill Streptococcus mutans characterized by no bacterial
colonies on growth media. This result is in line with
Khaydarov et al, explained that silver ion has been shown
to have antibacterial activity against gram-positive such
as Staphylococcus aureus and Bacillus subtilis.”® Other
researchers reported that silver ions have been found
to be effective against and kill various types of viruses,
bacteria, germs, fungi, and parasites, then this material
agent is potential use in various application such as
periodontal disease, gingivitis, wound healing, root canal
disinfection.'¢'8

The mechanism of silver-ion water in inhibiting bacterial
growth is by entering through the gap in the bacterial cell
wall, because silver ion water has a very small size, then
attacks DNA by binding to thiol (SH).*! Silver-ion water
that binds to the thiol (SH) group causes inactivation of
bacteria. The Thiol group is fundamental and responsible
for enzymatic activity. Some literature mentions that silver
ion water enters through the cell membrane gap and then
attacks DNA, disrupting the synthesis process and causing
replication disorders during DNA synthesis, thus damaging
DNA and inhibiting bacterial growth."

In this study, we observe the growth of Streptococcus
mutans, then it is recommended to do the experiment with
the other oral pathogenic bacteria and clarify more about the
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actual mechanism, how the silver ion water can inhibit the
growth of pathogenic bacteria by further experiment such as
metabolomic approach, and also molecular approach such
as DNA, cell membrane, enzymatic activity.

CONCLUSION

Based on the results of this research, it can be concluded
that silver ion water is effective as an antibacterial material
in inhibiting and killing Streptococcus mutans. Silver-ion
water with a concentration of 12.5 ppm is the MIC, and
silver-ion water with a concentration of 15 ppm is MBC.

ACKNOWLEDGEMENT

The authors would like to thank the Faculty of Dental
Medicine, Universitas Airlangga, Surabaya, Indonesia for
the support.

REFERENCES

1. Liu Y, Daniel SG, Kim H-E, Koo H, Korostoff J, Teles F,
et al. Addition of cariogenic pathogens to complex oral
microflora drives significant changes in biofilm compositions
and functionalities. Microbiome. 2023 Jun 1;11(1):123.

2. Shirato M, Nakamura K, Tenkumo T, Niwano Y, Kanno T,
Sasaki K, et al. Inhibition of tooth demineralization caused
by Streptococcus mutans biofilm via antimicrobial treatment
using hydrogen peroxide photolysis. Clin Oral Investig. 2023
Feb;27(2):739-50.

3. Wicaksono DP, Washio J, Abiko Y, Domon H, Takahashi N.
Nitrite Production from Nitrate and Its Link with Lactate
Metabolism in Oral Veillonella spp. Appl Environ Microbiol.
2020 Oct 1;86(20):¢01255-20.

4. RI, Kementrian Kesehatan. Badan Penelitian dan
Perkembangan Kesehatan. Riset kesehatan dasar 2018. 2018.
p. 204.

5. Agawi M, Sionov RV, Gallily R, Friedman M, Steinberg
D. Anti-Bacterial Properties of Cannabigerol Toward
Streptococcus mutans. Front Microbiol. 2021;12:656471.

6. lacopetta D, Ceramella J, Catalano A, D’Amato A, Lauria

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

G, Saturnino C, et al. Diarylureas: New Promising Small
Molecules against Streptococcus mutans for the Treatment
of Dental Caries. Antibiotics. 2023 Jan 7;12(1):112.

Lemos JA, Palmer SR, Zeng L, Wen ZT, Kajfasz JK, Freires
1A, et al. The Biology of Streptococcus mutans. Microbiol
Spectr. 2019 Jan;7(1).

Yin IX, Zhang J, Zhao IS, Mei ML, Li Q, Chu CH. The
Antibacterial Mechanism of Silver Nanoparticles and Its
Application in Dentistry. Int ] Nanomedicine. 2020;15:2555—
62.

Bruna T, Maldonado-Bravo F, Jara P, Caro N. Silver
Nanoparticles and Their Antibacterial Applications. Int J
Mol Sci. 2021 Jul 4;22(13):7202.

Ahn S-J, Hull W, Desai S, Rice KC, Culp D. Understanding
LrgAB Regulation of Streptococcus mutans Metabolism.
Front Microbiol. 2020 Sep 3;11:2119.

Xu Z, Zhang C, Wang X, Liu D. Release Strategies of Silver
Ions from Materials for Bacterial Killing. ACS Appl bio
Mater. 2021 May 17;4(5):3985-99.

Kemah B, Uzer G, Turhan Y, Ozturan B, Kili¢ B, Giiltepe
BS, et al. Effects of Local Application of Nano-silver on
Osteomyelitis and Soft Tissue Infections: An Experimental
Study in Rats. J bone Jt Infect. 2018;3(1):43-9.

Sabarees G, Velmurugan V, Tamilarasi GP, Alagarsamy V,
Raja Solomon V. Recent Advances in Silver Nanoparticles
Containing Nanofibers for Chronic Wound Management.
Polymers (Basel). 2022 Sep 23;14(19):3994.

Zhang X-F, Liu Z-G, Shen W, Gurunathan S. Silver
Nanoparticles: Synthesis, Characterization, Properties,
Applications, and Therapeutic Approaches. Int J Mol Sci.
2016 Sep 13;17(9):1534.

Khaydarov RR, Khaydarov RA, Evgrafova S, Estrin Y. Using
Silver Nanoparticles as an Antimicrobial Agent. In 2011. p.
169-77.

Altman N. Oxygen Healing Therapies. Vermont: Healing Art
Press Vol 110; 1995. 34-43 p.

Hamad A, Khashan KS, Hadi A. Silver Nanoparticles
and Silver lons as Potential Antibacterial Agents. J Inorg
Organomet Polym Mater. 2020 Dec 15;30(12):4811-28.
M.Maliyekkal S, Kannan U, Pullangott G, Patnaik S, Amesh
P, Shraogi N. Synergetic action of bicarbonate ions on
chitosan-silver nanocomposite leading to enhanced water
disinfection. OSF Prepr. 2023;1-26.

Mikhailova EO. Silver Nanoparticles: Mechanism of Action
and Probable Bio-Application. J Funct Biomater. 2020 Nov
26;11(4):84.

1JDM (eISSN: 2722-1253) is open access under CC-BY license. Available at: https://e-journal.unair.ac.id/ITDM/index 12

DOTI: https://doi.org/10.20473/ijdm.v7i1.2024.9-12



