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ABSTRACT

Background: There is little information concerning the biocompatibility of mouthwashes 
containing metal nanoparticles. This study was conducted to assess the biocompatibility of colloidal 
solutions containing zinc oxide (ZnO), copper oxide (CuO), titanium dioxide (TiO2), and silver (Ag) 
nanoparticles compared with chlorhexidine (CHX) in a culture of human gingival fibroblasts (HGFs).
Materials and Methods: This was an in vitro, experimental study. Nanoparticles, including ZnO, CuO, 
TiO2, and Ag, were purchased and added to a water‑based solution to produce mouthwashes. The colloidal 
solutions and CHX were prepared at the minimum inhibitory concentration (MIC) against Streptococcus 
mutans and Streptococcus sanguis. Cytotoxicity was determined by 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl 
tetrazolium bromide (MTT) assay on HGFs at the concentrations of MIC, 0.1 MIC, and 0.01 MIC. To 
determine apoptosis, DNA fragmentation was assessed as “sub‑G1” peak on DNA content histogram. 
The data were analyzed using repeated measures analysis at P < 0.05.
Results: At all concentrations, the highest and lowest mean of cell viability was related to TiO2 
and ZnO groups, respectively. At MIC, the mean cell viability was significantly greater in the TiO2 
group than the other groups (except the Ag group) (P < 0.05). At the concentration of 0.01 MIC, 
the mean cell viability in the colloidal solution containing ZnO nanoparticles was significantly lower 
than the other solutions (P < 0.05). The CHX and CuO‑containing solution displayed the highest 
rate of apoptosis among the groups.
Conclusion: The TiO2‑containing solution can be suggested as a suitable alternative to CHX to 
provide antiseptic effects with minimal toxicity.
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INTRODUCTION

Dental caries and periodontal problems are the most 
prevalent oral diseases worldwide.[1] So far, great 
attempts have been made to produce materials that 
have effective antibacterial properties against oral 
pathogens. One of the most common approaches to 
attack oral microbial biofilm is the use of mouthwashes 

as adjuncts to mechanical methods of oral hygiene. 
The mouthwashes are especially useful in individuals 
who cannot maintain effective oral healthcare such as 
traumatized or disabled patients with inappropriate 
personal skills.[2] The patients undergoing fixed 
orthodontic therapy are also at great risk of exposure 
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to acidogenic bacteria over the course of treatment, 
as orthodontic appliances cause food accumulation 
and interfere with mechanical methods of plaque 
removal such as tooth brushing and dental flossing.[3,4] 
However, the administration of commercially chemical 
agents is associated with numerous drawbacks. For 
example, the use of chlorhexidine (CHX) mouthwash 
leads to an unpleasant taste sensation, mucosal 
irritation, and staining of teeth and tooth‑colored 
restorative materials.[5] In patients with fixed 
orthodontic appliances, the use of fluoride‑containing 
mouthwashes may lead to corrosion, increased 
friction in sliding mechanics, and decreased tensile 
strength and bending strength of wires.[6‑8] Therefore, 
searching for an ideal mouthwash to attack microbial 
plaque without any side effects is still continuing.

Nanotechnology is one of the most important 
developments in the field of medicine and dentistry. 
Nanotechnology is the knowledge of producing 
materials and structures in the range of 0.1–100 nm in 
size by different physical and chemical methods. The 
decrease in particle size (<100 nm in diameter) leads 
to greater surface area, and thus, the interaction with 
organic and inorganic molecules enhances.[9] Today, 
the importance of nanosized bacteriostatic materials 
is more important than ever due to the increase in 
new microbial strains resistant to antibiotics. It has 
been demonstrated that metal nanoparticles present 
excellent bactericidal and bacteriostatic properties.[9,10] 
In a previous study, the anti‑bacterial properties of 
new colloidal solutions containing nanoparticles of 
copper oxide (CuO), zinc oxide (ZnO), titanium 
dioxide (TiO2) and silver (Ag) were investigated, 
and the minimum inhibitory concentration (MIC) of 
each solution was determined against Streptococcus 
mutans and Streptococcus sanguis.[11] However, 
when planning to produce new mouthwashes, the 
biocompatibility should be paid due attention. 
Concerning their artificial production, exposing 
humans to nanoparticles can pose potential health 
risks. The cytotoxicity of mouthwashes is important 
as these materials are in contact with oral mucosa 
over prolonged periods and can cause irritation and 
damage to oral and periodontal tissues.[12]

There are several reports on the toxicity of metal 
nanoparticles and some evidence regarding the toxic 
effects of CHX on oral cells and animal studies.[13‑16] 
According to the authors’ knowledge, there is no 
information regarding the cytotoxic effects of colloidal 
solutions containing metal nanoparticles when applied 

as mouthwashes. The present study was conducted to 
evaluate the biocompatibility of colloidal solutions 
containing ZnO, CuO, TiO2, and Ag nanoparticles 
compared with CHX mouthwash in a culture medium 
of human gingival fibroblasts (HGFs).

MATERIALS AND METHODS

This was an in vitro, experimental study. 
Nanoparticles including zinc oxide (nanoZnO), copper 
oxide (nanoCuO), titanium dioxide (nanoTiO2), all at 
a concentration of 1000 ppm, and silver (nanoAg), at 
a concentration of 4000 ppm, were purchased from 
PlasmaChem GmbH (Berlin, Germany). As reported 
by the supplier, nanoparticles demonstrated >98% 
purity after ignition. The nanoparticles were then 
added to a water‑based rinse to produce colloidal 
solutions, which could serve as mouthwashes. The 
distribution and size of nanoparticles in the colloidal 
solutions were examined using a particle size analyzer. 
The colloidal solutions were prepared at MIC against 
S. mutans and S. sanguis, as determined in our 
previous investigation [Table 1].[11] The solutions were 
sterilized in a gravity autoclave before cell toxicity 
tests. The study groups were as follows:
• Group 1: The colloidal solution containing zinc 

oxide nanoparticles (ZnO)
• Group 2: The colloidal solution containing copper 

oxide nanoparticles (CuO)
• Group 3: The colloidal solution containing titanium 

dioxide nanoparticles (TiO2)
• Group 4: The colloidal solution containing silver 

nanoparticles (Ag)
• Group 5: The CHX mouthwash (positive control).

Cell line and cell culture
HGFs were purchased from Pasteur Institute, Tehran, 
Iran. The experiments were carried out at the BuAli 
Research Institute, Mashhad University of Medical 
Sciences, Mashhad, Iran. The cells were cultured in 

Table 1: The MIC (µg/ml) of different solutions 
containing nanoparticles and CHX against 
Streptococcus mutans and Streptococcus sanguis
Group Definition MIC (µg/ml)
1 ZnO 0.390
2 CuO 12.5
3 TiO2 0.097
4 Ag 25
5 CHX 62.5

MIC: Minimum inhibitory concentration; ZnO: Zinc oxide; CuO: Copper oxide, 
TiO2: Titanium dioxide; Ag: Silver; CHX: Chlorhexidine
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Dulbecco’s modified Eagle’s medium (DMEM; Gibco, 
Grand Island, NY, USA) supplemented with 10% (v/v) 
fetal bovine serum, 4 mMol of L‑gluthamine, 100 µ/mL 
of streptomycin, and 100 units/mL of penicillin.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl 
tetrazolium bromide (MTT) assay
To measure cytotoxicity of different solutions, 
the 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl 
tetrazolium bromide (MTT) colorimetric 
assay was used. The toxicity assessment was 
contemplated at MIC and at 0.1 MIC and 0.01 
MIC dilutions. Five experiments were performed 
for each concentration of different colloidal 
solutions. Normal cells (fibroblasts) were seeded 
in 5000 cells per well in a 96‑well plate. The cells 
were incubated at 37°C for 24 h in a humidified 
atmosphere with 5% CO2 and 95% air to allow 
fibroblasts to be attached to the bottom of the 
wells.

Afterward, the culture medium over cells was 
discarded, and equal volumes of mouthwashes were 
added to the wells to stimulate the fibroblasts for 
1 h. Five wells containing only culture medium 
were used as controls. The mouthwashes were then 
replaced with DMEM growth medium and the plates 
were grown at 37°C, 5% CO2 and 95% air for 24 h.

After that, the supernatant was removed and 20 µl of 
MTT solution (at the concentration of 5 mg/mL) was 
added to the medium in each well. The plates were then 
incubated for 4 h under standard conditions. Following 
incubation, the medium was discarded from the wells 
and 100 µL of dimethyl sulfoxide (DMSO) was added 
per well to dissolve the formazan crystals. The optical 
density (OD) of the plates was measured at 570 nm in an 
ELIZA plate reader, and the reference OD was 630 nm.

Cell viability was then calculated in percentage of the 
control group according to the following formula:

( )
( )

Cell viability  (%)
Mean optical  density of  the  test group 

= × 100
Mean optical density of  the  control  group

Cell viability was then classified as follows:[17]

• Non‑cytotoxic : >90% viability
• Slightly cytotoxic: 60%–90% viability
• Moderately cytotoxic: 30%–59% viability
• Severely cytotoxic: <30% viability.

DNA fragmentation
To detect apoptotic cells, DNA fragmentation was 
assessed as “sub‑G1” peak on DNA content histogram. 

For sub‑G1 analysis, normal cells (fibroblasts) were 
seeded at a density of 2 × 105 cells per well in a 
24‑well plate. The cells were incubated for 24 h at 
37°C, 5% CO2, and 95% air to allow fibroblasts to 
adhere to the bottom of the wells. Subsequently, the 
growth medium was replaced with equal volumes of 
colloidal solutions or CHX to expose fibroblasts for 
1 h, followed by replacement with regular growth 
medium. The cells were incubated under standard 
conditions.

The plates were then prepared for flow cytometry 
analysis. The cells were exposed to the hypotonic 
solution (50 µg/ml propidium iodide in 0.1% sodium 
citrate + 0.1% Triton X‑100) for 1 day at 4°C. Cell 
cycle analysis was performed using a FACSCalibur 
flow cytometer (Becton Dickinson, USA), and the 
distribution of cells that were in the Sub‑G1 peak was 
calculated. The test was performed in duplicate at the 
concentration of MIC for different solutions, and the 
mean value was reported.

Statistical analysis
The normality of the data was assessed with the 
Shapiro–Wilk test. The repeated measures analysis 
was run to compare the cytotoxicity of colloidal 
solutions containing metal nanoparticles at various 
concentrations (MIC, 0.1 MIC and 0.01 MIC). 
The statistical analysis was performed through 
SPSS (Statistical Package for the Social Sciences, 
version 16, Chicago, IL, USA), and P < 0.05 was 
considered to indicate a statistically significant 
difference.

RESULTS

There was a borderline interaction between the group 
and the concentration (P = 0.054). Therefore, the two 
factors were analyzed separately.

Comparison of cell viability between different 
groups
Table 2 presents the mean and standard deviations 
regarding cell viability in three concentrations 
(MIC, 0.1 MIC, and 0.01 MIC) of different 
mouthwashes. All colloidal solutions and CHX 
induced some degree of growth inhibition in HGFs. 
At all the concentrations studied in this study, the 
highest and lowest mean of cell viability was related 
to TiO2 and ZnO groups, respectively [Table 2].

One way analysis of variance (ANOVA) revealed a 
significant difference in cell viability between the five 

[Downloaded free from http://www.drjjournal.net on Saturday, April 10, 2021, IP: 217.219.76.102]



Eslami, et al.: Biocompatibility of colloidal solutions containing nanoparticles on HGFs

4 Dental Research Journal  /  2021

groups at MIC, and 0.01 MIC [P < 0.05; Table 2], 
but the difference between groups at 0.1 MIC was 
not significant (P = 0.133). Pairwise comparisons by 
Duncan test demonstrated that at MIC, the mean cell 
viability was significantly greater in the TiO2 group 
than all other groups (except the Ag group) (P < 0.05), 
whereas other comparisons were not statistically 
significant [P > 0.05; Table 2]. At the concentration 
of 0.01 MIC, the mean cell viability in the colloidal 
solution containing ZnO nanoparticles was 
significantly lower than the other solutions (P < 0.05), 
whereas other groups showed comparable cell 
viability to each other [P > 0.05; Table 2].

Compar ison of  ce l l  v iabi l i ty  between 
different dilutions of minimum inhibitory 
concentration (MIC) per group
At MIC, all solutions (except TiO2 and Ag groups) 
were severely toxic to HGFs. The cell toxicity 
reduced after diluting the solutions, and hence all 
groups showed moderate inhibition of growth at the 
0.1 MIC dilution. At 0.01 MIC, the ZnO‑containing 
solution was moderately toxic to fibroblasts, whereas 
other groups induced slight growth inhibition.

Table 2 shows that in all groups, the difference in 
cell viability between various concentrations (MIC, 
0.1 MIC and 0.01 MIC) was statistically 
significant (P < 0.05). A post hoc least significant 
difference (LSD) test revealed that in the ZnO group, 
the mean cell viability at MIC was significantly lower 
than that of the 0.1 and 0.01 MICs (P < 0.05), but 
there was no significant difference in cell viability 
between the 0.1 and 0.01 MIC dilutions (P = 0.122). 
In the CuO and CHX groups, the mean cellular 
viability at all three concentrations (MIC, 0.1 MIC 
and 0.01 MIC) were significantly different from each 
other (P < 0.05). In the colloidal solutions containing 
Ag or TiO2 nanoparticles, the mean cell viability was 
significantly greater at 0.01 MIC compared to 0.1 

MIC and MIC (P < 0.05), and there was no significant 
difference in toxicity between the 0.1 MIC and MIC 
dilutions (P > 0.05).

Figure 1 compares the cell viability of different 
mouthwashes at the concentrations of MIC, 0.1 MIC, 
and 0.01 MIC.

Sub‑G1 analysis
Figure 2 delineates the rate of apoptosis in different 
colloidal solutions and CHX at the concentration of 
MIC. The CHX group (96.1%) and CuO‑containing 
solution (93.6%) displayed the highest rate of 
apoptosis, followed by the colloidal solutions 
containing Ag, TiO2, or ZnO nanoparticles. Almost 
no apoptosis was observed in the unstimulated control 
group.

DISCUSSION

The present study examined the biocompatibility 
of several colloidal solutions containing CuO, 
ZnO, TiO2, and Ag nanoparticles when applied 
as mouthwashes in HGFs. The colloidal solutions 
and CHX were tested for toxicity at MIC and at 
0.1 and 0.01 MIC dilutions. MICs were obtained 
according to the outcomes of a previous study,[11] 
which was performed to investigate the antimicrobial 
properties of the colloidal solutions containing metal 
nanoparticles. The gingival fibroblasts were evaluated 
in this experiment, as they are predominant cells in 
the soft connective tissue of the mouth.

In the present study, the cells were exposed to 
mouthwashes for 1 h to detect the cytotoxicity 
and genotoxicity. Previous studies used different 
durations of cell exposure ranging from 5 min 
to 24 h to detect the biocompatibility of 
mouthwashes.[6,18,19] Although patients routinely 
keep the mouthwash for 1 min or less in the oral 
cavity, it should be noted that the components of 

Table 2: The descriptive statistics and the results of statistical analysis to compare the cell viability of 
fibroblasts after exposure to colloidal solutions and chlorhexidine at different dilutions of minimum inhibitory 
concentration 
Group MIC* 0.1 MIC 0.01 MIC* Statistical analysis (P)
ZnO 22.0±4.9a 39.0±7.0 51.2±8.5a 0.001
CuO 22.2±8.7a 54.0±4.1 65.6±7.9b <0.001
TiO2 36.9±12.8b 47.2±12.2 76.0±2.1b 0.001
Ag 33.2±7.1a, b 45.2±11.9 64.8±10.4b 0.002
CHX 22.3±1.3a 43.5±4.2 67.1±12.6b 0.001
One‑way ANOVA (P) 0.014 0.133 0.007

*The groups that have been defined with different letters show statistically significant difference at P<0.05, whereas those with the same letter are statistically 
comparable. MIC: Minimum inhibitory concentration; ZnO: Zinc oxide; CuO: Copper oxide, TiO2: Titanium dioxide; Ag: Silver; CHX: Chlorhexidine 
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Figure 1: Comparison of cell viability in different groups and 
various dilutions of minimum inhibitory concentration (MIC).

Figure 2: The apoptosis rate in different groups.
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mouth rinses are adsorbed to the tooth surfaces 
and soft tissues and released over extended times. 
During this period, the oral tissues are in contact 
with progressively lower concentrations of mouth 
rinses.

Exposure of cells to toxic compounds may lead to 
necrosis or apoptosis. The necrosis occurs as a result 
of a traumatic and acute injury. In this process, cell 
membrane integrity disappears and cell death occurs. 
The MTT colorimetric method is a frequently‑used 
technique to assess cell viability.[20] The test is based 
on the cleavage of MTT (a tetrazolium dye) by the 
mitochondrial succinate dehydrogenase enzyme in 
living cells, which leads to the formation of insoluble 
formazan. The formazan is then solved in DMSO and 
produces a purple color. The main advantages of MTT 
assay are its rapidity and precision and the ability to 
quantify the percentage of living cells, according to the 
absorption of the purple light.[21] In the present study, 
the highest and lowest mean of cell viability at MIC, 0.1 
MIC, and 0.01 MIC belonged to TiO2 and ZnO groups, 
respectively. At the concentration of MIC, the mean 
cell viability in the colloidal solution containing TiO2 
nanoparticles was significantly higher than that of the 
other groups (except the Ag group). It was also found 

that at 0.01 MIC, the average viability in the colloidal 
solution containing ZnO nanoparticles was significantly 
lower compared to other colloidal solutions and CHX.

Apoptosis in ancient Greece means “falling off” of 
leaves from a tree. It is a form of programmed and 
controlled cell death, which occurs as a result of 
biochemical events and has advantages during the life 
cycle of an organism. In addition to its importance 
as a biological phenomenon, defective apoptotic 
processes have been implicated in a wide variety of 
diseases such as cancers. Examination of apoptosis, 
along with cell viability is essential for assessing the 
toxicity of materials. Several morphological changes 
occur in cells during apoptosis such as blebbing, 
shrinkage, chromatin condensation (pyknosis), nuclear 
or chromosomal fragmentation, and mRNA decay.

In this study, apoptotic cells were identified by 
propidium iodide staining and determining the 
percentage of sub‑G1 fraction in HGFs. The Sub‑G1 
analysis is a method to detect the cells that have lost 
some DNA as a result of apoptosis. This test is based 
on the principle that the fragmented DNA leaks out of 
the cells during cell staining, resulting in a population 
of cells with reduced DNA content (a hallmark of 
apoptosis). Therefore, the application of a DNA dye 
like propidium iodide will create a DNA content 
histogram with apoptotic cells being represented by a 
sub‑G0/G1 population at the left of the G0/G1 peak. 
The sub‑G1 assay is a fast, reliable, reproducible, 
easy, and widely used technique to measure 
apoptosis. However, some authors suggested that this 
technique should not be used as the sole marker of 
apoptotic cells.[22] According to the outcomes of the 
present study, the rate of apoptosis was highest in 
CHX and CuO groups. After that, Ag‑, TiO2‑ and 
ZnO‑containing solutions showed higher apoptosis, 
respectively.

TiO2 nanoparticles showed excellent biocompatibility 
at MIC compared to other nanoparticles‑containing 
solutions (except Ag) and CHX. Since MIC is the 
most effective concentration to affect microbial agents, 
this superiority is of crucial importance for clinical 
applications. The outcomes of this study are consistent 
with the results of several investigations that showed 
TiO2 nanoparticles are more biocompatible than other 
nano‑scale metal counterparts.[23‑25] Heravi et al.[24] 
revealed that the addition of 1 wt% TiO2 nanoparticles 
to an orthodontic adhesive did not significantly affect 
the viability of HGFs and mouse L929 fibroblasts. In 
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contrast, Wang et al.[26] investigated the cytotoxicity 
and genotoxicity of ultrafine TiO2 (UF‑TiO2; <100 nm 
in diameter) by different methods and demonstrated 
that UF‑TiO2 can cause cytotoxicity and genotoxicity 
in human lymphoblastoid cells. Jia et al.[27] evaluated 
the toxicity potential of TiO2 nanoparticles and found 
that high doses of TiO2 significantly impaired the 
function of multiple organs in mice such as the liver, 
kidneys, and brain. It should be noted that the latter 
studies[26,27] did not compare the toxicity of TiO2 
nanoparticles with other metal nano‑scale counterparts 
and also employed higher doses of TiO2 nanoparticles 
compared to that used in the current investigation.

In the present study, the colloidal solution containing 
ZnO nanoparticles showed the lowest cell viability at 
MIC and at 0.1 and 0.01 MIC dilutions. The difference 
in cell viability between ZnO‑containing solution 
and other groups was significant at the concentration 
of 0.01 MIC. This means that even low doses of 
ZnO should be considered toxic to HGFs. Previous 
studies also reported a high degree of toxicity for 
ZnO nanoparticles.[23,25,28] Kim et al.[25] compared the 
toxicity of several oxide nanoparticles (Al2O3, CeO2, 
TiO2, and ZnO) on two cell lines. They found that 
ZnO exhibited the highest cytotoxicity in terms of cell 
proliferation and viability, membrane integrity, and 
colony formation among all the nanoparticles tested. 
Kononenko et al.[28] treated canine kidney cells with 
ZnO nanoparticles, ZnO macroparticles, and ZnCl2 as 
a source of free Zn ions. They indicated that all zinc 
compounds caused similar cytotoxicity depending on 
the dose, but only ZnO nanoparticles significantly 
increased the damage to DNA and chromosomes. 
The authors assumed that the genotoxicity of ZnO 
nanoparticles was related to the particle size rather 
than the Zn ion release in the cell culture medium.

CHX is considered as the gold standard against a 
broad spectrum of oral microorganisms. Previous 
studies reported that CHX at doses similar to or 
below those routinely prescribed in dental patients can 
cause potent toxic effects on human and mammalian 
cells.[18,29] Some studies reported that CHX inhibited 
cell growth, proliferation, and collagen synthesis in 
a dose‑dependent and time‑dependent manner.[18,29] 
Others displayed that CHX induced a negative impact 
on the adhesion capacity of periodontal cells and 
thus interfered with the regeneration of periodontal 
tissues.[19,30] Other side effects of CHX include 
calculus formation, discoloration of teeth, restorations 
or tongue, and alteration in the taste perception.[5]

In the present study, CHX induced the highest 
apoptosis rate among all the study groups. The 
outcomes of this study are consistent with several 
studies that demonstrated the toxic effects of CHX 
even at low concentrations and short exposure 
times.[19,29] Rajabalian et al.[29] reported that CHX at 
a concentration of 0.001% exerted toxic effects on 
gingival fibroblasts and at concentrations higher than 
0.001% lead to cell death in macrophage, epithelial,  
and osteoblast cells. Wyganowska‑Swiatkowska 
et al.[19] exhibited that CHX at concentrations 
higher than 0.002% affected cell proliferation 
and morphology and also altered cell cycle in 
time‑dependent and dose‑dependent manners. Since 
the toxicity of CHX for oral cells can affect the early 
wound healing phase and interfere with regenerative 
periodontal therapy, its application for antimicrobial 
effects in the postsurgical dental treatments should be 
limited.[19] The present study verified the need to find 
alternative mouthwashes with less toxicity and similar 
antibacterial properties.

The CuO‑containing solution exhibited the highest 
apoptosis among all metal nanoparticles‑containing 
solutions in the present investigation. Midander 
et al.[31] examined copper release and the toxic aspects 
of nano‑ and micrometer‑sized particles of metallic 
copper and copper oxide in lung cells. They exhibited 
a size‑dependent effect with respect to both the copper 
release and toxicity. The nanometer‑sized particles 
released greater amounts of copper per quantity of 
particles compared to the micrometer‑sized particles 
and also induced a higher degree of DNA damage and 
a higher percentage of cell death compared to that 
caused by micrometer‑sized particles.

In the present study, the solution containing Ag 
nanoparticles showed comparable cell viability to 
both TiO2‑containing solution and other mouth rinses 
at MIC. The apoptosis rate of the Ag group was 
also moderate among the study groups. Therefore, 
Ag nanoparticles may also be considered as a viable 
option to be applied in oral antiseptic agents.

The cytotoxicity of metal nanoparticles may be related 
to the penetration of particles into the cell membrane 
or generation of reactive oxygen species (ROS) and 
subsequent genotoxicity, and cytotoxicity. Several 
ways have been proposed to reduce the health hazards 
of nanoparticles. For example, Oleszczuk et al.[32] 
proposed the use of surfactants to reduce the toxicity 
of nanoparticles, possibly thorough the formation of 
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nanoparticle aggregates that inhibit the availability of 
nanoparticles to enter the cells. Sonane et al.[33] showed 
that antioxidants such as curcumin and Vitamin C 
decreased nanoparticles induced ROS and lethality 
and thus effectively evading the toxicity of ZnO and 
TiO2 nanoparticles. Further studies are warranted to 
elucidate the effects of adding antioxidants to metal 
nanoparticles‑containing solutions on enhancing cell 
viability.

The excellent anti‑microbial effects of metal 
nanoparticles make them a viable option to be used in 
oral mouthwashes and antiseptic agents. According to the 
outcomes of a recent study, the solution containing TiO2 
nanoparticles showed effective antimicrobial properties 
against S. mutans and S. sanguis.[11] Considering the 
highest cell survival and relatively low apoptosis rate 
in the TiO2 containing solution, it can be suggested as 
a suitable alternative to CHX or incorporated into the 
composition of oral antimicrobial agents to provide 
more potent effects against microorganisms. Since the 
thorough simulation of the oral environment is not 
possible during in vitro experiments, further studies are 
warranted to elucidate the biocompatibility and other 
properties of mouthwashes containing TiO2 or Ag 
nanoparticles in the clinical conditions.

CONCLUSION

At MIC, 0.1 MIC, and 0.01 MIC, the highest and 
lowest mean of cell viability belonged to TiO2 
and ZnO groups, respectively. The CHX group 
and CuO‑containing solution displayed the highest 
rate of apoptosis among the study groups. The 
TiO2‑containing solution can be suggested as a 
suitable alternative to CHX to provide antiseptic 
effects with minimal toxicity.
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