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Aim During the last three decades, fluoride varnishes have been 
recognised as effective strategies for caries prevention in the young-
child population and have contributed to a decrease in its prevalence 
worldwide. The present study aimed to assess in vitro the level of 
cytotoxicity and genotoxicity in human primary pulp fibroblasts 
(DPFs) of two NaF varnishes. 

Materials and methods Four experimental assays were 
carried out (MTS, Mitotracker® system [mitochondrial function and 
morphology], Live/Dead®, and Comet) to assess the morphology, 
viability, and genotoxicity of two NaF varnishes (Duraphat® and 
Clinpro White®, both at two different concentrations). The essays 
were conducted on cultured pulp fibroblasts, grouped in four 
experimental and two control groups. Collected data were analysed 
by one-way ANOVA followed by the post hoc Bonferroni test. 

Results Some morphological changes of DPFs could be detected 
after the NaFVs stimulation. Most DPFs incubated in Duraphat (22.6 
mg/L) maintained their morphological characteristics, except for 
a small decrease in cell size and shorter cytoplasmic projections 
(filopodia); DPFs treated with Clinpro White Varnish (22.6 mg/L) 
presented a morphology and size similar to the control group. DPFs 
exposed to Duraphat (113 mg/L) exhibited significant morphological 
alterations with considerable cell size increases and DPFs treated with 
Clinpro White Varnish (113 mg/L) showed a slight cell size increase 
without noticeable morphological anomalies. The Duraphat (22.6 
mg/L) and Clinpro White Varnish (22.6 mg/L) groups promoted 31% 
and 35% cell proliferation, respectively, whereas DPFs proliferation 
with Duraphat (113 mg/L) decreased up to 59%, and cell proliferation 
with Clinpro White Varnish (113 mg/L) was similar to that of control. 

Conclusions All tested varnishes induced changes in 
the fibroblastic mitochondria. In general, Duraphat was less 
biocompatible and caused a change in the number of mitochondria 
compared to Clinpro White Varnish.

Abstract
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Introduction

Early childhood caries is a site-specific, multifactorial disease 
that is influenced by several biological determinants including 
saliva, diet, and possibly genetic factors [Martinez-Mier, 2012]; 
this disease is considered a significant health problem in many 
developing countries, particularly in low-income, underserved 
groups [Weintraub et al., 2006]. Several caries-preventive 
strategies (educational and prophylactic) have been adopted 
by paediatric dentistry practitioners in addition to conventional 
oral care in the clinical practice. Among these prophylactic 
procedures, the most common ones are the use of pit and 
fissure sealants and the topical application of fluoride varnishes 
or gels [Ahovuo-Solaranta et al., 2017]. More recently, lasers 
at sub-ablative irradiation have been introduced as a prophylactic 
mean to reinforce primary tooth dental enamel against acid 
demineralisation [Lombardo et al., 2019]. 

During the last three decades, fluoride varnishes have been 
recognised as effective strategies for caries prevention in the 
young-child population and have contributed to a decrease in 
its prevalence worldwide [Garcia, 2017; American Association 
of Pediatric Dentistry, 2019]. These materials were developed 
during the late 1960s and early 1970s to overcome the 
limitations of other professionally applied topical fluoride 
methods, such as gels and mouthwashes [Beltrán-Aguilar et 
al., 2000]. Fluoride varnishes are concentrated topical fluoride 
formulations with a resin or synthetic base designed to promote 
and prolong their anti-caries and remineralising effects 
[Weintraub et al., 2006; Passos-De Luca et al., 2017]. According 
to the American Association of Pediatric Dentistry (AAPD) 
[American Association of Pediatric Dentistry, 2019], the two 
most commonly used topical fluoride varnishes are currently 
5% sodium fluoride [(NaFV) 2.26% F; 22,600 ppm F] and 
acidulated phosphate fluoride [(AFPV) 1.23% F; 12,300 ppm 
F]. There is enough support from evidence-based reviews that 
both agents are effective for caries prevention when applied 
at least twice yearly on the enamel surface of primary and 
permanent teeth [Weyant et al., 2013; American Association 
of Pediatric Dentistry, 2019]. NaFV is a popular dental product 
that has been included in professional and home application 
due to its efficacy and safety [Aranda-Salomão et al., 2019]. 
However, fluoride varnishes present some questionable aspects, 
such as the potential cause of excessive fluoride intake in young 
children due to their high F ion content [Lombardo et al., 2019].  
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The aims of the present in vitro study were to assess and 
compare the potential cytotoxicity and genotoxicity of two 
NaFVs (Duraphat® and Clinpro White Varnish®) commonly 
used in paediatric dentistry at two different concentrations 
(ppm), employing a human fibroblast-based assay. This 
experimental cell line was obtained from the attached dental 
pulp of recently extracted third molars. Considering the current 
knowledge about topical fluoridation with NaF varnishes, this 
study stated the following null hypotheses: (i) there is no 
difference between either NaFV concerning the level of 
apoptosis in human fibroblasts; and, (ii) there is no difference 
between either NaFV regarding the level of genotoxicity in 
human fibroblasts.

 

Materials and methods

The present in vitro study was evaluated and approved by 
the Institutional Ethics Committee of the University of San Luis 
Potosi (Mexico), following the international current ethical 
standards (CEI-FE-015-018). The experiments were designed 
to verify different test methods to assess the acute adverse 
biological effects (cytotoxicity and genotoxicity) of medical and 
dental materials. These methods specify the incubation of 
cultured cells in contact with the material and/or extracts of 
the material either directly or through diffusion to determine 
the in vitro response of human cells using appropriate biological 
parameters [Müller-Lierheim, 1990; Wallin, 1998]. In general 
and according to this norm, four criteria for the design and 
evaluation of the cell cytotoxicity/genotoxicity are used: (i) 
sample preparation, (ii) cell type, (iii) biological endpoints, and 
(iv) interpretation of test results. Therefore, the test methods 
selected in our study were employed to assess the effects of 
NaFVs on the morphological structure of fibroblasts from 
primary dental pulp (DPF). These methods included the MTS 
assay, Mitotracker® system, Live/Dead®, and Comet assay. 
Therefore, the present study was an experimental trial testing 
and comparing six different materials. The experimental and 
control groups were Duraphat 1 (DRV1-22.6 mg/L), Duraphat 
2 (DRV2-113 mg/L), Clinpro White Varnish 1 (CWV1-22.6 mg/L), 
Clinpro White Varnish 2 (CWV2-113 mg/L), a positive control 
(H2O2), and a negative control (enriched culture medium) 
[Gutiérrez-Hernández et al., 2017]. 

Fibroblast culture procedures
Human fibroblasts were harvested from a previous cell line, 

which was initially obtained from dental pulp tissue explants 
and then stored under deep-freezing conditions. Fibroblasts 
were cultured in Dulbecco’s modified Eagle’s medium (DMEM) 
supplemented with antibiotics (10,000 units penicillin, 10 mg 
streptomycin, and 25 µg amphotericin B per mL penicillin and 
streptomycin), and 10% foetal bovine serum. Cells were cultured 
at 37 °C in a humidified atmosphere containing 5% CO2. Cells 
were tested between passages 7-10 [Escobar-García et al., 2016].  

Cell morphology assessment 
Fibroblast morphology was evaluated before and after the 

fluoride varnish exposure using an inverted optical microscope. 
In the latter case, the cells were incubated for 72 h, before 
capturing the images. The following features were recorded for 
each experiment: cell size, cellular membrane integrity, presence 
of vacuoles, and nucleus status. The collected data were then 
assessed according to the ISO10993-5 biological evaluation of 
medical devices, part 5 tests, for in vitro cytotoxicity.

MTS cell proliferation, viability and cytotoxicity assay
CellTiter 96® Aqueous Non-Radioactive Cell Proliferation is 

a colourimetric assay used to measure the number of viable 
cells in proliferating or chemosensitive cells. The protocol is 
based on reduction of the MTS salt tetrazolium by viable 
mammalian cells into a formazan product, which is soluble in 
cell culture media. Once the cell cultures reached 80–90% 
confluence, they were detached with trypsin. Next, 20,000 cells 
were plated in 100 μL culture medium in 96-well microplates 
and incubated for 24 hrs at 37 °C, 5% CO2, and 95% humidity. 
After this, cells stayed in contact with the two fluoride varnishes 
and were incubated for an additional 24 hrs under the same 
conditions of temperature, humidity, and CO2 percentage. A 
sufficient amount of working solution was immediately prepared 
(CellTiter 96® Aqueous Non-Radioactive Cell Proliferation Assay; 
Promega Corporation, Madison, WI, USA). Twenty microliters 
of this solution were placed into each well containing cells and 
the fluoride varnishes at the chosen concentrations. Each 
microplate was incubated for a 3 hrs period at 37 °C, 5% CO2, 
and 95% humidity and read on a microplate reader (Thermo 
Scientific FC Multiskan®, Vantaa, Finland) at 490 nm. All tested 
cells were compared to the control cells (untreated with 
varnishes), and the dilutions were assessed in quintuplicate, 
reporting the average values for the data analysis.

Mitotracker assay 
Mitotracker® Deep Red FM (Invitrogen by Thermos Fisher 

Scientific; Waltham, MA, USA) was used at a 25-500 nM 
concentration. This assay assesses mitochondrial function and 
morphology by observing a reddish fluorescent stain 
accumulated within active metabolic mitochondria (MPP-
dependent dye). The solution was first preheated at 37 °C and 
then incubated with the treated cells for 15–45 min at 37 °C, 
at which point the dye was replaced with PBS. Finally, samples 
were evaluated in a confocal laser scanning microscope (CLSM. 
DMI400B, Leica Microsystems, Wetzlar, Germany).

Live/Dead assay (Live/Dead® test) 
Fibroblasts were first plated in a fresh culture and incubated 

for 24 hrs under the same conditions mentioned above. Next, 
the original media was removed and replaced with fresh media 
containing the two varnishes in 24-well culture dishes. The 
dishes with the growing cells were incubated for another 24 
h. At the end of the incubation period, the LIVE/DEAD® 
working solution was prepared with calcein (a fluorescent dye), 
ethidium homodimer-1 (a cell-impermeant viability indicator), 
and 1X PBS, according to the manufacturer’s instructions 
(Viability/Cytotoxicity Live/Dead® Kit, Life Technologies; 
Carlsbad, CA, USA). Subsequently, the culture medium was 
removed, and 200 μL of the working solution was added 
directly onto the cells. Samples were incubated for 30 min at 
37 °C, 5% CO2, and 95% humidity, before their evaluation in 
the CLSM. This procedure distinguishes live fibroblasts from 
dead ones based on cell membrane integrity. A green 
colouration of the observed cell nucleus is indicative of an intact 
membrane, indicating cell viability, whereas a larger red 
colouration in the nucleus signifies a compromised membrane 
corresponding to dead cells [Costa et al., 2019]. 

Alkaline Comet assay
For this experiment, the lowest fluoride varnish concentration 

(22.6 ppm) was employed. The standard alkaline version was 
added to fibroblasts and their respective controls. One hundred 
microliters of cell suspension (20,000 cells) were incubated in 
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contact with the varnishes under the same conditions. Next, 75 
μL of low-melting-point agarose at 0.5% in PBS at 37 °C was 
added to 10 μL of the cell suspension with the fluoride varnishes. 
This mixture was homogenised with automatic pipette-cleaned 
slides pretreated with 0.5% normal-melting-point agarose. 
Finally, each slide was covered with a final layer of low-melting-
point agarose. Slides were maintained at 4 °C between agarose 
layers to ensure solidification. Slides were then placed in lysis 
buffering prepared extemporaneously (2.5 M NaCl, 0.1 M EDTA, 
10 mM Tris, 10% DMSO, and 1% Triton X-100) and incubated 
for 1 hrs at 4 °C. Later, coverslips were transferred into the 
alkaline solution of unrolled DNA (300 mM NaOH, 1 mM EDTA, 
pH 13) and maintained under conditions of darkness for 30 min 
at 4 °C. Slides were subjected to electrophoresis (25 V and 300 
mA) in the same solution at the same temperature and under 
conditions of darkness for another 30 min. Slides were then 
washed 3 times with a 0.4 M Tris solution (pH 7.5) to neutralise 
the alkalinity, fixed with 100% ethanol, and allowed to dry. 
Finally, slides were stained with an ethidium bromide solution. 
Three slides per varnish concentration were read, and 100 cells 
were randomly counted. Slides were visually analysed using the 
CLSM. Then, cells were counted and grouped according to the 
level of DNA damage and tail size into four classes: 0 (undamaged, 
no visible tail), 1 (slightly damaged), 2 (moderately damaged), 
and 3 (maximally damaged, the head of the comet was very 
small and most of the DNA was in the tail). The extent of DNA 
damage in cells was calculated, and results are expressed in 
terms of genotoxicity Arbitrary Units (AUs) as the percentage of 
cells in each of the four classes based on the formula AU= (0 x 
M0) + (1 x M1) + (2 x M2) + (3 x M3). The total DNA damage 
score or number of total AUs varies within a range from 0 (all 
cells undamaged) to 400 (all cells damaged) (Collins, 2004; 
Slyskova, Langie, Collins, & Vodicka, 2014). Each experiment 
was performed in triplicate. 

Statistical analysis
The results of the first three experiments (MTS cell 

proliferation, viability and cytotoxicity assay; Mitotracker assay; 
and Live/Dead assay) were expressed as means and standard 
deviations. The data were submitted to normality (Shapiro-Wilk 
test) and variance equality (Levene test) assessments. The 
comparison procedures were carried out using the one-way 
ANOVA test followed by the post hoc Bonferroni’s test for 
multiple comparisons. Regarding the Comet assay (DNA 
damage percentages in fibroblasts of control and treated 
groups), results were analysed by the Chi-squared test. These 
statistical procedures were performed using the SigmaPlot 
software v.11.0 (Systat Software Inc., London, UK), with a 
significance level of 5%.

Results

Fibroblast morphological assessment
As shown in Figure 1, some morphological changes of DPFs 

were detected after NaFV stimulation (22.6 y 113 mg/L) for 72 
hrs. The control group (Fig. 1A) exhibited fibroblasts with typical 
fusiform morphology, with a cell size of 50–100 µm, ovoid cell 
nucleus, clear cytoplasm with characteristic extensions (filopodia), 
and whole plasmatic membrane,  indicating no cell structural 
changes. Most DPFs incubated in DRV1 (22.6 ppm concentration, 
Fig. 1B) maintained their morphology, except for a small decrease 
in cell size and shorter cytoplasmic filopodia, signifying that 
Duraphat at this concentration lacked cytotoxic effects (cell 
cytotoxicity level 1). DPFs treated with CWV1 (Fig. 1C) presented 
similar morphology and size as the control group. However, DPFs 
exposed to DRV2 (Fig. 1D) exhibited significant morphological 
alterations, considerable cell size increase (around three times 
their normal diameter compared to the control group), shortened 
filopodia, the presence of two nuclei, and numerous tiny plasma 
beads and cytoplasm vacuoles (white arrow). Cell death was 
also observed. Therefore, this fluoride varnish was rated as 
cytotoxic (level 3). DPFs treated with CWV2 (Fig. 1E) showed a 

FIG. 1 Morphological changes in DPFs  
after NaFVs stimulation for 72 h.  
A) Control group; B) DPFs incubated in DRV1 
22.6 mM concentration; C) DPFs treated 
with CWV1 22.6 mM concentration; D) DPFs 
exposed to DRV2 113mM; E) DPFs treated 
with CWV2 113 Mm.

A B C

D E
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slight cell size increase without noticeable morphological 
anomalies, and plasma beads were present in only a few cells, 
indicating that this experimental group has level 1 cytotoxicity.

MTS Assay
After 24 hrs of incubation, DRV1 y CWV1 groups promoted 

31 and 35% of cell proliferation, respectively, in the control 
group, with statistically significant differences (P < 0.05), whereas 
DPF proliferation with DRV2 during the same incubation period 
decreased up to 59% (P < 0.01). In the case of CWV2, the cell 
proliferation rate was similar to the control group (Fig. 2).

Live/Dead assay
The results of the cell viability assay on DPFs are shown in 

Figure 3. Following the 24 hours incubation period, samples 
were assessed under fluorescence microscopy. In Figure 3A, 
the negative control group (no exposition to fluoride varnish), 
DPFs exhibited normal colour (intense fluorescent green) and 
normal viable cells, whereas cell treated with H2O2 as a 
cytotoxic agent (positive control) appeared as intense fluorescent 
red, which is interpreted as cell death. Fibroblast samples 
exposed to DRV1, CWV1 y DRV2 (Figure 3B, 3C and 3E) were 
evaluated as normal, according to their observed appearance, 
similar to the control group, although there were some non-
significant cell morphological changes in the CWV1 group. 
Finally, DPFs treated with CWV2, the positive control group 
(Figure 3D), presented typical colouration indicative of cell death 
with integrity loss of the cell membrane. This damage allows 
cytotoxic elements to pass, abnormally colouring the genetic 
material present in the nucleus. 

Mitotracker assay 
Two highly concentrated fluoride varnishes able to generate 

free radicals directly or indirectly were tested in the present 
study: DRV and CWV. All varnishes tested invariably induced 
changes in fibroblast mitochondria when treated for 24 h. 
Confocal laser micrographs are shown in Figure 4 in control 
cells; within the fibroblasts, filamentous mitochondria stained 
with Mitotracker were clearly discerned, whereas mitochondria 
in cells treated with the varnishes at different concentrations 
for 24 hrs became granular. The tested varnishes showed similar 
results. Fibroblasts treated with varnishes at different 
concentrations were characterised by the presence of much 
smaller mitochondria and a significantly reduced number per 
cell compared to control groups (Fig. 4A). When fibroblasts 
were cultured for 24 h in the presence of DRV1, the mitochondria 
subtly increased in size and their distribution became closer to 
the nucleus; however, the number of mitochondria remained 
the same regarding controls (Fig. 4B). Cells treated with CWV1 
exhibited decreased mitochondrial size, granules, and 
distribution exclusively near the nucleus (Fig. 4C). In fibroblasts 
treated with DRV2, both the number and size of mitochondria 

■  Negative control
■  Positive control
■  DRV1

■  CWV1
■  DRV2
■ CWV2

FIG. 2 MTS assay. DPFs treated with different NaFV concentrations 
for 72 h. * p<0.05. 
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FIG. 3 Life/Dead assay®. A) Life control, cells cultures with enriched medium, that does not cause any damage or cytotoxic effect; B) DPFs 
incubated in DRV1 22.6 mM concentration; C) DPFs treated with CWV1 22.6 mM concentration; D) DPFs exposed to DRV2 113 mM; E) DPFs 
treated with CWV2 113 mM; F) Dead control, cells treated with a solution of H2O2 as a cytotoxic agent.
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markedly increased; their distribution was observed throughout 
the cytoplasm (Fig. 4D). Cells treated with CWV2 (at low 
concentration) exhibited the formation of new mitochondria, 
with a preferred location around the nucleus and with reduced 
size (Fig. 4E). The nuclei of cells treated with CWV1 and 2 
became condensed to various degrees, which is characteristic 
of apoptotic cells. Changes in the structure of the mitochondria 
and apoptotic changes were seen with CWV when the 
concentration of each varnish was increased within the specified 
range, as specified in the materials and methods section.

Alkaline Comet assay
After determining that both fluoride varnishes possessed the 

potential to induce morphological damage, DNA damage level 
on DPFs was assessed through the comet assay. According to 
this test, DRV1 (367 AUs, highly genotoxic) and CWV1 (278 
AUs, moderately genotoxic) groups exhibited the most 
significant genotoxicity (P < 0.05) in the form of DNA strand 
breaks in fibroblasts at fluoride concentrations of 22.6 ppm 
(Fig. 5, 6).

Discussion

Fluoride varnishes have been widely used in children as caries 
prevention agents all around the world due to their clinical 

efficacy and safety. They were approved as a Class II medical 
device by the FDA in 1995; however, evidence from clinical 
trials on the adverse effects of these formulations is scarce 
[Garcia, 2017]. The systemic effects from chronic ingestion of 
fluoride varnishes primarily include increased risk of enamel 
fluorosis and renal toxicity [Marinho et al., 2013]. Although 
sporadically mentioned, acute topical toxicity due to prolonged 
or repeated exposure to fluoride varnishes has been associated 
with contact hypersensitivity involving oral mucosa irritation 
[Beltrán-Aguilar et al., 2000; Quiñonez et al., 2006; Garcia, 
2017]. This reaction is likely caused by the colophony resin-
based vehicle of the varnish. Because of this, fluoride varnishes 
are contraindicated in children with ulcerative gingivitis or 
stomatitis [Beltrán-Aguilar et al., 2000]. 

NaFVs have been considered safe for children due to their 
low toxicity due to small amounts of varnish customarily being 
used during topical application. Varnishes have some advantages 
over mouth rinses or gels, such as their better adherence to 
the enamel surface and longer contact time (ranging from 6 
to 12 hrs) between fluoride and tooth [Comar et al., 2014]. 
NaFV has also shown low absorption in the intestinal mucosa 
[Aranda-Salomão et al., 2019]. Further, and according to 
Milgrom and colleagues [2014], the fluoride concentrations in 
plasma after a 5% NaFV application are similar to those reached 
by brushing with fluoridated paste, well below levels related 
to acute fluoride toxicity. Moreover, the urinary fluoride 

A B C
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FIG. 4 Mitotracker Red®. A) Control 
group; B) DPFs incubated in DRV1 22.6 
mM concentration; C) DPFs treated 
with CWV1 22.6 mM concentration; 
D) DPFs exposed to DRV2 113 mM; E) 
DPFs treated with CWV2 113 mM. 

FIG. 5 Alkaline Comet Assay. A) control group; B) DPFs incubated in DRV1 22.6 mM concentration; C) DPFs treated with CWV1 22.6 mM 
concentration. 
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concentration exhibits a temporarily non-significant increase 
after its topical application, which returns to baseline levels 
within 24-48 hours [Olympio et al., 2009]. 

According to the results obtained in the present study, both 
null hypotheses could not be rejected; in other words, there 
were not any differences between the two tested NaF varnishes 
regarding the variables cell apoptosis and fibroblast genotoxicity. 
However, they showed higher cito/genotoxicity than the control 
group. A possible explanation for these biological side effects 
is the chemical composition of the varnishes, which includes a 
resin-based carrier and an adhesion promoting agent (alkyl 
phosphoric acid). According to Pagano and colleagues [Pagano 
et al., 2019], residual monomers are released from these 
components and disseminated in the oral tissues during the 
varnish application, with potential toxicity risk; this risk seems 
to be directly related to the fluoride varnish exposure time with 
the enamel surface. Also, these monomers can alter the 
expression of inflammatory and anti-inflammatory genes and 
proteins. Therefore, the careful in vitro evaluation of topical 
adhesive resin-based materials on the oral tissues represent a 
crucial reference among dental researchers.

Despite their proven benefits and broad clinical acceptance, 
there is a lack of information regarding the safety of topical 
NaFVs in dental literature. In general, fluoride varnishes are 
considered safe, without relevant local side-effects, but it is 
also well known that fluorides may cause detrimental effects 
to systemic health. For example, it has been reported that more 
than 80% of fluoride toxicity observed in young children is due 
to ingestion of fluoride-containing toothpastes or mouthwashes 
[Aoun et al., 2018]. However, findings of diverse clinical studies 
have resulted in inconsistent assumptions about the possibility 
that infants and children younger than 6 y, the period when 
their developing permanent teeth are susceptible to dental 
fluorosis, might receive a higher than the optimal amount of 
fluoride levels [Committee on Fluoride in Drinking Water, National 
Research Council, 2006]. Although there is no clear evidence, 
NaFVs might be a risk factor for fluorosis due to prolonged 
application or repeated exposure [Garcia, 2017]. On the other 
hand, NaF can cross cell membranes [Aranda-Salomão et al., 
2019]; therefore, these agents can damage cells (or even induce 
apoptosis) [Karube et al., 2009] and soft tissues, such as those 
of the gastrointestinal system, liver, heart, and kidney [Aranda-
Salomão et al. 2019]. To assess cell toxicity in the oral cavity due 

to clinical exposition to dental biomaterials, including topical 
fluoridation agents, certain biocompatibility tests have been 
recently introduced that are applied on human fibroblasts for 
evaluating cell viability, stiffness, and morphology. Such 
experimental approaches have been proposed to be employed 
as fluoride varnish-specific cytotoxicity models [Parirokh et al., 
2015; Aranda-Salomão et al., 2017]. 

In vitro biocompatibility assays are important tools in dentistry 
and must be performed for every biomaterial used in clinical 
practice. These biocompatibility/viability properties are evaluated 
at first trough cell culture tests; then, the biomaterial is verified 
in higher-level animal studies [Parirokh et al., 2015]. Diverse 
fibroblastic cell lines have been employed for these purposes, 
including human or murine gingival fibroblasts, human 
periodontal ligament fibroblasts, human pulp fibroblasts, and 
V79 fibroblasts, among others [Souza et al., 2006]. Fibroblast 
cell lines are often chosen due to their easier maintenance and 
higher reproducibility in culture compared to primary cells [Huang 
and Chang 2002]. These in vitro techniques, like the ones 
performed in the present work, are suitable for dental biomaterials 
because they are standardised and reproducible, making them 
fast and easy to perform at a relatively low cost. Additionally, 
they have the advantage of easily controlling the experimental 
variables, a common issue during in vitro studies [Costa et al., 
2019]. 

The present study demonstrated that the level of apoptosis 
(measured as fragmentation of genetic material -comet assay-) 
induced by tested NaFVs was significantly higher than the control 
group, the MTS test indicates that the lowest concentration of 
varnishes used does not cause any toxicity while when the highest 
concentration was evaluated, toxicity is higher in fibroblasts 
treated with Duraphat. Fluoride can induce apoptosis in both 
intrinsic and extrinsic pathways; NaF increased and induced 
apoptosis using concomitant chromatin condensation and 
subsequent DNA fragmentation. Also, NaF increased the release 
of cytochrome C from the mitochondria into the cytosol, as well 
as enhanced the caspase 9, 8 and 3 activities. Furthermore, NaF 
up-regulated the Fas-ligand (Fas-L), and Bcl-2 was down-
regulated. These results suggest that NaF induces apoptosis 
through both the mitochondria-mediated pathways regulated 
by the Bcl-2 family and death receptor-mediated pathway [Lee 
al 2008; Ribeiro et al., 2017].

This finding is similar to that reported in a study from Parirokh 
and co-workers [Parirokh et al., 2015], in which they evaluated 
two resin-based endodontic sealers and a 5% NaF varnish 
(Duraflur) regarding cellular toxicity. Similar results were reported 
in other studies [Aranda-Salomão et al., 2017; Aranda-Salomão 
et al. 2019]. Regarding the involved processes during cell 
apoptosis, Parirokh and co-workers [Parirokh et al., 2015] 
suggested that fluoride from the varnish can change mRNA 
expression but not the synthesis of proteins or enzymatic activity. 
This might be due to the small amount of fluoride released by 
the varnish into the medium and the short duration of application. 
Other possible proposed explanations of cell death due to NaF 
varnishes include necrosis caused by the potential cytotoxic effect 
of fluoride due to the increase of oxidative stress within the cell 
[Barbier et al., 2010], a possible connection between NaF-induced 
apoptotic cell death and glycolysis (it is well known that fluoride 
is an inhibitor of glycolytic enzymes within the cell) [Otsuki et 
al., 2005], increasing intracellular Ca+2 concentration in response 
to NaF, which leads to cell shrinkage and cell death [Matsui et 
al., 2007), and NaF stimulation of mitogen-activated protein 
kinase (MAPK) signalling pathways, inducing apoptosis [Karube 
et al., 2009]. 
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FIG. 6 Level of damage caused by DRV1 and CWV1.
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Finally, it is essential to carry out complementary studies about 
cell morphology, since there was a limitation during the 
performance of the present in vitro study. Despite this limitation, 
we consider that although the evaluation of morphology through 
optical microscopy is useful in the initial stages of this type of 
test, it is necessary to carry out specific studies that include 
high-resolution techniques to evaluate morphological changes 
in more detail using tools such as SEM and TEM. Also, it is 
advisable to perform high-quality clinical studies to evaluate the 
safety of the use of varnishes containing high concentrations of 
fluoride.

Conclusions

In general, DRV exhibited less biocompatibility and caused 
some modification in the number of mitochondria compared 
to CWV. 
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