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Objective: The aim of the study was to determine the eugenol concentrations at which toxicity occurs in 
human dental pulp fibroblasts of primary teeth. Study design: Samples of primary dental pulp tissue were 
taken. Tissue samples were seeded by means of explant technique and used in the 4th-5th pass. Single Cell 
Gel Electrophoresis (Comet), phenazine MeThoSulfate (MTS), LIVE/DEAD® Cell Viability/Toxicity and 
trypan blue assays for evaluation of the cytotoxicity of increasing concentrations of eugenol (0.06 to 810 
μM) were performed. Results: The results of toxicity tests showed toxic effects on dental pulp fibroblasts, even 
at very low concentrations of eugenol (0.06 μM). Very low concentrations of eugenol produce high toxicity in 
human dental pulp fibroblasts. Conclusions: All of the concentrations of eugenol that we evaluated produced 
high toxicity in human dental pulp fibroblasts of primary teeth.
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INTRODUCTION

The use of any dental biomaterial is to maintain maximal 
tissue vitality and to prevent cytotoxic reactions. A variety 
of methodologies evaluated the biological characteristics of 

the materials both in vivo and in vitro, thus establishing potential 
adverse effects prior to clinical use.1 In Pediatric Dentistry, among 
the materials used in dental treatments, eugenol is among the most 
common; in combination with Zinc Oxide (ZOE), it is used as root 
canal sealer in cases of pulpectomies,2,3 as temporary filling mate-
rial, and as a pulp sedative in cases of pulpotomies.4 Furthermore, 
eugenol combined with thymol or carvacrol is able to inhibit the 
growth of fungal pathogenic organisms; therefore, it is used in 
treating oral infectious diseases.5–7

Eugenol (4-Allyl-1,2-dimethoxyphenol) is a natural phenolic 
substance and has several uses, including in food flavorings, non-al-
coholic beverages, insect repellents, and it possesses antifungal 
properties.5,8 It is a pale yellow oily liquid extracted from certain 
essential oils, especially clove, nutmeg, cinnamon, and bay leaf.9 Its 
chemical structure is similar to that of the safroles and estragoles, 
which are recognized as carcinogens.10 Biological and biochemical 
mechanisms by which the compounds of the family of alkenylben-
zenes, such as eugenol, cause mutagenesis or carcinogenesis are not 
well ascertained to date.11

There are different mechanisms of action proposed in an attempt 
to understand the toxicity of eugenol; the following which may 
include some of these mechanisms: (i) alteration of ionic homeo-
stasis; (ii) specific lesions of the cell plasma membrane12,13 and (iii) 
generation of Oxidative stress (OS).14,15 Studies in human platelets 
have shown that eugenol has antiplatelet activity, which is due, at 
least in part, to inhibition of the formation of thromboxane A2- 
dependent Cyclooxygenase (COX).16

Toxicity tests are commonly used in vitro to assess the biocom-
patibility of dental materials. These methods involve observation of 
cell growth inhibition, membrane permeability testing, enzymatic 
activity testing, or cell death.17 DNA integrity is fundamental to 
the health and proper functioning of body’s appearance; however, 
genetic material is susceptible to damage by numerous agents 
and/or processes,18,19 in which the genotoxicity testing have great 
importance.20,21

The aim of the study was to determine the eugenol concentra-
tions at which toxicity occurs in human dental pulp fibroblasts of 
primary teeth.
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MATERIALS AND METHOD

Study design
The study was conducted in two phases. The first was a clinical 

phase in which pulp tissue samples of 15 primary teeth, donated 
voluntarily by patients attending the pediatric dental clinic, were 
taken. The parents or guardians of the participating children previ-
ously signed an informed consent agreeing for their children to 
participate voluntarily in the study, which was approved by the 
Committee of Ethics in Research of the Faculty of Dentistry. The 
second phase comprised a one-time laboratory appointment at which 
pulp tissue samples were obtained. Teeth obtained from patients 
were previously disinfected with 2% Chlorhexidine gluconate 
(IndiSpense® Refill, Ultradent Products, Inc., USA). Pulp chamber 
tissue was removed by opening with a micrometer and diamond 
disc. The extracted pulp tissue was placed in a 2-mL microtube 
containing transport medium (Phosphate-buffered solution [PBS]) 
with 3% of antibiotics (1,000 U/mL penicillin, 1 mg/mL strepto-
mycin, and amphotericin B 2.5 mg/µL), labeled, and stored at 4°C 
for a period of 6-12 h for subsequent processing in the laboratory.

Cell culture
The samples were washed with sterile PBS and incubated for 4-6 

h with 2 mg/mL collagenase 1; after this time, the pulp tissue was 
dissected into parts of approximately 1-3 mm per explant and plated 
on 25 mL cell box cultures with 3 mL of culture medium (Dulbec-
co’s Modified Eagle’s Medium [DMEM]-D6046; Sigma-Aldrich 
BioSciences, St. Louis, MO, USA), supplemented with 10% Fetal 
bovine serum (FBS) and 1% antibiotic, incubated at 37°C in an 
atmosphere of 95% humidity and 5% CO2, with a change of medium 
every third day. Cells were used on the 4th-5th pass once they reached 
80% confluence.22,23 When a confluence of >80% was observed, 
subcultures were performed. The monolayers of cells adhered to the 
culture dishes were detached with the aid of Trypsin EDTA 0.25% 
1X solution (Gibco, Life Technologies, USA) to assess cell count 
and viability. This began with an equal number of cells (20,000) for 
each experiment.

Preparation of eugenol
Different concentrations of eugenol were prepared from a 

2.0-mM stock solution in Dimethyl sulfoxide (DMSO; Sigma-Al-
drich Bio-Sciences, USA). Then, 13 concentrations (ranging from 
0.06–810 mM) were prepared in PBS1X.

Alkaline Comet assay
The standard alkaline version was carried out20 on fibroblasts 

with their respective controls. The slides were observed under a 
confocal laser scanning microscope (CLSM) (model DMI4000B; 
Leica Microsystems, Wetzlar, Germany). Counting the cells grouped 
according to damage level was performed at obtain arbitrary 
units.18,19 One hundred microliters (µL) of cell suspension (20,000) 
in contact with different concentrations of eugenol was measured 
and incubated at 37°C in an atmosphere of 95% humidity and 5% 
CO2 for a 1-h period, after which time 10 µL of the cell suspension 
with eugenol was out and 75 µL of low-melting-point agarose at 
0.5% in PBS at 37°C was added. This mixture was homogenized 
with the aid of automatic pipette-cleaned slides pretreated with 
agarose 0.5% normal-melting-point agarose. Finally the slide was 

covered with a final layer of low-melting-point agarose. The slides 
were maintained at 4°C between agarose layers, this ensuring solid-
ification. The slides were placed in lysis buffer prepared extempo-
raneously (2.5 M NaCl, 0.1 M EDTA, 10 mM Tris, 10% DMSO, 
and 1% Triton X-100) incubated for 1 h at 4°C. After this, the 
coverslips were transferred into the alkaline solution of unwinding 
DNA (300 mM NaOH, 1 mM EDTA, pH 13) and maintained under 
conditions of darkness at 4°C for 30 min. After that time, the slides 
were subjected to electrophoresis in the same solution at the same 
temperature and also under conditions of darkness for a 30-min 
period at 25V and 300 mA. Slides were washed 3 times with a 
0.4 M Tris pH 7.5 solutions to neutralize the alkalinity, fixed with 
100% ethanol, and allowed to dry; the slides were finally stained 
with ethidium bromide solution. Three slides per concentration were 
read, and 100 cells were counted randomly. The experiments were 
performed in duplicate.

Cell proliferation assay (MTS)
CellTiter 96® AQueous Non-Radioactive Cell Proliferation is 

a colorimetric assay used to measure the number of viable cells 
in proliferation or chemosensitive cells. This product consists 
of Tetrazolium [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxyme-
thoxyphenyl)-2-(4sulfophenyl)-2H-tetrazolium] engaging MTS 
reagent (phenazine MeThoSulfate) PMS. The MTS is bioreduced 
to formazan within the cells. Once the cell cultures are found at 
80–90% confluence, they were detached with trypsin; 50,000 cells 
were plated on 100 µl of culture medium in 96-well microplates and 
these were incubated during a 1-h period at 37°C, 5% CO2, and 95% 
humidity. The cells were in contact with 13 different concentrations 
of eugenol (ranging from 0.06 to 810 mM) and were incubated for 
additional 1 h under the same conditions of temperature, humidity, 
and CO2 percentage. A sufficient amount of working solution was 
prepared for each 2-mL rate of MTS solution, 100 µL PMS solution 
immediately prior to use (CellTiter 96® Aqueous Non-Radioactive 
Cell Proliferation Assay, Promega Corporation). Twenty microliters 
of this working solution was taken and placed into individual wells 
containing cells and eugenol at different concentrations. The micro-
plate was incubated for a 4-h 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 tests were compared 
with control cells untreated with eugenol, and all dilutions were 
tested in triplicate, reporting the average values of three readings.

LIVE/DEAD® test
Two- or 3-day cell cultures were performed (the time at which 

they reached appropriate density fibroblasts) in 24-well culture 
boxes, on which we previously placed circular, 13-mm-diameter 
coverslips. After completion of this time, the cells were washed 
with PBS to remove the esterase present in the FBS used to enrich 
the culture medium in which the cells were grown, treated (with 
different concentrations of eugenol), and incubated for a 1-h period 
at 37°C with 5% CO2 and 95% humidity. The LIVE/DEAD® 
working solution at a concentration of 2 µM and 4 uM calcein 
EthD-1 in PBS was prepared as directed by the manufacturer (Life 
Technologies; LIVE/DEAD® Viability/Cytotoxicity kit; Life Tech-
nologies, USA). Of this solution, 100 µL was added directly to the 
cells, which were incubated for a 45-min period at room tempera-
ture. At the end of this time, the cells were washed with PBS, and the 
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coverslip-stained cells were removed and observed in the CLMS. 
Thirteen increasing concentrations of eugenol (ranging from 0.06 to 
810 μM) in fibroblasts were applied and compared with a negative 
control. Tests were performed in triplicate.

Trypan blue assay 
Once the cells were exposed to different eugenol concentrations, 

and put into contact with trypan blue at 2% at a 1:10 dilution, this 
dilution was loaded into the hemocytometer, and the counting of 
live and dead cells was performed in the quadrants of the four outer 
chambers. The data was recorded and calculations were made to 
determine the percentage of dead and live cells for each treatment to 
which the cells were exposed.

Statistical analysis
Differences between control and experimental groups were 

statistically analyzed by the comparison of several groups. One-way 
analysis of variance (ANOVA) tests were considered statistically 
significant with a value of p <0.05. The SigmaPlot ver. 11.0 statis-
tical software package was used.

RESULTS
Seventy percent of the proliferated cell cultures exhibited a cell 

viability of >95%. These conditions facilitated the conduction of 
different toxicity tests.

Comet assay
This assay was performed in dental pulp fibroblasts treated with 

different eugenol concentrations for a 1-h period at 37°C, 5% CO2, 
and 95% humidity. Genetic damage of treated cells was higher 
with eugenol compared with untreated DNA-damaged cells. DNA 
damage was clearly observed in the initial eugenol concentrations 
(range, 0.06-5.1 µM), because after the 6th eugenol concentration 
tested (7.7 µM), DNA damage decreased until it disappeared in the 
last three eugenol concentrations (ranging from 320 to 818 µM). 
Damage to DNA is expressed in arbitrary units (AU) (Figure 1), and 
the level of damage ranged from level 0 to level 4 (Figure 2).

MTS assay
MTS assay results are depicted in figure 3. This figure demon-

strates a clear reduction in cell viability dependent on the eugenol 
concentration (0.06-320 μM) when compared with the control group 
corresponding to a cell culture without eugenol. The cytotoxic effect 
was observed from the first concentration with a decrease in cell 
viability. Statistical significant difference when comparing different 
concentrations of eugenol (p <0.05) was found.

LIVE/DEAD® assay
This assay was performed in triplicate and the same phenom-

enon was observed in each test. The results are illustrated in figure 
4: bright green fluorescence was observed in living cells corre-
sponding to control group, while red fluorescence (dead cells) was 
observed from the group with the lowest eugenol concentration 
(0.06-μM) group, indicating that even at this low concentration, 
eugenol possesses cytotoxic activity.

Trypan blue assay
Results are presented in figure 5. No viable cells were observed 

from the lowest eugenol concentration of eugenol, which may indi-
cate the damage that this can cause to the chemical compound in 
the cell membrane on allowing the treated cells to penetration of 
the stain, while that of an intact cell repels the dye, this translating 
directly into live and dead cells, and in exact agreement with the 
LIVE/DEAD® assay (Figure 4), where this phenomenon is repeated 
from the lowest concentrations of eugenol.

DISCUSSION
It is well documented that sealing the root canal can cause 

adverse local and/or systemic effects in periradicular tissue and 
alveolar bone due to the release of extractable monomer and/or 
other inorganic and organic ingredients. Root canal sealants could 
not only cause degradation of the tissue beneath the endodontic 
sealant, but also could delay wound healing.24

Although eugenol is known for its various properties, such as 
antibacterial, anesthetic, analgesic, and anti-inflammatory, among 
others, these properties may be useful in certain dental treatments.25 
Studies have been inconclusive in terms of whether eugenol causes 
health problems,26 as cytotoxicity assays have been conducted whose 
results could be different according to the cell lines employed, espe-
cially on comparing cell lines of animal and human origin.27

Cells are very selective in terms of the compounds that pass 
through their membrane. In a viable cell, trypan blue is not absorbed; 
however, this dye penetrates the membrane of dead cells. Conse-
quently, under a microscope, dead cells are exhibited with a distinc-
tive deep-blue, and live cells are excluded from staining; therefore 
this staining method is utilized to assess cell viability and, as can be 
observed, eugenol kills some cells even at low concentrations. This 
is consistent with the study of Correa and Samara, in which they 
also found that eugenol, compared with other dental sealants, such 
as AH-Plus and Sealapex, is more cytotoxic.28,29

Also, the U.S. National Institute of Health (NIH), through the 
U.S. Department of Health and Human Services (HHS), the U.S. 
Public Health Service (USPHS), and the U.S. National Toxicology 
Program (NTP) issued an official report on carcinogenesis in which 
eugenol, in addition to other substances among chemicals classified 
as toxic and as potential inducers of tumor formation, was strongly 

Figure 1. Genotoxicity assay: Arbitrary units (AU) of DNA 
damage in human fibroblasts treated with eugenol at 
different concentrations.
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Figure 2. Single Cell Gel Electrophoresis (Comet) assay: Confocal laser scanning microscope (CLMS) images after staining with 
ethidium bromide. A) Damage level 0, negative control. (0-100 Arbitrary units [AU]) equivalent to cells in culture without any 
treatment; B) Damage level 1, cells treated with eugenol (101-200 AU); C) Damage level 2, cells treated with eugenol (201-
300 AU); D) Damage level 3, cells treated with eugenol (301-400 AU); E) Damage level 4, positive control cells treated with 
H2O2 (400 AU).

Figure 3. Cellular proliferation assay: Formazan absorbance 
(490 nm) in the control groups (+/-) and different 
concentrations of eugenol (range, 0.06-320 µM).
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Figure 4. LIVE/DEAD® assay: Confocal laser scanning microscope (CLMS) images after staining with ethidium AM and Ethidium 
homoDimer (EthD-1) calcein. Treated with various concentrations of eugenol. A) Negative control cells in culture without 
any treatment; B) Positive control cells treated with H2O2; C), D), E), and F), cells treated with different concentrations of 
eugenol.

Figure 5. Viability assay: percentage of dead and live cells after 
staining with trypan blue in the control groups (+/-) 
and different concentrations of eugenol (range, 0.06-
320 µM).

unrecognized as a carcinogen in humans, but was recognized as 
a carcinogen in laboratory animals.6,7,30 Other studies have been 
reported on rabbits, where skin, liver, kidney, and brain samples 
were analyzed, and results were obtained of severe local toxicity at 
the application site. Damage severity was proportional to exposure 
time, dose, and concentration.7,31

Cell cultures in vitro comprise a tool used for testing cytotox-
icity and genotoxicity induced within different materials, which 
include the processes employed in endodontics, such as sealants, 
filling material, and intracanal medication irrigants.32

Living cells are characterized by active intracellular esterase, 
which converts nonfluorescent calcein AM nonfluorescent into 
an intensely green fluorescent molecule; this molecule is retained 
by the living cell, while Ethidium homoDimer 1 (EthD-1) enters 
cells with damaged membrane and binds nucleic acids to produce 
a bright red fluorescent color. EthD-1 does not enter cells with 
intact membranes; eugenol, even at low concentrations, is capable 
of damaging the cell membrane of fibroblasts, demonstrated by 
EthD-1 penetration into the nucleus of fibroblasts treated with 
varying concentrations of eugenol. Likewise, the conversion of 
the MTS salt [3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4sulfophenyl)-2H-tetrazolium] into soluble formazan is 
given by the dehydrogenase enzyme found in metabolically active 
cells. The amount of formazan produced is directly proportional to 
the number of viable cells in culture. Our results showed a statis-
tically significant reduction of cell viability dependent of eugenol 
concentration.

Without neglecting the consideration of the therapeutic effects 
of eugenol, such as its being anesthetic, analgesic, antibacterial, and 
anti-inflammatory, which can be useful and the various contradic-
tions involved in toxic and therapeutic effects mentioned previously, 
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it is important to analyze in detail, and in cytotoxicity and genotox-
icity studies, these types of compounds in order to provide evidence 
to clarify, at least in part, the effects of eugenol. This is because, if 
we consider that one of the main uses of eugenol is when it is mixed 
with ZOE in the specialty of pediatric dentistry, as expected, the 
age of patients who arrive for care in this field is mainly between 5 
and 10 years, which renders the exposed population more vulner-
able to any cytotoxic effect that eugenol could trigger. If we add 
that the treatment zone and application of eugenol is the mouth 
area, it is clear that this facilitates eugenol intake by swallowing, 
inhalation due to proximity to the upper airways, and absorption 
due to the characteristics of high-diffusion mucous. All of these 
factors increase the risk of developing adverse effects, such as those 
reported in poisoning by ingestion of clove oil, ranging from central 
nervous system (CNS) depression, acidosis, hypoglycemia, hema-
turia, proteinuria, and increased transaminases.33

It has been shown that the elevation of eugenol induces cyto-
solic Ca2 + in yeasts, and prokaryotes cause hepatotoxicity through a 
process that involving the reduction and loss of the protective effect 
of antioxidant intracellular glutathione transferase, with subsequent 
hepatocellular injury.15 This damage may be due in part to the 
xenobiotic molecule bioactivan and to its carcinogenic metabolite 
(1’hydroxymethyleugenol) via cytochrome P450 enzymes such as 
(CYP1A2, CYP2A6, and CYP2C9) and sulfotransferases.34,35

On the other hand, the existence is noteworthy of the large inter-
individual variability rendered by the possible presence of polymor-
phisms in CYP450 enzymes (CYP1A2, CYP2A6, and CYP2C9) 
responsible for metabolism in the liver of these compounds, which 
would further increase the vulnerability of the treated population. 
This is due to that, although polymorphisms are known to exist in 
these enzymes,36 to date there has been no studies to clarify the pres-
ence of polymorphisms in CYP and the effects of treatment with 
eugenol in children.

Because the genotoxic effect of eugenol was evaluated in this 
study, it was interesting to observe that the higher the concentration 
of eugenol, the lower the DNA damage. This can be explained by 
the high toxicity of eugenol, which causes damage to the cellular 
machinery, acting as a fixative that prevents it from reaching level 

that triggers a genotoxic effect without observing DNA damage in 
concentrations >320 μM avoiding the drawing of draw regarding 
the genotoxicity produced in dental pulp fibroblasts. This leaves 
the door open to future studies in which we clarified the molecular 
level for affecting genes involved in eugenol protection genome 
as P53; in addition, this is also important because eugenol affects 
the expression of genes involved in apoptosis and inflammatory 
processes that are of high importance in the development of chronic 
degenerative diseases and cancer processes.37 With the findings in 
this study, we can state that eugenol is highly toxic when applied 
directly on human dental pulp fibroblasts.

Eugenol, even at low concentrations, produces a toxic effect 
when applied to the isolated pulp of human tissue fibroblasts, based 
on exposure to increasing eugenol concentrations, this confirmed 
by performing different tests for toxicity. Considering the property 
of eugenol as a highly lipophilic compound, we can conclude that 
the average life of eugenol is long, which would facilitate its accu-
mulation, thus perhaps increasing toxicity after consecutive eugenol 
administrations within a given period of time.38,39

Commercially available sealants are based on ZOE, and may 
be cytotoxic due to the content of eugenol. In Paediatric Dentistry, 
it is very important that, as novel root canal sealers are developed, 
to undergo rigorous cytotoxicity testing prior to introduction into 
clinical use. It is also of the utmost importance for interested health 
professionals know the significance of this type of evidence in new 
products.

CONCLUSIONS
All of the concentrations of eugenol that we evaluated produced 

high toxicity in human dental pulp fibroblasts. The eugenol presented 
dose-dependent genotoxicity and cytotoxicity, although the possible 
setting effect of eugenol cells from the 7.7-mM concentration in 
which a genotoxic effect was not observed is clear.
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