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Eugenol (mixed with zinc oxide powder) is widely used as direct capping material during pulp therapy in primary teeth. The aim
of the present study was to evaluate the effect of eugenol on diverse genes involved in inflammatory and cell apoptosis processes.
The regulatory effect of eugenol on the expression of inflammation and apoptotic genes was evaluated in dental pulp fibroblasts
from extracted third molars, cultured under concentration of eugenol of 13 yuM. Eugenol allowed the expression of inflammatory
and apoptotic genes when compared with positive and negative controls. Eugenol is a proinflammatory agent when it is in direct
contact with healthy tissues and behaves as an anti-inflammatory agent in tissues undergoing inflammatory/apoptotic processes, as
in cases of pulp inflammation in primary teeth. These findings are relevant for dentistry, when considering the application of safer

pulp treatments to grossly carious children’ teeth.

1. Introduction

Dental caries is the most common chronic disease in child-
hood caused mainly by a poor, long-term oral hygiene.
In its initial stages, the disease can be preventable and
reversible; however, without appropriate and timely control,
cariogenic bacteria may seriously destroy the hard dental
tissues and consequently affect the dental pulp [1]. Dental
pulp is a connective tissue composed mainly of fibroblasts
and odontoblasts, with an inherent capability to produce
reparative dentin in a favorable environment [2]. Hence, it
is imperative to preserve the pulp vitality and function of
primary teeth whenever possible.

In cases of pulp tissue inflammation by carious pulp
exposure, there is a penetration of cariogenic Gram-positive
and Gram-negative bacteria, the predominant microbiota
in the oral cavity. It is well known that the cell wall
structure of cariogenic bacteria is predominantly constituted

of lipopolysaccharides (LPS). LPS can activate the pulp
immune system, inducing the segregation of proinflamma-
tory chemokines and cytokines, with an increase in capillary
permeability [3]. Additionally, the pulp’s role during the
inflammatory response is to fight against infection and tissue
damage through immune cells, such as fibroblasts and other
cells that recognize damage from cariogenic bacteria [4];
fibroblasts activate the recognition of bacterial surface recep-
tors, which initiates the inflammatory response by stimulat-
ing the production of cytokines, including proinflammatory,
anti-inflammatory, and regulatory cytokines [5]. Further-
more, recruitment of neutrophils and polymorphonuclear
cells occurs, which increases expression of the interleukins
[6].

Maintaining the integrity and health of primary teeth in
functional status until their natural exfoliation is one of the
fundamental objectives of pediatric dentistry. It is essential
for achieving normal oral function and facial growth [7].
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For this purpose, pediatric dentistry practitioners employ
diverse restorative or endodontic procedures for treating
deep carious lesions with or without pulp tissue exposure in
primary teeth. One of the most common and widely accepted
clinical endodontic treatments in pediatric dentistry is the
pulpotomy technique [8]. The objective of pulpotomy is to
remove only the affected coronal pulp tissue, so that the unaf-
fected radicular pulp tissue remains in place and functioning
normally until the tooth is ready to exfoliate [9]. Because
of its sedative or anodyne properties, low cost, simplicity,
and efficacy, the zinc oxide/eugenol combination (ZOE) is
frequently used as capping material over the radicular pulp
when pulpotomies are performed in primary teeth [9].

Eugenol (4-allyl-1-hydroxy-2-methoxybenzene) is an
essential oil extracted from the plant Eugenia caryophyllata
[10], popularly known as “cloves,” which grows in different
regions worldwide [11]. This oil has demonstrated to possess
different biological properties, such as antimicrobial, anal-
gesic, anti-inflammatory, antioxidant, antimutagenic, and
anticarcinogenic effects [3, 12]. Recent in vivo studies have
explored the potential anticancer property of eugenol, dem-
onstrating the induction of apoptosis in several cancer cell
lines from animal tumor models [4, 13]. On the other hand,
through different experimental models, eugenol has proven
to reduce Oxidative Stress (OS) by preventing oxidative
damage [14-16]. Paradoxically, ZOE has also proven to
possess harmful effects when placed directly on dentin tissue
or when employed as pulpotomy material in primary teeth
[17, 18]. Eugenol is cytotoxic for several types of human cell,
including pulp fibroblasts; it reduces not only the growth and
survival of these cells, but also their collagen synthesis and
bone sialoprotein expression, which play a critical role in
reparative dentine formation [18]. Therefore, it is necessary
to obtain new information concerning why, when, and under
which circumstances eugenol provides either beneficial or
harmful effects in order to procure safer employment of ZOE
in clinical pediatric dentistry when treating deeply carious
primary teeth.

The aim of this study was to assess the anti-inflammatory
effects of eugenol on cultured dental pulp fibroblasts,
under inflammatory conditions. These effects were measured
through the production of several inflammatory cytokines
and the expression of inflammation related-genes.

2. Materials and Methods

2.1. Cell Cultures. The whole culture process was based on
a previous reported method by Escobar-Garcia et al. [19].
Fibroblasts of dental pulp were obtained from extracted
caries-free third molars. The extracted molars were placed
in a transport medium (Phosphate-Buffered Saline (PBS)
solution with a 3% antibiotic mixture (1,000 U/mL Penicillin,
1mg/mL Streptomycin, and Amphotericin B 2.5mg/uL)).
Then, the pulp chamber was exposed with a diamond disc,
and the pulp tissue was removed, washed with transport
medium, and incubated in a collagenase solution (2 mg/mL)
for 3h at 37°C, 5% CO,, and 95% humidity. After cen-
trifuging, the supernatant was removed. The remaining
tissue was cultured for explant (tissue dissected into small,
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1-3 mm pieces), together with 3 mL of Dulbecco’s Modified
Eagle Medium (DMEM) culture medium enriched with 10%
Fetal Bovine Serum (FBS) and an antibiotic combination
(1,000 U/mL Penicillin, 1 mg/mL Streptomycin, and Ampho-
tericin B 2.5mg/uL); the mixture was incubated at 37°C,
5% CO,, and 95% humidity, and the culture medium was
replaced every other day.

2.2. Treatment and Control Groups. Once the cell cultures
reached a confluence of >70%, fibroblasts were assigned
to different study groups. Five groups were designated as
follows: (1) fibroblasts placed in an enriched FBS culture
medium (negative control group); (2) fibroblasts treated
only with LPS 10 ug/mL (lipopolysaccharide from Escherichia
coli 0127:B8), without eugenol (positive control of inflam-
mation) for 48h; (3) fibroblasts treated for 24 h with LPS
10 ug/mL, and eugenol 13 uM for 24 h (experimental group
A); (4) fibroblasts treated with eugenol for 24 h, without
LPS (experimental group B); and (5) fibroblasts treated only
with H,O, for 24 h, without eugenol (positive control of cell
apoptosis). In experimental groups (A and B), the medium
was modified according to the concentration of eugenol of
13 uM (this concentration is based on previous work reported
by Escobar-Garcia et al. [19]) and then incubated for an
additional 24 h. Each experiment was carried out in triplicate.
After the experiments were conducted, cells were detached
from the culture box employing trypsin ethylenediaminete-
traacetic acid (EDTA) 0.025% and collected for subsequent
RNA isolation.

2.3. RNA Isolation. RNA was isolated from cultured fibrob-
lasts through the method of Tri Reagent (Sigma-Aldrich Bio-
Sciences, St. Louis, MO, USA) following the manufacturer’s
instructions. The extracted RNA was then suspended in
RNase-free water. The concentration of genetic material was
quantified using the NanoDrop reagent (Thermo Scientific
FC Multiskan®; Thermo Scientific, Vantaa, Finland).

2.4. cDNA Synthesis. Complementary DNA (cDNA) synthe-
sis was performed with 1 g of RNA utilizing the reverse tran-
scription long range reverse transcriptase (QIAGEN GmbH,
D-40724 Hilden, Germany) reagent and was incubated twice,
that is, for 60 min at 37°C and for 5 min at 85°C in order to
inactivate the transcriptase.

2.5. Amplification of the PCR Products. Specific amplification
for inflammation (NF-«B, IL-1f3, TNF-«, and VEGFA) and
apoptotic (p53 and Apaf-1) genes was performed separately
utilizing primer pairs under the amplifications (Table 1).
Forward and reverse PCR reaction was carried out in 25 uL
of green GoTaq (Promega Co., Madison, WI, USA) Master
Mix, consisting of cDNA 250ng and primer 0.5uM. For
designing the primers, the Amplifix 1.5.4 program was
employment; alignment and temperatures were confirmed
using Oligocalculator online software. The sequences of the
primers and the annealing temperatures are described in
Table 1. Finally, the PCR products underwent electrophoresis
on agarose gels 1%, 90 volts for 1h. The agarose gels were
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TABLE 1: Primers and conditions employed for evaluation of gene expression.

Gene symbol Primer sequence (5'-3')

Annealing temperature ("C) Size of PCR product (bp)

Fw: ATGAGGCTCTAGACGAAGCCATGT

Apaf-1 55.7 490
Rv: TGAATCAGATGAGCAGGGCCTACA
P53 Fw: TTGCTATCTGGGACAGCCAAGT 591 491
Rv: CAGGCACAAACATGCACCTCAAAG ’
TNF-« Fw: CGTCTCCTACCAGACCAAGGTCAA 58.8 401
Rv: TTCCTGAATCCCAGGTTTCGAAGTG
NE-«<B Fw: CCTTGCACTTGGCAGTGATCACTA 593 294
Rv: ACTTCTGCTCCTGAGCATTGACG
VEGEA Fw: ATCACCGAGCCCGGAAGATTAGA 55 384
Rv: CGGTGTTCCCAAAACTGGGTCAT
GAPDH Fw: CCATCAATGACCCCTTCATTGACC 652 435
Rv: TGGTCATGAGTCCTTCCACGAT
ILL-B Fw: CGATGCACCTGTACGATCACTGAA 56.9 223

Rv: CAACACGCAGGACAGGTACAGATT

Apaf-l-apoptotic peptidase activation factor 1; P53-tumor suppressor P53; TNF-a-tumor necrosis factor-alfa; NF-xB-nuclear factor kappa B; VEGFA-vascular
endothelial growth factor A; GAPDH-glyceraldehyde 3-phosphate dehydrogenase; IL-1p3-interleukin 1 beta.

analyzed in a Quantity One BioRad (BioRad Laboratories,
Hercules, CA, USA) Photo Register, in which the relative
expression of each gene was compared with the control group;
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
utilized as housekeeping gene.

2.6. Statistical Analyses. Results from all study groups were
continuous variables and are therefore expressed as means
and standard deviations (SD): three data sets per control
group and six data sets from each treatment group. Means
were compared by the one-way analysis of variance (ANOVA)
followed by Tukey test for multiple comparisons, employing
SigmaPlot ver. 11.0 statistical software (Systat Software, Inc.).
A p value of <0.05 was taken as statistically significant.

3. Results

3.1. Eugenol and Inflammation. To assess whether there were
differences among fibroblast gene expressions, comparisons
were made as follows: (a) negative control versus cell groups
treated with eugenol and (b) positive control (LPS) versus cell
groups treated with eugenol. The first comparison (negative
control versus cell groups treated with eugenol) demon-
strated that nuclear factor kappa B (NF-«B) is expressed 1.16-
times more than the negative control, corresponding to a 16%
increase (Figure 1(a)). Interleukin 1 beta (ILI-f3) is expressed
2.4-fold above the control corresponding to an increase in
expression of 145% (Figure 1(b)). Tumor necrosis factor alpha
(TNF-«) is expressed 1.3 times that of control cells, represent-
ing a 30% increase in expression (Figure 1(c)). The treated
cells of the vascular endothelial growth factor A (VEGFA)
gene expressed eugenol at 1.08 times the negative control,
representing a 6.5% increase in gene expression (Figure 1(d)).
By performing a second analysis in which the expression
was compared to inflammatory genes in eugenol-treated cells
treated versus cells that had previously undergone treatment

with LPS at a concentration of 10 ug/mL, the NF-xB gene
was expressed 0.9 times that of the control, representing 8.5%
inhibition in expression (Figure 1(a)). TNF-« is expressed
only 0.7-fold, representing 25.4% inhibition (Figure 1(b)),
while IL1-8 and VEGFA continued to exhibit proinflam-
matory behavior, expressed as 1.8-fold and 1.08-fold that of
control inflammation, respectively, corresponding to 81.2%
ILI-3 and 72% of VEGFA induction in increased expression
(Figures 1(c) and 1(d)).

3.2. Effect of Eugenol on the Apoptosis Process. Two genes
and their expressions were involved in the apoptosis process:
tumor suppressor p53 (p53) and the apoptotic peptidase acti-
vation factor 1 (Apaf-1). The p53 gene was expressed 1.04 times
that of the control or a 4% increase in induction (Figure 2(a)),
which is statistically significant (p < 0.05). Likewise, Apaf-1
gene-treated cells inhibited eugenol expression in 32% (0.68
times) with regard to the control (Figure 2(b)); this inhibition
was also significant (p < 0.05).

4. Discussion

Premature loss of primary teeth can lead to malocclusion
and phonetic or functional problems in the growing child.
Therefore, it is necessary that pediatric dentistry practitioners
always intend to preserve primary tooth pulp vitality free of
inflammation/infection [20]. Pathogenic bacteria and their
products are involved in severe forms of inflammation when
the pulp is exposed by caries. However, it has been proven
that pulpal inflammation occurs even in the absence of bac-
teria and that other factors participate in the inflammatory
process; for example, considering that ZOE-based materials
release small amounts of eugenol when placed in contact with
dentin tissue, eugenol can diffuse through dentinal tubules,
causing potential injury to the pulp [21]. After mixing ZOE, a
chelation reaction occurs and zinc eugenolate is formed. This
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FIGURE 1: Relative expression of genes involved in the inflammatory process. LPS-lipopolysaccharides; NF-xB-nuclear factor kappa B; IL-
1B-interleukin 1 beta; TNF-a-tumor necrosis factor-alfa; VEGFA-vascular endothelial growth factor A. *The differences in the mean values
among the treatment groups with respect to negative control are greater than what would be expected by chance; there is a statistically
significant difference (p < 0.05).
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FIGURE 2: Relative expression of genes involved in the apoptotic process. Apaf-1-apoptotic peptidase activation factor I; p53-tumor suppressor
p53. *The differences in the mean values among the treatment groups with respect to negative control are greater than what would be expected

by chance; there is a statistically significant difference (p < 0.05).
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FIGURE 3: A possible translocation of NF-«B for healthy pulp tissue (a) and inflamed pulpal tissue (b). (a) Healthy pulpal tissue. Eugenol
allowed interaction with the IKB complex that mediates phosphorylation and degradation of inhibitor protein IKB, in turn activating the
NE-«B transcription-B factor and translocation of NF-«B into the nucleus, where it participates in the activation of other genes involved in
both inflammation and apoptosis. (b) Inflamed pulpal tissue. NF-xB expression is inhibited when there is preexisting inflammation because
they do not carry out IKB phosphorylation inhibitor activities. P-phosphorylation; IKB-complex NF-«B inhibitor; P50-homodimer P50;

P65-homodimer P65; NF-«B-nuclear factor kappa B.

compound is readily hydrolyzed when exposed to dentinal
tubule fluids to yield eugenol and zinc hydroxide; free eugenol
can diffuse through the tubules up to reaching the pulp tissue
and its cell components, such as fibroblasts [17, 21, 22].

The present results strongly suggest that eugenol induces
the expression of diverse genes involved in the inflammatory
process; it was observed here that gene expression was
significantly increased when fibroblasts were treated with
eugenol as compared with untreated fibroblasts (Figure 3(a)).
However, eugenol inhibited the expression of NF-xB when
the preexisting inflammatory-inducted process was present
(e.g., with LPS), in this case, the preexistence of inflammation,
such as the real condition of the dental pulp in primary
teeth (Figure 3(b)). Eugenol allowed interaction with the NF-
xB complex inhibitor (IKB); the latter mediates protein IKB
phosphorylation and degradation, in turn activating the NF-
kB transcription factor to promote nonapoptotic signaling
pathways and gene expression via antiapoptotic pathways,
ensuring nonapoptotic signaling activation [23]. Further-
more, eugenol has been considered as anti-inflammatory
agent due to its well-known participation in the inhibition of
cyclooxygenase 2 (COX2) expression. This protein is respon-
sible for the production of inflammatory prostaglandins.
Upregulation of COX2 is also associated with increased cell

adhesion, phenotypic changes, resistance to apoptosis, and
tumor angiogenesis [24, 25].

Fibroblast cultures constitute an adequate model for
studying the mechanisms of inflammation and cell apoptosis
at a molecular level [26]. It has been reported that NF-xB
comprises a transcription factor regulating the inflamma-
tory process and participating in the transcription of many
cytokines, such as TNF-q, ILl-f, and IL-6 [27]; thus, the
inhibitors of this factor can be considered anti-inflammatory
agents [28]. This gene also plays a significant role in other
processes, including cell development, growth, and pro-
liferation [29]. TNF-« is an important proinflammatory
cytokine secreted by many cell types, such as macrophages,
lymphocytes, fibroblasts, and keratocytes, in response to an
inflammatory reaction, infection, or environmental changes
[30]. Within the same context, IL1- 8 is an important mediator
of the inflammatory response as a proinflammatory cytosine,
involved in different cellular activities including proliferation,
differentiation, and apoptosis [31]; it acts during the acute
response phase in antimicrobial defense. VEGFA is a growth
factor expressed primarily in endothelial cells, with various
effects, such as mediating increased vascular permeability,
angiogenesis promotion, cell migration, and apoptosis inhi-
bition [32].



Apoptosis or programmed cell death is a complex phe-
nomenon comprising the delicate regulation of signaling
proteins via gene expression and/or protein activity. Apop-
tosis participates in various physiological events involved
in many diseases, including cancer and neurodegenerative
disorders [33, 34]. The process can be initiated intrinsically
or extrinsically, depending on the nature of the cell death
signal. After receiving intrinsic apoptotic stimuli, several
proapoptotic proteins are released from the mitochondria
into the cytosol, involving a large number of genes, such
as p53 and Apaf-1 [23]. p53 is a protein encoding a tumor
suppressive gene; thus, the encoded protein responds to
diverse stressing mechanisms in the cell, which regulates
the expression of target genes and induces cell cycle arrest,
apoptosis, senescence, DNA repair, and changes in cell
metabolism [35]. Apaf-1is a gene encoding a cytoplasmic
protein, which promotes the apoptosis process, mediates
cytochrome C breaking, and activates procaspase 9; this
process finally activates caspase 3, responsible for the onset
of apoptosis [36].

NF-«B is a heterodimer complex that binds to kappa-
B DNA sites of their target genes. Individual dimers have
preferences for different kappa-B sites, to which they can
bind with distinguishable affinity and specificity. This dimer
complex is localized in the cytoplasm in an inactive state
bonded to the kappa-B inhibitor (I-kappa-B). Activation con-
ventionally occurs by phosphorylation of I-kappa-through
the I-kappa-B kinase (IKK), in response to various activa-
tors, and is subsequently degraded, thereby releasing the B-
complex; once activated, NF-«xB is then translocated into
the nucleus. This gene participates in the regulation of >500
genes involved in some inflammatory process, cell survival,
proliferation, angiogenesis, and metastasis [37]. Because NF-
kB is a regulator of the inflammatory process, inhibition
of its expression is considered an anti-inflammatory effect
[23].

Apaf-1 is a cytoplasmic protein and one of the axes
controlling the apoptosis regulatory network. Eugenol is able
to significantly suppress the expression of Apaf-1, suggest-
ing that eugenol does not yield a programmed cell death,
although it is able to significantly induce the expression of
p53, which may indicate that the cell is in contact with
this oil. If there are any alterations in the layers, a genome-
increased expression of p53 is motivated, in order to repair
damage to genetic material, but without achieving the final
apoptosis process. Therefore, apoptosis is a normal process
of many multicellular organisms; however, alterations in this
process are associated with the pathogenesis of different
diseases.

5. Conclusions

According to the present study’s results, low-concentrated
eugenol possesses the property of an anti-inflammatory agent
when the pulp tissue is found in an inflamed state, as is
the case of reversible pulpitis in primary teeth, due to being
capable of inhibiting gene expression, such as that of NF-«xB
and TNF-a.
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