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ABSTRACT. Dental materials can induce local and systemic effects. The Allium cepa assay was used to 
evaluate the genotoxicity and/or cytotoxicity of zinc oxide and eugenol (ZOE) at different proportions. The 
ZOE solution was tested at the concentration of 1 drop of eugenol (in each drop of liquid, the approximate 
concentration of eugenol is 85%) and 1 portion of zinc oxide cement (treatment I), and twice the 
concentration of eugenol (treatment II). Treated roots appeared to be yellowish-brown, fewer in number, 
thicker and less turgid compared with the control, suggesting a cytotoxic activity of ZOE. A significant 
difference was found in the root size between the control and treatment II. This treatment reduced by 79% 
the size of the root compared with the control, and the mitotic index was 66%, indicating a 22.4% 
reduction relative to the control, which in turn evidenced the cytotoxicity of ZOE. The significant increase 
in anaphase bridges suggests a genotoxic effect. 
Keywords: cytotoxicity, micronucleus (MN), dental materials, mutagenesis. 

Avaliação da genotoxicidade do cimento de óxido de zinco e eugenol em Allium cepa L. 

RESUMO. Materiais dentários podem induzir diversos efeitos, tanto local quanto sistêmico. Objetivou-se 
avaliar a ocorrência de danos genéticos e de alterações nucleares degenerativas indicativas de genotoxicidade 
e citotoxicidade em células de cebola em mitose, expostas a óxido de zinco e eugenol (ZOE) em diferentes 
proporções. Os bulbos foram postos a germinar, com a parte inferior mergulhada na solução de ZOE + 
água destilada. A solução de ZOE foi testada na concentração de uma gota de eugenol (aproximadamente 
85%) e 1 porção do cimento de óxido de zinco (tratamento I) e o dobro da concentração do eugenol 
(tratamento II). As raízes do controle apresentaram coloração esbranquiçada e eram túrgidas, enquanto as 
raízes dos tratamentos se mostraram de cor amarela – amarronzada, em menor quantidade, mais grossas e 
menos túrgidas, sugerindo ação citotóxica de ZOE. Houve diferença significativa do tamanho das raízes 
entre o controle e o tratamento II.  O tratamento II reduziu 79% do tamanho da raiz e o índice mitótico foi 
66%. Isto mostra redução de 22,4% quando comparado com o controle, evidenciando a ação citotóxica de 
ZOE. O aumento significante de pontes anafásicas sugere efeito genotóxico.  
Palavras-chave: citotoxicidade, micronúcleo (MN), materiais odontológicos, mutagênese.  

Introduction 

In the last century, dentistry has acquired great 
technological advances that sought promptness for 
the professionals of this area and comfort for the 
patient. Nevertheless, taking a simple restoration as 
an example, it is necessary to utilize various 
chemical elements that, depending on the 
concentration used, can affect human health and are 
also capable of causing injury to genetic material 
(MUNERATO et al., 2005; REZENDE et al., 
2011). One possible consequence of a prolonged 
exposure to these elements is cancer. Currently, 
there are a large number of studies regarding the 
toxicological profile of some materials.  

Eugenol (EUG) is an aromatic compound 
generally found in cloves, mainly from Syzygium 
aromaticum (L.) Merr & L. M. Perry. It has a 
remarkable analgesic effect, which makes it to be 
used for the treatment of toothaches (HUME; 
MASSEY, 1990; ROMPELBERG et al., 1996; 
VIDAL et al., 2008). Together with zinc oxide, 
referred to as zinc oxide-eugenol, it is also greatly 
used in temporary dental fillings (HUME; 
MASSEY, 1990). Despite the beneficial effect of this 
material, the possibility of genotoxic effects cannot 
be ignored since genotoxicity is one of the side 
effects of chemical products (MUNERATO et al., 
2005; REZENDE et al., 2011). Considering that 
most dental materials release small quantities of 
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various substances into their physiological 
environment (pulp, oral cavity), an appropriate 
regulation should ensure that genotoxicity is 
eliminated or at least reduced. 

There is a great chance of causing cell mutations, 
such as: micronuclei, nucleoplasmic bridges, nuclear 
buds, among others (HUANG et al., 2002; 
REZENDE et al., 2011). Micronucleus test, sister 
chromatid exchange test and genotoxicity analysis 
are performed to detect the toxicity of elements 
(GALINDO; MOREIRA, 2009). The micronucleus 
test is of great applicability since it is an easy, fast and 
low-cost technique. The micronucleus test is one of 
the methods available for the evaluation of 
spontaneous or induced chromosome damage. 
Micronuclei are free corpuscles that measure from 
1/16 to 1/3 of the size of the nucleus, with a shape 
from round to oval and are usually found beside the 
main nucleus, to which they are similar in terms of 
shape and color (FENECH et al., 2003; VRAL et al., 
2011). The micronucleus originates from a late 
chromosome region or irregular migrations during 
anaphase (CELIK et al., 2003).  

Nucleoplasmic bridges are also indicators of 
genotoxicity and result from the toxic activity of 
substances. Bridges are observed between two nuclei 
that are not too close or overlaid (FENECH et al., 
2003), and originate from dicentric chromosomes 
whose centromeres are pulled to opposite poles 
during anaphase. An increase in the incidence of 
cytogenetic changes is a sign of relevant exposure, 
indicating genetic changes in cells (FENECH, 
2000). 

Plants can be used as biosensors of genetic 
toxicity of environmental pollutants (RANK et al., 
2002; MIŠÍK et al., 2011). Allium cepa is a sensitive 
biological tool to rapidly detect genotoxic 
contaminants (KALCHEVA et al., 2009). There is a 
relationship between the root apical meristem of  
A. cepa and the testing systems in mammals: in vitro 
and in vivo, in this way, onion is an alternative 
system to evaluate the genotoxicity of chemical 
substances (AMARAL et al., 2007; LEME; MARIN-
MORALES, 2008; KURÁS et al., 2009). The 
advantage of an in vitro test is the possibility of 
having a control and the test can be easily and 
economically reproduced (FISKEJO, 1985). Allium 
cepa is widely used due to its low-cost, is easily 
obtained and handled, being required simple 
methodology for slide preparation and evaluation of 
chromosomes (AMARAL et al., 2007). 

In this context, the objective of this study was 
to evaluate the occurrence of genetic damage and 

degenerative nuclear changes indicating 
genotoxicity and cytotoxicity to the cells of onion 
(A. cepa) in mitosis and those that have been 
exposed to zinc oxide-eugenol in different 
proportions (powder/liquid). 

Material and methods 

Small, non-germinated and healthy onions of the 
same origin were used. Bulbs were left to germinate 
on appropriate plastic containers, with the lower part 
(plate) dipped in a zinc oxide-eugenol solution and 
distilled water. The experiment comprised six bulbs, 
and the control (distilled water). 

Substances tested were used in the normal and 
recommended concentrations, one drop of eugenol 
and one portion/measure of zinc oxide cement, and 
twice the concentration of eugenol and one 
portion/measure of zinc oxide. In each drop of 
liquid, the approximate concentration of eugenol is 
85%. The remainder is composed of vegetable oils 
(usually olive oil) and small traces of other 
substances to control the reaction of setting of the 
material, such as acetic acid (FERRACANE, 2001). 

Each A. cepa testing system was aerated in a 
cultivation chamber during seven days with an air 
compressor. The system was maintained at room 
temperature and covered with a carton during three 
and a half days, and then the carton was removed. At 
the end of the seventh day at 10 a.m., four root tips 
of each bulb were cut (root apical meristem). These 
were put in ten drops of 2% acetic orcein stain 
(GUERRA; SOUZA, 2002) + one drop of 1N HCl, 
buckling was performed for a short time (1 to 2 
minutes), just to allow hydrolysis and staining of the 
cell. The material was crushed and taken to a 
binocular microscope (Leica), cells were counted and 
the aberrations were photographed. 

Analysis and assessment of mutagenicity and toxicity 

The interpretation of the slides was done 
according to the following parameters: 

Mitotic Index (MI): the number of cells in 
mitosis (prophase + prometaphase + metaphase + 
anaphase + telophase) were divided by the total 
number of cells (interphase + mitosis) and 
multiplied by 100 (PIRES et al., 2001); 

Anomalies in the Mitotic Cycle (Anaphase -
Telophase): 

-anaphase and telophase bridges: dicentric 
chromosomes or exchanges; 

-chromosomes or free fragments; 
-micronuclei: 1000 cells were analyzed per root 

and 4000 cells per bulb, and micronuclei that 
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resulted from abnormal divisions were identified; 
Toxicity was evaluated by macroscopic 

parameters, like length of the roots, turgidity and 
hardening of the root tips, color alterations and 
thickening (tumors). 

Statistical analysis  

Values of root size were compared with RC50.  
The statistical analysis of the root sizes and 

nuclear anomalies were carried out using the Scott-
Knott test. 

Results and discussion 

The reason for using a plant to test a chemical, 
ZOE, which is used in human dental treatment, is 
because Allium cepa is a useful organism in 
biomonitoring of toxic substances. Therefore, the 
onion is an alternative system for carrying out 
genotoxicity and cytotoxicity tests and is also 
promising in terms of reduced experimentation in 
live animals (AMARAL et al., 2007; BAGATINI  
et al., 2007; KOVALCHUK et al., 1998; KURÁS  
et al., 2009; LEME, MARIN-MORALES, 2008). 
Also, advantages arise when using A. cepa as a testing 
organism since it is possible to control the 
assembled system, the system provided data in a fast 
and economical manner, and it is very advantageous 
in the evaluation of the toxic effects of chemical 
materials (AMARAL et al., 2007; 
ANTONSIEWICZ, 1990; BROWNE, 1988). 

The mutagenic effects of the substance tested 
could be analyzed through macroscopic parameters, 
like growth and shape of the root, and also by 
cytological parameters, such as the type and 
frequencies of chromosomal aberrations and 
abnormal cell divisions (KOVALCHUK et al., 
1998). The control presented a whitish color while 
the roots from the two treatments were yellowish-
brownish. Despite the small number, the roots from 
the two treatments were thicker compared to the 
control. There was a difference in turgidity, the 
roots from the treatments were soft, while those 
from the control were hardened. In some onions, 
the roots did not develop and the root growth region 
was covered by a viscous gelatinous substance 
(Figure 1A and B). These controls characters were 
also observed by Bakare et al. (2009).These 
variations between treatments and control indicate a 
cytotoxic potential of the analyzed substance. The 
study of Cortes et al. (1990) also found an inhibition 
of the root development in onion bulbs exposed to 
different concentrations of radiation. 

A significant variation was detected in the root 
size, as demonstrated by the Scott-Knott test. 

Between the onions of treatments I and II and the 
control onions, there were significant differences as 
to the size of the roots (Table 1). In treatment I, the 
mean value was 1.75 cm, while in treatment II the 
mean was 0.67 cm and in the control it was 3.0 cm 
(Figure 1). Growth is the most important parameter 
and is easily transformed into indices, like RC50. In 
the present work, treatment II had a reduction of 
79% in the size of the roots compared with the 
control, a value higher than RC50, which indicates 
the cytotoxicity of the cement. The treatment I 
presented a reduction of 41.67% compared with the 
control, a value close to 50%, but non-significant 
(Table 1). However, the Scott-Knott test pointed 
out a significant difference in the root size between 
treatment I and the control, showing that the 
treatment was also cytotoxic. There was also a large 
difference between the root size from treatment I 
and II, treatment II was reduced by 64% in 
comparison to the treatment I.  

Table 1. Root growth inhibition (macroscopic analysis). 

Treatment 

Average root 
length for each 
bulb (range in 

cm) 

Mean ± SE Growth in % 
of control 

Percent 
inhibition 

(RC50) 

T I 0.9-1.2 1.75±0.03 35.830 41.67% 
T II 0.6-0.8 0.67±0.02 22.500 79%** 
C 2.0-4.0  3.00 ± 0.09* - - 
*Values are significantly different from the control and both treatments  at p < 0.05 
(Scott-Knott); **RC50 Values of treatment II are significantly different from the control. 
TI ( treatment I); TII (treatment II); C (control). 

Several studies showed the cytotoxic potential of 
the zinc oxide-eugenol. Hume (1984) supported 
that the cytotoxicity of ZOE is due to eugenol. 
Chong et al. (1994) stated that ZOE is cytotoxic and 
that its cytotoxicity varies according to the different 
formulations of ZOE. Senne et al. (2009) evaluated 
the cytotoxicity of three endodontic cements and 
found that those based on zinc oxide and eugenol 
were highly cytotoxic, similar results were observed 
by Chang et al. (2000) and Vasconcelos et al. (2008). 
The study developed by Ho et al. (2006) sought to 
elucidate the toxic effects of eugenol in cell culture 
of human osteoblasts, and discovered the cytotoxic 
mechanism of action of eugenol; the authors 
observed the inhibition of growth and proliferation 
of cells tested and the high toxicity of eugenol to 
periapical tissues. Other effects of the zinc oxide-
eugenol cement are irritation of tissues and 
inflammatory action (SCARPARO et al., 2009; 
YESILSOY et al., 1988). REZENDE et al. (2011) 
observed the genotoxicity of dental materials 
through the micronucleus (MN) test, in the buccal 
cells of children. This mentioned study evaluated 
three types of dental materials; ZOE based cement, 
monomers, and their combination, and observed 
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that treatments using monomer + cement-based 
materials significantly increased the number of 
nuclear anomalies. 

Huang et al. (2002) verified that endodontic 
cements with zinc oxide-eugenol were the most 
cytotoxic and related it to the fact that cements tend to 
dissolve in aqueous medium for a prolonged time, 
increasing the cytotoxicity. The cytotoxicity is mainly 
associated with the action of eugenol which is released 
from the hydrolysis of zinc oxide-eugenol (CHONG 
et al., 1994). The fresher the zinc oxide-eugenol, the 
greater the toxic potential of this dental material 
(CHONG et al., 1994). The wetter the ZOE, the 
greater the capacity to release eugenol through 
hydrolysis (HUME, 1984). In the system tested, the 
preparation of zinc oxide-eugenol was always in direct 
contact with distilled water, where intense hydrolysis 
occurred, which means that eugenol was released in 
great amounts. Due to this reason, it was possible to 
observe the cytotoxic effects of the material. 

Many materials, particularly the valves of root 
canals as ZOE, remain in contact with vital tissues for a 
long period, and the possible action of these materials is 
the cellular aggression by chemical, physical and 
mechanical elements; being respiration one of the first 
cell systems affected. Some aggressor agents, 
particularly chemicals, block important enzyme 
systems involved in protein synthesis and/or generation 
of ATP; other lead to the generation of harmful 
intracellular products or, still, act directly destroying 
vital structural components of the cell (SENNE et al., 
2009). 

In all the slides, it was possible to observe different 
phases of mitosis; prophase, prometaphase, metaphase, 
anaphase, telophase and interphase. The mitotic index 
was 87% in treatment I, 66% in treatment II and 85% 
in the control (Table 2). In treatment II, there was a 
22.4% reduction of the MI when compared with the 
control. Antonsiewicz (1990) confirms that a 22% 
reduction in the MI compared with the negative 
control can cause lethal effects in the organism, which 
can be caused by the cytotoxic effect of the tested 
substance. In the present work, the treatment II caused 
toxic effects to the organism. The MI of treatment I 
was 2.3% greater than the control, which indicates that 
the amount of the substance used in treatment I was 
not enough to produce changes in the MI. Variables 
that were not controlled have to be considered, for 
example the genetic variation of the onions and its 
consequences and the amount and quality of the 
fertilizer. In studies carried out by Kovalchuk et al. 
(1998), they also found a reduction in the mitotic index 
of the onion root meristem. The higher the levels of 
radioactive contamination of the soil, the greater the 
chromosomal aberrations, and the smaller the MI. 

Table 2. Chromosomal aberrations (microscopic analysis) 

Treatment 
N. of 

dividing 
cells 

Mitotic 
índex(MI) 

Late 
chromosomes 

average 

Micronuclei 
average 

Nuclear 
buds 

average 

Anaphase 
bridges 
average 

T I 870 87% 1.42 0.90 0.95 0.90 
T II 660 66% 1.24 0.77 0.71 1.05* 
C 852 85% 1.32 0.82 0.76 0.74 
*Significant result at p < 0.05 ( Scott-Knott). The analysis of variance was performed 
with the square root transformation + 0.5. TI ( treatment I); TII (treatment II); C 
(control). 

The control slides presented no chromosomal 
aberrations or micronuclei formation. The cells 
corresponding to treatments I and II presented the 
following chromosomal aberrations: anaphase 
bridges (Figure 1C-E), chromosome breakages 
(Figure 1F), micronuclei (Figure 1G) and late 
chromosomes. For these aberrations, only the 
anaphase bridges were statistically significant in 
treatment II (Table 2). This result indicates a 
probable genotoxicity of the zinc oxide-eugenol. 
Nucleoplasmic bridges were observed in cells 
exposed to clastogenic agents (FENECH et al., 
2003). Since these cells originate from dicentric 
chromosomes in which the centromeres are pulled 
to the opposite poles (FENECH, 2000), there is a 
traction force during this process and the 
chromosome can suffer breakage in any point, 
which can form a chromosomal fragment that can 
be transformed into MN (VRAL et al., 2011). This 
can also occur in independent cells with different 
morphological characteristics of the chromosome 
conjunction since one of the cells can remain with a 
larger part of the broken chromosome, and this part 
could link to any other part of the chromosomes and 
modify their morphology, or even remain as a 
chromosome in the chromosome set. 

The micronucleus test allows identifying an 
increase in the frequency of mutations in cells when 
are exposed to a variety of genotoxic agents 
(CARVALHO et al., 2002; THOMAS et al., 2011). 
Several studies have proven the efficacy of this test 
as an indicator of cytogenetic damage (GALINDO; 
MOREIRA, 2009; RAMIREZ et al., 1999; REIS  
et al., 2002; THOMAS et al., 2011). Biological 
markers may reflect doses of exposure to 
carcinogens and their interaction with 
macromolecules, as the DNA (REIS et al., 2002; 
VRAL et al., 2011; BONASSI et al, 2011). It is not 
yet established a relationship between the frequency 
of micronuclei and the development of cancer, but 
the detection of micronuclei demonstrates the 
exposure of cells to chemical agents (RAMIREZ  
et al., 1999; REIS et al., 2002). The validation of the 
micronucleus (MN) as marker of phenotypic 
susceptibility to cancer has received decisive support 
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by the work of Bonassi et al. (2011). The authors 
showed increased frequency of tobacco carcinogen-

induced MN, nuclear buds and especially 
nucleoplasmic bridges in cancer patients.   

 

 
Figure 1. (A) Treatment 1: control (Cc1), treated onions (C1, C2, C3, C4), after 6 days. (B) Treatment 2: control (Cc2), treated onions 
(C3, C4, C5 e C6), after 6 days. (C-E) Anaphase bridges. (F) Chromosomal breakages. (G) Micronucleus. 
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Cells of A. cepa are equivalent to epithelial 
tissue, have similar mitotic characteristics and are 
sensitive to the activity of chemical agents, 
representing an alternative system for testing 
genotoxicity and cytotoxicity (KOVALCHUK  
et al., 1998). As our work demonstrates the 
cytotoxic effect of the zinc oxide-eugenol cement, 
it can also be compared with other studies in 
animal cells named in the text. Despite the 
possible cytotoxic effect of this material in the 
oral mucosa, it is still very used in dental clinics. 
Many other products which do not have the 
eugenol, such the ones based on calcium 
hydroxide (HUANG et al., 2002), have already 
been launched on the market, and these are more 
indicated for use in dental treatments with least risk of 
toxicity. 

Conclusion 

In summary, changes in size, thickness and color of 
the treated roots were caused by the cytotoxic activity 
of the zinc oxide-eugenol cement, in the concentration 
of one or two drops of eugenol (85% per drop) for each 
portion of zinc oxide cement. Chromosomal 
aberrations, such as anaphase bridges, suggest the 
genotoxic effect of this substance, in the concentration 
of two drops of eugenol for each portion of zinc oxide. 

Acknowledgements 

The authors thank CNPq for the fellowship 
granted to the first author. 

References 

AMARAL, A. M.; BARBÉRIO, A.; VOLTOLINI, J. C.; 
BARROS, L. Avaliação preliminar da citotoxicidade e 
genotoxicidade, da água da bacia do rio Tapanhon (SP- 
Brasil) através do teste Allium (Allium cepa). Revista 
Brasileira de Toxicologia, v. 20, n. 1/2, p. 65-72, 2007.  
ANTONSIEWICZ, D. Analysis of the cell cycle in the 
root meristem of Allium cepa under the influence of 
Ledakrin. Folia Histochemica Cytobiologica, v. 26, 
 n. 1, p. 79-96, 1990. 
BAGATINI, M. D.; SILVA, A. C. P.; TEDESCO, S. B. 
The use of Allium cepa test as a bioindicator of genotoxicity 
of medicinal plants infusions. Revista Brasileira de 
Farmacognosia, v. 17, n. 3, p. 444-447, 2007. 

BAKARE, A. A.; OKUNOLA, A. A.; ADETUNJI, O. A.; 
JENMI, H. B. Genotoxicity assessment of a 
pharmaceutical effluent using four biossays. Genetics 
and Molecular Biology, v. 32, n. 3, p. 373-381, 2009. 

BONASSI, S.; EL-ZEIN, R.; BOLOGNESI, C.; 
FENECH, M. Micronuclei frequency in peripheral blood 
lymphocytes and cancer risk: evidence from human 
studies. Mutagenesis v. 26, n. 1, p. 93-100, 2011. 

BROWNE, R. M. The in vitro assessment of the 
cytotoxicity of dental materials - does it have a role? 
Journal of Endodontics, v. 13, n. 3, p. 50-58, 1988. 
CARVALHO, M. B.; RAMIREZ, A.; GATTÁS, G. J. F.; 
GUEDES, A. L.; AMAR, A.; RAPOPORT, A.; BARAÚNA-
NETO, J. C.; CURIONI, O. A. Correlação entre a evolução 
clínica e a freqüência de micronúcleos em células de pacientes 
portadores de carcinomas orais e da orofaringe. Revista da 
Associação Médica Brasileira, v. 48, n. 3, p. 317-322, 2002. 
CELIK, A.; CAVAS, T.; ERGENE-GÖZÜKARA, S. 
Cytogenetic biomonitoring in petrol station attendants: 
micronucleus test in exfoliated buccal cells. Mutagenesis, 
v. 18, n. 5, p. 417-421, 2003. 
CHANG, Y. C.; TAIK, W.; HUANG, F. M.; HUANG, 
M. F. Cytotoxic and nongenotoxic effects of phenolic 
compounds in human pulp cell cultures. Journal of 
Endodontics, v. 268, n. 3, p. 440-443, 2000. 
CHONG, B. S.; OWADALLY, I. D.; PITT-FORD, T. 
R.; WILSON, R. F. Cytotoxicity of potential retrograde 
root-filling materials. Endodontics and Dental 
Traumatology, v. 10, n. 2, p. 129-133, 1994.  
CORTES, F.; DOMINGUEZ, I.; MATEOS, S.; PINERO, 
J.; MATEOS, J. C. Evidence for an adaptive response to 
radiation damage in plant cells conditioned with X-rays or 
incorporated tritium. International Journal of Radiation 
Biology, v. 57, n. 12, p. 537-541, 1990. 
FENECH, M. The in vitro micronucleous technique. 
Mutation Research, v. 455, n. 1, p. 81-95, 2000. 
FENECH, M.; CHANG, W. P.; KIRSCH-VOLDERS, 
M.; HOLLAND, N.; BONASSI, S.; ZEIGER, E. Human 
project: detailed description of the scoring criteria for the 
cytokinesis-block micronucleus assay using isolated 
human lymphocyte cultures. Mutation Research, v. 534, 
n. 1/2, p. 65-75, 2003. 
FERRACANE, J. L. Materials in dentistry: principles and 
applications. Philadelphia: Lippincott Williams and Wilkins, 
2001.  
FISKEJO, G. Allium test as a standard in environmental 
monitoring. Hereditas, v. 102, n. 1, p. 99-109, 1985. 
GALINDO, T. P.; MOREIRA, L. M. Evaluation of 
genotoxicity using the micronucleus assay and nuclear 
abnormalities in the tropical sea fish Bathygobius soporator. 
Genetics and Molecular Biology, v. 32, n. 3, p. 394-398, 
2009. 
GUERRA, M.; SOUZA, M. J. Como observar 
cromossomos: um guia de técnicas em citogenéica 
vegetal, animal e humana. Ribeirão Preto: Funpec, 2002.  
HO, Y. C.; HUANG, F. M.; CHANG, Y. C. 
Mechanisms of cytotoxicity of eugenol in human 
osteoblastic cells in vitro. Journal of Endodontics, v. 39, 
n. 3, p. 389-393, 2006. 
HUANG, F. M.; TAI, K. W.; CHOU, M. Y.; CHANG, Y. 
C. Cytotoxicity of resin-zinc oxide-eugenol, and calcium 
hydroxide-based root canal sealers on human periodontal 
ligament cells and permanent V79 cells. International 
Endodontic Journal, v. 35, n. 5, p. 153-158, 2002. 
HUME, W. R. Effect of eugenol on respiration and 
division in human pulp, mouse fibroblasts and liver cells 



Genotoxicity of zinc oxide-eugenol 569 

Acta Scientiarum. Biological Sciences Maringá, v. 35, n. 4, p. 563-569, Oct.-Dec., 2013 

in vitro. Journal of Dental Research, v. 63, n. 6,  
p. 1262-1265, 1984. 
HUME, W. R.; MASSEY, W. L. Keeping the pulp alive: the 
pharmacology and toxicology of agents applied to dentine. 
Australian Dental Journal, v. 35, n. 1, p. 32-37, 1990. 
KALCHEVA, V. P.; DRAGOEVA, A. P.; KALCHEV, K. 
N.; ENCHEV, D. D. Cytotoxic and genotoxic effects of 
Br-containing oxaphosphole on Allium cepa L. root tip cells 
and bone marrow cells. Genetics and Molecular 
Biology, v. 32, n. 3, p. 389-393, 2009. 
KOVALCHUK, O.; KOVALCHUK, I.; ARKHIPOV, A.; 
TELYUK, P.; HOHN, B.; KOVALCHUK, L. The Allium 
cepa chromosome aberration test reliably ensures genotoxicity 
of soils of inhabited areas in the Ukraine contaminated by the 
Chernobyl accident. Mutation Research, n. 415, v. 1/2,  
p. 47-57, 1998. 
KURÁS, M.; PILARSKI, R.; NOWAKOWSKAC, J.; 
ZOBEL, A.; BRZOST, K.; ANTOSIEWICZE, J.; 
GULEWICZ, K. Effect of Alkaloid-Free and Alkaloid-Rich 
preparations from Uncaria tomentosa bark on mitotic activity 
and chromosome morphology evaluated by Allium Test. 
Journal of Ethnopharmacology, v. 121, n. 1, p. 140-147, 
2009. 
LEME, D. M.; MARIN-MORALES, M. A. Chromosome 
aberration and Micronucleus frequencies in Allium cepa 
cells exposed to petroleum polluted water - A case study. 
Mutation Research, v. 650, n. 1, p. 80-86, 2008. 
MIŠÍK, M.; MA, T. -H.; NERSESYAN, A.; MONARCA, 
S.; KIM, J. K.; KNASMUELLER, S. Micronucleus assays 
with Tradescantia pollen tetrads: an update. 
Mutagenesis, v. 26, n. 1, p. 215-221, 2011. 
MUNERATO, M. C.; SINIGAGLIA, M.; REGULY, M. L.; 
ANDRADE, H. H. R. Genotoxic effects of eugenol, 
isoeugenol and safrole in the wing spot test of Drosophila 
melanogaster. Mutation Research, v. 582, n. 1/2, p. 87-94, 
2005. 
PIRES, N. M.; SOUZA, I. R. P.; PRATES, H. T.; FARIA, T. 
C. L.; PEREIRA-FILHO, I. A.; MAGALHÃES, P. C. Effect 
of Leucaena aqueous extract on the development, mitotic 
index and peroxidase activity in maize seedlings. Revista 
Brasileira de Fisiologia Vegetal, v. 13, n.1, p. 55-65, 2001. 
RAMIREZ, A.; GATTÁS, G. J. F.; CARVALHO, M. B.; 
SALDANHA, P. H. Clinical implications of micronuclei 
frequency as a biomonitor for alcoholic patients with oral 
carcinomas. Oral Oncology, v. 6, n. 1, p. 199-204, 1999. 
RANK, J.; NIELSEN, M. H.; MORETTON, J. 
Genotoxicity of maleic hydrazide, acridine and DEHP in 
Allium cepa root cells performed by two different 
laboratories. Hereditas, v. 136, n. 1, p. 13-18, 2002. 
REIS, S. R. A.; SADIGURSKY, M.; ANDRADE, M. G. 
S.; SOARES, L. P.; ESPÍRITO-SANTO, A. R.; VILAS-
BÔAS, D. S. Genotoxic effect of ethanol on oral mucosa 
cells. Pesquisa Odontológica Brasileira, v. 16, n. 3,  
p. 221-225, 2002. 

REZENDE, E. F.; MENDES-COSTA, M. C.; 
FONSECA, J. C.; RIBEIRO, A. O. Nuclear anomalies in 
the buccal cells of children under dental treatment. 
Revista Sul-Brasileira de Odontologia, v. 8, n. 2,  
p. 182-188, 2011. 

ROMPELBERG, C. J. M.; STEENWINKEL, M. J. S. T.; 
ASTEN, J. G.; DELFT, H. M.; BAAN, R. A.; 
VERHAGEN, H. Effect of eugenol on the mutagenicity 
of benzo[a]pyrene and the formation of benzo[a]pyrene-
DNA adducts in the k-lacZ-transgenic mouse. Mutation 
Research, v. 369, n. 1/2, p. 87-96, 1996. 

SCARPARO, R. K.; GRECCA, F. S.; FACHIN, E. V. 
Analysis of tissue reactions to mathacrylate resin-based, 
and zinc oxide-eugenol endondontic sealers. Journal of 
Endodontics, v. 35, n. 2, p. 229-232, 2009. 

SENNE, M. I.; LEMOS, N.; FIDEL, S. R.; FIDEL, R. A. 
S. Evaluation of the cytotoxicity of three root canal sealers 
used in obturation of radicular canals system. Revista 
Sul-Brasileira de Odontologia, v. 6, n. 1, p. 71-76, 
2009. 

THOMAS, P.; WU, J.; DHILLON, V.; FENECH, M. 
Effect of dietary intervention on human micronucleus 
frequency in lymphocytes and buccal cells. Mutagenesis, 
v. 26, n. 1, p. 69-76, 2011. 

VASCONCELOS, K. R. F.; VEIGA-JUNIOR, V. F.; 
ROCHA, W. C.; BANDEIRA, M. F. C. L. Avaliação in 
vitro da atividade antibacteriana de um cimento 
odontológico à base de óleo-resina de Copaifera multijuga 
Hayne. Brazilian Journal of Pharmacognosy, v. 18,  
n. 1, p. 733-738, 2008. 

VIDAL, L. V. O.; ALBINATI, R. C. B.; ALBINATI, A. C. 
L.; LIRA, A. D.; ALMEIDA, T. R.; SANTOS, G. B. 
Eugenol as an anesthetic for Nile tilapia. Pesquisa 
Agropecuária Brasileira, v. 43, n. 8, p. 1069-1074, 2008. 

VRAL, A.; FENECH, M.; THIERENS, H. The 
micronucleus assay as a biological dosimeter of in vivo 
ionising radiation exposure. Mutagenesis, v. 26, n. 1,  
p. 11-17, 2011. 

YESILSOY, C.; KOREN, L. Z.; MORSE, D. R.; 
KOBAYASHI, C. A comparative tissue toxicity evaluation 
of established and newer root canal sealers. Oral Surgery, 
Oral Medicine, Oral Pathology, Oral Radiology and 
Endodontology, v. 65, n. 1, p. 459-467, 1988. 

 
 

Received on July 13, 2012. 
Accepted on June 5, 2013. 

 
 

License information: This is an open-access article distributed under the terms of the 
Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited.  

 


