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Cytotoxicity evaluation of zinc oxide-eugenol and non-eugenol cements
using different fibroblast cell lines
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Abstract

Objectives: Despite being commonly used as temporary cements in dentistry, there is a lack of studies regarding the
cytotoxicity of zinc oxide-eugenol (ZOE) and zinc oxide non-eugenol (ZONE) cements. In addition, cytotoxicity evaluation of
the materials often involves animal-based cells. Therefore, in this study, a cytotoxicity evaluation of commercially available
ZOE and ZONE cements was carried out using both animal and human-based cells. Materials and methods. The extraction
or dilution of the extraction from four commercially available cements (two zinc oxide-eugenol and two zinc oxide non-
eugenol) was tested for cytotoxicity, using three different cells and a water-soluble treatzolium salt assay. The results were
confirmed using a confocal laser microscope following calcein AM and ethidium homodimer-1 staining. Results. The results
showed that there was a significant difference in cell viability depending on which cell was used, even when the same material
was tested. Generally, 1.929 showed relatively low cell viability with a low EC50 (effective concentration of extracts that caused
50% of cell viability compared to the control) value compared to both HGF-1 and hTERT-hNOF. Such results were also
confirmed by a confocal laser microscope. Conclusions. Careful consideration on interpreting the results for cytotoxicity
evaluation of ZOE and ZONE cements is needed when different cells are used.
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Introduction

Zinc oxide-eugenol (ZOE) cement has been widely
used in dentistry since the 1890s, being used for tasks
such as temporary restoration and temporary cemen-
tation for several reasons, including: easy handling,
excellent cavity sealing ability, bactericidal properties
and a sedative effect on sensitive teeth [1-3]. Despite
many of these advantages, ZOE cements are also
known to have an inhibitory effect on resin bonding.
Hence, zinc oxide non-eugenol (ZONE) cement
has been developed and used in such cases, where
it has replaced eugenol with various substitutes as an
alternative material [4,5].

Biocompatibility evaluation of dental materials is
now an essential step in order for them to be used on
patients and n vitro cytotoxicity evaluation using the

cell culture technique has been a useful method of
assessment due to its economical and productive
advantages [6—8]. However, previous researches on
ZOE and ZONE cements have focused on the
mechanical and chemical properties of materials
[2,9-11], with a lack of studies related to the cyto-
toxicity of ZOE cement and especially ZONE
cements. Also, many of these studies were carried
out using animal-based fibroblast cell lines such as
1.929 (mouse fibroblast), BHK21/C13 (baby hamster
kidney fibroblast) and V79 (Chinese hamster lung
fibroblast) [12,13], which showed a relatively high
level of cytotoxicity in the ZOE cements.

It is well known from previous studies that the
results of cytotoxicity could be dramatically different
according to the cell lines used, especially between
animal-based cell lines and human-based primary
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Table I. Summary of zinc oxide-eugenol and zinc oxide non-eugenol cements used in this study.

Name Code Type Batch No. Manufacturer
RelyX Temp E RTE ZOE 456562 3M ESPE, Germany
IRM IRM ZOE 110202 Dentsply, Caulk, USA
RelyX Temp NE RTNE ZONE 465730 3M ESPE, Germany
EsTemp NE ETNE ZONE ET11046 Spident, Korea

ZOE, Zinc oxide-eugenol; ZONE, zinc oxide non-eugenol.

cells [14-16]. Hence, in this study, cytotoxicity eva-
luations of various ZOE and ZONE products were
carried out using both animal-based cell line 1.929
and the human cell line of human gingival fibro-
blast. Also, an immortalized form of human gingival
fibroblast cell (WTERT-hNOF), introduced in a pre-
vious study [17], was used to compare the results of
cytotoxicity.

Materials and methods
Cells, cell culture and cell proliferation rate

Three different fibroblastic cells were used in this
study; mouse fibroblast (1.929), human gingival fibro-
blast (HGF-1) and immortalized human gingival
fibroblast (W'TERT-hNOF). Both the 1.929 cell line
(NCTC clone 929) and the human gingival fibroblast
(HGF-1) were purchased from the American Type
Culture Collection (ATCC, Manassas, VA, USA).
The immortalized human gingival fibroblast was pro-
vided by the Department of Oral Pathology, Oral
Cancer Research Institute, Yonsei University College
of Dentistry, Seoul, where gingival fibroblasts were
primarily cultured from healthy human adults fol-
lowed by transfection with puromycin-resistant retro-
viral vector plpc-hTERT (Clonetech Laboratories,
Mountain View, CA, USA). This resulted in immor-
talized hTERT transfected normal human oral
fibroblast (W"\TERT-hNOF). It has been confirmed
for sub-culturing beyond the 70" passage without
signs of replicative senescence and feasibility of
biocompatibility evaluation [17].

Each cell was cultured in an appropriate culture
medium with 10% foetal bovine serum (FBS, Gibco,
Grand Island, NY, USA) and 1% penicillin/strep-
tomycin (Invitrogen, Grand Island, NY, USA) at
37°C in a fully humidified atmosphere of 5% CO,.
HGF-1 was kept in a low passage of below 10
throughout the experiments.

To assess and compare the proliferation rate of each
cell, for the general characteristics and the interpre-
tation of cell viability results following a cytotoxicity
test, BrdU incorporation during the DNA synthesis
was measured on each cell. Following 24 h of cell
culture, 100 uL. of 100 mM BrdU solution (Roche
Applied Science, Mannheim, Germany) was placed
on each well containing the different cells and they

were then incubated for 24 h. The cells’ DNA were
then denatured and incubated with anti-BrdU con-
jugated with peroxidase for an additional 90 min.
Finally, the solution was reacted with tetramethyl-
benzidine for 30 min and the optical absorbance was
read at 370 nm using an ELISA reader (BioTek
Instruments, Winooski, VT, USA).

ZOE/ZONE cements and extraction

Various commercially available cements (two ZOE
and two ZONE cements) were used in this experi-
ment and are summarized in Table I All samples were
checked for expiration dates and stored under man-
ufacturers’ recommended conditions throughout the
experiment.

Extracts from each type of cement were prepared
according to the international standard and adapta-
tion from a previous study [18—20]. Briefly, each type
of cement was mixed according to the manufacturers’
instructions and then weighed inside a sterilized glass
bottle. The fresh serum-free culture medium was
added into each bottle according to the extraction
ratio set by international standards: 1 mL per 0.2 g of
the sample [18]. Each type of cement was then
extracted for 24 h at 37°C.

Cyrtotoxicity test

A cytotoxicity test was carried out according to inter-
national standards [19,21]. Briefly, 1 x 10* of each
cell was cultured in a standard 96 well (SPL,, Gyeongi-
do, Korea), in 100 pL of culture medium for 24 h.
Following removal of the culture medium, and wash-
ing with Dulbecco’s phosphate buffer saline (DPBS,
Gibco), extractions from each type of cement (as
described earlier), or dilutions of extractions using
serum-free media (50%, 25%, 12.5% and 6.25%),
were then placed on each cell. Extractions and dilu-
tions of extractions were left for 24 h and cell viability
was measured using a water-soluble tetrazolium
(WST) salt assay (Ez-Cytox, Daeillab, Seoul, Korea).
The control cells were exposed to an appropriate fresh
culture medium for 24 h, which was then kept at 37°C
for 24 h and the cell viability results for each test group
were expressed as the percentage of optical density
value of each test sample to each control sample
following the WST assay.
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Figure 1. Proliferation rate of each cell measured using the BrdU assay, where value of optical absorbance is proportional to proliferation rate.

*Significantly different to each other, p < 0.05.

Cytotoxicity results were also confirmed by exposing
each type of cell to extraction of EsTemp NE (Spident,
Incheon, Korea) for 1, 3, 6, 12 and 24 h, followed by
staining with calcein AM and ethidium homodimer-
1 (Molecular Probes, Eugene, OR, USA) for obser-
vation under a confocal laser microscope (LSM700,
Carl Zeiss, Thornwood, NY, USA). Intense green
fluorescence was observed from live cells and bright
red fluorescence was observed from dead cells.

Statistics

Statistical analysis was carried out using a three-way
ANOVA and a Tukey method was adapted as a post-
hoc test, where significance was declared at p < 0.05.
The SPSS PASW 18.0 program (SPSS Inc., Chicago,
IL, USA) was used for the statistical analysis.

Results
Proliferarion rate

The proliferation rate of each type of cell was measured
using the BrdU assay (Figure 1) where a high value of
optical absorbance indicates the high rate of cellular
proliferation. The results showed that the proliferation
rate of each cell was statistically different (p < 0.05)
between all groups. 1.929 had the highest cellular
proliferation rate, followed by hTERT-hNOF cells,
whereas HGF-1 cells had the lowest cellular prolifer-
ation rate, whereby the optical absorbance value was
dramatically smaller compared to the other two cells.

Chyrtoroxicity test

The cytotoxicity test results using WST assay are
shown in Figure 2. In terms of undiluted extract of
each type of cement (Figure 2A), generally low level of
cell viability (below 40%) was evident in all cell lines

exposed to extract each test sample, except the
HGF-1 exposed to the extraction of ETNE (cell
viability of 66.19%). In terms of 50% diluted extract
of ETNE (Figure 2B), both hTERT-hNOF and
HGF-1 showed a significantly higher level (p < 0.05)
of cell viability (78.70% and 101.28%, respectively)
compared to 1.929 (10.62%), which was the general
trend for all of the other results. The results of cell
viability were significantly different between each of the
fibroblast cell types (p < 0.05) for most of the samples,
but no statistical difference in cell viability was identified
between hTERT-hNOF and HGF-1 in some of the test
groups (RTE, RTNE, ETNE in Figure 2C, RTE, IRM,
ETNE in Figure 2D and IRM, ETNE in Figure 2E).
IRM was shown to be the most cytotoxic when 25%
(Figure 2C) and 12.5% (Figure 2D) of extraction was
exposed to 1.929 (p <0.05), but the effective concen-
tration of extracts for IRM that caused 50% of cell
viability compared to the control (EC50, horizontal
dotted line in Figure 2) was also different between
cell lines. EC50 for IRM using 1.929 was relatively
low, between 12.5% and 6.25% (Figures 2D and E),
whereas using HGF or hTERT-hNOF was relatively
high, between 50% and 25% (Figures 2B and C).
The result of the cytotoxicity test using WST assay
was confirmed by a confocal laser microscope follow-
ing calcein AM and ethidium homodimer-1 staining.
The results are shown in Figure 3, where live cells
appear as green and dead cells as red. It was noted that
a significant number of dead cells (red) for
1.929 appeared after 12 h of exposure to the undiluted
extraction of ETNE (Figure 3Q), whereas both
HGF-1 and hTERT-hNOF cells appeared to be
relatively viable (green) in that time period (Figures
3E and K). In terms of cellular morphology, both
HGF-1 and hTERT-hNOF were observed to have
maintained their elongated shape following 6 h of
exposure to an undiluted extraction of ETNE (Fig-
ures 3D and J), whereas 1.929 appeared to be rounded
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Figure 2. Cell viability of each cell following exposure to extraction or dilution of extraction for different ZOE and ZONE cements. (A) 100%
extraction, (B) 50% extraction, (C) 25% extraction, (D) 12.5% extraction, (E) 6.25% extraction. Each lower case letter indicates significantly

lower (p < 0.05) cell viability within the same cell line compared to (a) RTE, (b) IRM, (c) RTNE, and (d) ETNE. Horizontal dotted line
represents the effective concentration of extracts that caused 50% of cell viability compared to control (EC50); * indicates significantly different
cell viability between cell lines, within the same tested material, p < 0.05.

following the same period of exposure time to an
undiluted extraction of ETNE (Figure 3P).

Discussion

A cytotoxicity test using the cell culture technique
is one of the important steps in the biocompatibility
evaluation of dental materials, which is cheaper in

comparison to the iz vivo tests and can be tested
on a large number of materials at the same time
[22,23].

In this study, cytotoxicity evaluation on commer-
cially available zinc oxide-eugenol (ZOE) and zinc
oxide non-eugenol (ZONE) cements was carried out.
Both ZOE and ZONE cements showed varying
degrees of cytotoxicity, where the results using
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Figure 3. Confocal laser microscopy imaging following calcein AM and ethidium homodimer-1 staining of HGF-1 (A-F), h\TERT-hNOF (G-
L) and 1.929 (M-R) after different duration of exposure for extraction of EsTemp NE. Cells were exposed to the extraction for 0 h (A, G, M),
1hB,H,N),3h (C,,0),6h (D,],P), 12h (E, K, Q) and 24 h (F, L, R). Live cells were stained green and dead cells were stained red.

1.929 cells were in agreement with many previous
studies [13,24].

The cytotoxicity of ZOE and ZONE cements are
known to be caused by the ingredient of each product
and the release of components such as eugenol from
ZOE cements [25,26] and the zinc ion that is released
from both ZOE and ZONE cements [25,27]. How-
ever, such previous studies used animal-based cell
lines [12,13] and, thus, two human-based cell lines,
HGF-1 and immortalized gingival fibroblast
(hTERT-hNOF), were used in this study to compare
the results with an animal-based mouse fibroblast
(1.929).

The 1.929 cell line is a mouse fibroblast that is
commonly used for the cytotoxicity evaluation of
dental materials [28-30]. It has a heteroploid chro-
mosome pattern and the use of such cells has often
been questioned due to the possibility of different
reactions against external materials, whereas this
may result in more cytotoxic results compared to
when human cells are used [16,31]. The HGF-1
cell used in this study was a primary culture that
was taken from a healthy human patient and de-
posited in a commercial cell line bank of ATCC
[32]. Such diploid cells will have different mito-
chondrial function and are known to be more tolerant
to toxic products compared to other aneuploidy
cells [31,33].

In addition to two cell lines, 1.929 and HGF-1, this
study used immortalized human gingival fibroblast
(hTERT-hNOF) which was formed by an hTERT
transfection on the primary culture of a healthy adult
[17]. Such cells maintained diploid status throughout

proliferation and sub-culturing, even beyond the 70™
passage [17].

First, the BrdU assay was carried out on each cell
before the cytotoxicity evaluation for measurement of
individual proliferation rates in order to understand
the general characteristics of each cell line and inter-
pret the cytotoxicity test results. The results showed
that 1.929 had the highest proliferation rate, followed
by hTERT-hNOF and HGF-1. However, despite
having the highest proliferation rate, less of 1.929
generally survived compared to HGF-1 or hTERT-
hNOF, when the cells were exposed to the extraction
or dilution of extraction from ZOE and ZONE
cements. Hence, the proliferation rate does not
seem to affect cell viability following exposure to
the extraction or dilution of extraction from the
cements. Also, it was noted that hTERT-hNOF
had a relatively high proliferation rate, similar to
1.929, and such characteristics will be ideal in terms
of economical and productive views of culturing cells
for a cytotoxicity evaluation compared to HGF-1.

In terms of cytotoxicity evaluation, variable levels
of cytotoxicity were evident with different ZOE and
ZONE cements. However, in general there was no
significant difference between the cytotoxicity of
ZOE and ZONE cements (for example, between
RTE and RTNE which were from the same manu-
facturer). Although further research may be needed,
the majority of cytotoxicity may be due to zinc ion
present in both ZOE and ZONE cements, which is
more easily extracted from the mixed compound
compared to eugenol that is only present in ZOE
cements [25-27].



In terms of cell lines, 1.929 was less tolerant to
extraction or dilution of extraction compared to
HGF-1, showing a high level of cytotoxicity as
expected. These results were in agreement with pre-
vious studies that used animal-based fibroblast cell
lines such as those from the kidney of a baby hamster
(BHK21/C13) and a lung of a Chinese hamster (V79)
[12,13].

However, the cytottoxicity test result using
hTERT-hNOF was similar to HGF-1. Also, the
EC50 of IRM using the 1.929 cell was very low
compared to the EC50 for IRM using both
hTERT-hNOF and HGF-1.

The result was also confirmed using confocal laser
microscope imaging of the cells following calcein AM
and ethidium homodimer-1 staining. Following expo-
sure to an undiluted extraction of ETNE, the majority
of cell deaths for 1.929 cells in 12 h was observed and
compared to the relatively higher number of cells that
survived during the same period of exposure for
HGF-1 and hTERT-hNOF. Additionally, a change
in cellular morphology from elongated to rounded
shape was noted comparably early for 1.929 following
exposure to undiluted extraction of ETNE, when
compared to both HGF-1 and hTERT-hNOF.
Such results again confirmed the different tolerance
of each cell to the extraction of dental materials and
this type of test will be useful for future cytotoxicity
evaluations of dental or other biomaterials that are in
short contact with the human body (less than 24 h),
and where the choice of cells will also need to be
considered.

International standards state in their ISO that cell
lines other than those that are established or com-
mercially available may be used for a cytotoxicity
evaluation if they can lead to more relevant results
[19]. The results of this study indicate that there were
differences in cytotoxicity test results when animal-
based cells were used, compared to when human-
based cells were used for the test of cytotoxicity in
ZOE and ZONE cements. Also, many previous stud-
ies indicated that there were differences in cytotoxicity
test results between animal and human-based cells for
other types of dental materials, such as root canal
sealers [14].

Although animal-based cell lines may be useful in
terms of easy availability, and therefore screening
purposes, cytotoxicity evaluation using human cells
derived directly from clinically relevant tissue will no
doubt be more clinically relevant [14,15]. However,
such primary cells from humans have the disadvan-
tage of a limited lifespan with replicative senescence
and are, therefore, not ideal in terms of economical
and reproducible results. Hence, in this study, an
additional cell line of hTERT-hNOF was used.
Such cell lines have shown relatively similar cytotox-
icity evaluation results to HGF-1 over 1.929, and they
have also exhibited a high rate of proliferation with the
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capability of sub-culturing for a high number of
passages.

Therefore, in this study, it was shown that there was
a difference in cytotoxicity evaluation results when an
animal-based cell line was used compared to when a
human-based cell line was used. Future studies com-
paring the cytotoxicity results of different cell lines in
correlation with i viwo or clinical biocompatibility
evaluations will be useful in terms of considering cell
lines for more clinically relevant results. Despite these
limitations, the results of the cytotoxicity evaluation
for zinc oxide-eugenol and zinc oxide non-eugenol
cements were clearly different between animal-based
cell line and human-based primary cells. Hence,
careful consideration must be given to the selection
of cell lines when testing these or other dental
materials.
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