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a b s t r a c t

Objectives. This study was designed to evaluate the cytotoxicity of several resin-based

cements (Panavia F, Super-Bond C&B, Chemiace II) after polymerization on cultured human

dental pulp cells.

Methods. After polymerization, specimens from three resin-based cements were eluted with

fresh Dulbecco’s modified Eagle’s medium (DMEM) without serum for 72 h, at 37 ◦C, using

0.4 g of each substance per milliliter of fresh medium. Elutes obtained during this step were

passed through a 0.22-�m filter and diluted with the culture medium by a ratio of 75%, 50%,

25% (v/v). Cytotoxicity of elutes were evaluated by the relative growth rates (RGR) of pulp

cells with a modified 3-(4, 5-dimethyl-thiazol-2-yl)-2, 5-diphenyl-tetrazolium bromide (MTT)

assay. The RGR of pulp cells were statistic analyzed by the one-way analysis of variance

among the groups.

Results. The RGR of cells exposed to 100% concentration of elution of Panavia F, Super-Bond

C&B, and Chemiace II were 74.42%, 85.54%, and 82.39%, respectively. The RGR increased

along with the elution of cements diluted. There was significant difference between the

Panavia F group and Super-Bond C&B group (p < 0.01), but there was no significant difference
in the cytotoxicity between Chemiace II and Super-Bond C&B.

Conclusions. After polymerization, three resin-based cements (Panavia F, Super-Bond C&B,

Chemiace II) induced slight cytotoxicity. The sensitivity of cytotoxicity to human pulp cells

depended on the resin-based cements and the concentration of the elution. Super-Bond

C&B is the least cytotoxic agent among the three resin-based cements.

emy

strength. As resin-based adhesive materials come into close
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. Introduction

he major goals of using resin-based adhesive materials

re to enhance the bonding strength between restoration
nd the tooth structure, reduce the micro-leakage in the
entin–restoration interface and scatter the occlusal stress.
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and prolonged contact with pulpo–dentin complex, their
safety influence on pulp tissue is of great interest, espe-
cially when the remaining thickness of dentin is thin or pulp
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exposure is noted during tooth preparation [1]. When the
remaining thickness of dentin is thin dental adhesive/cement
compounds can be eluted from dental materials and can be
swallowed by saliva and then they can enter the organism.
Dental compounds can be metabolized to very toxic agents
in the organism. Furthermore dental compounds can enter
the organism by uptake from the blood in the pulp and can
then enter the organism by this route. The observed toxic-
ity in cells/organisms is therefore may not be caused by the
main molecule but by the toxic intermediates formed in the
metabolism of eluted dental compounds.

It has been shown that resin-based adhesive materials
exert potential harmful effects to the pulp. The biological
safety of dentin-bonding agents has been extensively stud-
ied [2,3], but, reports on the biological safety of resin-based
cements to cultured human pulp cells are still rare.

“In vitro cytotoxicity test” has the advantage of easy
control of experimental factors that are often a problem
when performing experiments in vivo. In vitro methods are
reproducible, cost-effective, relevant, and suitable for the eval-
uation of basic biological properties of dental materials.

To evaluate the cytotoxicity of resin-based cements on
human dental pulp cells completely, this study evaluate the
cytotoxicity of several resin-based cements (Panavia F, Super-
Bond C&B, Chemiace II) after polymerization on cultured
human dental pulp cells.

2. Materials and methods

2.1. Resin-based cements and elute preparation

Three resin-based cements were evaluated: Panavia F
(Kuraray, Japan), Super-Bond C&B (Sun Medical, Japan) and
Chemiace II (Sun Medical, Japan). The cements were prepared
according to the application instructions (Table 1) under asep-
tic conditions and were applied into polyethylene rings with
diameter of 5 mm and height of 2 mm. Samples were polymer-
ized in accordance with the application instructions (Table 1).
After polymerization, samples were eluted with fresh Dul-
becco’s modified Eagle’s medium (DMEM) without serum for
72 h, at 37 ◦C, using 0.4 g of each substance per milliliter of
fresh medium. Elutes obtained during this step were passed
through a 0.22-�m filter and diluted with the culture medium
without serum by a ratio of 75%, 50%, 25% (v/v).

Four groups were established for elution of three resin-
based cements separately: 100% dilution (original elution),

75% dilution, 50% dilution, and 25% dilution. Sodium doecyl
sulfate (SDS) was used as positive control and DMEM without
serum as negative control.

2.2. Culture of human dental pulp cells

Relative growth rate (RGR) = average of tes
average of nega
Fresh healthy extracted teeth, impacted third molars and
premolars removed for orthodontic purposes, were obtained
clinically from individuals aged 10 to 25 years following
( 2 0 0 9 ) 1371–1375

informed consent (Peking University Medical Ethical Commit-
tee permission number 0416). For dental pulp cell culture,
freshly extracted teeth were immediately delivered to the
laboratory and periodontal ligament was gently separated
from the surface of the root. The pulp tissues were sepa-
rated by a periodontal curette from the pulp chamber, which
was revealed by cutting around the cemento-enamel junc-
tion with sterilized dental fissure burs and carefully split
with a hammer. And then, the pulp tissues were cut into
0.5–1 mm3 pieces, rinsed three times in phosphate buffered
saline supplemented with 100 U/mL penicillin and 100 �g/mL
streptomycin. The pieces were placed into tissue culture
dishes and incubated at 37 ◦C in DMEM supplemented with
10%fetal calf serum (FCS, Life Technologies, Grand Island, NY,
USA), 100 U/mL penicillin and 100 �g/mL streptomycin, in a
humidified atmosphere of 5% carbon dioxide in air. When
the growth of pulp cells approached confluence, they were
detached with 0.25% trypsin and 0.05% ethylenediamine tetra-
acetic acid (EDTA) for 2 min and passaged at a ratio of 1:2. Pulp
cells between the third and eighth passages were used in this
study.

2.3. Cytotoxicity test

Confluent cells were detached with 0.25% trypsin and 0.05%
EDTA for 2 min, and cells were seeded at an initial density of
2 × 104 cells/well in 100 �L of fresh DMEM with 20% FCS into
96-well culture plates. After 24 h attachment, various elutes
of resin-based cements in 100 �L volumes were added. In neg-
ative control group, DMEM without serum was added. Only
DMEM with 10% FCS was in blank control group. Cells were
further incubated until the growth of pulp cells in negative
control group approached confluence and then 20 �L MTT
dye at a concentration of 5 mg/mL was added to each well.
Plates were incubated in a CO2 incubator for 4 h. Mitochondrial
dehydrogenase of viable cells can reduce MTT to insoluble for-
mazan. The insoluble formazan so produced was dissolved
with 200 �L of di-methyl sulfoxide (DMSO), and the optical
density (OD) read against a standard reagent blank at OD570

using a dias micro-plate well reader. The optical density val-
ues of the experimental groups were divided by the control
and expressed as a percentage of control. The cell cytotoxic-
ity was evaluated according to the relative growth rate of the
cells, and the relative growth rates (equals to cell viability rel-
ative to controls) were calculated according to the following
equation:

roup OD − average of blank control OD
ontrol OD − average of blank control OD

× 100%

Cytotoxicity was rated based on cell viability relative to
controls as [4]:

• Non-cytotoxic >90% cell viability;
• Slightly cytotoxic = 60–90% cell viability;
• Moderately cytotoxic = 30–59% cell viability;

• Severely cytotoxic ≤30% cell viability.

Morphological alteration of the pulp cells was observed
directly by phase contrast microscope and photographed by
a Nikon camera.
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Fig. 1 – Morphological changes of pulp cells following exposure to resin-based cements elution. (A) Negative control; (B)
100% concentration of Panavia F; (C) 100% concentration of Super-bond C&B; (D) 100% concentration of Chemiace II.

Table 1 – Resin-based cements tested and their instructions of application.

Product Mixing ratio Polymerization

Panavia F Paste A/paste B (1/1) Light-cured for 20 s
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Super-Bond C&B 4 drops of Monomer/1 drop of Catalyst S/1
Chemiace II 1 scoop (small cup)/1 drop

.4. Statistical analysis

ive replicates of each concentration were performed in each
est. All assays were repeated four times to ensure repro-
ucibility. The relationships of RGRs among groups were
tatistical analyzed by one-way analysis of variance. p < 0.05
as considered to be statistically significant.

. Results

ultured human dental pulp cells were elongated and spindle-
haped in appearance (Fig. 1A). Fig. 1B–D shows following
xposure to elutes of three resin-based cements, the pulp cell
ensity decreased and cells appeared more retracted than
egative controls, exhibited a loss of normal organization,

eading to enlargement of intercellular space.
The RGRs of cultured pulp cells are shown in Table 2.

he RGR of cells exposed to 100% concentration of elution
f polymerized Panavia F, Super-Bond C&B, and Chemi-
ce II were 74.42%, 85.54%, and 82.39%, respectively, while
00% in negative control group and 0.00% in positive control
roup.
There was significant difference between the Panavia F
roup and Super-Bond C&B group (p < 0.01), but there was
o significant difference in the cytotoxicity between Chemi-
ce II and Super-Bond C&B. There was significant difference
ll cup of standard measuring spoon Self-cured
Lighted-cured for 20 s

between the experiment group and negative control groups.
At each concentration level, Panavia F was significantly more
cytotoxic than Super-Bond C&B (p < 0.01), and there was no
significant difference in the cytotoxicity between Chemiace II
and Super-Bond C&B. Panavia F was significantly more cyto-
toxic than Chemiace II at high concentration (100%, 75%), but
at low concentration (50%, 25%), they were not significantly
different from each other.

The RGR increased along with the elution of cements
diluted (Fig. 2). The higher concentration of elute, the more
toxic effects on the pulp cells. There were no statistical signif-
icance between adjoining concentrations of elute; but among
other concentrations of elute, they were significantly different
from each other.

4. Discussion

In vitro cytotoxicity tests should be performed with cells
homologous to the human tissue of ultimate concern [5–7].
Primary pulp cells are more closely related to their original
tissue and have a nearly unchanged metabolic state relative
to their original tissue. So, cultured human pulp cells were

used to evaluate the cytotoxicity of resin-based cements in
this study. Under normal conditions, few pulp cells prolifer-
ate in pulp tissue [8]. Cells in the resting stage seem to reflect
the in vivo condition more closely than do cells in the growing
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Table 2 – Relative growth rate (RGR, %) and cytotoxic rates (n = 3).

Experimental groups 100% concentration 75% concentration 50% concentration 25% concentration
fill

RGR SD RGR SD RGR SD RGR SD

Panavia F 74.42* 1. 64 79.54* 3. 59 85.46* 3. 89 88.36* 3. 59

Slight Slight Slight Slight

Super-Bond C&B 85.54 2. 71 87.75 2. 49 93.00 3. 38 94.30 3. 97

Slight Slight Non Non

Chemiace II 82.39 1. 45 85.52 1. 04 90.42 1. 34 92.3 2. 83

Slight Slight Non Non

Positive control 4.06 (SD 0.02) severely cytotoxic
Negative control 100** non-cytotoxic

∗ Denote statistically significant differences between Panavia F group and Superbond C&B group with p < 0.05.
nega
∗∗ Denote significant differences between the experiment groups and

phase [9]. Therefore, the cytotoxicity of resin-based cements
was examined on confluent cells in this study.

In the present study, the mean relative growth rate of
human pulp cells exposed to 100% dilution concentration of
elute was 74.42%, 82.39%, and 85.54% in Panavia F, Chemiace
II, and Super-Bond C&B groups, while 100% in negative con-
trol group and 0.00% in positive control group. That means
that the three resin-based cements have slight cytotoxicity
after polymerization. At the same dilution concentration, the
rank orders with respect to cytotoxicity were found to be as
follow: Panavia F > Chemiace II > Super-Bond C&B. Panavia F
was cytotoxic than Super-Bond C&B statistically (p < 0.01), and
there was no significant difference in the cytotoxicity between
Chemiace II and Super-Bond C&B.

Several studies have indicated that cytotoxic effects in
cell culture are mainly caused by released monomers. Curing
of resin-based cement is usually not complete, unconverted
monomers can be released from resin into an adjacent aque-
ous phase and can diffuse through dentin to the pulp space

[10,11]. The sensitivity of cytotoxicity to human pulp cells
depended on the resin-based cements tested. This may be due
to differences in the content and component of monomers or
additives of three resin-based cements.

Fig. 2 – Relation between RGRs and dilution concentration
of resin-based cements.
tive control with p < 0.01.

Panavia F is dual-cure resin cement based on Bis-GMA.
It contains 10-methacryloyloxydecyl dihydrogen phosphate
(MDP), a special adhesive monomer. It has been shown that
Bisphenyl-A-glycidyl methacrylate (Bis-GMA) is strong cyto-
toxic to fibroblast [12,13]. Super-bond C&B is self-cure dental
adhesive resin cement based on MMA (methyl methacry-
late). It contains 4-methacryloxyethyl trimellitate anhydride
(4-META), a high performance bonding monomer, and tri-n-
butylborane (TBB), a catalyst. Chemiace II is dual-cure resin
cement, also contains 4-META. Compared with other poly-
functional methacrylate monomers, MMA has a low potential
for pulp irritation [14]. It has been shown that 4-META
may not affect the cytotoxicity induction [14]. This may be
the reason why there was no significant difference in the
cytotoxicity between Chemiace II and Super-Bond C&B at
the same concentration and both showed slight cytotoxic-
ity.

The sensitivity of cytotoxicity to human pulp cells
depended on the concentration of elutes tested, and the
cytotoxicities of the resin-based cements decreased as dilu-
tion concentration of elutes increase. For example, from
100% concentration to 25% concentration, the mean rela-
tive growth rate of Panavia F was 74.42%, 79.54%, 85.46%
and 88.36%, respectively. This may be due to difference
in the content of monomers or additives of different
dilution concentration. As dilution concentration of elutes
increase, the content of monomers or additives of dilu-
tion decrease. There were no statistical significance between
adjoining concentrations of elutes; but among other concen-
trations of elutes, they were significantly different from each
other.

Under the condition of this study, after polymeriza-
tion, three resin-based cements (Panavia F, Super-Bond C&B,
Chemiace II) induced slight cytotoxicity. The sensitivity of
cytotoxicity to human pulp cells depended on the resin-based
cements and the concentration of the elution. Super-Bond

C&B is the least cytotoxic agent among the three resin-
based cements. That indicated that during clinical application
of resin-based cements, differential toxic effects of resin-
based cement on the pulp cells should be considered
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uring selection of suitable resin-based cements for restora-
ion.

e f e r e n c e s

[1] Schedle A, Franz A, Rausch-Fan X, Spittler A, Lucas T.
Cytotoxicity effects of dental composites, adhesive
substances, composers and cements. Dent Mater
1998;14:429–40.

[2] Chen RS, Liu CC, Tseng WY, Jeng JH, Lin CP. Cytotoxicity of
three dentin bonding agents on human dental pulp cells. J
Dent 2003;31:223–9.

[3] Huang FM, Chang YC. Cytotoxicity of dentine-bonding
agents on human pulp cells in vitro. Int Endod J
2002;35:905–9.

[4] Sjögren G, Sletten G, Dahl JE. Cytotoxicity of dental alloys,
metals, and ceramics assessed by millipore filter, agar
overlay, and MTT tests. J Prosthet Dent 2000;84:229–36.

[5] Yesilsoy C, Feigal RJ. Effects of endodontic materials on cell

viability across standard pore size filters. J Endod
1985;11:401–7.

[6] Chang YC, Huang FM, Cheng MH, Chou LS, Chou MY. In vitro
evaluation of the cytotoxicity and gentoxicity of root canal
medicines on human pulp fibroblasts. J Endod 1998;24:604–6.
0 0 9 ) 1371–1375 1375

[7] Chang YC, Tai KW, Huang FM, Huang MF. Cytotoxic and
nongenotoxic effects of phenolic compounds in human pulp
cell cultures. J Endod 2000;26:440–3.

[8] Fitzgerald M. Cellular mechanics of dentinal bridge repair
using 3H-thymidine. J Dent Res 1979;58:2198–
206.

[9] Huang FM, Chang YC. Cytotoxicity of resin-based restorative
materials on human pulp cell cultures. Oral Surg Oral Med
Oral Pathol Oral Rasiol Endod 2002;94:361–5.

[10] Gerzina TM, Hume WR. The effect of dentin on the release
of TEGDMA from resin composite in vitro. J Oral Rehab
1994;21:463–8.

[11] Gerzina TM, Hume WR. Diffusion of monomers from
bonding resin-resin composite combinations through
dentine in vitro. J Dent 1996;24:125–8.

[12] Ratanasathien S, Wataha JC, Hanks CT, Dennison JB.
Cytotoxic interactive effects of dentin bonding components
on mouse fibroblasts. J Dent Res 1995;74:1602–6.

[13] Geurtsen W, Lehmann F, Spahl W, Leyhausen G. Cytotoxicity
of 35 dental resin composite monomers/additives in
cultures. J Biomed Mater Res 1998;41:474–80.
[14] Fujisawa S, Atsumi T. Cytotoxicities of a 4-META/MMA-TBBO

resin against human pulp fibroblasts. Dent Mater J
2004;23:106–8.


	Cytotoxicity of polymerized resin cements on human dental pulp cells in vitro
	Introduction
	Materials and methods
	Resin-based cements and elute preparation
	Culture of human dental pulp cells
	Cytotoxicity test
	Statistical analysis

	Results
	Discussion
	References


