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Abstract

Cavalcanti BN, Rode SM, Marques MM. Cytotoxicity of

substances leached or dissolved from pulp capping materials.

International Endodontic Journal, 38, 505–509, 2005.

Aim To evaluate the cytotoxic effects of substances

leached or dissolved from pulp capping materials on

human pulp fibroblasts.

Methodology The substances were applied to cell

cultures in conditioned media. The experimental

groups were: GI (control; n ¼ 24) – cultures treated

with fresh medium; GII (n ¼ 24) – cultures treated

with calcium hydroxide cement; GIII (n ¼ 24) –

cultures treated with adhesive resin and GIV (n ¼
24) – cultures treated with 37% orthophosphoric acid.

The media were conditioned by placing the crude

materials in contact with fresh culture medium for 1 h.

The cytotoxicity analysis was performed using the

Trypan blue dye exclusion assay at times of 0, 6, 12

and 24 h for cell viability assay, and at 1, 3, 5 and

7 days for survival assay. Data were treated by anova

(P < 0.05) and Tukey’s test (P < 0.05).

Results GI and II presented similar cell viability

and cell growth. GIII and IV exhibited statistically

significant lower percentages of cell viability: GIV only

at the 0 h experimental time, whereas in GIII this

viability markedly diminished reaching values of 10% by

12 h. Cell growth was impaired only in cultures of GIII.

Conclusions Substances dissolved from the

adhesive system tested were cytotoxic for human

dental pulp fibroblasts in culture, whilst sub-

stances leached from calcium hydroxide were bio-

compatible.
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Introduction

The treatment of the exposed pulp is challenging

particularly in the choice of the capping material

(Cohen & Burns 1994). Calcium hydroxide, in dry

powder, suspension or cement form, has been recom-

mended for this purpose as it exhibits beneficial

properties, such as induction of mineralization, low

cytotoxicity and high pH (Kitasako et al. 2000, Schuurs

et al. 2000). Its high pH is responsible for inhibition of

bacterial growth and the recovery of tissue pH, which is

often acidic as a result of the bacterial metabolism

(Tarim et al. 1998, Medina et al. 2002, Murray et al.

2002). On the other hand, calcium hydroxide is

mechanically weak, and soluble over time (Cox &

Suzuki 1994).

The use of bonding systems, which form a hybrid

layer with the collagen matrix of dentine, has been

suggested as a pulp capping procedure. It promotes an

effective seal between the tooth and the restorative

material, preventing bacterial leakage (Cox & Suzuki

1994). Some authors observed pulp tissue repairing

when bonding systems were tested in vivo (Cox et al.

1995, Akimoto et al. 1998, Cox et al. 1999). Con-

versely, results of other studies showed impairment of

the dental pulp repair mechanism when this material

was used in vivo as a pulp capping agent (Gwinnett &
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Tay 1998; Pameijer & Stanley 1998; Hebling et al.

1999, Kiba et al. 2000, Trope et al. 2002). The

controversy over the healing capacity of bonding

systems could be assessed with the use of cell culture

methods, where the experimental model is more easily

controlled (Schmalz 1994, Demarco et al. 2001).

Moreover, the cell culture model allows various meth-

ods of placing the test substances on the cultures

(Schedle et al. 1998, Huang & Chang 2002, Schmalz

et al. 2002, Vajrabhaya et al. 2003). These aspects

become more important when it is known that

aggressive substances can be dissolved in the tissue

from the nonpolymerized resin monomers (Mantellini

et al. 2003, Stanislawski et al. 2003).

The aim of this study was to compare in vitro,

possible cytotoxical effects of substances leached or

dissolved during pulp capping procedures on human

pulp fibroblasts, mimicking the direct pulp capping

clinical procedure with a conditioned medium cell

culture method.

Material and methods

The toxicity of three substances used in direct pulp

capping procedures was measured in vitro. The

response of human pulp fibroblasts to substances

leached from these procedures was analysed. This

analysis was based on both an immediate or short-term

response and a long-term survival that measures the

retention of the self-renewal capacity of the cells. This

study was conducted under approval of the Ethical

Committee of the School of Dentistry of the University

of São Paulo (process no. 191/03).

Experimental groups

Four groups were established:

GroupI (GI): Control (fresh cell culture medium).

GroupII (GII): Calcium hydroxide cement (Life, Kerr,

Orange, CA, USA).

GroupIII (GIII): One bottle adhesive resin (Single

Bond, 3M ESPE, St Paul, MN, USA).

GroupIV (GIV): 37% orthophosphoric acid in gel

form (Dentsply/Caulk, Petròpolis, RJ, Brazil).

Preparation of the substances

Calcium hydroxide cement (GII) was prepared accord-

ing to the manufacturers’ instructions, on a sterile glass

plate and with a size 24 spatula. The mixed cement was

applied to the bottom of a 50 mL centrifuge tube. The

adhesive resin was applied to the bottom of the

centrifuge tube and light cured with a 600 mW cm)2

halogen light (Dabi Atlante, Ribeirão Preto, SP, Brazil)

for 20 s. The acid (group IV), in a gel form, was placed

in the bottom of the tube.

Culture medium conditioning

In order to obtain conditioned media (e.g. media

containing either the leached substances from the

calcium hydroxide cement or the dissolved substances

from adhesive resin and acid), the test tubes containing

the capping materials were filled with Dulbecco’s

modified Eagle culture medium (DMEM; Sigma, St Louis,

MO, USA). Conditioning was carried out for 1 h, at

37 �C, using 0.2 g of each substance per millilitre of

fresh medium, according to the American Society for

Testing and Materials (1992). These media were placed

in contact with the substances during its setting (GII),

polymerization (GIII) or only contact (GIV). In the group

III, light polymerization was performed after filling the

tube with fresh medium, allowing dissolution of sub-

stances before and during this procedure. The stock

conditioned media obtained during this step were diluted

(10%) and then applied into the cell cultures.

Cell culture

The cells were cultured as described previously (Garcia

et al. 2003). Briefly, the FP5 cell line, fibroblasts derived

from a human third molar germ was used. These cells

were cultured in DMEM, supplemented by 10% foetal

bovine serum (Cultilab, Campinas, SP, Brazil) and 1%

antimycotic-antibiotic solution (10 000 units of peni-

cillin, 10 mg of streptomycin and 25 lg of amphoter-

icin B per mL in 0.9% sodium chloride; Sigma). The

cells were kept in an incubator at 37 �C and a

humidified 5% CO2 atmosphere. Cultures were supplied

with fresh medium every other day. Cells between the

fifth and 10th passages were used in all experimental

procedures.

Cell viability and cell survival assays

After cell culture, the cells were plated on 35 mm

diameter culture dishes (n ¼ 96). For the cell viability

(short-term) assay, 1.8 · 103 cells per dish were plated

and for the cell growth assay (long-term), 1 · 103 cells

per dish were plated.

The viability (short-term) and growth (long-term)

curves were obtained as previously described (Freshney
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2000, Scelza et al. 2001). Briefly, cell counts were

determined by counting the viable cells in a haemocy-

tometer, using the Trypan blue dye exclusion assay.

The number of viable cells harvested from each dish

was obtained by the following mathematical equation:

UC · D · 104/nSQ, where UC, unstained cell count

(viable cells); D, the dilution of cell suspension; and

nSQ, number of counted squares of the haemocytom-

eter. The viability percentage of the cell population of

each dish was obtained by the following mathematical

equation: UC/TC · 100, where UC, unstained cell

count (viable cells); and TC, total cell count (stained

plus unstained cells).

It is important to emphasize that, in GIV, the

conditioned medium was kept in contact with the cells

for 15 s and then replaced by fresh DMEM, mimicking

the clinical use of this substance.

Statistical analysis

Each data point corresponded to the mean ± standard

error of the mean (SEM) of either cell count or

percentage of cell viability from three dishes. The data

were compared by anova (P < 0.05), with Tukey’s

post hoc test (P < 0.05).

Results

Cell viability assay

The mean cell viability in the short-term assay was

86.46% for GI, 77.24% for GII and 67.18% for GIV.

GIII presented marked cell viability decrease, reaching

values of 10% within 12 h. GIV, despite its stable cell

viability approaching those of GI and II, showed

statistically lower cell viability at the first experimen-

tal time (0 h). The viability curves are shown in

Fig. 1.

The statistical analysis indicated differences in the

factors time, material and in their interactions. Accord-

ing to the material factor, the adhesive resin was

significantly more cytotoxic when compared with other

groups, and the acid (GIV) was more cytotoxic than GI

and II, in an intermediate biocompatibility level.

Cell survival assay

The growth curves are shown in Fig. 2. All cell cultures,

excluding those of GIII, had a continuous growth rate

from the first to the third day, when they became stable

with a cell number of approximately 3 · 103 cells per

dish. GIII cultures (adhesive resin) had marked cell

number decreases 24 h after contact with the condi-

tioned medium, reaching values of less than 100 viable

cells per dish. In GIV (acid) the growth rate was

continuous, with the number of cells lower than those

observed in GI and II at the first and third experimental

times, but with no statistical significance.

The statistical analysis showed differences only

according to the material factor. The adhesive had

significantly fewer cell numbers than the other groups

(P ¼ 0.00).

Discussion

The analysis of the effects on cell viability and cell

growth of putative substances leached or dissolved from
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Figure 1 Viability curves, in percentage, of FP5 cells of the

short-term assay (*significantly smaller than the other groups

at the same experimental time).
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Figure 2 Growth curves of FP5 cells. Groups I, II and IV

present similar cell growth. Growth of group III cultures was

significantly smaller than the other groups (*).
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pulp capping materials showed that, at least during the

polymerization of the bonding system, these substances

are present and lead to cell death and to loss of

proliferation capacity of cells in culture.

Most studies on the cytotoxicity of dental materials

were developed by using samples of test materials

already cured or set (Demarco et al. 2001, Huang &

Chang 2002). In others, the materials were applied on

dentine disks and were placed indirectly in contact with

the cells (Schmalz et al. 2002, Vajrabhaya et al. 2003).

Since these cited techniques are very good to study

other effects (e.g. indirect pulp capping), they do not

take into account the effect of putative leaching or

dissolved substances released from the dental materials

during their setting or curing, because they were lost

before making contact with the cells. For this reason,

the use of conditioned media is indicated for analysing

substances leached or dissolved during setting or

polymerization. Hence, this method is especially

important when direct pulp capping materials are

studied, since these are directly applied to the pulp

connective tissue in a humid environment in clinical

practice. When in contact with moist pulp tissue, the

setting or curing processes could be delayed or pre-

vented, allowing the leaching or dissolution of sub-

stances that could influence pulp tissue healing. Using

the conditioned media technique, the clinical situation

is mimicked and the polymerization or setting of the

materials is carried out in a humid environment,

making the study more clinically relevant.

During the pouring of DMEM on the adhesive resin,

the surface layer of this material was dissolved in the

medium, mimicking the bonding layer in direct contact

with the dental pulp that probably permeates this

tissue. In a pilot test, the crude conditioned media

proved to be highly cytotoxic. Thus, it was decided to

work with this media diluted to 10%, in order to make

this comparative study possible. This dilution is appro-

priate, since in pulp tissue, the cell numbers are higher

than the number of cells in a culture dish. At the same

time, blood and lymphatic vessels are present in living

tissue, diluting the substances. Even with the diluted

media, the present results, both in short and long-term

assays, indicated a high cytotoxicity of the adhesive

resin group when compared with the other groups.

These data were important in order to validate the

method used, since many histological studies agree that

the use of adhesive resins as direct pulp capping agents

can lead to irreversible inflammation and necrosis of

the pulp (Gwinnett & Tay 1998, Hebling et al. 1999,

Kiba et al. 2000, Trope et al. 2002).

The media conditioned with calcium hydroxide was

not able to change cell behaviour, since no statistical

differences in both cell viability and cell growth were

observed between the control and calcium hydroxide

cement groups. The calcium hydroxide cement

increased the pH of the medium at the initial moment

of the study, observed by the colour change of the

DMEM, which has phenol red in its composition, a pH

indicator. However, probably because of the buffer

action of the sodium bicarbonate of the medium, this

effect disappeared and at the end of the conditioning

procedure the pH returned to neutral. The results of

the present study agree with data found in the

literature, which demonstrated the biocompatibility of

calcium hydroxide both in cement and dry powder

forms (Tarim et al. 1998, Kitasako et al. 2000,

Medina et al. 2002, Murray et al. 2002, Trope et al.

2002).

The 37% orthophosphoric acid was used in this

study not as a pulp capping agent, but as part of a pulp

capping procedure, the hybridization. Initially, it was

expected that the acid could have a high cytotoxic

effect, as previously reported (Pameijer & Stanley

1998). However, this substance was aggressive only

at the initial contact with cells as reflected in the data

observed in the short-term assay. This low cytotoxicity

could be the result of the short contact time with the

cells, that allowed them to recover and maintain their

proliferative capacity, as observed in the long-term

assay. However, this result is relevant, because in the

clinical procedure, acid is kept in contact with the pulp

or dentine for no more than 15 s.

Conclusions

Substances dissolved from the adhesive system tested

were cytotoxic for human dental pulp fibroblasts in

culture, whilst those leached from calcium hydroxide

cement were biocompatible.
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