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Ⅰ. Introduction 

Complete obturation of the root canal with an

inert filling material and creation of a hermetic

apical seal have been proposed as goals for suc-

cessful endodontic treatment. Currently, the

methods most frequently used in filling root

canals involve the use of core points, such as gut-

ta-percha, inserted in conjunction with sealers or

pastes. Many types of root canal sealers using

zinc oxide-eugenol, resins, calcium hydroxide,

glass ionomer, calcium phosphate and so on have

been commercially available and clinically used.

Since these materials will be in direct contact

with periapical tissues for a long period of time,

their biocompatibility is important.

It is well known that calcium phosphate bioma-

terials show high stability and low irritation to

tissues, but it does not set itself by any chemical

reaction. Thus, it might be unsuitable for use as a

major component of a root canal sealer. On the

other hand, according to Brown and Chow1), a cer-
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본 연구에서는 인산 칼슘 근관 봉함재 [Apatite Root Sealer (ARS) Type I, II, III]의 세포독성을 혼합후의 시간 경

과에 따라서 다른 4계열의 근관 봉함재 (Pulp Canal Sealer EWT, AH Plus, Sealapex, Ketac Endo)와 비교하여

평가하였다. 근관 봉함재를 혼합한 후 1시간, 8시간, 24시간, 48시간, 1주, 2주, 4주의 기간동안 배양액을 이용하여 추

출액을 얻었다. L929 쥐섬유아세포를 24시간동안 각 시간군에서 얻은 추출액과 함께 배양한 후 dimethylthiazol

diphenyltetrazolium (MTT) assay와 neutral red (NR) assay를 이용하여 세포독성(%)을 평가하였다. 실험 결과

ARS Type I, II, III는 전 시간군에 걸쳐 낮은 세포독성을 보였고 (23.65-0.55%) 특히 경화 초기에 다른 계열의 근관

봉함재보다 유의성 있게 낮은 세포독성을 나타내었다. ARS Type I, II, III 간의 세포독성은 각 시간군에서 유의성 있

는 차이를 보이지 않았다. AH Plus와 Ketac Endo는 초기에 높은 세포독성을 보였으나 AH Plus는 8시간 이후에,

Ketac Endo는 24시간 이후에 독성이 급격히 감소하여 ARS와 유의성 있는 차이를 보이지 않았다. Pulp Canal

Sealer EWT와 Sealapex는 4주까지 지속적인 세포독성을 나타내었다. 그리고 MTT assay와 NR assay를 이용하여

얻은 각 근관봉함재의 세포독성은 시간 경과에 따라서 비슷한 변화 양상을 나타내었다. 인산 칼슘 근관 봉함재는 생체

적합성이 우수한 재료로써 앞으로 지속적인 개발과 평가가 필요할 것으로 사료된다.

주요어 : 인산 칼슘 근관봉함재, 세포독성, MTT assay, Neutral red assay
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tain combinations of finely powdered calcium

phosphates, when mixed with water, harden into

cements which have similar chemical composition

and crystal structures to those of tooth and bone

mineral. That is a self-setting calcium phosphate

cement (CPC). For example, the combination of

tetracalcium phosphate (TTCP) and dicalcium

phosphate anhydrous (DCPA) react to form

hydroxyapatite (HA) which is biocompatible and

osteoconductive. Both the setting ability and bio-

compatibility made CPC as a potentially useful

material in a variety of dental and medical appli-

cation. In vitro studies2-4) and an animal model5)

have indicated that it was useful in endodontics

as a sealer in root canal treatment. In addition to

being used as a sealer, some studies have shown

that CPC could also seal a furcation perforation6)

and could used as an apical barrier for apexifica-

tion7) and direct pulp-capping agent8). These

results suggest that CPC has potential to promote

the healing of bone in endodontic treatment.

Apatite Root Sealers (ARS) are α-tricalcium

phosphate-based root canal sealers. Biocompat-

ibility studies on ARS have been conducted by

several researchers9-11). Efforts for histopathologi-

cal evaluation on these materials seem to contra-

dict each other9,10). Bilginer et al.9) reported a mild

to moderate inflammatory reaction to ARS,

whereas Yoshikawa et al.10) reported a severe

inflammatory reaction. Telli et al.11) evaluated the

cytotoxicity of ARS with MTT assay and reported

ARS did not exert any cytotoxic effects. But

cytotoxicity change of ARS by setting reaction was

not yet reported. The main objective of this study

was to evaluate time-dependent changes in

cytotoxicity of ARS Type I, II and III in compari-

son with those of four other commonly used

endodontic sealers (Pulp Canal Sealer EWT, AH

Plus, Sealapex and Ketac Endo). 

Ⅱ. Materials and methods

Test materials and sample preparation

The test materials used were Apatite Root

Sealer (ARS) Type I, II and III (Sankin kogyo,

Tokyo, Japan), Pulp Canal Sealer EWT (Kerr,

Detroit, MI, USA), AH Plus (DeTrey Dentsply,

Zurich, Switzerland), Sealapex (Kerr, Detroit,

MI, USA) and Ketac Endo (Espe, Seefeld,

Germany). The compositions of ARS Type I, II

and III were listed in Table 1. The root canal
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Table 1. Composition of calcium phosphate root canal sealers (Apatite Root Sealer)

Powder
80% α-tricalcium phosphate (α-TCP)

Apatite Root Sealer Type Ⅰ 20% hydroxyapatite

(Sankin kogyo, Tokyo, Japan)
Liquid

25% polyacrylic acid

75% water

56% α-TCP

Apatite Root Sealer Type Ⅱ
Powder 14% hydroxyapatite

(Sankin kogyo, Tokyo, Japan)
30% iodoform

Liquid
25% polyacrylic acid

75% water

80% α-TCP

Powder
14% hydroxyapatite

Apatite Root Sealer Type Ⅲ 5%  iodoform

(Sankin kogyo, Tokyo, Japan) 1%  bismuth subcarbonate

Liquid
25% polyacrylic acid

75% water

Materials Composition



sealers were prepared under aseptic conditions

according to the manufacturer’s directions and

filled into sterile glass rings (5mm inner diameter

and 4mm high). The filled glass ring was placed

in a well of 24-well plates (NUNC, Denmark)

containing 2㎖ of complete culture medium. Plates

were then kept at 37℃ in a humidified 5% CO2-

containing incubator. Extractions were obtained

after mixing of sealers during the following 7

observation periods of time :

1h group (0 - 1h) 8h group (1 - 8h)

24h group (8 - 24h) 48h group (24 - 48h)

1wk group (48h - 1wk) 2wks group (1wk - 2wks)

4wks group (2 - 4wks). 

At the end of each observation period, the glass

rings were removed and washed with a fresh cul-

ture medium and transferred to a next new wells

containing 2㎖ of complete culture medium and

incubated for the next time interval. The wells

containing glass rings with no sealer were served

as negative controls. The sealer extracts were col-

lected into syringes and filtered with a 0.2㎛ ster-

ile syringe filter (Corning, Germany) to ensure

sterile conditions.

Cell culture

L929 mouse fibroblasts were cultured in

Minimum Essential Medium (MEM; Gibco-BRL,

USA) supplemented with 100U/㎖ of penicillin, 50

㎍/㎖ of streptomycin (Gibco-BRL, USA), and

10% fetal bovine serum (FBS; Gibco-BRL, USA)

at 37℃ in a humidified atmosphere of 5% CO2.

The cells were plated into 96-well flat bottom

plates (Costar, USA) at a density of 15,000

cells/100㎕ in each well and incubated for 24h to

allow attachment. The complete culture medium

was replaced with 100㎕ of sealer extract and

control. Eight wells were used for single sealer

extract from each time interval and control. After

24h incubation, the cytotoxicity was accessed. 

MTT assay

The MTT assay was carried out according to

Mosmann12). This assay focused on the capacity of

mitochondrial dehydrogenase enzymes in living

cells to convert the yellow water-soluble tetrazoli-

um salt (3-[4,5-dimethyl thiazol-2-yl]-2,5-

diphenyl tetrazolium bromide) (MTT) into dark-

blue insoluble formazan crystals. The amount of

formazan generated was directly proportional to

the cell number. 20㎕ of a solution of 5㎎/㎖ MTT

(Sigma Chemical Co., USA) in phosphate buffered

saline were added to each well. The cells were

incubated for 3h at 37℃ and the plates were

inverted and blotted on filter paper to remove

excess MTT medium. 100㎕ dimethyl sulfoxide

(DMSO; Sigma Chemical Co., USA) were added

to solubilize the formazan product and the plates

were shaken. Optical densities (OD’s) were mea-

sured at 570㎚ using ELISA READER (Thermo-

max, Molecular device, USA).

Neutral red(NR) assay 

The neutral red (NR) assay was performed basi-

cally as the method reported by Borenfreund and

Puerner13). In this assay, cell viability is indicated

by the uptake of the vital dye, neutral red, into

lysosomes of viable cells. A 0.33% neutral red

(Sigma Chemical Co., USA) was diluted to 50㎍/㎖

in complete culture medium. 200㎕ of the staining

solution were added to each well after removal of

the sealer extract. The cells were incubated for 3h

at 37℃. All wells were aspirated and the cells fixed

with 100㎕ 1% calcium chloride w/v in 0.5%

formaldehyde. All wells were aspirated again and

destained with 100㎕ 1% acetic acid in 50%

ethanol. The plates were shaken and optical densi-

ties (OD’s) were measured at 540nm using ELISA

READER (Thermomax, Molecular device, USA).

Data processing and statistical analysis

The percentage of cytotoxicity of each experi-

mental group was calculated using the following

formula:

% cytotoxicity = (1- mean OD of experimental

group/mean OD of control group)×100 

The whole procedure was repeated five times for

each extract, using eight replicates of each extract

Evaluation of the Cytotoxicity of Calcium Phosphate Root Canal Sealers

297



per experiment. The statistical analysis was

obtained by the Kruskal-Wallis test and the

Friedman test. Differences were considered to be

significant at a p-value of less than 0.05.

Ⅲ. Results

The results of the MTT assay are demonstrated

in Table 2 and Figure 1 and results of the NR

assay are demonstrated in Table 3 and Figure 2.

Apatite Root Sealer (ARS) Type I, II and III rep-

resented slight cytotoxicity (0.55 - 23.65%) at all

observation periods in both assays. There was no

significant difference in the cytotoxic effects

among ARS Type I, II and III at each time inter-

val (p>0.05). AH Plus and Ketac Endo induced

significant cytotoxic effects at early stage (p<0.05)

but slight cytotoxicity after 8h (AH Plus) and 24h

(Ketac Endo). Pulp Canal Sealer EWT and

Sealapex showed moderate cytotoxicity at early

stage (1h, 8h) but sever, long-lasting cytotoxicity

until 4wks (p<0.05). In most cases, cytotoxic

effects of each sealer extract showed similar pat-

terns between the MTT assay and the NR assay.
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Table 2. Cytotoxic effects (%cytotoxicity) of sealers on L929 cells evaluated by the MTT assay.

Apatite Root Sealer I 17.61±1.81 5.16±1.07 14.44±1.02 4.38±1.10 0.59±0.11 0.72±0.12 12.73±3.76

Apatite Root Sealer II 22.58±1.60 12.65±2.06 7.61±1.11 3.75±1.04 1.66±0.25 6.69±1.07 12.56±1.49

Apatite Root Sealer III 23.65±2.11 7.66±1.39 17.5 ±3.35 5.93±1.48 4.54±1.63 8.47±1.14 6.51±1.19

Pulp Canal Sealer EWT 48.55±4.86 36.59±4.41 67.53±5.75 84.53±9.26 87.57±7.27 90.64±5.30 89.31±5.83

AH Plus 90.61±5.87 9.66±1.91 0.46±0.08 1.63±0.28 0.75±0.08 3.66±0.50 0.76±0.11

Sealapex 33.15±1.44 29.73±4.55 90.56±10.12 92.26±5.78 89.51±7.60 89.29±6.95 90.53±7.66

Ketac Endo 99.95±2.03 56.64±7.21 17.61±1.51 25.55±4.56 7.63±1.17 7.58±1.25 15.79±3.13

*Mean±SD of eight replicates and five independent experiments

1h 8h 24h 48h 1wk 2wks 4wks

Fig. 1. Cytotoxic effects (%cytotoxicity) of sealers on L929 cells evaluated by the MTT assay. 



Ⅳ. Discussion

Biocompatibility of dental materials can be eval-

uated either in vivo or in vitro. The in vitro

experimentation is simple, reproducible, inexpen-

sive, relevant, and suitable for initial screening of

the material’s cytotoxicity, and it also precludes

the use of experimental animals14). Many methods

have been proposed to assess in vitro the cytotox-

icity of dental materials. In this study, the reduc-

tion of MTT by active cells and the uptake of neu-

tral red into lysosomes were measured using two

viability assays. These assays can be performed

very effectively; only few cells are needed for

rapid, reliable and inexpensive screening purposes

of a large number of samples in a short time.

Automated processing with a microplate reader

and subsequent automated analyses of original

data are additional advantages of the systems15).

The MTT assay and the NR assay exhibited simi-

lar patterns for most test materials in the present

study.

The actual availability of potentially toxic sub-

stances from sealers differs greatly, depending on
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Table 3. Cytotoxic effects (%cytotoxicity) of sealers on L929 cells evaluated by the NR assay.

Apatite Root Sealer I 11.49±1.11 5.66±1.06 8.72±1.95 7.65±1.35 12.53±1.69 3.82±0.50 9.61±1.46

Apatite Root Sealer II 12.72±1.23 11.51±3.02 5.74±1.14 0.62±0.09 8.69±1.32 0.61±0.10 0.55±0.10

Apatite Root Sealer III 1.71±0.32 2.64±0.48 0.59±0.23 10.74±1.94 2.69±0.74 1.52±0.29 8.59±1.64

Pulp Canal Sealer EWT 56.73±6.96 40.69±3.87 70.6 ±3.32 77.66±5.16 92.38±6.45 92.44±6.34 92.46±5.98

AH Plus 91.61±5.21 0.61±0.10 8.69±1.21 7.75±1.62 10.51±2.32 2.65±0.43 21.57±4.16

Sealapex 40.76±7.13 29.69±4.81 97.45±2.66 98.46±1.99 96.2 ±3.23 91.65±5.46 91.51±4.76

Ketac Endo 98.7 ±2.73 65.62±6.87 10.61±1.85 0.67±0.11 3.67±0.78 25.49±3.93 14.8 ±2.67

*Mean±SD of eight replicates and five independent experiments

1h 8h 24h 48h 1wk 2wks 4wks

Fig. 2. Cytotoxic effects (%cytotoxicity) of sealers on L929 cells evaluated by the NR assay.



their setting reactions and at which stage they

are tested14). In the present study, cytotoxicity

was evaluated for each sealer extract obtained

from various time intervals (immediately after

mixing, during setting and after setting of seal-

ers), enabling assessment of early and late

cytotoxic effects of the sealers.

Pulp Canal Sealer EWT, a zinc oxide eugenol-

based sealer, showed moderate cytotoxicity imme-

diately after mixing, but thereafter its cytotoxicity

began to increase and remained at a high level

until 4wks. The cause of this long-lasting cytotox-

icity may be related to unreactive eugenol or zinc

ion remaining in the zinc oxide and eugenol mix-

ture16-18). Similar results were obtained in the

studies of ZOE by Others17,18).

Sealapex also showed severe long-lasting

cytotoxicity until the end of the observation peri-

ods after it initially showed moderate cytotoxicity.

This toxicity is related to strong alkalinity of the

calcium hydroxide material that changes the

medium color19-21). Sealapex was unstable in an

aqueous environment, so the hardened sealer was

not completely hardened and collapsed in the

medium. This might be attributed to the capabili-

ty of calcium hydroxyl ions to diffuse and precipi-

tate from the set sample in the medium. Previous

experiment done by Duarte et al.22) reported about

the ability of calcium and hydroxyl ion release.

AH Plus, a new formulation of the epoxy resin-

based sealer AH26, exhibited severe cytotoxicity

immediately after mixing, but its cytotoxicity

sharply decreased after 8h. These results were in

accordance with the study by Azar et al.17).

Leyhausen et al.23) reported that AH Plus caused

minor or no cytotoxic effect and no genotoxic

effect with 24h set sealer. Short time cytotoxicity

of AH Plus could probably be due to its low con-

tents of water-soluble toxic substances (presum-

ably formaldehyde and epoxy derivatives of

bisphenol-A-diglycidylether) and short setting

time (8h)17). 

Ketac Endo, glass ionomer based-sealer,

induced high cytotoxic effect at the early stage

like the AH Plus, but it showed slight cytotoxicity

after 24h. Its early cytotoxicity may be due to

high acidity at the freshly mixed stage. According

to Ersev et al.24), Ketac-Endo had little cytotoxic

effect on L929 cells after a setting time of 24h

and 1wk. Beltes et al.25) also reported that very

low cytotoxicity was observed after setting of seal-

ers.

In this experiment, ARS Type I, II and III, cal-

cium phosphate based-sealers, showed very low

cytotoxicity from the early stage to the late stage

in both assays. Although ARS Type II and Type

III contain iodoform, the difference among the

cytotoxicity of ARS Type I, II, and III was not

statistically significant (p>0.05). This results

appear to be in agreement with a previous study

by Telli et al.11). In that study, ARS Type I, II and

III did not exert any cytotoxic effects with sealer

extracts obtained during 1-2h after mixing using

the MTT assay. 

Although in vitro assays may not correlate high-

ly with in vivo data, there were two  histopatho-

logical studies on these materials that seem to

contradict each other9,10). Bilginer et al.9) reported

a mild to moderate inflammatory reaction to ARS,

and suggested that ARS Type II and III were

found more biocompatible than ARS Type I.

Whereas Yoshikawa et al.10) reported a severe

inflammatory reaction to ARS Type I. According

to Mjor et al.26), the surface properties and geome-

try of the material in contact with the tissue may

be of importance, and bacterial contamination of

the wound area may give rise to an inflammatory

process of greater magnitude than any material

reaction. This criteria must always be taken into

consideration when evaluating histopathological

studies. 

A great many researchers investigated calcium

phosphate materials as a root canal sealers2-5,27).

Calcium phosphate cement(CPC) has the follow-

ing advantages over the conventionally used seal-

ers: (a) Its high biocompatibility suggests that

inadvertent extrusion beyond the apical foramen

should be well tolerated by the periapical tissues.

(b) CPC would be tolerated by patients who

might be allergic to eugenol. (c) It appears to be

devoid of dimensional changes during setting and

provides superior adaptation to the canal surface,
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thus allowing a better hermetic seal of the apical

foramen and accessory canals located in the apical

third of the root. (d) Moisture in the canal will

not decrease the strength of CPC; the mechanical

strength of CPC actually increased when placed

in saliva or plasma-like fluids. (e) The setting

time of CPC can be controlled easily to provide

sufficient working time. 

By the way, CPC does not compare favorably

with currently available dental cements in terms

of setting time and strength. To overcome the

shortcomings of CPC, it must be modified in its

composition and should be admixed with various

addictives. But this alteration can have an influ-

ence on other properties, although some proper-

ties are improved, therefore to suit clinical need

as an endodontic materials, it is necessary to be

further studied.

Ⅴ. Conclusions

This study evaluated the cytotoxicity of calcium

phosphate root canal sealers using the MTT assay

and the NR assay.

1. ARS Type I, II and III showed low cytotoxicity

at all observation periods, and proved to be

biocompatible materials. 

2. In most cases, cytotoxic effects of each sealer

extract showed similar patterns between the

MTT assay and the NR assay, so both assays

were useful cytotoxicity tests.

3. Calcium phosphate root canal sealers need fur-

ther evaluation and development.
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