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Physical properties and biological
effects of mineral trioxide aggregate
mixed with methylcellulose and
calcium chloride

Abstract
Bin-Na LEE1

Objectives: Methylcellulose (MC) is a chemical compound derived from

Soo-Ji CHUN1

cellulose. MTA mixed with MC reduces setting time and increases plasticity.

Hoon-Sang CHANG1
Yun-Chan HWANG1
In-Nam HWANG1
Won-Mann OH1

7KLVVWXG\DVVHVVHGWKHLQÀXHQFHRI0&DVDQDQWLZDVKRXWLQJUHGLHQWDQG
CaCl2 as a setting time accelerator on the physical and biological properties
of MTA. Material and Methods: Test materials were divided into 3 groups;
Group 1(control): distilled water; Group 2: 1% MC/CaCl2; Group 3: 2% MC/
CaCl2&RPSUHVVLYHVWUHQJWKS+ÀRZDELOLW\DQGFHOOYLDELOLW\ZHUHWHVWHG7KH
gene expression of bone sialoprotein (BSP) was detected by RT-PCR and realtime PCR. The expression of alkaline phosphatase (ALP) and mineralization
behavior were evaluated using an ALP staining and an alizarin red staining.
Results: Compressive strength, pH, and cell viability of MTA mixed with MC/
CaCl2 ZHUH QRW VLJQL¿FDQWO\ GLIIHUHQW FRPSDUHG WR WKH FRQWURO JURXS 7KH
ÀRZDELOLW\RI07$ZLWK0&&D&O2KDVGHFUHDVHGVLJQL¿FDQWO\ZKHQFRPSDUHG
WRWKHFRQWURO S 7KHP51$OHYHORI%63KDVLQFUHDVHGVLJQL¿FDQWO\
in MTA with MC/CaCl2 compared to the control (p<.05). This study revealed
higher expression of ALP and mineralization in cells exposed to MTA mixed
with water and MTA mixed with MC/CaCl2 compared to the control (p<.05).
&RQFOXVLRQV0&GHFUHDVHGWKHÀRZDELOLW\RI07$DQGGLGQRWLQWHUUXSWWKH
physical and biological effect of MTA. It suggests that these cements may
EHXVHIXODVDURRWHQG¿OOLQJPDWHULDO
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Introduction

Material and methods

6LQFHLWVLQWURGXFWLRQDVDURRWHQG¿OOLQJPDWHULDO

Preparation of test materials

and as a root perforation repair in 1993, the use of

To prepare the additive solutions, CaCl2 (Sigma, St

mineral trioxide aggregate (MTA) has been expanded

Louis, MO, USA) with 2% of sample weight was added

to many clinical applications including pulp capping,

to distilled water and mixed into a solution. This CaCl2

pulpotomy, and apical barrier for teeth with necrotic

solution was placed on a hot plate whose temperature

. This popularity

was raised to 80°C. MC (Sigma) was added to the

originates from the superior biocompatibility and

warm solution to obtain the concentrations to be tested

sealing ability of MTA to other root-end filling

(1% or 2%) and was stirred until all the materials were

. However, it has several disadvantages,

mixed. Then, the solution was stored at 0°C for 20

including long setting time and poor handling

minutes to make it thicker and stirred with a magnetic

characteristics because of its granular consistency23,33.

stirrer for 30 minutes to create a homogenous gel.

There are some studies aimed at improving the

Similar to the manufacturer’s recommendations for

setting time and handling characteristics of MTA by

MTA (ProRoot MTA; Dentsply Tulsa Dental, Tulsa, OK,

. The addition of amorphous

USA), these solutions were used in a 3:1 powder–liquid

calcium lactate gluconate based liquid improves

ratio and assigned to the following test groups. Group

the setting time as well as clinical manageability16,

1(control): distilled water; Group 2: 1% MC/CaCl2;

however, it decreases the compressive strength of

Group 3: 2% MC/CaCl2.

pulp and open apices

materials

5,12,13,15,26,34

1,24,34

using certain additives

8,16,23

MTA . In another study, the addition of propylene
25

JO\FROLPSURYHGÀRZDELOLW\DQGLQFUHDVHGWKHS+DQG

Compressive strength
The compressive strengths of the materials

calcium ion release during the initial post-mixing
periods, despite increasing its setting time11.

under test were determined according to the method

Methylcellulose (MC) is a chemical compound

recommended by the ISO 9917-120. To prepare the

derived from cellulose. It is used as an additive to

specimens, polyethylene molds with 4 mm inner

improve the performance of Portland cement in

diameter and 6 mm height were used. The specimens

ZHW HQYLURQPHQWV DV D WKLFNHQHU DQG HPXOVL¿HU LQ

were removed from the molds and a search for

several food and cosmetics, and also as a constipation

any air-voids or chipped edges was conducted. All

treatment. Cellulose, for example, is not digestible,

defective specimens were discarded. Six samples were

neither toxic, nor allergenic. An admix of 1% MC

selected to undergo material testing, and prepared for

and 2% calcium chloride (CaCl2) into MTA reduced

each material test at each time interval (n=6). The

setting time and improved its moldability similarly

specimens were immersed in distilled water for 1 day,

to a reinforced zinc oxide-eugenol cement with

3 d, and 7 d and maintained at 37°C. The compressive

an approximately equal compressive strength 6.

strengths were then measured using a universal

Moreover, the addition of 10% CaCl2 to MTA did not

testing machine (RB Model 302 ML, R&B Inc., Korea)

alter its biologic properties regarding the formation

at a crosshead speed of 1.0 mm per m. The maximum

of a mineralized barrier after pulpotomy8 and MTA

load needed to fracture each specimen was measured,

mixed with calcium compounds showed a similar

and the compressive strength (C) was calculated in

LQÀDPPDWRU\UHVSRQVHWR07$PL[HGZLWKVWHULOHZDWHU

megapascals according to the formula:

in an in vivo study . However, there are few studies on

& 3Ⱥ'2

the physical properties and biological effect of MC on

where P is the maximum force applied in newtons,

29

MTA. In DGGLWLRQLQWHUDFWLRQEHWZHHQURRWHQG¿OOLQJ

and D is the mean diameter of the specimen in

materials and periradicular tissues is very important

millimeters.

at the start and development of healing. Thus, the aim
of this study was to investigateWKHLQÀXHQFHRI0&
and CaCl2 (MC/CaCl2) on the physical and biological
properties of MTA.

pH
The pH was measured by using a pH meter (ORION
67$5 $ 7KHUPR 6FLHQWL¿F 0$ 86$  ZLWK DQ
electrode for solid specimens (InLab Surface; Mettler
Toledo, Schwerzenbach, Switzerland). Before the
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test, the apparatus was calibrated at the standard pH

Cell viability assay

solutions of 4.0, 7.0 and 11.0. Six specimens for each

The mPDL cells were seeded into 96-well culture

group were prepared by loading the material under test

plates at a density of 1x10 4 cells per well and

into acrylic molds with 10.0 mm inner diameter and

incubated in a growth medium (DMEM containing 10%

5.0 mm height (n=6). The readings were taken at the

FBS and 1% antibiotics) for 24 h for adhesion. The

end of the mixing and after 30 m, 1 h, 3 h, 24 h, 48 h

PHGLXPZDVUHSODFHGZLWKǋ/PDWHULDOH[WUDFWV

and 72 h. Between each measurement, the electrode

of experimental groups and incubated for 24 h. The

was washed with distilled water and blot dried.

mPDL cells and the growth medium were used for
control. To compare dose-response relationships, the

Flowability

material extracts were gradually diluted in the growth

7KH ÀRZDELOLW\ RI HDFK JURXS ZDV GHWHUPLQHG

medium to obtain 5 concentrations (1, 1/2, 1/4, 1/10,

as recommended by ISO 687619. Immediately after

and 1/50). Ten microliter of the WST reagent (EZ-

PL[LQJǋ/RIHDFKPDWHULDOZDVSODFHGRQDÀDW

CyTox; Daeil Lab Service Co., Seoul, Korea) was added

glass slab (40x40x5 mm, 20 g weight). The second

to each well and incubated at 37°C for 3 h. Optical

glass slab was positioned on the material followed by

densities were measured at 420 nm using a multiwell

the addition of 100 g of weight after 180 s from the

spectrophotometer (VERSAmax Multiplate Reader;

start of mixing. The weight was removed after 10 m

Molecular Devices, Sunnyvale, CA, USA). The relative

of mixing. The maximum and minimum diameters

cell viability was calculated for each test material as

of the circle formed by the material were measured.

mean percentage of the control.

The mean diameter is considered as a measurement
RI WKH ÀRZDELOLW\ RQO\ LI WKH GLIIHUHQFH EHWZHHQ WKH
maximum and minimum diameters is within 1 mm.
Six tests were carried out for each material (n=6).

Reverse-transcription PCR and quantitative
real-time RCR
The mPDL cells were seeded in 6-well plates at
a density of 2x105 cells per well and incubated in a

Cell culture

growth medium for 24 h. The growth medium was

Mouse periodontal ligament (mPDL) cells were

replaced with a medium containing 1/4 concentration

XVHGIRUWKLVVWXG\DQGFXOWXUHGLQ'XOEHFFR¶VPRGL¿HG

of material extracts. The untreated cells were used for

Eagle’s medium (DMEM; Invitrogen, Carlsbad, CA,

control. After 1, 3, and 5 d in culture, the total RNA

USA), supplemented with 10% fetal bovine serum

was extracted using a TRIzol reagent (Invitrogen).

(FBS; Invitrogen) and 1% antibiotics (100 U/mL of

The purity and quantity of total RNA were determined

SHQLFLOOLQDQGǋJP/RIVWUHSWRP\FLQ,QYLWURJHQ 

using a spectrophotometer (Nanodrop 100; Thermo

DW & LQ D KXPLGL¿HG DWPRVSKHUH FRQWDLQLQJ 

)LVKHU6FLHQWL¿F:DOWKDP0$86$ &RPSOHPHQWDU\

CO2. Cells used in these experiments were between

DNA was synthesized using the Maxime RT PreMix

passages 4 and 7.

Kit (iNtRON Biotechnology, Seongnam, Korea). Each
reaction consisted of an initial denaturation at 95°C for

Material extracts

1 m followed by a three-step cycling: denaturation at

MTA samples were mixed with distilled water, 1%

95°C for 30 s, annealing at 55°C for 30 s, and extension

MC/CaCl2 and 2% MC/CaCl2 in a 3:1 powder–liquid

at 72°C for 30 s. After 25–30 cycles, the reactions

ratio according to the manufacturers’ instructions. The

XQGHUZHQW D ¿QDO H[WHQVLRQ DW & IRU  P 7KH

materials were placed into a cylindrical polyethylene

primer sequences were the following: bone sialoprotein

tube (5 mm in diameter and 3 mm in height). To attain

(BSP), forward 5’-ACACTTACCGAGCTTATGAG-3’ and

complete setting, the samples were kept for 6 h at

UHYHUVH¶77*&*&$*77$*&$$7$*&$¶DQGǃDFWLQ

37°C and 95% relative humidity. After setting, discs

forward 5’-TGGATGGCTACGTACATGGCTGGG-3’

were exposed to ultraviolet light for 1 h for sterilization

and reverse 5’-TTCTTTGCAGCTCCTTCGTTGCCG-3’.

and transferred into 24-well culture plates. Discs were

Each reaction was analyzed with 1.5% agarose gel

incubated in 1.5 mL DMEM containing 2% or 10% FBS

electrophoresis and visualized with ethidium bromide

DQG DQWLELRWLFV DW & LQ D KXPLGL¿HG DWPRVSKHUH

staining. Quantitative real-time PCR was performed

with 5% CO2 for 24 h. The extracts were collected and

by using the QuantiTect SYBR Green PCR kit (Qiagen,

WKHQ¿OWHUHGXVLQJǋP¿OWHUV 0LQLVDUW6DUWRULXV

Valencia, CA, USA). The mean cycle threshold values

Stedim Biotech, Goettingen, Germany).
J Appl Oral Sci.
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from triplicate measurements were used to determine

rinsed with PBS for 15 m and air-dried. 10% (w/v)

the relative level of expression of the target gene with

ceptylpyridinium chloride (Sigma) in 10 mM sodium

QRUPDOL]DWLRQWRWKHHQGRJHQRXVFRQWUROǃDFWLQ7KH

phosphate was applied to the stained nodule and

relative change in gene expression was analyzed by

the absorbance of the supernatants was recorded

WKHƩƩ&7PHWKRG27.

at 540 nm using a spectrophotometer (VERSAmax
multiplate reader, Molecular Devices) for quantitative

Alkaline phosphatase (ALP) staining

assessment.

The mPDL cells were seeded in 24-well plates at a

Statistical analysis

density of 2x104 cells per well with growth medium.
After 24 h, the growth medium was changed to a

Each experiment, containing triplicate independent

medium containing 1/4 concentration of material

samples, was repeated at least twice, and qualitatively

extracts and cultured for 5 d. The cultured cells were

identical results were obtained. One-way analysis of

washed with phosphate buffered saline (PBS) and

variance (ANOVA) was usd followed by Tukey post

¿[HGZLWKHWKDQROIRUPDW&$IWHU¿[DWLRQ

KRFWHVWWRDVVHVVDQ\GLIIHUHQFHVLQÀRZDELOLW\DQG

the cells were washed 3 times with deionized water

ALP activity and alizarin red staining. For compressive

DQG  ǋ/ $/3 VWDLQLQJ VROXWLRQ 6WHS 1%7%&,3

strength, pH and cell viability, the two-way ANOVA

6ROXWLRQ7KHUPR)LVKHU6FLHQWL¿F,QF5RFNIRUG,/

and the Duncan tests were used. Data from real-

USA) was applied per well under dark conditions for

time PCR was analyzed with the Kruskal-Wallis and

15 m. The stains were extracted with 10% (w/v)

Mann-Whitney U tests. The results were considered

ceptylpyridinium chloride (Sigma) in 10 mM sodium

VWDWLVWLFDOO\VLJQL¿FDQWDWS

SKRVSKDWH IRU  P 7KH $/3 VWDLQ ZDV TXDQWL¿HG
by recording the absorbance at 562 nm using a
spectrophotometer (VERSAmax multiplate reader,

Results

Molecular Devices).

Compressive strength

Alizarin red staining

The compressive strengths of MTA mixed with

Alizarin red staining was used to assess mineralized

1% and 2% MC/CaCl2ZHUHQRWVLJQL¿FDQWO\GLIIHUHQW

deposit formation. The mPDL cells were cultured with

compared to MTA mixed with distilled water (Table 1).

growth medium containing 1/4 dilutions of material

$OVRWKHUHZDVQRVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFH

extracts for 14 d. The cells were rinsed with PBS, and

between the time points.

¿[HG ZLWK  HWKDQRO IRU  P DW & 7KH FHOOV
were stained with 0.5% alizarin red (pH=4.2) for 60

pH

m at room temperature with gentle agitation. The

The mean pH of all samples is in Table 2. The pH

cells were then rinsed with deionized water 5 times,

values of MTA mixed with 1% and 2% MC/CaCl2 were
QRW VLJQL¿FDQWO\ GLIIHUHQW FRPSDUHG WR07$ PL[HG

Table 1- Means and standard deviations of the compressive
strengtth of test materials at various time intervals

with distilled water. Up to 3 h, all groups showed
higher pH values compared to the other periods, with

Group

1 day

3 days

7 days

MTA + DW

18.88±4.53

22.71±3.25

20.96±4.97

07$0&

19.19±3.06

23.95±7.43

25.40±7.03

07$0&

24.19±5.46

22.13±4.46

22.24±4.59

D VLJQL¿FDQW GLIIHUHQFH RI S $IWHU  K GHVSLWH
decreasing, the pH values still remained high.

Table 2- Means and standard deviations of the pH of test materials at various time intervals
Group

Immediately

30m

1h

3h

24h

48h

72h

MTA + DW

12.83±0.02Aa

12.90±0.04Aa

12.74±0.27Aa

11.82±1.03Aa

10.93±0.94Ab

9.82±0.33Ac

9.61±0.29Ac

07$0&

12.95±0.01Aa

12.99±0.14Aa

12.76±0.22Aa

12.21±1.05Aa

9.99±0.54Ab

9.53±0.14Ab

9.43±0.15Ab

07$0&

12.90±0.06Aa

12.97±0.04Aa

12.96±0.08Aa

12.57±0.36Aa

10.02±0.43Ab

9.61±0.19Ab

9.49±0.08Ab

$FDSLWDOOHWWHULQGLFDWHVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQWHVWPDWHULDOV S!
'LIIHUHQWORZHUFDVHOHWWHUVLQGLFDWHVLJQL¿FDQWGLIIHUHQFHEHWZHHQSHULRGV S
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Flowability

for the following experiments.

7KH UHVXOWV IURP WKH ÀRZDELOLW\ WHVW DUH VKRZQ
in Figure 1. The mean diameter of group 1 (distilled

RT-PCR and quantitative real-time RCR

water) was 12.65±1.72 mm, of group 2 (1% MC/

To investigate the effect of MTA mixed with MC/

CaCl2) was 11.70±1.51 mm, and of group 3 was

CaCl2 in osteogenic differentiation of mPDL cells, we

10.17±1.68 (2% MC/CaCl2 7KHÀRZDELOLW\RIJURXSV

evaluated the expression of BSP and the osteoblast-

2 and 3 decreased when compared to group 1 and we

VSHFL¿FJHQH$VVKRZQLQ)LJXUH$WKHH[SUHVVLRQ

REVHUYHGDVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHEHWZHHQ

of BSP mRNA increased in all tested groups compared

group 1 and group 3.

to the control (treated with medium only) after 5 d.
According to the results of real-time PCR, the mRNA

Cell viability

OHYHORI%63LQFUHDVHGVLJQL¿FDQWO\LQWKH07$PL[HG

The cell viability of MTA mixed with 1% and 2%
MC/CaCl2ZDVQRWVLJQL¿FDQWO\GLIIHUHQWFRPSDUHGWR

with 1% and 2% MC/CaCl2 group compared to the
control at day 5 (p<.05) (Figure 3B).

MTA mixed with water (Figure 2). However, there were
VWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVLQFRQFHQWUDWLRQV
The cell viability of the control, and of 1/50 and 1/10

Mineralization effect
We investigated the mineralization effect of MTA

FRQFHQWUDWLRQV ZHUH VLJQL¿FDQWO\ KLJKHU FRPSDUHG

mixed with MC/CaCl2 with ALP staining and alizarin

to 1/4, 1/2 and 1 concentrations. And 1/4 and 1/2

red S staining. According to the results of ALP staining

FRQFHQWUDWLRQV KDG VLJQL¿FDQWO\ KLJKHU FHOO YLDELOLW\

(Figure 4A and B), MTA mixed with distilled water

comparedto the 1 concentration. There was no

and 1% and 2% MC/CaCl2JURXSVVKRZHGVLJQL¿FDQW

statistical difference between the tested materials.

increase in ALP activity at 5 d compared to the

Based on this data, the 1/4 concentration was retained

control (p<.05). Alizarin red staining, used to detect

Figure 1-7KHÀRZDELOLW\RIWHVWPDWHULDOV7KHÀRZDELOLW\RI07$PL[HGZLWKDQG0&&D&O2 decreased when compared to MTA
PL[HGZLWKGLVWLOOHGZDWHU'LIIHUHQWOHWWHUVUHSUHVHQWVWDWLVWLFDOO\VLJQL¿FDQWGLIIHUHQFHVEHWZHHQWKHWHVWHGPDWHULDOV S

Figure 2-7KHFHOOYLDELOLW\RIP3'/FHOOVH[SRVHGWRH[WUDFWVRIWKHWHVWPDWHULDOV7KHFHOOYLDELOLW\RI07$PL[HGZLWKDQG0&
CaCl2ZDVQRWVLJQL¿FDQWO\GLIIHUHQWWKDQWKDWRI07$PL[HGZLWKZDWHU7KHFHOOYLDELOLW\RIWKHFRQWURODQGRIDQGFRQFHQWUDWLRQV
ZDVVLJQL¿FDQWO\KLJKHUWKDQWKDWIRUDQGFRQFHQWUDWLRQVZLWKWKHVDPHPDWHULDO$QGDQGFRQFHQWUDWLRQVKDGVLJQL¿FDQWO\
KLJKHUFHOOYLDELOLW\WKDQWKHFRQFHQWUDWLRQ S
J Appl Oral Sci.
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Figure 3-([SUHVVLRQSUR¿OHVRIERQHVLDORSURWHLQ %63 GXULQJRVWHRJHQLFGLIIHUHQWLDWLRQE\WHVWPDWHULDOVLQP3'/FHOOVDVVD\HGYLD57
PCR and quantitative real-time PCR. (A) RT-PCR results. (B) The relative expression of BSP genes normalized against a housekeeping
JHQH ȕDFWLQ 7KHP51$OHYHORIRVWHRJHQLFJHQHLQFUHDVHGLQWKH07$PL[HGZLWKDQG0&&D&O2 SFRPSDUHGWRWKH
control

mineralized nodule formation, showed all experimental

EHDUV SUHVVXUH %HFDXVH 0& GRHV QRW LQÀXHQFH WKH

JURXSVLQFUHDVHGPLQHUDOL]DWLRQVLJQL¿FDQWO\ S 

compressive strength of MTA, it can be used with MTA

(Figure 4C and D).

IRUSHUIRUDWLRQUHSDLUDVZHOODVURRWHQG¿OOLQJV7KHUH
were some studies on antimicrobial activity of MTA.
They insisted that alkaline pH played an important role
for this property2,4,14,30. In this study, the pH values

Discussion

of MTA mixed with 1% and 2% MC/CaCl2 were not

07$FRQVLVWVRI¿QHK\GURSKLOLFSDUWLFOHVRIFDOFLXP
silicates 21. Despite MTA having many favorable
SURSHUWLHV LW KDV VRPH GLVDGYDQWDJHV ,W LV GLI¿FXOW
to mix MTA to an ideal consistency, to deliver it to the
operation site, and to condense it densely. Several
research has focused on these limitations10,17,23,25,35.
Therefore, the objectiveof this study was to evaluate
the physical and biological effects of MC that,
when added to MTA, could improve its handling
characteristics.
The compressive strengths of MTA mixed with
1% and 2% MC/CaCl2ZHUHQRWVLJQL¿FDQWO\GLIIHUHQW
compared to MTA mixed with distilled water. These
values are similar to those reported by a previous
study23. Compressive strength is an important factor to
FRQVLGHUZKHQSODFLQJD¿OOLQJPDWHULDOLQDFDYLW\WKDW
J Appl Oral Sci.

VLJQL¿FDQWO\ GLIIHUHQW FRPSDUHG WR 07$ PL[HG ZLWK
distilled water. This pH stability at alkaline conditions
may not affect the antimicrobial properties of the
PRGL¿HG07$V\VWHP0&FRQVLVWVRIQRQLRQLFZDWHU
soluble cellulose ether and increases viscosity and
dispersion resistance3 0& GHFUHDVHG WKH ÀRZDELOLW\
RI 07$ VLJQL¿FDQWO\ LQ WKLV VWXG\ :H ¿UVW WKRXJKW
that MC improved the handling characteristics of MTA.
Considering it contains various stem cells31, we
used the mPDL cell for several biological experiments
such as cell viability, RT-PCR and mineralization
DVVD\RIURRWHQG¿OOLQJPDWHULDOVLQWKLVVWXG\7KH
cell viability of MTA mixed with 1% and 2% MC/
CaCl2 ZDV QRW VLJQL¿FDQWO\ GLIIHUHQW FRPSDUHG WR
MTA mixed with water. However, the cell viability of
experimental groups in higher concentrations (1/4,
DQGFRQFHQWUDWLRQ ZDVVLJQL¿FDQWO\ORZHUWKDQ

685 2017;25(6):680-8
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Figure 4- Alkaline phosphatase (ALP) staining and alizarin red staining in mPDL cells exposed to extracts of the tested materials. (A)
3KHQRW\SHH[SUHVVLRQRI$/3GXULQJRVWHRJHQLFGLIIHUHQWLDWLRQE\WKHWHVWHGPDWHULDOVLQP3'/FHOOVDWG % 4XDQWL¿HGGDWD & 0DWUL[
PLQHUDOL]DWLRQRIP3'/FHOOVREVHUYHGE\VWDLQLQJFDOFLXPGHSRVLWVLQWKHH[WUDFHOOXODUPDWUL[DIWHUG ' 4XDQWL¿HGGDWD:HREVHUYHG
DKLJKHU$/3H[SUHVVLRQDQGPLQHUDOL]DWLRQLQFHOOVH[SRVHGWRWHVWHGPDWHULDOVFRPSDUDWLYHO\ZLWKWKHFRQWURO SFRPSDUHGWRWKH
control

the groups in lower concentrations (control, 1/50, and

ZKHQ FRQVLGHULQJ D ELRPDWHULDO DV D URRWHQG ¿OOLQJ

1/10 concentration). Kang, et al.22 (2013) reported

material. BSP is the major phosphorylated protein of

that MTA mixed with calcium chloride showed lower

mammalian bone and its use has been suggested at

biocompatibility than MTA mixed with water. Therefore,

the startof mineralization7,18. Consideringit is believed

calcium chloride added with MC might contribute

WKDW WKLV SURWHLQ KDV D VSHFL¿F UROH LQ PHGLDWLQJ

to the lower cell viability of experimental groups in

the initial stage of mineralization9, increased BSP

high concentrations. The differentiation of progenitor

expression suggests the differentiation of several

cells into osteoblast-like cells is critical in the healing

cells into osteoblasts. In this study, the expression of

process, and promoting differentiation is required

BSP mRNA increased in all tested groups compared

J Appl Oral Sci.
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to the medium-only treated group in RT-PCR. These

5-Barrieshi-Nusair KM, Qudeimat MA. A prospective clinical study of

results suggest that MTA stimulates the osteogenic

mineral trioxide aggregate for partial pulpotomy in cariously exposed

differentiation of mPDL cells and MC did not interrupt

permanent teeth. J Endod. 2006;32(8):731-5.
%HU %6 +DWWRQ -) 6WHZDUW *3 &KHPLFDO PRGL¿FDWLRQ RI 3UR5RRW

the biological effect of MTA. Considering ALP and

MTA to improve handling characteristics and decrease setting time. J

alizarin red staining data, it seems that MTA and MTA

Endod. 2007;33(10):1231-4.

mixed with MC/CaCl2 stimulate the expression of ALP

7-Bianco P, Fisher LW, Young MF, Termine JD, Robey PG. Expression
of bone sialoprotein (BSP) in developing human tissues. Calcif Tissue
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