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Background: Portland cement (PC), the base material of mineral trioxide aggregate has been applied in vivo and in vitro studies, 
and showed promising physical and mechanical properties on several cell lineages but human dental pulp stem cells (DPSCs), 
known as mesenchymal stem cells with their multipotency. Our study aims to evaluate the cytotoxicity of PC mixing with distilled 
water (Td) or normal saline (Tn) on DPSCs. Materials and Methods: DPSCs were isolated from pulp tissue and identified 
before viability assay. DPSCs were treated with the concentration of 100%, 50%, 25%, 12.5% and 6.25% extracts in Td and 
Tn. Cell viability was evaluate after 24 h, 48 h, 72 h and 7 days treating. Cells were analyzed for cell surface antigen expression 
by flow cytometry. The pH levels of extracts were detected by pH meter. Cell viability was determined with cell counting kit-8 
assay. Results: Viability of Td and Tn showed the general trend that dropped slightly at 24 h, increased at 48 h then showed no 
statistical differences to control at 72 h. The viability of the concentration of 100% groups dropped gradually from 24 h to 72 h. 
Cell proliferation was improved in low concentration groups on 48 h and 72 h. On day 7, cell viability showed no statistical 
difference to control except Tn 50% (110.9%) and Tn 100% (84.0%). Conclusions: PC is probably a potential candidate for the 
use of pulp therapy, or further, a budding material for pulp regeneration.
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aggregate (MTA).7 MTA has been applied in endodontic 
treatment since the early 1990s such as pulp-capping, retrograde 
filling and perforation repair on account of its good seal ability, 
biocompatibility and other benefits.8-10 PC showed promising 
physical and mechanical properties as well as MTA on different 
cell lineages and can be used as a safe pulp-capping material.11,12 
In addition, PC facilitated odontoblastic differentiation on 
human periodontal ligament fibroblast and human pulp cell.13,14 
However, MTA is a very expensive material, and PC is much 
more cheaper than MTA. It could provide the benefit in dental 
clinical service. According to CNS61 (Chinese National 
Standards) and ASTM150 (American Society for Testing and 
Materials), there are 5 major types of cement. Type 1 is the most 
common one for general uses. That is why we chose type 1. 
The composition of other types of cement is altered to change 
the specific property to meet the industrial needs. For example, 
in type 3 cement, the ratio of tricalcium silicate to dicalcium 
silicate is increased to inforce early intensity. This modification 
also increases the heat of hydration.15

Portland cement powder consists of mainly calcium oxide, 
which is highly hydrophilic that solidified when it contacts 
water. The setting process is caused by continuous hydration 
and hydrolysis reactions.15 In an aqueous environment of 
different saline concentrations, PC absorbs water and releases 
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INTRODUCTION

Mesenchymal stem cells (MSCs) are known as postnatal 
stem cells and can be isolated from various human tissues 
such as adipose, bone marrow and skin.1 Recently, novel 
therapeutic strategies have been progressing rapidly because of 
the applications of stem cells on regenerative medicine and cell-
based therapies.2-4 Dental pulp tissue is also a source of high-
purity stem cells, which called dental pulp stem cells (DPSCs).5,6 
DPSCs are capable of self-renewal and can differentiate into 
various cell lineages. To date, DPSCs had been successfully 
induced into odontoblasts, osteoblasts, chondrocytes, myocytes, 
neurocytes, adipocytes, corneal epithelial cells, melanoma cells 
and induced pluripotent stems.2

Tricalcium silicate is the major component of Portland 
cement (PC), which is the base material of mineral trioxide 
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calcium hydroxide (CH) into the environment.16 In other 
words, liquid used for mixing plays an important role during 
the reaction, as well the ratio of the liquid to the powder. 
Nowadays, there are a number of studies of PC in vitro and 
in vivo.12-14,17,18 However, there is still no report on the effects 
of PC on DPSCs. In this study, we cultured DPSCs in different 
kinds of extract from type 1 PC mixed with distilled water (Td) 
or normal saline (Tn). The aim is to test the possibility of PC 
to be applied in pulp therapies by investigating the viability of 
DPSCs in the series concentration of extracts.

MATERIALS AND METHODS

Dental pulp stem cells isolation and culture
Teeth samples were collected with written informed consent 

from the donor undergoing tooth extraction for orthodontic 
treatment at Orthodontics and Dentofacial Orthopedics Division 
of Dental Department in Tri-Service General Hospital (TSGH). 
Our study was approved by the medical Ethical Committee of 
TSGH (099-05-143). Dental pulp tissue was taken out from pulp 
chamber and roots after cut crown off. The tissue was treated 
with dispase II (3 mg/mL) and collagenase I (4 mg/mL) for 
40-60 min in 37°C water bath. The digested tissue was removed 
to a 6-cm dish flooded with essential culture medium (alpha-
minimum essential medium supplemented with 10% fetal 
bovine serum, 100 U/mL penicillin, 100 μg/mL Streptomycin, 
2 mM L-glutamine, 5 × 10−5 M 2-mercaptoethanol and 10−4 M 
L-ascorbic acid 2-phosphate sesquimagnesium salt hydrate). 
The dish was incubated at 37°C. After 72 h, the culture medium 
was replaced with fresh one, and unattached cells were also 
removed. When 80-90% confluency was reached, cells were 
routinely subcultured.

Dental pulp stem cells identification (surface molecule 
characterization)

Cells were analyzed for cell surface antigen expression 
by flow cytometry (FACSCalibur™, BD Biosciences, CA, 
USA). In brief, for each cell marker, 5 × 105 cells were fixed 
with 4% paraformaldehyde at 4°C for 30 min. To determine 
the stemness, cells were then separately incubated with 
antibodies against CD44, CD73 and CD90 for positive makers 
of MSC, and incubated with antibodies against CD31, CD34 
and CD45 for negative makers of hematopoietic stem cell 
(HSC). κ-isotype control served as a control (BD Biosciences 
Pharmingen, CA, USA). The resulting data were analyzed 
using the Cell Quest™ Pro software (BD Biosciences).

Extracts of Portland cement
The extract is prepared according to ISO 10993.5 

(International Organization for Standardization). Briefly, the 

commercial PC (Taiwan Cement Company, ROC) was mixed 
with distilled water (Td) normal saline (Tn) at the liquid/
powder ratio of 1:3 (mL:g). The mixtures were left for setting 
for 24 h then were sterilized by autoclave. The extraction ratio 
was 0.2 g/mL and conducted under 37°C for 24 ± 2 h with 
culture medium (pH 7.4). The collected extracts were regarded 
for the 100% extract.

pH level of Portland cement extract
Portland cement extract was obtained as described above 

at the liquid/powder ratio of 1:2, 1:3 and 1:4, the pH level of 
extracts were detected by pH meter (Jenco, CA, USA).

Cell viability assay
Dental pulp stem cells were seeded in 96-well culture 

plate at the density of 4 × 104/cm2. After 24 h, the medium 
was removed, and 100 μL extract (100%, 50%, 25%, 12.5% 
and 6.25%, Td and Td groups) was, respectively, added to 
each well. The culture plate was then incubated at 37°C. Cell 
viability assay was preformed after 24 h, 48 h, 72 h and 7 
days culture by adding 10 μL cell counting kit-8 solution 
(Sigma, MO, USA) to each well. After the culture plate was 
incubated for 2 h, 10 μL of 10% sodium dodecyl sulfate 
solution was added for stopping the reaction. The plate 
was read by spectrometer at O.D. 450 nm to determine the 
viability.

Statistical analysis
Statistical analysis was performed using Student’s t-test 

and one-way ANOVA. The level of significance was set at 
P < 0.05. All data are expressed as means ± standard deviation.

RESULTS

Dental pulp stem cells identification
Flow cytometric analysis of cultured DPSCs revealed 

expression of MSC makers CD44 (99.55%), CD73 (99.40%) 
and CD90 (99.72%), but was negative for surface molecules 
of HSC markers CD31 (0.29%), CD34 (0.13%) and CD45 
(0.28%) [Figure 1].

pH level of Portland cement extracts
The pH level of extracts from all groups (PC mixed with 

distilled water, Td or normal saline, Tn in different liquid/
powder ratio) increased compared with that of original 
medium after 24 h extraction [Figure 2]. The pH level of Tn 
extracts (1:2-8.91 ± 0.17, 1:3-9.13 ± 0.03, 1:4-8.98 ± 0.42) 
showed higher alkalinity than Td extracts (1:2-8.60 ± 0.42, 
1:3-8.55  ± 0.37, 1:4-8.29 ± 0.22). However, there was no 
significant difference between groups.
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Cell viability assay
Dental pulp stem cells were exposed to the extracts at a 

series concentrations for 24 h, the viability of control was 
considered 100%. The viability of other groups were generally 

lower than control [Figure 3a]. At the concentrations of 
6.25% (96.5%) and 50% (97.3%) in Tn, the viability showed 

Figure 1: Flow cytometric analysis showed that high-purity dental pulp stem 
cells stained with positively selected mesenchymal stem cell markers and 
negatively selected hematopoietic stem cell markers

Figure 2: pH level of Portland cement (PC) extracts after 24 h extraction in 
different liquid/powder ratio. PC mixed with distilled water (Td) and normal 
saline (Tn) (n = 3)

Figure 3: Viability of dental pulp stem cells on (a) 24 h, (b) 48 h, (c) 72 h and (d) 7 days were determined with cell counting kit-8 assay. Significant differences 
were determined using Student’s t-test. *P < 0.05, **P < 0.01, ***P < 0.001 when compared with control (n = 4.)

a

c

b

d
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no statistical difference when compared with control. The 
viability in Td at the concentrations of 6.25%, 12.5%, 25%, 
50%, 100%, and in Tn at the concentrations of 12.5%, 25%, 
and 100% (88.9%, 84.4%, 86.8%, 86.3%, 91.8%, 88.6%, 
86.9% and 90.2%, respectively) were significantly lower than 
the viability of control.

At 48 h [Figure 3b], the viability in Td at the concentrations 
of 50% (91.0%), 100% (71.9%), and in Tn at the concentration 
of 100% (80.7%) were lower than control significantly while 
6.25% (108.8%) and 50% (106.2%) were not significantly 
different from control. However, cell viability was significantly 
higher than control in Td at the concentrations of 6.25%, 
12.5%, 25%, and at the concentrations of 12.5% and 25% in Tn 
(118.7%, 124.5%, 115.5%, 133.1% and 118.2%, respectively).

After 72 h treating [Figure 3c], only Td group at the 
concentration of 6.25% (114.2%) was significantly higher than 
control; the concentration of 50% (83.3%) was significantly 
lower than control. The viability in Td at the concentrations of 
12.5%, 25%, and in Tn at the concentrations of 25%, 12.5%, 
25%, 50% (101.3%, 81.1%, 100.0%, 101.9%, 100.9% and 
93.4%, respectively), there was in the absence of statistical 
difference to control.

At day 7 [Figure 3d], the viability in Tn at the concentration 
of 50% (110.9%) was significantly higher than control; at the 
concentration of 100% (84.0%) was significantly lower than 
control. In Td at the concentrations of 6.25%, 12.5%, 25%, 
50%, 100%, and in Tn at the concentrations of 6.25%, 12.5% 
and 25% (99.7%, 99.4%, 107.4%, 102.0%, 112.6%, 104.0%, 
106.4% and 105.0%.) the viability showed no statistical 
difference to control.

In Figures 4-6, different concentrations of the same extract 
were compared. In Td, viability was all lower than 100% at 
24 h [Figure 4a], decreased at the concentrations of 50% and 
100% at 48 h, but increased at low concentrations [Figure 5]. At 
72 h at the concentrations of 25%, 50%, and 100%, the viability 
reduced obviously [Figure 6]. In Tn at the concentrations of 
12.5%, 25%, and 100% showed mild lower viability after 24 h 
treating [Figure 4b]. While viability rose at 48 h and maintained 
stable at 72 h except 100% [Figures 5 and 6].

DISCUSSION

DPSC identification was performed by flow cytometry. Our 
results are consistent with the study in 2011 by Karbanová 
et  al.,19 which determined the cells we used were DPSCs. 
PC extracts showed the pH that ranged between 8.2 and 9.1 
in the aqueous environment after 24 h incubation. During the 
setting process, CH is formed and then released from PC into 
solution, which becomes alkaline because of the dissociation 
of CH while extraction.15 The low alkalinity (under pH 11.0) 

of CH solution is considered that it is possible to induce the 
formation of hard tissue and is not overly toxic.20,21 Since the 
pH level showed no difference between different liquid/powder 
ratio and considering the manipulating process in PC mixing 
we choose the 1:3 liquid/powder ratio for viability tests.

An in vitro cytotoxicity test on extract of materials can 
be carried out on certain or different cell lines at the same 
time. This kind of cell culture technique was widely used for 
biocompatibility evaluation.22 In our study, the viability of 
both Td and Tn showed the general trend that cell viability 
dropped slightly at 24 h, increased at 48 h then came back 
to the level, which has no statistical difference to control 
[Figure  3]. Only the viability at the concentration of 100% 
groups dropped gradually from 24 h to 72 h. Yoshino et al. 
reported that PC extract did not show cytotoxic activity 
over cultured periodontal ligament fibroblasts,13 which lends 
support to our results. In Lee et al.’s research, the effects of 

Figure 6: (a) Distilled water (Td) at 72 h. ***P < 0.001 when compared to 
100%, ***P < 0.001 when compared to 6.25%, #P < 0.05 when compared 
to 12.5%. (b) Normal saline (Tn) at 72 h. ***P < 0.001when compared to 
100% (n = 4)

a b

Figure 4: (a) Distilled water (Td) at 24 h. *P < 0.05 when compared to 12.5%. 
(b) Normal saline (Tn) at 24 h. *P < 0.05 when compared to 25%

a b

Figure 5: (a) Distilled water (Td) at 48 h. **P < 0.01, ***P < 0.001 comparing 
to 100%, ***P < 0.001 comparing to 50%. (b) Normal saline (Tn) at 48 h. 
**P < 0.01, ***P < 0.001 comparing to 100%, **P < 0.01 comparing to 12.5%

a b
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calcium phosphate cements on pulp cells were investigated, 
and both PC and MTA were compared.11 The results show that 
the viability of PC and MTA were both significantly lower than 
control on day 1, however, PC group showed no difference 
to control on day 7, but MTA group showed no difference to 
control till day 14. In our study, cell viability of Td showed no 
statistical difference to control on day 7. These findings are in 
line with Lee et al.’s study.11

When different concentrations of each kind of extract were 
compared, the differences between each concentration are 
shown in Figures 4-6. Viability of 100% extract of both Td 
and Tn were apparently lower than other concentration. The 
most interesting part is that cell proliferation was improved in 
low concentration groups on 48 h and 72 h. As for day 7, cell 
viability of Td at 100% was even slightly higher than those 
at lower concentrations. Even though similar characteristics 
had been revealed in Kwon et al.’s study, which showed 
immortalized human gingival fibroblast had a relatively high 
proliferation rate in diluted extracts of zinc oxide-eugenol 
cements,23 these results had never been found on DPSCs in 
previous studies. Nevertheless, such characteristics will be 
considered an economical and productive view of culturing 
cells.

Up to the present, we’ve known that PC is able to facilitate 
odontoblastic differentiation on dental pulp cells,18 encourage 
hard tissue deposition24 and show good biocompatibility. 
Several studies reported the use of PC in vital pulp therapy with 
considerable success in animal models.12,25,26 In addition, two 
clinical case reports, which revealed that PC may be considered 
as an effective and economic substitute of MTA for primary 
molar pulpotomies in children.27 However, the mechanisms of 
the effects of PC on DPSC and pulp cell in vitro and in vivo 
are still unclear. This is the first study of our project, which is 
designed to figure out how PC affects DPSCs.

Based on the present studies and our results, we suggest 
that PC is probably a potential candidate for the use of pulp 
therapy, or further, a budding material for pulp regeneration.
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