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Abstract

Objective: To examine the cytotoxicity of calcium hydroxide on human umbilical cord mesenchymal stem
cells (HUCMSC) to understand the characteristics for use in regenerative dentistry procedures especially
regenerative endodontics. Material and Methods: HUCMSC was isolated, cultured, and confirmed by flow
cytometry. The biological characteristics, such as cell morphology, proliferation, and protein expression,
were screened. To check the cytotoxicity, HUCMSC was cultured and divided into two groups, the control
group (cultured in minimum essential medium (MEM) alpha) and calcium hydroxide group (cultured in
MEM alpha and calcium hydroxide). Methyl-thiazole-tetrazolium (MTT) assay was done on different
concentrations of calcium hydroxide (0.89 to 25 ug/mL) and the cells were observed and counted. One-way
ANOVA test was used with a significance level set at 5%. Results: Flow cytometric analysis confirmed
positive of CD73, CD90, CD105, negative of CD45 and CD34. A significant difference was found between
the concentration of 6.25 and 8.125 ug/mL (p=0.004). There was no significant difference among 6.25, 12.5
and 25 pg/mL concentrations. There was also no significant difference among 0.39, 0.78, 1.56, and 3.125
pg/mL concentrations. Conclusion: Even though calcium hydroxide is a medicament of choice in clinical
endodontics, it decreases the viability of HUCMSC. The lower the concentration of calcium hydroxide, the
higher the viability of HUCMSC.
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Introduction

There are several mesenchymal stem cells (MSC) sources for clinical applications. Human umbilical
cord mesenchymal stem cells (HUCMSCs) are MSC found in the umbilical cords and may be attractive
candidates for tissue regeneration [17]. Compared to other sources of stem cells from adult tissues, HUCMSCs
are more primitive, non-invasive procedure of collection, provide high proliferation potential, high
differentiation potential, immune-privileged, immunosuppressive, rich in stemness [27]. Currently, HUCMSC is
vastly studied to be used for regenerative, e.g., diabetes and its complications.

Calcium hydroxide (CH), an odorless white powder, is a strong alkali or base [87. It has long been
used in various treatment modalities in conservative dentistry, including intracanal dressings, root canal
sealers, and pulp-capping material [47]. Calcium hydroxide is an essential alkaline material used in protocols of
a successful regenerative endodontic treatment regimen [57] and the material of choice of all pulp therapy [47].
Its high pH level determines the mineralizing action of calcium hydroxide, and the hydroxyl group is reckoned
as the most important part as it gives an alkaline milieu, which promotes healing and mineralization [37.

The use of HUCMSC in dentistry is still limited and therefore needs to be explored. Many researches
have examined the cytotoxicity of calcium hydroxide, but few studies have used HUCMSC. Cell cultures are
generally done to evaluate the biocompatibility of many materials [6,77]. In vitro experiments of cell cultures
are usually performed to explore mechanisms and biological responses in certain conditions. Even though
results from in vitro experiments cannot immediately be deduced to human clinical conditions, they are
clinically pertinent as they regard a model for screening of various material properties and risks [87.
HUCMSC was studied to the evaluate cytotoxicity of scaffold material for regenerative tissue engineering [97.

Stem cells’ viability and response may differ depending on the time variation of contact from available
calcium hydroxide. To further explore the potency of calcium hydroxide on HUCMSC, viability testing is
important to be done. Therefore, the objective of this study was to investigate the cytotoxicity of calcium

hydroxide on the viability of HUCMSC through MTT assay.

Material and Methods
Isolation, Expansion and Cultivation of HUCMSC

The isolation, expansion, and cultivation of HUCMSC are according to the protocol of Stem Cell
Research and Development Center Universitas Airlangga [97]. Umbilical cord tissue from the donor was
cleaned and washed from blood or debris with sterile Dulbecco’s Phosphate Buffered Saline (Gibco, Thermo
Fisher Scientific Inc., Waltham, MA USA), the Wharton’s Jelly was taken and then finely cut. Collagenase
Type 4 (Worthington Biochemical Corporation, Lakewood, NJ, USA) was added to collect stem cells from the
umbilical tissue.

Incubation was done for 45 minutes at 37°C. The cells and medium were centrifuged to form a pellet
of cells. Minimum essential medium (MEM) alpha was added to the pellet and planted in a 100 mm tissue
culture plate (Iwaki, Asahi, Japan) and incubated at 87°C. The plate was checked daily until it forms 80-90%
monolayer; the cells were split to form the next passage. Cells from the fourth passage were characterized at
Stem Cell Research and Development Center Universitas Airlangga (Surabaya, Jawa Timur, Indonesia).

A total of 2 x 106 HUCMSC were taken for flow cytometric analysis. Flow cytometric analysis
confirmed the positive of CD73, CD90, CD105, negative of CD45 and CD34. All antibodies were purchased
from BD Biosciences. HUCMSC were analyzed using a FACS Calibur Becton-Dickinson (BD Biosciences, San
Jose, CA, USA), and the data were analyzed using CellQuest software (BD Biosciences, San Jose, CA, USA).
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Calcium Hydroxide Preparation for HUCMSC

Calcium hydroxide medium was prepared by mixing the calcium hydroxide powder (EMSURE®,
Merck KGaA, Darmstadt, Germany) with minimal essential medium (MEM) alpha (Gibco, Thermo Fisher
Scientific Inc., Waltham, MA USA). We use calcium hydroxide concentration of 0.89, 0.78, 1.56, 3.125, 6.25,

12.5, and 25 pg/mL to be compared in this experiment.

Viability of HUCMSC on Calcium Hydroxide

The viability of HUCMSCs on Calcium hydroxide was determined by methyl-thiazol-tetrazolium
(MTT) assay [97]. The fifth passage HUCMSCs were seeded at a density of 5,000 cells per well in a 96-well
microtiter plate (Iwaki, Asahi, Japan) and treated with calcium hydroxide at concentrations 0.89-25 pg/mL for
24 hours. Each well was given 200 microliter medium containing calcium hydroxide according to the explored
concentrations.

After incubation, MTT was added to each well and incubated for 8 hours; the addition of dimethyl
sulfoxide stopped the process. Cell viability was analyzed by measuring the optical density (OD) detected by an
automatic microplate reader (GloMax® Explorer, Promega Corporation, Madison, WI, USA) at a wavelength

of 595 nm. The assessment was done in triplicates.

Statistical Analysis
Data were provided as mean and standard deviation. Statistical analysis was performed using SPSS
software (SPSS Inc., Chicago, IL, USA), version 20.0. All data were tested for normality. One-way ANOVA

test was used for comparisons among control and different concentrations of calcium hydroxide groups.

Ethical Aspects
This study was approved by the Health Research Ethical Clearance Commission, Universitas
Airlangga Faculty of Dental Medicine, Surabaya, Indonesia (Clearance number 059/HRECC.FODM/11/2020),

and written informed consent was obtained before specimen collection.

Results

The presence of mesenchymal stem cells taken from human umbilical cord was established and
identified through antibodies for CD105, CD90, CD73, CD45, and CD34. The flow cytometry recorded more
than 95% positivity of CD105, CD90, CD73, negativity of CD45 and CD34. This result confirmed the
characterized cells are HUCMSC.

Viable cells seen under an inverted microscope are available in Figure 1. The mean and standard
deviation (SD) of control and calcium hydroxide groups are shown in Table 1. Data in the result was
distributed normally (p>0.05), and homogeneity test yield homogeny data (p>0.05). The significance is shown
in Table 2.

MTT assay result of different calcium hydroxide (CH) concentrations showed no significant difference
among 6.25, 12.5, and 25 ng/mL. There was also no significant difference between 0.39, 0.78, 1.56, and 3.125

pg/mL. The significant difference was found between 3.125 and 6.25 pug/mL (p=0.004).
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Figure 1. The viable cells seen with inverted microscope: control (A), CH concentration of 25 pg/mL
(B), 12.5 pg/mL (C), 6.25 pg/mL (D), 3.125 pg/mL (E), 1.56 pg/mL (F), 0.78 pg/mL (G), and 0.39
pg/mL (H).

Table 1. Mean and standard deviation of control and CH groups.

Groups Cell Viability
Mean (SD)
Control 100 £ 0.00
CH 25 56.1013 * 3.22481
CH 12.5 58.0903 * 6.76619
CH 6.25 58.4880 * 3.06637
CH s.125 69.0950 £ 2.50740
CH 1.56 69.8520 + 2.27282
CH 0.78 70.0930 £ 3.26168
CH 0.39 70.2317 £3.04301

Table 2. Significance among groups of different calcium hydroxide concentrations.
CH Concentrations (ng/mL)

CH Concentrations 25 12.5 6.25 3.125 1.56 0.78 0.39
25 Mg/mL - 0.5623 0.445 0.001% 0.000% 0.000%* 0.000%*
12.5 Mg/mL 0.523 - 0.898 0.008%* 0.002%* 0.001%* 0.001%
6.25 Mg/mL 0.445 0.898 - 0.004* 0.002%* 0.002%* 0.002%*
3.125 ug/mL 0.001% 0.008%* 0.004* - 0.807 0.747 0.714
1.56 Mg/mL 0.000% 0.002%* 0.002%* 0.807 - 0.938 0.902
0.78 Mg/mL 0.000% 0.001% 0.002%* 0.747 0.938 - 0.964
0.39 Mg/mL 0.000%* 0.001%* 0.002%* 0.714 0.902 0.964 -

*Statistically significant.

Discussion
The interest in finding alternative sources of mesenchymal stem cells (MSC) and exploring its
potential in dentistry is increasing. There are studies about other stem cell origins, such as human bone
marrow mesenchymal stem cells, stem cells of the apical papillae, dental pulp stem cells, periodontal ligament
stem cells, etc.. Still, little information was available regarding HUCMSC and its potential use in regeneration.
Although human bone marrow mesenchymal stem cells are more popular, there are disadvantages,

such as the requirement of general anesthesia regarding the invasive surgical procedure involved, and multiple
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procedures may be needed to acquire a sufficient number of cells [107]. Human umbilical cord mesenchymal
stem cells (HUCMSC) are used in this study because they can be isolated and expanded easily in large
quantities in vitro [27].

Biocompatibility is an essential factor that must be contemplated when choosing a material for
therapeutic purposes. In this study, HUCMSC were cultured in Minimum Essential Medium Alpha (MEM-A)
added calcium hydroxide in normal culture condition, incubated at 37°C and 5% CO,. We used MTT assay to
determine cell viability and cytotoxicity under calcium hydroxide influence. HUCMSC is used instead of other
cells because stem cells are different in their nature and character compared to other matured cells. Although
in morphology HUCMSC is similar to fibroblast, HUCMSC has specific protein expressions that fibroblast
doesn’t have, such as the positivity of CD105, CD90, CD73, negativity of CD45 and CD34.

MTT assay is the most common method to determine cytotoxicity and proven to be more accurate
and time-saving. The MTT assay principle is to break tetrazolium ring (8-(4,5-dimethylthiazole-2-yl)-2,5
diphenyl tetrazolium bromide) to produce insoluble blue-purple formazan product. The formazan production
can be measured by optical density spectrophotometry. The lower the optical density means the lower living
cells to metabolize the MTT. This study used 24-hour exposure of CH, instead of lower exposure times to
extrapolate that clinically CH was applied for long-term exposure.

Calcium hydroxide is chemically categorized as a strong alkali with a high pH (about 12.5-12.8) and
its core effects originated from ionic separation of Ca** and OH- ions [37. Calcium ion plays an important
function in the intrinsic pathway of apoptosis. The upregulation of calcium into mitochondrion results in the
release of cytochrome c. In cytoplasm, the cytochrome c binds to apoptotic protease-activating factor-1
(APAF-1), a cytoplasmic protein, and forms the apoptosome, which turns and activates procaspase-9 into
caspase-9 and subsequently activates other caspases to carry out cell death [117]. Calcium hydroxide may
possibly upregulate the expression of caspase-9, but further research is important to determine the effect of
time and duration of calcium hydroxide application.

In this study, a significant decrease in cell viability might be caused by apoptosis. Apoptosis is a
programmed cell death mechanism that engages in the homeostatic management of cell population, with no
inflammatory reaction occurring [77]. Apoptosis is initiated by either an intrinsic or an extrinsic pathway.

Calcium hydroxide is well tolerated by bone and pulpal tissue. Some studies used a well-established
cell line to assess CH's cytotoxicity, such as fibroblasts from various origins and reported good
biocompatibility [127]. However, CH will create a zone of necrosis if in direct contact with tissue, altering the
physicochemical form of cell to cell material through the break of glycoproteins, causing protein alteration [37].
This is in parallel with the result of this study, which found that calcium hydroxide affects the viability of
HUCMSC.

Conclusion

These results show CH eftects the viability of HUCMSC depending on the concentration used. This
study provides evidence that CH can decrease the viability of HUCMSC on a longer period. The lower the
concentration of Calcium hydroxide, the higher the viability of HUCMSC. Since this study is the first step of
HUCMSC exploration on CH, further studies will be required to reveal more novel mechanisms of HUCMSC

for regenerative endodontic purposes.
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