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Abstract Objective The American Association of Endodontists recommends the use of calcium
hydroxide (Ca(OH)2) or triple antibiotic paste (TAP) as preferred medicaments in
regenerative endodontic treatment. Although both medicaments showed an excellent
antibacterial property, their impact on the viability of human dental pulp stem cells
(hDPSCs) when used in combination remains uncertain. Previous studies have indicat-
ed that at certain concentrations, both Ca(OH)2 and TAP can be harmful to cells.
Therefore, it is aimed to assess the effects of Ca(OH)2, TAP, and their combined
application on the viability of hDPSCs in this study.
Materials and Methods Primary cultured hDPSCs, reaching 80% confluency and at
passages 3rd to 4th, were subjected to 24-hour starvation. Subsequently, they were
cultured in media supplemented with Ca(OH)2, TAP at 0.1 and 1mg/mL concentra-
tions, and a combination of Ca(OH)2 and TAP at equivalent concentrations, with
Dulbecco’s modified eagle medium serving as the control group. The viability and
morphology of hDPSCs were assessed using both the quantitative 3-(4,5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide assay and qualitative 4’,6-diamidino-2-
phenylindole staining.
Statistical Analysis First, the data were analyzed by one-way analysis of variance,
followed by Bonferroni post hoc to compare between groups. All the tests were
conducted at a significance level of 95% (p<0.05).
Results In this study, a notable variation in hDPSCs viability was observed among all
groups, with the lowest viability recorded in the combination of Ca(OH)2þ TAP at
1mg/mL (p<0.05).
Conclusion Ca(OH)2, TAP, and their combination are not toxic to hDPSCs and the use
of their combination was superior in hDPSCs viability on Ca(OH)2þ TAP in the
0.1mg/mL group.
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Introduction

Regenerative endodontic treatment (RET) aims to regenerate
the dentin-pulp complex that has been damaged, allowing it
to function physiologically like normal pulp. One strategy to
support dentin-pulp complex regeneration and maintain
pulp vitality is the use of medicaments in RET.1–4 Regenera-
tion of the dentin-pulp complex essentially consists of two
parts, regeneration related to pulp vitality preservation, such
as pulp capping and pulpotomy, and regeneration related to
revitalization or revascularization in nonvital teeth with
infected root canals.5

The American Association of Endodontists (AAE) recom-
mends calciumhydroxide (Ca(OH)2) or triple antibiotic paste
(TAP) as the medicament of choices in RET. Nonetheless, RET
can fail due to secondary or persistent endodontic infections
thatmay be detected after a 1-year evaluation. Related to this
matter, Almutairi et al emphasized the potential for long-
term failure with 1.5% sodium hypochlorite irrigation
alone.6,7 Therefore, the use of medicaments in RET as disin-
fection agents is essential. Medicament use in RET proce-
dures can enhance the sterilization of root canals and the
remaining dental pulp, when only minimally invasive in-
strumentation can be performed or in some specific cases
(such as Cvek pulpotomy) in which no instrumentation can
be done during the RET procedure.7

The AAE has designated Ca(OH)2 as the primary medica-
ment for root canal treatment. The antibacterial effect of Ca
(OH)2 is based on several mechanisms, including chemical
and physical actions.8,9 TAP as the other AAE recommended
medicament, can also be used in RET. Previous studies have
reported that either Ca(OH)2 or TAP have superior antibac-
terial capabilities and facilitate the dentinal pulp regenera-
tion process. TAP comprises metronidazole, ciprofloxacin,
and minocycline antibiotics in a paste form and is suggested
as a viable substitute for Ca(OH)2. TAP demonstrates effica-
cy against microorganisms associated with endodontic
infections.3,10–12

It is advisable to use TAP at its safest concentration
(1mg/mL) since higher doses may lead to adverse effects
on stem cells in situ.13 Prasanti et al found a significant
decrease in human dental pulp stem cells (hDPSCs) viability
at TAP concentration of 0.1 and 1mg/mL. The same result
occurred at Ca(OH)2 concentration of 0.1 and 1mg/mL. These
results indicate that TAP and Ca(OH)2 have similar effects on
the cell viability.7 Fouad et al compared the use of medica-
ments at varying concentrations in three procedures, for
apexification using Ca(OH)2, revitalization using TAP 0.1
mg/mL, and revascularization using TAP 1mg/mL.

The results revealed that antimicrobial medicaments at
high concentrations exhibit greater efficacy in qualitatively
and quantitatively reducing endodontic microflora. Never-
theless, the impact on dental pulp cell viability is still
unknown. In this study, a TAP concentration of 0.1mg/mL
was used because this concentration is consistent with the
pharmacologically active antibiotic concentration in blood
plasma and is used in the revitalization treatment groupwith
pulpitis conditions (vital pulp) where bacterial penetration

was assumed to be less minimal compared with necrotic
pulp conditions. In revascularization procedure with necrot-
ic pulp and open apex, a concentration of TAP 1mg/mL is
used for root canal disinfection, which is higher than the
concentration for revitalization procedure.2,14

Some root canal bacteria are resistant to Ca(OH)2, the use
of which is quite effective in eliminating obligate anaerobic
bacteria. However, facultative anaerobic bacteria can survive
after exposure to this medicament. Enterococcus faecalis, a
Gram-positive bacteria that is a facultative anaerobic, exem-
plifies this resilience.15 Kusgoz et al found that the combina-
tion of Ca(OH)2 and TAP provides better antibacterial activity
against E. faecalis, even at low concentrations than using Ca
(OH)2 alone.15 Hanin et al demonstrated similar results in
their study. The combination of Ca(OH)2 and TAP showed a
better bactericidal effect comparedwithwhen eachwasused
alone. This enhanced efficacy may be attributed to the
presence of minocycline in TAP, which is an effective antibi-
otic against both Gram-negative and Gram-positive bacteria,
thereby increasing the effectiveness of Ca(OH)2.16,17

Other study by Jamshidi et al, the use of TAP reduces the
viability of stem cells from the apical papilla (SCAP) in both
concentration and in time-dependent manners; higher con-
centrations result in lowerSCAPviability. Incontrast, theuseof
Ca(OH)2 did not show any significant difference in SCAP
viability concerning concentration and time. Even though, at
concentrations of 0.1 and 1mg/mL, TAP still showed viability
above 70%.18 Therefore, this study aimed to assess the combi-
nation of Ca(OH)2 and TAP as medicament in RET and deter-
mine the ideal concentration of TAP when combined with Ca
(OH)2 with respect to hDPSCs viability. These aims served the
larger goal of assessing the result of antibacterial activity of
this combined medicament from the previous studies and
supporting the role of target drug strategy (TDS) in endodontic
treatment. Innovative drug delivery systems can open up
promising new prospects for delivering medicaments to the
radicular space for regenerative endodontics.19

Materials and Methods

Ethical approval was obtained from the Faculty of Dentistry
Universitas Indonesia Dental Research Committee (ethical
clearance number: 04 /Ethical Exempted/FKGUI/II/2023 No.
Protocol: 050070123). The hDPSCs were stored raw biological
materials from prior research (No.78/Ethical Approval/FKGUI/
X/2022; No. Protocol: 011060922). This research was con-
ducted at Prodia Stem Cell (Prostem) Laboratory, Jakarta,
Indonesia. Two operators performed the experimental study.

Medicament: Calcium Hydroxide and Triple Antibiotic
Paste
In this study, Ca(OH)2 was in form of 1mg, a pure powder
preparation diluted with Dulbecco’s modified eagle medium
(DMEM) until reaching concentration of 1mg/mL. The TAP
used in this study was a mixture consisting of three anti-
biotics (ciprofloxacin, metronidazole, and minocycline) at
1:1:1 ratio. Each medicament was diluted with DMEM until
it reached the concentrations of 0.1 and 1mg/mL.
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The combination of Ca(OH)2 and TAP was made from a 1-
mg pure powder preparation of 1:1 ratio with the combined
antibiotic mixtures (ciprofloxacin, metronidazole, and min-
ocycline) using a measuring spoon. The combined medica-
ment was dilutedwith DMEMuntil concentrations of 0.1 and
1mg/mL were reached.

Dental Pulp Stem Cell Culture
hDPSCs at passage 3rd to 4th were incubated in a humidified
atmosphere of 5% CO2 at 37°C until reaching 80% confluence.
Subsequently, the cells were subjected to starvation by
substituting the cell culture supplement with DMEM (Ther-
moFisher Scientific Inc., Waltham, Massachusetts, United
States) supplemented with 5% fetal bovine serum (Thermo-
Fisher Scientific Inc.) for a duration of 24hours. After under-
going the serum starvation methods, the hDPSCs were
cultured in six mediums; Ca(OH)2, TAP 0.1mg/mL, TAP
1mg/mL, Ca(OH)2þTAP 0.1mg/mL, Ca(OH)2þTAP 1mg/mL,
and control group for 24 hours before viability assay.

MTT Assay and DAPI Test
ThehDPSCs from six differentmediumwere incubated in 96-
well plates, which contain 5�103 cells in each well. These
samples of control and experimental groups expression was
measured after 24 hours’ incubation. After 24hours of incu-
bation, the viability of hDPSCs was evaluated through a 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) assay. Briefly, 10 μL of MTT reagent (Thermo-
Fisher Scientific)was added to eachwell and incubated at 37°
C in 5% CO2 for 4hours. Subsequently, the medium was
aspirated, and 100 μL of dimethyl sulfoxide solution (Sigma
Aldrich, Saint Louis, Missouri, United states) was added to
dissolve the formazan crystals, followed by a 30-minute
incubation at 37°C. The absorbance of each well was mea-
sured at 570nm using an enzyme-linked immunosorbent

assay reader. Additionally, a 4’,6-diamidino-2-phenylindole
(DAPI) staining quality test was conducted after 24 hours of
culture. The cells were fixed with 1mL of methanol for
5minutes, washed thrice with phosphate-buffered saline,
and incubatedwith 500 μL of DAPI dye for 30minutes. Images
were captured using fluorescence microscopy (Axio Observ-
er microscope, Zeiss, Germany) at a magnification of 50 µm.

In this study, the optical density (OD) valuewasmeasured
with a microplate reader at a wavelength of 450 nm. After
that, the cell viability value is calculated according to the
following formula:

Statistical Analysis
The gathered datawere analyzed using a one-way analysis of
variance, followed by Bonferroni post hoc to compare be-
tween the study groups. All the tests were conducted at a
significance level of 95% (p<0.05) and analyzed using IBM
SPSS Statistics Software, version 26.0. (IBM Corp., Armonk,
New York, United States).

Results

Following isolation and culture, the hDPSCs were subjected
to flow cytometry analysis to confirm their mesenchymal
stem cell phenotype. The findings indicated a high expres-
sion of CD90þ (98%), CD105þ (99.7%), and CD73þ (94%),
with a minimal expression of LinNeg (0.5%). These results
suggest that the hDPSCs were positive for the evaluated
mesenchymal markers and negative for the assessed he-
matopoietic markers (►Fig. 1).

Viability test of hDPSCs was conducted, assessed by the
percentage of live cells, and calculated using the MTT assay

Fig. 1 Stem cell marker test results CD90þ , CD105þ , and CD73þ and LinNeg.
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after being exposed to different concentrations for 24 hours.
The collected data was subsequently transformed into per-
centages to represent cell viability. Cell viability was deter-
mined by calculating the absorbance values of each
treatment group, and cytotoxicity was assessed by evaluat-
ing the percentage of DPSCs that perished following expo-
sure to the medicaments over the 24-hour observation
period. ►Table 1 shows the results of cell mean viability
values between groups at 24-hour observation. Mean viabil-
ity value of all group is>70%. In the experimental groups, the
highest mean viability value was found in the TAP 0.1mg/mL
treatment group, and the lowest mean viability value was
observed in the Ca(OH)2þ TAP 1mg/mL treatment groups.

Based on the post hoc test (►Table 2), there was a
significant difference in the mean viability between treat-
ment group of Ca(OH)2þ TAP 0.1mg/mL compared with the
TAP 0.1mg/mL and TAP 1mg/mL groups, also between
treatment group of Ca(OH)2þTAP 1mg/mL compared with
Ca(OH)2, TAP 0.1mg/mL, TAP 1mg/mL, Ca(OH)2þ TAP 0.1
mg/mL, and control groups, and between the TAP 0.1mg/mL
group compare with the Ca(OH)2 and control groups. There
was no significant difference between the treatment group
Ca(OH)2 with TAP 1mg/mL, Ca(OH)2þ TAP 0.1mg/mL, and
control groups, and also between the treatment group with
combination of Ca(OH)2þ TAP 0,1mg/mL with Ca(OH)2 and
control groups.

►Fig. 2 shows the results of microscopic image of cells
after 24-hour incubationwith a magnification of 50 µmwith

different morphology of cells for each group compared with
qualitative DAPI staining tests result. The results showed that
the hDPSCs stained blue due to the binding of DAPI dye to the
cell’s deoxyribonucleic acid (DNA). In ►Fig. 2 of DAPI test
results (A.2), in the control groupwith DMEM, staining of cell
nucleus covers more than 90% of the area, and the nucleus is
uniform in size (white arrow). In►Fig. 2B.2 and E.2, in the Ca
(OH)2, TAP 0.1mg/mL, and the combination of Ca(OH)2þTAP
0.1mg/mL groups, there are changes in the morphology of
the cell nucleus, both in size and shape (white arrow).
In ►Fig. 2F.2, in the group with the combination of Ca(OH)2
þTAP 1mg/mL, there is a reduction in cell nucleus staining in
amount and sizes to below 90% of the area (white arrow).

Discussion

RET aims to regenerate the dentin-pulp complex that has
been damaged so that it can function physiologically like
normal pulp. The use of medicaments is crucial in RET
because the instrumentation involved is minimal or even
without any instrumentation in the procedures. The success
of RET is highly influenced by the disinfection of the root
canals and the materials used for disinfection.7

Ca(OH)2 is recommended as an intracanal medicament in
RET procedures because of its high antibacterial ability.
When Ca(OH)2 particles reach the dentinal tubules, they
encounter microorganisms that develop in the dentinal
tubules and act as a source of dissociated calcium ions. Based
on a study conducted by Komabayashi et al, the size, shape,
and orientation of the calcium particles of Ca(OH)2 can affect
the depth of penetration of Ca(OH)2 into the dentinal
tubules. The larger the particle size and themore rectangular
the shape, the deeper the Ca(OH)2 penetration into the
dentinal tubules. The Ca(OH)2 particles will dissolve inwater
and release hydroxyl ions. This mechanism increases the pH
in the dentinal tubules, thus allowing the elimination of
bacteria.17,20,21

In addition to Ca(OH)2, the AAE also recommends TAP as
an intracanal medicament in RET procedures. TAP contains
minocycline, a semisynthetic derivative of tetracycline,
which is effective against Gram-negative and Gram-positive
bacteria, including E. faecalis. TAP can diffuse into the
dentinal tubules as far as 350 µm.17 The combination of Ca
(OH)2 and TAP has a better antibacterial effect when used
together comparedwithwhen used alone. Thismay be due to

Table 1 Comparison of hDPSCs viability between all groups at
a 24-hour of observation

Group Mean (%)�
standard deviation

p-Value

DMEM 100� 0.00 0.00a

Ca(OH)2 100.18� 3.37

TAP 0.1mg/mL 107.14� 4.30

TAP 1mg/mL 101.02� 4.82

Ca (OH)2þ TAP 0.1mg/mL 98.09�2.42

Ca (OH)2þ TAP 1mg/mL 95.12�2.00

Abbreviations: Ca (OH)2, calcium hydroxide; DMEM, Dulbecco’s
modified eagle medium; hDPSCs, human dental pulp stem cells; TAP,
triple antibiotic paste.
aOne-way analysis of variance (ANOVA), p< 0.05.

Table 2 Analysis of hDPSCs viability differences between all groups at a 24-hour of observation

Group DMEM Ca(OH)2 TAP 0.1mg/mL TAP 1mg/mL Ca(OH)2þ TAP 0.1mg/mL

Ca(OH)2 1

TAP 0.1mg/mL 0.01a 0.01a

TAP 1mg/mL 1 1 0.04a

Ca(OH)2þ TAP 0.1mg/mL 0.15 0.12 0.00a 0.00a

Ca(OH)2þ TAP 1mg/mL 0.00a 0.00a 0.00a 0.03a 1

Abbreviations: Ca (OH)2, calcium hydroxide; DMEM, Dulbecco’smodified eaglemedium; hDPSCs, human dental pulp stem cells; TAP, triple antibiotic
paste.
aPost Hoc Bonferroni, p< 0.05.
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the combined effectiveness of the two medicament.16,20

Research by Pedrinha et al states that the vehicle of an
intracanal medicament also affects its antibacterial ability.
Intracanal medicaments with a more liquid consistency,
which use a water-soluble vehicle (aqueous or viscous),
allow for a higher pH and calcium ion release. In addition,
the ability of the medicament to diffuse into the dentinal
tubules is also better.20

Research on RET medicaments and their modification
based on the role of TDS in endodontic treatment is still
limited, so this study aims to determine the differences in the
cytotoxicity of Ca(OH)2, TAP, and their combination on

hDPSCs viability, thus can be an initial guide in determining
the type of single or combination medication in RET.

hDPSCs aremultipotent stem cellswith good regenerative
and differentiation capabilities. They could differentiate into
odontoblasts. Cell viability is the cell’s ability to survive
without losingmetabolic function and proliferation capacity,
which can be determined by measuring the increase in the
number of cells, protein levels, and DNA. Therefore, cell
viability serves as a potential indicator of the cytotoxicity
associated with a material.22–24

In this study, theMTT assay was employed to evaluate cell
viability, which is widely recognized as one of the most
common colorimetric assays used for assessing cytotoxicity
and cell viability. The MTT assay serves as a reliable method
to measure cellular metabolic activity, providing valuable
insights into cell viability, proliferation, and cytotoxicity.25,26

The results of the research showed that all groups had mean
viability values of>70%. According to the International
Organization for Standardization (ISO) standards, viability
>70% indicates that thematerial is not toxic to cells. In the Ca
(OH)2 and TAP 0.1 and 1mg/mL treatment groups, the
viability values were above 100%, indicating a higher viabili-
ty compared with the control group. Therefore, it can be
assumed that the material may also facilitate cell prolifera-
tion in the cell cycle.13,25

The highest viability value was observed in the TAP 0.1
mg/mL treatment group, while the lowest viability valuewas
found in the Ca(OH)2þTAP 1mg/mL treatment group, yet
the reduction was still above>70% (the lowest 95.25%,
see ►Table 1), so it can be concluded that all types of
medicament including the combination of Ca(OH)2þ TAP
in 0.1 and 1mg/mL concentration are still not toxic to hDPSCs
(according to ISO). This is not in line with the result of
previous studies that stated a significant decrease in hDPSCs
viability in the TAP concentration of 0.1 and 1mg/mL group,
this study concluded that Ca(OH)2 and TAP in 0.1 and
1mg/mL were toxic to hDPSCs. The different results of
both studies may be because of the different methods used
in the study, therefore in this study the result of MTT assay in
quantitative analysis was supported by the qualitative
results of DAPI staining test.

The viability mean of the TAP 1mg/mL group was higher
than that in the Ca(OH)2. Although, in the Ca(OH)2 group, the
mean viability value was above the control group. This is
possibly due to the potential of Ca(OH)2 to create a good
microenvironment for hDPSCs that might induce prolifera-
tion that can continue with osteogenic differentiation and
mineralization through the mitogen-activated protein ki-
nase pathway. On the other hand, even though the Ca(OH)2
group had slightly highermean of hDPSCs viability compared
with control, it was lower than in the TAP 0.1 and 1mg/mL
groups. The difference in cell viability between the Ca(OH)2
and TAP groups may be due to the high pH (12.5–12.8) of Ca
(OH)2, which can lead to immediate cell apoptotic upon
contact, so it can be concluded that TAP was less toxic to
Ca(OH)2.7,27,28 This aligns with the research conducted by
Jamshidi et al, where TAP concentrations of 0.1 and 1mg/mL

Fig. 2 Microscopic image of cells after 24 hours’ incubation with a
magnification of 50 μm (1) and 4’,6-diamidino-2-phenylindole (DAPI)
test result (2). (A.1–2) Control group of Dulbecco’s modified eagle
medium (DMEM) medium, (B.1–2) calcium hydroxide (Ca(OH)2)
group, (C.1–2) triple antibiotic paste (TAP) 0.1mg/mL group, (D.1–2)
TAP 1mg/mL group, (E.1–2) Ca(OH)2þ TAP 0.1mg/mL group, (F.1–2)
Ca(OH)2þ TAP 1mg/mL group.
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provided good viability in SCAP and will be toxic with higher
concentrations.18

The research results also indicate that the mean hDPSCs
viability was lowest in the combination medicament groups
Ca(OH)2þ TAP 1mg/mL, and significantly different com-
pared with Ca(OH)2 or TAP 0.1 and 1mg/mL and control,
but not significantly different compared with Ca(OH)2þTAP
0.1mg/mL (►Table 2). This result may be attributed to the
higher concentration of TAP medicament in combination
with Ca(OH)2, that can lead to the reduction of cell’s viability.
The low pH of TAP (4–4.6) in combinationwith high pH of Ca
(OH)2 (12.5–12.8) may cause the release of hydrogen ions
from the hydrochloride groups inminocycline hydrochloride
and ciprofloxacin hydrochloride, leading to an unfavorable
environment for the cell. However, even though the mean
viability results in the combination groups Ca(OH)2þTAP
0.1mg/mL and Ca(OH)2þ TAP 1mg/mL were reduced com-
pare with control, Ca(OH)2 and TAP groups were still viable
to cells (> 70%), which means that the combination medica-
ments at these concentrations are nontoxic and safe for use
in RET yet better to use in combination of Ca(OH)2þTAP
0.1mg/mL.15,27,29 This result was in line with the previous
study conduct by Kusgoz et al that concluded superior
antibacterial activity of combination Ca(OH)2þ TAP com-
pared with single use of TAP or Ca(OH)2. It can be summa-
rized that Ca(OH)2þ TAP 0.1mg/mL is safer for cells yet
superior in antibacterial action.15,27,29

Nevertheless, the DAPI staining test showed that the
reduction in nucleus staining to below 90% of the area, and
changing of size, shape, and number of the nucleus appears
in an uniform (white arrow) was found in the Ca(OH)2þTAP
1mg/mL group (►Fig. 2–F.1–2), the other groups were still
similar with the control group. This result showed that it is
safer to use the combination of Ca(OH)2þTAP 0.1mg/mL for
hDPSCs, the increase concentration of TAP can increase the
risk of cell hypoxia so that the qualitative picture shows
changes in cell shape and cell nuclei (►Fig. 2F.2). The DAPI
staining depicting cell morphology indicates that the nuclei
of cells in this group have undergone morphological changes
that can confirm the results from theMTT assay, even though
from MTT assay the result of viability of cell is still viable
(►Table 1).30 The limitation of this study is the absence of
observations at different time intervals, which could span
from 6 to 48hours, to assess the potential increase and
decrease in hDPSC viability over varying time periods.27

Conclusion

The medicaments Ca(OH)2, TAP, and their combination of Ca
(OH)2þTAP 0.1 and 1mg/mL were found to be nontoxic to
hDPSCs. For safety reasons, the use of combination of Ca
(OH)2þTAP medicament in endodontic regeneration, it is
suggested that the TAP concentrations in 0.1mg/mL be
used.
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