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Abstract

Background: This research aimed to evaluate the impact of Pulpine Mineral, Pulpine NE, and 
mineral trioxide aggregate (MTA) Angelus on crucial cellular functions, including viability, 
proliferation, attachment, and migration, in stem cells derived from human exfoliated deciduous 
teeth (SHEDs). Materials and Methods: In this laboratory-based investigation, SHEDs were 
exposed to 24-hour extracts from Pulpine Mineral, Pulpine NE, and MTA Angelus, prepared in 
both freshly mixed and fully set forms, over 24 and 72 hours. The methyl thiazolyl tetrazolium 
(MTT) assay was used to measure cell viability and proliferation, while a scratch test assessed the 
extent of cell migration. Scanning electron microscopy (SEM) provided insights into how these 
materials affected cell morphology and attachment. Data analysis was performed using one-way 
ANOVA and Tukey’s post-hoc test, with statistical significance set at α=0.05. Results: Among 
the materials tested, MTA resulted in significantly greater cell viability than the other groups 
(P<0.05). Interestingly, diluted extracts of set Pulpine Mineral showed comparable viability 
to MTA after 24 hours (P>0.05). In contrast, Pulpine NE yielded the lowest viability scores 
(P<0.05). For migration, the MTA group achieved complete scratch closure within 48 hours, 
whereas Pulpine Mineral facilitated partial migration but did not close the scratch entirely. Cells 
in the Pulpine NE group exhibited neither proliferation nor migration, as they were entirely non-
viable. Conclusion: Pulpine Mineral showed superior biological effects compared to Pulpine 
NE; however, both Pulpine materials exhibited inferior results compared to MTA Angelus. 
[GMJ.2024;13:e3714] DOI:10.31661/gmj.v13iSP1.3714
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Introduction 

Vital pulp therapy (VPT) includes a range 
of conservative techniques [1] aimed at 

regenerating the dentin-pulp complex that 

may be damaged by dental trauma, caries, ac-
cidental injuries, or during restorative proce-
dures [2]. It is recommended for cases where 
the pulp shows signs of reversible or even 
irreversible damage, provided no periapical 

Oral and Maxillofacial Disorders (SP1)
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lesions are present [3]. Among VPT methods, 
indirect pulp capping is the least invasive, fol-
lowed by direct pulp capping and pulpotomy 
[3, 4].
VPT is a preferable alternative to root canal 
therapy wherever feasible because root ca-
nal treatment removes potentially viable pulp 
tissue and often leads to periapical tissue re-
sponses to the root-filling materials after pulp 
removal. Conversely, VPT promotes a natu-
ral physiological response and offers biolog-
ical therapeutic benefits [5]. The procedure 
involves applying pulp capping agents that 
encourage the formation of a protective min-
eral layer over the dentin-pulp complex. This 
approach preserves tooth vitality and fosters a 
biocompatible environment conducive to tis-
sue regeneration and healing [6]. 
Mineral trioxide aggregate (MTA) has long 
been regarded as the gold standard for VPT due 
to its beneficial biological features, including 
biocompatibility, bioactivity, low solubility, 
and hydrophilic nature [7]. Despite these ad-
vantages, MTA has certain drawbacks, such as 
challenging handling, extended setting times, 
discoloration, and a sandy texture [8]. Even 
so, MTA, as a Portland cement-based mate-
rial, has inspired the development of newer 
bioceramic and calcium silicate-based mate-
rials with enhanced biological properties and 
antibacterial effects [9].
Certain organic compounds have been pro-
posed as alternatives to synthetic materials for 
use in VPT. Among them, propolis—a resin-
ous substance collected by honeybees from 
plant sources has shown potential health ben-
efits. In dental applications, propolis has been 
utilized as an intracanal medicament, a cario-
static agent, a storage medium for avulsed 
teeth, and an intracanal irrigant. Its rising 
popularity is largely attributed to its anti-in-
flammatory and immunomodulatory proper-
ties [10-12].
 Multiple in vitro studies have evaluated the 
cytotoxic effects of propolis on human cell 
lines. Additionally, animal studies involving 
the ethanolic extract of propolis have reported 
encouraging results, such as bone regenera-
tion and the induction of hard tissue formation 
when used for pulpotomy or as a pulp capping 
agent [13-15]. 
Hoffmann has incorporated propolis as a 

key ingredient in the liquid component of its 
two new VPT products, Pulpine Mineral and 
Pulpine NE, offering a replacement for MTA. 
Pulpine Mineral comes in a powder-and-liq-
uid formulation, with its powder containing 
calcium hydroxide and hydroxyapatite, while 
its liquid combines propolis and ethanol. Sim-
ilarly, Pulpine NE’s powder includes calcium 
hydroxide and zinc oxide, paired with the 
same liquid composition of propolis and etha-
nol as in Pulpine Mineral [16].
Compared to DPSCs, SHED, a type of mul-
tipotent mesenchymal stem/stromal cells 
(MSCs), demonstrated better osteogenesis-in-
ducing capacity, a faster population doubling 
time (PDT), a greater proliferation rate, and 
more immature multipotent cells[17].
The manufacturer has strongly emphasized 
the favorable characteristics of Pulpine Miner-
al and Pulpine NE, suggesting they may serve 
as effective alternatives to MTA, which re-
mains the gold standard in VPT. Consequent-
ly, this study sought to evaluate the effects of 
these materials—Pulpine Mineral and Pulpine 
NE—on the viability, proliferation, adhesion, 
and migration of stem cells derived from hu-
man exfoliated deciduous teeth (SHEDs), 
comparing their performance to MTA. 

Materials and Methods

The study protocol was reviewed and ap-
proved by the university’s ethics committee 
of Shahid Beheshti University of Medical Sci-
ences (IR.SBMU.DRC.REC1402.103).
Stem cells were purchased from the Cell Bank 
of the Research Institute of Dental Sciences.
 To evaluate cytotoxicity and cell migration, 
cells were indirectly exposed to material ex-
tracts, whereas direct exposure to the materi-
als was used for assessing cell adhesion. 
Preparation of the Extracts:
Discs measuring 1 cm in diameter and 2 mm 
in thickness were prepared from MTA Ange-
lus (Angelus, Brazil), Pulpine Mineral (Hoff-
man, Germany), and Pulpine NE (Hoffman, 
Germany) in accordance with the manufac-
turers’ instructions under aseptic conditions. 
Five discs were fabricated for each materi-
al. The discs were sterilized with ultraviolet 
(UV) light for 30 minutes on each side. 
For fresh extract preparation, Dulbecco’s 
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modified Eagle’s medium (DMEM; Gib-
co, UK) containing 10% fetal bovine serum 
(FBS; Gibco, UK) was added to the sterilized 
discs following the ISO-10993-12 guidelines. 
The discs were then incubated at 37°C in a 
CO₂ incubator (Binder, Germany) with 95% 
humidity for 24 hours. To obtain extracts from 
set specimens, the discs were first allowed to 
fully set by incubating them under the same 
conditions for 24 hours. Once set, DMEM 
containing 10% FBS was added to the discs, 
again following ISO-10993-12, and they were 
incubated for an additional 24 hours at 37°C 
and 95% humidity. The prepared extracts 
were then refrigerated for future use.

Assessment of Cell Viability, Proliferation, 
and Cytotoxicity
The cytotoxicity of MTA, Pulpine Mineral, 
and Pulpine NE, along with their effects on 
cell viability and proliferation, was evaluated 
using the methyl thiazolyl tetrazolium (MTT) 
assay. Stem cells from human exfoliated de-
ciduous teeth (SHEDs) were seeded in 96-well 
plates (SPL, Korea) at a density of 5,000 cells 
per well, each containing 100 µL of Dulbec-
co’s modified Eagle’s medium (DMEM) with 
10% fetal bovine serum and 1% antibiotic. 
The plates were incubated at 37°C with 95% 
humidity in a CO₂ incubator for 24 hours to 
allow the cells to reach the logarithmic growth 
phase and approximately 70% confluence.
 After incubation, the medium was removed 
and replaced with material extracts in three 
forms: undiluted (100%), and diluted to 50% 
and 25%. Cells exposed to the extracts formed 
the test groups, while cells cultured in medium 
alone acted as the control group. The plates 
were incubated again under the same condi-
tions. Acute cytotoxicity was assessed after 24 
hours, and chronic cytotoxicity was evaluated 
after 72 hours using the MTT assay, following 
the ISO-10993-5 standard.
The assay involved replacing the culture me-
dium in each well with 100 µL of DMEM 
containing 10% MTT dye (Sigma Aldrich, 
Germany). The plates were incubated for 
three hours at 37°C and 95% humidity in a 
CO₂ incubator, allowing for the formation of 
purple formazan crystals. Subsequently, the 
medium was removed, and 100 µL of dimeth-
yl sulfoxide (DMSO) was added to dissolve 

the crystals. The optical density (OD) of the 
solution in each well was measured using a 
microplate reader (ELISA Reader; Anthos 
2020) at a wavelength of 570 nm.
 Each group in the studies was given a mini-
mum of six repeats, and the experiments were 
conducted at least twice at various times.
To determine cell viability, the mean OD of 
each treated group was divided by the mean 
OD of the control group (assumed as 100% 
viability) and multiplied by 100. 
 According to the ISO-10993-5 standard, any 
material that reduces cell viability by more 
than 30% compared to the control (reducing 
viability below 70%) is classified as cytotoxic 
[18].

Assessment of Cell Migration Using the 
Scratch Test
On the first day of the experiment, SHEDs in 
their logarithmic growth phase were seeded 
in 24-well plates at a density of 100,000 cells 
per well. By the second day (24 hours after 
incubation), the cells reached full confluence 
(100%), and a vertical scratch was made in 
each well using the tip of a #10 sterile sampler 
to create the starting point (time 0). Detached 
cells from the scratch area were removed by 
rinsing each well twice with complete culture 
medium.
Afterward, the wells were treated with either 
the culture medium alone (control group) or a 
¼ concentration of the extracts derived from 
fully set MTA, Pulpine Mineral, and Pulpine 
NE specimens. The cells were stained and im-
aged at the start of the experiment (time 0) and 
after 24 and 48 hours. Digital photographs 
were captured using an inverted microscope 
(Nikon, Japan).

Cell Staining Procedure
To prepare the cells for imaging, the overlay-
ing medium was first removed, and the cells 
were rinsed twice with phosphate-buffered sa-
line (PBS) containing cold calcium and mag-
nesium (at 4°C). To fix the cells, 500 µL of 
pre-cooled methanol (100%, stored at -20°C) 
was added to each well, followed by incuba-
tion at room temperature for 10 minutes. The 
methanol was then removed, and a 0.5% crys-
tal violet solution (Merck, Germany) was ap-
plied to the cells. The plate was placed on a 
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shaker at room temperature for 10 minutes to 
ensure thorough staining. After removing the 
staining solution, the cells were rinsed three 
times with deionized water.
Using an inverted light microscope at 4x mag-
nification, digital images of the cells along the 
scratch site were captured. The distance be-
tween the edges of the scratch was measured 
in inches using Image J software.

Assessment of Cell Morphology and Adhesion
After 24 hours of incubation to ensure the 
specimens were fully set and UV-sterilized, 
they were placed into wells of a 24-well plate 
and sealed with agar. SHEDs were then seed-
ed on the specimen surfaces at a density of 
50,000 cells per surface. The plates containing 
the specimens and cells were incubated. 
At 24 and 48 hours, the plates were removed 
from the incubator. The medium was carefully 
removed, and the specimens were transferred 
to new wells. Each specimen was rinsed with 
phosphate-buffered saline, followed by the 
addition of 500 µL of 2.5% glutaraldehyde 
in phosphate-buffered saline to fix the cells 
adhered to the specimen surfaces. The plates 
were refrigerated for 24 hours to complete the 
fixation process.
Following fixation, the specimens were rinsed 
and dehydrated using a series of graded alco-
hol concentrations in the following sequence: 
deionized water for 10 minutes, 30% alcohol 
for 10 minutes, 40% alcohol for 10 minutes, 
50% alcohol for 10 minutes, 60% alcohol for 
10 minutes, 70% alcohol for 10 minutes, 80% 
alcohol for 10 minutes, 90% alcohol for 10 
minutes, and 100% alcohol for 30 minutes. 
The alcohol was then removed, and the spec-
imens were air-dried under a chemical hood 
for 48 hours. Once dried, the specimens were 
coated with gold using a sputter-coating pro-
cess and visualized under a scanning electron 
microscope (SEM).

Statistical Analysis
Taking into account the homogeneity of vari-
ances as demonstrated by the Levene’s test 
(P>0.05) and the normal distribution of cell 
viability data as verified by the Shapiro-Wilk 
test (P>0.05), data from the MTT assay were 
analyzed using GraphPad Prism (version 
9.0.0). General comparisons were performed 

using one-way ANOVA, followed by pairwise 
comparisons using Tukey’s test, with the level 
of significance set at 0.05.

Results 

Results of the MTT assay for MTA cytotoxic-
ity: 
After 24 Hours:
There was no significant difference in cell via-
bility among the groups treated with different 
concentrations of the set MTA extract. These 
groups also showed no significant difference 
when compared to the control group (P>0.05), 
with all displaying approximately 100% cell 
viability. Similarly, cells exposed to various 
concentrations of the fresh MTA extract ex-
hibited no significant differences in viability 
among themselves. However, their viability 
percentages were approximately 20% lower 
than those of the control group, a statistically 
significant reduction (P<0.05).
Overall, cell viability was significantly high-
er in specimens treated with set MTA extract 
compared to those treated with fresh MTA ex-
tract (P<0.05).
After 72 Hours: 
For cells treated with different concentrations 
of set MTA extract, no significant differences 
in viability were observed among the groups or 
when compared to the control group (P>0.05), 
except for the group treated with pure extract. 
In this case, a 20% reduction in cell viabili-
ty was noted compared to the control group, 
which was statistically significant (P<0.05).
For cells treated with ½ and ¼ concentrations 
of fresh MTA extract, viability percentages 
did not differ significantly from one another 
or from the control group (P>0.05). However, 
the pure extract caused a significant 80% re-
duction in cell viability compared to the con-
trol group (P<0.05).

Results of the MTT assay for Pulpine Mineral 
cytotoxicity
After 24 hours:
 No significant difference was found in the vi-
ability percentage of cells treated with ½ and 
¼ concentrations of set Pulpine Mineral ex-
tract with each other or with the control group 
(P>0.05). However, pure extract caused a sig-
nificant reduction of approximately 40% in 
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cell viability compared with the control group 
and diluted extracts (P<0.05). The percent-
age of reduction in cell viability was approx-
imately 80% in pure extract, approximately 
70% in ½ diluted extract, and approximately 
40% in ¼ diluted extract of fresh specimens 
(P<0.05), showing cytotoxicity of the fresh 
Pulpine Mineral extract. In total, the percent-
age of cell viability was significantly higher in 
set specimens compared with fresh specimens 
(P<0.05). 
After 72 hours: 
The percentage of viability of cells treated by 
different concentrations of Pulpine Mineral 
in both fresh and set forms had no significant 
difference with each other but was significant-
ly lower than that of the control group by ap-
proximately 60% (P<0.05). 

Results of the MTT assay for Pulpine NE cy-
totoxicity
After 24 hours: 
The viability percentage of cells treated 
with different concentrations of fresh and set 
Pulpine NE significantly decreased by ap-
proximately 80% after 24 hours compared 
with the control group (P<0.05). Cell viability 
and proliferation were more favorable only 
in cells exposed to ¼ diluted extract of set 
Pulpine NE, compared with other groups.   
After 72 hours: 
The viability percentage of cells treated 
with different concentrations of fresh and set 
Pulpine NE had no significant difference with 
each other but was significantly lower than 
the control group by approximately 50-70% 
(P<0.05). The percentage of cell viability was 
higher in ¼ diluted extract of set Pulpine NE 
than in other groups (P<0.05). 

Comparison of the cytotoxicity of MTA, 
Pulpine Mineral, and Pulpine NE after 24 
hours
Fresh form: 
As indicated in Figure-1A, the reduction in 
cell viability percentage was significantly 
greater following exposure to pure and diluted 
extracts of Pulpine Mineral and Pulpine NE 
compared with MTA (P<0.05). The difference 
in cell viability was not significant following 
exposure of cells to pure and ½ diluted extracts 
of Pulpine Mineral and Pulpine NE (P>0.05). 

However, in ¼ diluted extracts, the percent-
age of cell viability was significantly higher 
in Pulpine Mineral compared to Pulpine NE 
(P<0.05). 
Set form: 
As shown in Figure-1B, the percentage of 
cell viability was significantly higher fol-
lowing treatment with pure extract of MTA 
compared with Pulpine Mineral and Pulpine 
(P<0.05); also, this rate in Pulpine Mineral 
was significantly higher than that in Pulpine 
NE (P<0.05). The difference in cell viability 
was not significant following exposure to ½ 
and ¼ diluted extracts of MTA and Pulpine 
Mineral (P>0.05); however, the cell viability 
percentage in both MTA and Pulpine Miner-
al groups was significantly higher than that in 
Pulpine NE (P<0.05). 

Comparison of the cytotoxicity of MTA, 
Pulpine Mineral, and Pulpine NE after 72 
hours
Fresh form: 
As indicated in Figure-2A, no significant dif-
ference in cell viability was found among the 
pure extracts of the three groups (P>0.05). 
The ½ and ¼ diluted extracts of Pulpine Min-
eral and Pulpine NE had no significant differ-
ence in cell viability (P>0.05); however, they 
both showed significantly lower cell viability 
than MTA (P<0.05). 
Set form: 
As shown in -ure-2B, pure and diluted ex-
tracts of Pulpine Mineral and Pulpine NE 
had no significant difference in cell viability 
(P>0.05); however, they both showed signifi-
cantly lower cell viability in all three concen-
trations compared with MTA (P<0.05).

Migration of SHEDs following exposure to ¼ 
diluted extracts of set MTA, Pulpine Mineral, 
and Pulpine NE for 0, 24, and 48 hours
As illustrated in Figure-3, cell migration in 
the first 24 hours was not significantly dif-
ferent between the MTA and control groups. 
Cell migration in the Pulpine Mineral group 
was lower than that in the MTA and control 
groups; however, all cells were dead and 
there was no proliferation or migration in the 
Pulpine NE group.  
At 48 hours after exposure, the scratch was 
completely closed with 100% cell migration 
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in the control and MTA groups, and cell den-
sity was even higher in the MTA group than 
in the control group. Cell migration was noted 
in the Pulpine Mineral group, and the scratch 
was slightly filled compared to 24 hours; how-
ever, healing was not complete. All cells were 
dead and there was no proliferation or migra-
tion in the Pulpine NE group.  

Qualitative SEM assessment of the morphol-
ogy and adhesion of SHEDs to the surface of 
MTA, Pulpine Mineral, and Pulpine NE spec-
imens
As shown in Figure-4, cells showed opti-
mal adhesion in the MTA group at 24 and 48 
hours. All cells were dead in the Pulpine NE 
group with no adhesion. Some cells were seen 
adhering to the surface of Pulpine NE speci-
mens after 24 hours; however, they decreased 
in number after 48 hours. 

In the MTA groups, attached cells with pseu-
dopods were seen (orange arrow in Figure-4). 
However, round and apoptotic cells were not-
ed on Pulpine NE specimens (red arrow in 
Figure-4). Small number of cells with pseudo-
pods were seen on Pulpine Mineral specimens 
that decreased in number after 48 hours (green 
arrow on Figure-4). 

Discussion 

This study appears to be the first to assess the 
effects of Pulpine Mineral and Pulpine NE on 
the viability, proliferation, adhesion and mi-
gration of stem cells from SHEDs, in compar-
ison with MTA. 
With respect to cytotoxicity of the materials, 
the obtained results showed that Pulpine NE 
in both fresh and set forms significantly de-
creased cell viability at both 24 and 72 hours 

Figure 1. Comparison of the cytotoxicity of MTA, Pulpine Mineral, and Pulpine NE extracts after 24 hours in fresh (A) and set (B) forms. 
Starts on top of the columns indicate presence of a significant difference with the control group, and starts on the lines indicate presence of 
a significant difference between the two groups (P<0.05)
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compared with MTA; however, set Pulpine 
Mineral in ½ and ¼ concentrations had no 
significant difference with MTA at 24 hours. 
Cells showed higher viability when exposed 
to set form of MTA compared with fresh form, 
which is because of the fact that fresh material 
is leachable. In line with the present results, 
Ghoddusi et al. [19] showed higher time-de-
pendent cytotoxicity of fresh materials, com-
pared with set form. Torshabi et al. [20] point-
ed to higher cytotoxicity of MTA and calci-
um-enriched mixture cement in fresh form, 

which increased with time; while the cytotox-
icity of set forms decreased with time. In con-
trast to the present results, Camilleri et al [21].  
reported higher biocompatibility and lower 
cytotoxicity of freshly mixed MTA compared 
with its set form. However, Saidon et al. [22] 
demonstrated that freshly mixed MTA caused 
denaturation of adjacent cells and proteins, 
and was surrounded by an area of lysed cells, 
with normal cells behind this area. After com-
plete setting, the pH changed, decreasing cell 
damage. An animal study on dogs found no 

Figure 2. Comparison of the cytotoxicity of MTA, Pulpine Mineral, and Pulpine NE extracts after 72 hours in fresh (A) and set (B) forms. 
Starts on top of the columns indicate presence of a significant difference with the control group, and starts on the lines indicate presence of 
a significant difference between the two groups (P<0.05)



8 GMJ.2024;13:e3714
www.gmj.ir

Moslemi M, et al. In Vitro Comparative Effects of Pulpine Mineral, Pulpine NE, and MTA on  Stem Cells from Human Teeth

significant difference in cementum formation 
between freshly mixed and set MTA although 
the latter had lower cytotoxicity; thus, it ap-
pears that small differences between fresh and 
set forms reported under in vitro and in vivo 
conditions do not have clinical significance 
[23]. 
In the present study, cell viability increased 
with time following exposure to diluted ex-
tracts, compared to pure form, irrespective 
of set or fresh form. Similarly in the clinical 
setting, byproducts of the setting reaction are 
diluted in tissue fluids and are eliminated by 
the blood flow, which is known as the wash-

out effect [24, 25]. However, this biological 
response is not present in vitro. In line with 
the present results, Rodrigues et al. [26] re-
ported that the viability of human dental pulp 
stem cells increased by a reduction in con-
centration of the MTA extract. Reduction of 
cytotoxicity by dilution of extracts has been 
reported in several other studies as well [27-
30]. Gradual release of hydroxyl ions (and 
increased alkalinity) may decrease cell viabil-
ity in vitro; however, they are neutralized by 
tissue fluids in the clinical setting. Fung et al. 
[31] reported a significant increase in prolifer-
ation of SHEDs following a reduction in prop-

In Vitro Comparative Effects of Pulpine Mineral, Pulpine NE, and MTA on  Stem Cells from Human Teeth Moslemi M, et al.

Figure 3. Micrographs of the migration of SHEDs following exposure to ¼ diluted extracts of set MTA, Pulpine Mineral, and Pulpine NE for 
0, 24, and 48 hours at x40 magnification compared to the control group



8 GMJ.2024;13:e3714
www.gmj.ir

olis concentration. The molecular mechanism 
behind the cytotoxicity of propolis has not 
been well elucidated. Flavonoids are among 
the main constituents of propolis, which is 
an active pharmaceutical agent and a strong 
anti-oxidant. Also, propolis is extracted by al-
cohol-based and non-alcohol-based extraction 
methods. Future studies are required to extract 
propolis using a non-alcoholic solvent since 
previous studies on alcoholic extract of prop-
olis showed its cytotoxicity [12, 32, 33]. 
To the best of the authors’ knowledge, no pre-
vious in vitro study is available on Pulpine 
Mineral and Pulpine NE, and only some an-
imal studies are available in this respect. 

A previous animal study assessed the his-
topathological and immunohistochemical 
responses of dental pulp of immature teeth 
in dogs to Pulpine Mineral and Pulpine NE 
compared with MTA. MTA yielded the best 
results; cell viability was lower in Pulpine 
Mineral than MTA but with no statistical sig-
nificance. However, the results of Pulpine NE 
were significantly lower than Pulpine Miner-
al and MTA [16]. Superior results of Pulpine 
Mineral compared to Pulpine NE may be due 
to the fact that Pulpine Mineral contains hy-
droxyapatite crystals in addition to propolis, 
and may contribute to a higher success rate 
because fibroblasts release alkaline phospha-

In Vitro Comparative Effects of Pulpine Mineral, Pulpine NE, and MTA on  Stem Cells from Human Teeth Moslemi M, et al.
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Figure 4. SEM micrographs of SHEDs following exposure to MTA, Pulpine Mineral, and Pulpine NE in the scratch test., Attached cells with 
pseudopods are seen in the MTA group (orange arrow). Round and apoptotic cells are noted on Pulpine NE specimens (red arrow). Small 
number of cells with pseudopods are seen on Pulpine Mineral specimens (green arrow).
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tase following exposure to hydroxyapatite. 
Alkaline phosphatase is an osteoinductive 
material for differentiation of progenitor cells 
[34]. In contrast, Pulpine NE was not success-
ful in dentinal bridge formation. Presence of 
zinc compounds in its composition may be re-
sponsible for the unfavorable response since 
they can be both genotoxic and cytotoxic [35]. 
Zinc added to Pulpine NE may affect matrix 
metalloproteinases and suppress or deceler-
ate pulp recovery as such [36]. Bastawy et al, 
[37] also compared Biodentine and Pulpine 
NE as pulp-capping agents in dogs’ teeth and 
showed the superiority of Biodentine in den-
tinal bridge formation, tissue organization, 
and anti-inflammatory effects. They attribut-
ed this difference to their different chemical 
composition, mechanical properties, and 
sealability. Pulpine NE is a calcium-based 
material with a low concentration of calci-
um hydroxide [37]. Due to the solubility of 
calcium hydroxide and continuous release of 
calcium and hydroxyl ions, this material has a 
constantly stimulating effect while Biodentine 
is a calcium silicate-based cement and has a 
high ion release in the initial setting, which 
is later diminished, providing a suitable envi-
ronment for pulp recovery [38, 39]. 
Scratch test results in the present study re-
vealed complete closure and healing of the 
scratch in the control and MTA groups with 
100% cell migration after 48 hours; cell den-
sity was even higher in the MTA group than in 
the control group. Partial closer and cell mi-
gration were noted at 24 hours in the Pulpine 
Mineral group; however, all cells were dead 
in the Pulpine NE group. In the clinical set-
ting, dental pulp stem cells proliferate, mi-
grate to the site of injury, and differentiate 
into odontoblasts in deeply carious cavities 
with a residual dentin thickness of 0.01 to 
0.25 mm or in case of pulpal exposure [40]. 
Cell migration is imperative to preserve tissue 
homeostasis and regeneration [41]. Thus, den-
tal materials should enhance cell migration. 
Collado-González et al. [42] reported optimal 
cell migration 48 hours after exposure to Bio-
dentine and MTA extracts especially in 1:4 
concentration while IRM and TheraCal LC 
did not induce the migration of SHEDs. Con-
sistent with the present results, several studies 
reported optimal cell migration in response to 

treatment with MTA Angelus [43-45].
SEM assessment of cell adhesion in the present 
study revealed optimal adhesion in the MTA 
group at both 24 and 48 hours while all cells 
were dead in the Pulpine NE group. A few ad-
hered cells with pseudopods were noted in the 
Pulpine Mineral group after 24 hours, which 
decreased in number after 48 hours. Cell adhe-
sion is a reliable criterion for evaluation of the 
biological effects of bioactive materials since 
adhesion is required prior to cell proliferation 
and differentiation, and secretion of miner-
alized extracellular matrix. A previous study 
reported that presence of spindle-shaped cells 
with extensive pseudopods is a good indica-
tor of cell viability adjacent to the respective 
material [46]. Collado-González et al. [42] re-
ported high adhesion of cells with pseudopods 
in the form of an extensive layer to MTA An-
gelus and Biodentine, which was in line with 
the present observations. 
The obtained results in the Pulpine NE group 
may be due to the presence of zinc and calci-
um hydroxide in its powder, and the resultant 
chronic irritation. Also, zinc has cytotoxic ef-
fects and can activate matrix metalloprotein-
ases [35, 36]. Additionally, superior results in 
the Pulpine Mineral group may be due to the 
presence of hydroxyapatite in its composition, 
which is not present in Pulpine NE [34]. In-
ferior results of Pulpine Mineral and Pulpine 
NE compared to MTA can be due to the fact 
that MTA is a calcium silicate-based cement, 
which provides optimal conditions for pulp 
recovery while Pulpine Mineral and Pulpine 
NE are based on calcium hydroxide [37, 39]. 
Also, propolis is present in the composition 
of their liquid component, which contains fla-
vonoids and has acidic effects. It appears that 
concentration of Pulpine Mineral and Pulpine 
NE is an important parameter in determining 
the vital pulp tissue response [12, 31-33].
Caffeiic acid phenethyl ester (CAPE), one of 
the active ingredients in propolis, has the abil-
ity to either promote or inhibit stem cell pro-
liferation based on its concentration.By boost-
ing the expression of TGF-beta, a growth reg-
ulating factor that can promote the prolifera-
tion of stem cells, CAPE can increase cellular 
proliferation in areas where propolis dosage 
is lower. However, a larger concentration of 
CAPE causes cell death, suggesting that a 
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Conclusion 
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