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KEYWORDS Abstract Objectives: This study aimed to evaluate and compare the cell viability, differentiation
Propolis; potential and anti-inflammatory potential of propolis and Biodentine™ on stem cells isolated from
Biodentine; human exfoliated deciduous teeth (SHED).

Stem-cells; Materials and methods: SHED were segregated and cultured from the dental pulp of children
Immunofluorescence Assay; after therapeutic extraction. Microculture Tetrazolium Assay (MTT) assay was carried out for
MTT Assay; assessing cell proliferation potential of propolis and Biodentine at different concentrations. As
Gelatin Zymography per the results from cell proliferation assay, cell differentiation potential of SHED was evaluated

at concentration of 12.5 pg/ml using Alizarin Red staining. The anti-inflammatory potential of test
materials was evaluated using gelatin zymography by detecting MMP-2 and MMP-9.

Results: The maximum cell proliferation percentage of SHED treated with propolis and Bioden-
tine was observed at a concentration of 12.5 pg/ml, on day 7, 14 and 21 with Biodentine having
maximum cell proliferation potential followed by propolis. SHED treated with Biodentine showed
maximum cell differentiation on day 7 (107.16), 14 (106.29) and 21 (107.72). However, anti-
inflammatory activity against MMP-2 was 95 % with propolis and 85 % with Biodentine and
whereas, against MMP-9 it was 65 % for propolis and 47 % for Biodentine.

Conclusion: Propolis shows comparable cell viability, cell proliferation and differentiation
potential on SHED when compared to Biodentine. It also exhibits better invitro anti-
inflammatory activity on SHED compared to Biodentine. Further studies are warranted to validate
the application of propolis as an effective and economical alternative biocompatible agent to Bio-
dentine for vital pulp therapies.
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1. Introduction

Stem cells from human exfoliated deciduous teeth (SHED) have
a high potential to differentiate into numerous specialised cells
(Abdullah, 2013) compared to other dental stem cells such as
dental pulp stem cells (DPSC) and Bone marrow mesenchymal
stem cells (BMMSC) (Nakamura et al., 2009). Therapeutic
approaches involving such cells have enormous potential for
reconstructing tissues, including structured native pulp with
the highly organised pattern of normal dental pulp tissues. Such
therapies are required when normal pulpal integrity is compro-
mised due to dental caries, trauma, or iatrogenic pulp damages
(Chen et al., 2020; Sui et al., 2019).

Owing to their bio-inductive properties calcium silicate-
based materials (CSBM) such as Mineral Trioxide Aggregate
(MTA) and Biodentine can maintain the vitality of exposed pulp
via deposition of hard tissues (Petta et al., 2020). Biodentine has
demonstrated superior physical and biological properties
(Rajasekharan et al., 2017). However, it has also shown intense
cytotoxicity and negative influence on the pulp tissues at the area
of contact, compromising the viability of the native cells due to
apoptosis and necrosis (Kiigiikkaya et al., 2016). Such unfavour-
able fallouts led to an attempt to identify natural, biocompatible
materials with similar bio-inductive properties.

Propolis, a derivative from honey bees (Apis mellifera), is
one such natural biomaterial. Several studies documented its
applications in dentistry (Al-Shaher et al., 2004; Bruschi
et al., 2006; Esmeraldo et al., 2013; Gjertsen et al., 2011;
Hayacibara et al., 2005), including anti-microbial and cario-
static properties. Propolis is also used as an intracanal irrigant
and wound healing material. It has also demonstrated promis-
ing results as a vital pulp therapy agent in animal teeth (Parolia
et al., 2010a). Although numerous biofunctional properties of
propolis have been identified, limited data are available regard-
ing the responses of SHED after direct contact with propolis
and Biodentine. Therefore, the present study evaluate cell via-
bility, cell differentiation, and anti-inflammatory potential of
propolis and Biodentine on SHED through a direct contact
method using various assays.

2. Materials and methods

After obtaining clearance from the institutional ethics commit-
tee, this study was conducted at the Department of Pediatric
and Preventive Dentistry, MIDSR Dental College, Latur,
Mabharashtra, India and the Department of Molecular Biology
and Immunology, Maratha Mandal Dental College and
Research Centre, Belgaum, Karnataka, India.

2.1. Collection, isolation, and culture of SHED

Under strict aseptic conditions, SHED were obtained from
freshly extracted, clinically healthy primary teeth collected
from children (aged 8 to 12 years) after obtaining written
and informed consent from the parents or guardians, following
the institutional ethics committee protocols. The pulp tissue
was extirpated through the access opening at the cemento-
enamel junction or the open sub-pulpal wall (Athanasiadou
et al., 2018), followed by suspension into screw-capped test
tubes containing Dulbecco’s Modified Eagle’s medium

(DMEM). The pulp tissue was then digested in phosphate-
buffered saline (PBS) containing 3 mg/mL collagenase type I
and 4 mg/mL diphase II and incubated for 60 min at 37 °C till
the release of individual cells from the tissue. The cell cultures
were re-suspended in 5-10 mL PBS followed by 5 mL of
DMEM to obtain single-cell suspensions and again incubated
at 37 °Cin 5 % CO, in 24-well microtiter plates (Goorha and
Reiter, 2017). The outgrown cells were subcultured in the
DMEM growth medium supplemented with FSB, °L-
glutamine, penicillin, streptomycin, and amphotericin (PSA)
antibiotic solution, followed by incubation at 37 °C in a
humidified atmosphere. The cells derived after the fifth passage
were subcultured at a ratio of 1:4.

2.2. Preparation of test materials

In this study, SHED cultured and maintained in DMEM were
used as the negative control. Whereas, cells in the osteoinduc-
tion medium were used as the positive control. Biodentine
and the ethanolic extract of propolis were used as the test mate-
rials. Biodentine was mixed as per the manufacturer’s instruc-
tions, and the ethanolic extract of propolis was prepared by
refluxing with 70 % ethanol for 1 h (Park and Ikegaki, 1998).
Predetermined concentrations of premixed Biodentine and
ethanolic extract of propolis were added to the culture medium.

2.3. Stem cell identification and characterisation by
immunofluorescence assay

Cultured SHED were identified and characterised using anti-
body markers CD73, CD90, and CD105 conjugated to fluo-
rophores using flow cytometry (Tomas-Catala et al., 2018;
Yu et al., 2016). Cells were seeded in a 24-well flat-bottom
microplate and incubated overnight. Further, SHED were
fixed in 4 % paraformaldehyde for 30 min before PBS wash.
Thereafter, the cells were treated with 100 pl of blocking solu-
tion for 30 min, followed by PBS wash. Finally, a single drop
of primary antibodies CD73, CD90, and CD105 was added to
these cells, followed by incubation for 1 h. After the last PBS
wash, the cells were examined under the fluorescence micro-
scope at 20X magnification (Kumbar et al., 2020).

2.4. Cell proliferation ability using MTT assay

The proliferation rate of negative control and experimental
group cells (treated with bio-inductive materials) was assessed
using MTT assay on the 7th, 14th" and 21st days. All the cells
were seeded in a 96-well flat-bottom microplate and incubated
at 37 °C and 5 % CO, overnight. The experimental group cells
were treated with different concentrations of test materials (viz.
200, 100, 50, 25, 12.5, 6.125 ng/mL). After a double PBS wash,
the cells were added with 20 pl of MTT staining solution to each
well, followed by incubation at 37 °C for 4 h. A hundred micro-
liters of Dimethyl sulfoxide (DMSO) were added to these cells
to dissolve the formazan crystals. The absorbance of the viable
cells was measured at 570 nm (Abss;o) with an automatic
microplate reader (Dahake et al., 2021).
Cell viability was calculated using the following formula:

Mean OD of experimental compound x 100

Cell ival (%) =
el survival (%) Mean OD of Negative control
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2.5. Cell differentiation potential using Alizarin red staining
assay

Cell differentiation potential of the test materials on SHED
was determined using Alizarin red staining assay on 7th,
14th’ and 21st days. SHED treated with the control and test
groups were maintained at 37 °C in 95 % humidity and 5 %
CO, overnight. After incubation, the cells were washed and
fixed with 95 % ethanol for 15 min at 4 °C. Further, the cells
were stained with 2 % Alizarin red S (pH 4.1 —4.3) for 15 min.
After staining, the absorbance of the stain was measured by a
spectrophotometer at 415 nm (Kukreja et al., 2021).

2.6. Anti-inflammatory activity using gelatin zymography

Preparation of Matrix metalloproteinases (MMP) samples:
5 mL of tris buffer was added to the chopped tissue samples
and centrifuged at 6000 rpm for 30 min at 4 °C to obtain the
supernatant.

Preparation of extract: 50 pl of test materials were added
separately to 50 pl of MMP sample and incubated for 1 h.
50 pl of MMP and 50 pl of tetracycline HCL were taken as
the positive control, whereas 50 ul of MMP sample was taken
as the negative control.

Gel Electrophoresis: Aliquots of 20 ul of the prepared sam-
ple of test materials was mixed with sample buffer in equal
proportion and subjected to electrophoresis in the gel contain-
ing 10 % sodium dodecyl sulfate-polyacrylamide and 0.1 %
gelatin. Further, the gel was removed and washed with
2.5 % Triton x-100 (Kudalkar et al., 2014). The zymogen rena-
turing buffer was removed carefully, and the gel was incubated
at 37 °C overnight. The gels were then stained with Coomassie
blue R-250 and destained with Acoomassie R-250 to visualise
gelatinolytic activity in the zymogram. After staining, the clear
zones were scanned to measure the relative MMP-2 and MMP-
9 expression levels. The lower bands were gelatinases-A
(MMP-2), and the upper bands were gelatinases-B (MMP-9)
(Tajhya et al., 2017).

2.7. Statistical analysis

All assays were performed in triplicate. Statistical analysis of
the results of the experiments was performed using descriptive
statistics, and the data were expressed as mean and standard
deviation. One-way ANOVA test was performed to compare
measurements of mean among the groups. All the results were
considered significant with a probability p-value < 0.05. A
Post hoc test was applied to analyse multiple pairwise individ-
ual comparisons among the groups.

3. Results

3.1. Stem cell identification and characterisation by
immunofluorescence assay

Immunofluorescence assay was performed using the fluores-
cein isothiocyanate (FITC)-conjugated antibody markers
CD73, CD90, and phycoerythrin (PE)-conjugated CD105.
The nuclei were stained with the counter-stain DAPI, shows
the distribution pattern of fluorescent immunostaining that

confirmed the presence
CDI105 + cells (see Fig. 1).

of CD73+, CD90+, and

3.2. Cell proliferation ability using MTT assay

One way ANOVA was used to compare test cell viability (%)
among three groups, and a statistically significant difference
(p < 0.05) was found between three groups at a concentration
of 200, 100, 25,12.5, and 6.25 pg/mL on the 7th, 14th, and 21st
days (Fig. 3). However, a statistically nonsignificant difference
was found among three groups at a concentration of 50 pg/mL
(p > 0.05) on the 7th, 14th, and 21st days. The highest cell pro-
liferation for Biodentine and propolis was observed at a con-
centration of 12.5 pg/mL on the 7th, 14th, and 21st days,
which was statistically significant (p < 0.05) (see Figs. 2 and 3).

3.3. Cell differentiation potential using Alizarin red staining
assay

Significant formation of the mineralized nodule was verified
using Alizarin red staining. Cell cultured with Biodentine
showed the highest osteoinduction/odonto-induction capacity,
closely followed by propolis. Fig. 5 shows cell differentiation
results of all test groups by staining cells with Alizarin red stain
to identify Ca®" deposits. At 12.5 pg/mL a highly significant
difference was noted among all the groups on the 7th
(p = 0.019), 14th (p = 0.036), and 21st (p = 0.017) days
(see Fig. 4).

3.4. Anti-inflammatory activity using gelatin zymography

Gelatin zymography was used to characterize MMPs and
found that both materials enhanced MMP-2 and MMP-9. Pro-
polis, Biodentine, positive control, and negative control
showed appearance of 5 %, 15 %, 0 %, and 100 % MMP-2
bands respectively, which corresponds to 95 %, 85 %,
100 %, and 0 % of anti-inflammatory activity against MMP-
2. Similarly, propolis, Biodentine, positive control, and nega-
tive control showed the appearance of 35 %, 35 %, 10 %,
and 100 % MMP-9 bands, respectively, which corresponds
to 65 %, 65 %, 90 %, and 0 % of anti-inflammatory activity
against MMP-9. (Fig. 6).

4. Discussion

Different biomaterials are used in vital pulp therapies to pre-
serve injured dental pulp to promote pulp form, function,
and health. These biomaterials create a microenvironment that
promotes dentin formation. However, the outcomes may vary
and can be attributed to pulp state, host immune response
(Leprince et al., 2012), and associated bacterial virulence
(Colil et al., 2004). Therefore, these materials must be practi-
cally easy to use, non-hazardous and effective in stimulating
dentin repair or regeneration.

In the present study, cell viability, bioinductive and anti-
inflammatory properties of readily available, low-cost bioma-
terial propolis were compared with Biodentine using MTT
assay, Alizarin red staining, and gelatin zymography. As
SHED shows a higher proliferation rate and possesses a higher
ability to differentiate than DPSC, and BMMSCs, they were
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Fig. 1

used in this study. In the present study stem cell were culti-
vated by suspending the cells in culture media following stan-
dard protocols. The confirmation of SHED was done by
identification of positive markers for antibodies against human
mesenchymal stem cells (MSC) with specific surface markers
CD73, CD90, and CD105 (Charan and Kantharia, 2013).
MTT assay was performed to analyse the effects of propolis
and Biodentine at different concentrations on cell viability and
cell proliferation potential of SHED. In the present study, a
significant difference in cell viability was noted between Bio-
dentine and propolis among the test materials. The highest cell
viability was observed at 12.5 pg for both, Biodentine. How-
ever, a subsequent reduction in cell viability as the concentra-
tion of test materials increased. This was following the study
conducted by Chew Shi Fung (2015), where it was found that
SHED were only viable when treated with the lowest concen-
tration of propolis used in the study (0.005 mg/mL, 0.125 mg/
mL, 0.25 mg/mL and 0.5 mg/mL) (Fung et al., 2015). In pre-
vious studies, Biodentine has shown good cell viability in
DPSC (Hasweh et al., 2018; Zanini et al., 2012). Similarly, pro-
polis has also been reported to enhance the proliferation of
periodontal ligament fibroblast (Gjertsen et al., 2011) and
SHED (Fung et al., 2015). The mechanism underlying the cell
viability potential of propolis could be linked to the active
compounds present in propolis like flavonoids (Huang et al.,
2012) and caffeic acid phenethyl ester (CAPE), which have

CD-20 FITC

CD-105 PE

DAPI CD-20

DAPICD-105

MERGED CD-80 FITC and DAPI

MEERGED CD-105 FITC and DAPI

Stem cells from human exfoliated deciduous teeth (SHED) characterization using Immunofluorescence assay.

cytoprotective and DNA-protective effects in inflammatory
pathologies (Duque et al., 2022; Wang et al., 2008).

Alizarin red staining was used to detect the differentiation
potential of test materials on SHED. Biodentine promoted
higher calcified nodule formation, closely followed by propolis.
Propolis showed comparable results to Biodentine in the
amount of calcified nodule formation throughout the 7th,
14th, and 21st days. This might be because of CAPE in propo-
lis which attenuates osteoclastogenesis while protecting osteo-
blasts via suppression of RANKL/OPG signalling (Tolba
et al., 2017). Propolis flavonoids have potent inhibitory activ-
ity against protein kinases in activated immune cells, promot-
ing health promotion (Middleton and Kandaswami, 1992). In
a study by Kuramoto et al., CAPE was capable of significantly
inducing mRNA expression and production of VEGF in rat
clonal odontoblast-like KN-3 cells. Simultaneously, VEGF
increased the mineralisation activity in KN-3 cells. These find-
ings suggested that CAPE might be useful as a novel biological
material for dental pulp therapy (Kuramoto et al., 2019).
Therefore, propolis and its active components are most likely
responsible for osteogenic/odontogenic differentiation of
SHED. The main components of Biodentine are ions such as
Si, Ca, P, Zn, Mg, Cu, and Sr. All of them could be compo-
nents of minerals produced either biologically or controlled
induced mineralisation process (Weiner, 2003). Furthermore,
they might have a significant role in biomineralisation, as
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Fig.2  Cell proliferation potential of SHED treated with test materials at different concentrations using MTT assay on day 7, 14 and 21.

recently demonstrated for Sr, Cu, Zn, and Mg (Huang et al.,
2016; Jin et al., 2014; Qu et al., 2014; Rodriguez et al.,
2002). A study by Lou et al. revealed that Biodentine signifi-
cantly increased alkaline phosphate activity, OCN, DSPP,
DMP1, BSP gene expression, and mineralizsed nodule forma-
tion (Luo et al., 2014). In another study, Araujo et al. selected
DMP-1 as a differentiation marker for detecting the

Day 7

Day 14

Day 21 |

odontogenic potential of SHED with Biodentine and
demonstrated a progressive increase in DMP-1 gene expression
(Araujo et al., 2018). Several investigators studied the
production of mineralised nodules in human DPSC cultured
with Biodentine (Jung et al., 2015) and propolis (Kim et al.,
2019). However, in the current study, SHED were used, and
the results are similar to those reported in the previous one,

Biodentine

Propolis

Fig. 3 MTT assay of SHED treated with (a) Negative control, (b) Biodentine, (c) Propolis on day 7, 14 and 21.
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Fig. 4  Cell differentiation potential of SHED treated with test materials using Alizarin red staining assay.

indicating that Biodentine and propolis promote odontogenic
differentiation of SHED. (Araujo et al., 2018).

MMP-2 and MMP-9 are released from cells in the form of
zymogen, a proteolytically inactive preform that can be
detected using zymography in cell-conditioned media. (Toth
and Fridman, 2001). MMP-2 and MMP-9 are two MMPs that
we are particularly interested in because they are produced by
fibroblasts and pulp cells and have been associated with the
pathogenesis of pulpal inflammation (Shin et al., 2002). In this
study, Biodentine and propolis treatment reduced MMP-2,
and MMP-9 production, and propolis, among the two com-
pounds, has demonstrated excellent anti-inflammatory activity

G ,
Propolis day-7

Propolis da‘y-l4 -

against MMP-2 (95 %) and MMP-9 (47 %). The inherent
properties and micro-ingredients of test materials might be
the reason behind the observed results. Biodentine possesses
immunomodulatory  properties by  suppressing pro-
inflammatory and augmenting anti-inflammatory cytokines
(Erakovic et al., 2020), whereas CAPE, different flavonoids
including artepillin C in propolis, plays a key role in its anti-
inflammatory action (Szliszka et al., 2013). Similarly, the
anti-inflammatory properties of flavonoids are in accordance
with the results obtained from Alipour M. et al., where plant
flavonoids were shown their antioxidative and anti-
inflammatory properties (Alipour et al., 2021).

Propolis day-21

Fig. 5 Cell differentiation potential of SHED treated with test materials using Alizarin red staining assay.
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Fig. 6 Anti-inflammatory activity against MMP-2 and MMP-9.

5. Conclusion

Propolis has demonstrated comparable cell proliferation, dif-
ferentiation potential as well as anti-inflammatory properties
on SHED in-vitro when compared to Biodentine. However,
the authors would like to recommend further in-vitro and in-
vivo studies to evaluate other properties of propolis before
concluding it as an effective, economical alternative biocom-
patible agent to Biodentine for vital pulp therapies.
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